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PREFACE

The NORM Working Group, a work ing group of the
Fed eral Pro vin cial Ter ri to rial Ra di a tion Pro tec tion
Com mit tee, rep re sents the in ter ests of pro vin cial and
ter ri to rial reg u la tors and in cludes af fected in dus tries in
the pe tro leum pro duc tion, fer til izer man u fac tur ing and
metal re cy cling in dus try sec tors. With the sup port and
en cour age ment of Health Can ada and the Ca na dian
 Nuclear Safety Com mis sion, these Guide lines are the
re sult of their ef forts.

Com ments or sug ges tions con cern ing the Guide lines
should be sent to:

Sec re tar iat, Fed eral Pro vin cial Ter ri to rial 
Ra di a tion Pro tec tion Com mit tee
Ra di a tion Pro tec tion Bu reau
Health Can ada, AL 6302D
775 Brookfield Road
Ot tawa, On tario,  K1A 1C1

Mem bers of the NORM Working Group were:

Mr. Den nis Novitsky, Con sul tant
d. r. Novitsky En ter prises
Cal gary, Al berta

Mr. Keith Davies, Ra di a tion Phys i cist
Fred er ic ton, New Bruns wick

Mr. Randy Harper, Harper Metals
Ca na dian As so ci a tion of Re cy cling In dus tries
Red Deer, Al berta

Mr. Gary Hughes, Ra di a tion Health and Safety
 Contracts Ad min is tra tor
Work place Health and Safety
Al berta Hu man Re sources and Em ploy ment
Ed mon ton, Al berta

Mr. Rich ard McGregor, Head 
Nat u ral Ra dio ac tiv ity Sec tion
Ra di a tion Pro tec tion Bu reau, Health Can ada
Ot tawa, On tario

Mr. Ar thur Scott, Ra di a tion Pro tec tion Of fi cer
Ra di a tion Pro tec tion Ser vice
Ontario Min is try of La bour
Weston, On tario

Mr. Roger Stacy, In dus trial Hy gien ist
En vi ron ment, Health and Safety, Agrium
Redwater, Al berta

Mr. Wayne Tiefenbach, Man ager – Ra di a tion Safety
Sas katch e wan La bour
Re gina, Sas katch e wan

Mr. Pat Wall, Se nior Ra di a tion Health Of fi cer
Nova Sco tia De part ment of the En vi ron ment
Hal i fax, Nova Sco tia

Mr. Gary Web ster, Man ager – En vi ron men tal and
Health
Ca na dian As so ci a tion of Pe tro leum Pro ducers
Cal gary, Al berta
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ABBREVIATIONS USED IN THE GUIDELINES

ALARA An ac ro nym for “As Low As
Rea son ably Achiev able”, so cial and
eco nomic fac tors be ing taken into
ac count. ALARA is a guid ing prin ci ple 
in ra di a tion pro tec tion, and en cour ages 
man ag ers to re duce dose lev els as
much as pos si ble, even if they are
al ready meet ing al low able lev els.

ALI Annual Limit on Intake

BEIR (the United States National Academy
of Science Committee on the)
Biological Effects of Ionizing
Radiation

CNSC Canadian Nuclear Safety Commission
is the federal agency that licenses and
regulates nuclear facilities and
materials. The CNSC is the successor
to the Atomic Energy Control Board
(AECB).

DC Dose Coefficient

DWL Derived Working Limit

IAEA International Atomic Energy Agency

ICRP International Commission on
Radiological Protection.

NCRP National Council on Radiation
Protection and Measurements

NDR National Dosimetry Registry

NORM Naturally Occurring Radioactive
Material

SCO Surface Contaminated Object

TDG Transportation of Dangerous Goods. A 
Division of the federal Department of
Transport

TENORM Technologically Enhanced Naturally
Occurring Radioactive Material

UNSCEAR United Nations Scientific Committee
on the Effects of Atomic Radiation
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INTRODUCTION

The Ca na dian Nu clear Safety Com mis sion (CNSC),
for merly the Atomic En ergy Con trol Board (AECB),
has leg is la tive con trol of nu clear fuel cy cle ma te ri als
and man-made radionuclides. How ever, nat u rally
 occurring ra dio ac tive ma te rial (NORM) is ex empt from 
CNSC ju ris dic tion ex cept for the im port, ex port and
trans port of the ma te rial. There fore, ju ris dic tion over
use and ra di a tion ex po sure to NORM rests with each
Ca na dian prov ince and ter ri tory.

It has been the prac tice for com pa nies that en coun ter
chal lenges as so ci ated with nat u rally oc cur ring ra dio-
ac tive ma te rial (NORM) to seek ad vice on safety pro -
ce dures from pro vin cial and ter ri to rial reg u la tory agen -
cies. Such ad vice has been given on an ad hoc ba sis,
lead ing to in con sis ten cies in the in ter pre ta tion and ap -
pli ca tion of ra di a tion safety stan dards across Can ada.

The Fed eral Pro vin cial Ter ri to rial Ra di a tion Pro tec tion
Com mit tee (FPTRPC), a Ca na dian in ter gov ern men tal
com mit tee es tab lished to sup port fed eral, pro vin cial
and ter ri to rial ra di a tion pro tec tion agen cies in car ry ing
out their re spec tive man dates, rec og nizes that the
 potential ra di a tion haz ards from NORM are the same
as those from ra dio ac tive ma te ri als con trolled by the
CNSC. The ba sic prin ci ple of these Guide lines is that
where work ers or the pub lic are ex posed to ad di tional
sources or modes of ra di a tion ex po sure be cause of ac -
tiv i ties in volv ing NORM, the same ra di a tion pro tec tion 
stan dards should be ap plied as for CNSC reg u lated ac -
tiv i ties. This ap plies to sit u a tions where NORM is in its 
nat u ral state and to cases in which the con cen tra tion of
NORM ma te rial has been in creased by pro cess ing. 

How ever, in prac tice there may also be sit u a tions
where ex ist ing nat u ral back ground ra di a tion is sig nif i -
cant quite apart from any ac tiv i ties in volv ing the use of 
NORM. The is sue of whether hu man in ter ven tion is
 required to re duce such nat u ral ra di a tion lev els is quite
sep a rate from the is sues dis cussed in these Guide lines
and the reader is re ferred to ICRP 65 for a dis cus sion
of when such in ter ven tion might be war ranted.

To that end, the Ca na dian NORM Working Group has,
on be half of the Fed eral Pro vin cial Ter ri to rial Ra di a -
tion Pro tec tion Com mit tee, pro duced the Ca na dian
Guide lines for the Man age ment of Nat u rally Oc curring 
Ra dio ac tive Ma te rials (NORM). The Guide lines are an
ex ten sion of the work done by the West ern Ca na dian
Com mit tee on Nat u rally Oc curring Ra dio ac tive
 Materials (NORM) pub lished in Au gust 1995 as the
Guide lines for the Han dling of Nat u rally Oc curring
Ra dio ac tive Ma te rials (NORM) in West ern Can ada.(1)

The dif fer ences be tween the Ca na dian Guide lines and
the West ern Ca na dian Guide lines re flect changes in
 national and in ter na tional ra di a tion pro tec tion prac tices 
and con sen sus stan dards for NORM clas si fi ca tion and
man age ment since 1995. 

The Ca na dian Guide lines set out prin ci ples and pro ce -
dures for the de tec tion, clas si fi ca tion, han dling and
 material man age ment of NORM in Can ada, and also
in clude guid ance for com pli ance with fed eral trans por -
ta tion reg u la tions. These Guide lines pro vide the frame -
work for the de vel op ment of more de tailed NORM
man age ment prac tices and guide lines by reg u la tory
 authorities, af fected in dus tries and spe cific workplaces. 
A sep a rate sec tion out lines the ba sic sci ence of ra dio-
ac tiv ity and ex plains the tech ni cal terms and con cepts
that are used through out the Guide lines. There is also a
glos sary at the end of the doc u ment for quick ref er ence
and def i ni tions.
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1 NORM AS A RADIATION CONCERN 

1.1 Definition

NORM is an ac ro nym for nat u rally oc cur ring ra dio-
ac tive ma te ri als, which in clude ra dio ac tive el e ments
found in the en vi ron ment. Long-lived ra dio ac tive el e -
ments of in ter est in clude ura nium, tho rium and po tas -
sium, and any of their ra dio ac tive de cay prod ucts, such
as ra dium and ra don. These el e ments have al ways been 
pres ent in the earth’s crust and within the tis sues of all
liv ing be ings.

Al though the con cen tra tion of NORM in most nat u ral
sub stances is low, higher con cen tra tions may arise as
the re sult of hu man ac tiv i ties. For ex am ple, cal cium
scale pre cip i tated from oil  re cov ery brine may con tain
ra dium at much greater con cen tra tions than the wa ter
source it self. The pro cess ing of raw ma te ri als by many
re source-based in dus tries may in crease the con cen tra -
tion of ra dio ac tive sub stances in those ma te ri als, to
 levels at which spe cial pre cau tions are needed for
 handling, stor ing, trans port ing, and dis posal of ma te -
rial, by-products, end-products or pro cess equip ment. 

1.2 Purpose of 
The Canadian NORM Guidelines

As NORM is not part of the nu clear fuel cy cle, it does
not come un der the con trol of the Ca na dian Nu clear
Safety Com mis sion (CNSC), which li censes and con -
trols ra dio ac tive ma te ri als as so ci ated with the nu clear
fuel cy cle and ar ti fi cially pro duced radionuclides.
NORM-related ac tiv i ties there fore fall un der the ju ris -
dic tion of the prov inces and  territories. This has lead
to in con sis tent ap pli ca tion of ra di a tion pro tec tion stan -
dards with nu mer ous agen cies in volved as ma te ri als
cross jurisdictional bound aries. For ex am ple, trans por -
ta tion of a NORM ma te rial for dis posal in volves:

n Provincial/Territorial Health, Labour and Radiation 
Regulatory Agencies for worker and public
exposure;

n Provincial Environmental Regulatory Agencies for
disposal options;

n The Canadian Nuclear Safety Commission for
transport of radioactive material.

Ac cord ingly, the Guide lines were de vel oped to:

n ensure adequate control of NORM encountered by
affected industries;

n har mo nize stan dards;

n reduce jurisdictional gaps or overlap.

The ba sic prin ci ple of the Guide lines is that per sons
 exposed to NORM should be sub ject to the same ra di a -
tion ex po sure stan dards that ap ply to per sons ex posed
to CNSC-regulated ra dio ac tive ma te ri als. No dis tinc -
tion is made re gard ing the or i gin of the ra di a tion,
whether it is NORM in its nat u ral state or NORM
whose con cen tra tion of ra dio ac tive ma te rial has been
in creased by pro cess ing (Tech no logically En hanced
NORM or TENORM). How ever, be cause of the ubiq -
ui tous na ture of NORM, in deal ing with sit u a tions
where nat u ral ra di a tion is sig nif i cant the cost of any
 intervention must be taken into ac count.

A ma jor prin ci ple in ra di a tion dose con trol is that if
doses can be re duced by rea son able ac tions, those
 actions should be taken. As even low doses of ra di a tion 
ex po sure may pro duce harm ful ef fects, re duc ing low
doses of ra di a tion may be ben e fi cial. The goal is that
doses should be As Low As Rea son ably Achiev able,
eco nomic and so cial fac tors be ing taken into con -
sideration. This prin ci ple is usu ally re ferred to by the
ac ro nym ALARA.

1.3 Industries with NORM Radiation 

There are in dus tries where NORM may be pres ent in
amounts suf fi cient to cause sig nif i cant ra di a tion doses 
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to work ers that re quire the ap pli ca tion of ra di a tion
 protection prac tices to re duce ra di a tion doses. Such
 industries in clude:

Min eral Ex trac tion and Pro cessing: NORM
may be re leased or con cen trated in a pro cess
stream dur ing the pro cess ing of ore, such as
in the phos phate fer til izer in dus try and the
 abrasives and re frac tory in dus tries.

Oil and Gas Pro duc tion: NORM may
be found in the liq uids and gases from
 hydrocarbon-bearing geo log i cal for ma tions.

Metal Re cy cling: NORM-contaminated
 materials can be re dis trib uted to other
 industries re sult ing in the for ma tion of
new NORM-contaminated prod ucts.

For est Prod ucts and Ther mal-Electric Pro -
duc tion: min eral ashes left from com bus tion
may con cen trate small amounts of NORM
 present nat u rally in plant ma te ri als and in coal.

