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Preface

RADIONUCLIDE AND RADIATION PROTECTION DATA HANDBOOK (2002)

This handbook is an updated and expanded (2nd edition) version of the handbook with the same title published
in 1998. That handbook was in turn based on an earlier French laboratory guidebook A Guide on Radionuclides
and Radioprotection by D. Delacroix, J.P. Guerre, and P. Leblanc, published in 1994, The earlier publication
was very much oriented towards guidance on the handling of radionuclides used in medicine. The present handbook
is much more broadly based in its outlook and application and incorporates updated information to take account
of the most recent ICRP and TAEA recommendations' . The radionuclides listed in the earlier publication were
supplemented by commonly used radionuclides in the nuclear industry and in other areas. Moreover, the main
purpose of this handbook (and its 1998 predecessor) is the provision of data sheets and the models or sources
used to assemble the data, rather than as a radiation protection guide for laboratory users.

This practical handbook of data for handling radioactive materials is intended for radiation protection specialists
as well as all others who use or transport radionuclides. Its publication should satisfy a major need for all health
physics departments and is intended to assist in informing and training personnel in radiation protection. It consists
of an explanatory text followed by specific radiation data sheets for selected radionuclides. Because of the dispari-
ties in the approaches adopted by different countries, it is essential that users also refer to the relevant national
regulations with which they must comply.

The present handbook includes 36 additional radionuclides than the previous edition, giving a total of 144
nuclides. Additional data are included covering dose rates above uniformly contaminated surfaces (infinite plane
source). Some corrections to data in the previous edition have been incorporated. The list of nuclides is not
exhaustive but those included have been selected on the basis of being most commonly used, taking into account
the requirements of users in industry, medicine and research. Finally, account is taken of the need to consider
decay chain products for several heavy elements. To this end, an appendix is provided giving the decay products
and their activities as a function of time (age), together with decay charts for four of the more complex chains.

Directeur Central de la Sécurité
Commissariat a I’Energie Atomique, France
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Abstract — This handbook is a reference source of radionuclide and radiation protection information. Its purpose is to provide
users of radionuclides in medicine, research and industry with consolidated and appropriate information and data to handle and
transport radioactive substances safely. It is mainly intended for users in low and intermediate activity laboratories. Individual
data sheets are provided for a wide range of commonly used radionuclides (144 in total). These radionuclides are classified into
five different groups as a function of risk level, represented by colours red, orange, yellow, green and blue, in descending order

of risk.

INTRODUCTION

In recent years the need for a compilation of essential
data for commonly used radionuclides, for both practice
and training, has become increasingly apparent.

This handbook contains individual data sheets for a
range of radionuclides and is mainly intended for users
of unsealed radioactive sources in low and intermediate
activity laboratories, industrial applications and trans-
port.

Individual data sheets corresponding to the different
radionuclides give the physical characteristics, reference
transport activities, exemption levels, contamination
derived limits and appropriate detection probes, dose
rates from skin contamination, half and tenth value
shielding thicknesses, external exposure data, dose coef-
ficients for ingestion and inhalation, derived 20 mSv
ALI values, and the highest dose organ. The maximum
activities recommended to be handled on benches, under
fume hoods and in glove boxes are also given. However,
this information is most appropriate in laboratories
handling low and intermediate levels of radioactive
materials. In order to facilitate the user’s understanding,
pictorial illustrations have been employed and data is
presented in tabular form.

It should be noted that the data provided, although
drawn from appropriate recent international recommen-
dations, should in no way be taken to supersede existing
local or national regulations. The data may, of course,
be used to review existing local regulations which may
have become out of date.

The text preceding the data sheets provides the back-
ground, derivation and substantiation for the data given,
enabling users to satisfy any quality assurance arrange-
ments that may be in place.

SCOPE

This handbook provides the most up to date internal
and external dosimetry information and control criteria

in the form of data sheets in an easy to use format for
144 of the most commonly used radionuclides in medi-
cine, research and industry. It is designed as a ready
reference source of information, gathering together in
one place, in the form of individual data sheets, the most
up to date isotopic and radiation protection data. The
information includes:

half-life and specific activity,

main emissions,

IAEA Basic Safety Standards exemption levels,
IAEA A, and A, transport values,

external exposure data for a range of geometries,
surface contamination data, detection and limits,
shielding information,

ICRP dose per unit intake data by ingestion and
inhalation,

20 mSv ALI values and the highest organ dose, and,
maximum recommended activities in Controlled and
Supervised Areas.

I X 2R R X X XX X X4

Most of the data provided are relevant to all users.
However, the section and data dealing with maximum
recommended activities are only appropriate to low and
intermediate activity laboratories. These laboratories are
frequently limited to two to three orders of magnitude
higher than the exemption limits by local or national
regulations.

CLASSIFICATION OF RADIONUCLIDES

Radionuclides have been divided in this handbook
into five ‘risk groups’. The classification used is based
on the BSS ‘quantity’ exemption limit values. Exemp-
tion limit values have been chosen for this purpose
because they reflect both internal and external exposure
risks. Each group is associated with a colour (red,
orange, yellow, green and blue successively represent
decreasing levels of risk). The data sheets have been
appropriately coloured providing the reader with a rapid
visual means of appreciating the risk associated with
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particular radionuclides. The five risk groups have been
defined as follows:

Group 1: exemption limit = 10* Bq (red)
Group 2: exemption limit = 10° Bq (orange)
Group 3: exemption limit = 10° Bq (yellow)
Group 4: exemption limit = 10”7 Bq (green)
Group 5: exemption limit = 10® Bq (blue)

In the rare cases for which exemption levels have not
been defined (e.g. ''C, a nuclide sometimes used for
medical imaging) a group has been assigned by analogy
with other radionuclides of the same type.

Attention is drawn to the fact that radioactive sub-
stances are also chemical substances, the handling of
which may involve hazards of non-radiological origin.
Moreover, radioactive substances are often intimately
mixed with chemical products having an aggressive
action on the human body (toxic, mutagenic and car-
cinogenic effects). Chemical hazards should therefore
never be neglected.

PHYSICAL CHARACTERISTICS OF
RADIONUCLIDES
in

The following characteristics are considered

these sheets.

Half-lives expressed in the most appropriate units
(hours, days, years).

Specific activities expressed as Bq.g™'.

Exemption levels

Exempt activity concentrations (Bq.g™") and exempt
activities (Bq) are defined in the IAEA Basic Safety
Standards® and in the L159 Euratom Directive®.
These limits can be used by regulatory authorities to
define criteria for exemption against formal registration
of the premises and may also be used to develop clear-
ance levels for materials leaving the premises. The
exemption levels also apply in the transport regulations.
The correct use of these limits by users is of utmost
importance. Users should refer to the above men-
tioned references.

A, and A, reference transport activities

A, and A, are the maximum activities (expressed in
TBq) that can be transported by A type packages. A,
corresponds to radioactive matter in ‘special form’ and
A, to the other cases.

In the data sheets, the values correspond to values in
the 1996 edition of The IAEA publication Regulations
for the Safe Transport of Radioactive Materials™®, with
which the international modal transport authorities
(RID, ADR, IMO, ICAO, etc.) are harmonised. Users
seeking further details are referred to the referenced
texts.

10

The nature of the main radiation®

a, B, e, X, vy radiation and neutron emissions are
given, together with the corresponding energies
expressed in keV, and corresponding percentage emis-
sions. A maximum of the three most characteristic emis-
sions is given for each type of radiation, the criterion
adopted being the relevance of the emissions from the
radiation protection standpoint. However, in order to
remedy the restrictive effects of this approach (some
radionuclides exhibit multiple emissions, e.g. '*°La and
152Eu), the relative percentage emissions not taken into
consideration are nevertheless given.

RADIOLOGICAL CONTROL

External exposure risks

The following modes of exposure are considered.

Contact

When handling radioactive materials, the operator
may touch the receptacle (e.g. beaker, pipette, syringe)
containing the radioactive substance or materials con-
taminated with this substance. The radioactive substance
can also become deposited on the skin.

Distant source

All parts of the operator’s body generally remain dis-
tant from the radioactive substances being handled, even
though certain parts of the body such as the hands and
forearms occasionally approach these substances during
handling operations with or without manipulators.

Immersion in a cloud

This type of relatively infrequent hazard is encoun-
tered when handling gaseous radioactive sources. The
corresponding risks must be taken into consideration,
for example, in laboratories using cyclotrons to manu-
facture short half-life radionuclides (e.g. '*F, ''C, '#I).

Internal exposure risks

The risks arise from three different possible paths into
the human body:

@ Inhalation after the dispersion of gases, vapours or
aerosols in the environment;

@ Ingestion by contaminated hands or objects through
contact with the mouth;

@ Transfer through the skin with or without an associa-
ted wound following contamination of parts of the
body (which have not been sufficiently rapidly
decontaminated) or following simple contact with
highly penetrating radionuclides (e.g. tritium in
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tritiated water) or chemically aggressive substances
(acidic solutions, solvents, etc.).

Dose limits for workers®®

The occupational exposure of any worker should not
exceed the following limits, but may also be subject to
more restrictive limits in appropriate local or national
regulations.

@ an effective dose of 100 mSv over a period of five
consecutive years (i.e. 20 mSv per year) averaged
over this period;
@ an effective dose of 50 mSv in any single year;
@ an equivalent dose to the lens of the eye of 150 mSv
in a year;
an equivalent dose to the extremities (hands and feet)
or the skin of 500 mSv in a year.

It is noted that the JAEA® states that

Compliance with the foregoing requirements for
application of the dose limits on effective dose
shall be determined by one of the following
methods:

(a) by comparing the total effective dose with the
relevant limit, where the total effective dose Er is
calculated according to the following formula:

Er=H,d) + Eje(g)j‘ingesuon-Ij,ingeetion
+ Eje(g)j,inhalmion~Ij,inha1mom

where H(d) is the personal dose equivalent from
exposure to penetrating radiation during the year.
Note that €(g);ingestion aNd €(2); inhatation are the com-
mitted effective dose per unit intake by ingestion
and inhalation for radionuclide j by the group of
age g, and I jeetion @Nd I jnpataion are the intakes via
ingestion or inhalation for radionuclide j during the
same period.

(b) by satistying the following conditions:
H,(d)/DL + Ej(lj,ingeslionﬂj,ingeslion,L)
+ 2§ innatation/ T inbatation.r.) = 1

where DL is the relevant dose limit on effective
dose, and I ygeqiont aNd L inpatadon,L. are the annual
limits on intake (ALI) via ingestion or inhalation
of radionuclide j.

(c) by any other approved method.

Note that the symbols used in the quote are consistent
with those used in this handbook but not the original
IAEA document. The above quantities are briefly
explained in Schedule II of Reference 2.

EXTERNAL EXPOSURE

Assumptions

X ray, v, B, e~ and neutron emissions lead to external
exposures depending on the nature and energies of the
corresponding radiation as well as the packaging and
geometry of the source. Depending on the particular
case being studied, superficial exposures (or skin
exposures) defined at a depth of 7 mg.cm 2 or deep
body exposures” are taken into consideration.

Various handling postures and situations commonly
encountered in laboratories are considered. Calculations
have been performed for unique values of source or sol-
ution activity; in this way a direct comparison between
the values obtained under different circumstances can
be made. A nominal activity of 1 MBq has been adopted
for external exposures, exposures resulting from con-
tacts with receptacles and exposures to distant sources.
A nominal value of 1 kBq has been adopted for the case
of skin contamination due to droplets and 1 kBq.cm ™2
for uniform skin contamination. Exposures due to
an infinite and uniformly contaminated surface at
1 MBg.cm™ are also considered. Data are provided for
distances of 10 cm and 1 m from the contaminated sur-
face for beta and photon radiation for the skin and deep
tissue. The quantity adopted for all geometries for tabu-
lated data is dose equivalent, expressed in mSv.h™!
(millisievert per hour).

The handling postures adopted in this handbook for
some operations with radionuclides in the form of un-
sealed sources may not actually represent what is done
in practice (e.g. use of a syringe or beaker). However,
the user, by analogy, can transform the values indicated
into those corresponding to other receptacles of similar
dimensions, on the basis that the situations shown are
reasonably typical.

The following codes have been used for the calcu-
lations:

@ Microshield Version 4.10 has been used for y and
X ray calculations (Grove Engineering, 15215 Shady
Grove Road, Rockville, USA, 1996)

@ Varskin mod 2 for B radiation and Varskin mod 2
modified for monoenergetic electrons (J.S. Durham,
Pacific Northwest Laboratory, PO Box 999, Rich-
land, Washington 99352, USA).

Distant (point source) external exposure

The cases of a point source at a distance of 30 cm
(average length of forearm) in air and a ‘penicillin’ type
vial at a distance of 1 m in air® are considered success-
ively. In the latter case, the source is represented by a
cylinder with a density of 1 g.cm™?, 2.3 cm in diameter
and 2.5 cm high enclosed in a 1.5mm thick glass
(density 2.7 g.cm™?) envelope.

In the case of a point source at 30 cm, the deep or
whole-body dose equivalent due to X and y ray compo-
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nents is distinguished from the superficial or skin dose
equivalent due to 3 and e~ components. This is done
in order to draw the operator’s attention to the fact that
the superficial dose equivalent can be considerably
reduced by interposing a screen with a thickness
equivalent to the maximum range of the B and e~
components.

A deep dose equivalent is given for a vial at 1 m (this
corresponds to the distance between the operator and
the bench or table).

Exposures to a uniformly contaminated surface

Exposures due to a uniformly contaminated source
(floors) are considered. The contributions due to beta
radiation and photons are considered separately for dis-
tances of 10cm and 1 m from an infinitely and uni-
formly contaminated surface. This separation enables
users to make appropriate decisions as to what measure-
ment equipment should be used. Pure beta emitters
generally cannot be detected with gamma detectors.
Dose rates at 10 cm and 1 m are often similar because
the increased distance is compensated by the
increased solid angle. Data is quoted for the dose
equivalent at depths representing the skin and deep
tissue respectively.

External contact exposure (receptacles)

The cases of a 50 cm® beaker containing 20 cm® of
solution and a 5 cm® syringe containing 2.5 cm® of sol-
ution are considered. The beaker is represented by a cyl-
inder with a density of 1 g.cm™3, 4cm in diameter,
1.6 cm high enclosed in a 2 mm thick glass (density
2.7 g.cm™?) envelope.

The syringe is represented by a cylinder with a den-
sity of 1gcm™3, 1.2cm in diameter, 2.2 cm high
enclosed in a 1 mm thick plastic (density 1 g.cm™%)
envelope.

In both cases dose equivalents have been calculated
under 7 mg.cm~? at the level of the solution (an arrow
indicates the position taken into consideration)®.

The position indicated corresponds to the maximum
dose equivalent to which an operator can be exposed
when manipulating these receptacles. Attention is drawn
to the fact that these drawings, for pedagogical reasons,
show the operator’s hands and fingers as far away from
the source as possible.

The dose equivalents depicted take both B and vy
components into consideration. It should, however, be
noted that in the case of a beaker (2 mm thick glass), B
components (other than those emitted by radionuclides
such as “’K, *°Y and '**Pr) can be neglected. In the case
of a syringe (1 mm thick plastic), the 3 contribution can
be highly significant (e.g. 24 mSv.h~! for 1 MBq *?P).

Note that good agreement is observed between the
values quoted here and those found in the literature®~'>.

{3 ray absorption in shielding gives rise to bremsstrah-

12

lung (X rays). With high activity sources bremsstrah-
lung radiation can make a significant contribution to
dose. Attention is drawn to this in the data sheets. It is
for this reason that 'Brem. Rad.’ is indicated on data
sheets corresponding to pure B emitters ('*C, *S, P,
3¢Cl and “°Ca) for which the calculated dose rates
behind shielding are very low or even zero. These radio-
nuclides are very much used in laboratories.

SHIELDING OF BETA AND GAMMA EMITTERS

The range of betas and electrons and the attenuation
of X and v rays in shielding materials depends on the
energies of the incident radiation and the nature of the
shielding material.

Total absorption thicknesses have been determined
for B and e~ radiation in glass and plastic'®; these
materials are those most commonly used for this pur-
pose. In the case of vy and X rays, the first half-value and
tenth-value thicknesses of lead and steel (attenuating the
incident radiation by a factor of 2 and 10 respectively)
are given.

Attention is drawn to the fact that some radionuclides
simultaneously emit significant low and high energy
components for which first half-value and tenth-value
thicknesses may be considerably less than second half-
value and tenth-value thicknesses. '*’I is an example but
the data provided here do not cover this situation.

CONTAMINATION

Contact exposure due to external skin
contamination

Two situations have been considered to illustrate
body contamination. Firstly, exposure due to an exten-
sive uniformly spread out contamination of the
skin®!'%19 is considered and secondly, the projection of
a 0.05 cm? droplet of a radioactive substance. The drop-
let is represented by a cylinder with a density of
1 g.em™3, a cross sectional area of 1 cm? and a height
of 0.5 mm®.

Dose equivalent values have been calculated for an
average 70 wm basal layer depth. At this depth the main
component of the dose resulting from superficial con-
tamination of the skin is due to  rays and electrons
from the radionuclide; the vy contribution to the dose is
generally just a few per cent. Comparison between the
values due to a uniform (infinitely thin) deposit and
those due to a droplet highlights the effects of 3 attenu-
ation in tissue. It is assumed here that penetration of the
contamination in the skin can be neglected.

Decay products

Decaying radionuclides are generally treated as
follows:
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@ radionuclides (parent—progeny) couples are assumed
to be in equilibrium;

calculations are performed for a nominal activity of
the parent nuclide (e.g. 1kBq.cm™2 for uniform
skin contamination);

parent—progeny radionuclide decay schemes are
normally covered in a single sheet, but when physi-
cal separation of the constituents is possible (e.g. by
elution), progeny products are treated in individual
sheets. The “Mo—""Tc couple is an example of this.
The reader will find both “Mo-**"Tc and **"Tc
sheets.

L 4

Decay of heavy elements

In the case of heavy element decay chains (e.g. lead,
radium, uranium, plutonium and americium), where the
parent and progeny are not necessarily in equilibrium
(e.g. after chemical separation or extraction of an
element) the respective activities of each of the progeny
in the chain will depend upon the age of the sample. It
is not possible to cover all situations likely to be
encountered but the Appendix to this handbook includes
selected major heavy element decay chains and the
activities of respective progeny in the chain are given
as a fraction of the parent activity as a function of time
(age since separation) for 0.1 day, 1 day, 10 days, 100
days, 1 year, 10 years and 100 years. The parent radio-
nuclides for which this information is provided are
marked ‘!!” in the main data sheets, including an indi-
cation of the first and last elements within the chains.

A similar approach can be adopted if data on natural
uranium or re-constituted ‘natural’ uranium are required
by taking into account the isotopic composition.

The data in the Appendix are derived using RadDecay
version 1.1319.

Derived surface contamination limits

The derived surface contamination limit (DSCL) is a
non- regulatory quantity enabling exposure risks due to
removable and/or fixed surface contamination to be
quantified. Exposure to the DSCL leads to a dose which
does not exceed the maximum annual occupational
exposure limit (corresponding to 2000 working hours).
A model is used to determine the DSCL values corre-
sponding to the different radionuclides dealt with?”.
This model takes different modes of exposure and trans-
fer parameters into consideration. These data are given
for completeness and the values do not supersede limits
imposed by regulations, which are invariably much
lower.

Occupational exposures may result from:

@ transfer of surface contamination to the atmosphere
leading to internal exposure through inhalation

@ transfer of surface contamination to the organism
through ingestion
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@ transfer of surface contamination to the skin leading
to external extremity exposures
@ whole-body exposure due to surface contamination.

The DSCL is defined by the following equation:
1/DSCL = 1/AS 4 + 1/AS;gestion
+ 1/Asgin + 1/ASgys

where As; is the activity per unit surface area of the
contaminated zone leading to annual limits due to each
of the four modes of exposure (considered separately).
Limits of 20 mSv.y ' and 500 mSv.y ' are considered
for whole body external exposure and skin exposure,
respectively. The most restrictive ALl pqa60n and
AL gesion Values calculated for 20 mSv.y " are used in
the following derivations of surface activity for limiting
internal contamination.

Calculation of As,y,

As,, is the value of the activity per unit surface area
of the contaminated zone which leads to an AL, 600
dose with an atmospheric re-suspension factor, T,,, of
10* m~" and an annual occupational exposure of 2000 h
with a respiratory volume rate, R, of 1.2 m*h™".

As,, (Bq.cm™) is given by the following equation:

Asalm = ALIinhalalion/(Tﬂlm x 2000 R x 104)

Calculation of As,,gesiion

AS;pgesion 18 the value of the activity per unit surface
area of the contaminated zone which leads to an
ALI,geqion dose with an organ transfer factor, Tieeqions
of 1 cm®>h™! and an annual occupational exposure of
2000 h. This component may simulate, for example, the
risk due to a chronic exposure at a working post.

ASjpgesion (Bq.em™?) is given by the following
equation:

Asingestion = ALIingeslinn/(2000 Tingestinn)

Calculation of Asyy,

Asgin 1s the value of the activity per unit surface area
of the contaminated zone leading to an annual skin dose
of 500 mSv for an occupational exposure of 2000 h and
a skin transfer factor, Ty, of 0.1. It is assumed that
contamination is eliminated on a daily basis when the
user washes on leaving the working zone. Neither radio-
active decay nor the renewal of skin cells (which con-
tribute towards eliminating radioactivity) are taken
into account.

Asgqn (Bg.cm™?) is given by the following equation:

A = 500/(T g, X 2000 X D)

where D, (mSv.h™") is a conversion coefficient giving
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the dose rate in tissue beneath 7 mg.cm™? for a skin
contamination of 1 Bq.cm™ 2419,

Calculation of As,,,;

Asg.e (Bq.cm™?) is the value of the activity per unit
surface area of the contaminated zone leading to an
effective dose equivalent of 20 mSv for an occupation
exposure of 2000 h.

Asg,s (Bq.cm™?) is given by the following equation:

ASgu = 20/(2000 Do)

where Dy, (mSv.h ') is a conversion coefficient giving
the effective dose equivalent 1 m above a floor infinitely
and uniformly contaminated at 1 Bq.cm™2(%,

Alpha emitters

The DSCL value corresponding to most radionuclides
lies between 1 Bq.cm™? and 10° Bq.cm ™2, and, in gen-
eral, is of the order of 100 Bq.cm 2. In the case of alpha
emitters, the model can lead to very restrictive values;
a lower limit of 0.04 Bq.cm™? has been imposed for
alpha emitters.

Determination of removable and fixed
contamination values

DSCL values enable derived limits to be determined
for removable (or non-fixed) and fixed contamination.
The above limits enable the potential risk to users from
surface contamination to be assessed together with the
most appropriate means for decontamination.

In the case of removable contamination, the derived
limit is defined as being equivalent to 1/10th of the
DSCL value of the radionuclide considered (this allows
possible occupational exposures of other origins to be
taken into consideration).

In the case of fixed contamination, the derived level
is defined as the value corresponding to a whole-body
exposure from a uniformly contaminated floor equival-
ent to 1/10th of the annual exposure limits of 20 mSv.
The DSCL value for fixed contamination always
exceeds the value for removable contamination. For
some radionuclides such as ‘pure’ beta or alpha emit-
ters, the ratio of the two values can be highly significant
(radiation from the floor being negligible). In this hand-
book, the DSCL value for fixed contamination is set at a
maximum of 100 times the derived limit for removable
contamination (e.g. see '“C on page 24). Regulations do
not usually include specific limits for fixed contami-
nation since its effect is taken into account in external
radiation levels.

Contamination control

The level of removable contamination of working
zones and materials must be kept as low as reasonably
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practicable by appropriate maintenance and cleaning
operations. When accidental contamination (even of
very low level) occurs, decontamination must be carried
out as quickly as possible.

Detection probes

Surface contamination due to many of the radio-
nuclides covered in these sheets can be detected with
soft B, B, a, X ray or vy probes.

Preferences given to particular types of probe or
instrument are indicated for each type of radiation. A
single + means that such a type of probe or instrument
can possibly be used, double ++ means that this type of
probe or instrument is recommended, whilst the absence
of a + sign means that that type of probe or instrument
is not suitable. Absence of a + sign in any box means
that direct measurement is inappropriate and a wipe test,
in association with a suitable detection system, such as
liquid scintillation methods, would be appropriate. This
applies only to tritium in this handbook but the same
technique can be applied with advantage to low levels
of contamination of other radionuclides, especially those
with low penetration emissions.

INTERNAL EXPOSURE

Committed effective dose per unit intake

Internal exposures resulting from ingestion and
inhalation are evaluated with the dose coefficients,
e(g)ingeslion and e(g)inhalatiom expressed in Sv'qul’ and
identically given by the ICRP"®, the TAEA Basic
Safety Standards® and the L159 Euratom Directive®.
Listed values take the age of exposed individuals into
account (>1 year, 1-2 years, 2-7 years, 7-12 years, 12—
17 years and >17 years) as well as their status (public
or occupational exposure). In this handbook only occu-
pational exposures are considered.

The committed effective dose per unit intake via
ingestion is given for different gut transfer factor, f,
values. This factor quantifies the proportion of intake
transferred to body fluids in the gut and depends on the
chemical form of the radionuclide.

The committed effective dose per unit intake via inha-
lation is given for three default lung absorption types
(fast, moderate, slow). These coefficients depend on the
chemical form and particle size of the aerosol. It is
recalled that particle size is quantified by aerodynamic
median activity diameter (AMAD) parameters. Inha-
lation coefficients are given for 1 and 5 pm AMAD
values. Indication of the different forms for each nuclide
that correspond to different gut transfer factors and lung
absorption types are given in the data sheets. In some
cases, for example phosphorus and sulphur, where the
nuclide may form part of the anion, the gut transfer
factor or lung absorption types may be predominantly
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determined by the associated cation. These are indicated
in the data sheets.

Annual Limits on Intake (ALI)

Annual Limits on Intake by ingestion and inhalation
(Tingestiont. and Lijpajaions) are given in order to assist
users who are not familiar with the dose per unit intake
coefficients discussed above. Lisesionr. aNd Tiypatagionr. are
calculated using the following relationship”?:

I =Dy /e(g)

where D, is the average annual limit of 20 mSv. I
values can be considered to be ALI values.

ALIjygestion and ALL 600 Values are given in the
data sheets for an average annual 20 mSv limit and the
most restrictive e(g) values, respectively. They are cal-
culated values'?, not values given by ICRP, and users
should be aware of this. The references should be con-
sulted, where appropriate, for further information.

The ‘highest dose organ’

Various metabolic and dosimetric models have
enabled retention and excretion functions after intake
by inhalation by Reference Man to be established'?—>".
These models have also enabled committed whole-body
and organ doses to be determined. Some organs prefer-
entially concentrate particular radionuclides. Therefore,
the data sheets indicate which is the ‘highest dose
organ’ (e.g. the thyroid in the case of iodine nuclides).
The ‘highest dose organ’ depends on physicochemical
form and whether intake results from ingestion or inha-
lation. Only inhalation (for an AMAD of 1 wm) is con-
sidered in this handbook. It should also be noted that
these functions depend on the clearance time from the
pulmonary region to the remainder of the body (F, M,
S). Therefore, the ‘highest dose organ’ may also depend
on the elimination class. *°Sr is an example; depending
on whether F or S classes are considered either bone
surface or lungs can be considered as being the ‘highest
dose organ’. However, for some chemical forms the
associated anion or cation may be more important in
this context.

General

Internal exposure values are determined using various
established metabolic and dosimetric models and
hypotheses, which are subject to review by ICRP.
Interpretation of the results of these analyses should be
done by specialists.

MAXIMUM RECOMMENDED ACTIVITIES

Operators or competent radiation protection personnel
often require order-of-magnitude estimates on the
maximum activities that can be handled with available

equipment (chemical benches, fume hoods, glove
boxes) or in given working areas (controlled or super-
vised areas). Whilst the purpose of this handbook is to
provide data rather than advice on practices, it is felt
appropriate to include information on ‘maximum
recommended activities’.

The data provided are appropriate to low and inter-
mediate level laboratories and not to high level labora-
tories, where extensive professional radiation protection
expertise will be available.

Calculation models

The maximum activity (A,) corresponding to a parti-
cular nuclide and handling situation is characterised by
the potential risk associated with handling specific
nuclides. External exposure due to y and 3 radiation
components and the re-suspension of the nuclide in the
atmosphere are taken into consideration.

A, (Bq) is determined from the following relation-
ship:

VA, = UApewa + VAgamma + 1/Agoraie

where Ay, (Bq) and A,.m. (Bq) represent the
maximum activities determined for a point source at a
distance of 30 cm in air. These activities are calculated
for the following dose rate limits:

250 wSv.h ™! under 7 mg.cm™? for beta components,
10 wSv.h ™! for gamma components.

Ao (Bq) is related to potential atmospheric con-
tamination risks directly dependent on the volatility of
the radioactive product.

In free air, A, . 1S given by the expression:

A =102 ALLpatadion’%s

where k is the volatility factor.

It should be noted that the maximum recommended
activities given in these sheets have been determined
using the most restrictive AL .60n Values described
above; k values, related to the volatility of the product,
are defined as follows:

volatile

@ k= 1: gases, substances with high saturation vapour
pressures of about 1 bar at 20°C, substances pen-
etrating the skin, particles smaller than 5 pm.

@ k=0.1: substances with saturation vapour pressures

of about 0.1 bar at 20°C, particles larger than 5 pwm.

k=0.01: low volatility substances with saturation

vapour pressures of about 0.01 bar at 20°C (e.g.

water).

k=0.001: non-volatile substances with saturation

vapour pressures less than 0.01 bar at 20°C.

Dependence of maximum recommended activities
on equipment and working areas

The following additional rules are used to determine
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the recommended limits for benches, fume cupboards
and glove boxes:

@ It is forbidden to manipulate highly volatile sub-
stances (k > 0.01) or radionuclides with ALIL ;.1060n
values lower than 1000 Bq on chemical benches
because even a low level contamination could lead
to a significant AL j,.ai0n fraction that would be dif-
ficult to detect.

Manipulating substances under a fume hood is con-
sidered to increase protection by a factor of 10 in
comparison with an open bench.

Manipulating substances in a glove box is considered
to increase protection by a factor of 100 in compari-
son with fume hoods.

Maximum recommended levels of activity in super-
vised areas are nominally 3/10 of those in controlled
zones (this approximately represents the respective
exposure limits defined for these areas). However,
the installation of glove boxes in supervised zones
is generally deprecated; the level of protection
afforded by a glove box is considered incompatible
with the definition of such zones. It should be noted
that the factor of 3/10 may be masked by rounding
the data to one significant figure; rounding in any
other way may imply an unjustified degree of accu-
racy in the models used for deriving the rec-
ommended levels of activity.

Limitations

Area control

The values indicated in these sheets apply mainly to
the supervised and controlled areas of low and inter-
mediate activity laboratories. Maximum recommended
activities have further been limited to:

Group 1 (red) 0.5 GBq
Group 2 (orange) 5 GBq
Group 3 (yellow) 5 GBq
Group 4 (green) 5 GBq
Group 5 (blue) 50 GBq

These limits have been imposed because such labora-
tories are not generally equipped with either a means
for continuously monitoring the working environment,
or for rejecting gases at a sufficient height to ensure that
no recycling takes place.

It should be noted that values calculated in com-
pliance with these rules are guide values and are only
indicative since other non-quantifiable parameters such
as working methods and human factors must also be
taken into account. Nevertheless, it has been observed
that when practices are performed in accordance with
these simple rules, only very low levels of atmospheric
contamination and exposure occur.

The maximum recommended levels for elemental trit-
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ium (°H), tritiated water and 3’Ar have been deliberately
reduced because of the difficulty of detecting the corre-
sponding surface or atmospheric contamination. This
factor can be modified in particular situations,
depending on survey and control frequencies. In the
case of iodine isotopes ('2*I, '*°1, 3'T), the existence of
particularly unstable states (with the possibility of I,
release) has been considered. The corresponding limi-
tations are consequently much more stringent.

