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0T 719 Jwnna V9N L(GSR part 3mipnn) ,(IAEA 2011) 2011 mawa 0T |7N 7w
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[7ON011 [XD N7R 7V 112" TN X 2'NN1 X7 .XWINA K"X20 7w NiNaTo1 0'01d i1 [(ICRP 1999)
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on X"N20 7Y NIMWIYN NIXMN/NI'NIN WIAAT7 TV NI DY 5 WNiY 1'70NN7 0'01 IWn'Y ITN
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XYW poly (IAEA 2011) wTNN '"MIN71'AN |PN2 TNIM 219 .2011 Niwn N1an%? 'ix71an
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NnI7NN 'R U DIYY 7Y DaNINAal N2'NdA IMKD L70lY NIN'LAN )T D73 Mning
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72X 709N NIN7 NIVIISNA NIMIND NIXK7A0 A'¥D N 2019 AN BSS-0 pnMiven xwina
nrmd N7 xap BSS -nw ,nitaam nrrmd 7y 1 ni7n nirnann D nyaipn n'775 niatnona

.(bulk amounts) 7a1x nimmd 2y ni7n j1'81 (moderate quantities) ninimn
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DIIZNY DY D72 NN 210y 7y NAIIDONE N7'Y' N'7NIN N2 DN N DNNYAI
71N ,NNTX L]1AD N'MA7 D'UNYUNN Y 2N ,0N9, U9 LYY ,[IAd) NATRNN DTN IX NNTRA
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n'OI0ITRITI 40 27wX 1j'va) (NORM) 'wao Vipnn 0910IT'RIMTY 7w (D'NT TV TIKN 0DINY
(DIMmni1 oMK NNWIYN

N'7n DIV NINANN NN 7Y 1WA D71 NIDNoIMN NIYA7 Y107 |2 7y X' " Tna 1un
NYI7Y DIY'™7 NIV NN NIFNIN NAXD YT 2V ANNYNEI09N  NINN 'R v 79 7'w
.0'2IN1 0TI D' AMVPRI'TY DININ 7Y 72X NIMINAD] ?I0'YA 1IN WK D2 D7D D'RYIN
[ DN'7X 0NV 'YL VPAN DM A'VPNIMTY DININ 7Y D'TIDY 1720 Naxn NP7 N7 NIrNaN
[ DN'™7Y ,0NDKX'M DFATVPNRIMTY DNIN TIDN 7W NIX?A0 NAXN NIZNN 'R |NP'Y DX DW'Y
3(2105 NINA) VLA NP DX Y'NNY

Y2V UPNAN DATVERITTI DFININYT TIDM 'Y 1V9N NINN N7202 2'¥N X7 P ATANY DAN D |''¥)
D'n1 (practice) g10'yn 77N D'INN DN YWKRD N7X DININT NIDPNN MVON NINAWY Y17 KN

1707 2nar nTw 190, NN 'R NINY

N7 on"NnY% N1 2v191 D (\"™N 7w 5.6 9'wo1) 1'Nan 7aX AMNNY RN kN 1'R )TN
OI0IT'RITIN INIX 112V ANNY NN 7R '9'¥90 DIVITRIMT 75 7w 11090

2y ni7nn BSS -2 011090 719 W nananl nn7wn [0 "Tea Nirnan D 9'oint awn Ty
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NI'mdY7 0'9pn TV 0N BSS-n 7w (Schedule I) niiwxan nooima |-l n2a0a naroprirm

.(NORM) 'vav 1ijmnw n7xd NI D'NIDR7A DM'OPKRIFT DN 7Y [0 NRImn

.09 5 7on ninfvan )N

TRA NANN . 191NNV ,TAN N1DATZ Yidin NN20NA 701V 1Y 727U XIAnn 19
19" ,2ANNWNI 109N ,NI7NA 'K 'AYIN DX 70191 DW''7 D'011 TWKD NIN'n NI'YAN DX D'019N
701 DIPN )TAN YATRN XI2NnN 19 Junna 7Y 0T 9'woa 121D 10119 n7R 0v'wji .BSS -n
axInw (radio-nuclides of natural origin) 'vav NN D"'VFRIMTY DAININ NN NN20NY7

.7n7 ,nT NON1 1 9'yvo1 V191 NT XWN1 .BSS-a

. 3
11097 (N1 mnnnw (Bg/kg niT'n) nirarogRn 11> W KN, BSS-n 'niina (exemption level) a1vsn nna

nn X (exlusion level)ni7nn '® nn1 07 NniTAL '1DEARALHIYN DY DIYNTA OPRFTIN NIND DX
[N I 7N 'R IR oW M rmnnnv (Bg/kg nimna) niraropxn 1151 0 NN (clearance level) annwn
N7 NN (1) .21 INNY <IN 1109 NN NN WIS WIN'Y 'R 11T .NNKNNA ,NQ'07 Tninn NIX 1NYY

.(values of activity concentrations) niraropan 1131 DI NN WANWN 1"TAN ,TIDM 'NIINA NIAXIN



nin'van 1'YTN _Ni'nda .2
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: 170771 Dnw' N 0N 0'XINNI NI'0INTE N7RN D'0'01N DAYINN

4(exclusion) ni7n-'x

;)TN 'RYID DNY DINKRD DAYINN 1Y NAYNA 02 11D ,NTN AYINN NAXNA JNNon 1"mn
NIXAAITN NN D (2.3 -2.5 0'o'yo1) 1'a0n 1N L(JAEA 1996) BSS -1 1axIinw ninTann 7y
w' D 071y, N17NA R NP IR 2'woN7 [N 0Ny DI0ITRITI?I NI9'wNn?BSS -2 nianian
,'W20 pnn X" DMnine NMolp N1 1IN 0FYAL NNIEN 27 P DT AWIMN DR DUy
D'0n ,NI7N-X7 71510 DWW NP7 Yz 1Naona poivn 3.2 9'wo? 071w nyna 72X
X"Y DNINA NIPRY NID'WNYT DA NI7AN 'K [NP'V DR DY'™7 NNRY N1 D )TAn Nann
N2'ONY 11" NINT .0"1'YIAN 010NN N7I9IN NIMKRWY [12D , D'DIN1 D'TIDA DTN T 'wyn

7V NINN2IN NI9'WNN 7W1 NIRN DININD 7Y DUY7WN D213 ATYD XD NN R DIYTY7 nEvn

IT N7 (" TAN (1w ,ubiquitous D) D71VA DIpn 722 DI DNAIND NI DT

7y nI7ND-'X DIV ,NTYNN N9'0IM ,07IX .ITN N71910 227 DA N1 (D17 722 NIRXN)

TV 7Un% nN2'YW) NIdNoIMN NIYIN NV7NNT 9192 KX '0NIVIX 11'R D'NRX'M X" DN
.(No'wnn 72y VI7YY N1 X7 NNRA NND TYI DIA 722 0*IXN DX D2ITIN DNAIND NND
NN OFRIMTY MIN 7D X7 17D 121 XIN 900 DA D TIY n9'om 7"in 0v7Iwn nvn
NN X" 0NN 07901 1TIoN 10V NNA0N WX DMWY .NITNN-'R DIV TAyIn 'Yav
TIDY NNNY NI7N-'R DNV DWINM R71 07X DN NNYY IR 1097 XpIT DY N1 ,'Ya0
77nw |1 NRT RN 7w 1 nha0aw (exclusion level) niznn 'x RN 0'21MI MINN
1707 1201ND ,NV™MYT NNYWOX 1 TYN W DTN NNRA NTAIY NI'R N9'WNN N7R DN 7Ima
D'ININI NI9'WN NRXING NTY720 nT'Rn Nnxv (3.2 9'wo1) 1'a0n? NIV " a

NI9'YN7 0N NI7NN 'R AYIN DIY'" 1172) N1PaN DD 7701 'vav Yipnn 0N
.017n 02 pniIRyn'n 7722 ,00"7Y nvMUN N R XD (DR DNNINg

DN'7Y WA izAn X"MIiN DNNINND TN NI73) XN Dninn Y ninn 'R nima nyap
D'TIDN DX 1Yapw UNSCEAR -0 nTvil 7w D170 0'02 7w nnwya (NI'7Nn 'R Nnwin
710N L7 (D1 752 0'R¥NIN NITD) N7ITA NXI9SN DNY W'Y NIRN DNIND Y 0rann
D'TID™A 'WAL PN D''0UPKRITY DININT 0N P11 X VYD NITRN 'K AYIN DYIM )TN
NN NY9N NN KT IT YRR 'Y IR TIY DY0N NAY XY 0720 nin ANt 0ToIRN

NN DININD 7 MAIX NIFINDA D'POIY7 DA'NT7 N7D'W NN

* Exclusion — Any exposure, whose magnitude or likelihood is essentially unamenable to
control through the requirements of the Standards, is deemed to be excluded from the
Standards.
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releases the practice or source from the requirements that would otherwise apply and, in
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® Clearance - Removal of radioactive materials or radioactive objects within authorized
practices from any further regulatory control by the regulatory body.
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4. VALUES OF ACTIVITY CONCENTRATION

GENERAL

4.1. This section provides the values of activily concentration that may be
used, with account taken of a praded approach (see paras 5.11-5.13), for
exclusion, exemption and clearance pertaining to exposures from radionuclides
of natural origin and bulk amounts of material containing radionuclides of
artificial origin. The details of the calculations that yielded these values are
provided in a Safety Report [11].

RADIONUCLIDES OF NATURAL ORIGIN

4.2. The values of activity concentration for radionuclides of natural origin,
derived using the exclusion concept (paras 3.2-3.3), are given in Table 1.