Wa ter Treat ment Fa cil ities: fresh or waste
 water is treated through sorptive me dia or
ion-exchange res ins to re move min er als and
other im pu ri ties from the wa ter be ing treated
and may re lease ra don (geo ther mal sources,
fish hatch er ies).

Tun nelling and Un der ground Work ings: in
ar eas where small amounts of in dig e nous ra -
dio ac tive min er als or gases may be pres ent,
such as in un der ground cav erns, elec tri cal
vaults,  tunnels, or sewer sys tems.

1.4 Description and Sources of NORM 

1.4.1 Background Radiation

Life on earth has al ways been ex posed to nat u ral ra di a -
tion from the en vi ron ment, also  referred to as back -
ground ra di a tion. The main sources of this ra di a tion
are cos mic ra di a tion from the sun and outer space, and
ter res trial ra di a tion from ra dio ac tive el e ments in the
earth’s crust. A com mon ex am ple of ter res trial ra di a -
tion source is ra don gas, which co mes from ura nium
in the soil and can ac cu mu late in build ings.

1.4.2 Radionuclides and Ionizing Radiation 

Chem i cal el e ments are char ac ter ized by the num ber of
pro tons in the nu cleus of their  atoms. Atoms also con -
tain other “sub-atomic par ti cles” such as neu trons and

elec trons. The num ber of pro tons in the at oms of a
given el e ment is con stant, but the num ber of neu trons
can dif fer. Atoms of an el e ment that have dif fer ent
num bers of neu trons are called iso topes of that el e ment, 
though they all be have chem i cally the same way.
 Isotopes of an el e ment are re ferred to by the name of
the el e ment fol lowed by the num ber of the iso tope’s
nu cle ons (pro tons + neu trons). Ura nium, for ex am ple,
al ways has 92  pro tons, but it has a num ber of  iso topes 
iden ti fied by the num ber of their nu cle ons, such as
 uranium-235 and ura nium-238.

Most com mon iso topes of chem i cal el e ments are
 stable; that is, the bal ance of pro tons and neu trons in
the nu cleus of their at oms never changes. In iso topes
of some el e ments, how ever, the bal ance of pro tons and
neu trons in the atom makes the atom un sta ble, so it
ejects one or more par ti cles and ex cess en ergy from the 
nu cleus to be come more sta ble. This pro cess is called
nu clear dis in te gra tion. The par ti cles or high-energy
rays are called “ion iz ing ra di a tion” be cause they ion ize, 
or change the phys i cal and chem i cal struc ture of, other
at oms of mat ter they  pass through. El e ments that emit
ion iz ing ra di a tion are called ra dio ac tive; in some cases, 
one or more iso topes of an el e ment are ra dio ac tive, and 
are called ra dio iso topes, or radionuclides. 

1.4.3 Half-Life and the 
Radioactive Decay Series 

A radionuclide can be iden ti fied by the char ac ter is tics
of the ra di a tion it emits. These char ac ter is tics in clude
the de cay rate, or half-life of the radionuclide, and the
type and en ergy of ra di a tion emit ted.

The rate at which par ti cles are emit ted is ex pressed by
the half-life of the radionuclide. The half-life is the
length of time it takes for half of a sub stance’s at oms to 
‘de cay’ to a more sta ble form, or to re duce the ra dio-
ac tiv ity by half. The half-life can be as short as a frac -
tion of a sec ond or as long as bil lions of years. As a
radionuclide de cays, it be comes an iso tope of an other
el e ment. If this new iso tope is also ra dio ac tive it
 decays fur ther. Thus there can de velop a “de cay
 series.” The two most com mon NORM de cay se ries are 
the ura nium-238 and the tho rium-232 se ries.  Figure 1.1 
lists the ra dio iso topes as so ci ated with the ura nium and
tho rium ra dio ac tive de cay se ries and  potassium, and
also gives the chem i cal sym bol for each el e ment and
iso tope.
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Figure 1.1
Chemical Symbols and Important Characteristics of the U-238, 
Th-232 Radioactive Decay Series and K-40

URANIUM 238 SERIES THORIUM 232 SERIES

NORM
Nuclide Symbol Half-Life

Major
Emissions

NORM
Nuclide Symbol Half-Life

Major
Emissions

Uranium 238 238U 4.5 × 109 y α Thorium 232 232Th 1.4 × 1010 y α

Thorium 234 234Th 24.0 d $, γ Radium 228 228Ra 5.7 y $

Protactinium 234m 234mPa 1.2 m $, γ Actinium 228 228Ac 6.1 h $, γ

Uranium 234 234U 2.5 × 105 y α, γ Thorium 228 228Th 1.9 y α, γ

Thorium 230 230Th 7.7 ×104 y α, γ Radium 224 224Ra 3.7 d α, γ

Radium 226 226Ra 1.6 × 103 y α, γ Radon 220 220Rn 55.6 s α

Radon 222 222Rn 3.83 d α Polonium 216 216Po 0.15 s α

Polonium 218 218Po 3.1 m α Lead 212 212Pb 10.6 h $, γ

Lead 214 214Pb 27 m $, γ Bismuth 212 212Bi 61 m α, $, γ

Bismuth 214 214Bi 20 m $, γ Polonium 212 (65%) 212Po 3 × 10-7 s α

Polonium 214 214Po 1.6 × 10-4 s α, γ Thallium 208 (35%) 208Tl 3.1 m $, γ

Lead 210 210Pb 22.3 y $, γ Lead 208 208Pb Stable none

Bismuth 210 210Bi 5.01 d $

Polonium 210 210Po 138 d α POTASSIUM-40

Lead 206 206Pb Stable none Potassium 40 40K 1.3 × 109 y $, γ

Key:

Example:      Bismuth 212      212Bi      61 m       α, $, γ

212: Mass Number for Bismuth 212

Bi: Chemical symbol for Bismuth

61 m:Radioactive half-life of 61 minutes 
(y = years; d = days; h = hours; 
m = minutes; s = seconds)

α:   Alpha decay (emission)
$:   Beta decay (emission) 
γ:   Gamma  (emission)
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1.4.4 Radioactive Equilibrium 

The fi nal mem ber of a de cay se ries is sta ble. The first
mem ber (the “par ent radionucide”) is al most al ways
very long-lived – it has a long half-life. When all the
mem bers of a de cay se ries  (the par ent radionuclide and 
its “prog eny”) are “in equi lib rium” they all de cay at the 
same rate - the rate at which each in turn is be ing pro -
duced – and ev ery ra dio ac tive el e ment or ra dio ac tive
prog eny in the se ries has the same amount of ra dio-
ac tiv ity. If such ra dio ac tive ma te rial is pro cessed
 chemically or oth er wise dis turbed, the equi lib rium
is dis rupted.

1.4.5 Types of Radiation  

There are three ba sic types of ra di a tion that may be
emit ted by NORM:

n alpha (α) radiation is made up of heavy, charged
particles that cannot penetrate very far, even in air.
They can be stopped by a piece of paper.

n beta (β) radiation consists of lighter charged
particles than alpha particles, that travel faster and
are thus more penetrating than alpha radiation. Beta 
radiation can be stopped by a few centimetres of
plywood.

n gamma (γ) radiation consists of high-energy rays,
and is very penetrating. It can be stopped by a
metre of concrete or several metres of water.

1.5 Fundamental Radiation 
Protection Quantities 

There are two fun da men tal quan ti ties:

Becquerel (= Ac tiv ity). The becquerel (Bq)
mea sures the quan tity of ra dio ac tiv ity pres ent
with out con sid er ation for what kind of ra di a -
tion is emit ted. 1 Bq = 1 nu clear trans for ma tion 
 (dis in te gra tion) per sec ond.

Sievert: Ef fec tive Dose (= Bi o log i cal  Effect).
Dif fer ent types of  radiation have dif fer ent pen -
e trat ing power, and dif fer ent parts of the body
have dif fer ent sen si tiv i ties to ra di a tion. Dose
 assessment there fore  requires a knowl edge of
the type and amount of ra di a tion and the bi o -
log i cal  sensitivity of the body part ex posed.

The sievert (Sv) is the unit of Ef fec tive Dose
of ra di a tion, and ac counts for the to tal ef fect of 
dif fer ent types of ra di a tion on dif fer ent parts of 
the body. Most oc cu pa tional doses are in the
millisievert range, or mSv. Reg u la tions ex press 
the dose on a yearly ba sis, as millisieverts per
an num or mSv/a.

An in di vid ual may re ceive an “in ter nal” ex po -
sure to a ra dio ac tive sub stance, by in hal ing
 radioactive gas or par ti cles sus pended in the
air, or by in gest ing ra dio ac tive dust. The
 material may re main in the body for some time
af ter the in take, giv ing a dose. The life-time
dose that will be re ceived from an in ter nal ex -
po sure is the “com mit ted dose,” also ex pressed 
in sieverts.

1.6 Background Radiation 
Dose Summary 

Fig ure 1.2 is a pie chart show ing the size in per cent of
each com po nent of the back ground ra di a tion dose re -
ceived by the av er age Ca na dian.(2) Sources of nat u ral
ra di a tion can be clas si fied into three groups: the dose
that co mes from di rect cos mic ra di a tion that ar rives at
the earth’s sur face from the sun and outer space; the
dose from en vi ron men tal ra di a tion, which co mes from
the nat u ral ra dio ac tiv ity at the earth’s sur face; and in -
ter nal ra di a tion.

Cos mic ra di a tion var ies with el e va tion above sea level,
but con trib utes about 0.3 mSv/a over most of Can ada. 

The range of gamma dose rates from nat u rally oc cur -
ring radionuclides in the ura nium and tho rium se ries,
and po tas sium-40 pres ent in typ i cal soil is:

0.045 - 0.09 mSv/a for the ura nium-238 se ries;
0.09  - 0.15 mSv/a for the tho rium-232 se ries;
0.09  - 0.15 mSv/a from po tas sium-40.

The typ i cal dose rate from the two se ries and po tas -
sium-40 is 0.35 mSv/a.
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Figure 1.2
Average Annual Radiation Dose to Canadians
(Average Total Dose of 2.62 mSv per year)

There is an av er age in ter nal dose of about 1.0 mSv
from the in ha la tion of ra don prog eny; but the dose
 varies greatly with the geo log i cal com po si tion of the
en vi ron ment. For  example, the av er age dose from
 radon prog eny in Van cou ver is 0.2 mSv/a, but in
 Winnipeg it is 2.2 mSv/a. 

An other source of in ter nal ra di a tion is from a radio -
acive iso tope of po tas sium: mus cle tis sue con tains
 potassium, of which 0.0118 % is po tas sium-40, a
 natural gamma and beta ray emit ter which con trib utes
about 0.35 mSv per year.

In to tal, a Ca na dian may re ceive a range of an nual
doses from back ground ra di a tion from 1.2 mSv/a to
3.2 mSv/a based on geo graph ical lo ca tion. The av er age 
Ca na dian re ceives a typ i cal an nual dose of ap prox i -
mately 2.0 mSv from back ground ra di a tion.

Clearly, as ra di a tion doses from NORM can not be
 prevented, the ques tion is: At what  incremental dose
should we be gin to ap ply ra di a tion pro tec tion prac -
tices to NORM? The Guide lines have been de vel oped
to help an swer this ques tion.
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Gamma Rays -
Soil and Rock

13.3% (0.35 mSv)

Miscellaneous Sources
0.8% (0.02 mSv)

Nuclear Power/Fallout
0.1% (0.002 mSv)

Cosmic Rays
11.4% (0.3 mSv)

Internal Sources
13.3% (0.35 mSv)

Inhalation -
Radon Progeny

38.1% (1.0 mSv)

Medical Diagnosis
22.9% (0.6 mSv)

Source: Canada; Living with Radiation; AECB, 1995.



2 THE NORM STANDARDS —  
BASIS AND CRITERIA

2.1 Uniformity of Protection  

The ba sic prin ci ple of these guide lines is that the same
ra di a tion ex po sure cri te ria should be ap plied where
work ers or the pub lic are ex posed to new sources or
modes of ra di a tion from ac tiv i ties in volv ing NORM, as 
for ra di a tion ex po sure from CNSC reg u lated ac tiv i ties.
This ap plies to cases where NORM is in its nat u ral
state and to cases in which the con cen tra tion of NORM 
ma te rial has been in creased by pro cess ing.