Radiation control

Handled or stored activity values must comply with
external exposure limits in situations where the external
radiation hazard may be more restrictive than the
internal radiation hazard. Attention is drawn to this fact
in the data sheets by the remark ‘Subject to external
exposure requirements which may be more restrictive’.
Stored activities may exceed maximum recommended
activities by a factor of 10, subject to any limits imposed
by local or national regulations.

In particular cases, listed values may be varied in
local regulations, based upon assessments by pro-
fessional radiation protection specialists.

DESCRIPTION OF DATA SHEETS

General

Individual data sheets provide data in five main areas,
namely basic radionuclide date, external exposure, con-
tamination, internal exposure and maximum rec-
ommended activities in laboratory situations. These are
divided into physical characteristics, (half life, specific
activity and decay scheme, A, and A, reference trans-
port activities, exemption levels, data for external
exposure for five different geometries, external and
internal exposure limits, appropriate contamination
detection probes and half-value and tenth-value shield-
ing thicknesses. The maximum activities that can be
handled on benches, under fume hoods or in glove
boxes are also given. The ‘highest dose organ’ is indi-
cated, even where this is the whole body. As described
earlier the data sheets are coloured red, orange, yellow,
green or blue, indicating, in descending order of risk,
the level of risk posed by the particular radionuclide.

GLOSSARY

Activity

The number of nuclear transformations occurring in
a given amount of radionuclide per unit time. The SI
unit of activity is the reciprocal second, s ', with the
special name becquerel (Bq).
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Annual limit of intake

The intake by inhalation or ingestion of a given radio-
nuclide in a year by the Reference Man which would
result in a committed dose equal to the relevant dose
limit.

Bremsstrahlung

X rays produced by deceleration of [ particles in
materials.

Committed equivalent dose

Following an intake to the body of a radioactive
material, the time integral of the equivalent dose rate is
called the committed equivalent dose. If the integration
time following the intake is not specified, it is implied

where Dy is the absorbed dose delivered by radiation
type R averaged over a tissue or organ T and Wy, is the
radiation weighting factor for type R radiation. When
the radiation field is composed of different radiation
types, the equivalent dose is Hy = 2 Wy Dy.

Effective dose

The quantity E, defined as a summation of the tissue
equivalent doses, each multiplied by the appropriate
tissue weighting factor (E = 2;W H; where Hy is the
equivalent dose in tissue T and W is the tissue weight-
ing factor for tissue T). From the definition of equivalent
dose it follows that E =2 W 2Wg Drp.

Radioactive half-life

Time required for a radioactive substance to lose 50%

that the value is 50 years for adults.

Equivalent dose

of its activity by radioactive decay.

Half-value and tenth-value thickness (or layer)

The thickness of material necessary to reduce the
intensity of X or gamma radiation by a factor of 2 and
10, respectively.

The equivalent dose, Hyy is defined as

HT,R =Wg DT,R
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TABLE OF RADIONUCLIDES LISTED

Nuclide

Tritium
Beryllium - 7
Carbon - 11
Carbon - 14
Nitrogen - 13
Oxygen - 15
Fluorine - 18
Sodium - 22
Sodium - 24
Aluminium - 26
Silicon - 31
Phosphorus - 32
Phosphorus - 33
Sulphur - 35
Chlorine - 36
Argon - 37
Argon - 41
Potassium - 40
Potassium - 42
Potassium - 43
Calcium - 45
Calcium - 47 / Scandium - 47
Scandium - 46
Scandium - 47
Vanadium - 48
Chromium - 51
Manganese - 52m
Manganese - 52
Manganese - 54
Manganese - 56
Tron - 52

Iron - 55

Iron - 59
Cobalt - 56
Cobalt - 57
Cobalt - 58
Cobalt - 60
Nickel - 63
Nickel - 65
Copper - 64
Copper - 67
Zinc - 65
Gallium - 66
Gallium - 67
Gallium - 68

Symbol

CHyp
("Be,)
("'C)
(*Ce)
("N7)
(°Oy)
("*Fo)
(**Nay;)
(**Nay;)
(*°Al}3)
('Siyy)
(Pys)
(PPys)
(*S16)
(°Cl7)
(7Ary5)
(' Aryg)
(*Kyo)
(**K0)
(Kio)
(**Cayp)
("Cayy / *7Scyy)
(*°Scyy)
(7Scay)
(**Va3)
(*'Cray)
(*>"Mn,s)
(**Mny5)
(**Mn,s)
(*°Mnys)
(*°Feye)
(*Feyq)
(*"Fese)
(*°Co,7)
(°7Co,7)
(**Coy7)
(*Coyy)
(“Nia)
(®Niag)
(**Cuyo)
(“7Cuyy)
(“Znyp)
(*Gas)
(“"Gas)
(**Gayy)

Arsenic - 73

Arsenic - 74

Arsenic - 76

Arsenic - 77

Selenium - 75

Bromine - 77

Bromine - 82

Krypton - 81

Krypton - 83m

Krypton - 85

Krypton - 85m

Rubidium - 86

Strontium - 85

Strontium - 89

Strontium - 90 / Yttrium - 90
Yttrium - 90

Yttrium - 91

Zirconium - 95 / Niobium - 95

Molybdenum - 99/ Technetium - 99m

Technetium - 99m
Technetium - 99

Ruthenium - 103 / Rhodium - 103m
Ruthenium - 106 / Rhodium - 106
Palladium - 103 / Rhodium - 103m

Silver - 110m
Silver - 111
Cadmium - 109
Indium - 111
Indium - 113m
Indium - 115m
Tin - 125
Antimony - 122
Antimony - 124

Antimony - 125 / Tellurium - 125m

Antimony - 126
Tellurium - 123m
Tellurium - 125m
Tellurium - 132 / Iodine - 132
Todine - 123
Iodine - 124
Todine - 125
Iodine - 129
Todine - 131
Iodine - 132
Todine - 133
Xenon - 133
Caesium - 131

(P Ass3)

("As33)

(°As33)

("7 As33)

("Sess)

(""Br3s)

(**Br3s)

(*'Krs6)

("Krye)

(“Kry)

(5Kry)
(*“Rb,,)

(¥Sr3g)

(¥Sr35)

(*°Sras / %Y 30)
CYs)

C'Ya)

(*Zryo | *Nbyy)
(*Moy;, / *™Tcy3)
(" Teys)

(PTey)

("Ru, / '"Rh,s)
("*Ruy, / '*Rhys)
(lospd%/ lOSanh45)
(M1omAgy;)
(""'Ags)
(™Cd,g)

(*"'Ingo)
(1mIngo)
(12™n,o)
(***Snsp)
(**2Sbsy)
('*Sbs))

(IZSSbSI / ]25]’“Tes2)
('*°Sbs,)
(l23n]T652)
(lZSmTesz)

(P Tes/' L)
(®ls3)

(*1s3)

(*s3)

(*Is3)

(P'Ls3)

(1s3)

(Pls3)

("¥Xesq)
(*'Csss)
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Caesium - 134 ("34Csss) 113 Thallium - 201 (**'Tlg,) 139
Caesium - 137 / Barium - 137m (7Csss/3"™Basg) 114 Thallium - 204 (®%“Tlg,) 140
Barium - 133 ("**Basg) 115  Lead - 210 (*'°Pby,) 141
Barium - 140 / Lanthanum - 140 ("“Bass/*°Las;) 116 Lead - 214 (*"“Pby,) 142
Lanthanum - 140 ("Las,) 117 Bismuth - 207 (*“"Big;) 143
Cerium - 139 (1%9Cesy) 118  Bismuth - 210 (2°Bigy) 144
Cerium - 141 (" Cesg) 119  Bismuth - 214 (*"Bigs) 145
Cerium - 143 ("3Cesg) 120 Polonium - 210 (*"Pog,) 146
Praseodymium - 143 ("3Prsy) 121  Radium - 226 (***Ragg) 147
Praseodymium - 144 ("*4Prsq) 122 Thorium - 231 (#'Thy,) 148
Promethium - 147 (""Pmy,) 123 Thorium - 234 (***Thyy) 149
Samarium - 153 ("*Smg;,) 124 Protactinium - 234 (P*Pay,) 150
Europium - 152 ("?Eugs) 125  Protactinium - 234m (334mPagy,) 151
Europium - 154 (1%Eug,) 126  Uranium - 233 (U, 152
Europium - 155 ("*Eugs) 127 Uranium - 234 (***Uy) 153
Europium - 156 (*°Eugs) 128  Uranium - 235 (**¥Uy) 154
Erbium - 169 ("Ereg) 129  Uranium - 238 (338U,,) 155
Thulium - 170 ("""Tmgy) 130 Neptunium - 239 (**Npos) 156
Thulium - 171 ("Tmgo) 131 Plutonium - 238 (**Puy,) 157
Ytterbium - 169 (YD) 132 Plutonium - 239 (**Puy,) 158
Rhenium - 186 ("°Re;s) 133 Plutonium - 240 (**°Puy,) 159
Rhenium - 188 ("Re,s) 134 Plutonium - 241 (2MPu,,) 160
Iridium - 192 (1°%1r5,) 135 Americium - 241 (** Amys) 161
Gold - 198 ("% Auye) 136 Americium - 243 (P Amys) 162
Mercury - 197 ("7Hgg) 137 Curium - 244 (**Cmyg) 163
Mercury - 203 (*"Hgygo) 138 Californium - 252 (352Cf,g) 164
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. o
Tritium *H,
Half life: 12.3 years Risk group: 5
Specific activity: 3.59E+14 Bq.g™ Risk colour: Blue
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+09
E % E % E % E % Concentration (Bg.g™") 1E+06
E1 19 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 4E+1
% omitted [¢] IAEA ST1 Az value 4E+1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MIBq.m™2 (as appropriate)

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Point source (30 cm) Infinite plane

source

=

Betas, electrons (skin)

10 ml glass vial

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 0.0E +00
Gammas, X rays Tm 0.0E + 00 100 cm
(deep tissue dose) Photons (deep dose)
| 0.00E+0 | 10cm| 0.0E+00 | Brem. Rad. | | Brem. Rad. | | Brem. Rad.
1m 0.0E + 00

The values above do not include Bremsstrahlung radiation. Brem. Rad. indicates that it may be significant.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™?) (Total absorption)
Uniform deposit (1kBg.cm=2) [0.00E+0 Recommended Glass <0.1
0.05 ml droplet (1 kBq) 0.00E+0 probes* Removable Plastic <0.1
Alpha contamination
Beta 2E+4 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
2E+6 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead - -
a probe or liquid scintillation technique Steel - -

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion f1 Inhalation (for soluble and reactive gases and vapours)
Tritiated water 1.000 |1.8E-11 Elemental hydrogen 1.8E-15
Organically bound tritium 1.000 |4.2E-11 Tritiated water 1.8E-11

Organically bound tritium 4.1E-11

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation (Bq)

Gaseous form 1.1 E+ 13 (Bq)

Highest dose organ Whole body

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
Tritiated water 0.01 3E+06 3E+07 1E+07 1E+08 1E+10
Elemental hydrogen 1E+00 Forbidden 2E+08 Forbidden 5E +08 5E+10
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Beryllium - 7 "Be,

Half life: 53.2 days Risk group: 4
Specific activity: 1.30E+16 Bq.g™" Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 477 10
E2 Transport (TBq)
E3 IAEA ST1 A1 value 0.7
% omitted (0] IAEA ST1 A2 value 0.7

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Contact with 5 ml
plastic syringe

Contact with 50 ml
glass beaker

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.0E+00 | Photons (skin)
10 cm 3.4E-04
Gammas, X rays Tm 2.2E-06 100 cm
(deep tissue dose) Photons (deep dose)
[ 9.2E05 | [10cm| 3.3E-04 | 8.2E-06 | [ 2.4E02 [ 1.3E01
1m 2.1E-04
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 2.9E-03 Recommended Glass -
0.05 ml droplet (1 kBq) 1.3E-02 probes* Removable Plastic -
Alpha contamination
Beta 6E+02 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
6E+02 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 5 17
a probe or liquid scintillation technique Steel 25 62
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.005 |2.8E-11 F
All unspec. compounds M| 4.8E-11 | 4.3E-11
Oxid., halid. & nitrat. S |5.2E-11 | 4.6E-11

Highest dose organ

Lungs

20 mSv ALlingestion (Ba) 20 mSv ALlinaiation | 3.8E +08 |(Ba)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 3E+07 3E+08 8E+07 8E+08 5E+09
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Carbon - 11 e,

Half life: 20.4 minutes Risk group: 3
Specific activity: 3.10E+19 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 511 200 960 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 1TE+0
% omitted (0] 0 IAEA ST1 A2 value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.2E-01
(skin dose) 1m 1.2E-02
| 1.35E-1 | Photons (skin)
10 cm 7.0E-03
Gammas, X rays Tm 4.4E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 18763 | [10cm] 6.6E-03 [ 1.6364 | [ 5.81E1 | | 6.41E+0
Tm 4.2E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.95E+0 Recommended Glass 1.6
0.05 ml droplet (1 kBq) 1.12E+0 probes* Removable Plastic 3.0
Alpha contamination
Beta ++ 2E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
3E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 6 17
a probe or liquid scintillation technique Steel 27 64

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion f1 Inhalation (for soluble and reactive gases and vapours)
Labelled organic compounds 1.000 |2.4E-11 Vapour 3.2E-12
Dioxide 2.2E-12
Monoxide 1.2E-12

Highest dose organ Soft tissues 20 mSv AlLlingestion | 8.3E+08 | (Bq) 20 mSv AlLlinhalation | 6.3E +09 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds except below 0.01 4E+05 4E+06 1E+06 1E+07 1E+09
Oxide & anhydride 1 Forbidden 4E+ 06 Forbidden 1E+07 1E+09
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Carbon - 14 4.

Half life: 5730 years Risk group: 4
Specific activity: 1.65E+11 Bq.g™" Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+04
E1 157 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 4E+1
% omitted [¢] IAEA ST1 Az value 3E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 0.0E +00
Gammas, X rays Tm 0.0E + 00 100 cm
(deep tissue dose) Photons (deep dose)
| 0.00E+0 | 10cm| 0.0E+00 | Brem. Rad. | | Brem. Rad. | | Brem. Rad.
1m 0.0E + 00

The values above do not include Bremsstrahlung radiation. Brem. Rad. indicates that it may be significant.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™?) (Total absorption)
Uniform deposit (1kBg.cm™2) | 3.24E-1 Recommended Glass 0.2
0.05 ml droplet (1 kBq) 2.70E-3 probes* Removable Plastic 0.3
Alpha contamination
Beta ++ 4E+2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
4E+4 % /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead - -
a probe or liquid scintillation technique Steel - -

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion f1 Inhalation (for soluble and reactive gases and vapours)
Labelled organic compounds 1.000 |5.8E-10 Vapour 5.8E-10
Dioxide 6.2E-12
Monoxide 8.0E-13

Highest dose organ Whole body 20 mSv AlLlingestion | 3.4E+07 | (Bq) 20 mSv ALlinhalation | 3.4E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds except below 0.01 1E+07 1E+08 3E+07 3E+08 5E+09
Oxide & anhydride 1 Forbidden 1E+06 Forbidden 3E+06 3E+08
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Nitrogen - 13

13N
7

Half life: 9.97 minutes Risk group: 4
Specific activity: 5.37E+19 Bq.g™' Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 511 200 | 1199 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 9E-1
% omitted (0] 0 IAEA ST1 A2 value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane

10 ml glass vial

Contact with 50 ml

Contact with 5 ml

source

=

Betas, electrons (skin)

glass beaker

plastic syringe

Betas, electrons 10 cm 1.3E-01
(skin dose) 1m 2.5E-02
[ 12061 | Photons (skin)
10 cm 7.0E-03
Gammas, X rays Tm 4.5E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 18763 | [10ecm]| 6.7E-03 [ 1.6364 | [ 5.81E1 | [ 1.29E+1
Tm 4.2E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.90E+0 Recommended Glass 2.1
0.05 ml droplet (1 kBq) 1.2E+00 probes* Removable Plastic 4.0
Alpha contamination
Beta ++ - Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays contamination thickness)
- Va2 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 6 17
a probe or liquid scintillation technique Steel 27 64

INTERNAL EXPOSURE FOR WORKERS

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion f1 Inhalation (for soluble and reactive gases and vapours)
n/a n/a
n/a n/a
n/a n/a

Highest dose organ -

20 mSv ALIingestion I:I (Ba) 20 mSv ALlinhalation I:I (Ba)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E + 05 5E +06 2E +06 2E+07 2E+09
Volatile form 1 Forbidden | 4.0E+06 | Forbidden | 1.0E+07 1.0E+09
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150
8

Half life: 2.04 minutes Risk group: 5
Specific activity: 2.28E+20 Bq.g™' Risk colour: Blue
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+09
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 511 200 | 1732 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value -
% omitted (0] 0 IAEA ST1 A2 value -

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MIBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane

10 ml glass vial

Contact with 50 ml

Contact with 5 ml

source

=

Betas, electrons (skin)

glass beaker

plastic syringe

Betas, electrons 10 cm 1.4E-01
(skin dose) 1m 5.1E-02
[ 12061 | Photons (skin)
10 cm 7.0E-03
Gammas, X rays Tm 4.5E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 18763 | [10ecm]| 6.7E-03 [ 1.67E4 | [ 5.93E1 | [ 3.05E+1
Tm 4.2E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.00E+0 Recommended Glass 3.4
0.05 ml droplet (1 kBq) 1.4E+00 probes* Removable Plastic 6.4
Alpha contamination
Beta ++ - Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays contamination thickness)
- Va2 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 6 17
a probe or liquid scintillation technique Steel 27 64

INTERNAL EXPOSURE FOR WORKERS

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion f1 Inhalation (for soluble and reactive gases and vapours)
n/a n/a
n/a n/a
n/a n/a

Highest dose organ -

20 mSv ALIingestion I:I (Ba) 20 mSv ALlinhalation I:I (Ba)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E + 05 5E +06 2E +06 2E+07 2E+09
Volatile form 1 Forbidden 4E +06 Forbidden 1E+07 1.0E+09
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Fluorine - 18

18F
9

Half life: 1.83 hours Risk group: 3
Specific activity: 3.52E+18 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 511 194 634 97 1 3
E2 Transport (TBq)
E3 IAEA ST1 A1 value 1E+0
% omitted 0 0 0 IAEA ST1 Az value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane

source

10 ml glass vial

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 9.6E-02
(skin dose) 1m 5.3E-04
[ 12061 | Photons (skin)
10 cm 6.8E-03
Gammas, X rays Tm 4.3E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 181E3 | [10cm| 6.4E-03 | 1.58E-4 | | 5.63E-1 | [ 2.88E+0
Tm 4.1E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.95E+0 Recommended Glass 0.9
0.05 ml droplet (1 kBq) 7.88E-1 probes* Removable Plastic 1.7
Alpha contamination
Beta + 2E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
3E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 6 17
a probe or liquid scintillation technique Steel 27 64
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |4.9E-11 Determined by combining cation F |3.0E-11 | 5.4E-11
Determined by combining cation M|5.7E-11 | 8.9E-11
Determined by combining cation S | 6.0E-11 | 9.3E-11

Highest dose organ Lungs

20 mSv ALlingestion (Ba) 20 mSv ALlnnaiation | 2.2E +08 | (Ba)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E + 05 5E +06 2E +06 2E+07 2E+09
Volatile form 1 Forbidden 3E+06 Forbidden 9E + 06 9E +08
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Sodium - 22 Na,,

Half life: 2.6 years Risk group: 3
Specific activity: 2.31E+14 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 511 181 546 90
E2 1275 100 Transport (TBq)
E3 IAEA ST1 A1 value 5E-1
% omitted (0] 0 IAEA ST1 A2 value 5E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 7.2E-02
(skin dose) 1m 0.0E+00
| 1.01E-1 | Photons (skin)
10 cm 1.4E-02
Gammas, X rays Tm 9.2E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 364E3 | [10ecm] 1.3E02 [ 3.14E4 | [ 1.13e+0 | | 5.36E+0
Tm 8.7E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.68E+0 Recommended Glass 0.8
0.05 ml droplet (1 kBq) 6.69E-1 probes* Removable Plastic 1.4
Alpha contamination
Beta ++ 1E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
2E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 10 37
a probe or liquid scintillation technique Steel 31 80

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |3.2E-09| | All compounds 1.3E-09 | 2.0E-09

F
M
S

Highest dose organ Red marrow 20 mSv AlLlingestion | 6.3E+ 06 | (Bg) 20 mSv ALlinhalation | 1.0E +07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 4E+05 4E+06 1E+06 1E+07 1E+09

28



RADIONUCLIDE AND RADIATION PROTECTION DATA HANDBOOK (2002)

Sodium - 24 2Nay,

Half life: 15.0 hours Risk group: 2
Specific activity: 3.22E+17 Bq.g™ Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+01
E1 1369 100 | 1390 100
E2 2754100 [ Transport(TBa) |
E3 IAEA ST1 A1 value 2E-1
% omitted 0 0 IAEA ST1 A2 value 2E-1
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.3E-01 = .
(skin dose) 1m 3.3E-02

[ 1.24E1 | Photons (skin)
10 cm 2.2E-02

Gammas, X rays Tm 1.5E-02 100 cm

(deep tissue dose) Photons (deep dose)

[ 5.40E3 | [10em][ 2.1E-02 | 4.64E-4 | [ 1.64E+0 | [ 217E+1 ]
Tm 1.4E-02

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.22E+0 Recommended Glass 2.6
0.05 ml droplet (1 kBq) 1.31E+0 probes* Removable Plastic 4.8
Alpha contamination
Beta ++ 8E+0 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
9E+0 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 20 58
a probe or liquid scintillation technique Steel 41 111

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |4.3E-10| | All compounds 2.9E-10| 5.3E-10

F
M
S

Highest dose organ | Lungs | 20 mSv AlLlingestion | 4.7E+07 | (Bq) 20 mSv ALlinhalation | 3.8E+07 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 9E + 05 9E + 06 9E + 08




D. DELACROIX, J.P. GUERRE, P. LEBLANC AND C. HICKMAN

o o 26
Aluminium - 26 Aly3
Half life: 7.2E+S5 years Risk group: 2
Specific activity: 7.07E+08 Bq.g™' Risk colour: Orange

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq)
E % E % E % E % Concentration (Bg.g™') -
E1 511 164 | 1174 82
2 11303 [ Toansponiiea |
E3 1809 100 IAEA ST1 A1 value 1E-1
% omitted <1 0 IAEA ST1 A2 value 1E-1
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.0E-01 =
(skin dose) 1m 2.6E-02

[ 1.0261 | Photons (skin)
10 cm 1.6E-02

Gammas, X rays Tm 1.1E-02 100 cm

(deep tissue dose) Photons (deep dose)

[ 41063 | [10em| 1.5E-02 | 3.53E-4 | [ 1.26E+0 1.72E+1
Tm 1.0E-02

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.81E+0 Recommended Glass 2.1
0.05 ml droplet (1 kBq) 1.03E+0 probes* Removable Plastic 3.8
Alpha contamination
Beta ++ 9E+0 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
TE+1 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 12 47
a probe or liquid scintillation technique Steel 34 92

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.010 |3.5E-09| | All unspec. compounds F |1.1E-08 | 1.4E-08
Al, ox., hydr., carbid., halid., nitrat. M| 1.8E-08 | 1.2E-08
S

Highest dose organ | Red marrow | 20 mSv AlLlingestion | 5.7E+ 06 | (Bq) 20 mSv ALlinhalation | 1.1E+06 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 2E+05 2E+06 6E + 05 6E + 06 6E +08
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o o o
Silicon - 31 31Siyy
Half life: 2.62 hours Risk group: 3
Specific activity: 1.43E+18 Bq.g™" Risk colour: Yellow

Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 1266 <1 1491 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 0.6
% omitted (0] <1 IAEA ST1 A2z value 0.6

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.3E-01
(skin dose) 1m 4.0E-02
[ 12E01 | Photons (skin)
10 cm 5.5E-06
Gammas, X rays Tm 3.6E-06 100 cm
(deep tissue dose) Photons (deep dose)
[ 14606 | [10cm| 5.2E-06 [ 1.2E07 | | 3.5E04 | [ 1.7E+01
Tm 3.4E-06
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |1.8E+00 Recommended Glass 3.1
0.05 ml droplet (1 kBq) 1.2E+00 probes* Removable Plastic 5.2
Alpha contamination
Beta ++ 1E+02 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
4E+02 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 18 52
a probe or liquid scintillation technique Steel 37 93

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All compounds 0.010 |1.6E-10| | All unspec. compounds F [2.9E-11 | 5.1E-11
Oxid., hydrox., carbides & nitrat. M|7.5E-11 | 1.1E-10
Aluminosilicate glass aerosol S [8.0E-11| 1.1E-10

Highest dose organ Lungs 20 mSv AlLlingestion | 1.3E+08 | (Bq) 20 mSv AlLlinhalation | 1.8E +08 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 6E+05 6E+06 2E+06 2E+07 2E+09
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Phosphorus - 32 32P15

Half life: 14.3 days Risk group: 2
Specific activity: 1.06E+16 Bq.g™" Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 1710 100
2 [ Toansponiiea |
E3 IAEA ST1 A1 value 5E-1
% omitted 0 IAEA ST1 Az value 5E-1
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.4E-01 = .
(skin dose) 1m 4.8E-02

[ 11861 | Photons (skin)
10 cm 0.0E+00

Gammas, X rays Tm 0.0E + 00 100 cm

(deep tissue dose) Photons (deep dose)

[ 000E+0 | [10ecm] 0.0E+00 [ 1.31E6 | [ 7.11E4 | [ 2.39E+1 ]
Tm 0.0E+00

The values above do not include Bremsstrahlung radiation.

[___SHIELDING (mm) |
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.89E+0 Recommended Glass 3.4
0.05 ml droplet (1 kBq) 1.33E+0 probes* Removable Plastic 6.3
Alpha contamination
Beta ++ 5E+1 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
3E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead - -
a probe or liquid scintillation technique Steel - -
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.800 |2.4E-09| | All unspec. compounds F |8.0E-10 | 1.1E-09
Some phosphat. det. by comb. cation M| 3.2E-09 | 2.9E-09
S

Highest dose organ | Lungs | 20 mSv AlLlingestion | 8.3E+ 06 | (Bq) 20 mSv AlLlinhalation | 6.3E + 06 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 5E + 05 5E + 06 2E+06 2E+07 2E+09
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Phosphorus - 33 PPys

Half life: 25.6 days Risk group: 5
Specific activity: 5.72E+15 Bq.g™' Risk colour: Blue
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+08
E % E % E % E % Concentration (Bg.g™") 1E+05
E1 249 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 4E+1
% omitted [¢] IAEA ST1 Az value 1TE+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MIBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 4.9E-02
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 0.0E +00
Gammas, X rays Tm 0.0E + 00 100 cm
(deep tissue dose) Photons (deep dose)
| 0.00E+0 | 10cm| 0.0E+00 | Brem. Rad. | | Brem. Rad. | | Brem. Rad.
1m 0.0E + 00

The values above do not include Bremsstrahlung radiation. Brem. Rad. indicates that it may be significant.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™?) (Total absorption)
Uniform deposit (1kBg.cm™2) | 8.65E-1 Recommended Glass 0.3
0.05 ml droplet (1 kBq) 1.38E-1 probes* Removable Plastic 0.5
Alpha contamination
Beta ++ 2E+2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
2E+4 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead - -
a probe or liquid scintillation technique Steel - -

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.800 |2.4E-10| | All unspec. compounds F [9.6E-11 | 1.4E-10
Some phosphat. det. by comb. cation M| 1.4E-09 | 1.3E-09
S

Highest dose organ Lungs 20 mSv AlLlingestion | 8.3E+07 | (Bq) 20 mSv ALlinhalation | 1.4E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 4E+06 4E+07 1E+07 1E+08 1E+10
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Sulphur - 35 S 16

Half life: 87.5 days Risk group: 5
Specific activity: 1.58E+15 Bq.g™" Risk colour: Blue
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+08
E % E % E % E % Concentration (Bg.g™") 1E+05
E1 168 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 4E+1
% omitted [¢] IAEA ST1 Az value 3E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MIBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 0.0E +00
Gammas, X rays Tm 0.0E + 00 100 cm
(deep tissue dose) Photons (deep dose)
| 0.00E+0 | 10cm| 0.0E+00 | Brem. Rad. | | Brem. Rad. | | Brem. Rad.
1m 0.0E + 00

The values above do not include Bremsstrahlung radiation. Brem. Rad. indicates that it may be significant.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 3.54E-1 Recommended Glass 0.2
0.05 ml droplet (1 kBq) 4.05E-3 probes* Removable Plastic 0.3
Alpha contamination
Beta ++ 3E+2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
3E+4 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead - -
a probe or liquid scintillation technique Steel - -
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
Inorganic compounds 0.800 |1.4E-10| | Sulphid. & sulphat. det. by comb. cat. F |5.3E-11 | 8.0E-11
Elemental sulphur 0.100 | 1.9E-10| |S, sulphid., sulphat. det. by comb. cat. M| 1.3E-09 | 1.1E-09
Organic sulphur 1.000 |7.7E-10 S

Highest dose organ Lungs

20 mSv AlLlingestion | 2.6E+07 | (Bg) 20 mSv ALlinhalation | 1.5E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds except below 0.01 5E +06 5E+07 2E+07 2E+08 2E+10
Vapour (S02,.) 1 Forbidden 5E+06 Forbidden 2E+07 2E+09
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Chlorine - 36 *Cly,

Half life: 3.0E+S years Risk group: 3
Specific activity: 1.23E+09 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+04
E1 710 98
E2 Transport (TBq)
E3 IAEA ST1 A1 value 1E+1
% omitted [¢] IAEA ST1 A2 value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 9.9E-02
(skin dose) 1m 2.6E-03
[ 1081 | Photons (skin)
10 cm 0.0E+00
Gammas, X rays Tm 0.0E + 00 100 cm
(deep tissue dose) Photons (deep dose)
[ 0.00E+0 | [10cm| 0.0E+00 [ Brem. Rad. | | Brem. Rad. | [ 5.08E-1
Tm 0.0E+00

The values above do not include Bremsstrahlung radiation. Brem. Rad. indicates that it may be significant.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.78E+0 Recommended Glass 1.1
0.05 ml droplet (1 kBq) 7.73E-1 probes* Removable Plastic 2.0
Alpha contamination
Beta ++ 6E+1 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
4E+3 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead - -
a probe or liquid scintillation technique Steel - -
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |9.3E-10| | Determined by combining cation F |3.4E-10 | 4.9E-10
Determined by combining cation M| 6.9E-09 | 5.1E-09
S

Highest dose organ Lungs

20 mSV ALlingestion (Ba) 20 mSv ALlinhalation | 2.9E + 06 |(Ba)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 4E+05 4E+06 1E+06 1E+07 1E+09
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37Ar18

Half life: 35.0 days Risk group: 5
Specific activity: 3.73E+15 Bq.g™ Risk colour: Blue
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+08
E % E % E % E % Concentration (Bg.g™") 1E+06
E1 3 8 2 82
E2 Transport (TBq)
E3 IAEA ST1 A1 value 40
% omitted (0] 0 IAEA ST1 Az value 40

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MIBq.m™2 (as appropriate)

Point source (30 cm)

Betas, electrons
(skin dose)

Infinite plane

source

=

Betas, electrons (skin)

10 cm

Tm

[ 0.0E+00 |

Photons (skin)

Gammas, X rays
(deep tissue dose)

10 cm

Tm

Photons (deep dose)

10 ml glass vial

glass beaker

Contact with 50 ml

Contact with 5 ml
plastic syringe

[ 0.0E+00 |

10 cm

Tm

CONTAMINATION

SHIELDING (mm)

Derived limits

Betas and electrons

Contamination skin dose (mSv.h™") Detection .
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) - Recommended Glass < 0.1
0.05 ml droplet (1 kBq) - probes* Removable Plastic < 0.1
Alpha R contamination
Beta - - Gamma and X rays
° Gamma |- Fixed (half and tenth value
Droplet Xrays |- contamination thickness)
- Va2 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion f1
SUBMERSION DOSE RATE (Sv per day)
[ Sv.d™" per Bq.m2 | 4.1E-15