4.3. The values have been determined on the basis of consideration of the
worldwide distribution of activity concentrations for these radionuclides.
Consequently, they are valid for the natural decay chains in secular
equilibrium; that is, those decay chains headed by 381, 38U or 22Th, with the
value given 1o be applied to the parent ol the decay chain. The values can also

TABLE 1. VALUES OF ACTIVITY CONCENTRATION FOR
RADIONUCLIDES OF NATURAL ORIGIN (see para. 4.2)

Radionuclide _ Activity concentration (Bg/g)
e 10
All other radionuclides of natural origin 1

be used individually for each decay product in the chains or for the head of
subsets of the chains, such as the subset with 2%Ra as its parent.
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RADIONUCLIDES OF ARTIFICIAL ORIGIN

4.4. The values of activity concentration for bulk amounts of material
contaming radionuclides of artificial origin, derived using the exemption
concept (paras 3.4-3.7), are given in Table 2.

4.5. For noble gases, the exemption levels provided in Schedule I of the BSS
[1] should be used. Further discussion is provided in Ref. [11].

MIXTURES OF RADIONUCLIDES

4.6. For mixtures of radionuclides of natural origin, the concentration of each
radionuclide should be less than the relevant value of the activily concentration

given in Table L.

4.7. For material containing a mixture of radionuclides of artificial origin, the
following formula should be used:

n ( J
> — — <
A o (activity concentration) |
where C; is the concentration (Bq/g) of the i radionuclide of artificial origin in
the material, (activity concentration), is the value of activity concentration for
the radionuclide i in the material and n is the number of radionuclides present.

4.8. For a mixture of radionuclides of both natural and artificial origin, both
conditions presented in paras 4.6 and 4.7 should be satisfied.
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Protection against Natural Radiation at Home and at Work
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Abstract. The issues related to protection against natural radiation at home and at
work are addressed in the last fifteen years by various international organizations,
professional bodies and national laws and regulations. The ICRP and the IAEA outlined
theoretical principles, basic recommendations and some practical instructions for the
classification of exposure situations to natural radiation sources into those that are
dealt in the framework of practices and interventions and those that are excluded from
the framework because they are unamenable to control. However, in many practical
cases, this classification appears to be a complex task, which has to be tackled by the
national competent authorities in each country. When trying to convert the principles
and guidance outlined by the international bodies into national regulations and
practical instructions, we discover that some issues are undecided upon and guidance
is lacking relating to sources and practices that were not explicitly addressed.
Furthermore, some ambiguities in the principles and guidelines can be detected and
encountered in their implementation. The recommendations and instructions of the
ICRP and the IAEA related to natural radiation sources and chronic exposure and their
interpretation by the European Commission are reviewed and analyzed. Their
implications on the possible ways to handle issues such as the protection against
radon at home and at work, the limits to be set on natural radioactive substances in
building materials and the radiation risks related to the phosphate and coal ash
industries are discussed. Recent decisions of the competent authorities in Israel and
Israeli regulations and standardization related to some of these issues are presented.

1. Introduction

In the context of radiation protection natural sources of ionizing radiation are usually classified
into two main types [1].

a. Cosmic radiation, either cosmic rays from the sun and the outer space or cosmogenic
radionuclides, such as H-3 and C-14, produced as a result of the interaction of cosmic
rays with atoms in the earth’s atmosphere.

b. Terrestrial radiation from naturally occurring radionuclides of terrestrial origin
(primordial radionuclides), such as K-40 and radioisotopes of the uranium and thorium
series, which are present in the earth’s crust throughout its history. The latter include
thoron and radon and its short-lived daughters. Terrestrial radionuclides cause external
exposures, outdoors and indoors. Internal exposures also arise from their intake by
inhalation and ingestion.



The annual effective dose to man from natural radiation sources was estimated by the
UNSCEAR 2000 Report to reach 2.4 mSv due to external exposure (0.9 mSv/y) and internal
exposure (1.5 mSvly) [1].

The issues related to protection against natural radiation at home and at work were
addressed in the last fifteen years by various international organizations, professional
bodies and national laws and regulations. The ICRP and the IAEA outlined theoretical
principles and some general recommendations for the classification of exposure
situations to natural radiation sources into those which are to be dealt in the
framework of practices and interventions and those which are excluded from the
framework because they are unamenable to control [2, 3, 4, 5]. However, in many
practical cases, this classification appears to be a complex task, which has to be
tackled by the national competent authorities in each country. The European
Commission (EC) translated the recommendations of the ICRP and the instructions of
the IAEA into directives and other legal documents.

When trying to judge actual cases, basing the deliberations on the basic principles and
instructions of the ICRP, the IAEA and the EC, some ambiguities can be detected.
Furthermore, difficulties are encountered in some cases in the implementation of the
recommendations and guidance, even when the classification is clear-cut.

In the following, we will try to review the recommendations and instructions of the
ICRP, the IAEA and the EC related to the control of the occasional and chronic
exposure of workers and the general public to natural sources of ionizing radiation and
to analyze the implications of these recommendations on the handling of up-to-date
radiological protection issues. These issues include, inter alia, the protection against
radon at home and at work, the limits to be set on natural radioactive substances in
building materials and on radionuclides in food products and in household water and
the radiation risks related to the phosphate and coal ash industries. Finally we will
present the decisions of the competent authorities in Israel and Israeli regulations and
standardization related to some of these issues.

2. The approach of the ICRP

Until the mid-eighties of the last century the ICRP practically excluded the exposure to natural
radiation sources from its recommended framework of radiological protection. The 1977
recommendations explicitly stated that the dose limits recommended by the Commission shall
not apply to contributions from “normal” natural radiation [6, paragraph 83].

However, the Commission already noted at that time, that at levels much higher than “normal”,
even natural radiation might have to be controlled as far as practicable. The Commission did
not give any practical advice on the principles and methods for such control, nor did it provide
guidance on where to put the line between “normal” and enhanced levels of exposure to natural
radiation. Instead it stated that an annual dose rate of 1 mGy is a typical value for this “normal”
level. It also presented some examples of human activities which can modify the environment
and cause an increase in the “normal” level, such as “mining, flight at high altitudes, and the
use of building materials containing naturally-occurring radioactive nuclides” [6, paragraph
88].

Over the 5 years following its 1977 recommendations, the ICRP gathered information which
indicated that human activities have growing influence on the actual exposure of workers and
the public to natural radiation, elevating this exposure to levels which are, in many countries,
much higher than previously indicated. The main causes to this trend were the development of
new building materials with enhanced concentrations of natural radioisotopes, reduced
ventilation in buildings and growing use of underground dwellings and working premises. All
these have caused higher concentrations of radon in buildings and elevated exposure of the
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population to gamma radiation from primordial radionuclides. At the same time, developments
in the aviation technology and popularization of air transportation caused a higher exposure to
cosmic radiation of a growing part of the population. Following these observations, the ICRP
decided in 1984 to modify the advice it gave in 1977.

It concluded in its Publication 39 [2] that the distinction between “normal” and enhanced levels
of exposure to natural radiation is unhelpful and suggested that a central criterion in the
framework of protection against natural radiation should be the controllability of the source and
the related exposure. Although the Commission considers almost all exposures to natural
radiation as controllable to some extent, the degree of controllability varies very widely from
source to source and from one exposure situation to natural radiation to the other. The
Commission continued to explain the differences, from this point of view, between existing
exposure situations where protection measures are remedial, and future situations which can be
controlled by appropriate planning and can therefore be subject to dose limits and dose
constraints [2, paragraphs 10-12]. The Commission presented a wide range of existing and
future exposure situations to natural radiation, but chose to state its recommendations by taking
the example of the control of radon in houses. For existing situations, the concept of action
level at which remedial actions are to be initiated was introduced and an action level of 200
Bg/m® (at that time considered by the Commission to lead to an annual effective dose
equivalent of 20 mSv) was suggested. In view of the knowledge, at that time, of typical radon
concentrations in dwellings, this action level was considered to enable characterizing radon in
existing dwellings as a controllable source. For future situations (new houses) an upper value of
100 Bg/m® was suggested as an optimized design level [2, paragraphs 13-30].

The new approach to natural radiation was further elaborated seven years later in the 1990
recommendations of the ICRP issued as Publication 60 [3]. In this publication the Commission
presented its new radiological protection framework introducing the concepts of practices and
interventions, which can be considered as an evolution of future and existing situations. The
recommendations of the Commission were presented in this publication separately for three
types of exposure: occupational, public and medical. Concerning exposure to natural radiation,
the Commission maintained the approach described above and recommended to include natural
radiation sources and exposure situations in the system of radiation protection, except those
which are uncontrollable or essentially unamenable to control (e.g. K-40 in the human body or
cosmic rays at ground level). As part of its radiation protection framework for practices, the
Commission recommended that "exposure to radon and the handling of materials containing
traces of natural radionuclides should be regarded as excluded from occupational exposure and
treated separately, unless the relevant regulatory agency has ruled otherwise, either in a defined
geographical area or for defined practices” [3, paragraph 135].

In relation to these defined practices the Commission advised that the regulatory agency in each
country should identify relevant workplaces and operations where the exposure to radon and to
materials which contain significant traces of natural radionuclides should be included in
occupational exposure. The Commission explicitly identified exposures due to cosmic rays in
jet aircraft and space flight as such exposures and suggested to also include in these exposure
situations operations in spas, in most uranium mines, in many other underground mines and
caves and in some other underground workplaces [3, paragraphs 135-136].

The recommendations were much less elaborate with regard to protection of the public from
natural radiation in chronic exposure situations, i.e. radiation exposure situations that fall within
interventions. It only gave explicit advice concerning protection against radon in dwellings and
even with regard to this issue it referred the reader to Publication.39. However, it did not
suggest any more to use separate action levels for existing and new dwellings, claiming that the
concentration of radon in a new dwelling cannot be actually determined until the dwelling has
been completed and occupied for a year or so [3, paragraphs 216-218].