2.2 Guideline Basis 

The Guide lines are based on the most re cent in ter na -
tional stan dards rec om mended by the In ter na tional
Com mis sion on Ra dio log i cal Pro tec tion (ICRP) and
CNSC reg u la tions. The rec om men da tions of the ICRP
rep re sent in ter na tional con sen sus on ra di a tion pro tec -
tion stan dards and pro vide the ba sis for reg u la tory
 control of ra dio ac tive ma te ri als in vir tu ally all coun tries 
of the world. As these reg u la tions and stan dards are
sub ject to pe ri odic amend ment, the Guide lines may
also be up dated to re flect amend ments to ac cepted
 national and in ter na tional ra di a tion pro tec tion prac -
tices. The ICRP and In ter na tional Atomic En ergy
Agency (IAEA) ra di a tion pro tec tion phi los o phy and
rec om men da tions of sig nif i cance for NORM in Can ada 
are con tained in ICRP re ports 60(3), 65(4),  68(5), 72(6)

and 77(7) and IAEA Safety Se ries 115.(8)

2.3 The Acceptability of 
Occupational Risks in Industry 

The ICRP re views es ti mates of ra di a tion risk from
 every avail able source, par tic u larly the work of the
United Na tions Sci en tific Com mit tee on the Ef fects of
Atomic Ra di a tion (UNSCEAR) and the United States
Na tional Acad emy of Sci ence Com mit tee on the
 Biological Ef fects of Ion izing Ra di a tion (BEIR). The
re ports of the ICRP go fur ther than these sources, in
that the ICRP rec om mends per mis si ble ex po sures for
work ers while the other bod ies merely es ti mate the
risks as so ci ated with ra di a tion ex po sure.

The ICRP be lieves that any ex po sure to ion iz ing ra di a -
tion may be po ten tially harm ful to health, and ad vo -
cates three fun da men tal prin ci ples for man ag ing
ra di a tion ex po sures:

n JUSTIFICATION — No activity involving
ionizing radiation for any purpose can be justified
unless it is possible to demonstrate that it will lead
to a positive net benefit.

n OPTIMIZATION — All exposures shall be kept
as low as reasonably achievable, economic and
social factors being taken into consideration; (the
ALARA principle).

n LIMITATION — The maximum acceptable
occupational exposure of any individual must not
involve a radiation risk to that individual greater
than the risk that arises in working in what is
generally regarded as a “safe” industry.

The ICRP rec og nizes that ev ery one is sub ject to a
 significant back ground ra di a tion  exposure. How ever,
even smaller-than-background doses from oc cu pa tional 
prac tices are un jus ti fi able if there is no as so ci ated
 benefit, or they can be readily avoided. 

2.4 Recommended Radiation 
Dose Limits 

It is the rec om men da tion of the Fed eral Pro vin cial
Ter ri to rial Ra di a tion Pro tec tion Com mit tee that
the an nual in cre men tal ef fec tive dose to per sons
 exposed to NORM as the re sult of a work prac tice
be lim ited to the val ues given in Ta ble 2.1.

These dose lim its are the foun da tion for all other
 radiation pro tec tion pro gram  recommendations
con tained in the Guide lines; are har mo nized with
the ra di a tion dose lim its rec om mended by the
 Canadian Nu clear Safety Com mis sion for Nu clear
Fuel Cy cle; and in cor po rate the rec om men da tions
of ICRP Pub li ca tion 60.(3)
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2.4.1 Incremental Dose

Dose lim its in this doc u ment are de fined in terms of
 incremental dose, which is the dose re sult ing from the
work prac tice in ques tion. The nat u ral back ground ra di -
a tion, in clud ing ra don, is ex cluded from the dose lim i -
ta tions. Ra di a tion dose aris ing from the ap pli ca tion of
med i cal pro ce dures is also ex cluded from the dose
lim i ta tions. 

2.4.2 Effective Dose 

The ICRP de fines the ef fec tive dose as the sum of all
tis sue equiv a lent doses mul ti plied by the ap pro pri ate
tis sue weight ing fac tors as so ci ated with each re spec tive 
tis sue. The  effective dose ac cu mu lated over a given
 period in cludes:

a.  the ef fec tive dose from ex ter nal sources, and 
b.  the com mit ted ef fec tive dose from in takes 
     of radionuclides in that pe riod.

Table 2.1
Radiation Dose Limits

Affected Group
Annual Effective

Dose Limit
(mSv)(a)

Five Year Cumulative 
Dose Limit

(mSv)

Occupationally
 Exposed Workers(b)

20(c) 100

Incidentally Exposed
Workers and 
Members of the Public

1 5

Notes:

(a) These limits are exclusive of natural background and
medical exposures. Refer to Appendix D for guidance
on dose limit calculations.

(b) For the balance of a known pregnancy, the effective
dose to an occupationally exposed worker must be
limited to 4 mSv as stipulated in the “Radiation
Protection Regulations”, Canadian Nuclear Safety Act.
This limit may differ from corresponding dose limits
specified in current provincial legislation applicable for
exposure to sources of x-rays. 

(c) For occupationally exposed workers, a maximum dose
of 50 mSv in one year is allowed, provided that the total 
effective dose of 100 mSv over a five-year period is
maintained. This translates into an average limit of 
20 mSv/a.

Oc cu pa tionally Ex posed Workers are em ploy ees who 
are ex posed to NORM sources of ra di a tion as a re sult
of their reg u lar  duties. They are clas si fied as NORM
Workers work ing in an oc cu pa tional ex po sure en vi ron -
ment, and their av er age an nual ef fec tive dose should
not ex ceed 20 mSv (see Ta ble 2.1 note c, for
ex cep tion). 

In ci dentally Ex posed Workers are em ploy ees whose
reg u lar du ties do not in clude ex po sure to NORM
sources of ra di a tion. They are con sid ered as mem bers
of the pub lic who work in an oc cu pa tional ex po sure en -
vi ron ment and, as such, the an nual ef fec tive dose limit
for these work ers is 1 mSv.

2.4.3 Dose Constraint 

A dose con straint is an up per value on the an nual dose
that mem bers of the pub lic or in ci den tally ex posed
work ers should re ceive from a planned op er a tion or
sin gle source. To en sure that the pub lic and in ci den tally 
ex posed work ers do not ex ceed the an nual dose limit of 
1 mSv, the ICRP(7) and the IAEA(8) sug gest the use of a 
dose con straint. The dose con straint would al low for
ex po sures from other sources with out the an nual limit
be ing ex ceeded. The ret ro spec tive find ing that a dose
con straint, as op posed to a dose limit, has been ex -
ceeded does not im ply a fail ure to com ply with the
 recommendations of the Guide lines. Rather it should
call for a re as sess ment of the ef fec tive ness of the
pro gram.

ICRP(7) sug gests that for the con trol of pub lic ex po sure
an ap pro pri ate value for the dose con straint is 0.3 mSv
in a year. In keep ing with this sug ges tion the Ca na dian
NORM Guide lines have adopted 0.3 mSv/a as its first
in ves ti ga tion level. Ta bles 5.1 and 5.2 list the amounts
of ra dio ac tive ma te ri als that if re leased to the en vi ron -
ment with out fur ther con trols will not cause doses in
ex cess of 0.3 mSv/a.
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3 DEVELOPMENT OF A 
NORM MANAGEMENT PROGRAM

3.1 The NORM 
Program Classifications

The NORM pro gram clas si fi ca tions sum ma rize the re -
quire ments for man ag ing NORM. The worksite clas si -
fi ca tion is set by the max i mum an nual dose re ceived by 
both mem bers of the pub lic and work ers at the worksite 
(Fig ure 3.1). The clas si fi ca tion of an in di vid ual NORM 
source is set by the an nual dose that may be re ceived
by a mem ber of the pub lic from ex po sure to the ship -
ment or dis posal prac tice. 

Es ti mates should be made of the ef fec tive dose to
work ers and the pub lic re sult ing from the fol low ing
 exposure path ways:

n External gamma exposure.

n Ingestion of NORM-containing materials.

n Inhalation of NORM-containing dust.

n Inhalation of radon gas and its radioactive decay
products. 

The high est in di vid ual dose de ter mines the NORM
Man age ment clas si fi ca tion. Guid ance on ef fec tive dose 
cal cu la tions can be found in Ap pen dix D.

3.2 NORM Classification/Thresholds 

3.2.1 Investigation Threshold

An in cre men tal dose of 0.3 mSv/a, the dose con straint
value set in sec tion 2.4.3, is adopted as the NORM
 Investigation Thresh old. Where doses to work ers or
mem bers of the pub lic may ex ceed this value, a
site-specific as sess ment should be car ried out.

3.2.2 NORM Management Threshold

An as sessed in cre men tal dose to the pub lic or work ers
of  greater than 0.3 mSv/a, the dose con straint value set 
in sec tion 2.4.3 and the In ves ti ga tion Thresh old, is
adopted as the NORM Man age ment Thresh old.

3.2.3 Dose Management Threshold

An as sessed in cre men tal dose of 1 mSv/a to a worker is 
adopted as the Dose Man age ment Thresh old.

3.2.4 Radiation Protection 
Management Threshold

An as sessed or mea sured in cre men tal worker dose of
5 mSv/a is adopted as the Ra di a tion Pro tec tion Man -
age ment Thresh old.

3.3 Introduction of a NORM Program 

The steps to de ter mine the type of NORM Man age ment 
pro gram at a work place are given be low. Fig ure 3.1
sum ma rizes the pro cess in a flow-chart. 

3.3.1 Initial Review 

If a work place falls in one of the NORM-prone
industries noted in Section 1.3:

n stores, handles or disposes of materials containing
amounts of natural radioactive substances in excess 
of amounts in Tables 5.1 for diffuse NORM or 5.2
for discrete NORM; or
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It is strongly rec om mended that a per son
knowl edge able in ra di a tion pro tec tion con -
duct the worksite  radiological eval u a tion. A
list of ra di a tion pro tec tion con sul tants can
be ob tained from the ap pro pri ate pro vin cial
or ter ri to rial gov ern ment contact. A list of
 government con tacts can be found in
Ap pen dix B.



Figure 3.1
NORM Classification Flowchart
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n has suspected incremental effective dose rates in
excess of 0.3 mSv/a;

the NORM In ves ti ga tion Thresh old may be ex ceeded.
A dose as sess ment should be car ried out.

3.3.2 Radiation Dose Assessment

Es ti mate doses to mem bers of the pub lic, and work ers
by con duct ing a ra di a tion sur vey of the work place/
worksite. The sur vey should in clude eval u a tions of
both gamma dose-rates and air borne ra dio ac tiv ity as
re quired.

Workers with es ti mated doses in ex cess of 1 mSv/a are
clas si fied as oc cu pa tion ally ex posed work ers.

Es ti mate doses to mem bers of the pub lic from feed-
stock, prod uct and waste trans port, stor age and
disposal. Radiochemical anal y sis of feed stock, prod -
ucts and waste ma te ri als may be needed.

3.3.3 Evaluation and Program Classification

3.3.3.1 Unrestricted Classification

Where the es ti mated in cre men tal an nual ef fec tive dose
to the pub lic is less than 0.3 mSv/a and to the worker is 
less than 1.0 mSv/a, the NORM pro gram clas si fi ca tion
is Un re stricted. No fur ther ac tion is needed to con trol
doses or ma te ri als.

3.3.3.2 NORM Management Classification

Where the es ti mated in cre men tal an nual ef fec tive dose
to mem bers of the pub lic or in ci den tal work ers is
greater than the in ves ti ga tion thresh old of 0.3 mSv/a,
the NORM clas si fi ca tion is NORM Man age ment.
 Public ac cess would need to be re stricted. How ever,
worker ac cess would be un re stricted. De pending on the 
cir cum stances and the source of the dose, the NORM
Man age ment Pro gram may in clude: 

n Introduction of incidentally exposed worker access
restrictions.

n Introduction of shipping and/or material
management.

n Changes in work practices.

Where the work site, feed and waste ma te ri als are sub -
ject to change, the work site, feed and waste ma te rial
should be re viewed pe ri od i cally to ver ify that con di -
tions have not changed.

3.3.3.3   Dose Management

Where the es ti mated in cre men tal an nual ef fec tive dose
to an oc cu pa tion ally ex posed worker is greater than the
dose man age ment thresh old of 1 mSv/a, the NORM
clas si fi ca tion is Dose Man age ment. 