Highest dose organ

20 mSv ALIingestion I:I (Ba) 20 mSv ALlinhalation I:I (Ba)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 1 Forbidden 1E+08 Forbidden 5E+08 5E+10
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Argon - 41 YArs

Half life: 1.83 hours Risk group: 5
Specific activity: 1.54E+18 Bq.g™" Risk colour: Blue
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+09
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 1294 100 | 1198 100
E2 2492 1 Transport (TBq)
E3 IAEA ST1 A1 value 0.3
% omitted <1 <1 IAEA ST1 A2 value 0.3

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MIBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm -
(skin dose) Tm -
[ 1301 | Photons (skin)
10 cm -
Gammas, X rays Tm -
(deep tissue dose) Photons (deep dose)
[ 2,003 | [10cm - | - | | - | | -
Tm -

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) - Recommended Glass 6.1
0.05 ml droplet (1 kBq) - probes* Removable Plastic 10.0
Alpha contamination
Beta ++ - Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
- Va2 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 31 72
a probe or liquid scintillation technique Steel 44 100

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion f1

SUBMERSION DOSE RATE (Sv per day)
[ Sv.d™" per Bq.m2 | 5.3E-09

Highest dose organ - 20 mSv AlLlingestion |:| (Bg) 20 mSv ALlinhalation |:| (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 1 Forbidden 9E + 05 Forbidden 3E+06 3E+08

37



D. DELACROIX, J.P. GUERRE, P. LEBLANC AND C. HICKMAN

.
Potassium - 40 4°K19
Half life: 1.3E+9 years Risk group: 3
Specific activity: 2.54E+05 Bq.g™' Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 1461 11 1312 89 3 7
E2 Transport (TBq)
E3 IAEA ST1 A1 value 9E-1
% omitted [0] [¢] [¢] IAEA ST1 Az value 9E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.0E-01
(skin dose) 1m 3.0E-02
[ 107E1 | Photons (skin)
10 cm 9.4E-04
Gammas, X rays Tm 6.2E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 2.30E4 | [10cm| 8.8E-04 [ 1.9865 | | 7.08e2 | [ 1.35E+1
Tm 5.8E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.65E+0 Recommended Glass 2.4
0.05 ml droplet (1 kBq) 1.10E+0 probes* Removable Plastic 4.4
Alpha contamination
Beta ++ 4E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
2E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 18 51
a probe or liquid scintillation technique Steel 38 98

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |6.2E-09| | All compounds 2.1E-09 | 3.0E-09

F
M
S

Highest dose organ Lungs 20 mSv AlLlingestion | 3.2E + 06 | (Bq) 20 mSv AlLlinhalation | 6.7E + 06 | (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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Potassium - 42 YKo
Half life: 12.4 hours Risk group: 3
Specific activity: 2.23E+17 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 313 <1 1996 18
E2 1525 18 3521 82 Transport (TBq)
E3 IAEA ST1 A1 value 2E-1
% omitted <1 <1 IAEA ST1 Az value 2E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.5E-01
(skin dose) 1m 6.9E-02
| 1.01E-1 | Photons (skin)
10 cm 1.6E-03
Gammas, X rays Tm 1.1E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 404E4 | [10cm] 1.6E-03 | 4.3264 | [ 1.70E+0 | [ 7.73E+1
Tm 1.0E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.24E+0 Recommended Glass 8.6
0.05 ml droplet (1 kBq) 1.42E+0 probes* Removable Plastic 16.2
Alpha contamination
Beta ++ 4E+1 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays + contamination thickness)
8E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 18 53
a probe or liquid scintillation technique Steel 38 100

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |4.3E-10| | All compounds 1.3E-10| 2.0E-10

F
M
S

Highest dose organ Lungs 20 mSv AlLlingestion | 4.7E+07 | (Bq) 20 mSv ALlinhalation | 1.0E +08 | (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 7E+05 7E+06 2E+06 2E+07 2E+09
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Potassium - 43 43K19

Half life: 22.2 hours Risk group: 3
Specific activity: 1.21E+17 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 373 87 827 92
E2 593 11 1224 4 Transport (TBq)
E3 618 81 IAEA ST1 A1 value 7E-1
% omitted 18.2 4 IAEA ST1 Az value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 1.0E-01
(skin dose) 1m 6.6E-03
[ 12261 | Photons (skin)
10 cm 8.8E-03
Gammas, X rays Tm 6.4E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 17883 | [10ecm| 8.3E-03 | 1.55E-4 | | 5.50-1 | [ 2.88E+0
Tm 6.1E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |1.86E+0 Recommended Glass 2.2
0.05 ml droplet (1 kBq) 8.69E-1 probes* Removable Plastic 4.0
Alpha contamination
Beta ++ 2E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
3E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 5 18
a probe or liquid scintillation technique Steel 26 64
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |2.5E-10| | All compounds F [1.5E-10 | 2.6E-10
M
S

Highest dose organ

Lungs

20 MSV ALlingsstion (Ba) 20 mSv Allnhaiation (Ba)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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Calcium - 45 45 Ca,
Half life: 163 days Risk group: 4
Specific activity: 6.58E+14 Bq.g™' Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+04
E1 257 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 4E+1
% omitted [¢] IAEA ST1 Az value 1TE+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial Contact with 50 ml

glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 1.1E-02
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 1.0E-10
Gammas, X rays Tm 3.9E-11 100 cm
(deep tissue dose) Photons (deep dose)
| 0.00E+0 | 10 cm 8.0E-12 | Brem. Rad. | | Brem. Rad. | | Brem. Rad.
1m 3.0E-12

The values above do not include Bremsstrahlung radiation. Brem. Rad. indicates that it may be significant.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 8.38E-1 Recommended Glass 0.3
0.05 ml droplet (1 kBq) 1.01E-1 probes* Removable Plastic 0.6
Alpha contamination
Beta ++ 1E+2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
1E+4 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead - -
a probe or liquid scintillation technique Steel - -
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.300 |7.6E-10 F
All compounds M| 2.7E-09 | 2.3E-09
S

Highest dose organ

Lungs

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 2E+06 2E+07 7E+06 7E+07 5E+09
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Calcium - 47 / Scandium - 47

47C320/478021

Half life: 4.54 days Risk group: 3
Specific activity: 2.26E+16 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 159 68 441 68
E2 808 7 691 82 Transport (TBq)
E3 1297 75 1988 18 IAEA ST1 A1 value 3E+0
% omitted 7.2 32 IAEA ST1 Az value 3E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Contact with 5 ml
plastic syringe

Contact with 50 ml
glass beaker

Point source (30 cm) Infinite plane

source

=

Betas, electrons (skin)

10 ml glass vial

Betas, electrons 10 cm 1.6E-01
(skin dose) 1m 1.2E-02
[ 17961 | Photons (skin)
10 cm 7.3E-03
Gammas, X rays Tm 4.8E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 18563 | [10cm| 6.9E-03 [ 1.61E4 | | 5.74E1 | | 8.84E+0
Tm 4.5E-03

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [3.51E+0 Recommended Glass 4.1
0.05 ml droplet (1 kBq) 1.34E+0 probes* Removable Plastic 7.7
Alpha contamination
Beta ++ 2E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
3E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 14 45
a probe or liquid scintillation technique Steel 33 89
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.300 |1.6E-09 F
All compounds M| 1.8E-09 | 2.1E-09
S

20 mSv ALlingestion (Ba) 20 mSv ALlinhaiation | 9.5E +06 |(Ba)

Highest dose organ Lungs

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 1E+06 1E+07 1E+09
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o
Scandium - 46 S,
Half life: 83.8 days Risk group: 3
Specific activity: 1.25E+15 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 889 100 | 357 100
E2 1121 100 Transport (TBq)
E3 IAEA ST1 A1 value 5E-1
% omitted (0] 0 IAEA ST1 A2 value 5E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 6.0E-02
(skin dose) 1m 0.0E+00
[ 220E2 | Photons (skin)
10 cm 1.3E-02
Gammas, X rays Tm 8.5E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 32763 | [10em] 1.2E02 [ 2.81E4 | [ 1.02E+0 | | 4.82E+0
Tm 7.5E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.35E+0 Recommended Glass 0.5
0.05 ml droplet (1 kBq) 3.80E-1 probes* Removable Plastic 0.8
Alpha contamination
Beta ++ 1E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
2E+1 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 13 39
a probe or liquid scintillation technique Steel 34 85

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0001 | 1.5E-09

F
M
All compounds S |6.4E-09 | 4.8E-09

Highest dose organ Lungs 20 mSv AlLlingestion | 1.3E+07 | (Bq) 20 mSv ALlinhalation | 3.1E +06 | (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 4E+05 4E+06 1E+06 1E+07 1E+09
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o
Scandium - 47 Y1S¢y
Half life: 3.4 days Risk group: 3
Specific activity: 3.02E+16 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 159 68 441 68
E2 601 32 Transport (TBq)
E3 IAEA ST1 A1 value 1E+1
% omitted (0] 0 IAEA ST1 A2 value 7E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 6.5E-01
(skin dose) 1m 0.0E+00
[ 681E2 | Photons (skin)
10 cm 6.8E-04
Gammas, X rays Tm 4.1E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 20564 | [10cm| 6.8E-04 [ 1.90E-5 | | 6.53-2 | [ 3.00E-1
Tm 4.2E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.54E+0 Recommended Glass 0.9
0.05 ml droplet (1 kBq) 4.58E-1 probes* Removable Plastic 1.6
Alpha contamination
Beta ++ 9E+1 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
3E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 2
a probe or liquid scintillation technique Steel 10 25
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0001 |5.4E-10 F
M
All compounds S |7.0E-10| 7.3E-10

Highest dose organ | Lower large intestine | 20 mSv ALlingestion | 3.7E +07 | (Bg) 20 mSv ALlinhalation | 2.7E +07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 9E+05 9E+06 3E+06 3E+07 3E+09
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. 48
Vanadium - 48 Va3
Half life: 16.2 days Risk group: 2
Specific activity: 6.21E+15 Bq.g™' Risk colour: Orange

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+01
E1 511 100 697 50 4 35
2 1312 o8 7 [ Toansponiiea |
E3 2240 2 IAEA ST1 A1 value 0.4
% omitted 119 0 0 IAEA ST1 Az value 0.4
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 4.9E-02 = .
(skin dose) 1m 5.0E-03

[ 58E02 | Photons (skin)
10 cm 2.0E-02

Gammas, X rays Tm 1.4E-02 100 cm

(deep tissue dose) Photons (deep dose)

[ 47603 | [10ecm| 1.9E02 | 4.1E04 | [ 1.2E+00 | [ 6.5E+00 ]
Tm 1.3E-02

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm=2) |1.0E+00 Recommended Glass 1.1
0.05 ml droplet (1 kBq) 4.4E-01 probes* Removable Plastic 2.0
Alpha contamination
Beta ++ 1E+01 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
1TE+01 JA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 13 43
a probe or liquid scintillation technique Steel 33 85

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.010 |2.0E-09| | All unspec. compounds F |1.1E-09 | 1.7E-09
Oxid., hydrox., carb., halid. & nitrat. M| 2.3E-09 | 2.7E-09
S

Highest dose organ | Lungs | 20 mSv AlLlingestion | 1.0E+07 | (Bq) 20 mSv ALlinhalation | 7.4E + 06 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 4E +05 4E+06 1E+06 1E+07 1E+09
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Chromium - 51 1Cryq
Half life: 27.7 days Risk group: 4
Specific activity: 3.42E+15 Bq.g™ Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 5 20 4 67
E2 320 10 Transport (TBq)
E3 IAEA ST1 A1 value 3E+1
% omitted (0] 0 IAEA ST1 Az value 3E+1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 2.1E-04
Gammas, X rays Tm 1.3E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 6.04E6 | [10cm| 2.1E-04 | 5.3566 | [ 18762 | [ 8.69E-2
Tm 1.3E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) 1.49E-2 Recommended Glass <0.1
0.05 ml droplet (1 kBq) 5.65E-4 probes* Removable Plastic <0.1
Alpha contamination
Beta 8E+2 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | ++ contamination thickness)
9E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 2 7
a probe or liquid scintillation technique Steel 21 50
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
Hexavalent compounds 0.100 |3.8E-11 All unspec. compounds F |{2.1E-11 | 3.0E-11
Trivalent compounds 0.010 |3.7E-11 Halides & nitrat. M| 3.1E-11 | 3.4E-11
Oxid.& hydrox. S | 3.6E-11 | 3.6E-11

Highest dose organ

Lungs

20 mSv AlLlingestion | 5.3E+08 | (Bg) 20 mSv ALlinhalation | 5.6E +08 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 4E+07 4E+08 1E+08 1E+09 5E+09
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52
Manganese - 52m Mn,5
Half life: 21.2 minutes Risk group: 2
Specific activity: 6.31E+18 Bq.g™ Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+01

E1 378 2 2633 96

E2 511 193 [ Transport(TBa) |

E3 1434 98 IAEA ST1 A1 value -

% omitted <1 <1 IAEA ST1 A2 value -

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.4E-01 = .
(skin dose) 1m 6.8E-02

[ 1.04E1 | Photons (skin)
10 cm 1.5E-02

Gammas, X rays Tm 1.0E-02 100 cm

(deep tissue dose) Photons (deep dose)

[ 3933 | [10cm][ 1.5E-02 | 5.3564 | | 1.80E+0 | [ 6.33E+1 ]
Tm 9.4E-03

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.14E+0 Recommended Glass 5.8
0.05 ml droplet (1 kBq) 1.61E+0 probes* Removable Plastic 10.9
Alpha contamination
Beta ++ 1E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
TE+1 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 10 39
a probe or liquid scintillation technique Steel 32 84

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |6.9E-11 All unspec. compounds F | 2.0E-11 | 3.5E-11
Oxid., hydrox., halid. & nitrat. M| 3.0E-11| 5.0E-11
S

Highest dose organ | Lungs | 20 mSv AlLlingestion | 2.9E + 08 | (Bq) 20 mSv AlLlinhalation | 4.0E +08 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 4E +05 4E+06 1E+06 1E+07 1E+09




D. DELACROIX, J.P. GUERRE, P. LEBLANC AND C. HICKMAN

52
Manganese - 52 Mn,5
Half life: 5.6 days Risk group: 2
Specific activity: 1.66E+16 Bq.g™" Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+01

E1 511 59 575 29

E2 936 95 [ Tronsport(TBa |

E3 1434 100 IAEA ST1 A1 value 3E-1

% omitted 105 0 IAEA ST1 Az value 3E-1

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 8.6E-03 5 .
(skin dose) 1m 5.0E-06
[ 3492 | Photons (skin)
10 cm 2.9E-02
Gammas, X rays Tm 2.1E-02 100 cm

(deep tissue dose) Photons (deep dose)
[ 65763 | [10em| 2.7E-02 [ 47964 | [ 1.72e+0 | [ 8.20E+0 ]
Tm 2.0E-02

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 7.57E-1 Recommended Glass 0.8
0.05 ml droplet (1 kBq) 2.78E-1 probes* Removable Plastic 1.5
Alpha contamination
Beta + 9E+0 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
TE+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 12 40
a probe or liquid scintillation technique Steel 34 86
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |1.8E-09| | All unspec. compounds F |9.9E-10 | 1.6E-09
Oxid., hydrox., halid. & nitrat. M| 1.4E-09 | 1.8E-09
S

Highest dose organ | Lungs | 20 mSv AlLlingestion | 1.1E+07 | (Bq) 20 mSv ALlinhalation | 1.TE+07 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 4E +05 4E+06 1E+06 1E+07 1E+09
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Manganese - 54 >*Mn,s
Half life: 312 days Risk group: 3
Specific activity: 2.87E+14 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 5 23 4 67
E2 6 3 Transport (TBq)
E3 835 100 IAEA ST1 A1 value 1E+0
% omitted (0] 0 IAEA ST1 Az value 1TE+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 5.6E-03
Gammas, X rays Tm 3.6E-02 100 cm
(deep tissue dose) Photons (deep dose)
[ 14263 | [10ecm] 5.2E-03 [ 1.2264 | [ 4411 | [ 2.00E+0
Tm 3.4E-03

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 6.22E-2 Recommended Glass <0.1
0.05 ml droplet (1 kBq) 1.48E-2 probes* Removable Plastic <0.1
Alpha contamination
Beta 3E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
4E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 11 32
a probe or liquid scintillation technique Steel 32 79

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |7.1E-10| | All unspec. compounds F [8.7E-10 | 1.1E-09
Oxid., hydrox., halid. & nitrat. M| 1.5E-09 | 1.2E-09
S

Highest dose organ Lungs 20 mSv AlLlingestion | 2.8E+07 | (Bq) 20 mSv ALlinhalation | 1.3E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 2E+06 2E+07 5E+06 5E+07 5E+09
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56
Manganese - 56 Mnys
Half life: 2.58 hours Risk group: 2
Specific activity: 8.02E+17 Bq.g™" Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+01

E1 847 99 735 15

E2 181127 [ 1037 28 [ Tronsport(TBa |

E3 2113 14 | 2848 56 IAEA ST1 A1 value 3E-1

% omitted 2.3 1 IAEA ST1 Az value 3E-1

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.3E-01 = .
(skin dose) 1m 4.4E-02

[ 1.18E1 | Photons (skin)
10 cm 1.0E-02

Gammas, X rays Tm 6.8E-03 100 cm

(deep tissue dose) Photons (deep dose)

[ 25763 | [10cm| 9.8E-03 | 3.47e4 | [ 1.21E+0 | [ 3.97E+1 ]
Tm 6.4E-03

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.35E+0 Recommended Glass 6.5
0.05 ml droplet (1 kBq) 1.35E+0 probes* Removable Plastic 12.3
Alpha contamination
Beta ++ 2E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
2E+1 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 14 45
a probe or liquid scintillation technique Steel 36 93

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |2.5E-10| | All unspec. compounds F |6.9E-11 | 1.2E-10
Oxid., hydrox., halid. & nitrat. M| 1.3E-10 | 2.0E-10
S

Highest dose organ | Lungs | 20 mSv AlLlingestion | 8.0E+07 | (Bq) 20 mSv AlLlinhalation | 1.0E +08 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 4E +05 4E+06 1E+06 1E+07 1E+09
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Iron - 52 i
Half life: 8.26 hours Risk group: 3
Specific activity: 2.70E+17 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 169 99 804 56
E2 511 112 Transport (TBq)
E3 IAEA ST1 A1 value 3E-1
% omitted (0] 0 IAEA ST1 A2 value 3E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 5.9E-02
(skin dose) 1m 5.6E-03
[ 7432 | Photons (skin)
10 cm 4.9E-03
Gammas, X rays Tm 3.1E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 13663 | [10cm] 4.8E-03 [ 1.20e4 | [ 4.23E1 | [ 1.98E+0
Tm 3.0E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.07E+0 Recommended Glass 1.3
0.05 ml droplet (1 kBq) 5.45E-1 probes* Removable Plastic 2.3
Alpha contamination
Beta ++ 3E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | ++ contamination thickness)
4E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 4 15
a probe or liquid scintillation technique Steel 22 59

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |1.4E-09| | All unspec. compounds F |4.1E-10 | 6.9E-10
Oxid., hydrox. & halid. M| 6.3E-10 | 9.5E-10
S

Highest dose organ Lungs 20 mSv AlLlingestion | 1.4E+07 | (Bq) 20 mSv ALlinhalation | 2.1E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 6E+05 6E+06 2E+06 2E+07 2E+09
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Iron - 55

Half life:
Specific activity:

SSF €26

Risk group: 3
Risk colour: Yellow

2.68 years
8.98E+13 Bq.g™'

Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+04
E1 6 25 5 61
E2 7 3 Transport (TBq)
E3 IAEA ST1 A1 value 4E+1
% omitted <1 <1 IAEA ST1 Az value 4E+1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 0.0E+00
Gammas, X rays Tm 0.0E + 00
(deep tissue dose) Photons (deep dose)
[ 000E+0 | [10ecm] 0.0E+00 | ? | | ? | | ?
Tm 0.0E+00

? indicates that insufficient information is available for reliable calculations to be made.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) 1.62E-2 Recommended Glass <1
0.05 ml droplet (1 kBq) ? probes* Removable Plastic <1
Alpha contamination
Beta TE+2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + contamination thickness)
7E+4 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |3.3E-10| | All unspec. compounds F |7.7E-10| 9.2E-10
Oxid., hydrox. & halid. M| 3.7E-10 | 3.3E-10
S

Highest dose organ Spleen

20 mSv AlLlingestion | 6.1TE+07 | (Bg) 20 mSv ALlinhalation | 2.2E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds except below 0.01 7E+06 7E+07 2E+07 2E+08 5E+09
Oxid., hydroxid. & halog. 0.01 2E+07 2E+08 5E+07 5E + 08 5E +09
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Iron - 59 N
Half life: 44.5 days Risk group: 3
Specific activity: 1.84E+15 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 192 3 131 1
E2 1099 56 273 46 Transport (TBq)
E3 1292 44 466 53 IAEA ST1 A1 value 9E-1
% omitted 1.4 0.3 IAEA ST1 Az value 9E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 4.1E-02
(skin dose) 1m 0.0E+00
[ 346E2 | Photons (skin)
10 cm 7.5E-03
Gammas, X rays Tm 4.9E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 18663 | [10ecm]| 7.0E-03 [ 1.60E-4 | [ 5.77e1 | [ 2.74E+0
Tm 4.6E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 9.73E-1 Recommended Glass 0.6
0.05 ml droplet (1 kBq) 3.01E-1 probes* Removable Plastic 1.2
Alpha contamination
Beta ++ 2E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
3E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 15 45
a probe or liquid scintillation technique Steel 35 91

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |1.8E-09| | All unspec. compounds F | 2.2E-09 | 3.0E-09
Oxid., hydrox. & halid. M| 3.5E-09 | 3.2E-09
S

Highest dose organ Spleen 20 mSv AlLlingestion | 1.1E+07 | (Bq) 20 mSv AlLlinhalation | 5.7E + 06 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 6E+05 6E+06 2E+06 2E+07 2E+09
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Cobalt - 56 *Coy;

Half life: 77.1 days Risk group: 2
Specific activity: 1.12E+15 Bq.g™" Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+01

E1 511 39 422 1

E2 847 100 | 1460 19 [ Transport(TBa) |

E3 1238 67 IAEA ST1 A1 value 3E-1

% omitted 83.8 0 IAEA ST1 Az value 3E-1

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 5.1E-03 5 .
(skin dose) 1m 1.4E-03

[ 2.89E2 | Photons (skin)
10 cm 2.6E-03

Gammas, X rays Tm 1.9E-03 100 cm

(deep tissue dose) Photons (deep dose)

[ 53563 | [10cm| 2.5E-03 | 4.60E-4 | [ 1.64E+0 | [ 117E+1 ]
Tm 1.8E-03

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 5.49E-1 Recommended Glass 2.7
0.05 ml droplet (1 kBq) 3.62E-1 probes* Removable Plastic 5.1
Alpha contamination
Beta + 9E+0 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
TE+1 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 15 47
a probe or liquid scintillation technique Steel 36 96

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All unspec. compounds 0.100 |2.5E-09 F

Oxid., hydrox. & inorg. compounds 0.050 | 2.3E-09 | | All unspec. compounds M| 4.6E-09 | 4.0E-09
Oxid., hydrox., halid. & nitrat. S | 6.3E-09 | 4.9E-09

Highest dose organ | Lungs | 20 mSv AlLlingestion | 8.0E + 06 | (Bq) 20 mSv AlLlinhalation | 3.2E + 06 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 1E+06 1E+07 1E+09
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Cobalt - 57 Coy;

Half life: 271.8 days Risk group: 3
Specific activity: 3.12E+14 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 14 9 6 106
E2 122 86 7 70 Transport (TBq)
E3 137 11 IAEA ST1 A1 value 1E+1
% omitted <1 11 IAEA ST1 Az value 1E+1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 8.4E-06
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 2.4E-03
Gammas, X rays Tm 2.0E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 25264 | [10cm| 2.3E-03 [ 2.17e5 | [ 74782 | [ 3.35E-1
Tm 2.0E-03

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™?) (Total absorption)
Uniform deposit (1kBg.cm2) 1.19E-1 Recommended Glass <0.1
0.05 ml droplet (1 kBq) 1.62E-3 probes* Removable Plastic <0.1
Alpha contamination
Beta 2E+2 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
2E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 1
a probe or liquid scintillation technique Steel 6 18

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All unspec. compounds 0.100 |2.1E-10 F

Oxid., hydrox. & inorg. compounds 0.050 | 1.9E-10| | All unspec. compounds M|5.2E-10 | 3.9E-10
Oxid., hydrox., halid. & nitrat. S [9.4E-10| 6.0E-10

Highest dose organ Lungs 20 mSv AlLlingestion | 9.5E+07 | (Bq) 20 mSv ALlinhalation | 2.1TE+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
Oxid., hydroxid., halog. & nitrat. 0.01 4E+06 4E+07 1E+07 1E+08 5E+09
Other compounds 0.01 6E +06 6E+07 2E+07 2E+08 5E+09
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Cobalt - 58 58C027

Half life: 70.8 days Risk group: 3
Specific activity: 1.18E+15 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 511 30 475 15
E2 811 99 Transport (TBq)
E3 1675 <1 IAEA ST1 A1 value 1E+0
% omitted <1 [¢] IAEA ST1 Az value 1TE+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.9E-03
(skin dose) 1m 0.0E+00
[ 156E2 | Photons (skin)
10 cm 6.5E-03
Gammas, X rays Tm 4.2E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 1683 | [10cm][ 6.1E-03 [ 1.45E4 | [ 5.22E1 | [ 2.47E+0
Tm 4.0E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 2.97E-1 Recommended Glass 0.7
0.05 ml droplet (1 kBq) 1.14E-1 probes* Removable Plastic 1.2
Alpha contamination
Beta + 3E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
3E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 10 29
a probe or liquid scintillation technique Steel 31 76

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All unspec. compounds 0.100 |7.4E-10 F

Oxid., hydrox. & inorg. compounds 0.050 | 7.0E-10 | | All unspec. compounds M| 1.5E-09 | 1.4E-09
Oxid., hydrox., halid. & nitrat. S | 2.0E-09| 1.7E-09

Highest dose organ Lungs 20 mSv AlLlingestion | 2.7E+07 | (Bq) 20 mSv ALlinhalation | 1.0E +07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 9E+05 9E+06 3E+06 3E+07 3E+09
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Cobalt - 60 “Co,;

Half life: 5.27 years Risk group: 2
Specific activity: 4.18E+13 Bq.g™ Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+01

E1 1173 100 318 100

2 7333 100 | 1491 <i [ Toansponiiea |

E3 IAEA ST1 A1 value 4E-1

% omitted <1 0 IAEA ST1 Az value 4E-1

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 2.6E-02 = .
(skin dose) 1m 0.0E+00

[ 1.26E2 | Photons (skin)
10 cm 1.6E-02

Gammas, X rays Tm 1.0E-02 100 cm

(deep tissue dose) Photons (deep dose)

[ 386E3 | [10cm| 1.5E-02 [ 3.3264 | [ 1.19E+0 | [ 5.67E+0 ]
Tm 9.6E-03

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 7.84E-1 Recommended Glass 0.4
0.05 ml droplet (1 kBq) 2.22E-1 probes* Removable Plastic 0.7
Alpha contamination
Beta ++ 9E+0 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
TE+1 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 16 46
a probe or liquid scintillation technique Steel 36 93

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All unspec. compounds 0.100 |3.4E-09 F

Oxid., hydrox. & inorg. compounds 0.050 | 2.5E-09 | | All unspec. compounds M| 9.6E-09 | 7.1E-09
Oxid., hydrox., halid. & nitrat. S | 2.9E-08| 1.7E-08

Highest dose organ | Lungs | 20 mSv AlLlingestion | 5.9E + 06 | (Bq) 20 mSv ALlinhalation | 6.9E + 05 |(Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood Bench Fume hood | Glove box
Oxid., hydroxid., halog. & nitrat. 0.01 2E + 05 2E+06 5E + 05 5E + 06 5E + 08
Other compounds 0.01 3E+05 3E+06 1E+06 1E+07 1E+09
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Nickel - 63 %3 Ni,g

Half life: 100 years Risk group: 5
Specific activity: 2.10E+12 Bq.g™ Risk colour: Blue
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+08
E % E % E % E % Concentration (Bg.g™") 1E+05
E1 66 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 4E+1
% omitted [¢] IAEA ST1 Az value 3E+1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MIBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 0.0E+00
Gammas, X rays Tm 0.0E + 00 100 cm
(deep tissue dose) Photons (deep dose)
| 0.00E+0 | 10cm| 0.0E+00 | Brem. Rad. | | Brem. Rad. | | Brem. Rad.
Tm 0.0E+00
The values above do not include Bremsstrahlung radiation. Brem. Rad. indicates that it may be significant.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm=2) [0.00E+0 Recommended Glass <0.1
0.05 ml droplet (1 kBq) 0.00E+0 probes* Removable Plastic 0.1
Alpha contamination
Beta + 1E+3 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
1E+5 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead - -
a probe or liquid scintillation technique Steel - -

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.050 |1.5E-10| | All unspec. compounds F |4.4E-10| 5.2E-10
Oxid., hydrox. & carbides M|4.4E-10 | 3.1E-10
S

Highest dose organ | Lower large intestine | 20 mSv ALlingestion | 1.3E +08 | (Bg) 20 mSv ALlinhalation | 3.8E +07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds except below 0.01 1E+07 1E+08 4E+07 4E+08 4E+10
Vapour 1 Forbidden 1E+06 Forbidden 4E+06 4E+08
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L3 Ll
Nickel - 65 **Nips
Half life: 2.52 hours Risk group: 3
Specific activity: 7.08E+17 Bq.g™ Risk colour: Yellow

Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 366 5 655 28
E2 1116 15 1021 10 Transport (TBq)
E3 1482 24 | 2137 61 IAEA ST1 A1 value 4E-1
% omitted 1.3 1 IAEA ST1 Az value 4E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane

source

10 ml glass vial

Contact with 50 ml
glass beaker

Contact with 5 ml

plastic syringe

Betas, electrons (skin)

=

Betas, electrons 10 cm 1.2E-01
(skin dose) 1m 3.9E-02
| 1.12E-1 | Photons (skin)
10 cm 3.4E-03
Gammas, X rays Tm 2.2E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 83564 | [10cm| 3.2E-03 [ 11264 | [ 3.01E1 [ 2.43E+1
Tm 2.1E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.19E+0 Recommended Glass 4.5
0.05 ml droplet (1 kBq) 1.21E+0 probes* Removable Plastic 8.4
Alpha contamination
Beta ++ 4E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
6E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 16 48
a probe or liquid scintillation technique Steel 36 94
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.050 |1.8E-10| | All unspec. compounds F |4.4E-11 | 7.5E-11
Oxid., hydrox. & carbides M|8.7E-11 | 1.3E-10
S

Highest dose organ

Lungs

20 mSv AlLlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds except below 0.01 6E +05 6E +06 2E+06 2E+07 2E+09
Vapour 1 Forbidden 3E+06 Forbidden 9E +06 9E +08
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64
Cll29

Half life: 12.7 hours Risk group: 3
Specific activity: 1.43E+17 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 511 36 578 37
E2 1346 <1 653 18 Transport (TBq)
E3 IAEA ST1 A1 value 6E+0
% omitted (0] 0 IAEA ST1 Az value 1TE+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 3.5E-03
(skin dose) 1m 2.5E-05
[ 59282 | Photons (skin)
10 cm 1.3E-03
Gammas, X rays Tm 8.2E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 34564 | [10ecm] 1.2E03 [ 3.00E5 | [ 1.07E1 | [ 5.79E-1
Tm 7.8E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm=2) |1.00E+0 Recommended Glass 1
0.05 ml droplet (1 kBq) 3.90E-1 probes* Removable Plastic 1.8
Alpha contamination
Beta ++ 1E+2 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
2E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 6 17
a probe or liquid scintillation technique Steel 27 65
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.500 |1.2E-10| | All unspec. inorganic compounds F |3.8E-11 | 6.8E-11
Sulphides, halid. & nitrat. M| 1.1E-10| 1.5E-10
Oxid.& hydrox. S |1.2E-10| 1.5E-10