In 1994 the ICRP presented its philosophy and practical recommendations related to the
protection against radon in buildings. In its Publication 65 [7], the Commission summarized the
extent of knowledge, at that time, about the health effects of inhaled radon and its progeny and
presented its recommendations for the control of radon in both dwellings and workplaces. An
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action level in the range of 200-600 Bg/m? for intervention in dwellings was recommended,
depending on the controllability of radon levels in buildings in the specific country or
geographical region. No differentiation between existing and future houses was recommended.
The Commission presented some practical guidelines related to the identification of radon-
prone areas and the measures to be used for the remediation of buildings in which elevated
levels of radon have been detected.

The ICRP addressed the issue of chronic exposure to natural radiation in the framework of a
special set of recommendations related to the protection of the public in situations of prolonged
radiation exposure [4]. With regard to controllable natural radiation sources causing chronic
exposure, the Commission mentions radon in dwellings, natural gamma-emitting radionuclides
in building materials and natural gamma-emitters in the ground. The Commission discusses the
extent to which these sources are amenable to control and the question whether there are annual
dose levels from these sources that should almost always call for protective measures, however
disruptive and intrusive these measures might be. The Commission then offers generic
reference levels below which intervention is not likely to be justified (10 mSv in a year) and
above which intervention is justified and required under any conceivable circumstances (100
mSv per year for a prolonged period).

3. The requirements of the International Basic Safety Standards

The IAEA published in 1996 the International Basic Safety Standards (BSS) [5], in which the
framework suggested by the ICRP was adopted. The requirements are based on the basic
distinction between practices and interventions and are presented with regard to the three types
of exposure (occupational, medical and public). The practices to which the BSS apply include
practices involving exposure to natural sources, but only if these practices are specified by the
Regulatory Authority as requiring control [5, paragraph 2.1(c)].

Exposure to natural radiation within practices to which the BSS do apply shall normally be
considered as a chronic exposure situation and be subject to the requirements for intervention.
Exposure to radon in buildings and working places is mentioned among the chronic exposure
situations requiring remedial action. The BSS suggested action levels in the range of 200-600
Bqg/m® for the annual average radon concentration in dwellings and 1000 Bg/m® for the annual
average radon concentration in working premises. Special cases should be subject to the
requirements for practices, such as occupational exposure of workers to radon at any level
required by or directly related to their work, or exposure to radon incidental to their work at
levels higher than the action level for remedial action [5, paragraph 5].

The BSS did not offer any guidance related to the issue of chronic exposure of the population
due to natural radionuclides in building materials or to the occupational exposure of workers to
natural radiation in the phosphate and mineral extraction industry.

4. Implementation of the ICRP recommendations in the European BSS
Directive and other EC documents

The European Basic Safety Standards Directive [8] follows the recommendations of the
ICRP and requires that the exposure to sources of ionizing radiation which are
amenable to control should be included in the system of radiation protection. The
Directive is consistent with ICRP recommendations that radon in workplaces and the
occupational exposure to materials or residues containing natural radionuclides should
be excluded from the regular scheme of occupational exposure for practices and
treated separately [3, paragraph 135]. The Directive states therefore in Title II, which
describes its scope, that it shall apply to practices which involve a risk from ionizing
radiation emanating from artificial sources or from natural radiation sources in cases
where natural radionuclides are processed in view of their radioactive, fissile or fertile
properties, while other exposures due to natural sources in work activities are dealt in
Title VII of the Directive [8, Article 2(1-2)]. Title VII limits the radiation protection
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requirements relating to natural radiation to work activities “within which the presence
of natural radiation sources leads to a significant increase in the exposure of workers
or of members of the public which cannot be disregarded from the radiation protection
point of view" [8, Article 40(1)].

The Directive does not apply to the protection of the public against radon in dwellings,
which was already covered by a separate recommendation published in 1990 [9]. The
European Commission issued in 1997 detailed guidance for the implementation of Title
VII of the European BSS [10]. This document suggests ways of identifying the types of
work activities that should be subject to control because they involve exposure to
significant levels of natural radiation. It also gives guidance on the nature of the
controls that may be appropriate in each type of work and source. The European
Commission also published two special documents related to the issue of enhanced
levels of natural radionuclides in building materials [11, 12].

5. Decisions taken in Israel related to natural radiation

The “Safety at Work with lonizing Radiation Regulations” published in 1992 by the Ministry of
Labour and Social Affairs regulate occupational exposure, but explicitly exclude natural
background radiation. However, several regulatory and administrative steps were taken in the
last decade to deal with natural radiation issues.

The National Advisory Committee for Radiation Protection, appointed by the Ministry of
the Environment, the Ministry of Labour and Social Affairs, The Ministry of Health and
the Israel Atomic Energy Commission, recommended to adopt the International BSS as
a basis for updated and future regulations related to radiation protection, including the
BSS provisions with regard to natural radiation. The following activities have
consequently been carried out.

e The Ministry of the Environment and the Ministry of Labour and Social Affairs
adopted action levels for radon in dwellings and in working premises based on ICRP
Publication 65 and on the requirements of the BSS.

e The Standards Institution of Israel published a standard limiting the content of
radioactive elements in building products. The limitation set by the standard is an
annual dose constraint of 0.45 mSv on the total dose due to radionuclides in building
materials (including the dose from radon originating in the building product). As a
consequence of the implementation of the standard, some building products, which
did not comply with its requirements, were denied an import licence. To comply with
the standard the amount of coal ash which can be added as a constituent of
concrete and some novel building materials was limited.

e The Ministry of Health published updated regulations related to the quality of
drinking water. The regulations adopt an annual dose limit of 0.1 mSv due to
radionuclides in water. This value is based on the WHO recommendations. Derived
activity concentration limits for the main natural radionuclides in drinking water are
listed in the regulations.

e A survey of occupational exposure in the phosphate industry and in industries
processing coal ash is being conducted by the Soreq Nuclear Research Centre, under
the auspices of the Ministry of Labour and Social Affairs. Another ongoing survey is
related to the doses incurred by aircrew along the routes of Israeli airlines. This
survey is also being conducted by the Soreq Nuclear Research Centre. The aim of
both surveys is to determine whether these practices require control.

e Remediation of a site contaminated by residues of P-fertilizers manufacture is
being considered.



6. Summary and Discussion

We presented above some of the basic principles and recommendations of the ICRP
related to the protection of the public and workers against natural radiation and their
implementation in the International and European Basic Safety Standards.

We can summarize some of the clear-cut points as follows:

1. Some natural radiation sources (e.g. K-40 in the human body or cosmic rays at
ground level) are unamenable to control and are to be excluded from the system of
radiation protection.

2. The exposure to natural radiation from controllable sources has in principle to be
included in the general radiation protection scheme for practices and
interventions.

3. Regulatory agencies and/or other relevant competent authorities should identify,
by means of surveys, work activities in which the presence of natural radiation can
cause a significant exposure of workers or members of the public, which cannot be
disregarded from the point of view of radiation protection.

4. Elevated radon in workplaces and occupational exposure to materials containing
natural radio-nuclides are amenable to control, but since the exposure to these
sources is ubiquitous, they have to be excluded from the regular scheme of control
of occupational exposures, unless the regulatory authority has ruled otherwise.
However, these exposures should be controlled under a separate scheme. This
control may be selective, e.g. in defined geographical areas or in defined
practices.

5. Radon in dwellings, either in existing or in future houses, has to be controlled

within interventions.

6. The production and marketing of building materials or household water containing
elevated levels of natural radionuclides are ongoing practices that should be
examined and a system of protection of the worker and the public should be
applied to them.

When trying to convert the above principles and guidance into national regulations and
practical instructions, we conclude that many issues were undecided upon and
guidance is lacking relating to sources and practices which were not explicitly
addressed. Furthermore, some ambiguities in these principles and guidelines are
detected and difficulties are encountered in their implementation. Some of these are
presented in the following:

e It seems that no guidance is given as to the ways and methods to assess whether
a certain source of exposure to natural radiation is controllable.

e It seems that no guidance is given related to sources and practices involving
exposure to natural radiation which are controllable, but should be exempted
because the exposures envisaged are negligible and exemption is the optimum
option.

e What level of dose should be selected as “a significant increase in the exposure of
workers or of members of the public which cannot be disregarded from the radiation
protection point of view”, as suggested by the European BSS [8, Article 40 (1)]?

e How to implement practically the requirements/recommendations to identify the need for
remedial actions in the case of radon in dwellings and in public buildings, i.e. who should be
responsible for example to carry out measurements to determine the mean annual
concentration of radon in a public housing project, a shopping center, a community center; a
library, a museum, etc?

e According to the International BSS it is the duty of the regulatory authority to
identify practices involving exposure to natural sources that require control [5,
paragraph 2.1(c)]. In many countries there is no single regulatory authority
responsible for all matters of radiation protection. The ICRP recognized this
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problem in its Publication 82 [4, paragraph 88], but did not suggest a practical
solution.

e How to select a national action level for radon concentration in dwellings within the
recommended range of 200 to 600 Bq/m?>?

e According to the BSS, radon in working premises is regarded as occupational
exposure if its concentration is higher than the action level. When recording the
dose to the worker due to radon, should the recorded dose only include the dose
caused by the excess level of radon (above the action level)?
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Schedule |
EXEMPTIONS

EXEMPTION CRITERIA

1-1. Practices and sources within practices may be exempted from the requirements
of the Standards, including those for notification, registration or licensing, if the
Regulatory Authority is satisfied that the sources meet the exemption criteria or the
exemption levels specified in this Schedule or other exemption levels specified by

the Regulatory Authority on the basis of these exemption criteria. Exemption should
not be granted to permit practices that would otherwise not be justified.