The pro gram should in clude:

n Worker notification of radiation sources.

n Consideration of work procedures and protective
clothing to limit worker dose from NORM.

n Application of engineering controls where
appropriate (see 4.3.3).

n Training to control and reduce worker dose.

n Introduction of a worker radiation dose estimate
program. Doses may be estimated from the dose
rate in each working area and the time spent in
each area or by personal monitoring.

n Reporting of worker doses to the National Dose
Registry (NDR) (see address in Appendix B).

 
As sess the work site pe ri od i cally to mea sure changes in 
con di tions and to fa cil i tate worker dose cal cu la tions.

3.3.3.4   Radiation Protection Management

Es ti mated An nual Ef fec tive Dose
Where the es ti mated an nual ef fec tive dose to an oc cu -
pa tion ally ex posed worker is greater than 5 mSv/a, the
NORM clas si fi ca tion is Ra di a tion Pro tec tion Man age -
ment. In ad di tion to the re quire ments of the Dose
 Management Pro gram, the fol low ing should be
in cluded:

n Introduce a formal radiation protection program as
described in Appendix G. This program is similar
to the formal program required by the CNSC for
nuclear energy workers exceeding 5 mSv/a. 

n Place those workers estimated to exceed 5 mSv/a in 
a personal radiation dosimetry program meeting the 
requirements of S-106, Technical and Quality
Assurance Standards for Dosimetry Services in
Canada.(9)

n Provide protective equipment, clothing and work
procedures to reduce worker dose and the spread of 
contamination. 
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Mea sured An nual Ef fec tive Dose
Where the mea sured an nual ef fec tive dose re ported by
per sonal ra di a tion do sim e try pro gram is greater than
5 mSv/a, the NORM clas si fi ca tion is Ra di a tion
 Protection Man age ment. The pro gram should in clude
the fol low ing ad di tional steps:

n Use engineering controls and provide protective
equipment designed to reduce worker dose as
required. 

n Ensure that workers do not exceed the five-year
average occupational dose limit of 20 mSv/a.

As sess the work site pe ri od i cally to mea sure changes in 
con di tions and to fa cil i tate worker dose cal cu la tions.

3.3.3.5 Periodic Review

When ever a NORM Man age ment, Dose Man age ment
or Ra di a tion Pro tec tion Man age ment Pro gram has been 
im ple mented, a pe ri odic re view is needed . The re view
is to de ter mine if there have been changes to the sys tem 
that may af fect the ra di a tion dose, to mon i tor the ef fec -
tive ness of the NORM pro gram and to de ter mine if
mod i fi ca tions are re quired. The fre quency of the pe ri -
odic re view will de pend on the abil ity of con di tions to
change and the NORM pro gram.

3.3.4 ALARA

The goal is that doses should be As Low As Rea son -
able Achiev able, eco nomic and so ci etal fac tors be ing
taken into ac count. From the time a NORM ac cu mu la -
tion is ex pected to the im ple men ta tion of a NORM
 Program, the ALARA prin ci ple should be the prime
 decision mak ing cri te rion used to en sure min i mal
 public and worker ra di a tion dose. 
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4 DERIVED WORKING LIMITS (DWLs) 
FOR NORM

Derived Working Limits (DWLs) have been de ter -
mined from the an nual ra di a tion dose lim its to as sist in
dose as sess ment. The DWL’s pro vide an es ti mate of
dose from the  quan ti ties that may be di rectly mea sured 
in the work place. A Ra di a tion As sess ment pro gram
may com pare mea sure ment re sults to de rived work ing
lim its (DWLs).

4.1 Gamma Radiation Dose Rate

4.1.1 Investigation Threshold 

The oc cu pa tional dose-rate that will give an in cre men -
tal gamma ra di a tion dose of 0.3 mSv/a is 0.15 µSv/h.
The DWL for the gamma In ves ti ga tion Thresh old is an
in cre men tal dose-rate above off-site back ground of
0.15 µSv/h.

4.1.2 Dose Management Threshold 

The oc cu pa tional dose-rate that will give an in cre men -
tal gamma ra di a tion dose of 1 mSv/a is 0.5 µSv/h. The
DWL for the gamma Dose Man age ment Thresh old is
an in cre men tal dose-rate of 0.5 µSv/h.

4.1.3 Radiation Protection Threshold 

There is no DWL for the gamma Ra di a tion Pro tec tion
Thresh old as doses are ex pected to be de rived by
 dosimetry mea sure ment/es ti ma tion.

4.2 Radon Concentration

4.2.1 Introduction

Ra don is a ra dio ac tive gas pro duced by the de cay of
 radium iso topes in both the ura nium and tho rium ra dio -
ac tive de cay se ries (see Fig ure 1.1). As it is a gas,
 radon can be car ried away from its or i gin by air or
 water flows, and re leased into work place air. Usually
ra don-222 is the only iso tope pres ent in high enough
con cen tra tions to pro vide a sig nif i cant dose, but
 radon-220 (thoron-220) can be pres ent where tho rium
is han dled or stored. 

Al though el e vated ra don con cen tra tions from nat u ral
causes are com mon in build ings, it is not the in ten tion
of these Guide lines to pro vide guid ance on the man age -
ment of ra don in other than work place set tings. In for -
ma tion on pub lic/res i den tial ra don ex po sure guide lines
can be ob tained from Ra don – A Guide for Ca na dian
Home owners(10) pub lished by Can ada Mort gage and
Housing Cor po ra tion and Health Can ada.

Ra don re leased from soil be neath a build ing gives rise
to an av er age in door back ground con cen tra tion of
about 50 Bq/m3, but much higher val ues are pos si ble in 
some ar eas. This con cen tra tion is so vari able with time, 
that short-term as sess ment mea sure ments are un likely
to dis tin guish con vinc ingly be tween back ground ra don
and that re leased by an in dus trial prac tice. In ex ca va -
tions and tun nel ling the in dus trial prac tice re leases
 radon from the soil, so there can be no dis tinc tion
 between back ground ra don and that in tro duced or
 released by the in dus trial prac tice (prac tice ra don).

The dose from ra don can be es ti mated ei ther from the
ra don gas con cen tra tion (Bq/m3), or from the prog eny
en ergy con cen tra tion (joules per cu bic metre (J/m3)).
On grounds of cost and con ve nience, it is rec om -
mended that ra don-222 con cen tra tion be the pre ferred
mea sure ment method for screen ing mea sure ments
where dose es ti mates are less than 5 mSv/a. The only
ap proved per sonal do sim e try sys tem mea sures prog eny 
con cen tra tion (J/m3), there fore dose rates over 5 mSv/a
must be eval u ated on that ba sis. The dose from thoron
can only be es ti mated from prog eny con cen tra tion.
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As a result, the recommendations for radon
are modified to take practical constraints into
account. As background radon generally
cannot be distinguished from practice radon,
the dose limits given here are based on
TOTAL dose from radon exposure, not the
INCREMENTAL dose from the practice as
used elsewhere in these Guidelines.



Con ver sion fac tors re lat ing dose from ex po sure to
 radon from ra don gas con cen tra tion and from prog eny
en ergy con cen tra tion are given in Ap pen dix C. The as -
sump tions and un cer tain ties in these con ver sion fac tors
are de scribed in ICRP Pub li ca tion 65.(4) Other re la tion -
ships be tween gas and prog eny mea sure ments are also
given in Ap pen dix C.

4.2.2 Investigation Derived Working 
Limit for Radon 

The oc cu pa tional ra don con cen tra tion that gives a dose
of 0.3 mSv/a is about 50 Bq/m3, which is com pa ra ble
to the back ground con cen tra tion of ra don in build ings.
How ever, as the back ground ra don con cen tra tion can
vary con sid er ably, the Derived Working Limit for
 radon is 150 Bq/m3. The Un re stricted Clas si fi ca tion
there fore ap plies to all cir cum stances where the av er -
age ra don con cen tra tion is less than 150 Bq/m3. Where
the an nual av er age con cen tra tion of ra don gas is ex -
pected to be above 150 Bq/m3, mea sure ments should
be made to es ti mate the av er age an nual ra don gas
con cen tra tion.

4.2.3 NORM Management for Radon

Where the es ti mated an nual av er age con cen tra tion of
ra don gas in an oc cu pied area is more than 150 Bq/m3

but less than 800 Bq/m3, the NORM Clas si fi ca tion is
NORM Man age ment. De pending on the source of the
ra don, ap pli ca tion of ALARA may in clude:

n introduction of public and incidentally exposed
worker access management; 

n changes in work practices.

The work site should be re viewed pe ri od i cally to ver ify 
that con di tions have not changed.
 
4.2.4 Radiation Protection Management 

for Radon

The DWL for the ra don-222 Ra di a tion Pro tec tion
 Management thresh old is an av er age an nual ra don
 concentration of 800 Bq/m3. Where the es ti mated an -
nual av er age con cen tra tion of ra don gas is more than
800 Bq/m3, the NORM Clas si fi ca tion is Ra di a tion
 Protection Man age ment. A Ra di a tion Pro tec tion
 Management pro gram as de scribed in sec tion 3.3.3.4
should be im ple mented. The pro gram should in clude
steps to re duce the ra don lev els to be low 800 Bq/m3.

4.3 Annual Limit on Intake (ALI)

The An nual Limit on In take is the amount of ra dio-
ac tive ma te rial a worker can in gest or in hale each year,
that will de liver an an nual ef fec tive dose of 20 mSv.
ALI val ues are de rived from dose co ef fi cient (DC)
 values, de vel oped by the ICRP. They are based on a
crit i cal re view of avail able re search on the es ti ma tion
of ra di a tion dose de liv ered to spe cific or gans and tis -
sues which arise from an in take of a given quan tity of
the radionuclide.

In take pa ram e ters (breath ing rate, par ti cle size, etc.) are 
dif fer ent for oc cu pa tional or pub lic ex po sure con di tions 
so there are dif fer ent DC val ues for oc cu pa tional
(DCw) or pub lic (DCp) ex po sure.

4.3.1 Occupational ALIs

Two groups of work ers must be con sid ered in as sign -
ing ALIs:

n Occupationally Exposed Workers are employees
who are exposed to NORM sources of radiation
through their regular duties. They are classified as
NORM Workers working in an occupational
exposure environment, and their average annual
effective dose must not exceed 20 mSv.

n Incidentally Exposed Workers are other
employees whose regular duties do not include
exposure to NORM sources of radiation. They
are considered as members of the public who work
in an occupational exposure environment and, as
such, the annual effective dose limit for these
workers is 1 mSv.

Ta ble 4.1 shows DCw and ALI val ues for NORM
work ers for sig nif i cant NORM radionuclides. The DCw
val ues are from ICRP Pub li ca tion 68,(5) and are based
on an av er age ef fec tive dose limit of 20 mSv per year. 

Ap pro pri ate ALI val ues for in ci den tally ex posed
 workers are 1/20 of the ALI val ues listed in Ta ble 4.1.
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Figure 4.1
Radon and NORM Program Classifications(a)

4.3.2 Public ALIs

In stead of spec i fy ing ALI val ues for pub lic dose, the
Guide lines pres ent Derived Re lease Limits which spec -
ify the max i mum to tal NORM ra dio ac tiv ity (Bq) and
ra dio ac tive NORM con cen tra tion val ues (Bq/g; Bq/L;
Bq/m3) for un con di tional re leases into the pub lic do -
main in Ta bles 5.1, 5.2 and 5.3. This is a more prac ti cal 
method of pro vid ing NORM ma te rial man age ment
guid ance and is con sis tent with other re lated en vi ron -
men tal re lease stan dards.

These re lease lim its are based on the dose aris ing from
all the ra di a tion ex po sure path ways aris ing from the re -
lease, and are based on a max i mum an nual dose limit
of 0.3 mSv as rec om mended by ICRP 77.(7) 
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ANNUAL DOSE NORM PROGRAM CLASSIFICATION

    3000 Bq/m3 (20 mSv/a Occupational Dose Limit: five year Avg.)(b)

RADIATION PROTECTION MANAGEMENT

    800 Bq/m3 (5 mSv Radiation Protection Management DWL)(c)

NORM MANAGEMENT

    150 Bq/m3 (Investigation DWL)(c)

UNRESTRICTED

Background

Notes:

(a)  Control of Radon 222 and its progeny within the values given in Figure 4.1 will concurrently control Radon 220 
 and its progeny within applicable limits.

(b),(c)  An equilibrium factor of 0.4 for Radon-222 and its progeny and 2000 hours per year occupational exposure duration 
  are assumed. (Reference 4).