Highest dose organ

Lungs

20 mSv AlLlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 1E+06 1E+07 3E+06 3E+07 3E+09
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Copper - 67

Half life:
Specific activity:

2.58 days
2.79E+16 Bq.g™

67
Cll29

Risk group: 3
Risk colour: Yellow

Main emissions (keV)

Exemption levels

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 91 7 390 57 84 12
E2 93 16 482 22 92 2 Transport (TBq)
E3 185 49 575 20 IAEA ST1 A1 value 1E+1
% omitted 1.1 1 2 IAEA ST1 Az value 7E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source glass beaker plastic syringe
2
Betas, electrons (skin)
Betas, electrons 10 cm 6.7E-02
(skin dose) 1m 0.0E+00
[ 492E2 | Photons (skin)
10 cm 1.7E-03
Gammas, X rays Tm 1.4E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 22064 | [10ecm| 1.7E-03 [ 2.036-5 | | 6.9562 | [ 3.16E-1
Tm 1.4E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.32E+0 Recommended Glass 0.8
0.05 ml droplet (1 kBq) 4.65E-1 probes* Removable Plastic 1.5
Alpha contamination
Beta ++ 1E+2 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
2E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 2
a probe or liquid scintillation technique Steel 11 30
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.500 |3.4E-10| | All unspec. inorganic compounds F|{1.1E-10| 1.8E-10
Sulphides, halid. & nitrat. M| 5.2E-10| 5.3E-10
Oxid.& hydrox. S [5.8E-10| 5.8E-10

Highest dose organ

Lungs

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 1E+06 1E+07 4E+06 4E+07 4E+09
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Ll
Zinc - 65 Zn;
Half life: 243.9 days Risk group: 3
Specific activity: 3.05E+14 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 511 3 330 2
E2 1116 51 Transport (TBq)
E3 IAEA ST1 A1 value 2E+0
% omitted (0] 0 IAEA ST1 Az value 2E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial Contact with 50 ml

glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 8.1E-06
(skin dose) 1m 0.0E+00
[ 5194 | Photons (skin)
10 cm 3.7E-03
Gammas, X rays Tm 2.4E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 92764 | [10cm| 3.5E-03 | 7.96E-5 | [ 2.87E1 | [ 1.36E+0
Tm 2.3E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 7.57E-2 Recommended Glass 0.4
0.05 ml droplet (1 kBq) 1.53E-2 probes* Removable Plastic 0.8
Alpha contamination
Beta 4E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
6E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 14 42
a probe or liquid scintillation technique Steel 35 87
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.500 |3.9E-09 F
M
All compounds S | 2.9E-09 | 2.8E-09

Highest dose organ Lungs

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation | 6.9E + 06 | (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 1E+06 1E+07 4E+06 4E+07 4E+09
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Gallium - 66

66(;331

Half life: 9.45 hours Risk group: 3
Specific activity: 1.86E+17 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 511 113 361 1
E2 1039 38 924 4 Transport (TBq)
E3 2752 23 | 4153 51 IAEA ST1 A1 value -
% omitted 34.7 1 IAEA ST1 A2 value -

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass

vial
glass beaker

Contact with 50 ml

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 7.5E-02
(skin dose) 1m 3.9E-02
[ 6142 | Photons (skin)
10 cm 1.8E-02
Gammas, X rays Tm 1.3E-02 100 cm
(deep tissue dose) Photons (deep dose)
[ 3833 | [10em][ 1.7E02 | 5.8564 | [ 2.23e+0 | [ 6.06E+1
Tm 1.2E-02
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.62E+0 Recommended Glass 10.7
0.05 ml droplet (1 kBq) 1.0E+00 probes* Removable Plastic 20.2
Alpha contamination
Beta ++ 1E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays contamination thickness)
1E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 13 48
a probe or liquid scintillation technique Steel 35 98
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.001 |1.2E-09| | All unspec. compounds F |2.7E-10 | 4.7E-10
Oxid., hydr., carbid., halid. & nitrat. M|4.6E-10| 7.1E-10
S

Highest dose organ

Lungs

20 mSv AlLlingestion | 1.7E+07 | (Bg) 20 mSv ALlinhalation | 2.8E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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67(;331

Half life: 3.26 days Risk group: 3
Specific activity: 2.21E+16 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 93 39 8 62
E2 185 21 84 29 Transport (TBq)
E3 300 17 93 6 IAEA ST1 A1 value 7E+0
% omitted 67.5 2 IAEA ST1 A2 value 3E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane

10 ml glass vial

Contact with 50 ml

Contact with 5 ml

source glass beaker plastic syringe
2
Betas, electrons (skin)
Betas, electrons 10 cm 2.6E-04
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 2.0E-03
Gammas, X rays Tm 1.6E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 2794 | [10ecm]| 2.0E-03 | 2.54E5 | | 877E2 | [ 4.02E1
Tm 1.6E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 3.51E-1 Recommended Glass 0.1
0.05 ml droplet (1 kBq) 4.17E-3 probes* Removable Plastic 0.2
Alpha contamination
Beta + 1E+2 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | ++ contamination thickness)
2E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 1 6
a probe or liquid scintillation technique Steel 14 41
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.001 |1.9E-10| | All unspec. compounds F [6.8E-11 | 1.1E-10
Oxid., hydr., carbid., halid. & nitrat. M| 2.3E-10 | 2.8E-10
S

Highest dose organ | Lower large intestine | 20 mSv ALlingestion | 1.1E+08 | (Bg) 20 mSv ALlinhalation | 7.1TE+07 | (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 7E+06 7E+07 2E+07 2E+08 5E+09
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L3
Gallium - 68 %Gas,
Half life: 1.13 hours Risk group: 3
Specific activity: 1.51E+18 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 511 178 822 1
E2 1077 3 1899 88 Transport (TBq)
E3 1883 <1 IAEA ST1 A1 value 5E-1
% omitted <1 [¢] IAEA ST1 Az value 5E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 1.2E-01
(skin dose) 1m 4.5E-02
[ 1031 | Photons (skin)
10 cm 6.5E-03
Gammas, X rays Tm 4.1E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 1733 | [10ecm] 6.2E-03 [ 1.60E-4 | | 5.49E1 | [ 3.14E+1
Tm 3.9E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.81E+0 Recommended Glass 3.9
0.05 ml droplet (1 kBq) 1.25E+0 probes* Removable Plastic 7.2
Alpha contamination
Beta ++ 2E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
3E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 6 17
a probe or liquid scintillation technique Steel 27 65
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.001 |1.0E-10| | All unspec. compounds F |2.8E-11 | 4.9E-11
Oxid., hydr., carbid., halid. & nitrat. M|5.1E-11 | 8.1E-11
S

Highest dose organ

Lungs

20 mSv ALIingestion 2.0E +08 | (Bq) 20 mSv ALlinhalation | 2.5E +08 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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.
Arsenic - 73 B Ass;
Half life: 80.3 days Risk group: 4
Specific activity: 8.24E+14 Bq.g™" Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 10 89 12 61
E2 11 13 42 75 Transport (TBq)
E3 53 10 53 15 IAEA ST1 A1 value 40
% omitted 2 445 IAEA ST1 Az value 40

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.0E+00 | Photons (skin)
10 cm 6.0E-04
Gammas, X rays Tm 2.8E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 24E05 | [10ecm| 1.3E-04 | 1.4E06 | [ 4.0E03 | [ 3.1E02
Tm 9.4E-05
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 4.5E-03 Recommended Glass < 0.1
0.05 ml droplet (1 kBq) 2.2E-04 probes* Removable Plastic < 0.1
Alpha contamination
Beta 6E+02 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + + contamination thickness)
3E+03 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 2
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.500 |2.6E-10 F
All compounds M| 9.3E-10 | 6.5E-10
S

Highest dose organ Lungs

20 mSv AlLlingestion | 7.7E+07 | (Bg) 20 mSv ALlinhalation | 2.2E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 6E+06 6E+07 2E+07 2E+08 5E+09
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Arsenic - 74 " As3;

Half life: 17.8 days Risk group: 3
Specific activity: 3.67E+15 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 511 59 944 27 1 43
E2 596 60 1353 19 9 15 Transport (TBq)
E3 1204 <1 1540 3 IAEA ST1 A1 value 1
% omitted 33 16 0 IAEA ST1 Az value 0.9

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Contact with 50 ml
glass beaker

Infinite plane
source

=

Betas, electrons (skin)

Contact with 5 ml
plastic syringe

10 ml glass vial

Betas, electrons 10 cm 7.1E-02
(skin dose) 1m 1.3E-02
[ 75E02 | Photons (skin)
10 cm 5.3E-03
Gammas, X rays Tm 3.4E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 14E03 | [10cm| 5.0E-03 [ 1.2E04 | | 3.6E01 | [ 3.5E+00
Tm 3.2E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |1.4E+00 Recommended Glass 3.2
0.05 ml droplet (1 kBq) 6.5E-01 probes* Removable Plastic 5.5
Alpha contamination
Beta ++ 1E+00 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
4E+01 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 7 21
a probe or liquid scintillation technique Steel 28 67
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.500 |1.3E-09 F
All compounds M| 2.1E-09 | 1.8E-09
S

Highest dose organ

Lungs

20 mSv ALlingestion (Ba) 20 mSv ALlinhaiation | 9.5E +06 |(Ba)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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. 76
Arsenic - 76 As33
Half life: 1.10 days Risk group: 2
Specific activity: 5.78E+16 Bq.g™' Risk colour: Orange

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+02
E1 559 45 1748 8
E2 657 6 | 2405 35 [ Transport(TBa) |
E3 1216 3 2964 51 IAEA ST1 A1 value 3E-1
% omitted 6.8 5 IAEA ST1 Az value 3E-1
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.4E-01 = .
(skin dose) 1m 6.1E-02

[ 1.04E1 | Photons (skin)
10 cm 4.0E-03

Gammas, X rays Tm 3.0E-03 100 cm

(deep tissue dose) Photons (deep dose)

[ 73964 | [10cm| 3.8E-03 | 45664 | [ 7.3261 | [ 5.49E+1 ]
Tm 2.8E-03

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.14E+0 Recommended Glass 6.9
0.05 ml droplet (1 kBq) 1.37E+0 probes* Removable Plastic 12.9
Alpha contamination
Beta ++ 3E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
6E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 8 28
a probe or liquid scintillation technique Steel 30 75

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.500 |1.6E-09 F
All compounds M| 7.4E-10 | 9.2E-10
S

Highest dose organ | Lungs | 20 mSv AlLlingestion | 1.3E+07 | (Bq) 20 mSv ALlinhalation | 2.2E +07 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 6E + 05 6E + 06 2E+06 2E+07 2E+09
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.
Arsenic - 77 7T A3
Half life: 1.62 days Risk group: 3
Specific activity: 3.87E+16 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 239 2 452 2
E2 520 <1 690 97 Transport (TBq)
E3 IAEA ST1 A1 value 20
% omitted <2 1 IAEA ST1 Az value 0.7

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 8.9E-02
(skin dose) 1m 0.0E+00
[ 94E02 | Photons (skin)
10 cm 5.7E-05
Gammas, X rays Tm 3.6E-05 100 cm
(deep tissue dose) Photons (deep dose)
[ 16606 | [10cm| 5.6E-05 | 1.5E-06 | [ 4.3E03 | [ 2.3E02
Tm 3.5E-05
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |1.8E+00 Recommended Glass 1.1
0.05 ml droplet (1 kBq) 6.5E-01 probes* Removable Plastic 2.0
Alpha contamination
Beta ++ 1E+02 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays + contamination thickness)
2E+03 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 7 24
a probe or liquid scintillation technique Steel 38 70
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.500 [4.0E-10 F
All compounds M| 3.8E-10 | 4.2E-10
S

Highest dose organ Lungs

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 8E+05 8E+06 3E+06 3E+07 3E+09
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L3
Selenium - 75 7SSe34
Half life: 119.8 days Risk group: 3
Specific activity: 5.37E+14 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 136 59 14 6
E2 265 59 85 3 Transport (TBq)
E3 401 12 124 2 IAEA ST1 A1 value 3E+0
% omitted 106 3 IAEA ST1 A2 value 3E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 8.8E-04
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 7.4E-03
Gammas, X rays Tm 5.1E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 7.40E4 | [10cm] 5.2E-03 | 6.69E-5 | [ 2.32E1 | [ 1.07E+0
Tm 4.2E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) 1.43E-1 Recommended Glass 0.1
0.05 ml droplet (1 kBq) 7.59E-3 probes* Removable Plastic 0.2
Alpha contamination
Beta 5E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | ++ contamination thickness)
7E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 5
a probe or liquid scintillation technique Steel 15 42

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All unspec. compounds 0.800 |2.6E-09| | All unspec. inorganic compounds F | 1.0E-09 | 1.4E-09

Elemental selenium & selenides 0.050 [4.1E-10| | Elem. Se, oxides, hydrox. & carbides M| 1.4E-09 | 1.7E-09
S

Highest dose organ Lungs 20 mSv AlLlingestion | 7.7E+ 06 | (Bq) 20 mSv ALlinhalation | 1.2E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 2E+06 2E+07 6E+06 6E+07 5E+09
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o
Bromine - 77 77Br35
Half life: 2.38 days Risk group: 3
Specific activity: 2.64E+16 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 239 24 343 <1
E2 521 23 Transport (TBq)
E3 818 2 IAEA ST1 A1 value 3E+0
% omitted 82 [¢] IAEA ST1 Az value 3E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 7.2E-04
(skin dose) 1m 0.0E+00
| 4464 | Photons (skin)
10 cm 4.4E-03
Gammas, X rays Tm 3.0E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 57884 | [10cm| 3.5E-03 | 5.07E5 | [ 1.80E-1 | [ 8.41E1
Tm 2.6E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) 1.03E-2 Recommended Glass 0.4
0.05 ml droplet (1 kBq) 9.41E-3 probes* Removable Plastic 0.8
Alpha contamination
Beta 9E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
1E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 4 17
a probe or liquid scintillation technique Steel 24 62
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |9.6E-11 Determined by combining cation F [6.7E-11 | 1.2E-10
Determined by combining cation M|8.7E-11| 1.3E-10
S

Highest dose organ Lungs

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+06 5E+07 2E+07 2E+08 5E+09
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o
Bromine - 82 Br;s
Half life: 1.47 days Risk group: 3
Specific activity: 4.01E+16 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 554 71 265 1
E2 777 83 448 99 Transport (TBq)
E3 1318 27 IAEA ST1 A1 value 4E-1
% omitted 148.6 (] IAEA ST1 Az value 4E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 5.4E-02
(skin dose) 1m 0.0E+00
[ 495E2 | Photons (skin)
10 cm 2.3E-02
Gammas, X rays Tm 1.7E-02 100 cm
(deep tissue dose) Photons (deep dose)
[ 4443 | [10ecm| 2.2E-02 | 3.83E-4 | [ 1.38E+0 | [ 6.53E+0
Tm 1.6E-02
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.51E+0 Recommended Glass 0.6
0.05 ml droplet (1 kBq) 4.11E-1 probes* Removable Plastic 1.1
Alpha contamination
Beta ++ 1E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
1E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 10 33
a probe or liquid scintillation technique Steel 32 80

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |5.4E-10| | Determined by combining cation F |3.7E-10 | 6.4E-10
Determined by combining cation M| 6.4E-10| 8.8E-10
S

Highest dose organ Lungs 20 mSv AlLlingestion | 3.7E+07 | (Bq) 20 mSv ALlinhalation | 2.3E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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Krypton - 85 Krsg
Half life: 10.7 years Risk group: 1
Specific activity: 1.45E+13 Bq.g™" Risk colour: Red
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™") 1E+05
E1 514 <1 687 100
E2 173 <1
E3 IAEA ST1 A1 value 1E+1
% omitted (0] 0 IAEA ST1 A2 value TE+1

Point source (30 cm)

Betas, electrons
(skin dose)

Infinite plane
source

RN

Betas, electrons (skin,

10 ml glass vial

)

10 cm -

Tm -

[ 1.18E1 |

Photons (skin)

Gammas, X rays
(deep tissue dose)

10 cm -

Tm -

Photons (deep dose)

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

[ 4.09E6 |

10 cm -

Tm -

The values above do not include Bremsstrahlung radiation.

Derived limits

Betas and electrons

Contamination skin dose (mSv.h™") Detection .
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) - Recommended Glass 1
0.05 ml droplet (1 kBq) - probes* Removable Plastic 1.9
Alpha contamination
Beta + + - Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
- Va2 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 6 17
a probe or liquid scintillation technique Steel 27 64
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1
SUBMERSION DOSE RATE (Sv per day)
I Sv.d™" per Bq.m™ | 2.2E-11

Highest dose organ |

- | 20 mSv AI-Iingestion I:I (Ba) 20 mSv ALlinhalation I:I (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 1 Forbidden 6E +06 Forbidden 2E+07 5E+08
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Krypton - 81 K rs6

Half life: 2.1E+5 years Risk group: 4
Specific activity: 7.78E+08 Bq.g™' Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+04
E1 12 44 1 110
E2 13 7 10 31 Transport (TBq)
E3 276 4 IAEA ST1 A1 value 40
% omitted 1 0 IAEA ST1 Az value 40

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

10 cm -
Tm -

Betas, electrons
(skin dose)

[ 0.0E+00 | Photons (skin)
10 cm -

Gammas, X rays Tm -

(deep tissue dose) Photons (deep dose)

[ 66605 | [10cm - | - | | - | | -
Tm -

CONTAMINATION

SHIELDING (mm)

Derived limits

Betas and electrons

Contamination skin dose (mSv.h™") Detection .
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) - Recommended Glass < 0.1
0.05 ml droplet (1 kBq) - probes* Removable Plastic < 0.1
Alpha contamination
Beta - Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | ++ contamination thickness)
- Va2 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 3
a probe or liquid scintillation technique Steel <1 27
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion f1
SUBMERSION DOSE RATE (Sv per day)
[ Sv.d™" per Bq.m™ | 2.1E-11

Highest dose organ

20 mSv ALIingestion I:I (Ba) 20 mSv ALlinhalation I:I (Ba)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 1 Forbidden 2E+08 Forbidden 6E +08 5E+09
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Krypton - 83m BMK 116

Half life: 1.83 hours

Risk group: 5
Specific activity: 7.63E+17 Bq.g™

Risk colour: Blue

Main emissions (keV)

Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) TE+12
E % E % E % E % Concentration (Bg.g™") 1E+05
E1 13 14 10 26
E2 14 2 18 24 Transport (TBq)
E3 31 75 IAEA ST1 A1 value -
% omitted 8 243 IAEA ST1 Az value -

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MIBq.m™2 (as appropriate)
Point source (30 cm) Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial Contact with 50 ml Contact with 5 ml
glass beaker plastic syringe

Betas, electrons 10 cm -
(skin dose) Tm -
[ 0.0E+00 | Photons (skin)
10 cm -
Gammas, X rays Tm -
(deep tissue dose) Photons (deep dose)
[ 21605 | [10cm - | - | | - | | -
Tm -

CONTAMINATION

SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) - Recommended Glass < 0.1
0.05 ml droplet (1 kBq) - probes* Removable Plastic < 0.1
Alpha contamination
Beta - Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + contamination thickness)
- Va2 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion f1
SUBMERSION DOSE RATE (Sv per day)
[ Sv.d™" per Bq.m2 | 2.1E-13

Highest dose organ - 20 mSv AlLlingestion |:| (Bg) 20 mSv ALlinhalation |:| (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 1 Forbidden 1E+09 Forbidden 5E+09 5E+10
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Krypton - 85m MK 136

Half life: 4.48 hours Risk group: 5
Specific activity: 3.04E+17 Bq.g™ Risk colour: Blue
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1TE+10
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 151 75 840 79 136 3
E2 305 14 290 6 Transport (TBq)
E3 581 <1 303 1 IAEA ST1 A1 value 8
% omitted 7 <1 15 IAEA ST1 Az value 3

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MIBq.m™2 (as appropriate)

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Point source (30 cm) Infinite plane

source

=

Betas, electrons (skin)

10 ml glass vial

10 cm
Tm

Betas, electrons
(skin dose)

[ 96E02 | Photons (skin)
10 cm -

Gammas, X rays Tm -

(deep tissue dose) Photons (deep dose)

[ 31604 | [1ocm - | - | | - | | -
Tm -

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) - Recommended Glass 1.4
0.05 ml droplet (1 kBq) - probes* Removable Plastic 2.5
Alpha contamination
Beta ++ - Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
- Va2 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 3
a probe or liquid scintillation technique Steel 11 31
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion f1
SUBMERSION DOSE RATE (Sv per day)
[ Sv.d™" per Bq.m2 | 5.9E-10

20 mSv ALIingestion I:I (Ba) 20 mSv ALlinhalation I:I (Ba)

Highest dose organ

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 1 Forbidden 4E+06 Forbidden 1E+07 1E+09

76



RADIONUCLIDE AND RADIATION PROTECTION DATA HANDBOOK (2002)

Rubidium - 86 S Rbs,

Half life: 18.64 days Risk group: 2
Specific activity: 3.01E+15 Bq.g™ Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+02
E1 1077 9 698 9
E3 IAEA ST1 A1 value 5E-1
% omitted 0 0 IAEA ST1 A2 value 5E-1
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.3E-01 = .
(skin dose) 1m 4.4E-02

[ 11261 ] Photons (skin)
10 cm 6.1E-04

Gammas, X rays Tm 4.0E-04 100 cm

(deep tissue dose) Photons (deep dose)

[ 15264 | [10cm| 5.7E-04 [ 1775 | | 5.16E2 | [ 241E+1 ]
Tm 3.7E-04

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.89E+0 Recommended Glass 3.5
0.05 ml droplet (1 kBq) 1.23E+0 probes* Removable Plastic 6.6
Alpha contamination
Beta ++ 5E+1 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays contamination thickness)
2E+2 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 14 41
a probe or liquid scintillation technique Steel 35 87

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |2.8E-09| |All compounds 9.6E-10| 1.3E-09

F
M
S

Highest dose organ | Bone surfaces | 20 mSv AlLlingestion | 7.1E+ 06 | (Bq) 20 mSv ALlinhalation | 1.5E+07 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 6E + 05 6E + 06 2E+06 2E+07 2E+09
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.
Strontium - 85 5Sr3g
Half life: 64.9 days Risk group: 3
Specific activity: 8.75E+14 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 13 50 499 <1
E2 15 8 Transport (TBq)
E3 514 99 IAEA ST1 A1 value 2E+0
% omitted <1 <1 IAEA ST1 Az value 2E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 9.6E-04
(skin dose) 1m 0.0E+00
[ 1.05E3 | Photons (skin)
10 cm 4.9E-03
Gammas, X rays Tm 2.8E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 9584 | [10cm| 3.5E-03 | 8.13E5 | [ 2.90E-1 | [ 1.37E+0
Tm 2.2E-03

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 5.95E-2 Recommended Glass 0.7
0.05 ml droplet (1 kBq) 3.32E-2 probes* Removable Plastic 1.3
Alpha contamination
Beta 5E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
6E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 6 17
a probe or liquid scintillation technique Steel 27 64

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All unspec. compounds 0.300 |5.6E-10| | All unspec. compounds F [3.9E-10 | 5.6E-10
Strontium titanate (SrTiOs) 0.010 |3.3E-10 M

Strontium titanate (SrTiOs) S |7.7E-10 | 6.4E-10

Highest dose organ | Lungs 20 mSv AlLlingestion | 3.6E+07 | (Bq) 20 mSv ALlinhalation | 2.6E +07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 2E+06 2E+07 7E+06 7E+07 5E+09
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Strontium - 89 ¥Srsg
Half life: 50.7 days Risk group: 3
Specific activity: 1.07E+15 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 909 <1 1492 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 6E-1
% omitted (0] 0 IAEA ST1 A2 value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 1.3E-01
(skin dose) 1m 3.9E-02
| 1.15E-1 | Photons (skin)
10 cm 9.0E-07
Gammas, X rays Tm 5.9E-07 100 cm
(deep tissue dose) Photons (deep dose)
[ 22767 | [10ecm| 8.4E-07 | 2.87E5 | [ 1012 | [ 1.64E+1
Tm 5.5E-07
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.78E+0 Recommended Glass 2.8
0.05 ml droplet (1 kBq) 1.21E+0 probes* Removable Plastic 5.3
Alpha contamination
Beta ++ 4E+1 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
4E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 12 35
a probe or liquid scintillation technique Steel 33 82
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All unspec. compounds 0.300 |2.6E-09| | All unspec. compounds F | 1.0E-09 | 1.4E-09
Strontium titanate (SrTiOs) 0.010 |2.3E-09 M
Strontium titanate (SrTiOs) S | 7.6E-09 | 5.6E-09

Highest dose organ |

Lungs

20 mSv ALIingestion (Ba) 20 mSv ALlinhalation (Ba)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 4E+05 4E+06 1E+06 1E+07 1E+09
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Strontium - 90 / Yttrium - 90 S r15/7"Y 30

Half life: 28.2 years Risk group: 1
Specific activity: 5.21E+12 Bq.g™ Risk colour: Red
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™") 1E+02
E1 523 <1
E2 546 100
E3 2284 100 IAEA ST1 A1 value 3E-1
% omitted 0 IAEA ST1 Az value 3E-1
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)

Betas, electrons 10 cm 2.2E-01
(skin dose) 1m 6.1E-02
[ 2.04E1 | Photons (skin)
10 cm 0.0E+00
Gammas, X rays Tm 0.0E + 00 100 cm
(deep tissue dose) Photons (deep dose)
[ 000E+0 | [10ecm] 0.0E+00 [ 7.11E5 | [ 13961 | [ 4.35E+1 ]
Tm 0.0E+00

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™?) (Total absorption)
Uniform deposit (1kBg.cm™2) [3.51E+0 Recommended Glass 4.9
0.05 ml droplet (1 kBq) 1.96E+0 probes* Removable Plastic 9.2
Alpha contamination
Beta ++ 5E+0 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
5E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead - -
a probe or liquid scintillation technique Steel - -

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All unspec. compounds 0.300 |2.8E-08| | All unspec. compounds F | 2.4E-08 | 3.0E-08
Strontium titanate (SrTiO3) 0.010 |2.7E-09 M

Strontium titanate (SrTiO3) S | 1.5E-07 | 7.7E-08

Highest dose organ | Lungs | 20 mSv AlLlingestion | 7.1E+ 05 | (Bg) 20 mSv ALlinhalation | 1.3E +05 |(Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood Bench Fume hood | Glove box
Strontium titanate (SrTiOs) 0.01 4E + 04 4E + 05 1E+05 1E+06 1E+08
Soluble compounds except SrTiOs 0.01 1E+05 1E+06 4E +05 4E +06 4E +08
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Yttrium - 90 Y10

Half life: 2.7 days Risk group: 2
Specific activity: 1.99E+16 Bq.g™" Risk colour: Orange
[ Manemissionstkev) | [ Exemptionlevels |
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 523 <1
2 2284100 [ Tompor g |
E3 IAEA ST1 A1 value 3E-1
% omitted [¢] IAEA ST1 Az value 3E-1
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.4E-01 = .
(skin dose) 1m 6.1E-02

[ 1.0861 | Photons (skin)
10 cm 0.0E+00

Gammas, X rays Tm 0.0E + 00 100 cm

(deep tissue dose) Photons (deep dose)

[ 000E+0 | [10ecm] 0.0E+00 [ 7.11E5 | [ 13961 | [ 4.35E+1 ]
Tm 0.0E+00

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.03E+0 Recommended Glass 4.9
0.05 ml droplet (1 kBq) 1.35E+0 probes* Removable Plastic 9.2
Alpha contamination
Beta ++ 6E+1 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
3E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead - -
a probe or liquid scintillation technique Steel - -

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0001 | 2.7E-09 F
All unspec. compounds M| 1.4E-09 | 1.6E-09
Oxid.& hydrox. S | 1.5E-09 | 1.7E-09

Highest dose organ | Lungs | 20 mSv AlLlingestion | 7.4E + 06 | (Bq) 20 mSv AlLlinhalation | 1.2E+07 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 6E + 05 6E + 06 2E+06 2E+07 2E+09




D. DELACROIX, J.P. GUERRE, P. LEBLANC AND C. HICKMAN

.
Y ttrium - 91 1Y 3
Half life: 58.5 days Risk group: 3
Specific activity: 9.07E+14 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 1205 <1 1543 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 0.6
% omitted (0] <1 IAEA ST1 A2z value 0.6

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 1.3E-01
(skin dose) 1m 4.1E-02
[ 12E01 | Photons (skin)
10 cm 2.3E-05
Gammas, X rays Tm 1.5E-05 100 cm
(deep tissue dose) Photons (deep dose)
[ 56606 | [10cm][ 2.1E-05 | 4.9e-07 | [ 1.4E03 | [ 1.8E+01
Tm 1.4E-05
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |1.8E+00 Recommended Glass 3.2
0.05 ml droplet (1 kBq) 1.3E+00 probes* Removable Plastic 5.5
Alpha contamination
Beta ++ 4E+01 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
4E+02 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 16 46
a probe or liquid scintillation technique Steel 36 91
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0001 | 2.4E-09 F
All unspec. compounds M| 6.7E-09 | 5.2E-09
Oxid.& hydrox. S | 8.4E-09 | 6.1E-09

Highest dose organ Lungs

20 mSv ALlingestion | 8.3E +06 | (Bq) 20 mSv ALlinnaiation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 1E+06 1E+07 1E+09
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Zirconium - 95 / Nibium - 95 57r40/"Nby,

Half life: 64.0 days Risk group: 3
Specific activity: 7.94E+14 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 724 44 160 100
E2 757 55 366 55 Transport (TBq)
E3 766 100 | 399 44 IAEA ST1 A1 value 2E+0
% omitted <1 1 IAEA ST1 Az value 8E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 4.1E-02
(skin dose) 1m 0.0E+00
[ 316E2 | Photons (skin)
10 cm 1.0E-02
Gammas, X rays Tm 6.5E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 269E3 | [10cm| 9.5E-03 [ 2.2364 | [ 8.07E1 | | 3.82E+0
Tm 6.1E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.57E+0 Recommended Glass 0.5
0.05 ml droplet (1 kBq) 3.03E-1 probes* Removable Plastic 1.0
Alpha contamination
Beta ++ 3E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
4E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 10 28
a probe or liquid scintillation technique Steel 31 76

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All compounds 0.002 |8.8E-10| | All unspec. compounds F | 2.5E-09 | 3.0E-09
Oxid., hydrox., halid. & nitrat. M| 4.5E-09 | 3.6E-09
Zirconium carbide S | 5.5E-09 | 4.2E-09

Highest dose organ Bone surfaces 20 mSv AlLlingestion | 2.3E+07 | (Bq) 20 mSv ALlinhalation | 3.6E + 06 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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Molybdenum - 99 / Technetium - 99m Mo,/ ™Teys

Half life: 2.75 days Risk group: 3
Specific activity: 1.77E+16 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 141 89 436 17 120 9
E2 740 12 848 1 138 1 Transport (TBq)
E3 778 4 1214 82 IAEA ST1 A1 value 1E+0
% omitted 20.1 <1 1 IAEA ST1 Az value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.1E-01
(skin dose) 1m 1.8E-02
[ 1081 | Photons (skin)
10 cm 3.7E-03
Gammas, X rays Tm 2.9E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 5.43E4 | [10cm| 3.5E-03 | 461E5 | [ 1.62E1 | [ 7.43E+0
Tm 2.8E-03

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™?) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.89E+0 Recommended Glass 2.2
0.05 ml droplet (1 kBq) 9.96E-1 probes* Removable Plastic 4.0
Alpha contamination
Beta ++ 6E+1 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
2E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 1 19
a probe or liquid scintillation technique Steel 13 55