1-2. The general principles for exemptionss are that:

(a) the radiation risks to individuals caused by the exempted practice or source be
sufficiently low as to be of no regulatory concern;

(b) the collective radiological impact of the exempted practice or source be sufficiently
low as not to warrant regulatory control under the prevailing circumstances;

and

(c) the exempted practices and sources be inherently safe, with no appreciable
likelihood of scenarios that could lead to a failure to meet the criteria in (a)

and (b).

1-3. A practice or a source within a practice may be exempted without further
consideration provided that the following criteria are met in all feasible situations:
(a) the effective dose expected to be incurred by any member of the public due

to the exempted practice or source is of the order of 10 /xSv or less in a year, and
(b) either the collective effective dose committed by one year of performance of

the practice is no more than about 1 man.Sv or an assessment for the optimization
of protection shows that exemption is the optimum option.

EXEMPTED SOURCES AND EXEMPTION LEVELS

1-4. Under the criteria in paras 1-1 to 1-3, the following sources within practices

are automatically exempted without further consideration from the requirements of

the Standards, including those for notification, registration or licensing:

% See INTERNATIONAL ATOMIC ENERGY AGENCY, Principles for the
Exemption of Radiation Sources and Practices from Regulatory Control, Safety Series No. 89,
IAEA, Vienna (1988).



12

81

SCHEDULES
(a) radioactive substances for which either the total activity of a given nuclide
present on the premises at any one time or the activity concentration used in
the practice does not exceed the exemption levels given in Table I-I of
Schedule Iss; and
(b) radiation generators, of a type approved by the Regulatory Authority, and any
electronic tube, such as a cathode ray tube for the display of visual images,
provided that:
(i) they do not cause in normal operating conditions an ambient dose equivalent
rate or a directional dose equivalent rate, as appropriate, exceeding
1 /zSv-Ir1 at a distance of 0.1 m from any accessible surface of the
apparatus; or
(i) the maximum energy of the radiation produced is no greater than 5 keV.
1-5. Conditional exemptions may be granted subject to conditions specified by the
Regulatory Authority, such as conditions relating to the physical or chemical form
and to the use or disposal of the radioactive materials. In particular, such an exemption
may be granted for an apparatus containing radioactive substances not otherwise

exempted under para. 1-4 (a) provided that:

% The guidance exemption levels set forth in Table I-I of Schedule | are subject to the

following considerations: (a) They have been derived using a conservative model based on

(i) the criteria of para. (1-3) and (ii) a series of limiting (bounding) use and disposal scenarios.
The values of activity concentration and total activity represent the lowest values calculated
in any scenario for a moderate quantity of material. (See COMMISSION OF THE

EUROPEAN COMMUNITIES, Principles and Methods for Establishing Concentrations and
Quantities (Exemption Values) below Which Reporting Is Not Required in the European
Directive, Radiation Protection 65, Doc. XI-028/93, CEC, Brussels (1993). (b) The application

of exemption to natural radionuclides, where these are not excluded, is limited to the
incorporation of naturally occurring radionuclides into consumer products or their use as a
radioactive source (e.g. Ra-226, Po-210) or for their elemental properties (e.g. thorium,
uranium), (c) In the case of more than one radionuclide, the appropriate sum of the ratios

of the activity or activity concentration of each radionuclide and the corresponding exempt
activity or activity concentration shall be taken into account, (d) Unless the exposure is
excluded, exemption for bulk amounts of materials with activity concentrations lower than the
guidance exemption levels of Table |-l may nevertheless require further consideration by the

Regulatory Authority.
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IAEA SAFETY RELATED PUBLICATIONS

IAEA SAFETY STANDARDS

Under the terms of Article III of its Statute, the IAEA is authorized to establish standards
of safety for protection against ionizing radiation and to provide for the application of these
standards to peaceful nuclear activities.

The regulatory related publications by means of which the IAEA establishes safety
standards and measures are issued in the IAEA Safety Standards Series. This series covers
nuclear safety, radiation safety, transport safety and waste safety, and also general safety (that
is, of relevance in two or more of the four areas), and the categories within it are Safety
Fundamentals, Safety Requirements and Safety Guides.

Safety Fundamentals (blue lettering) present basic objectives, concepts and principles of
safety and protection in the development and application of nuclear energy for peaceful
purposes.

Safety Requirements (red lettering) establish the requirements that must be met to ensure
safety. These requirements, which are expressed as ‘shall’ statements, are governed by
the objectives and principles presented in the Safety Fundamentals.

Safety Guides (green lettering) recommend actions, conditions or procedures for meeting
safety requirements. Recommendations in Safety Guides are expressed as ‘should’ state-
ments, with the implication that it is necessary to take the measures recommended or
equivalent alternative measures to comply with the requirements.

The IAEA’s safety standards are not legally binding on Member States but may be
adopted by them, at their own discretion, for use in national regulations in respect of their own
activities. The standards are binding on the IAEA in relation to its own operations and on States
in relation to operations assisted by the IAEA.

Information on the IAEA’s safety standards programme (including editions in languages
other than English) is available at the IAEA Internet site
www-ns.iaea.org/standards/
or on request to the Safety Co-ordination Section, IAEA, P.O. Box 100, A-1400 Vienna,
Austria.

OTHER SAFETY RELATED PUBLICATIONS

Under the terms of Articles III and VIII.C of its Statute, the IAEA makes available and
fosters the exchange of information relating to peaceful nuclear activities and serves as an
intermediary among its Member States for this purpose.

Reports on safety and protection in nuclear activities are issued in other series, in
particular the IAEA Safety Reports Series, as informational publications. Safety Reports may
describe good practices and give practical examples and detailed methods that can be used to
meet safety requirements. They do not establish requirements or make recommendations.

Other IAEA series that include safety related publications are the Technical Reports
Series, the Radiological Assessment Reports Series, the INSAG Series, the TECDOC
Series, the Provisional Safety Standards Series, the Training Course Series, the IAEA
Services Series and the Computer Manual Series, and Practical Radiation Safety Manuals
and Practical Radiation Technical Manuals. The IAEA also issues reports on radiological
accidents and other special publications.
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The Agency’s Statute was approved on 23 October 1956 by the Conference on the Statute of
the IAEA held at United Nations Headquarters, New York; it entered into force on 29 July 1957.
The Headquarters of the Agency are situated in Vienna. Its principal objective is “to accelerate and
enlarge the contribution of atomic energy to peace, health and prosperity throughout the world”.
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FOREWORD

by Mohamed ElBaradei
Director General

One of the statutory functions of the IAEA is to establish or adopt
standards of safety for the protection of health, life and property in the
development and application of nuclear energy for peaceful purposes, and to
provide for the application of these standards to its own operations as well as to
assisted operations and, at the request of the parties, to operations under any
bilateral or multilateral arrangement, or, at the request of a State, to any of that
State’s activities in the field of nuclear energy.

The following bodies oversee the development of safety standards: the
Commission on Safety Standards (CSS); the Nuclear Safety Standards
Committee (NUSSC); the Radiation Safety Standards Committee (RASSC);
the Transport Safety Standards Committee (TRANSSC); and the Waste Safety
Standards Committee (WASSC). Member States are widely represented on
these committees.

In order to ensure the broadest international consensus, safety standards
are also submitted to all Member States for comment before approval
by the TAEA Board of Governors (for Safety Fundamentals and Safety
Requirements) or, on behalf of the Director General, by the Publications
Committee (for Safety Guides).

The TAEA'’s safety standards are not legally binding on Member States
but may be adopted by them, at their own discretion, for use in national
regulations in respect of their own activities. The standards are binding on the
TIAEA in relation to its own operations and on States in relation to operations
assisted by the IAEA. Any State wishing to enter into an agreement with the
IAEA for its assistance in connection with the siting, design, construction,
commissioning, operation or decommissioning of a nuclear facility or any other
activities will be required to follow those parts of the safety standards that
pertain to the activities to be covered by the agreement. However, it should be
recalled that the final decisions and legal responsibilities in any licensing
procedures rest with the States.

Although the safety standards establish an essential basis for safety, the
incorporation of more detailed requirements, in accordance with national
practice, may also be necessary. Moreover, there will generally be special
aspects that need to be assessed on a case by case basis.



The physical protection of fissile and radioactive materials and of nuclear
power plants as a whole is mentioned where appropriate but is not treated in
detail; obligations of States in this respect should be addressed on the basis of
the relevant instruments and publications developed under the auspices of the
TAEA. Non-radiological aspects of industrial safety and environmental
protection are also not explicitly considered; it is recognized that States should
fulfil their international undertakings and obligations in relation to these.

The requirements and recommendations set forth in the IAEA safety
standards might not be fully satisfied by some facilities built to earlier
standards. Decisions on the way in which the safety standards are applied to
such facilities will be taken by individual States.

The attention of States is drawn to the fact that the safety standards of the
IAEA, while not legally binding, are developed with the aim of ensuring that
the peaceful uses of nuclear energy and of radioactive materials are undertaken
in a manner that enables States to meet their obligations under generally
accepted principles of international law and rules such as those relating to
environmental protection. According to one such general principle, the
territory of a State must not be used in such a way as to cause damage in
another State. States thus have an obligation of diligence and standard of care.

Civil nuclear activities conducted within the jurisdiction of States are, as
any other activities, subject to obligations to which States may subscribe under
international conventions, in addition to generally accepted principles of
international law. States are expected to adopt within their national legal
systems such legislation (including regulations) and other standards and
measures as may be necessary to fulfil all of their international obligations
effectively.

EDITORIAL NOTE

An appendix, when included, is considered to form an integral part of the standard
and to have the same status as the main text. Annexes, footnotes and bibliographies, if
included, are used to provide additional information or practical examples that might be
helpful to the user.

The safety standards use the form ‘shall’ in making statements about requirements,
responsibilities and obligations. Use of the form ‘should’ denotes recommendations of a
desired option.