4.3.3 Inhalation Control Measures

In ha la tion can de liver most of the dose in some NORM 
work en vi ron ments. Where an nual in takes ex ceed 1/20
of the ALI, en gi neer ing con trol of the source of air -
borne ra dio ac tive ma te rial is the pre ferred man age ment 
method. Con trols in clude cap ture ven ti la tion at the
source to pre vent es cape into the air, and room ven ti la -
tion rate in crease.

If in takes ex ceed 25% of the ALI (equiv a lent to
5 mSv/a) af ter en gi neer ing con trols are ap plied, a
 respiratory pro tec tion pro gram and/or lim it ing worker
ac cess should be con sid ered as part of the ra di a tion
pro tec tion pro gram. Re spi ra tory pro tec tion must fol low 
the stan dards re quire ments spec i fied for other haz ard -
ous dusts un der the lo cal ju ris dic tion.

Respirator Program

A high pro tec tion fac tor can only be ob tained if there
is an ef fec tive res pi ra tor se lec tion, ser vice and fit ting
pro gram.(11)

Table 4.1
Annual Limits on Intake for 
Occupationally Exposed Workers
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NORM
Radionuclide

Inhalation  (5 µm AMAD)(a) Ingestion

Type(b) DCw (Sv/Bq) ALI (Bq)(c) f1
(d) DCw (Sv/Bq) ALI (Bq)(c)

Lead-210 F 1.1e-06 18,000 0.2 6.8e-07 29,000

Polonium-210 F
M

7.1e-07
2.2e-06

28,000
9,000

0.1 2.4e-07 83,000

Radium-226 M 2.2e-06(g) 9,000 0.2 2.8e-07 71,000

Radium-228 M 1.7e-06 12,000 0.2 6.7e-07 30,000

Thorium-228 M
S

2.3e-05
3.2e-05

900
600

0.0005
0.0002

7.0e-08
3.5e-08

290,000
570,000

Thorium-232 M
S

2.9e-05
1.2e-05

700
1,700

0.0005
0.0002

2.2e-07
9.2e-08

91,000
200,000

Uranium(e)

(all progeny)
Mixed 7.1e-06 2,800 Composite 1.2e-07 170,000

Uranium (par)
(U-238, U-234)(f)

F
M
S

5.8e-07
1.6e-06
5.7e-06

34,000
13,000
3,500

0.02
0.002

4.4e-08
7.6e-09

450,000
2,600,000

Notes:

(a) Activity Mean Aerodynamic Diameter. An average inhaled aerosol size of 5 microns (5µm).

(b) The column “Type” reflects the relative rate of absorption of deposited material from the respiratory tract into the blood
stream hence the probability of uptake of the material into biological systems. Types F, M, and S materials respectively
have; Fast, Moderate and Slow rates of absorption into blood from the respiratory tract.

(c) ALI values are based solely on radiological considerations where the intake of 1 ALI corresponds to an annual effective
dose of 20 mSv. For incidentally exposed workers multiply the ALI values by 1/20. For some long-lived NORM
radionuclides, chemical toxicity  may be more restrictive. Chemical and radiological toxicity should be reviewed prior to
setting workplace exposure limits.

(d) The retained fraction of the initial intake. The fraction absorbed versus total intake quantity. The rest passes through the
GI Tract and is excreted.

(e) From “Interim Annual Limits on Intake for Long-lived Radioactive Dust”, Atomic Energy Control Board (CNSC), January
1995.

(f) The residual uranium nuclide remaining after the chemical or physical separation of its progeny.

(g) From “Age Dependent Doses to Members of the Public from Intake of Radionuclides: Part 5 – Compilation of Ingestion and 
Inhalation Coefficients, ICRP Publication 72, Annals of the ICRP, Vol. 26, number 1, 1996.



5 NORM MATERIAL MANAGEMENT

5.1 Non-radioactive Hazards of 
NORM Materials 

The Guide lines pro vide rec om men da tions based on the
ra dio log i cal prop er ties of NORM. In de ter min ing an
ac cept able ma te rial man age ment op tion, other haz ard -
ous prop er ties such as chem i cal tox ic ity must be con -
sid ered. In many cases, the non-radiological haz ard ous
prop er ties of NORM ma te ri als are the crit i cal se lec tion
cri te ria for the pre ferred NORM ma te rial man age ment
op tion.

5.2 NORM Derived Release Limits 

To as sist in NORM ma te rial man age ment, Derived
 Release Limits (DRLs) have been de ter mined from the
an nual ra di a tion dose lim its. The DRL’s pro vide an
 estimate of pub lic dose from mea sured re leases of
NORM. A Ra di a tion As sess ment or Ma te rial Man age -
ment pro gram may com pare mea sure ment re sults to
Derived Re lease Limits (DRLs).

5.2.1  Unrestricted Classification 

The con trol of pub lic ex po sure to ra di a tion from
NORM dis posal is con strained to less than the pub lic
dose limit to al low for ex po sures from mul ti ple
sources. The Guide lines rec om mend that NORM may
be re leased with no ra dio log i cal re stric tions when the
as so ci ated dose is no more than 0.3 mSv in a year. The
ra dio ac tive haz ard as so ci ated with this dose is con sid -
ered in sig nif i cant, and no fur ther con trol on the ma te -
rial is nec es sary on ra dio log i cal pro tec tion grounds. It
may be nec es sary to con sult and ob tain ap proval from
Pro vin cial waste dis posal reg u la tory agen cies re gard ing 
non-radiological prop er ties.

Derived Re lease Limits for the amount and con cen tra -
tion of NORM ma te ri als that meet this cri te ria have
been cal cu lated, and are pre sented in Ta bles 5.1, 5.2
and 5.3 as Un con di tional Derived Re lease Limits. 

5.2.2 Release with Conditions

NORM quan ti ties in ex cess of the Un con di tional
Derived Re lease Limits may, af ter a spe cific site
 review, be re leased with out fur ther con sid er ation. In
such in stances, the ba sic prem ise is that the ma te rial,
in its fi nal dis po si tion, will not con trib ute a dose to an
in di vid ual that is greater than 0.3 mSv/a. Out side those
sit u a tions or con di tions, the ma te rial falls within a more 
re stric tive NORM clas si fi ca tion.

5.3 Derived Release Limits for 
NORM Materials

5.3.1 Diffuse NORM

Dif fuse NORM is gen er ally large in vol ume, with a rel -
a tively low ra dio ac tive con cen tra tion that is uni formly
dis persed through out the ma te rial. Dif fuse NORM
by-products from in dus trial ac tiv ity are usu ally stored
close to the point of gen er a tion as the cost of long dis -
tance trans por ta tion is pro hib i tive. Phosphogypsum, a
by-product of fer til izer pro duc tion, is an ex am ple of
dif fuse NORM.

Dis posal of dif fuse NORM sources re quires con-
sideration of the ef fects of di lu tion, pos si ble re-
con cen tra tion of the ma te rial in the en vi ron ment, and
the man ner in which the ma te rial may de liver ra di a tion
doses to the pub lic. 

Ta ble 5.1 shows the Un con di tional Derived Re lease
Limits for Dif fuse NORM. Un re stricted re lease of
NORM at the listed con cen tra tions will de liver a max i -
mum ef fec tive dose of 0.3 mSv/a un der con ser va tive
sce nar ios. The cal cu la tions are given in Ap pen dix E.
Ac tual ef fec tive doses aris ing from re leases of NORM
at Un con di tional Derived Re lease Limits are ex pected
to be sub stan tially less than the 0.3 mSv/a. 
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Table 5.1
Unconditional Derived Release Limits – Diffuse NORM Sources

Notes:

(a) Pathways Considered:

Aquatic Terrestrial Air

1. Value 10X Guideline for 1. External groundshine from soil 1. Inhalation at concentration
    Canadian Drinking Water Quality.     contaminated to infinite depth.     resulting in 0.3 mSv.

2. Soil-veg-ingestion//soil ingestion. 2. Exposure factor of 25% assumed.
3. Inhalation of resuspended material.

Assumptions:
n  All radionuclides and compartments in equilibrium.
n  Typical values for uptake and transfer factors.
n  No allowance for hold-up time.
n  25% “occupancy” factor for solid source (groundshine, soil ingestion, resuspension), 25% ‘occupancy’ factor for air, 
     and 50% of vegetable intake grown on soil.
n  No correction for shielding, surface roughness.
Where more than one long-lived radionuclide is present in a sample, the appropriate sum of the ratios of the activity of each 
long-lived radionuclide and its corresponding Release limit, must not exceed 1,
e.g.,   Concentration NORM Isotope A   +   Concentration NORM Isotope B   +... +   Concentration NORM Isotope N   ≤   1
              Derived Release limit A        Derived Release limit B     Derived  Release limit N

(b) Aqueous Release limits ~10x Guidelines for Canadian Drinking Water Quality. Subsequent dilution of the release is
assumed. Refer to the Provincial Drinking Water Standard where planned diffuse NORM releases must meet provincial
drinking water standards. (See reference 16)

(c) Natural abundance of Potassium 40 in potassium  chloride.

(d) No aqueous release limit is needed as potassium content of the body is under homeostatic control, and is not influenced by 
environmental levels.
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NORM
RADIONUCLIDE

Derived Release Limit(a)

AQUEOUS(b)

(Bq/L)
SOLID
(Bq/kg)

AIR
(Bq/m3)

Uranium-238 Series
(all progeny)

1 300 0.003

Uranium-238 
(U-238, Th-234,Pa-234m, U-234)

10 10,000 0.05

Thorium-230 5 10,000 0.01

Radium-226
(in equilibrium with its progeny)

5 300 0.05

Lead-210
(in equilibrium with bismuth-210 and polonium-210)

1 300 0.05

Thorium-232 Series
(all progeny)

1 300 0.002

Thorium-232 1 10,000 0.006

Radium-228
(in equilibrium with Ac-228)

5 300 0.005

Thorium-228
(in equilibrium with all its progeny)

1 300 0.003

Potassium-40 n/a(d) 17,000(c) n/a



5.3.2  Discrete NORM

Dis crete NORM sources are small in size and ex ceed
the con cen tra tion cri te ria for a dif fuse source. Be cause
of the pos si bil ity of high ra di a tion dose-rates close to
the source, the Un con di tional Derived Re lease Limits
are lower than for dif fuse NORM.

Ta ble 5.2 lists the Un con di tional Derived Re lease
Limits for dis crete NORM sources. The ma te rial must
also meet the ap pli ca ble ra dio ac tive sur face con tam i na -
tion val ues, shown in Ta ble 5.3. 

Table 5.2
Unconditional Derived Release Limits
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NORM
RADIONUCLIDE

Unconditional Derived Release Limit (a)

(Bq)

Uranium Ore
(in equilibrium with all progeny)

1,000

Uranium-238 (partitioned)
(in equilibrium with thorium-234 and protactinium-234)

10,000

Thorium-230
(no progeny)

10,000

Radium-226
(in equilibrium with its progeny)

10,000

Lead-210
(in equilibrium with bismuth-210 and polonium-210)

10,000

Thorium-232
(in equilibrium with all progeny)

1,000

Radium-228
(in equilibrium with actinium-228)

100,000

Thorium-228
(in equilibrium with its short-lived progeny)

10,000

Potassium-40 1,000,000

Notes:

(a) Unconditional Derived Release Limits, DRLs, (Activity and Concentration) relate to the long-lived parent radionuclide in
equilibrium with its progeny. The use of Uranium Ore is considered appropriate for NORM-contaminated substances where
equilibrium has not been disturbed by partitioning of the Uranium decay series. Where partitioning has occurred, the activity 
of each long-lived radionuclide must be found and compared to its appropriate Unconditional Derived Release Limit. Where 
more than one long-lived radionuclide is present in a sample, the appropriate sum of the ratios of the activity of each
long-lived radionuclide and its corresponding Unconditional Derived Release Limit, must not exceed 1,

e.g.,   Activity NORM Isotope A     +      Activity NORM Isotope B     +... +     Activity NORM Isotope N     ≤     1
              Unconditional DRL A                   Unconditional DRL B                        Unconditional DRL N



5.3.3 Surface Contamination

Limits for sur face ra dio ac tive con tam i na tion on equip -
ment, tools or scrap sur faces in tended for un con di tional 
re lease are based on the anal y sis of per sonal ra di a tion
ex po sure path ways to a max i mum an nual dose of
0.3 mSv. Dis crete NORM sources with sur face con tam -
i na tion less than the Ta ble 5.3 Sur face Con tam i na tion
Un con di tional Derived Re lease Limits can be re leased
with out fur ther in ves ti ga tion.