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All unspec. compounds 0.800 |7.4E-10| | All unspec. compounds F |2.3E-10 | 3.6E-10
Molybdenum sulphide 0.050 |1.2E-09 M

Molyb. sulphide, oxid. & hydrox. S [9.7E-10| 1.1E-09

Highest dose organ | Lower large intestine | 20 mSv ALlingestion | 1.7E+07 | (Bg) 20 mSv ALlinhalation | 1.8E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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Ll
Technetium - 99m s (O
Half life: 6.0 hours Risk group: 4
Specific activity: 1.95E+17 Bq.g™" Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 18 6 120 9
E2 21 1 138 1 Transport (TBq)
E3 141 89 IAEA ST1 A1 value 1E+1
% omitted 1 1 IAEA ST1 Az value 4E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 2.3E-04
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 9.0E-03
Gammas, X rays Tm 5.4E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 261E4 | [10cm| 8.5E-03 [ 2.24E5 | [ 7.70e2 | [ 3.54E-1
Tm 5.1E-04

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 2.46E-1 Recommended Glass 0.2
0.05 ml droplet (1 kBq) 8.77E-3 probes* Removable Plastic 0.3
Alpha contamination
Beta 2E+2 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
2E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 1
a probe or liquid scintillation technique Steel 1 19

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.800 |2.2E-11 All unspec. compounds F |[1.2E-11 | 2.0E-11
Oxid., hydrox., halid. & nitrat. M| 1.9E-11 | 2.9E-11
S

Highest dose organ Thyroid 20 mSv AlLlingestion | 9.1E+08 | (Bq) 20 mSv AlLlinhalation | 6.9E +08 | (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 1E+07 1E+08 3E+07 3E+08 5E+09

85



D. DELACROIX, J.P. GUERRE, P. LEBLANC AND C. HICKMAN

Technetium - 99 99Tc43
Half life: 2.1E+5 years Risk group: 4
Specific activity: 6.36E+08 Bq.g™' Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+04
E1 90 <1 294 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 4E+1
% omitted (0] 0 IAEA ST1 A2 value 9E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.8E-02
(skin dose) 1m 0.0E+00
[ 5193 | Photons (skin)
10 cm 3.4E-09
Gammas, X rays Tm 2.0E-09 100 cm
(deep tissue dose) Photons (deep dose)
[ 1.10e9 | [10em][ 3.4E-09 [ Brem. Rad. | | Brem. Rad. | [ Brem. Rad.
Tm 2.0E-09

The values above do not include Bremsstrahlung radiation. Brem. Rad. indicates that it may be significant.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.16E+0 Recommended Glass 0.4
0.05 ml droplet (1 kBq) 1.32E-1 probes* Removable Plastic 0.6
Alpha contamination
Beta ++ 1E+2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
1E+4 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel 3 9

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.800 |7.8E-10| | All unspec. compounds F |2.9E-10 | 4.0E-10
Oxid., hydrox., halid. & nitrat. M| 3.9E-09 | 3.2E-09
S

Highest dose organ Lungs 20 mSv AlLlingestion | 2.6E+07 | (Bg) 20 mSv ALlinhalation | 5.1E+06 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
Oxid., hydrox., halog., nitrat. 0.01 2E+06 2E+07 5E + 06 5E+07 5E +09
Other compounds 0.01 8E +06 8E+07 3E+07 3E+08 5E+09
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Ruthenium - 103 / Rhodium - 103m 153 Ruu /" ™Rhys

Half life: 39.3 days Risk group: 3
Specific activity: 1.19E+15 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 20 7 113 7 17 10
E2 497 90 226 90 36 73 Transport (TBq)
E3 610 6 723 4 39 17 IAEA ST1 A1 value 2E+0
% omitted 3.3 <1 3 IAEA ST1 A2 value 2E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Contact with 50 ml
glass beaker

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 6.3E-03
(skin dose) 1m 0.0E+00
[ 46563 | Photons (skin)
10 cm 5.2E-03
Gammas, X rays Tm 3.9E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 91764 | [10ecm] 4.9E-03 | 7.76E5 | [ 2.77e1 | [ 1.31E+0
Tm 3.8E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 7.84E-1 Recommended Glass 1.1
0.05 ml droplet (1 kBq) 7.08E-2 probes* Removable Plastic 2.1
Alpha contamination
Beta ++ 4E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
6E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 5 16
a probe or liquid scintillation technique Steel 25 63
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.050 |7.3E-10| | All unspec. compounds F |4.9E-10 | 6.8E-10
Halides M| 2.3E-09 | 1.9E-09
Oxid.& hydrox. S | 2.8E-09 | 2.2E-09

Highest dose organ

Lungs

20 mSv AlLlingestion | 2.7E+07 | (Bg) 20 mSv ALlinhalation | 7.1TE+06 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 1E+06 1E+07 4E+06 4E+07 4E+09
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Ruthenium - 106 / Rhodium - 106 18R u,/ " Rhys

Half life: 372.6 days Risk group: 2
Specific activity: 1.22E+14 Bq.g™" Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+02
E1 512 21 39 100
E2 622 10 | 2407 10 [ Transport(TBa) |
E3 1060 2 3541 79 IAEA ST1 A1 value 2E-1
% omitted 1.8 11 IAEA ST1 Az value 2E-1
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.5E-01 = .
(skin dose) 1m 7.1E-02
[ 1.04E1 | Photons (skin)
10 cm 1.4E-03
Gammas, X rays Tm 9.0E-04 100 cm

(deep tissue dose) Photons (deep dose)
[ 3684 | [10cm][ 1.4E-03 [ 3.97E4 | [ 1.47E+0 | [ 7.76E+1 ]
Tm 8.5E-04

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.24E+0 Recommended Glass 8.7
0.05 ml droplet (1 kBq) 1.44E+0 probes* Removable Plastic 16.4
Alpha contamination
Beta ++ 1E+1 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
1TE+3 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 7 23
a probe or liquid scintillation technique Steel 29 70

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All compounds 0.050 |7.0E-09| | All unspec. compounds F | 8.0E-09 | 9.8E-09
Halides M| 2.6E-08 | 1.7E-08
Oxid.& hydrox. S | 6.2E-08 | 3.5E-08

Highest dose organ | Lungs | 20 mSv AlLlingestion | 2.9E + 06 | (Bq) 20 mSv ALlinhalation | 3.2E + 05 |(Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood Bench Fume hood | Glove box
Oxid.& hydrox. 0.01 8E + 04 8E +05 3E+05 3E+06 3E+08
Other compounds 0.01 2E+05 2E+06 6E + 05 6E + 06 6E +08
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Palladium-103 / Rhodium-103m 193pd, /" ™Rhys

Half life: 17.0 days Risk group: 5
Specific activity: 2.76E+15 Bq.g™ Risk colour: Blue
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+08
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 3 9 2 168
E2 20 64 17 17 Transport (TBq)
E3 23 13 IAEA ST1 A1 value 40
% omitted 3 11 IAEA ST1 Az value 40

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MIBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.0E+00 | Photons (skin)
10 cm 1.1E-03
Gammas, X rays Tm 5.4E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 24E04 | [10cm| 6.5E-04 | 3.0E06 | | 4.8E03 | [ 4.3E-01
Tm 3.4E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm=2) |0.0E +00 Recommended Glass < 0.1
0.05 ml droplet (1 kBq) 0.0E +00 probes* Removable Plastic < 0.1
Alpha contamination
Beta 2E+03 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + contamination thickness)
2E+05 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.005 |1.9E-10| | All unspec. compounds F [9.0E-11 | 1.2E-10
Nitrates & halid. M| 3.5E-10 | 3.0E-10
Oxid.& hydrox. S |4.0E-10 | 2.9E-10

Highest dose organ Lungs

20 mSv AlLlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 7E+06 7E+07 2E+07 2E+08 2E+10
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D. DELACROIX, J.P. GUERRE, P. LEBLANC AND C. HICKMAN

110m
Z47

Half life: 249.8 days Risk group: 3
Specific activity: 1.76E+14 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 658 94 84 67 91 1
E2 885 73 531 31 631 <1 Transport (TBq)
E3 1505 13 IAEA ST1 A1 value 4E-1
% omitted 139.3 <1 <1 IAEA ST1 Az value 4E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Contact with 5 ml
plastic syringe

Contact with 50 ml
glass beaker

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial

Betas, electrons 10 cm 2.4E-02
(skin dose) 1m 0.0E+00
[ 218E2 | Photons (skin)
10 cm 2.3E-02
Gammas, X rays Tm 1.7E-02 100 cm
(deep tissue dose) Photons (deep dose)
[ 4856E3 | [10ecm][ 2.2E02 [ 3.9264 | [ 1.41E+0 | | 6.70E+0
Tm 1.6E-02

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 6.76E-1 Recommended Glass 0.8
0.05 ml droplet (1 kBq) 6.46E-2 probes* Removable Plastic 1.4
Alpha contamination
Beta + 1E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
1E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 11 35
a probe or liquid scintillation technique Steel 32 81
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.050 |2.8E-09| | All unspec. comp. & metallic Ag F |5.5E-09 | 6.7E-09
Nitrates & sulphides M| 7.2E-09 | 5.9E-09
Oxid., hydrox. & carbides S | 1.2E-08 | 7.3E-09

20 mSv AlLlingestion (Bg) 20 mSv ALlinhalation (Bq)

Highest dose organ Lungs

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 9E+05 9E+06 9E+08
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Silver - 111 HAg,,

Half life: 7.5 days Risk group: 3
Specific activity: 5.80E+15 Bq.g™' Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 245 1 693 6
E2 342 7 790 1 Transport (TBq)
E3 1035 93 IAEA ST1 A1 value 2E+0
% omitted <1 [¢] IAEA ST1 Az value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 1.1E-01
(skin dose) 1m 1.2E-02
| 1.17E-1 | Photons (skin)
10 cm 1.8E-04
Gammas, X rays Tm 1.1E-04 100 cm
(deep tissue dose) Photons (deep dose)
| 50766 | [10cm| 1.8E-04 | 4.47e6 | [ 1.56E2 | [ 3.75E+0
Tm 1.1E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.76E+0 Recommended Glass 1.8
0.05 ml droplet (1 kBq) 9.68E-1 probes* Removable Plastic 3.3
Alpha contamination
Beta ++ 8E+1 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays + contamination thickness)
5E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 3 8
a probe or liquid scintillation technique Steel 21 51
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.050 |1.3E-09| | All unspec. comp. & metallic Ag F |4.1E-10| 5.7E-10
Nitrates & sulphides M| 1.5E-09 | 1.5E-09
Oxid., hydrox. & carbides S |1.7E-09 | 1.6E-09

Highest dose organ

Lungs

20 mSv AlLlingestion | 1.5E+07 | (Bg) 20 mSv ALlinhalation | 1.2E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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Cadmium - 109 19Cd,q

Half life: 462.6 days Risk group: 3
Specific activity: 9.58E+13 Bq.g™' Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+04
E1 22 83 63 41
E2 25 15 84 45 Transport (TBq)
E3 88 4 87 10 IAEA ST1 A1 value 3E+1
% omitted 2.7 0 IAEA ST1 Az value 2E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 8.0E-04
Gammas, X rays Tm 4.3E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 2.00E4 | [10cm| 5.6E-04 | 3.44E6 | [ 9.18E3 | [ 1.22E1
Tm 3.0E-04

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™?) (Total absorption)
Uniform deposit (1kBg.cm™2) | 5.41E-1 Recommended Glass 0.1
0.05 ml droplet (1 kBq) 6.34E-3 probes* Removable Plastic 0.2
Alpha contamination
Beta + 6E+1 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + + contamination thickness)
3E+3 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All inorganic compounds 0.050 |2.0E-09| | All unspec. comp. & metallic Ag F |8.1E-09 | 9.6E-09
Sulphides, halid. & nitrat. M| 6.2E-09 | 5.1E-09
Oxid.& hydrox. S | 5.8E-09 | 4.4E-09

Highest dose organ Kidneys 20 mSv AlLlingestion | 1.0E+07 | (Bq) 20 mSv ALlinhalation | 2.1E +06 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 6E+05 6E+06 2E+06 2E+07 2E+09
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Indium - 111

11111149

Half life: 2.80 days Risk group: 3
Specific activity: 1.55E+16 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 23 69 145 9
E2 171 90 219 5 Transport (TBq)
E3 245 94 IAEA ST1 A1 value 3E+0
% omitted 14.6 2 IAEA ST1 Az value 3E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

The values above do not include Bremsstrahlung radiation.

Betas, electrons 10 cm 1.2E-02
(skin dose) 1m 0.0E+00
[ 892E5 | Photons (skin)
10 cm 3.5E-03
Gammas, X rays Tm 2.1E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 9.94E4 | [1o0ecm] 3.2E03 [ 71765 | [ 2.43e1 | [ 1.22E+0
Tm 1.9E-03

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 3.78E-1 Recommended Glass 0.3
0.05 ml droplet (1 kBq) 6.48E-2 probes* Removable Plastic 0.5
Alpha contamination
Beta + 6E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
7E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 3
a probe or liquid scintillation technique Steel 9 31
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.020 |2.9E-10| | All unspec. compounds F [1.3E-10| 2.2E-10
Oxid., hydrox., halid. & nitrat. M| 2.3E-10 | 3.1E-10
S

Highest dose organ | Lower large intestine | 20 mSv ALlingestion | 6.9E +07 | (Bg) 20 mSv ALlinhalation | 6.5E +07 | (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 3E+06 3E+07 9E+06 9E+07 5E+09
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.
Indium - 113m My 0
Half life: 1.66 hours Risk group: 3
Specific activity: 6.18E+17 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 24 20 364 28
E2 27 4 387 5 Transport (TBq)
E3 392 65 391 1 IAEA ST1 A1 value 4E+0
% omitted <1 [¢] IAEA ST1 Az value 2E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 5.5E-02
(skin dose) 1m 0.0E+00
[ 1.60E1 | Photons (skin)
10 cm 2.0E-03
Gammas, X rays Tm 1.3E-03 100 cm
(deep tissue dose) Photons (deep dose)
| 5.56E4 | [10cm][ 1.9E-03 | 44165 | [ 15361 | [ 7.46E-1
Tm 1.2E-03

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 7.30E-1 Recommended Glass 0.5
0.05 ml droplet (1 kBq) 5.5E-01 probes* Removable Plastic 0.9
Alpha contamination
Beta + 8E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
1E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 3 10
a probe or liquid scintillation technique Steel 19 53

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.020 |2.8E-11 All unspec. compounds F {1.0E-11 | 1.9E-11
Oxid., hydrox., halid. & nitrat. M| 2.0E-11 | 3.2E-11
S

Highest dose organ Lungs 20 mSv AlLlingestion | 7.1E+08 | (Bq) 20 mSv ALlinhalation | 6.3E +08 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 4E+05 4E+06 1E+06 1E+07 1E+09
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Indium - 115m

Half life:
Specific activity:

4.49 hours
2.24E+17 Bq.g™

RADIONUCLIDE AND RADIATION PROTECTION DATA HANDBOOK (2002)

115my
Ny9

Risk group: 3
Risk colour: Yellow

Main emissions (keV)

Exemption levels

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 24 28 831 5 308 40
E2 27 5 332 6 Transport (TBq)
E3 336 46 336 2 IAEA ST1 A1 value 7E+0
% omitted <1 <1 0 IAEA ST1 Az value 1E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass

vial

Contact with 50 ml

glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 8.3E-02
(skin dose) 1m 1.8E-04
[ 16761 | Photons (skin)
10 cm 1.5E-03
Gammas, X rays Tm 8.9E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 404E4 | [10cm] 1.3E-03 [ 2.90E5 | [ 9.95E-2 [ 5.04E-1
Tm 8.2E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.33E+0 Recommended Glass 1.3
0.05 ml droplet (1 kBq) 5.80E-1 probes* Removable Plastic 2.5
Alpha contamination
Beta ++ 9E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
2E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 1 7
a probe or liquid scintillation technique Steel 13 45
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.020 |8.6E-11 All unspec. compounds F |2.5E-11 | 4.5E-11
Oxid., hydrox., halid. & nitrat. M|6.0E-11 | 8.7E-11
S

Highest dose organ

Lungs

20 mSv ALIingestion 2.3E+08 | (Bq) 20 mSv ALlinhalation | 2.3E +08 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 4E+05 4E+06 1E+06 1E+07 1E+09
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Tin - 125 125815,

Half life: 9.64 days Risk group: 2
Specific activity: 4.01E+15 Bq.g™ Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+02
E1 823 4 471 6
E2 1067 9 [1271 3 [ Transport(TBa) |
E3 2002 2 2360 83 IAEA ST1 A1 value 4E-1
% omitted 15.8 9 IAEA ST1 Az value 4E-1
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.2E-01 = .
(skin dose) 1m 5.0E-02

[ 9732 | Photons (skin)
10 cm 2.5E-03

Gammas, X rays Tm 1.8E-03 100 cm

(deep tissue dose) Photons (deep dose)

[ 4834 | [10cm| 2.3E03 [ 12164 | [ 2.68E1 | [ 3.61E+1 ]
Tm 1.7E-03

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.32E+0 Recommended Glass 5.1
0.05 ml droplet (1 kBq) 1.33E+0 probes* Removable Plastic 9.6
Alpha contamination
Beta ++ 4E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
8E+1 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 14 41
a probe or liquid scintillation technique Steel 34 88

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.020 |3.1E-09| | All unspec. compounds F |9.2E-10 | 1.3E-09
Phos., sulphid., ox., hydr., hal., nitrat M| 3.0E-09 | 2.8E-09
S

Highest dose organ | Lungs | 20 mSv AlLlingestion | 6.5E + 06 | (Bq) 20 mSv ALlinhalation | 6.7E + 06 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 5E + 05 5E + 06 2E+06 2E+07 2E+09




Antimony -
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122 1228,

Half life: 2.70 days Risk group: 1
Specific activity: 1.47E+16 Bq.g™" Risk colour: Red
[ Exemptionlevels |
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™") 1E+02
E1 564 71 724 5
E2 693 4 1417 67
E3 1257 <1 1981 26 IAEA ST1 A1 value 4E-1
% omitted <1 <1 IAEA ST1 A2 value 4E-1

Point source (30 cm)

Contact with 5 ml
plastic syringe

Contact with 50 ml
glass beaker

Infinite plane
source

RN

Betas, electrons (skin)

10 ml glass vial

Betas, electrons 10 cm 1.2E-01
(skin dose) 1m 3.4E-02
[ 1191 | Photons (skin)
10 cm 3.4E-03
Gammas, X rays Tm 2.3E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 803E4 | [10cm| 3.3E-03 | 7.40E5 | [ 251E1 | [ 1.71E+1 ]
Tm 2.2E-03
The values above do not include Bremsstrahlung radiation.
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.16E+0 Recommended Glass 4.1
0.05 ml droplet (1 kBq) 1.20E+0 probes* Removable Plastic 7.6
Alpha contamination
Beta ++ 4E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
6E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 7 21
a probe or liquid scintillation technique Steel 28 68
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |1.7E-09| | All unspec. compounds F |3.9E-10 | 6.3E-10
Ox., hydr., hal., sulphid., sulphat., nitrat M| 1.0E-09 | 1.2E-09

S

Highest dose organ | Lower large intestine | 20 mSv AlLlingestion | 1.2E+07 | (Bq) 20 mSv ALlinhalation | 1.7E+07 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 5E + 05 5E + 06 2E+06 2E+07 5E + 08
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Antimony - 124 124Sbs,

Half life: 60.2 days Risk group: 3
Specific activity: 6.47E+14 Bq.g™' Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 603 98 611 51
E2 1691 48 1580 5 Transport (TBq)
E3 2091 6 2302 24 IAEA ST1 A1 value 6E-1
% omitted 37.3 20 IAEA ST1 Az value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 8.3E-02
(skin dose) 1m 1.8E-02
[ 892E2 | Photons (skin)
10 cm 1.5E-02
Gammas, X rays Tm 1.1E-02 100 cm
(deep tissue dose) Photons (deep dose)
[ 2.94E3 | [10em| 1.4E-02 | 2.64E-4 | [ 9.23E1 | [ 1.62E+1
Tm 1.0E-02

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.16E+0 Recommended Glass 5
0.05 ml droplet (1 kBq) 8.04E-1 probes* Removable Plastic 9.3
Alpha contamination
Beta ++ 1E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
2E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 12 43
a probe or liquid scintillation technique Steel 34 89

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |2.5E-09| | All unspec. compounds F [ 1.3E-09 | 1.9E-09
Ox., hydr., hal., sulphid., sulphat., nitrat M| 6.1E-09 | 4.7E-09
S

Highest dose organ Lungs 20 mSv AlLlingestion | 8.0E + 06 | (Bq) 20 mSv AlLlinhalation | 3.3E + 06 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 1E+06 1E+07 1E+09
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Antimony-125 / Tellurium-125m 1558bs, /"™ Tes,

Half life: Risk group: 3
Specific activity: Risk colour: Yellow

2.77 years
3.82E+13 Bq.g™

Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 428 29 131 18 31 11
E2 601 18 303 40 78 51 Transport (TBq)
E3 635 11 622 14 104 38 IAEA ST1 A1 value 2
% omitted 199 28 27 IAEA ST1 Az value 1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Contact with 50 ml Contact with 5 ml
glass beaker plastic syringe

Infinite plane
source

=

Betas, electrons (skin)

Point source (30 cm) 10 ml glass vial

Betas, electrons 10 cm 2.0E-02
(skin dose) 1m 0.0E+00
[ 1302 | Photons (skin)
10 cm 6.4E-03
Gammas, X rays Tm 4.5E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 12603 | [10cm| 5.8E-03 | 8.6E-05 | [ 2901 | [ 1.9E+00
Tm 4.2E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |2.0E +00 Recommended Glass 0.9
0.05 ml droplet (1 kBq) 2.7E-01 probes* Removable Plastic 1.7
Alpha contamination
Beta + 1E+01 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
7E+01 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 8 30
a probe or liquid scintillation technique Steel 23 70
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |1.1E-09| | All unspec. compounds F |1.4E-09 | 1.7E-09
Ox., hydr., hal., sulphid., sulphat., nitrat. | M|4.5E-09 | 3.3E-09
S

Highest dose organ

Lungs

20 mSv AlLlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 8E+05 8E+06 3E+06 3E+07 3E+09

99




D. DELACROIX, J.P. GUERRE, P. LEBLANC AND C. HICKMAN

Antimony - 126 126Sbs,

Half life: 12.4 days Risk group: 3
Specific activity: 3.09E+15 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 415 85 477 32
E2 695 100 | 1174 10 Transport (TBq)
E3 720 54 1894 20 IAEA ST1 A1 value 4E-1
% omitted 190.8 41 IAEA ST1 Az value 4E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Point source (30 cm) Infinite plane

source

=

Betas, electrons (skin)

10 ml glass vial

Betas, electrons 10 cm 8.4E-02
(skin dose) 1m 1.2E-02
[ 7.78e2 | Photons (skin)
10 cm 2.5E-02
Gammas, X rays Tm 1.9E-02 100 cm
(deep tissue dose) Photons (deep dose)
[ 487E3 | [10ecm| 2.4E-02 [ 42164 | [ 1.581E+0 | [ 1.31E+1
Tm 1.8E-02

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.84E+0 Recommended Glass 3.8
0.05 ml droplet (1 kBq) 7.55E-1 probes* Removable Plastic 7.2
Alpha contamination
Beta ++ 1E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
1E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 8 25
a probe or liquid scintillation technique Steel 29 72
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |2.4E-09| | All unspec. compounds F |[1.1E-09 | 1.7E-09
Ox., hydr., hal., sulphid., sulphat., nitrat M| 2.7E-09 | 3.2E-09
S

20 mSv AlLlingestion | 8.3E+06 | (Bg) 20 mSv ALlinhalation | 6.3E +06 |(Bq)

Highest dose organ Lungs

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 1E+06 1E+07 1E+09
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L3
Tellurium - 123m 123mre,
Half life: 119.7 days Risk group: 4
Specific activity: 3.27E+14 Bq.g™ Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 27 14 57 42
E2 27 26 84 45 Transport (TBq)
E3 159 84 127 14 IAEA ST1 A1 value 8E+0
% omitted 9.1 14 IAEA ST1 Az value 1TE+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 8.4E-04
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 1.4E-03
Gammas, X rays Tm 8.3E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 3884 | [10cm|[ 1.3E-03 | 2.83E5 | [ 9.43e2 | [ 4.80E-1
Tm 8.0E-04

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.06E+0 Recommended Glass 0.1
0.05 ml droplet (1 kBq) 1.69E-2 probes* Removable Plastic 0.3
Alpha contamination
Beta + 7E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
2E+2 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 2
a probe or liquid scintillation technique Steel 3 20

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.300 |1.4E-09| | All unspec. compounds F [9.7E-10 | 1.2E-09
Oxid., hydrox. & nitrat. M| 3.9E-09 | 3.4E-09
S

Highest dose organ Bone surfaces 20 mSv AlLlingestion | 1.4E+07 | (Bq) 20 mSv ALlinhalation | 5.1E+06 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds except below 0.01 1E+06 1E+07 4E+06 4E+07 4E+09
Oxid., hydrox. & nitrat. 0.01 3E+06 3E+07 1E+07 1E+08 5E+09
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Tellurium - 125m 125mTe,

Half life: 57.4 days Risk group: 4
Specific activity: 6.73E+14 Bq.g™" Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 27 93 31 11
E2 31 17 78 51 Transport (TBq)
E3 35 7 104 38 IAEA ST1 A1 value 20
% omitted 4 27 IAEA ST1 Az value 0.9

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Contact with 50 ml
glass beaker

Infinite plane
source

=

Betas, electrons (skin)

Contact with 5 ml
plastic syringe

10 ml glass vial

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.0E+00 | Photons (skin)
10 cm 1.3E-03
Gammas, X rays Tm 7.8E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 32604 | [10ecm][ 1.1E-03 [ 1.3e05 | [ 2702 | [ 4.4E01
Tm 6.7E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.1E+00 Recommended Glass < 0.1
0.05 ml droplet (1 kBq) 5.6E-02 probes* Removable Plastic 0.1
Alpha contamination
Beta + 1E+02 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + + contamination thickness)
2E+03 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.300 |8.7E-10| | All unspec. compounds F [5.1E-10 | 6.7E-10
Oxid., hydrox. & nitrat. M| 3.3E-09 | 2.9E-09
S

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation (Bq)

Highest dose organ Bone surface

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 2E+06 2E+07 5E+06 5E+07 5E+09
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Tellurium - 132 / Todine - 132 BT e, /¥,

Half life: 3.26 days Risk group: 4
Specific activity: 1.12E+16 Bq.g™" Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 668 99 1185 19 195 7
E2 773 76 1617 13 223 1 Transport (TBq)
E3 1399 176 | 2140 18 IAEA ST1 A1 value 5E-1
% omitted 292 151 84 IAEA ST1 Az value 4E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.2E-01
(skin dose) 1m 2.6E-02
[ 1001 | Photons (skin)
10 cm 2.2E-02
Gammas, X rays Tm 1.6E-02 100 cm
(deep tissue dose) Photons (deep dose)
[ 44883 | [10ecm] 2.2E02 | 3.90E-4 | [ 1.10E+0 | [ 1.60E+1
Tm 1.5E-02

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.90E+0 Recommended Glass 5.0
0.05 ml droplet (1 kBq) 1.12E+0 probes* Removable Plastic 8.3
Alpha contamination
Beta ++ 1E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
1E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 10 32
a probe or liquid scintillation technique Steel 31 75

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.300 |3.7E-09| | All unspec. compounds F | 1.9E-09 | 2.6E-09
Oxid., hydrox. & nitrat. M| 2.3E-09 | 3.2E-09
S

Highest dose organ Thyroid 20 mSv AlLlingestion | 5.4E + 06 | (Bq) 20 mSv ALlinhalation | 6.7E + 06 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 1E+06 1E+07 1E+09
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L3
Iodine - 123 L PR
Half life: 13.2 hours Risk group: 4
Specific activity: 7.14E+16 Bq.g™ Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 27 71 127 14
E2 159 83 154 2 Transport (TBq)
E3 529 1 158 <1 IAEA ST1 A1 value 6E+0
% omitted 17 4 IAEA ST1 Az value 3E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 8.4E-04
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 3.0E-03
Gammas, X rays Tm 2.3E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 5.16E4 | [10cm| 2.9€-03 | 3.43E-5 | [ 11361 | [ 6.05E-1
Tm 2.2E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 3.78E-1 Recommended Glass 0.2
0.05 ml droplet (1 kBq) 2.36E-2 probes* Removable Plastic 0.3
Alpha contamination
Beta + 1E+2 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
2E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 1 2
a probe or liquid scintillation technique Steel 1 21
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |2.1E-10| | All compounds 7.6E-11|1.1E-10

F
M
S

Highest dose organ

Thyroid

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E + 06 5E+07 2E+07 2E+08 5E +09
Volatile form 1 Forbidden 5E + 06 Forbidden 2E+07 2E+09
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TIodine - 124

Half life:
Specific activity:

124I
53

Risk group: 3
Risk colour: Yellow

4.18 days
9.32E+15 Bq.g™

Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 511 46 810 <1 23 8
E2 603 61 15632 11 571 <1 Transport (TBq)
E3 1691 11 2135 11 IAEA ST1 A1 value 1E+0
% omitted 84 0 0 IAEA ST1 Az value 1E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 7.9E-03
(skin dose) 1m 2.8E-03
[ 250E2 | Photons (skin)
10 cm 9.9E-03
Gammas, X rays Tm 7.2E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 1913 | [10ecm| 9.3E-03 | 1.68E-4 | | 5.85E-1 | [ 1.07E+1
Tm 6.8E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 5.20E-1 Recommended Glass 4.5
0.05 ml droplet (1 kBq) 3.6E-01 probes* Removable Plastic 8.4
Alpha contamination
Beta ++ 2E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + contamination thickness)
3E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 8 31
a probe or liquid scintillation technique Steel 27 76
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |1.3E-08| | All compounds 4.5E-09 | 6.3E-09

F
M
S

Highest dose organ

Thyroid

20 mSv ALlingestion (Bq) 20 mSv ALlinhaiation | 3.2E +06 | (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E + 05 5E +06 2E +06 2E+07 2E+09
Volatile form 1 Forbidden | 9.0E+04 | Forbidden | 3.0E+05 3.0E+07
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L3
Iodine - 125 b P
Half life: 59.9 days Risk group: 3
Specific activity: 6.45E+14 Bq.g™' Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 27 114 4 79
E2 31 26 23 20 Transport (TBq)
E3 36 7 31 11 IAEA ST1 A1 value 2E+1
% omitted (0] 4 IAEA ST1 Az value 3E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 1.5E-03
Gammas, X rays Tm 9.5E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 390E4 | [10ecm][ 1.3E-03 [ 1.44E5 | [ 4.07e2 | [ 6.20E-1
Tm 8.1E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 2.11E-2 Recommended Glass <0.1
0.05 ml droplet (1 kBq) 6.30E-3 probes* Removable Plastic <0.1
Alpha contamination
Beta 4E+1 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + + contamination thickness)
1E+3 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |1.5E-08| | All compounds F |5.3E-09 | 7.3E-09
M
S

Highest dose organ Thyroid

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 8E +05 8E+06 3E+06 3E+07 3E+09
Volatile form 1 Forbidden 8E +04 Forbidden 3E+05 3E+07
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Iodine - 129 12914,

Half life: 1.57E+7 years Risk group: 2
Specific activity: 6.53E+06 Bq.g™' Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+02
E1 29 57 151 100 34 11
E2 34 13 39 2 [ Transport(TBa) |
E3 40 8 IAEA ST1 A1 value Unlimited
% omitted 0 0 <1 IAEA ST1 A2 value Unlimited
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 0.0E+00 5 .
(skin dose) 1m 0.0E+00

[ 0.0E+00 | Photons (skin)
10 cm 7.6E-04

Gammas, X rays Tm 4.9E-04 100 cm

(deep tissue dose) Photons (deep dose)