The English version of the text is the authoritative version.



PREFACE

In September 2000, the General Conference of the IAEA requested the
Secretariat to develop radiological criteria for long lived radionuclides in
commodities, particularly foodstuffs and wood (Resolution GC(44)/RES/15).
The Secretariat was requested to accomplish the task by using the IAEA’s
radiation protection advisory mechanisms and in collaboration with the
competent organs of the United Nations and the specialized agencies
concerned.

The present Safety Guide has been prepared in partial fulfilment of that
request, and the guidance it provides can be applied to all commodities other
than foodstuffs and drinking water. In order to comply with the request relating
to foodstuffs, the Codex Alimentarius Commission of the Food and
Agriculture Organization of the United Nations and the World Health
Organization has been requested to review its radiological criteria for
foodstuffs.

The general request contained in the resolution has been addressed by
reviewing and expanding on the concepts of exclusion, exemption and
clearance as discussed in the International Basic Safety Standards for
Protection against Ionizing Radiation and for the Safety of Radiation Sources
(BSS; TAEA Safety Series No. 115). The guidance provided in this Safety
Guide is fully consistent with the concepts of the BSS and, when the BSS are
revised as part of the review and revision process for safety standards, this
guidance is expected to be considered for inclusion in the revised BSS.
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1. INTRODUCTION

BACKGROUND

1.1. The International Basic Safety Standards for Protection against Ionizing
Radiation and for the Safety of Radiation Sources (the BSS) [1] specify
requirements for the protection of health against exposure to ionizing radiation
(hereinafter termed radiation) and for the safety of radiation sources. The BSS,
which are based on information on the detrimental effects attributed to
radiation exposure provided by the United Nations Scientific Committee on
the Effects of Atomic Radiation (UNSCEAR) [2] as well as on the
recommendations of the International Commission on Radiological Protection
(ICRP) [3], are intended to provide the basis for the regulation of both
‘practices’! and ‘interventions’>. The presence of national infrastructures for
radiation protection is presumed in the BSS. A Safety Requirements
publication [4] establishes the requirements for the legal and governmental
infrastructure that is necessary to implement the BSS effectively. An essential
element of this legal and governmental infrastructure is a national regulatory
body that has the authority to establish or adopt regulations (Ref. [4], para.
2.2). Furthermore, “In order to discharge its main responsibilities, the
regulatory body shall establish a process for dealing with applications, such as
applications for the issuing of an authorization, accepting a notification or the
granting of an exemption, or for removal from regulatory control” (Ref. [4],
para. 3.3). The BSS [1] establish mechanisms for exclusion, exemption and
clearance.

1.2.  Humans incur radiation doses from exposure to radionuclides, which can
either cause direct irradiation from outside the body or be taken into the body
and irradiate it from within. Some radionuclides are primordial and some are
created by the continuous interaction of cosmic rays with the atmosphere. Both

' A practice is any human activity that introduces additional sources of exposure
or exposure pathways or extends exposure to additional people or modifies the network
of exposure pathways from existing sources, so as to increase the exposure or the
likelihood of exposure of people or the number of people exposed.

2 An intervention is any action intended to reduce or avert exposure or the
likelihood of exposure to sources which are not part of a controlled practice or which
are out of control as a consequence of an accident.



types are referred to as ‘radionuclides of natural origin™. The focus in this
Safety Guide for radionuclides of natural origin is on those that are primordial.
Radionuclides are also produced by artificial means.

1.3. Radionuclides of natural origin are ubiquitous in the environment,
although their activity concentrations vary considerably. Uranium and thorium
may be extracted from ores containing relatively high concentrations and the
BSS clearly consider such extraction as falling under the requirements for
practices. However, exposure that is essentially unamenable to control through
the requirements of the BSS, such as exposure due to “unmodified
concentrations of radionuclides in most raw materials” (Ref. [1], footnote 2),
“is deemed to be excluded from the Standards” (Ref. [1], para. 1.4).

1.4. Radionuclides of artificial origin are produced and used within practices.
As such, the provisions in Schedule I of the BSS [1] for the exemption of
moderate* quantities of material and the provisions for clearance given in the
BSS may be applied.

1.5. The BSS define the terms and explain the use of the concepts of
exclusion, exemption and clearance for establishing the scope of regulatory
control. In the case of exclusion, they provide a qualitative description of the
concept, leaving much of the interpretation to national regulators. In the case
of exemption, the BSS set out the radiological basis for exemption and provide
generic exemption levels, which may be used by national regulators for
determining which sources or practices may be exempted from regulatory
control. However, it is acknowledged in the BSS that the exemption levels
apply only to ‘moderate’ amounts of material and that for larger amounts
additional consideration is necessary. In the case of clearance, the BSS define
the concept and the radiological criteria to be used as a basis for determining
clearance levels but leave the establishment of clearance levels to national
authorities.

3 The term ‘radionuclides of natural origin’ means radionuclides that occur
naturally in significant quantities on earth. The term is usually used to refer to the
primordial radionuclides potassium-40, uranium-235, uranium-238 and thorium-232
(the decay product of primordial uranium-236) and their radioactive decay products, but
could also include tritium and carbon-14, low concentrations of which are generated by
natural activation processes.

* The term moderate quantities means quantities that “are at most of the order of
a tonne” of material [5]. Anything greater than this amount is considered bulk
quantities.



OBJECTIVE

1.6. The objective of this Safety Guide is to provide guidance to national
authorities, including regulatory bodies, and operating organizations on the
application of the concepts of exclusion, exemption and clearance’ as
established in the BSS [1]. The Safety Guide includes specific values of activity
concentration for both radionuclides of natural origin and those of artificial
origin that may be used for bulk amounts of material for the purpose of
applying exclusion or exemption. It also elaborates on the possible application
of these values to clearance.

SCOPE

1.7. The values of activity concentration provided in this Safety Guide can be
used in the practical application of the concepts of exclusion, exemption and
clearance as established in the BSS. Exclusion relates to exposures that are
essentially unamenable to control and this publication provides regulatory
bodies with quantitative guidance on the application of this concept to
exposures from naturally occurring radioactive material. Exemption means
exemption from the requirements for practices as outlined in the BSS.
Clearance is similar to exemption, but relates specifically to the removal of
radioactive material within authorized practices from any further control by
the regulatory body. Bulk amounts of material may be involved in clearance
and for this reason regulatory bodies may wish to adopt more stringent values
of activity concentration than those given in Schedule I of the BSS, which apply
only for the exemption of moderate quantities of material. This Safety Guide
provides values of activity concentration that may be used by regulatory bodies
for determining when controls over bulk amounts of material are not required
or are no longer necessary.

5 “Exclusion’ means the deliberate exclusion of a particular category of exposure
from the scope of an instrument of regulatory control on the grounds that it is not
considered amenable to control through the regulatory instrument in question. Such
exposure is termed excluded exposure. ‘Exemption’ means the determination by a
regulatory body that a source or practice need not be subject to some or all aspects of
regulatory control on the basis that the exposure (including potential exposure) due to
the source or practice is too small to warrant the application of those aspects. ‘Clearance’
means the removal of radioactive materials or radioactive objects within authorized
practices from any further regulatory control by the regulatory body. Removal from
control in this context refers to control applied for radiation protection purposes.



1.8. The values of activity concentration provided in this Safety Guide do not
apply to the following:

— Foodstuffs, drinking water, animal feed and any material intended for use
in food or animal feed; specific levels for drinking water are provided in
Ref. [6] and specific levels for foodstuffs (applicable for up to one year
after an accident) are given in Ref. [7].

— Radon in air, as action levels for the concentration of radon in air are
provided in the BSS [1].

— Potassium-40 in the body, which is excluded from the BSS.

— Material in transport in accordance with the IAEA Transport
Regulations [8].

1.9. The values of activity concentration provided in this Safety Guide are not
intended to be applied to the control of radioactive discharges of liquid and
airborne effluents from authorized practices, or to radioactive residues in the
environment. Guidance on the authorization of discharges of liquid and
airborne effluents and the reuse of contaminated land is provided in Refs [9,
10].

STRUCTURE

1.10. Section 2 describes the concepts given in the BSS. Section 3 presents the
basis for deriving the values of activity concentration, and is supported by a
Safety Report [11] describing the methods used in the derivations. Section 4
gives the values of activity concentration. Section 5 provides guidance on the
application of the values of activity concentration.

2. THE CONCEPTS

GENERAL

2.1. In this section, the concepts of exclusion, exemption and clearance from
the BSS are explained and elaborated to provide a basis for establishing more
extensive quantitative guidance than is provided in the BSS.



2.2. The BSS [1] establish the requirements for protection against the risks
associated with radiation exposure. The BSS cover both practices and
interventions and present the concepts of exclusion, exemption and clearance.
These concepts and the relations between them are briefly deseribed here.

EXCLUSION

2.3. The BSS state that “Any exposure whose magnitude or likelihood is
essentially unamenable to control through the requirements of the Standards is
deemed to be excluded from the Standards” (Ref. [1], para. 1.4).

2.4. Examples of excluded exposure given in the BSS are: “exposure from “’K
in the body, from cosmic radiation at the surface of the earth and from
unmodified concentrations of radionuclides in most raw materials” (Ref. [1],
footnote 2). All of these examples are of exposure to natural sources of
radiation although there is no explicit requirement to limit the concept to such
exposure.

2.5. From paras 2.3 and 2.4 above it is apparent that the BSS guidance in
relation to the exclusion of exposures is limited to qualitative statements. The
following sections explain the basis for elaborating the guidance into a
quantitative form for materials.