Table 5.3
Surface Contamination Unconditional Derived 
Release Limits – Discrete NORM Sources

Property Limit

Dose Rate 0.5 µSv/h at 50 cm

Surface
Contamination

1 Bq/cm2 averaged over a 
100 cm2 area

Notes:

1. A thin window radiation detector is recommended when 
monitoring beta/gamma sources of surface
contamination.

2. Table 5.3 release limits are only applicable to fixed
surface contamination. Loose surface contamination
must be completely removed or all accessible surfaces
stripped to ensure complete removal. 

3. In most cases, decontamination efforts which meet
beta surface contamination limits will concurrently
provide for the control of mixed alpha/beta/gamma
sources.
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6 STANDARDS FOR THE 
TRANSPORT OF NORM

The trans port of ra dio ac tive ma te rial, in clud ing
NORM, with ra dio ac tiv ity be low 70 Bq/g is not sub ject 
to fed eral trans por ta tion reg u la tions. All NORM con -
sign ments must ini tially be an a lyzed for ra dio ac tive
con tent to de ter mine whether the ma te rial meets Un -
con di tional Derived Re lease Limits, and if it does not,
whether fed eral trans port reg u la tions ap ply. 

NORM with ac tiv ity above 70 Bq/g falls un der fed eral
ju ris dic tion and is there fore sub ject to the re quire ments
of fed eral reg u la tions, in clud ing the CNSC’s Pack -
aging and Trans port Reg u la tions (12) and the Trans port
of Dan ger ous Goods Reg u la tions (13) for all dan ger ous
goods ship ments. The CNSC Pack aging and Trans port
Reg u la tions have been har mo nized with the IAEA’s
Safety Se ries 6, Reg u la tions for the Safe Trans port of
Ra dio ac tive Ma te rials, 1985 Edi tion (amended 1990)
(14) with fu ture plans to har mo nize with IAEA’s Reg u -
la tions for the Safe Trans port of Ra dio ac tive Ma te rials,
1996 Edi tion, Re port ST-1.(15)

6.1 Unrestricted NORM Shipments

Ma te rials meet ing all of the fol low ing cri te ria un der
this clas si fi ca tion do not re quire any spe cial con sid er -
ations for trans por ta tion.

n General exclusion: Material has a total specific
activity less than or equal to 70 Bq/g; and

n CNSC exemption: there are no regulatory
requirements for its possession or use under the
Nuclear Safety and Control Act, and the Packaging
and Transportation Regulations pursuant to that
Act; and

n meets the Unconditional Derived Release Limits of 
section 5.3.

6.2 NORM Shipments Subject to the 
Canadian Guidelines

For NORM pack ag ing hav ing less than 70 Bq/g to tal
spe cific ac tiv ity and NORM quan ti ties above the Un -
con di tional Derived Re lease Limits, the fol low ing are
rec om mended:

n Ensure that the transport manifest contains the
descriptor “Naturally Occurring Radioactive
Material – NORM”.

n Ensure that the consignment is securely packaged
in a manner that effectively prevents release of any
NORM contamination during transport.

n Do not affix radioactive placards or labels on the
transport vehicle or on the exterior surfaces of the
packaging.

6.3 NORM Shipments Governed by the
 Federal Transport Regulations

For NORM trans port ship ments with greater than
70 Bq/g to tal spe cific ac tiv ity, the reader is re ferred to
the CNSC reg u la tions and the IAEA Safety Se ries reg -
u la tion on trans por ta tion. Ac cess to a copy of the reg u -
la tions is es sen tial. Prep a ra tion of these ship ments for
trans port in volves sev eral steps. As a re sult, lead times
from four to six weeks prior to ship ment should be
planned. For more in for ma tion con cern ing trans por ta -
tion re quire ments, con tact the ap pro pri ate Fed eral,
 Provincial or Ter ri to rial gov ern ment agency. A list of
gov ern ment con tacts is pro vided in Ap pen dix B.
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6.4 NORM Surface Contamination
 Exclusions

A sur face con tam i nated ob ject (SCO) is a solid ob ject
which is not it self ra dio ac tive but which has ra dio ac tive 
ma te rial dis trib uted on its sur face. An ob ject with ex -
ter nal con tam i na tion is ex empted from the CNSC
 Packaging and Trans port Reg u la tions if :

(a)  the non-fixed con tam i na tion when av er aged over
each 300 cm2 of all sur faces is less than 0.4 Bq/cm2 for
beta and gamma emit ters and low tox ic ity al pha emit -
ters*, and is less than 0.04 Bq/cm2 for all other al pha
emit ters; and

(b)  the ob ject it self has an av er age spe cific ac tiv ity less 
than 70 Bq/g.

*Low tox ic ity al pha em bit ters are : nat u ral ura nium,
de pleted ura nium, ura nium-235 or ura nium-238, tho -
rium 232, tho rium -228 and tho rium-230 when con -
tained in ores or phys i cal and chem i cal con cen trates, or 
al pha emit ters with a half life less than 10 days.

6.5 Additional Information

Re fer to the Trans por ta tion of Dan ger ous Goods
 Regulations, the CNSC Pack aging and Trans por ta tion
Reg u la tions and the IAEA Reg u la tions for the Safe
Trans port of Ra dio ac tive Ma te rial for ad di tional
 information on re quire ments for the trans port of
NORM.(12,13,14,15)
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Publications Address List

Canadian Nuclear Safety Commission

Of fice of Pub lic In for ma tion
Ca na dian Nu clear Safety Com mis sion
280 Slat er Street, P.O. Box 1046 
Ot tawa, On tario  K1P 5S9

Health Canada

Ra di a tion Pro tec tion Bu reau, AL 6302D1
775 Brookfield Road
Ot tawa, On tario  K1A 1C1

International Atomic Energy Agency (IAEA)

Bernan As so ci ates 
4611-F As sem bly Drive 
Lantham, MD.  20706-4391

Di vi sion of Pub li ca tions
In ter na tional Atomic En ergy Agency
Wagramerstrasse 5,  P.O. Box 100
A-1400 Vi enna, Aus tria

International Commission on 
Radiological Protection (ICRP)

Pergamon Press Inc.
Maxwell House, Fairview Park
Elmsford, New York, U.S.A.

Pergamon Press plc
Headington Hill Hall
Ox ford, U.K. OX3 0BW

Guidelines for the Handling of Naturally
Occurring Radioactive Materials (NORM) in 
Western Canada

Al berta Hu man Re sources and Em ploy ment
In for ma tion Ser vices
2nd Floor, 10808 – 99 Av e nue
Ed mon ton, Al berta, Can ada  T5K 0G5
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Government Contacts

Federal Government Agencies

Canadian Nuclear Safety Commission
(formerly the Atomic Energy Control Board)

P.O. Box 1046
Ottawa, Ontario  K1P 5S9
1-800-668-5284 or (613) 992-2915

Health Canada

Radiation Protection Bureau
Environmental Radiation Hazards Division
775 Brookfield Road
Ottawa, Ontario  K1A 1C1
(613) 954-6671

National Dose Registry

Health Canada
Radiation Protection Bureau
775 Brookfield Road
Ottawa, Ontario  K1A 1C1
(613) 954-6663

Provincial Government Agencies

Alberta

Workplace Health and Safety
Alberta Human Resources and Employment
9th Floor, 10808- 99 Avenue
Edmonton, Alberta  T5K 0G5
(780) 427-6971

British Columbia

Radiation Protection Branch
BC Ministry of Health
4940 Canada Way, Suite 210
Burnaby, British Columbia  V5G 4K6
(604) 660-6630

Manitoba

Radiation Protection Section
Manitoba Cancer Treatment and Research Foundation
100 Olivia Street
Winnipeg, Manitoba  R3E 0V9
(204) 787-2213

New Brunswick

Public Health Management Unit
Health and Community Services
P.O. Box 5100
Fredericton, New Brunswick  E3B 5G8
(506) 453 2638

Newfoundland

Employment and Labour Relations
Fall River Plaza, P.O. Box 8700
270 Torbay Road
St. John’s, Newfoundland  A1C 4J6
(709) 729-0218

Northwest Territories

Department of Health and Social Services
Government of the Northwest Territories
7th Floor, Centre Square Tower
P.O. Box  320
Yellowknife, Northwest Territories  X1A 2L9
(867) 920-3293

Nova Scotia

Department of Environment and Labour
P.O. Box 697
Halifax, Nova Scotia  B3J 2T8
(902) 424-4077 or -4300
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Nunavut Territory

Department of Health and Social Services
Government of the Northwest Territories
7th Floor, Centre Square Tower
P.O. Box 320
Yellowknife, Northwest Territories  X1A 2L9
(867) 920-3293

Ontario

Ontario Ministry of Labour
Radiation Protection Service
81 Resources Road
Weston, Ontario  M9P 3T1
(416) 326-1403

Prince Edward Island

Division of Environmental Health
Department of Health and Social Services
Government of Prince Edward Island
P.O. Box 2000
Charlottetown, P.E. I.  C1A 7N8
(902) 894-2277

Quebec

Service de la Promotion de saines habitudes de vie et
de dépistage
Ministère de la Santé et des Services sociaux
1075, chemin Ste-Foy
Québec, Québec  G1S 2M1
(418) 646-2515

Saskatchewan

Radiation Safety Unit
Occupational Health and Safety Division
Saskatchewan Labour
1870 Albert Street
Regina, Saskatchewan  S4P 3V7
(306) 787-4538

Yukon Territory

Workers Compensation Health & Safety
Government of the Yukon Territory
401 Strictland Street
Whitehorse, Yukon Territory  Y1A 5N8
(780) 667-5450
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Radiation Unit Conversion Factors

PREFIXES

T: Tera 1012 M: Mega 106 m: milli 10-3 n: nano 10-9

G: Giga 109 k: kilo 103 µ: micro 10-6 P: pico 10-12

ACTIVITY

SI Units Former Units

1 Bq = 1 dps = 27 pCi = 2.7 × 10-11 Ci

1 kBq = 1 × 103 dps = 27 nCi = 2.7 × 10-8 Ci

1MBq = 1 × 106 dps = 27 µCi = 2.7 × 10-5 Ci

1 GBq = 1 × 109 dps = 27 mCi = 2.7 × 10-2 Ci

1 TBq = 1 × 1012 dps = 27 Ci = 2.7 × 10 Ci

37 mBq = 0.037 dps = 1 pCi = 1 × 10-12 Ci

37 Bq = 37 dps = 1 nCi = 1 × 10-9 Ci

37 kBq = 3.7 × 104 dps = 1 µCi = 1 × 10-6 Ci

37 MBq = 3.7 × 107 dps = 1 mCi = 1 × 10-3 Ci

37 GBq = 3.7 × 1010 dps = 1 Ci = 1 Ci

ABSORBED DOSE

SI Units to Former Units Former Units to SI Units

1 Gy = 100 rad     1 mGy = 0.1 rad     1  µGy = 0.1 mrad 1 rad = 10 mGy     1 mrad = 10 µGy     1  µrad = 0.01 µGy

DOSE EQUIVALENT “BIOLOGICAL DOSE”

SI Units to Former Units Former Units to SI Units

1 Sv = 100 rem     1 mSv = 0.1 rem     1 µSv = 0.1 mrem 1 rem = 10 mSv     1 mrem = 10 µSv     1  µrem = 0.01 µSv

RADON

Radiation
Exposure
Domain

Radon Gas
(Bq/m3)

Radon Progeny
(WLM)

Radon Progeny
(mJ h/m3)

Annual
Radiation Dose 

(mSv/a)

Occupational
(2000 hours 

per year)
150 = 0.2 = 0.67 = 1
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D APPENDIX

Effective Dose Calculations 

1. Effective Dose Categories

The to tal Ef fec tive Dose, ET, is cal cu lated from three
cat e go ries of ra di a tion ex po sure:

a. External gamma and beta dose

This dose cat e gory, per sonal dose equiv a lent
from pen e trat ing ra di a tion, is sym bol ized by
“Hp(10)” and rep re sents the beta/gamma dose
re ceived in a do sim e try pe riod. A one-year
 dosimetry pe riod is de fined as the do sim e try
pe riod com menc ing Jan u ary 1 and hav ing one
cal en dar year du ra tion. The five-year do sim e -
try pe riod means the pe riod of five cal en dar
years be gin ning Jan u ary 1 of the year af ter
these guide lines are pub lished, and ev ery
 period of five cal en dar years there af ter. 

b. Internal dose from the intake of 
radionuclides

This dose cat e gory is sym bol ized by “I” and
rep re sents the one-year or five-year do sim e try
pe riod es ti mate of NORM nu clide in take (in ha -
la tion and in ges tion) other than from ra don and 
its prog eny.

c. Inhalation of radon gas and its progeny

This dose cat e gory is de fined by cu mu la tive
 exposure to ra don prog eny  sym bol ized by
“RnP” with units of WLM. RnP rep re sents the
one-year or five-year do sim e try pe riod es ti mate 
of cu mu la tive ra don prog eny in ha la tion by
work ers.