[ 19604 | [10cm| 6.9E-04 | 9.2E06 | [ 2.1E02 | [ 2.8e01 ]
Tm 4.4E-04

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 3.4E-01 Recommended Glass 0.2
0.05 ml droplet (1 kBq) 2.7E-03 probes* Removable Plastic 0.3
Alpha contamination
Beta + 6E+00 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet Xrays |+ + contamination thickness)
6E+02 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |1.1E-07| | All compounds 3.7E-08 | 5.1E-08

F
M
S

Highest dose organ | Thyroid | 20 mSv ALlingestion [ 1.8E +05 | (Bq) 20 mSv ALlinaiation | 3.9E +05 | (Baq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 1E+05 1E+06 4E + 05 4E+06 4E +08
Volatile form 1 Forbidden 1E+04 Forbidden 4E +04 4E +06
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Iodine - 131

Half life:
Specific activity:

13II
53

Risk group: 3
Risk colour: Yellow

8.0 days
4.61E+15 Bq.g™

Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 284 6 248 2 46 4
E2 365 82 334 7 330 2 Transport (TBq)
E3 637 7 606 90 IAEA ST1 A1 value 3E+0
% omitted 11 1 2 IAEA ST1 Az value 7E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 7.4E-02
(skin dose) 1m 1.5E-04
[ 86282 | Photons (skin)
10 cm 4.4E-03
Gammas, X rays Tm 3.4E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 7.29e4 | [10cm| 4.2E-03 | 6.36E5 | [ 2.23e1 | [ 1.13E+0
Tm 3.3E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.62E+0 Recommended Glass 0.9
0.05 ml droplet (1 kBq) 5.72E-1 probes* Removable Plastic 1.6
Alpha contamination
Beta ++ 2E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
8E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 3 11
a probe or liquid scintillation technique Steel 23 56
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |2.2E-08| | All compounds F |7.6E-09 | 1.1E-08
M
S

Highest dose organ

Thyroid

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 1E+06 1E+07 1E+09
Volatile form 1 Forbidden 5E + 04 Forbidden 2E +05 2E+07
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Iodine - 132 32y,

Half life: 2.30 hours Risk group: 2
Specific activity: 3.82E+17 Bq.g™ Risk colour: Orange
[ Manemissionstkev) | [ Exemptionlevels |
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 668 99 1185 19
E2 773 76 [ 1617 13 [ Transport(TBa) |
E3 1399 7 2140 18 IAEA ST1 A1 value 0.4
% omitted 116 51 IAEA ST1 Az value 0.4
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.1E-01 = .
(skin dose) 1m 2.6E-02

[ 1.0e01 | Photons (skin)
10 cm 2.0E-02

Gammas, X rays Tm 1.5E-02 100 cm

(deep tissue dose) Photons (deep dose)

[ 39603 | [10ecm][ 2.0E02 | 3.4E04 | [ 1.0E+00 | [ 1.6E+01 ]
Tm 1.4E-02

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[2.1E+00 Recommended Glass 5.0
0.05 ml droplet (1 kBq) 9.6E-01 probes* Removable Plastic 8.3
Alpha contamination
Beta ++ 4E+00 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ + contamination thickness)
1TE+01 JA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 10 32
a probe or liquid scintillation technique Steel 31 75

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |2.9E-10| | All compounds 9.6E-11| 2.0E-10

F
M
S

Highest dose organ | Thyroid | 20 mSv ALlingestion [ 6.9E +07 | (Bq) 20 mSv ALlinaiation | 1.0E +08 | (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 4E +05 4E+06 1E+06 1E+07 1E+09
Volatile form 1 Forbidden 2E+06 Forbidden 6E + 06 6E +08
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L3
Iodine - 133 B3,
Half life: 20.8 hours Risk group: 3
Specific activity: 4.19E+16 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 530 86 460 4
E2 875 5 880 4 Transport (TBq)
E3 1298 2 1230 84 IAEA ST1 A1 value 0.7
% omitted 11 9 IAEA ST1 A2 value 0.6

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial Contact with 50 ml

glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 1.0E-01
(skin dose) 1m 2.1E-02
[ 12E01 | Photons (skin)
10 cm 5.9E-03
Gammas, X rays Tm 4.4E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 11603 | [10cm| 5.6E-03 | 9.6E-05 | [ 2.8E01 | [ 7.6E+00
Tm 4.2E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |2.2E+00 Recommended Glass 2.4
0.05 ml droplet (1 kBq) 1.1E+00 probes* Removable Plastic 4.1
Alpha contamination
Beta ++ 3E+01 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
5E+01 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 7 22
a probe or liquid scintillation technique Steel 28 67
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |4.3E-09| | All compounds F | 1.5E-09 | 2.1E-09
M
S

Highest dose organ

Thyroid

20 mSv ALlingestion (Ba) 20 mSv ALlinhaiation | 9.5E +06 |(Ba)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 4E +05 4E+06 1E+06 1E+07 1E+09
Volatile form 1 Forbidden 3E+05 Forbidden 9E + 05 9E +07
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Xenon - 133

133)(654

Half life: 5.2 days Risk group: 1
Specific activity: 6.98E+15 Bq.g™' Risk colour: Red
[ Exemptionlevels |
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 31 38 346 99 26 6
E2 35 7 45 52
E3 81 38 75 8 IAEA ST1 A1 value 2E+1
% omitted 1.9 1 4 IAEA ST1 Az value TE+1

Point source (30 cm)

Betas, electrons
(skin dose)

Infinite plane

source

RN

Betas, electrons (skin)

10 cm

Tm

[ 1.78e2 |

Photons (skin)

Gammas, X rays
(deep tissue dose)

10 cm

Tm

Photons (deep dose)

10 ml glass vial

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

[ 1.78E-4

10 cm

Tm

The values above do not include Bremsstrahlung radiation.

Derived limits

Betas and electrons

Contamination skin dose (mSv.h™") Detection .
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) Recommended Glass 0.5
0.05 ml droplet (1 kBq) probes* Removable Plastic 0.8
Alpha contamination
Beta ++ - Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
- Va2 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 4
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1
SUBMERSION DOSE RATE (Sv per day)
I Sv.d™" per Bq.m2 | 1.2E-10

Highest dose organ |

| 20 mSv AI-Iingestion I:I (Ba) 20 mSv ALlinhalation I:I (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 1 Forbidden 2E+07 Forbidden 7E+07 5E+08
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Caesium - 131 BlCsss
Half life: 9.69 days Risk group: 3
Specific activity: 3.80E+15 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 29 21 25 9
E2 30 39 Transport (TBq)
E3 34 14 IAEA ST1 A1 value 3E+1
% omitted (0] 0 IAEA ST1 Az value 3E+1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 7.4E-04
Gammas, X rays Tm 4.8E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 1844 | [1ocm| 6.7E-04 | 8.42E6 | [ 24182 | [ 1.78E1
Tm 4.3E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) 1.00E-2 Recommended Glass <0.1
0.05 ml droplet (1 kBq) 3.30E-3 probes* Removable Plastic <0.1
Alpha contamination
Beta 1E+3 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + + contamination thickness)
2E+3 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |5.8E-11 All compounds F |2.8E-11 | 4.5E-11
M
S

Highest dose organ

Lungs

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 2E+07 2E+08 5E+07 5E+08 5E+09
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Caesium - 134 B4Csss

Half life: 2.07 years Risk group: 1
Specific activity: 4.77E+13 Bq.g™ Risk colour: Red
| Excmptionlevels |
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 605 98 89 27
E2 796 86 415 3
E3 1365 3 658 70 IAEA ST1 A1 value 7E-1
% omitted 36.8 <1 IAEA ST1 Az value 7E-1

Contact with 5 ml
plastic syringe

Contact with 50 ml
glass beaker

Point source (30 cm) Infinite plane

source

RN

Betas, electrons (skin)

10 ml glass vial

Betas, electrons 10 cm 6.0E-02
(skin dose) 1m 3.3E-04
[ 6.97E2 | Photons (skin)
10 cm 1.3E-02
Gammas, X rays Tm 9.0E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 27263 | [10em] 1.2E02 [ 2.34E4 | [ 8.43E1 | [ 3.99E+0 ]
Tm 8.5E-03
The values above do not include Bremsstrahlung radiation.
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.35E+0 Recommended Glass 1
0.05 ml droplet (1 kBq) 5.22E-1 probes* Removable Plastic 1.8
Alpha contamination
Beta ++ 1E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
2E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 9 27
a probe or liquid scintillation technique Steel 30 74
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |1.9E-08| | All compounds F | 6.8E-09 | 9.6E-09
M
S

| 20 mSv ALlingestion (Bg) 20 mSv ALlinhaiation | 2.1E +06 | (Bq)

Highest dose organ | Soft tissues

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 1E+06 1E+07 5E + 08
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137(:855/137m]32156

Caesium - 137 / Barium - 137m

Half life: 30.2 years Risk group: 1
Specific activity: 3.20E+12 Bq.g™ Risk colour: Red
| Excmptionlevels |
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 32 6 512 95 624 8
E2 36 1 1173 5 656 1
E3 662 85 660 <1 IAEA ST1 A1 value 2E+0
% omitted <1 0 <1 IAEA ST1 A2 value 6E-1

Point source (30 cm)

Infinite plane
source

RN

Betas, electrons (skin)

10 ml glass vial

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 9.0E-02
(skin dose) 1m 6.0E-03
[ 2.13E1 | Photons (skin)
10 cm 3.9E-03
Gammas, X rays Tm 2.5E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 1073 | [10em| 3.7E-03 [ 9.19-5 | [ 3.30e-1 | [ 1.66E+0 |
Tm 2.4E-03
The values above do not include Bremsstrahlung radiation.
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.57E+0 Recommended Glass 2.1
0.05 ml droplet (1 kBq) 7.08E-1 probes* Removable Plastic 3.8
Alpha contamination
Beta ++ 4E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
4E+3 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 8 24
a probe or liquid scintillation technique Steel 29 72
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |1.3E-08| | All compounds F |4.8E-09 | 6.7E-09
M
S

Highest dose organ |

Soft tissues

| 20 mSv AlLlingestion | 1.5E+06 | (Bg) 20 mSv ALlinhalation | 3.0E +06 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 2E+05 2E+06 8E +05 8E+06 5E + 08
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o
Barium - 133 " Basg
Half life: 10.5 years Risk group: 3
Specific activity: 9.47E+12 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 31 99 45 46
E2 81 34 75 7 Transport (TBq)
E3 356 62 320 1 IAEA ST1 A1 value 3E+0
% omitted 63 34 IAEA ST1 Az value 3E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 4.4E-03
(skin dose) 1m 0.0E+00
[ 2.80E3 | Photons (skin)
10 cm 5.5E-03
Gammas, X rays Tm 4.2E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 9714 | [10cm| 5.4E-03 | 7.51E-5 | [ 2.553E1 | [ 1.28E+0
Tm 4.1E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) 1.30E-1 Recommended Glass 0.4
0.05 ml droplet (1 kBq) 3.8E-02 probes* Removable Plastic 0.7
Alpha contamination
Beta 6E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | ++ contamination thickness)
8E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 1 7
a probe or liquid scintillation technique Steel 10 44

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 1E-09 All compounds 1.5E-09 | 1.8E-09

F
M
S

Highest dose organ Bone surfaces 20 mSv AlLlingestion | 2.0E +07 | (Bq) 20 mSv ALlinhalation | 1.TE+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 2E+06 2E+07 5E +06 5E+07 5E +09
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. 140 140
Barium - 140 / Lanthanum - 140 Bass/ " Lasy
Half life: 12.8 days Risk group: 2
Specific activity: 2.70E+15 Bq.g™ Risk colour: Orange

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+01
E1 487 50 991 38
E2 816 27 | 1349 51 [ Tronsport(TBa |
E3 1596 110 | 1677 23 IAEA ST1 A1 value 5E-1
% omitted 113 103 IAEA ST1 Az value 3E-1
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 2.1E-01 = .
(skin dose) 1m 3.7E-02
[ 21461 | Photons (skin)
10 cm 2.0E-02
Gammas, X rays Tm 1.5E-02 100 cm

(deep tissue dose) Photons (deep dose)
[ 39263 | [10em][ 1.9E-02 | 3.3764 | [ 1.20E+0 | [ 2.20E+1 ]
Tm 1.4E-02

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [3.78E+0 Recommended Glass 4.6
0.05 ml droplet (1 kBq) 2.00E+0 probes* Removable Plastic 8.5
Alpha contamination
Beta + + 5E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
1TE+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 13 46
a probe or liquid scintillation technique Steel 34 91
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |2.5E-09| | All compounds F | 1.0E-09 | 1.6E-09
M
S

Highest dose organ | Lower large intestine | 20 mSv ALlingestion | 8.0F +06 | (Ba) 20 mSv ALlnhaiation | 1.3E +07 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 2E+05 2E+06 8E +05 8E+06 8E +08
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140
Lanthanum - 140 Las;
Half life: 1.7 days Risk group: 2
Specific activity: 2.03E+16 Bq.g™ Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+01
E1 487 44 1349 45
E2 816 24 | 1677 20 [ Transport(TBa) |
E3 1596 95 2164 7 IAEA ST1 A1 value 4E-1
% omitted 50.2 29 IAEA ST1 Az value 4E-1
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.2E-01 = .
(skin dose) 1m 2.9E-02

[ 1191 | Photons (skin)
10 cm 1.8E-02

Gammas, X rays Tm 1.3E-02 100 cm

(deep tissue dose) Photons (deep dose)

[ 354E3 | [10em][ 1.7E02 | 3.0564 | [ 1.00E+0 | [ 1.91E+1 ]
Tm 1.2E-02

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.14E+0 Recommended Glass 4.6
0.05 ml droplet (1 kBq) 1.22E+0 probes* Removable Plastic 8.5
Alpha contamination
Beta ++ 1E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
TE+1 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 14 48
a probe or liquid scintillation technique Steel 35 94

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 2.0E-09 | | All unspec. compounds F | 6.0E-10 | 1.0E-09
Oxid.& hydrox. M| 1.1E-09 | 1.5E-09
S

Highest dose organ | Lower large intestine | 20 mSv ALlingestion | 1.0 +07 | (Ba) 20 mSv ALlnhaiation | 1.3E +07 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 1E+06 1E+07 1E+09
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o
Cerium - 139 Cess
Half life: 137.6 days Risk group: 3
Specific activity: 2.53E+14 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 33 65 26 5
E2 38 15 127 17 Transport (TBq)
E3 166 80 160 2 IAEA ST1 A1 value 7E+0
% omitted (0] 3 IAEA ST1 Az value 2E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.4E-03
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 1.5E-03
Gammas, X rays Tm 9.7E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 42864 | [10cm| 1.5E-03 | 3.34E-5 | [ 1.10E1 | [ 5.55E-1
Tm 9.5E-04

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 4.86E-1 Recommended Glass 0.2
0.05 ml droplet (1 kBq) 3.23E-2 probes* Removable Plastic 0.3
Alpha contamination
Beta ++ 1E+2 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
2E+2 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 2
a probe or liquid scintillation technique Steel 3 21

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 2.6E-10 F
All unspec. compounds M| 1.6E-09 | 1.3E-09
Oxid., hydrox. & fluorides S | 1.8E-09 | 1.4E-09

Highest dose organ Lungs 20 mSv AlLlingestion | 7.7E+07 | (Bq) 20 mSv ALlinhalation | 1.1TE+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 2E+06 2E+07 8E+06 8E+07 5E+09

118



RADIONUCLIDE AND RADIATION PROTECTION DATA HANDBOOK (2002)

o
Cerium - 141 1 Cess
Half life: 32.5 days Risk group: 4
Specific activity: 1.05E+15 Bq.g™" Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 36 13 435 70 103 18
E2 41 3 580 30 139 3 Transport (TBq)
E3 145 49 IAEA ST1 A1 value 2E+1
% omitted <1 0 2 IAEA ST1 A2 value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 5.9E-02
(skin dose) 1m 0.0E+00
[ 5732 | Photons (skin)
10 cm 5.9E-04
Gammas, X rays Tm 3.7E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 1704 | [1o0cm]| 5.8E-04 [ 1.47e5 | [ 4.97e2 | [ 2.35E-1
Tm 3.6E-04

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.84E+0 Recommended Glass 0.8
0.05 ml droplet (1 kBq) 4.23E-1 probes* Removable Plastic 1.5
Alpha contamination
Beta ++ 6E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
4E+2 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 2
a probe or liquid scintillation technique Steel 6 20

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 7.1E-10 F
All unspec. compounds M| 3.1E-09 | 2.7E-09
Oxid., hydrox. & fluorides S | 3.6E-09 | 3.1E-09

Highest dose organ Lungs 20 mSv AlLlingestion | 2.8E+07 | (Bq) 20 mSv ALlinhalation | 5.6E +06 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 7E+05 7E+06 2E +06 2E+07 2E+09
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o
Cerium - 143 BCesg
Half life: 1.38 days Risk group: 3
Specific activity: 2.45E+16 Bq.g™' Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 36 50 733 14 15 65
E2 293 42 1104 49 51 9 Transport (TBq)
E3 722 5 1398 35 251 2 IAEA ST1 A1 value 9E-1
% omitted 38.9 2 9 IAEA ST1 Az value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.1E-01
(skin dose) 1m 2.0E-02
[ 1281 | Photons (skin)
10 cm 3.4E-04
Gammas, X rays Tm 2.6E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 6.00E4 | [10cm][ 3.3E-03 | 4.9565 | [ 1.70e1 | | 5.72E+0
Tm 2.5E-03

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.97E+0 Recommended Glass 2.6
0.05 ml droplet (1 kBq) 1.05E+0 probes* Removable Plastic 4.8
Alpha contamination
Beta ++ S5E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
1E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 2 14
a probe or liquid scintillation technique Steel 16 53

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 1.1E-09 F
All unspec. compounds M| 7.4E-10 | 9.5E-10
Oxid., hydrox. & fluorides S [8.1E-10| 1.0E-09

Highest dose organ | Lower large intestine | 20 mSv ALlingestion | 1.8E +07 | (Bg) 20 mSv ALlinhalation | 2.0E +07 | (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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Praseodymium - 143 5prg,
Half life: 13.6 days Risk group: 3
Specific activity: 2.48E+15 Bq.g™' Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+04
E1 935 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 3E+0
% omitted <1 [¢] IAEA ST1 Az value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.0E-01
(skin dose) 1m 5.0E-02
[ 1301 | Photons (skin)
10 cm 6.0E-11
Gammas, X rays Tm 3.9E-11 100 cm
(deep tissue dose) Photons (deep dose)
[ 000E+0 | [10em][ 5.6E-11 [ Brem. Rad. | | Brem. Rad. | [ Brem. Rad.
Tm 3.6E-11

The values above do not include Bremsstrahlung radiation. Brem. Rad. indicates that it may be significant.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™?) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.73E+0 Recommended Glass 1.5
0.05 ml droplet (1 kBq) 9.11E-1 probes* Removable Plastic 2.8
Alpha contamination
Beta ++ 8E+1 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
1E+3 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead - -
a probe or liquid scintillation technique Steel - -

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 1.2E-09 F
All unspec. compounds M| 2.1E-09 | 1.9E-09
Oxid., hydrox., carbides & fluorides S |2.3E-09 | 2.2E-09

Highest dose organ Lungs 20 mSv AlLlingestion | 1.7E+07 | (Bq) 20 mSv ALlinhalation | 8.7E + 06 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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Praseodymium - 144

144Pr59

Half life: 17.3 minutes Risk group: 3
Specific activity: 2.79E+18 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 697 1 810 1
E2 2186 <1 2300 1 Transport (TBq)
E3 2996 98 IAEA ST1 A1 value -
% omitted <1 [¢] IAEA ST1 Az value -

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 1.5E-01
(skin dose) 1m 6.9E-02
| 1.05E-1 | Photons (skin)
10 cm 1.9E-04
Gammas, X rays Tm 1.2E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 47266 | [10cm| 1.8E-04 | 2.26E4 | | 6.856-1 | [ 6.41E+1
Tm 1.2E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.14E+0 Recommended Glass 7
0.05 ml droplet (1 kBq) 1.42E+0 probes* Removable Plastic 13.1
Alpha contamination
Beta ++ 6E+1 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
2E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 15 49
a probe or liquid scintillation technique Steel 36 97
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 5.0E-11 F
All unspec. compounds M| 1.8E-11 | 2.9E-11
Oxid., hydrox., carbides & fluorides S |1.9E-11 | 3.0E-11

Highest dose organ Lungs

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 7E+05 7E+06 2E+06 2E+07 2E+09
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Promethium - 147 YPmyg,

Half life: 2.6 years Risk group: 4
Specific activity: 3.46E+13 Bq.g™ Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+04
E1 121 <1 225 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 4E+1
% omitted (0] 0 IAEA ST1 Az value 2E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Contact with 50 ml
glass beaker

Infinite plane
source

=

Betas, electrons (skin)

Contact with 5 ml
plastic syringe

10 ml glass vial

Betas, electrons 10 cm 4.4E-03
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 2.2E-08
Gammas, X rays Tm 1.3E-08 100 cm
(deep tissue dose) Photons (deep dose)
| 6.76E-9 | 10 cm 2.2E-08 | Brem. Rad. | | Brem. Rad. | | Brem. Rad.
1m 1.3E-08

The values above do not include Bremsstrahlung radiation. Brem. Rad. indicates that it may be significant.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 5.95E-1 Recommended Glass 0.3
0.05 ml droplet (1 kBq) 3.97E-2 probes* Removable Plastic 0.5
Alpha contamination
Beta ++ 1E+2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
1E+4 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 1
a probe or liquid scintillation technique Steel 6 16
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 2.6E-10 F
All unspec. compounds M| 4.7E-09 | 3.5E-09
Oxid., hydrox., carbides & fluorides S |4.6E-09 | 3.2E-09

Highest dose organ

20 mSv AlLlingestion (Bg) 20 mSv ALlinhalation (Bq)

Lungs

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 1E+06 1E+07 4E+06 4E+07 4E+09
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Samarium - 153 1338 my,

Half life: 1.95 days Risk group: 3
Specific activity: 1.62E+16 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 41 49 634 35 21 24
E2 47 12 703 44 55 41 Transport (TBq)
E3 103 28 807 21 95 6 IAEA ST1 A1 value 9E+0
% omitted 6.9 <1 13 IAEA ST1 Az value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Contact with 5 ml
plastic syringe

Contact with 50 ml
glass beaker

Infinite plane 10 ml glass vial

source

=

Betas, electrons (skin)

Point source (30 cm)

Betas, electrons 10 cm 8.9E-02
(skin dose) 1m 4.2E-04
[ 1031 | Photons (skin)
10 cm 1.1E-03
Gammas, X rays Tm 8.9E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 18664 | [10ecm][ 1.1E-03 | 1.48E5 | [ 4792 | [ 2.41E1
Tm 8.9E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.62E+0 Recommended Glass 1.3
0.05 ml droplet (1 kBq) 7.19E-1 probes* Removable Plastic 2.4
Alpha contamination
Beta ++ 1E+2 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
4E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel 1 7
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 7.4E-10 F
All compounds M| 6.1E-10 | 6.8E-10
S

Highest dose organ | Lower large intestine | 20 mSv ALlingestion | 2.7E +07 | (Bg) 20 mSv ALlinhalation | 2.9E +07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 7E+05 7E+06 2E+06 2E+07 2E+09
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.
Europium - 152 B N PR
Half life: 13.5 years Risk group: 3
Specific activity: 6.45E+12 Bq.g™"' Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 344 27 388 2 75 19
E2 1112 14 699 14 114 11 Transport (TBq)
E3 1408 21 1478 8 IAEA ST1 A1 value 1TE+0
% omitted 98.5 4 8 IAEA ST1 Az value 1TE+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 2.3E-02
(skin dose) 1m 2.9E-03
[ 250E2 | Photons (skin)
10 cm 1.1E-02
Gammas, X rays Tm 7.7E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 1983 | [10cm| 9.8E-03 [ 1.69E-4 | [ 6.01E1 | [ 3.92E+0
Tm 7.2E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 9.19E-1 Recommended Glass 2.8
0.05 ml droplet (1 kBq) 2.41E-1 probes* Removable Plastic 5.2
Alpha contamination
Beta ++ 1E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
3E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 10 38
a probe or liquid scintillation technique Steel 29 82

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 1.4E-09 F
All compounds M| 3.9E-08 | 2.7E-08
S

Highest dose organ Liver 20 mSv AlLlingestion | 1.4E+07 | (Bq) 20 mSv ALlinhalation | 5.1E+05 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 1E+05 1E+06 4E+05 4E+06 4E+08
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54

154131163

Half life: 8.59 years Risk group: 3
Specific activity: 1.00E+13 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 123 41 571 36 73 26
E2 723 20 841 18 115 17 Transport (TBq)
E3 1274 35 1846 11 IAEA ST1 A1 value 9E-1
% omitted 99.1 34 <1 IAEA ST1 Az value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 6.2E-02
(skin dose) 1m 5.3E-03
| 6542 | Photons (skin)
10 cm 1.1E-02
Gammas, X rays Tm 8.2E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 2,073 | [10em][ 1.1E-02 [ 17864 | | 6.40E-1 | | 5.76E+0
Tm 7.7E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.05E+0 Recommended Glass 3.7
0.05 ml droplet (1 kBq) 5.72E-1 probes* Removable Plastic 7.0
Alpha contamination
Beta ++ 9E+0 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
3E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 12 39
a probe or liquid scintillation technique Steel 32 84
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 2.0E-09 F
All compounds M| 5.0E-08 | 3.5E-08
S

Highest dose organ

Bone surfaces

20 mSv AlLlingestion (Bg) 20 mSv ALlinhalation (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 1E+05 1E+06 3E+05 3E+06 3E+08

126



RADIONUCLIDE AND RADIATION PROTECTION DATA HANDBOOK (2002)

Europium - 155 155Eu63

Half life: 4.96 years Risk group: 4
Specific activity: 1.72E+13 Bq.g™" Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 43 18 141 46 10 21
E2 86 31 160 26 36 11 Transport (TBq)
E3 105 21 247 18 78 2 IAEA ST1 A1 value 20
% omitted 15 10 72 IAEA ST1 Az value 3

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Point source (30 cm) Infinite plane

source

=

Betas, electrons (skin)

10 ml glass vial

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.0E+00 | Photons (skin)
10 cm 1.1E-03
Gammas, X rays Tm 8.9E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 15604 | [10ecm][ 1.1E-03 [ 1.3e05 | [ 3702 | [ 2.5E01
Tm 9.0E-04

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 3.3E-01 Recommended Glass 0.3
0.05 ml droplet (1 kBq) 4.9E-03 probes* Removable Plastic 0.5
Alpha contamination
Beta ++ 9E +01 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
4E+02 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 1
a probe or liquid scintillation technique Steel 2 8
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 3.2E-10 F
All compounds M| 6.5E-09 | 4.7E-09
S

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation (Bq)

Highest dose organ Bone surface

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 9E+05 9E+06 3E+06 3E+07 3E+09
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.
Europium - 156 30 ue;
Half life: 15.2 days Risk group: 3
Specific activity: 2.04E+15 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 812 10 266 11
E2 1231 9 487 32 Transport (TBq)
E3 2187 4 2453 27 IAEA ST1 A1 value 7E-1
% omitted 94 28 IAEA ST1 A2 value 7E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 8.2E-02
(skin dose) 1m 2.0E-02
[ 495E2 | Photons (skin)
10 cm 9.9E-03
Gammas, X rays Tm 7.2E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 2.05e3 | [10cm| 9.3E-03 [ 2.0564 | | 6.75E-1 | [ 1.50E+1
Tm 6.7E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.22E+0 Recommended Glass 5.4
0.05 ml droplet (1 kBq) 6.29E-1 probes* Removable Plastic 10.1
Alpha contamination
Beta ++ 2E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
2E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 15 48
a probe or liquid scintillation technique Steel 36 95

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 2.2E-09 F
All compounds M| 3.3E-09 | 3.0E-09
S

Highest dose organ Lungs 20 mSv AlLlingestion | 9.1E+ 06 | (Bq) 20 mSv ALlinhalation | 6.1E +06 | (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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.
Erbium - 169 19 1
Half life: 9.40 days Risk group: 4
Specific activity: 3.04E+15 Bq.g™ Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+04
E1 8 <1 344 42
E2 352 58 Transport (TBq)
E3 IAEA ST1 A1 value 4E+1
% omitted <1 [¢] IAEA ST1 Az value 1TE+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 5.5E-02
(skin dose) 1m 0.0E+00
[ 9.16E3 | Photons (skin)
10 cm 9.9E-09
Gammas, X rays Tm 6.0E-09 100 cm
(deep tissue dose) Photons (deep dose)
| 0.00E+0 | 10 cm 1.0E-08 | Brem. Rad. | | Brem. Rad. | | Brem. Rad.
Tm 6.0E-09
The values above do not include Bremsstrahlung radiation. Brem. Rad. indicates that it may be significant.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.11E+0 Recommended Glass 0.5
0.05 ml droplet (1 kBq) 2.84E-1 probes* Removable Plastic 0.8
Alpha contamination
Beta ++ 2E+2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
2E+4 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 3.7E-10 F
All compounds M| 9.8E-10 | 9.2E-10
S

Highest dose organ

Lungs

20 mSv AlLlingestion | 5.4E+07 | (Bg) 20 mSv ALlinhalation | 2.0E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 4E+06 4E+07 1E+07 1E+08 5E+09
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Thulium - 170 "'Tmyg,
Half life: 129 days Risk group: 3
Specific activity: 2.20E+14 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 52 3 883 24 22 5
E2 59 1 968 76 74 12 Transport (TBq)
E3 84 3 82 3 IAEA ST1 A1 value 3
% omitted 4 [¢] 13 IAEA ST1 Az value 0.6

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 1.0E-01
(skin dose) 1m 5.0E-03
[ 12E01 | Photons (skin)
10 cm 5.4E-05
Gammas, X rays Tm 3.7E-05 100 cm
(deep tissue dose) Photons (deep dose)
[ 13605 | [10cm| 6.5E-05 [ 1.2E06 | | 3.4E03 | [ 2.1E02
Tm 3.7E-05
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |2.0E +00 Recommended Glass 1.7
0.05 ml droplet (1 kBq) 8.8E-01 probes* Removable Plastic 3.1
Alpha contamination
Beta ++ 5E+01 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + contamination thickness)
1E+03 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel 1 5
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 1.3E-09 F
All compounds M| 6.6E-09 | 5.2E-09
S

Highest dose organ Lungs

20 mSv ALlingestion (Ba) 20 mSv ALlinaiation | 3.0E +06 |(Ba)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 4E+05 4E+06 1E+06 1E+07 1E+09
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Thulium - 171 MTmg

Half life: 1.92 years Risk group: 5
Specific activity: 4.03E+13 Bq.g™ Risk colour: Blue
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+08
E % E % E % E % Concentration (Bg.g™') 1E+04
E1 52 <1 30 2 56 1
E2 59 <1 97 98 Transport (TBq)
E3 67 <1 IAEA ST1 A1 value 40
% omitted <1 0 2 IAEA ST1 Az value 40

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MIBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.0E+00 | Photons (skin)
10 cm 8.9E-06
Gammas, X rays Tm 6.3E-06 100 cm
(deep tissue dose) Photons (deep dose)
[ 20606 | [10cm| 8.9E-06 [ 1.7e07 | | 47e04 | [ 3.1E03
Tm 6.3E-06

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™?) (Total absorption)
Uniform deposit (1kBg.cm=2) |0.0E +00 Recommended Glass < 0.1
0.05 ml droplet (1 kBq) 0.0E +00 probes* Removable Plastic 0.2
Alpha contamination
Beta 6E+02 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
4E +04 Yo /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 1.1E-10 F
All compounds M| 1.3E-09 | 9.1E-10
S

Highest dose organ Bone surface 20 mSv AlLlingestion | 1.8E+08 | (Bq) 20 mSv ALlinhalation | 1.5E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E + 06 5E+07 2E+07 2E+08 2E+10
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Ytterbium - 169 19y b+,