EXEMPTION

2.6. The BSS use the concept of exemption only within the context of
practices and sources within practices. Exemption determines a priori which
practices and sources within practices may be freed from the requirements for
practices on the basis of their meeting certain criteria. In essence, exemption
may be considered a generic authorization granted by the regulatory body
which, once issued, releases the practice or source from the requirements that
would otherwise apply and, in particular, the requirements relating to
notification and authorization.

2.7. Consideration should be given, in the context of granting exemptions, to
the requirement of the BSS for practices and sources to be justified. “No
practice or source within a practice should be authorized unless the practice
produces sufficient benefit to the exposed individuals or to society to offset the
radiation harm that it might cause; that is: unless the practice is justified, taking



into account social, economic and other relevant factors” (Ref. [1], para. 2.20).
Practices deemed not to be justified include those involving the deliberate
addition of radioactive substances to food and beverages, for instance, or those
involving the frivolous use of radiation or radioactive substances in
commodities or products such as toys and personal jewellery or adornments
(Ref. [1], para. 2.22).

2.8. Exemption may be granted if the regulatory body is satisfied that the
justified practices or sources within practices meet the exemption principles
and criteria specified in Schedule I of the BSS, the exemption levels specified in
Schedule I of the BSS or other exemption levels as specified by the regulatory
body on the basis of the exemption criteria specified in Schedule I of the BSS.
The criteria for exemption are that “(a) the effective dose expected to be
incurred by any member of the public due to the exempted practice or source is
of the order of 10 uSv or less in a year, and (b) either the collective effective
dose committed by one year of performance of the practice is no more than
about 1 man Sv or an assessment for the optimization of protection shows that
exemption is the optimum option” (Ref. [1], para. I-3).

2.9. The activity concentrations and total quantities of radionuclides specified
in Schedule I of the BSS were derived by establishing a set of representative
exposure scenarios and determining the activity concentrations and total
activities that would give rise to doses to appropriate critical groups that
correspond to the dose criteria for the exemption of practices set out in
Schedule I of the BSS, modified to take account of low probability exposure
events, as described in Ref. [5] and in para. 3.4 of this publication. These
derived radionuclide specific values were based on calculations in which only
moderate quantities of material were assumed to be present. A footnote to
Schedule I of the BSS indicates that “exemption for bulk amounts of materials
with activity concentrations lower than the guidance exemption levels of
Table I-I may nevertheless require further consideration by the [regulatory
body]” (Ref. [1], footnote 36).

2.10. Thus the quantitative guidance given in the BSS for exemption levels is
limited to “moderate quantities” of material; that is, amounts “at most of the
order of a tonne” [5]. There are situations for which the exemption of
considerably greater amounts than one tonne of material may be appropriate,
and the quantitative guidance provided in the BSS may not be suitable for
these situations. The approach adopted for providing this additional guidance is
described in the following sections.



2.11. The concept of exemption may be applied to radionuclides of both
natural and artificial origin.

CLEARANCE

2.12. While exemption is used as part of a process to determine the nature and
extent of application of the system of regulatory control, clearance is intended
to establish which material under regulatory control can be removed from this
control. As with exemption, a clearance may be granted by the regulatory body
for the release of material from a practice.

2.13. Clearance is defined as the removal of radioactive materials or
radioactive objects within authorized practices from any further regulatory
control by the regulatory body. Furthermore, the BSS state that clearance
levels “shall take account of the exemption criteria specified in Schedule I and
shall not be higher than the exemption levels specified in Schedule I or defined
by the regulatory body” (Ref. [1], para. 2.19). A footnote indicates that
“Clearance of bulk amounts of materials with activity concentrations lower
than the guidance exemption levels specified in Table I-I of Schedule I may
require further consideration by the regulatory body” (Ref. [1], footnote 8).

2.14. In summary, the BSS provide radiological criteria to serve as a basis for
the derivation of clearance levels but provide no definitive quantitative
guidance on clearance levels. The activity concentration values developed in
the following section for use in making decisions on the exemption of bulk
materials may find use by regulatory bodies as a basis for the clearance of such
materials.

3. BASIS FOR THE DERIVATION OF ACTIVITY
CONCENTRATION VALUES

GENERAL

3.1. Two different approaches were employed to establish the values of
activity concentration provided in this publication for use in making decisions
on exclusion, exemption or clearance. The first approach applies the concept



of exclusion to derive values of activity concentration suitable for radionuclides
of natural origin. The second makes use of the concept of exemption in order to
derive values of activity concentration for radionuclides of artificial origin®.
This strategy is a simplification of, but is consistent with, the approach
described in the BSS, and it facilitates the development of a single set of values
of activity concentration covering all radionuclides. A full discussion of the
methods used is given in the supporting Safety Report [11].

EXCLUSION

3.2. Exclusion, as described in the BSS, relates to the amenability of exposure
to regulatory control rather than to the actual magnitudes of exposures.
Amenability to control is a relative concept; it is a matter of practicability and
implies recognition of the cost of exercising regulatory control and the net
benefit to be gained by so doing. The examples of excluded types of exposure
given in the BSS include exposure from “unmodified concentrations of
radionuclides in most raw materials” (Ref. [1], footnote 2). The reference to
unmodified concentrations points to the fact that the processing of some raw
materials, which may have typical concentrations of radionuclides of natural
origin, may generate products or wastes that have higher concentrations of
radionuclides or give rise to exposures that should not be excluded from
regulatory control. The reference to exposure from most raw materials suggests
that exposure from some raw materials should not be subject to exclusion. Thus,
whichever the cause of the exposure — whether it results from the modification
of the chemical or physical form of the material, thus enhancing its radionuclide
content in processing, or simply because the material inherently has a relatively
high radionuclide content — the regulatory body should recognize that there
are some exposure situations that warrant consideration and control (e.g.
exposure situations in industries in which material containing radionuclides of
natural origin is handled or used and where exposure is attributable to its
processing). Guidance on occupational exposure that might result from the
handling or use of such material is provided in a Safety Guide [12].

® It should be noted that the relationships used in this section between exclusion
and radionuclides of natural origin, and between exemption and radionuclides of
artificial origin, are made for the purpose of deriving radionuclide concentration levels.
For instance, exposures from some radionuclides of artificial origin, such as fallout from
the testing of nuclear weapons, may be excluded by the regulatory body. Similarly, some
material contaminated by radionuclides of natural origin, if used within a practice, may
be a candidate for exemption or clearance, as appropriate.



3.3. The values of activity concentration for radionuclides of natural origin set
out in Table I have been selected on the basis of consideration of the upper end
of the worldwide distribution of activity concentrations in soil provided by
UNSCEAR [2]. Doses to individuals as a consequence of these activity
concentrations would be unlikely to exceed about 1 mSv in a year, excluding
the contribution from the emanation of radon, which is dealt with separately in
the BSS.

EXEMPTION AND CLEARANCE

3.4. The primary radiological basis for establishing values of activity
concentration for the exemption of bulk amounts of material and for clearance
is that the effective doses to individuals should be of the order of 10 uSv or less
in a year. To take account of the occurrence of low probability events leading to
higher radiation exposures, an additional criterion was used, namely, the
effective doses due to such low probability events should not exceed 1 mSvin a
year. In this case, consideration was also given to doses to the skin; an
equivalent dose criterion of 50 mSv in a year to the skin was used for this
purpose. This approach is consistent with that used in establishing the values
for exemption provided in Schedule I of the BSS (see Ref. [1]).

3.5. The second radiological criterion for exemption set out in Schedule I of
the BSS concerns the collective effective doses associated with a practice (see
para. 2.8 of this Safety Guide). The collective effective doses likely to be
associated with the exemption and clearance of materials have been evaluated
in a number of studies [5, 13]. It has generally been concluded that the
individual dose criterion will almost always be limiting and that the collective
effective dose commitments from one year of the practice will usually be well
below 1 man Sv.

3.6. Many studies undertaken at the national and international levels have
derived radionuclide specific levels for the exemption and clearance of solid
material [13-19]. The values of activity concentration presented in this Safety
Guide draw on the extensive experience gained in undertaking these studies
and on independent calculations performed under the auspices of the
IAEA [11]. The calculations are based on the evaluation of a selected set of
typical exposure scenarios for all material, encompassing external irradiation,
dust inhalation and ingestion (direct and indirect). The values selected were the
lowest values obtained from the scenarios. Foodstuff and drinking water
pathways of intake were taken into account to consider the radiological



consequences as appropriate, but values for exempting these items have not
been developed in this Safety Guide.

3.7. For a number of short lived radionuclides, the calculations [11] lead to
levels that are higher than the exemption levels given in the BSS. This is due to
the fact that the scenarios used to develop the values relate to the transport,
trade, use or deposition of materials outside the facilities in which they arise
(e.g. reactors, accelerators and laboratories), and account was taken of the
lapse of time there would be before the beginning of the exposure. In the
models on which the exemption levels are based, the direct handling of the
material within these facilities is considered, and consequently they do not
allow for any radioactive decay of the radionuclides before the exposure
begins. For these radionuclides, the values chosen were the exemption levels of
Schedule I of the BSS [1].

4. VALUES OF ACTIVITY CONCENTRATION

GENERAL

4.1. This section provides the values of activity concentration that may be
used, with account taken of a graded approach (see paras 5.11-5.13), for
exclusion, exemption and clearance pertaining to exposures from radionuclides
of natural origin and bulk amounts of material containing radionuclides of
artificial origin. The details of the calculations that yielded these values are
provided in a Safety Report [11].

RADIONUCLIDES OF NATURAL ORIGIN

4.2. The values of activity concentration for radionuclides of natural origin,
derived using the exclusion concept (paras 3.2-3.3), are given in Table 1.