For dose re cord ing pur poses, each dose cat e gory can be 
mea sured and re corded sep a rately. For com pli ance to
these Guide lines, or, fed eral, pro vin cial or ter ri to rial
dose limit reg u la tions, these cat e go ries must be com -
bined to cal cu late one ef fec tive dose for each in di vid -
ual. This com bined dose, the ef fec tive dose, is then
com pared to the ra di a tion dose lim its found in
 Table 2.1 of the Guide line. 

2. Effective Dose and Dose Limit 
Compliance Calculations

For worker dose com pli ance pur poses, the Guide lines
re quire dose cal cu la tions over a one-year and a
five-year do sim e try pe riod. One-year do sim e try pe riod
cal cu la tions are nec es sary for com pli ance with
one-year max i mum ef fec tive dose lim its, while
five-year do sim e try pe riod cal cu la tions dem on strate
com pli ance with the cu mu la tive dose lim its for a
five-year pe riod. The five-year cu mu la tive limit also
im plies an av er age an nual dose limit. 

For work ers, the im plied av er age an nual limit over a
five-year pe riod is an an nual ef fec tive dose of 20 mSv
ver sus the 50 mSv max i mum in any sin gle one-year
 dosimetry pe riod. For the pub lic, in clud ing the in ci den -
tally ex posed worker, the an nual limit is 1 mSv and the
five-year limit is five times the an nual limit. The fol -
low ing dose cal cu la tion meth od ol ogy is rec om mended
for de ter min ing one-year and five-year do sim e try pe -
riod re sults.

A. One Year Dosimetry Periods

Step 1

Cal cu late the an nual dose re ceived from each dose
cat e gory.

Ex ter nal 
Gamma 
and Beta 
Ex po sures

Annual dose received from all external 
sources,  Hp(10).

Radionuclide 
In take 
(In ter nal 
Ex po sures)

Annual dose received from all internal
sources,  I = ∑ An × DCwn
where An is the activity intake of
radionuclide n and DCwn is the
appropriate worker dose coefficient
specified for NORM nuclide, n (refer
to Table 4.1 entries). For inhalation,
the DCwn selected from Table 4.1 will
depend on the chemical form of the
radionuclide, which will determine
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whether it is fast (F), moderate (M) or
slow (S) absorption from the lungs.

Ra don-222 
In ha la tion

Annual dose received from radon-222
progeny inhalation, Rnd = 5(RnP),
where for workers the dose conversion
from WLM to mSv is 5 for radon-222
progeny. Radon-220 progeny must be
treated separately.

Step 2.  One-Year Dosimetry Period Compliance

De ter mine the ef fec tive dose by add ing the dose con tri -
bu tions from the three cat e go ries. To de ter mine
whether the an nual to tal ef fec tive dose re ceived com -
plies with the Guide lines com pare it to the ap pro pri ate
one-year dose limit from Ta ble 2.1.

Com pli ance: ET = Hp(10) + I + Rnd  #  the
appropriate value from Table 2.1

Ex am ple 1: During the year, a worker has been
exposed to external gamma radiation,
has ingested radium in dust and was
exposed to radon-222 progeny. The
workers recorded dose/intake are as
follows:

Source Re corded
Dose/In take

Ef fec tive Dose

Ex ter nal Ra di a tion
Hp(10)

12 mSv Hp(10)  =  12 mSv

In ter nal Ra di a tion
(ra dium-226) In

9,000 Bq I  =  2.5 mSv

Ra don RnP 0.4 WLM Rnd  =  2 mSv

This worker’s in ter nal dose com po nent (I) can be
 calculated us ing ta ble 4.1. The in ges tion DCw for
226Ra is 2.8 e-7 Sv/Bq. 

There fore I  =  (9,000 Bq)(2.8 e-7 Sv/Bq)
   =  0.0025 Sv = 2.5 mSv

This worker’s ra don dose com po nent (Rnd) can be
 calculated by mul ti ply ing the dose in WLM by 5 to
con vert to mSv.

There fore Rnd =  (0.4 WLM)(5 mSv/WLM) 
       =  2 mSv

The Ef fec tive Dose:
ET  =  Hp(10)  +  I  +  Rnd 
      =  12 mSv  +  2.5 mSv  +  2 mSv 
      =  16.5 mSv

Con clu sion: The worker has not exceeded the
annual dose limit of 50 mSv. However, 
the worker is getting close to the
average annual dose limit implied by
the five-year limit (20 mSv/a).

B. Five-year Dosimetry Period

Step 1

Cal cu late the dose re ceived in the five year pe riod, or
por tion thereof, from each dose cat e gory.

Ex ter nal 
Gamma 
and Beta 
Ex po sures

Total dose received during the five
year period, or portion thereof, from
all external sources  =  Hp(10).

Radionuclide 
In take 
(In ter nal 
Ex po sures)

Total dose received during the five
year period, or portion thereof, from all 
internal sources = I = 3 An x DCwn,
where An is the activity intake of
radionuclide n and DCwn is the worker
dose coefficient specified for that
NORM nuclide (Refer to Table 4.1
entries). For inhalation, the DCwn
selected from Table 4.1 will depend on 
the chemical form of the radionuclide,
which will determine whether it is
fast (F), moderate (M) or slow (S)
absorption from the lungs.

Ra don-222 
In ha la tion

Total dose received during five year
period, or portion thereof, from
radon-222 progeny inhalation,
Rnd = 5(RnP), where for workers the
dose conversion from WLM to mSv
is 5. Radon-220 progeny must be
treated separately.

Step 2.  Five Year Dose Limit Compliance

De ter mine the ef fec tive dose by add ing the dose
 contributions from the three cat e go ries. To de ter mine
whether the ef fec tive dose re ceived com plies with the
Guide lines com pare it to the ap pro pri ate five-year dose
limit from Ta ble 2.1.
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Com pli ance: ET  = Hp(10) + I +  Rnd  # the
appropriate value from Table 2.1

Ex am ple 2: During a five-year period, a worker
has been exposed to external gamma
radiation, has ingested radium in
dust and was exposed to radon-222
progeny. The workers recorded doses
are as follows:

Source Re corded
Dose/In take

Ef fec tive Dose

Ex ter nal Ra di a tion
Hp(10)

30 mSv Hp(10)  =  30 mSv

In ter nal Ra di a tion
(ra dium-226) In

26,000 Bq I  =  7.3 mSv

Ra don  RnP 1 WLM Rnd  =  5 mSv

This worker’s in ter nal dose com po nent (I) can be
 calculated us ing Ta ble 4.1. The DCw for 226Ra is
2.8 e-7 Sv/Bq. 

There fore    I  =  (26,000 Bq)(2.8 e-7 Sv/Bq) 
      = 0.073 Sv = 7.3 mSv

This worker’s ra don dose com po nent (Rnd) can be cal -
cu lated by mul ti ply ing the dose in WLM by 5 to con -
vert to mSv.

There fore Rnd  =  (1 WLM)(5 mSv/WLM)  
        =  5 mSv

The Ef fec tive Dose: 
ET   =  Hp(10)  +  I  +  Rnd 
       =  30 mSv  +  7.3 mSv  +  5 mSv 
       =  42.3 mSv

Con clu sion: The worker has not exceeded the
five-year dose limit of 100 mSv. 
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E APPENDIX

Derivation of Diffuse NORM 
Unconditional Derived Release Limits

The Un con di tional Derived Re lease Limit for dif fuse
NORM sources (solid, air, and wa ter) is the con cen tra -
tion of the par ent radionuclide (Bq per unit mass or
vol ume), in equi lib rium with its prog eny, that could re -
sult in a dose of 0.3 mSv per year from those path ways
con sid ered in the as sess ment, based on con ser va tive
ex po sure as sump tions (con ser va tive as sump tions are
those that are least likely to un der state ex po sure). The
path ways, as sump tions, and other re lated in for ma tion
are sup plied be low for the cal cu la tion of the lim its for
the de cay chains listed in Ta ble 5.1.

Un con di tional Derived Re lease Limits have been cal -
cu lated for 40K, and for the 238U and 232Th de cay se ries. 
Values for the two de cay se ries are given for the var i -
ous sub-chains that can be as sumed to be in equi lib -
rium, i.e., the par ent radionuclide in equi lib rium with
its shorter-lived prog eny. For ex am ple, within the
238U  series, a re lease limit is given for 210Pb in
 equilibrium with its prog eny, 210Bi and 210Po.

Exposure Pathways for 
Diffuse NORM Sources

Solid NORM

For dif fuse solid NORM, the re lease limit is the con -
cen tra tion in soil (Bq/kg) at the re cep tor that would re -
sult in a dose of 0.3 mSv/a to a ref er ence adult. Based
on a mod i fi ca tion to the screen ing meth od ol ogy rec om -
mended by the Na tional Com mis sion for Ra di a tion
Pro tec tion (NCRP) for dis posal of radionuclides in the
ground (NCRP 1996), it is as sumed that the ra dio ac tive 
ma te rial is uni formly dis trib uted in soil to in fi nite
depth, and that the ref er ence in di vid ual re sides on this
soil and con sumes pro duce grown on the soil. The
 following ex po sure path ways and as sump tions were
con sid ered:

n The parent radionuclide and its progeny are in
equilibrium.

n The reference adult is exposed to direct external
irradiation from the soil, which is assumed to be
homogeneously contaminated to infinite depth.

n The individual receives an internal dose from the
inhalation of resuspended dust, contaminated to the 
same level as the soil.

n Half of the individual’s annual supply of
vegetables is grown on contaminated soil. It is
assumed that the land does not support livestock,
so there is no dose from the consumption of animal 
products.

n The individual ingests contaminated soil from
unwashed produce, dirt on hands, etc.

n The reference individual is assumed to occupy the
site for 25% of the year, affecting the direct
irradiation, inhalation, and soil ingestion pathways.

Airborne NORM

For air borne NORM, the un con di tional re lease limit is
the con cen tra tion in air (Bq/m3) at the re cep tor that
would re sult in a dose of 0.3 mSv/a to a ref er ence adult
from in ha la tion. The fol low ing as sump tions ap ply:

n Only the inhalation pathway is assumed.

n The parent radionuclide and its progeny are in
equilibrium (very conservative).

n The reference individual is assumed to occupy the
site for 25% of the year.

Aquatic NORM

For aquatic NORM, the Un con di tional Derived Re lease 
Limit is the con cen tra tion in wa ter (Bq/L) at the point
of re lease that would re sult in a dose of less than
0.3 mSv/a to a ref er ence adult con sum ing wa ter for an
en tire year as sum ing a four to ten-fold di lu tion in con -
cen tra tion be tween the NORM re lease point and a
drink ing wa ter in take point. Equi lib rium be tween the
par ent and its prog eny is not as sumed. The re lease
limit is there fore 10 times the max i mum ac cept able
con cen tra tion given in the Guide lines for Ca na dian
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Drinking Wa ter Qual ity, 6th edi tion (Health Can ada
1996), which is based on a dose of 0.1 mSv/a. Re gard -
less of the NORM guide line, in all cases, pro vin cial
drink ing wa ter stan dards would ap ply to the wa ter as
re leased.

Discussion of Parameters Used in the
Derivation of Unconditional Release Limits

Soil to plant up take fac tors, Bvx, for the var i ous
radionuclides of in ter est are taken from Zach and
Sheppard (1992), Ta ble 6. These were se lected by Zach 
and Sheppard, based on a re view of avail able data, as
be ing ap pro pri ate mean val ues for the Ca na dian Shield.