Half life: 32.0 days Risk group: 4
Specific activity: 8.93E+14 Bq.g™' Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 51 94 50 35
E2 198 35 118 10 Transport (TBq)
E3 308 11 139 13 IAEA ST1 A1 value 4E+0
% omitted 192.6 70 IAEA ST1 Az value 1TE+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)
Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial Contact with 50 ml

glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 8.2E-03
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 5.0E-03
Gammas, X rays Tm 4.0E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 7344 | [10cm] 5.0E-03 | 6.35E5 | [ 2.13E1 | [ 1.01E+0
Tm 4.0E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm=2) |1.00E+0 Recommended Glass 0.2
0.05 ml droplet (1 kBq) 4.51E-2 probes* Removable Plastic 0.3
Alpha contamination
Beta + S5E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
9E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 2
a probe or liquid scintillation technique Steel 3 26
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 7.1E-10 F
All unspec. compounds M| 2.4E-09 | 2.1E-09
Oxid., hydrox. & fluorides S | 2.8E-09 | 2.4E-09

Highest dose organ

Lungs

20 mSV ALlingestion (Ba) 20 mSV ALlinhaiaton (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 2E+06 2E+07 5E+06 5E+07 5E+09
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Rhenium - 186

186R €5

Half life: 3.78 days Risk group: 3
Specific activity: 6.87E+15 Bq.g™' Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 59 3 939 22 63 4
E2 63 2 1077 72 124 6 Transport (TBq)
E3 137 9 134 2 IAEA ST1 A1 value 2E+0
% omitted 11.1 <1 2 IAEA ST1 Az value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Betas, electrons (skin)

Infinite plane
source

=

10 ml glass vial

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 9.3E-02
(skin dose) 1m 1.1E-02
[ 12461 | Photons (skin)
10 cm 3.4E-04
Gammas, X rays Tm 2.9E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 42866 | [10cm| 3.4E-04 | 3.96E-6 | [ 1.3562 | [ 3.80E-1
Tm 2.9E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.81E+0 Recommended Glass 1.8
0.05 ml droplet (1 kBq) 9.08E-1 probes* Removable Plastic 3.4
Alpha contamination
Beta ++ 8E+1 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays + contamination thickness)
6E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 1
a probe or liquid scintillation technique Steel 5 18
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.800 |1.5E-09| | All unspec. compounds F [5.3E-10| 7.3E-10
Oxid., hydrox., halid. & nitrat. M| 1.1E-09 | 1.2E-09
S

Highest dose organ

Lungs

20 mSv AlLlingestion | 1.3E+07 | (Bg) 20 mSv ALlinhalation | 1.7E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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Rhenium - 188 18R e.s

Half life: 17.0 hours Risk group: 2
Specific activity: 3.63E+16 Bq.g™ Risk colour: Orange
[ Manemissionstkev) | [ Exemptionlevels |
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+02
E1 63 2 1962 25 81 5
2 156 15 |28 72 | 142 6 [ Tompor g |
E3 633 1 IAEA ST1 A1 value 4E-1
% omitted 8.3 3 0 IAEA ST1 Az value 4E-1
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.4E-01 = .
(skin dose) 1m 5.2E-02

[ 1.10E1 | Photons (skin)
10 cm 6.3E-04

Gammas, X rays Tm 4.8E-04 100 cm

(deep tissue dose) Photons (deep dose)

[ 1.06E-4 | [10cm| 6.1E-04 | 2.66E5 | | 4.45E2 | [ 2.88E+1 ]
Tm 4.7E-04

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [2.32E+0 Recommended Glass 4.4
0.05 ml droplet (1 kBq) 1.35E+0 probes* Removable Plastic 8.3
Alpha contamination
Beta ++ 6E+1 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
2E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 3 23
a probe or liquid scintillation technique Steel 18 63

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.800 |1.4E-09| | All unspec. compounds F |4.7E-10 | 6.6E-10
Oxid., hydrox., halid. & nitrat. M| 5.5E-10| 7.4E-10
S

Highest dose organ | Lungs | 20 mSv AlLlingestion | 1.4E+07 | (Bq) 20 mSv ALlinhalation | 2.7E+07 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 6E + 05 6E + 06 2E+06 2E+07 2E+09
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Iridium - 192 B (o

Half life: 73.8 days Risk group: 1
Specific activity: 3.41E+14 Bq.g™ Risk colour: Red
| Excmptionlevels |
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 317 83 256 6 230 2
E2 468 48 536 41 238 5
E3 604 8 672 48 303 2 IAEA ST1 A1 value 1E+0
% omitted 91.4 <1 8 IAEA ST1 Az value 6E-1

Contact with 5 ml
plastic syringe

Contact with 50 ml
glass beaker

Infinite plane
source

RN

Betas, electrons (skin)

Point source (30 cm) 10 ml glass vial

Betas, electrons 10 cm 8.6E-02
(skin dose) 1m 3.0E-05
I 8.35E-2 | Photons (skin)
10 cm 9.6E-03
Gammas, X rays Tm 7.5E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 154E3 | [10ecm] 9.2E-03 [ 1.36E4 | [ 4.78E1 | [ 2.23E+0 ]
Tm 7.2E-03
The values above do not include Bremsstrahlung radiation.
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |1.86E+0 Recommended Glass 1
0.05 ml droplet (1 kBq) 6.50E-1 probes* Removable Plastic 1.9
Alpha contamination
Beta ++ 2E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
4E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 3 12
a probe or liquid scintillation technique Steel 23 56
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.010 |1.4E-09| | All unspec. compounds F | 1.8E-09 | 2.2E-09
Metallic Ir, halid. & nitrat. M| 4.9E-09 | 4.1E-09
Oxid.& hydrox. S | 6.2E-09 | 4.9E-09

| 20 mSv AlLlingestion | 1.4E+07 | (Bq) 20 mSv ALlinhalation | 3.2E + 06 |(Bq)

Highest dose organ | Lungs

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 4E +05 4E+06 1E+06 1E+07 5E + 08
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Gold - 198 % Auyy
Half life: 2.7 days Risk group: 3
Specific activity: 9.03E+15 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 412 96 285 1 8 2
E2 676 <1 961 99 329 3 Transport (TBq)
E3 1088 <1 397 1 IAEA ST1 A1 value 1TE+0
% omitted <1 [¢] <1 IAEA ST1 Az value 6E-1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 1.1E-01
(skin dose) 1m 8.2E-03
[ 12461 | Photons (skin)
10 cm 2.8E-03
Gammas, X rays Tm 1.8E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 76464 | [10cm]| 2.7E-03 | 6.69E-5 | [ 2.36E-1 | 3.63E+0
Tm 1.7E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.68E+0 Recommended Glass 1.6
0.05 ml droplet (1 kBq) 9.53E-1 probes* Removable Plastic 3.0
Alpha contamination
Beta ++ 4E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
7E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 4 12
a probe or liquid scintillation technique Steel 24 58
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |1.0E-09| | All unspec. compounds F [2.3E-10 | 3.9E-10
Halides & nitrat. M| 7.6E-10| 9.8E-10
Oxid.& hydrox. S | 8.4E-10 | 1.1E-09

Highest dose organ | Lower large intestine | 20 mSv ALlingestion | 2.0E +07 | (Bg) 20 mSv ALlinhalation | 1.8E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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Mercury - 197

“"Hgyy

Half life: 2.67 days Risk group: 4
Specific activity: 9.18E+15 Bq.g™ Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 69 37 7 90
E2 77 19 63 61 Transport (TBq)
E3 191 <1 74 21 IAEA ST1 A1 value 2E+1
% omitted 89 3 IAEA ST1 Az value TE+1

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial

glass beaker

Contact with 50 ml

Contact with 5 ml
plastic syringe

The values above do not include Bremsstrahlung radiation.

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 1.3E-03
Gammas, X rays Tm 1.2E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 1514 | [10ecm] 1.4E-03 [ 1.43E5 | | 4832 | [ 2.19E1
Tm 1.2E-03

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 9.19E-2 Recommended Glass 0.1
0.05 ml droplet (1 kBq) 1.72E-3 probes* Removable Plastic 0.1
Alpha contamination
Beta + 3E+2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + + contamination thickness)
4E+2 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 1
a probe or liquid scintillation technique Steel 2 5
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All inorganic compounds 0.020 |2.3E-10| | Sulphates F [6.0E-11 | 1.0E-10
Ox., hydr., hal., nitrat. & sulphid M| 2.9E-10 | 2.8E-10
S

20 mSv AlLlingestion (Bg) 20 mSv ALlinhalation (Bq)

Highest dose organ Kidneys

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds except below 0.01 1E+07 1E+08 3E+07 3E+08 5E+09
Vapour 1 Forbidden 2E+06 Forbidden 7E+06 7E+08
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Mercury - 203 *®Hgg,

Half life: 46.6 days Risk group: 2
Specific activity: 5.11E+14 Bq.g™" Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+02
E1 71 4 212 100 194 14
2 R 264 4 [ Toansponiea |
E3 279 82 IAEA ST1 A1 value 6E+0
% omitted 2.8 0 2 IAEA ST1 Az value 1E+0
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 4.4E-02 = .
(skin dose) 1m 0.0E+00

[ 4.05E3 | Photons (skin)
10 cm 1.8E-03

Gammas, X rays Tm 1.1E-03 100 cm

(deep tissue dose) Photons (deep dose)

[ 44264 | [10cm| 1.5E-03 | 3.95E5 | [ 13781 | [ 6.34E1 ]
Tm 9.3E-04

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 8.92E-1 Recommended Glass 0.3
0.05 ml droplet (1 kBq) 1.31E-1 probes* Removable Plastic 0.4
Alpha contamination
Beta ++ 6E+1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | ++ contamination thickness)
1TE+2 YA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 2 5
a probe or liquid scintillation technique Steel 18 45

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

Methyl mercury 1.000 | 1.9E-09 | | Sulphates F |5.7E-10| 7.5E-10

All unspec. organic compounds 0.400 |1.1E-09 | | Ox., hydr., hal., nitrat. & sulphid M| 2.3E-09 | 1.9E-09
S

Highest dose organ | Lungs | 20 mSv AlLlingestion | 1.1E+07 | (Bq) 20 mSv ALlinhalation | 8.7E + 06 |(Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds except below 0.01 2E +06 2E+07 6E + 06 6E+07 5E+09
Vapour 1 Forbidden 3E+05 Forbidden 9E +05 9E+07
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Thallium - 201 20071,

Half life: 3.04 days

Risk group: 3
Specific activity: 7.90E+15 Bq.g™'

Risk colour: Yellow

Main emissions (keV)

Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 71 47 16 10
E2 135 3 84 16 Transport (TBq)
E3 167 10 153 3 IAEA ST1 A1 value TE+1
% omitted 94.1 28 IAEA ST1 Az value 4E+0

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.4E-03
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 1.6E-03
Gammas, X rays Tm 1.3E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 19764 | [1ocm]| 1.6E-03 | 1.85E5 | | 6.2782 | [ 2.85E-1
Tm 1.3E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 2.70E-1 Recommended Glass 0.2
0.05 ml droplet (1 kBq) 8.39E-3 probes* Removable Plastic 0.3
Alpha contamination
Beta + 2E+2 Gamma and X rays
° Gamma | + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
3E+2 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 1
a probe or liquid scintillation technique Steel 3 12
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |9.5E-11 All compounds F |4.7E-11 | 7.6E-11
M
S

Highest dose organ Lungs 20 mSv AlLlingestion | 2.1E+08 | (Bq) 20 mSv AlLlinhalation | 2.6E +08 | (Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 1E+07 1E+08 4E+07 4E+08 5E +09
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Thallium - 204

204T181

Half life: 3.8 years Risk group: 1
Specific activity: 1.71E+13 Bq.g™" Risk colour: Red
| Excmptionlevels |
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™') 1E+04
E1 69 2 763 98
E2
E3 IAEA ST1 A1 value 1E+1
% omitted (0] 0 IAEA ST1 A2 value 7E-1

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Point source (30 cm) Infinite plane

source

RN

Betas, electrons (skin)

10 ml glass vial

Betas, electrons 10 cm 9.6E-02
(skin dose) 1m 3.6E-03
[ 9492 | Photons (skin)
10 cm 7.7E-06
Gammas, X rays Tm 4.6E-06 100 cm
(deep tissue dose) Photons (deep dose)
[ 244E6 | [10cm| 7.8E-06 [ 2.30E-7 | | 7.78e4 | [ 7.93E1 ]
Tm 4.6E-06
The values above do not include Bremsstrahlung radiation.
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) [1.62E+0 Recommended Glass 1.2
0.05 ml droplet (1 kBq) 7.05E-1 probes* Removable Plastic 2.2
Alpha contamination
Beta ++ 1E+2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
2E+3 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 1
a probe or liquid scintillation technique Steel 2 5
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 1.000 |1.3E-09| |All compounds F |4.4E-10 | 6.2E-10
M
S

| 20 mSv ALlingestion | 1.5E+07 | (Ba) 20 mSv ALlnnaiation | 3.2E +07 | (Ba)

Highest dose organ | Kidneys

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 7E+05 7E+06 2E+06 2E+07 5E + 08
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Lead - 210" 210pp,,

Half life: 22.2 years Risk group: 1
Specific activity: 2.84E+12 Bq.g™' "Decay to be considered: 2'°Pb to 2'°Po (pages 13, 165) Risk colour: Red
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™") 1E+01
E1 13 25 17 80 30 58 | 3720 <1
E2 47 4 63 20 43 13
E3 46 4 IAEA ST1 A1 value 1E+0
% omitted 0 0 0 0 IAEA ST1 Az value 5E-2
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 9.4E-04
Gammas, X rays Tm 3.7E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 72386 | [10cm| 4.3E-05 | 5.34E-7 | [ 1.69E-3 | [ 89563 |
Tm 2.1E-05

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 8.38E-3 Recommended Glass 0.1
0.05 ml droplet (1 kBq) 4.00E-3 probes* Removable Plastic 0.1
Alpha contamination
Beta 5E-1 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet Xrays |+ + contamination thickness)
5E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 1

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.200 |6.8E-07| | All compounds 8.9E-07 | 1.1E-06

F
M
S

Highest dose organ | Bone surfaces | 20 mSv AlLlingestion | 2.9E + 04 | (Bq) 20 mSv AlLlinhalation | 1.8E +04 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 5E+03 5E + 04 2E+ 04 2E+ 05 2E+07
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Lead - 214 2l4pp,,

Half life: 26.8 minutes Risk group: 2
Specific activity: 1.21E+18 Bq.g™" Risk colour: Orange
Y i e - =577 R
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq)
E % E % E % E % Concentration (Bg.g™') -
E1 295 19 672 48 205 7
E2 352 37 | 729 42 | 261 9 [ Transport(TBa) |
E3 786 1 1024 6 3356 2 IAEA ST1 A1 value -
% omitted 47 3 42 IAEA ST1 A2 value -
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.4E-01 =
(skin dose) 1m 2.2E-03

[ 1701 | Photons (skin)
10 cm 3.6E-03

Gammas, X rays Tm 2.6E-03 100 cm

(deep tissue dose) Photons (deep dose)

[ 48604 | [10ecm| 2.1E-03 | 4.4E05 | [ 1.5E-01 1.5E+00
Tm 2.4E-03

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |2.5E+00 Recommended Glass 1.9
0.05 ml droplet (1 kBq) 9.4E-01 probes* Removable Plastic 3.3
Alpha contamination
Beta ++ 4E+01 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
1E+02 JA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 9 21
a probe or liquid scintillation technique Steel 37 73

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.200 |1.4E-10| | All compounds 2.9E-09 | 4.8E-09

F
M
S

Highest dose organ | Lungs | 20 mSv AlLlingestion | 1.4E+08 | (Bq) 20 mSv ALlinhalation | 4.2E +06 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 1E+06 1E+07 1E+09
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Bismuth - 207 27 Bigs

Half life: 32.8 years Risk group: 3
Specific activity: 1.95E+12 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 570 98 482 2
E2 1064 75 976 7 Transport (TBq)
E3 1770 7 1048 2 IAEA ST1 A1 value 0.7
% omitted 89 55 IAEA ST1 Az value 0.7

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.7E-02
(skin dose) 1m 0.0E+00
[ 95E03 | Photons (skin)
10 cm 1.2E-02
Gammas, X rays Tm 7.7E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 26603 | [10cm][ 1.0E-02 [ 2.3804 | | 6.7e01 | | 8.3E+00
Tm 6.8E-03

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 2.1E-01 Recommended Glass 1.8
0.05 ml droplet (1 kBq) 1.7E-01 probes* Removable Plastic 3.1
Alpha contamination
Beta ++ 2E+01 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays contamination thickness)
2E+01 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 10 36
a probe or liquid scintillation technique Steel 30 77

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.050 |1.3E-09| |Bismuth nitrate F |5.2E-10 | 8.4E-10
All unspec. compounds M| 5.2E-09 | 3.2E-09
S

Highest dose organ Lungs 20 mSv AlLlingestion | 1.5E+07 | (Bq) 20 mSv ALlinhalation | 3.8E + 06 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 5E+05 5E+06 2E+06 2E+07 2E+09
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Bismuth - 210 210Bes
Half life: 5.01 days Risk group: 3
Specific activity: 4.60E+15 Bq.g™ Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+06
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 1161 100
E2 Transport (TBq)
E3 IAEA ST1 A1 value 1
% omitted [¢] IAEA ST1 A2 value 0.6

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm)

Contact with 5 ml
plastic syringe

Contact with 50 ml
glass beaker

Infinite plane
source

=

Betas, electrons (skin)

10 ml glass vial

Betas, electrons 10 cm 1.1E-01
(skin dose) 1m 1.6E-02
[ 12E01 | Photons (skin)
10 cm 0.0E+00
Gammas, X rays Tm 0.0E + 00 100 cm
(deep tissue dose) Photons (deep dose)
[ 00E+00 | [10cm| 0.0E+00 [ Brem. Rad. | | Brem. Rad. | [ 4.1E+00
Tm 0.0E+00

The values above do not include Bremsstrahlung radiation. Brem. Rad. indicates that it may be significant.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[1.7E+00 Recommended Glass 2.2
0.05 ml droplet (1 kBq) 1.0E+00 probes* Removable Plastic 3.8
Alpha contamination
Beta ++ 9E+00 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
8E+02 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.050 |1.3E-09| |Bismuth nitrate F [1.1E-09 | 1.4E-09
All unspec. compounds M| 8.4E-08 | 6.0E-08
S

Highest dose organ

20 mSv AlLlingestion | 1.5E+07 | (Bg) 20 mSv ALlinhalation | 2.4E +05 |(Bq)

Lungs

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 7E+04 7E+05 2E+05 2E+06 2E+08
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Bismuth - 214 2B,

Half life: 19.83 minutes Risk group: 3
Specific activity: 1.64E+18 Bq.g™" Risk colour: Yellow
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) -
E % E % E % E % Concentration (Bg.g™') -
E1 610 46 1540 18 592 <1
E2 1764 16 1892 8 1027 <1 Transport (TBq)
E3 2205 5 3270 17 1323 <1 IAEA ST1 A1 value -
% omitted 54 57 1 IAEA ST1 A2 value -

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Infinite plane
source

=

Betas, electrons (skin)

Point source (30 cm) 10 ml glass vial

Betas, electrons 10 cm 1.2E-01
(skin dose) 1m 3.5E-02
[ 83E02 | Photons (skin)
10 cm 1.2E-02
Gammas, X rays Tm 8.3E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 23603 | [10em][ 1.1E-02 | 2.4E04 | | s.6E-01 | [ 2.6E+01
Tm 7.9E-03
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |[2.3E+00 Recommended Glass 8.9
0.05 ml droplet (1 kBq) 1.2E+00 probes* Removable Plastic 14.3
Alpha contamination
Beta ++ 4E-9 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays contamination thickness)
4E-7 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 27 68
a probe or liquid scintillation technique Steel 43 101
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.050 |1.1E-10| |Bismuth nitrate F |7.2E-09 | 1.2E-08
All unspec. compounds M| 1.4E-08 | 2.1E-08
S

20 mSv ALlingestion (Bg) 20 mSv ALlinhalation | 9.5E +05 | (Bq)

Highest dose organ Lungs

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 3E+05 3E+06 1E+06 1E+07 1E+09
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. 210
Polonium - 210 Pog,
Half life: 138.4 days Risk group: 1
Specific activity: 1.66E+14 Bq.g™" Risk colour: Red

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™") 1E+01
E1 803 <1 5304 100
E2
E3 IAEA ST1 A1 value 4E+1
% omitted 0 0 IAEA ST1 A2 value 2E-2
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
I - | Photons (skin)
10 cm 5.7E-08

Gammas, X rays Tm 3.7E-08 100 cm
(deep tissue dose) Photons (deep dose)
[ 151E8 | [10cm| 5.3E-08 [ 1.30E9 | | 4.70e6 | [ 22365 ]
1m 3.4E-08
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 6.90E-7 Recommended Glass -
0.05 ml droplet (1 kBq) 0.00E+0 probes* Removable Plastic -
Alpha 4+ contamination
Beta 3E-1 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
3E+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 11 31
a probe or liquid scintillation technique Steel 31 78

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.100 |2.4E-07

F
M
S

Highest dose organ | Whole body | 20 mSv AlLlingestion | 8.3E+ 04 | (Bq) 20 mSv AlLlinhalation | 6.7E +03 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 2E+03 2E+ 04 7E+03 7E+ 04 7E+06
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Radium - 226" 226Ragg

Half life: 1600 years Risk group: 1
Specific activity: 3.66E+10 Bq.g™' "Decay to be considered: *°Ra to *'’Po (pages 13, 165) Risk colour: Red
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™") 1E+01
E1 186 3 168 1 4602 6
E2 4784 95
E3 IAEA ST1 A1 value 0.2
% omitted 1 2 <1 IAEA ST1 Az value 0.003
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)

Betas, electrons 10 cm 1.1E-03
(skin dose) 1m 0.0E+00
I 6.3E-05 | Photons (skin)
10 cm 6.8E-05
Gammas, X rays Tm 3.6E-05 100 cm
(deep tissue dose) Photons (deep dose)
[ 13605 | [10cm| 4.3E-05 [ 1.2E06 | [ 4.0E03 | [ 2.6E02 ]
Tm 2.6E-05

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 4.8E-02 Recommended Glass < 0.1
0.05 ml droplet (1 kBq) 8.8E-03 probes* Removable Plastic < 0.1
Alpha 4+ contamination
Beta 2E-01 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
2E+01 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 2
a probe or liquid scintillation technique Steel 11 30

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 0.200 |2.8E-07 F
All compounds M| 3.2E-06 | 2.2E-06
S

Highest dose organ | Lungs | 20 mSv AlLlingestion | 7.1E+ 04 | (Bq) 20 mSv AlLlinhalation | 6.3E+03 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 2E+03 2E+ 04 6E +03 6E + 04 6E + 06
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Thorium - 231 21T hy,

Half life: 25.5 hours Risk group: 4
Specific activity: 1.97E+16 Bq.g™" Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 13 71 206 15 37 55
E2 84 6 288 41 53 15 Transport (TBq)
E3 163 <1 305 35 63 15 IAEA ST1 A1 value 40
% omitted 20 14 220 IAEA ST1 Az value 0.02

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 1.6E-02
(skin dose) 1m 0.0E+00
[ 0.0E+00 | Photons (skin)
10 cm 2.1E-03
Gammas, X rays Tm 9.4E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 17804 | [10cm| 5.5E-04 | 3.4E-06 | [ 11E02 | [ 6.3E01
Tm 3.2E-04
The values above do not include Bremsstrahlung radiation.
CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 9.4E-01 Recommended Glass < 0.1
0.05 ml droplet (1 kBq) 1.5E-01 probes* Removable Plastic < 0.1
Alpha contamination
Beta ++ 2E+02 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + contamination thickness)
2E+03 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 2
a probe or liquid scintillation technique Steel 1 11
INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All unspec. compounds 5.0E-04 | 3.4E-10 F
Oxid.& hydrox. 2.0E-04 | 3.4E-10| | All unspec. compounds M| 2.9E-10 | 3.7E-10
Oxid.& hydrox. S |3.2E-10 | 4.0E-10

Highest dose organ | Lower large intestine | 20 mSv ALlingestion | 5.9E +07 | (Bg) 20 mSv ALlinhalation | 5.0E +07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.01 2E+07 2E+08 5E+07 5E+08 5E+09
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Thorium - 234 24T hy,

Half life: 24.1 days Risk group: 2
Specific activity: 8.56E+14 Bq.g™' Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+03
E1 13 10 76 2 72 12
E2 63 4 | 96 25 | 87 3 [ Transport(TBa) |
E3 92 5 189 73 91 1 IAEA ST1 A1 value 0.3
% omitted <1 0 18 IAEA ST1 Az value 0.3
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 5.0E-06 = .
(skin dose) 1m 0.0E+00

[ 0.0E+00 | Photons (skin)
10 cm 3.1E-04

Gammas, X rays Tm 1.4E-04 100 cm

(deep tissue dose) Photons (deep dose)

[ 32606 | [10ecm| 1.1E-04 | 1.6E-06 | | 5.56:03 | [ 9.8E-02 ]
1m 6.4E-05

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 3.5E-01 Recommended Glass < 0.1
0.05 ml droplet (1 kBq) 3.2E-02 probes* Removable Plastic < 0.1
Alpha contamination
Beta ++ 7E+01 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
3E+03 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 1
a probe or liquid scintillation technique Steel 8 18

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All unspec. compounds 5.0E-04 | 3.4E-09 F

Oxid.& hydrox. 2.0E-04 | 3.4E-09 | | All unspec. compounds M| 6.3E-09 | 5.3E-09
Oxid.& hydrox. S | 7.3E-09 | 5.8E-09

Highest dose organ | Lungs | 20 mSv AlLlingestion | 5.9E + 06 | (Bq) 20 mSv ALlinhalation | 2.7E + 06 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 8E + 05 8E+06 3E+06 3E+07 3E+09
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o« o 234
Protactinium - 234 Pao;
Half life: 6.7 hours Risk group: 2
Specific activity: 7.39E+16 Bq.g™' Risk colour: Orange

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq)
E % E % E % E % Concentration (Bg.g™') -
E1 569 11 690 35 95 29
E2 946 12 | 711 20 [ 99 35 [ Tronsport(TBa |
E3 1690 13 1238 6 454 2 IAEA ST1 A1 value -
% omitted 417 39 252 IAEA ST1 Az value -
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.4E-01 =
(skin dose) 1m 5.4E-02

[ 84E-02 | Photons (skin)
10 cm 2.0E-02

Gammas, X rays Tm 1.4E-02 100 cm

(deep tissue dose) Photons (deep dose)

[ 36603 | [10ecm| 1.8E-02 | 3.9604 | [ 1.1E+00 4.2E+01
Tm 1.3E-02

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |5.4E+00 Recommended Glass 2.5
0.05 ml droplet (1 kBq) 1.3E+00 probes* Removable Plastic 4.2
Alpha contamination
Beta ++ 1E+01 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
2E+01 JA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 28 61
a probe or liquid scintillation technique Steel 48 97

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 5.0E-04 | 5.1E-10 F
All unspec. compounds M| 3.8E-10| 5.5E-10
Oxid.& hydrox. S |4.0E-10|5.8E-10

Highest dose organ | Lungs | 20 mSv AlLlingestion | 3.9E+07 | (Bq) 20 mSv ALlinhalation | 3.4E +07 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 8E + 05 8E+06 3E+06 3E+07 3E+09
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L3 .
234m
Protactinium - 234m Pao,
Half life: 1.17 minutes Risk group: 2
Specific activity: 2.54E+19 Bq.g™' Risk colour: Orange
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq)
E % E % E % E % Concentration (Bg.g™') -

E1 1001 <1 1236 <1 694 <1

E3 2281 99 IAEA ST1 A1 value -

% omitted 1 <1 1 IAEA ST1 A2 value -

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 1.4E-01 =
(skin dose) 1m 5.6E-02

[ 11E01 | Photons (skin)
10 cm 9.1E-05

Gammas, X rays Tm 5.7E-05 100 cm

(deep tissue dose) Photons (deep dose)

[ 20605 | [10ecm| 7.6E-05 [ 2.9605 | | 6.0E-02 4.0E+01
Tm 5.0E-05

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) |2.4E+00 Recommended Glass 5.5
0.05 ml droplet (1 kBq) 1.5E+00 probes* Removable Plastic 9.0
Alpha contamination
Beta ++ - Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
- Va2 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 24 59
a probe or liquid scintillation technique Steel 38 91

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um

F
R M - R
S

Highest dose organ | - | 20 mSv AlLlingestion |:| (Bg) 20 mSv ALlinhalation |:| (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.01 6E + 05 6E + 06 2E+06 2E+07 2E+09
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. 233
Uranium - 233 Uy,
Half life: 1.59E+S5 years Risk group: 1
Specific activity: 3.57E+08 Bq.g™' Risk colour: Red

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™") 1E+01
E1 13 4 22 6 | 4729 2
E2 114 <1 37 2 4783 13
E3 77 <1]4824 84 IAEA ST1 A1 value 40
% omitted 0 5 <1 IAEA ST1 A2 value -
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.0E+00 | Photons (skin)
10 cm 1.0E-05
Gammas, X rays Tm 4.1E-06 100 cm
(deep tissue dose) Photons (deep dose)
[ 59606 | [10cm| 1.3E-05 | 4.3e08 | [ 1204 | [ 41E03 ]
Tm 5.3E-06

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm=2) |0.0E +00 Recommended Glass <0.1
0.05 ml droplet (1 kBq) 0.0E +00 probes* Removable Plastic <0.1
Alpha 4+ contamination
Beta 1E-01 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
1TE+01 JA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All unspec. compounds 0.020 |5.0E-08| | Most hexava. comp. e.g. UFs, UO2F2 F |5.7E-07 | 6.6E-07

Most tetravalent comp., e.g. UOz, UsOs 0.002 | 8.5E-09 | | Less solub. comp., e.9.UOs, UFa M| 3.2E-06 | 2.2E-06
Highly insoluble comp. e.g. UOz, UsOs S | 8.7E-06 | 6.9E-06

Highest dose organ | Lungs | 20 mSv AlLlingestion | 4.0E + 05 | (Bq) 20 mSv AlLlinhalation | 2.3E +03 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.001 7E+03 7E+ 04 2E+ 04 2E+ 05 2E+07
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. 234
Uranium - 234 Uy,
Half life: 2.44E+S years Risk group: 1
Specific activity: 2.32E+08 Bq.g™' Risk colour: Red

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™") 1E+01
E1 13 10 33 1 4724 27
E2 53 <1 52 2 |4776 72
E3 121 <1 100 <1 IAEA ST1 A1 value 40
% omitted 0 15 <1 IAEA ST1 A2 value -
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.0E+00 | Photons (skin)
10 cm 2.7E-05
Gammas, X rays Tm 1.1E-05 100 cm
(deep tissue dose) Photons (deep dose)
[ 16605 | [10cm| 3.2E-05 | 3.6E-08 | | 8.0E05 | [ 9.7E03 ]
Tm 1.3E-05

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm=2) |0.0E +00 Recommended Glass < 0.1
0.05 ml droplet (1 kBq) 0.0E +00 probes* Removable Plastic < 0.1
Alpha 4+ contamination
Beta 1E-01 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
1TE+01 JA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All unspec. compounds 0.020 |4.9E-08| | Most hexava. comp. e.g. UFs, UO2F3 F |5.5E-07 | 6.4E-07

Most tetravalent comp., e.g. UOz, UsOs 0.002 | 8.3E-09 | | Less solub. comp., e.9.UOs, UFs M| 3.1E-06 | 2.1E-06
Highly insoluble comp. e.g. UOz, U309 S | 8.5E-06 | 6.8E-06

Highest dose organ | Lungs | 20 mSv AlLlingestion | 4.1E+05 | (Bq) 20 mSv ALlinhalation | 2.4E +03 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.001 7E+03 7E+ 04 2E+ 04 2E+ 05 2E+07
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1

Uranium - 235
Half life: 7.04E+8 years

235
U92
Risk group: 1

Specific activity: 8.00E+04 Bq.g™' "Decay to be considered: >**U to 2''Po (pages 13, 165)

Risk colour: Red

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™") 1E+01
E1 16 29 4365 17
E2 144 11 4400 55
E3 186 57 4599 5 IAEA ST1 A1 value Unlimited
% omitted 23.6 20.9 IAEA ST1 Az value Unlimited

Point source (30 cm)

Infinite plane
source

RN

Betas, electrons (skin)

10 ml glass vial

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 1.0E-03
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 2.9E-03
Gammas, X rays Tm 2.1E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 32884 | [10ecm| 2.2E-03 | 2.67E5 | [ 891E2 | [ 4.08E1 ]
1m 1.8E-03
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) 1.78E-1 Recommended Glass -
0.05 ml droplet (1 kBq) 8.81E-3 probes* Removable Plastic -
Alpha 4+ contamination
Beta 1E-1 Gamma and X rays
° Gamma | + + Fixed (half and tenth value
Droplet X rays + + contamination thickness)
1TE+1 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 2
a probe or liquid scintillation technique Steel 12 29
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All unspec. compounds 0.020 |4.6E-08| | Most hexavalent compounds F |5.1E-07 | 6.0E-07
Most tetravalent compounds 0.002 |8.3E-09 | | Less solub. comp.; most hexav. comp. M| 2.8E-06 | 1.8E-06
Highly insoluble compounds S |7.7E-06 | 6.1E-06

Highest dose organ |

Lungs

| 20 mSv ALlingestion | 4.3E +05 | (Bq) 20 mSv ALlinhaiation | 2.6E +03 | (Ba)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood Bench Fume hood | Glove box
UO2 UsOs 0.001 8E+03 8E + 04 3E+04 3E+05 3E+07
Other compounds 0.001 2E+04 2E+05 7E+04 7E + 05 7E+07
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. 1" 238
Uranium - 238 Uy,
Half life: 4.47E+9 years Risk group: 1
Specific activity: 1.24E+04 Bq.g™' "Decay to be considered: >**U to 2'*Po (pages 13, 166) Risk colour: Red

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™") 1E+01
E1 15 9 4039 <1
E2 50 <1 4147 23
E3 4196 77 IAEA ST1 A1 value Unlimited
% omitted 0 0 IAEA ST1 A2 value Unlimited
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.00E+0 | Photons (skin)
10 cm 2.3E-04
Gammas, X rays Tm 9.0E-05 100 cm
(deep tissue dose) Photons (deep dose)
[ 12566 | [10cm| 2.6E-05 | 2.40e8 | | 5.00E5 | [ 2.2964 ]
Tm 1.0E-05

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and elect.rons
(Bg.cm™?) (Total absorption)
Uniform deposit (1kBg.cm™2) | 2.27E-3 Recommended Glass -
0.05 ml droplet (1 kBq) 1.38E-3 probes* Removable Plastic -
Alpha 4+ contamination
Beta 1E-1 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet Xrays |+ contamination thickness)
TE+1 % /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um

All unspec. compounds 0.020 |4.4E-08| | Most hexavalent compounds F |4.9E-07 | 5.8E-07

Most tetravalent compounds 0.002 |7.6E-09 | |Less solub. comp., most hexav. comp. M| 2.6E-06 | 1.6E-06
Highly insoluble compounds S | 7.3E-06 | 5.7E-06

Highest dose organ | Lungs | 20 mSv AlLlingestion | 4.5E +05 | (Bq) 20 mSv AlLlinhalation | 2.7E +03 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
UO2 UsOs9 0.001 8E+03 8E + 04 3E+04 3E+05 3E+07
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Neptunium - 239 2Npos

Half life: 2.35 days Risk group: 4
Specific activity: 8.60E+15 Bq.g™' Risk colour: Green
Main emissions (keV) Exemption levels
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+07
E % E % E % E % Concentration (Bg.g™') 1E+02
E1 14 62 330 35 106 23
E2 106 23 436 52 156 17 Transport (TBq)
E3 334 2 714 4 254 4 IAEA ST1 A1 value 7
% omitted 82 9 204 IAEA ST1 Az value 4

EXTERNAL EXPOSURE (mSv.h™") for an activity of 1 MBq or 1 MBq.m™2 (as appropriate)

Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml
source . glass beaker plastic syringe

=

Betas, electrons (skin)

Betas, electrons 10 cm 5.8E-02
(skin dose) 1m 0.0E+00
[ 26E02 | Photons (skin)
10 cm 3.8E-03
Gammas, X rays Tm 2.5E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 45604 | [10cm| 2.7E-03 | 3.0E05 | [ 1.0e01 | [ 8.6E-01
Tm 2.1E-03

The values above do not include Bremsstrahlung radiation.