4.3. The values have been determined on the basis of consideration of the
worldwide distribution of activity concentrations for these radionuclides.
Consequently, they are valid for the natural decay chains in secular
equilibrium; that is, those decay chains headed by >*®U, U or *?Th, with the
value given to be applied to the parent of the decay chain. The values can also

10



TABLE 1. VALUES OF ACTIVITY CONCENTRATION FOR
RADIONUCLIDES OF NATURAL ORIGIN (see para. 4.2)

Radionuclide Activity concentration (Bq/g)
YK 10
All other radionuclides of natural origin 1

be used individually for each decay product in the chains or for the head of
subsets of the chains, such as the subset with *Ra as its parent.

RADIONUCLIDES OF ARTIFICIAL ORIGIN

4.4. The values of activity concentration for bulk amounts of material
containing radionuclides of artificial origin, derived using the exemption
concept (paras 3.4-3.7), are given in Table 2.

4.5. For noble gases, the exemption levels provided in Schedule I of the BSS
[1] should be used. Further discussion is provided in Ref. [11].

MIXTURES OF RADIONUCLIDES

4.6. For mixtures of radionuclides of natural origin, the concentration of each
radionuclide should be less than the relevant value of the activity concentration

given in Table I.

4.7. For material containing a mixture of radionuclides of artificial origin, the
following formula should be used:

n
C
P rrre——————
“/ (activity concentration) ,

where C, is the concentration (Bq/g) of the i radionuclide of artificial origin in
the material, (activity concentration), is the value of activity concentration for
the radionuclide i in the material and # is the number of radionuclides present.

4.8. For a mixture of radionuclides of both natural and artificial origin, both
conditions presented in paras 4.6 and 4.7 should be satisfied.

11



TABLE 2. VALUES OF ACTIVITY CONCENTRATION FOR
RADIONUCLIDES OF ARTIFICIAL ORIGIN IN BULK (see para. 4.4)

Activity Activity Activity
Radio- concen- Radio- concen- Radio- concen-
nuclide tration nuclide tration nuclide tration

(Ba/g) (Bg/g) (Ba/g)

H-3 100 Mn-56 10 * Se-75 1
Be-7 10 Fe-52 10 * Br-82 1
C-14 1 Fe-55 1000 Rb-86 100
F-18 10 * Fe-59 1 Sr-85 1
Na-22 0.1 Co-55 10 * Sr-85m 100 *
Na-24 1 * Co-56 0.1 Sr-87m 100 *
Si-31 1000 * Co-57 1 Sr-89 1000
P-32 1000 Co-58 1 Sr-90 1
P-33 1000 Co-58m 10000  * Sr-91 10 *
S-35 100 Co-60 0.1 Sr-92 10 *
Cl-36 1 Co-60m 1000 * Y-90 1000
Cl-38 10 * Co-61 100 * Y-91 100
K-42 100 Co-62m 10 * Y-91m 100 *
K-43 10 * Ni-59 100 Y-92 100 *
Ca-45 100 Ni-63 100 Y-93 100 *
Ca-47 10 Ni-65 10 * Zr-93 10 *
Sc-46 0.1 Cu-64 100 * Z1-95 1
Sc-47 100 Zn-65 0.1 Zr-97 10 *
Sc-48 1 Zn-69 1000 * Nb-93m 10
V-48 1 Zn-69m 10 * Nb-94 0.1
Cr-51 100 Ga-72 10 * Nb-95 1
Mn-51 10 * Ge-71 10000 Nb-97 10 *
Mn-52 1 As-73 1000 Nb-98 10 *
Mn-52m 10 * As-74 10 * Mo-90 10 *
Mn-53 100 As-76 10 * Mo-93 10
Mn-54 0.1 As-77 1000 Mo-99 10
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TABLE 2. VALUES OF ACTIVITY CONCENTRATION FOR
RADIONUCLIDES OF ARTIFICIAL ORIGIN IN BULK (see para. 4.4)
(cont.)

Activity Activity Activity
Radio- concen- Radio- concen- Radio- concen-
nuclide tration nuclide tration nuclide tration

(Ba’g) (Ba’g) (Ba/g)

Mo-101 10 * Sn-125 10 Cs-129 10
Tc-96 1 Sb-122 10 Cs-131 1000
Tc-96m 1000 * Sb-124 1 Cs-132 10
Tc-97 10 Sb-125 0.1 Cs-134 0.1
Tc-97m 100 Te-123m 1 Cs-134m 1000 *
Tc-99 1 Te-125m 1000 Cs-135 100
Tc-99m 100 * Te-127 1000 Cs-136 1
Ru-97 10 Te-127m 10 Cs-137 0.1
Ru-103 1 Te-129 100 * Cs-138 10 *
Ru-105 10 * Te-129m 10 Ba-131 10
Ru-106 0.1 Te-131 100 * Ba-140 1
Rh-103m 10000  * Te-131m 10 La-140 1
Rh-105 100 Te-132 1 Ce-139 1
Pd-103 1000 Te-133 10 * Ce-141 100
Pd-109 100 Te-133m 10 * Ce-143 10
Ag-105 1 Te-134 10 * Ce-144 10
Ag-110m 0.1 1-123 100 Pr-142 100 *
Ag-111 100 I-125 100 Pr-143 1000
Cd-109 1 I-126 10 Nd-147 100
Cd-115 10 1-129 0.01 Nd-149 100 *
Cd-115m 100 1-130 10 * Pm-147 1000
In-111 10 I-131 10 Pm-149 1000
In-113m 100 * 1-132 10 * Sm-151 1000
In-114m 10 1-133 10 * Sm-153 100
In-115m 100 * 1-134 10 * Eu-152 0.1
Sn-113 1 I-135 10 * Eu-152m 100 *



TABLE 2. VALUES OF ACTIVITY CONCENTRATION FOR
RADIONUCLIDES OF ARTIFICIAL ORIGIN IN BULK (see para. 4.4)
(cont.)

Activity Activity Activity
Radio- concen- Radio- concen- Radio- concen-
nuclide tration nuclide tration nuclide tration

(Ba/g) (Ba/g) (Ba/g)

Eu-154 0.1 Ir-192 1 Pa-230 10
Eu-155 1 Ir-194 100 * Pa-233 10
Gd-153 10 Pt-191 10 U-230 10
Gd-159 100 * Pt-193m 1000 U-231 100
Tb-160 1 Pt-197 1000 * U-232 0.1
Dy-165 1000 * Pt-197m 100 * U-233 1
Dy-166 100 Au-198 10 U-236 10
Ho-166 100 Au-199 100 U-237 100
Er-169 1000 Hg-197 100 U-239 100 *
Er-171 100 * Hg-197m 100 U-240 100 *
Tm-170 100 Hg-203 10 Np-237 1
Tm-171 1000 T1-200 10 Np-239 100
Yb-175 100 T1-201 100 Np-240 10 *
Lu-177 100 T1-202 10 Pu-234 100 *
Hf-181 1 T1-204 1 Pu-235 100 *
Ta-182 0.1 Pb-203 10 Pu-236 1
W-181 10 Bi-206 1 Pu-237 100
W-185 1000 Bi-207 0.1 Pu-238 0.1
W-187 10 Po-203 10 * Pu-239 0.1
Re-186 1000 Po-205 10 * Pu-240 0.1
Re-188 100 * Po-207 10 * Pu-241 10
Os-185 1 At-211 1000 Pu-242 0.1
Os-191 100 Ra-225 10 Pu-243 1000 *
Os-191m 1000 * Ra-227 100 Pu-244 0.1
Os-193 100 Th-226 1000 Am-241 0.1
Ir-190 1 Th-229 0.1 Am-242 1000 *



TABLE 2. VALUES OF ACTIVITY CONCENTRATION FOR
RADIONUCLIDES OF ARTIFICIAL ORIGIN IN BULK (see para. 4.4)
(cont.)

Activity Activity Activity
Radio- concen- Radio- concen- Radio- concen-
nuclide tration nuclide tration nuclide tration

(Ba/g) (Ba/g) (Ba/g)

Am-242m 0.1 Cm-248 0.1 Cf-253 100
Am-243 0.1 Bk-249 100 Cf-254 1
Cm-242 10 Cf-246 1000 Es-253 100
Cm-243 1 Cf-248 1 Es-254 0.1
Cm-244 1 Cf-249 0.1 Es-254m 10
Cm-245 0.1 Cf-250 1 Fm-254 10000  *
Cm-246 0.1 Cf-251 0.1 Fm-255 100 *
Cm-247 0.1 Cf-252 1

* Half-life of less than 1 day.
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5. APPLICATION OF THE VALUES

RADIONUCLIDES OF NATURAL ORIGIN

S5.1. It is usually unnecessary to regulate radioactive material in activity
concentrations below the values given in Table 1. However, there are some situations
(such as the use of some building materials containing natural radionuclides) for
which exposures from materials due to radionuclides with activity concentrations
below those given in Table 1 would necessitate consideration by the regulatory body
for some types of regulatory control. Regulatory bodies should retain the authority
to investigate such situations and to take whatever action is considered necessary.

5.2. If the activity concentration of the radionuclide exceeds the value of activity
concentration given in Table 1, the regulatory body should decide on the extent to
which the regulatory requirements set out in the BSS [1] should be applied. A graded
approach as described in paras 5.11-5.13 may be applied.

5.3. In addition, the values of activity concentration in Table 1 may be used to
determine whether material within a practice can be released from regulatory
control.

5.4. The way in which these values should be incorporated into national regulatory
requirements will depend on the particular regulatory approach adopted. One
approach may be to use these levels in the definition of the scope of the regulations.
Another approach may be to use the levels to define radioactive material for the
purposes of the regulations.

RADIONUCLIDES OF ARTIFICIAL ORIGIN

5.5. In this Safety Guide, the concepts of exemption and clearance have been
applied to bulk amounts of material containing radionuclides of artificial
origin. These concepts relate specifically to practices that are considered by the
regulatory body to be justified’. If the activity concentrations of radionuclides

7 1t should be noted that the justification principle applies to a practice as a whole
and not separately to its component parts, such as the disposal of waste. This means that
material that is contaminated as a consequence of a practice is disposed of as a matter of
optimization of protection, rather than justification. One of the purposes for which the
activity concentration values have been established is to permit material in bulk quantities
to be ‘exempted’ or ‘cleared’ from a justified practice without further consideration.
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in materials are below the values of activity concentration given in Table 2, the
handling and use of the material may be considered exempt from the
regulatory requirements for practices.

5.6. The BSS, in Schedule I (Ref. [1], para. 1-6), indicate that radioactive material
from an authorized practice or source whose release to the environment has been
authorized is exempted from any new requirements of notification, registration or
licensing unless otherwise specified by the regulatory body. Since exemption and
clearance are in essence generic authorizations, this provision of the BSS means that
‘exempted’ or ‘cleared’ material should be allowed to be used without any further
restriction; this means that material that has been exempted or cleared should not re-
enter the system of protection for practices, unless the regulatory body specifically
requires that it do so.

5.7.  The way in which these levels should be incorporated into national regulatory
requirements will depend on the particular regulatory approach adopted. Either of
the approaches proposed in para. 5.4 for radionuclides of natural origin may be used.
The approach does not necessarily have to be the same for radionuclides of natural
origin and those of artificial origin. It is noted that many regulatory bodies have
adopted the exemption levels of activity concentration given in Schedule I of the BSS
[1] in their national requirements. Where that is the case, one possibility would be to
express the values in a specific regulatory instrument in which the requirements
relating to the exemption and clearance of materials in bulk amounts are given.

TRADE

5.8.  If the values of activity concentration provided in this Safety Guide are used as
indicated above, there should be no need for any further action (e.g. to reduce
exposures) for materials containing radionuclides at activity concentrations below
these values. In particular, national and international trade in commodities
containing radionuclides with activity concentrations below the values of activity
concentration provided in Tables 1 and 2 should not be subject to regulatory control
for the purposes of radiation protection.

5.9. Confirmation that the activity concentration values given in Tables 1 and 2 are
not exceeded should be obtained at the first point of entry into trade®. This does not

8 Trade necessarily involves the transport of material. However, requirements on
activity concentrations as limits for material in transport are established in the IAEA
Transport Regulations [8] and not in this Safety Guide.
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imply the need for systematic monitoring of materials, but authorities in exporting
States should ensure that systems are in place to prevent unrestricted trade in
material with higher activity concentrations. In general, it should not be necessary for
each importing State to set up its own routine measurement programme solely for
the purpose of monitoring commodities, particularly if there is confidence in the
controls exercised by the exporting State.

5.10. In cases where there are reasonable grounds for believing that the values
of activity concentration might be exceeded, the regulatory bodies concerned
should co-ordinate their activities and share their concerns about matters
relating to radiation protection to facilitate the movement of materials. In
general, to avoid unnecessary hindrances to trade at boundary transfer points,
States should co-ordinate their regulatory strategies and their implementation,
including monitoring programmes for commodities, with neighbouring States.
Arrangements should be made to determine the actual activity concentrations
in materials either by obtaining the information from their supplier or by
measurement organized by the regulatory body. Any measurements should be
made by appropriate techniques and with equipment capable of measuring
activity concentrations at the values specified.

GRADED APPROACH

5.11. A graded approach consistent with the optimization principle can be
taken when activity concentrations exceed the values given in Tables 1 and 2 of
this Safety Guide. Such an approach “...shall be commensurate with the
characteristics of the practice or source and with the magnitude and likelihood
of the exposures and shall also conform to any requirements specified by the
[regulatory body] or, whenever applicable, by the relevant Sponsoring Organi-
zations [of the BSS]” (Ref. [1], para. 2.8).

5.12. For activity concentrations that exceed the relevant values in Table 1 or
Table 2 by several times (e.g. up to ten times), the regulatory body may decide
(where the national regulatory framework so allows) that the optimum
regulatory option is not to apply regulatory requirements to the legal person
responsible for the material. The mechanism for giving effect to such a decision
will depend on the nature of the national regulatory infrastructure. In many
cases, a decision will be made by the regulatory body on a case by case basis,
following notification, and will take the form of exemption. In some cases, the
regulatory body may specify that exposure arising from certain human
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activities involving activity concentrations of this magnitude need not be
regulated.

5.13. Where the regulatory body has determined that regulatory controls do
apply, the stringency of the regulatory measures should be commensurate with
the level of risk associated with the material. When the human activities
involving the material are considered to constitute a practice, the regulatory
measures that are applied should be consistent with the requirements for
practices established in the BSS (Ref. [1], Section 2). The minimum
requirement is that such practices be notified to the regulatory body. For some
practices involving low or moderate risks, registration as defined in the BSS
may be sufficient. Other practices may need to be licensed, with the stringency
of the licence conditions reflecting the level of risk.

VERIFICATION OF THE VALUES

5.14. It should be recognized that the values of activity concentration given in
Table 2 were derived for large quantities of homogeneous material and
averaging should be done with this taken into account. Averaging procedures
should be an integral part of the verification scheme and they need to be
selected according to the type of material. Consideration should also be given
to areas of concentrated activity on or near the surfaces of materials. The
TAEA is preparing guidance on these aspects.

5.15. Verification of the values should be based on a procedure that may
include direct measurements on the material, laboratory measurements on
representative samples, the use of properly derived radionuclide relationships,
adequate traceability of material, including its origin, or other means that are
acceptable to the regulatory body, by prior approval or on application.

5.16. Depending on the radionuclides present, it may be necessary to
supplement direct measurements made on the material with a laboratory
analysis of suitably selected samples.

5.17. In deciding on a measurement strategy, the following steps should be
considered:

— to group the material under consideration so that it is as homogeneous as

possible in relation to both material and origin (and thus radionuclide
spectrum and activity level);
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— to assess the radionuclide spectrum for the material under consideration
by the analysis of samples, account being taken of all pertinent
information about the operational history of the material.

5.18. On the basis of this information, the measurement method can be
selected and suitable instruments can be chosen and appropriately calibrated.
DILUTION

5.19. Deliberate dilution of material, as opposed to the dilution that takes
place in normal operations when radioactivity is not a consideration, to meet

the values of activity concentration given in Section 4 should not be permitted
without the prior approval of the regulatory body.
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Nr | ID Material Form Description Ra226 | Th232 | K40
Ba/kg | Ba/kg | Bqg/kg |
1 Ceramics Tile Ceramics from ltaly | 243 76 1131
Block Pumice with cement
2 Pumice | Block Portland 250 | 60 66 801
Block Pumice with cement
3 Pumice | Block Portland 300 | 43 48 870
4 Ceramics Tile Ceramics from Israel | 46 48 776
5 Concrete | Block Block from coal ash | 147 9 107
6 Concrete | Block Block from alum ash | 105 14 102
7 Concrete | Bulk Concrete w coal ash | 25 12 64
8 Concrete | Block Block concrete - ordinary | 25 8 74
9 Concrete | Bulk Concrete - ordinary | 18 5 51
10 Concrete | Block Block with holes | 10 6 97
11 Phosphogypsum | Raw Phosphogypsum | 747 21 5
12 Pumice | Raw Pumice from Italy | 146 241 104
13 Coal ash | Raw Coal Ash | 202 90 29
14 Alum ash | Raw Alum ash | 247 25 14
15 Clay | Raw Aggregate | 66 83 88
16 Pumice | Raw Aggregate | 53 94 89
17 Fly ash | Raw Aggregate | 61 79 78
18 Cement | Raw Cement Portland 250 | 66 56 11
19 Tuf | Raw Aggregate | 33 59 41
20 Sand | Raw Sand Quartz Ashdod | 84 8 4
21 Cement | Raw Portland 300 | 48 28 11
22 Bazalt | Raw Aggregate | 12 20 24
23 Dolomite | Raw Aggregate | 28 4 3
24 Chalk | Raw Chalk Stone Shfaram | 18 11 6
Tzur Stone from Nahal Beer
25 Tzur | Raw Sheva | 15 4 4
26 Gypsum | Raw 11 8 4
27 Sand Quarry | Raw Sand from Quarry | 12 6 4
28 Concrete | Bulk with/without fly ash | 30 16 75
29 Concrete | Bulk | with/without fly ash 24 14 51
30 Concrete | Bulk | with/without fly ash 26 13 58
31 Concrete | Bulk | with/without fly ash 26 11 53
32 Concrete | Bulk | with/without fly ash 17 5 48
33 Concrete | Bulk | with/without fly ash 17 4 48
34 Concrete | Bulk | with/without fly ash 24 15 52
35 Concrete | Bulk | with/without fly ash 27 16 60
36 Concrete | Bulk | with/without fly ash 29 17 63
37 Concrete | Bulk | with/without fly ash 25 13 58
38 Concrete | Bulk | with/without fly ash 25 9 103
39 Concrete | Bulk | with/without fly ash 16 6 31
40 Concrete | Bulk | with/without fly ash 18 7 51
41 Concrete | Bulk | with/without fly ash 19 3 50
42 Concrete | Bulk | with/without fly ash 20 7 51
43 Concrete | Bulk | with/without fly ash 22 15 41
44 Concrete | Bulk | with/without fly ash 17 6 53
45 Cement | Raw 20 7 94
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38 8-88 50 26 51 48 K-40
anin 19K
145 81-219 111 118 129 159 125 119 Ra-226
144 63-226 87 97 114 159 129 102 Th-232
301 132-482 507 482 362 210 231 412 K-40
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123 80-176 106 86 160 124 103 123 Ra-226
122 57-190 92 71 163 124 93 120 Th-232
239 79-557 326 303 178 287 359 347 K-40
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