CONTAMINATION SHIELDING (mm)
Contamination skin dose (mSv.h~") Detection Derived limits Betas and electrons
(Bg.cm™?) (Total absorption)
Uniform deposit (1kBg.cm™2) |2.6E+00 Recommended Glass 1.1
0.05 ml droplet (1 kBq) 4.3E-01 probes* Removable Plastic 2.1
Alpha contamination
Beta ++ 5E+01 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + contamination thickness)
2E+02 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead 2 9
a probe or liquid scintillation technique Steel 20 55

INTERNAL EXPOSURE FOR WORKERS
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion 1 Inhalation 1T um 5 um
All compounds 5.0E-04 | 8.0E-10 F
All compounds M| 9.0E-10 | 1.1E-09
S

Highest dose organ Lungs 20 mSv AlLlingestion | 2.5E+07 | (Bq) 20 mSv ALlinhalation | 1.8E+07 |(Bq)

MAXIMUM RECOMMENDED ACTIVITIES IN LOW LEVEL OR INTERMEDIATE LEVEL LABORATORIES (Bq)
Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.001 3E+06 3E+07 9E+06 9E+07 5E+09
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Plutonium - 238 23Puoy

Half life: 87.7 years Risk group: 1
Specific activity: 6.34E+11 Bq.g™" Risk colour: Red
| Exemptionlevels |
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™') 1E+00
E1 16 12 5456 29
E2 44 <1 5499 71
E3 100 <1 IAEA ST1 A1 value 1E+1
% omitted 0 [0] IAEA ST1 Az value 1E-3

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Point source (30 cm) Infinite plane

source

RN

10 ml glass vial

Betas, electrons (skin)
Betas, electrons 10 cm 0.0E+00 .
(skin dose) 1m 0.0E +00
| - | Photons (skin)
10 cm 2.8E-04
Gammas, X rays Tm 1.1E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 2.0466 | [10em] 4.3E-05 [ 2.15E8 | [ 2.16E5 | [ 1.0864 ]
Tm 1.7E-05
The values above do not include Bremsstrahlung radiation.
| SHIELDING (mm) |
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 3.70E-3 Recommended Glass -
0.05 ml droplet (1 kBq) 0.0E+00 probes* Removable Plastic -
Alpha 4+ contamination
Beta 4E-2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + contamination thickness)
4E+0 Y2 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1
a probe or liquid scintillation technique Steel <1 2
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion f1 Inhalation 1T um 5 um
All unspec. compounds 0.0005 |2.3E-07 F
Nitrates 0.0001 |4.9E-08 | | All unspec. compounds M| 4.3E-05 | 3.0E-05
Insoluble oxides 0.00001 | 8.8E-09 | | Insoluble oxides S | 1.5E-05| 1.1E-05

Highest dose organ |

Bone surfaces

| 20 mSV AlLlingestion | 8.7E+04 | (Bg) 20 mSv AlLlinhalation | 4.7E+02 |(Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds except below 0.001 Forbidden 2E+04 Forbidden 5E +04 5E+06
PuO2 0.001 Forbidden| 4E+04 Forbidden 1E+05 1.3E+07
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. 239
Plutonium - 239 Puy,
Half life: 2.41E+4 years Risk group: 1
Specific activity: 2.30E+09 Bq.g™ Risk colour: Red

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bq.g™") 1E+00
E1 16 6 5105 11.7
E2 52 <1 5143 15.1
E3 129 <1 5166 73 IAEA ST1 A1 value 1E+1
% omitted <1 <1 IAEA ST1 Az value 1E-3
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source . glass beaker plastic syringe

RN

Betas, electrons (skin)
Betas, electrons 10 cm 0.0E+00 . .
(skin dose) 1m 0.0E +00

| 0.00E+0 | Photons (skin)
10 cm 1.1E-04

Gammas, X rays Tm 4.1E-05 100 cm

(deep tissue dose) Photons (deep dose)

[ 787€6 | [10em]| 1.7E-05 [ 15768 | [ 3395 | [ 1.52E4 ]
Tm 6.6E-06

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) 1.43E-3 Recommended Glass -
0.05 ml droplet (1 kBq) 9.19E-4 probes* Removable Plastic -
Alpha 4+ contamination
Beta 4E-2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
4E+0 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel <1 <1

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion f1 Inhalation 1T um 5 um
All unspec. compounds 0.0005 | 2.5E-07 F

Nitrates 0.0001 |5.3E-08 | | All unspec. compounds M| 4.7E-05 | 3.2E-05
Insoluble oxides 0.00001 | 9.0E-09 | | Insoluble oxides S | 1.5E-05 | 8.3E-06

Highest dose organ | Bone surface | 20 mSv AlLlingestion | 8.0E +04 | (Bg) 20 mSv ALlinhalation | 4.3E+02 |(Bq)

Subject to external exposure requirements which may be more restrictive
PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area

factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds except below 0.001 Forbidden 1E+04 Forbidden 4E + 04 4E+06
PuO2 0.001 Forbidden| 4E+04 Forbidden 1E+05 1E+07
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Plutonium - 240

240]?1194

Half life: 6563 years Risk group: 1
Specific activity: 8.40E+09 Bq.g™ Risk colour: Red
[ Exemptionlevels |
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+03
E % E % E % E % Concentration (Bg.g™") 1E +00
E1 14 11 10 9 5124 27
E2 54 <1 23 20 | 5168 73
E3 40 7 IAEA ST1 A1 value 10
% omitted <1 0 <1 IAEA ST1 Az value 0.001

Contact with 5 ml
plastic syringe

Contact with 50 ml
glass beaker

Infinite plane
source

RN

Betas, electrons (skin)

Point source (30 cm) 10 ml glass vial

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E+00
[ 0.0E+00 | Photons (skin)
10 cm 2.6E-04
Gammas, X rays Tm 1.0E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 19605 | [10cm| 4.1E-05 [ 2.1E08 | | 8.4E05 | [ 7.9e02 ]
Tm 1.6E-05
The values above do not include Bremsstrahlung radiation.
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm=2) |0.0E +00 Recommended Glass < 0.1
0.05 ml droplet (1 kBq) 0.0E +00 probes* Removable Plastic < 0.1
Alpha 4+ contamination
Beta 4E-02 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
2E+00 JA /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1
a probe or liquid scintillation technique Steel <1 <1
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All unspec. compounds 5.0E-04 | 2.5E-07 F
Nitrates 1.0E-04 | 5.3E-08 | | All unspec. compounds M| 4.7E-05 | 3.2E-05
Insoluble oxides 1.0E-05 | 9.0E-09 | | Insoluble oxides S | 1.5E-05 | 8.3E-06

| 20 mSv AlLlingestion | 8.0E +04 | (Bg) 20 mSv ALlinhalation | 4.3E+02 |(Bq)

Highest dose organ | Bone surface

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.001 Forbidden 1E+04 Forbidden 4E + 04 4E+06
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Plutonium - 241"

14.4 years

Specific activity: 3.81E+12 Bq.g™' "Decay to be considered: *'Pu to 2’Pb (pages 13, 166)

241Pu94

Risk group: 2
Risk colour: Orange

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+05
E % E % E % E % Concentration (Bg.g™") 1E+02
E1 21 100
2 N T T
E3 IAEA ST1 A1 value 40
% omitted [¢] IAEA ST1 Az value 0.06

Contact with 5 ml
plastic syringe

Contact with 50 ml
glass beaker

Infinite plane
source

RN

Point source (30 cm) 10 ml glass vial

Betas, electrons (skin)
Betas, electrons 10 cm 0.0E+00 .
(skin dose) 1m 0.0E +00
[ 0.0E+00 | Photons (skin)
10 cm 9.1E-06
Gammas, X rays Tm 4.9E-06 100 cm
(deep tissue dose) Photons (deep dose)
[ 00E+00 | [10cm] 4.8E-06 [ 0.0E+00 | | 0.0E+00 | [ 0.0E+00 ]
Tm 3.2E-06
The values above do not include Bremsstrahlung radiation.
[___SHIELDING (mm) |
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm=2) |0.0E +00 Recommended Glass < 0.1
0.05 ml droplet (1 kBq) 0.0E +00 probes* Removable Plastic < 0.1
Alpha contamination
Beta 1E+00 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays contamination thickness)
1E+02 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead - -
a probe or liquid scintillation technique Steel - -
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All unspec. compounds 5.0E-04 | 4.7E-09 F
Nitrates 1.0E-04 | 9.6E-10 | | All unspec. compounds M| 8.5E-07 | 5.8E-07
Insoluble oxides 1.0E-05 [ 1.1E-10| | Insoluble oxides S | 1.6E-07 | 8.4E-08

| 20 mSv ALlingestion [ 4.3E +06 | (Bq) 20 mSv ALlinaiation | 2.4E +04 | (Baq)

Highest dose organ | Bone surface

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.001 7E+04 7E+ 05 2E+05 2E+06 2E+08
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o o 241
Americium - 241 Ags
Half life: 432.7 years Risk group: 1
Specific activity: 1.27E+11 Bq.g™" Risk colour: Red

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™") 1E +00
E1 14 13 5388 1.4
E2 18 18 5443 12.8
E3 60 36 5486 85.2 IAEA ST1 A1 value TE+1
% omitted 8.2 <1 IAEA ST1 Az value 1E-3

Point source (30 cm)

Infinite plane

source

RN

Betas, electrons (skin)

10 ml glass vial

glass beaker

Contact with 50 ml

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E +00
[ 0.00E+0 | Photons (skin)
10 cm 1.2E-03
Gammas, X rays Tm 5.1E-04 100 cm
(deep tissue dose) Photons (deep dose)
[ 1.49E4 | [10cm]| 3.8E-04 | 5.65E6 | [ 1.81E-2 [ 8.80E2 ]
Tm 1.9E-04
The values above do not include Bremsstrahlung radiation.
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm2) 1.95E-2 Recommended Glass -
0.05 ml droplet (1 kBq) 6.05E-3 probes* Removable Plastic -
Alpha 4+ contamination
Beta 4E-2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + + contamination thickness)
4E+0 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel 1 3
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 2.0E-07 F
All compounds M| 3.9E-05 | 2.7E-05
S

Highest dose organ |

Bone surfaces

| 20 mSv ALlingestion | 1.0E +05 | (Bq) 20 mSv ALlinhaiation | 5.1E +02 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.001 2E+03 2E+ 04 5E+03 5E + 04 5E + 06
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243 Am95

Risk group: 1
Risk colour: Red

Americium - 243"

Half life: 7370 years
Specific activity: 7.39E+09 Bq.g™' "Decay to be considered: >**Am to *''Po (pages 13, 166)

Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+03
E % E % E % E % Concentration (Bg.g™") 1E +00
E1 17 41 25 15 | 5181 1
E2 44 6 52 14 | 5234 11
E3 75 68 73 1 5276 88 IAEA ST1 A1 value 5
% omitted 1 89 <1 IAEA ST1 A2 value 0.001

Point source (30 cm) Infinite plane

source

RN

Betas, electrons (skin)

Contact with 50 ml
glass beaker

10 ml glass vial Contact with 5 ml

plastic syringe

Betas, electrons 10 cm 6.3E-02
(skin dose) 1m 0.0E +00
[ 0.0E+00 | Photons (skin)
10 cm 2.0E-03
Gammas, X rays Tm 1.3E-03 100 cm
(deep tissue dose) Photons (deep dose)
[ 2,004 | [10cm| 1.3E-03 [ 1.2E05 | [ 3.4E02 | [ 2.4E01 ]
Tm 1.0E-03
The values above do not include Bremsstrahlung radiation.
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 4.7E-03 Recommended Glass < 0.1
0.05 ml droplet (1 kBq) 7.1E-05 probes* Removable Plastic 0.1
Alpha 4+ contamination
Beta 4E-02 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + + contamination thickness)
2E+00 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1
a probe or liquid scintillation technique Steel <1 <1
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 5.0E-04 | 2.0E-07 F
All compounds M| 3.9E-05 | 2.7E-05
S

Highest dose organ |

Bone surface

| 20 mSv ALlingestion | 1.0E +05 | (Bq) 20 mSv ALlinhaiation | 5.1E +02 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.001 Forbidden 2E+04 Forbidden 5E +04 5E+06
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Curium - 244

244(:In96

Half life: 18.1 years Risk group: 1
Specific activity: 3.00E+12 Bq.g™ Risk colour: Red
| Excmptionlevels |
Gamma or X Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bg.g™') 1E+01
E1 17 11 5763 23.6
E2 43 <1 5805 76.4
E3 IAEA ST1 A1 value 2E+1
% omitted <1 <1 IAEA ST1 A2 value 2E-3

Point source (30 cm)

Infinite plane
source

RN

Betas, electrons (skin)

10 ml glass vial

Contact with 50 ml
glass beaker

Contact with 5 ml
plastic syringe

Betas, electrons 10 cm 0.0E+00
(skin dose) 1m 0.0E +00
[ 0.00E+0 | Photons (skin)
10 cm 2.2E-04
Gammas, X rays Tm 8.6E-05 100 cm
(deep tissue dose) Photons (deep dose)
[ 2.26E6 | [10cm| 4.7E-05 | 2.05e8 | [ 1335 | [ 6.37E5 ]
Tm 1.9E-05
The values above do not include Bremsstrahlung radiation.
Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 2.24E-3 Recommended Glass -
0.05 ml droplet (1 kBq) 1.66E-3 probes* Removable Plastic -
Alpha 4+ contamination
Beta 4E-2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet X rays + contamination thickness)
4E+0 72 /10
* If no probes are indicated the recommended technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel 1 3
COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")
Ingestion 1 Inhalation 1T um 5 um
All compounds 0.0005 | 1.2E-07 F
All compounds M| 2.5E-05 | 1.7E-05
S

Highest dose organ |

Bone surfaces

| 20 mSv ALlingestion | 1.7E+05 | (Ba) 20 mSv ALlnnaiation | 8.0E +02 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood Bench Fume hood | Glove box
All compounds 0.001 Forbidden 2E+04 Forbidden 8E+04 8E +06
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Californium - 252 252 (g

Half life: 2.65 years Risk group: 1
Specific activity: 1.98E+13 Bq.g™" Risk colour: Red
Gamma or X | Beta (Emax) Electrons Alpha Quantity (Bq) 1E+04
E % E % E % E % Concentration (Bq.g™') 1E+01
E1 18 7 6076 15.2
E2 43 <1 6118 81.6
E3 100 <1 IAEA ST1 A1 value 5E-2
% omitted <1 <1 IAEA ST1 Az value 3E-3
Point source (30 cm) Infinite plane 10 ml glass vial Contact with 50 ml Contact with 5 ml

source glass beaker plastic syringe

2 ;
Neutrons (deep dose) .
10 cm 4.2E-02

1m 5.7E-02
Betas, electrons (skin) 100 cm

Betas, electrons 10 cm 0.0E +00

(skin dose) 1m 0.0E + 00 Neutrons Neutrons Neutrons
[ 1.5E02 | Photons (skin) [ 1.9e3 | | 4.08E+0 | [ 2.03E+ 1
10 cm 1.4E-04
Gammas, X rays Tm 5.5E-05
(deep tissue dose) Photons (deep dose)
[ 18886 | [10cm | 3.9E-05 [ 1.78E8 | | 4.66E5 | [ 2.71E3 ]
Tm 1.5E-05

The values above do not include Bremsstrahlung radiation.

Contamination skin dose (mSv.h™") Detection Derived limits Betas and electrons
(Bg.cm™2) (Total absorption)
Uniform deposit (1kBg.cm™2) | 3.24E-3 Recommended Glass -
0.05 ml droplet (1 kBq) 7.08E-4 probes* Removable Plastic -
Alpha + o+ contamination
Beta 5E-2 Gamma and X rays
° Gamma Fixed (half and tenth value
Droplet Xrays | + contamination thickness)
5E+0 72 /10
* If no probes are indi d the recc ded technique is to use a wipe test in association with Lead <1 <1
a probe or liquid scintillation technique Steel 2 5

COMMITTED EFFECTIVE DOSE PER UNIT INTAKE (Sv.Bq™")

Ingestion f1 Inhalation 1 um 5 um
All compounds 0.0005 | 9.0E-08 F
All compounds M| 1.8E-05 | 1.3E-05
S

Highest dose organ | Bone surfaces | 20 mSv ALlingestion | 2.2E + 05 | (Ba) 20 mSv ALlinhaiation | 1.1E +03 | (Bq)

Subject to external exposure requirements which may be more restrictive

PHYSICOCHEMICAL STATE Volatility Supervised area Controlled area
factor (k) Bench | Fume hood | Bench | Fume hood | Glove box
All compounds 0.001 3E+03 3E+04 1E+04 1E+05 1E+07
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APPENDIX - HEAVY ELEMENT DECAY

Pb-210 decay Pb-210 to Po-210 (see pages 13 and 141)

Nuclide Half-life 0.1 day 1 day 10 days 100 days 1 year 10 years 100 years
Pb-210 2.22E+1 yr 1.00E+00 1.00E+00 1.00E+00 1.00E+00  1.00E+00 1.00E+00 1.00E+00
Bi-210 5.01E+0 d 1.37E-02 1.29E-01 7.48E-01 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Po-210 1.38E+2 d 3.44E-06 3.30E-04 2.52E-02 3.69E-01 8.43E-01 1.02E+00  1.02E+00
Ra-226 decay Ra-226 to Po-210 (see pages 13 and 147)

Nuclide Half-life 0.1 day 1 day 10 days 100 days 1 year 10 years 100 years
Ra-226 1.60E+3 yr 1.00E+00  1.00E+00 1.00E+00  1.00E+00  1.00E+00 1.00E+00  1.00E+00
Rn-222 3.82E+0 d 1.80E-03 1.65E-01 8.40E-01 1.00E+00  1.00E+00 1.00E+00  1.00E+00
Po-218 3.05E+0 min 1.74E-02 1.65E-01 8.40E-01 1.00E+00 1.00E+00 1.00E+00  1.00E+00
Pb-214 2.68E+1 min 1.27E-02 1.61E-01 8.30E-01 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Bi-214 1.99E+1 min 9.46E-03 1.58E-01 8.30E-01 1.00E+00 1.00E+00 1.00E+00  1.00E+00
Po-214 1.64E-4 sec 9.46E-03 1.58E-01 8.30E-01 1.00E+00  1.00E+00 1.00E+00  1.00E+00
Pb-210 2.22E+1 yr 2.70E-08 6.60E-06 4.55E-04 8.01E-03 3.01E-02 2.66E-01 9.73E-01
Bi-210 5.01E+0 d 8.90E-11 2.84E-07 1.69E-04 7.40E-03 2.95E-02 2.66E-01 9.73E-01
Po-210 1.38E+2 d 8.40E-15 3.44E-10 2.40E-06 1.41E-03 1.57E-02 2.53E-01 9.73E-01
U-235 decay U-235 to Po-211 (see pages 13 and 154)

Nuclide Half-life 0.1 day 1 day 10 days 100 days 1 year 10 years 100 years
U-235 7.04E+8 yr 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Th-231 2.55E+1 hr 6.31E-02 4.78E-01 1.00E+00  1.00E+00 1.00E+00 1.00E+00  1.00E+00
Pa-231 3.28E+4 yr 1.84E-10 1.53E-08 4.90E-07 5.70E-06 2.10E-05 2.11E-04 2.11E-03
Ac-227 2.18E+1 yr <E-10 <E-10 1.90E-10 2.44E-08 3.30E-07 3.03E-05 1.48E-03
Fr-223 2.18E+1 min <E-10 <E-10 <E-10 3.36E-10 4.55E-09 4.18E-07 2.04E-05
Ra-223 1.14E+1 d <E-10 <E-10 <E-10 2.42E-10 4.17E-09 4.15E-07 2.04E-05
Rn-219 3.96E+0 sec <E-10 <E-10 <E-10 2.42E-10 4.17E-09 4.15E-07 2.04E-05
Po-215 1.78E-3 sec <E-10 <E-10 <E-10 2.42E-10 4.17E-09 4.15E-07 2.04E-05
Pb-211 3.61E+1 min <E-10 <E-10 <E-10 2.42E-10 4.17E-09 4.15E-07 2.04E-05
Bi-211 2.13E+0 min <E-10 <E-10 <E-10 2.42E-10 4.17E-09 4.15E-07 2.04E-05
TI1-207 4.77E+0 min <E-10 <E-10 <E-10 2.42E-10 4.15E-09 4.14E-07 2.03E-08
Po-211 5.16E-1 sec <E-10 <E-10 <E-10 <E-10 <E-10 1.13E-09 5.6E-08
Th-227 1.87E+1 d <E-10 <E-10 <E-10 1.44E-08 2.81E-07 2.95E-05 1.45E-03
Ra-223 1.14E+1 d <E-10 <E-10 <E-10 9.76E-09 2.55E-07 2.93E-05 1.45E-03
Rn-219 3.96E+0 sec <E-10 <E-10 <E-10 9.76E-09 2.55E-07 2.93E-05 1.45E-03
Po-215 1.78E-3 sec <E-10 <E-10 <E-10 9.76E-09 2.55E-07 2.93E-05 1.45E-03
Pb-211 3.61E+1 min <E-10 <E-10 <E-10 9.75E-09 2.55E-07 2.93E-05 1.45E-03
Bi-211 2.13E+0 min <E-10 <E-10 <E-10 9.75E-09 2.55E-07 2.93E-05 1.45E-03
T1-207 4.77E+0 min <E-10 <E-10 <E-10 9.72E-09 2.55E-07 2.92E-05 1.45E-03
Po-211 5.16E-1 sec <E-10 <E-10 <E-10 <E-10 6.97E-10 7.99E-08 3.97E-06
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U-238 decay U-238 to Po-210 (see pages 13 and 155)
Nuclide Half-life 0.1 day 1 day 10 days 100 days 1 year 10 years 100 years
U-238 44TEA49 yr 1.00E+00  1.00E+00  1.00E+00  1.00E+00  1.00E+00  1.00E4+00  1.00E+00
Th-234 241E+1 d 2.87E-03 2.83E-02 2.50E-01 9.44E-01 1.00E+00 1.00E+00  1.00E+00
Pa-234m 1.17E+0 min 2.83E-03 2.83E-02 2.50E-01 9.44E-01 1.00E+00  1.00E+00  1.00E+00
Pa-234 6.70E+0 hr 5.14E-07 2.87E-05 3.86E-04 1.50E-03 1.60E-03 1.60E-03 1.60E-03
U-234 2.44E+5 yr <E-10 <E-10 <E-10 8.30E-10 4.10E-09 4.49E-08 4.3E-07
Th-230 7.7E+4 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 2.0E-10
Ra-226 1.60E+3 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Rn-222 3.82E+0 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Po-218 3.05E+0 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Pb-214 2.68E+1 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Bi-214 1.99E+1 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Po-214 1.64E-4 sec <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Pb-210 2.23E+1 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Bi-210 5.0E+0 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Po-210 1.38E+2 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
U-234 2.44E+5 yr <E-10 1.01E-08 1.01E-18 5.21E-07 2.56E-06 2.80E-05 2.83E-04
Th-230 7.7E+4 yr <E-10 <E-10 <E-10 <E-10 <E-10 1.25E-09 1.27E-07
Ra-226 1.60E+3 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 2.27E-10
Rn-222 3.82E+0 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 1.81E-09
Po-218 3.05E+0 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 1.81E-09
Pb-214 2.68E+1 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 1.81E-09
Bi-214 1.99E+1 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 1.81E-09
Po-214 1.64E-4 sec <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 1.81E-09
Pb-210 2.23E+1 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 8.44E-10
Bi-210 5.01E+0 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 8.44E-10
Po-210 1.38E+2 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 8.28E-10
Pu-241 decay Pu-241 to Pb-209 (see pages 13 and 160)
Nuclide Half-life 0.1 day 1 day 10 days 100 days 1 year 10 years 100 years
Pu-241 1.44E+1 yr 1.00E+00  1.00E+00  1.00E+00  1.00E+00  1.00E+00  1.00E+00  1.00E+00
Am-241 4.32E+2 yr 4.39E-07 4.39E-06 4.39E-05 4.48E-04 1.64E-03 2.04E-02 3.58E+00
Np-237 2.14E+6 yr <E-10 <E-10 <E-10 <E-10 2.69E-10 3.58E-08 9.85E-05
Pa-233 270E+1 d <E-10 <E-10 <E-10 <E-10 2.17E-10 3.51E-08 9.85E-05
U-233 1.59E+5 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 1.85E-08
Th-229 7.34E+43 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Ra-225 1.48E+1 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Ac-225 1.00E+1 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Fr-221 4.8E+0 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
At-217 3.23E-2 sec <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Bi-213 4.56E+1 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
T1-209 2.20 E4+0 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Pb-209 3.24E+0 hr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Po-213 4.20E-6 sec <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Pb-209 3.25E+0 hr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
U-237 6.75E+6 2.50E-07 2.39E-06 1.57E-05 2.48E-05 2.46E-05 2.45E-05 2.45E-05
Np-237 2.14E+6 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 2.00E-08
Pa-233 2.70E+1 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 2.00E-08
U-233 1.59E+5 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Th-229 7.34E+43 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Ra-225 1.48E+1 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Continued
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Pu-241 decay (Continued)

Ac-225 1.00E+1 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Fr-221 4.8E+0 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
At-217 3.23E-2 sec <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Bi-213 4.56E+1 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
T1-209 2.20 E+0 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Pb-209 3.24E+0 hr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Po-213 4.20E-6 sec <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Pb-209 3.25E+0 hr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Am-243 decay Am-243 to Po-211 (see pages 13 and 162)

Nuclide Half-life 0.1 day 1 day 10 days 100 days 1 year 10 years 100 years
Am-243 7.38E+43 yr 1.00E+00  1.00E+00  1.00E+00  1.00E+00  1.00E+00  1.00E+00  1.00E+00
Np-239 2.35E+0 d 2.90E-02 2.55E-01 9.47E-01 1.00E+00  1.00E+00 1.00E+00  1.00E+00
Pu-239 2.41E+4 yr 1.14E-10 1.05E-08 5.33E-07 7.60E-06 2.84E-05 2.87E-04 2.88E-03
U-235 7.04E48 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 1.42E-10
Th-231 2.55E+1 hr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 1.42E-10
Pa-231 3.28E+4 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Ac-227 2.18E+1 yr <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Fr-223 2.18E+1 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Ra-223 1.14E+1 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Rn-219 3.96E+0 sec <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Po-215 1.78E-3 sec <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Pb-211 3.61E+1 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Bi-211 2.13E+0 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
T1-207 4.77E+0 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Po-211 5.16E-1 sec <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Th-227 1.87E+1 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Ra-223 1.14E+1 d <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Rn-219 3.96E+0 sec <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Po-215 1.78E-3 sec <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Pb-211 3.61E+1 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Bi-211 2.13E+0 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
T1-207 4.77TE+0 min <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Po-211 5.16E-1 sec <E-10 <E-10 <E-10 <E-10 <E-10 <E-10 <E-10
Note:

The above tables for U-235, U-238, Pu-241 and Am-243 should be read in conjunction with the corresponding decay chains
shown overleaf. These chains clearly show the branching in the decay chains, clarifying the lines apparently repeated in the tables.
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U-235 Decay Chain U-238 Decay Chain

0.00160

0.98620 0.01380

0,00273 0.00273

Pu-241 Decay Chain Am-243 Decay Chain

0.00002 0.99998

0.00273 | #''po 0.00273 | *''Po
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