An nual adult con sump tion rates for veg e ta bles and soil
are taken from Health Can ada (1993). A fac tor of 0.5
has been ap plied to the in take of pro duce to re flect the
as sump tion that one-half of the an nual in take is grown
on con tam i nated soil. The adult wa ter con sump tion rate 
is from Health Can ada (1996). The in ha la tion rate is
from ICRP Pub li ca tion 71 (1995), Ta ble 6. Soil den sity 
(for con ver sion of groundshine dose co ef fi cients) is
taken from CSA (1987). The soil resuspension fac tor
is from Da vis et al (1993). An oc cu pancy cor rec tion
fac tor of 0.25 has been ap plied to ex po sure to air borne
NORM sources by in ha la tion, and to ex po sures to solid 
NORM sources by:

n direct groundshine irradiation;

n ingestion of soil; and

n inhalation of resuspended dust.

Com mitted ef fec tive dose co ef fi cients for in ter nal
 exposure (in ha la tion, in ges tion) are from ICRP
 Publication 72 (1996). Ex ter nal dose rate co ef fi cients
for soil con tam i nated to in fi nite depth are taken from
Eckerman and Legett (1996); Eckerman and Ryman
(1993). These are con sis tent with ICRP 60 meth od ol o -
gies. Pa ram e ters val ues used in the cal cu la tion of un -
con di tional re lease lim its are summarized in Ta ble 1.

It is as sumed that:

n All radionuclides in the defined parent-progeny
group are in equilibrium for both solid and airborne 
NORM sources.

n For aquatic NORM, equilibrium is not assumed,
and the unconditional release  limit is based on
each separate radionuclide released.

n All compartments are in equilibrium, and at
steady-state.

n No allowance is made for transfer times between
compartments, or hold-up time of food (for
example between harvest and consumption).

n No corrections are made for reduction in external
irradiation due to shielding, surface roughness, etc.

Methodology and Equations

Solid and Airborne NORM

For a given de cay chain in equi lib rium (e.g., 238U 6
234Th 6 234mPa), the doses re sult ing from a unit con cen -
tra tion of each radionuclide, x, by each rel e vant ex po -
sure path way, y, re ferred to as Dx,y (mSv y-1) were
cal cu lated as fol lows, where DCx,y is the radionuclide-
and path way-specific ef fec tive dose co ef fi cient:

For Solid NORM:

n External groundshine

Dx,ext/gnd = soil conc’nx (Bq/kg)  ×  DCx,ext/gnd 
(Sv m3 Bq-1 s-1) ×  soil den sity (kg m-3) 
×  {3.16 × 107 (s y-1)  ×  oc cu pancy 
fac tor (0.25)}  ×  1000 (mSv Sv-1)

n Internal, ingestion of vegetables

Dx,in gest/veg = soil conc’nx (Bq/kg)  ×  DCx,in gest (Sv Bq-1)  
×  {Plant up take fac tor  ×  veg. Con sump tion 
rate (kg y-1)  ×  0.5}  ×  1000 (mSv Sv-1)

n Internal, ingestion of soil

Dx,in gest/soil = soil conc’nx (Bq/kg)  ×  DCx,in gest (Sv Bq-1)  
×  {soil in ges tion rate (kg y-1)  ×  oc cu pancy 
fac tor (0.25)}  ×  1000 (mSv Sv-1)

n Internal, inhalation of resuspended material

Dx,inhal/resus = soil conc’nx (Bq/kg)  ×  DCx,inhal (Sv Bq-1)  
×  dust load ing fac tor (kg m-3)  ×  {in ha la tion 
rate (m3 y-1)  ×  oc cu pancy fac tor (0.25)}  
×  1000 (mSv Sv-1)
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Table E.1
Parameter Values

For Air borne NORM:

n Internal, inhalation of airborne material

Dx,inhal/air = conc’nx in air (Bq m-3)  ×  DCx,inhal (Sv Bq-1)  
×  {in ha la tion rate (m3 y-1)  ×  ex po sure 
fac tor (0.25)}  ×  1000 (mSv Sv-1)

Cal cu la tion of the 
Un con di tional Derived Re lease Limit
The to tal dose per unit con cen tra tion (solid or air borne) 
is given by a dou ble sum over each radionuclide and
path way:

Dto tal, soil/ air (mSv y-1 per Bq/kg (or m-3))
=  33 Dx,y for each radionuclide, x in each 
ex po sure path way, y

The Un con di tional Derived Re lease Limit, URL, for
the par ent radionuclide in equi lib rium with its prog eny
is:

URL (Bq/kg (or m-3))  
=  0.1 mSv y-1 / Dto tal, soil/air (mSv y-1 per Bq/kg 
(or m-3) for solid (or air borne))

Aquatic NORM

As dis cussed above, the un con di tional de rived re lease 
limit for aquatic NORM is 10 times the max i mum
 acceptable con cen tra tion given in the Guide lines for
Ca na dian Drinking Wa ter Qual ity, 6th edi tion (Health
Can ada 1996) for the par ent radionuclide. Equi lib rium
be tween par ent and prog eny is not as sumed.
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Parameter Value Reference

Plant/Soil Uptake, Bvx Element Bvx (Zach and Sheppard, 1992)

(Bq/kg wet / Bq/kg dry) K 2.5E-01

Pb 1.1E-02

Bi 8.8E-03

Po 6.3E-04

Ra 3.3E-03

Ac 8.8E-04

Th 2.1E-04

Pa 6.3E-04

U 2.1E-03

Soil density (kg m-3) 1.6E+03 (CSA 1987)

Food consumption: Veg (kg y-1) 2.5E+02 (Health Canada 1993)

Soil ingestion rate (kg y-1) 7.3E-03 (Health Canada 1993)

Dust loading – resuspension (kg m-3) 6.0E-08 (Davis, et al., 1993)

Adult breathing rate (m3 y-1) 8.1E+03 (ICRP 1995)

Occupancy Factor 2.5E-01 (NCRP 1996)

External dose coefficients (Sv m3 Bq -1 s -1) Note (a) (Eckerman and Legett 1996)

Internal dose coefficients (Sv Bq-1) Note (a) (ICRP 1996)

(a) Dose coefficients are radionuclide dependent. Refer to listed references for specific values.



Un con di tional Derived Re lease Limits
Ta ble 5.1 of the Guide lines pro vides a sum mary of the
Un con di tional Derived Re lease Limits cal cu lated for
the sig nif i cant NORM nuclides in the Ura nium and
Tho rium de cay se ries and for po tas sium-40.
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F APPENDIX

Elements of a 
Formal Radiation Protection Program

Radiation Protection Program

Em ployers that im ple ment a ra di a tion pro tec tion pro -
gram should, as part of that pro gram, keep the ex po sure 
to ra don prog eny and the ef fec tive dose re ceived by
and com mit ted to per sons as low as rea son ably achiev -
able through the im ple men ta tion of:

  (i)  man age ment con trol over work prac tices;

 (ii)  per son nel qual i fi ca tion and train ing;

(iii)  con trol of oc cu pa tional and pub lic 
        ex po sure to ra di a tion; and

(iv)  plan ning for un usual sit u a tions.

An em ployer should as cer tain the ex po sure to ra don
prog eny and the ef fec tive dose by di rect mea sure ment
as a re sult of mon i tor ing; or by ex pert es ti mates.

Provision of Information

(1) The em ployer shall in form each oc cu pa tion ally 
 exposed worker, in writ ing:

(a) that he or she is an oc cu pa tion ally ex posed
worker;

(b) of the risks as so ci ated with ra di a tion to
which the worker may be ex posed in the
course of his or her work, in clud ing the risks 
as so ci ated with the ex po sure of em bryos and 
foe tuses to ra di a tion;

(c) of the ap pli ca ble ra di a tion dose lim its for
oc cu pa tion ally ex posed work ers shown in
Ta ble 2.1; and

(d) of the worker’s ra di a tion dose lev els.

(2) The em ployer should in form each oc cu pa tion ally 
ex posed fe male worker, in writ ing, of the appli-
ca ble ef fec tive dose lim its shown in Ta ble 2.1.

(3) The em ployer should ob tain from each 
oc cu pa tion ally ex posed worker a writ ten 
ac knowl edge ment that the worker has 
re ceived this in for ma tion.

Use of Licensed Dosimetry Service

Em ployers should use a do sim e try ser vice, meet ing the
re quire ments of S-106, Tech ni cal and Qual ity As sur -
ance Stan dards for Do sim e try Ser vices in Can ada,(9) to
mea sure the ra di a tion doses to oc cu pa tion ally ex posed
work ers who have a rea son able prob a bil ity of re ceiv ing 
an ef fec tive dose greater than 5 mSv in a one-year do -
sim e try pe riod.

Occupationally Exposed Workers

An oc cu pa tion ally ex posed worker should on re quest of 
the em ployer pro vide the worker’s:

(a) given names, sur name and any pre vi ous
sur name;

(b) So cial In sur ance Num ber;

(c) gen der;

(d) date, prov ince or state and coun try of birth;
and

(e) dose re cord for the cur rent one-year and
five-year do sim e try pe ri ods.

Pregnant Occupationally Exposed Workers

Ev ery oc cu pa tion ally ex posed worker who be comes
aware that she is preg nant should im me di ately in form
the em ployer in writ ing.
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On be ing in formed by an oc cu pa tion ally ex posed
worker that she is preg nant, the em ployer should make
ac com mo da tion to com ply with Note (b), Ta ble 2.1,
that will not con sti tute un due hard ship to the em ployer.

When Dose Limit Exceeded

When an em ployer be comes aware that a dose of ra di a -
tion re ceived by and com mit ted to a per son may have
ex ceeded an ap pli ca ble dose limit shown in Ta ble 2.1,
the em ployer shall:

(a) im me di ately no tify the per son and the
 Provincial Au thor ities of the dose;

(b) re quire the per son to leave any work 
that is likely to add to the dose;

(c) con duct an in ves ti ga tion to de ter mine the
mag ni tude of the dose and to es tab lish the
causes of the ex po sure;

(d) iden tify and take any ac tion re quired to
 prevent the oc cur rence of a sim i lar in ci dent;
and

(e) within 21 days af ter be com ing aware that
the dose limit has been ex ceeded, re port
the re sults of the in ves ti ga tion to the ap pro -
pri ate gov ern ment au thor ity (ref er ence
 Appendix B) or on the prog ress that has
been made in con duct ing the in ves ti ga tion.

Return to Work

If a per son has re ceived or been com mit ted to an equiv -
a lent dose that ex ceeds an equiv a lent dose limit given
in Ta ble 2.1, and Pro vin cial Au thor ities agree that the
per son can re turn to work, the au tho ri za tion may spec -
ify con di tions and pro rated dose lim its.

For the pur pose of this sec tion a pro rated ef fec tive dose 
limit is the prod uct ob tained by mul ti ply ing the ap pli -
ca ble dose limit given in Ta ble 2.1 by the ra tio of the
num ber of months re main ing in the do sim e try pe riod to 
the to tal num ber of months in the do sim e try pe riod.

Labelling and Signs

Labelling of Containers and Devices

Con tainers that store NORM ra dio ac tive ma te rial
should be la belled with:

(a) the ra di a tion warn ing sym bol set out in
 Figure G-1 and the words
“RAYONNEMENT – DANGER –
RADIATION”; and

(b) the name, quan tity, date of mea sure ment
and form of the ra dio ac tive ma te rial in
the con tainer.

This does not ap ply to a con tainer used to hold ra dio-
ac tive ma te rial for cur rent or im me di ate use or in which 
the quan tity of ra dio ac tive ma te rial is less than or equal 
to the amounts shown in Ta ble 5.1. For trans port ing
 radioactive ma te ri als re fer to Sec tion 6, Stan dards for
the Trans port of NORM.

Posting of Signs at Boundaries and 
Points of Access

The em ployer should place a du ra ble and leg i ble sign
that bears the ra di a tion warn ing sym bol shown in
 Figure G-1 and the words “RAYONNEMENT –
DANGER – RADIATION”, at the bound ary, and at
 every point of ac cess to the area, room or en clo sure:

where,

(a) there is ra dio ac tive ma te rial pres ent in an
 activity greater than 100 times the value
shown in Ta ble 5.1 in an area, room, or
en clo sure; 

or,

(b) there is a rea son able prob a bil ity that a per -
son in the area, room or en clo sure will be
ex posed to a ra di a tion dose rate greater than
25 µSv/h. 

Use of Radiation Warning Symbol

When ever the ra di a tion warn ing sym bol is used it
should be:

  (i)  prom i nently dis played;
 (ii)  of an ap pro pri ate size for the size of the 
        con tainer to which it is at tached, or of the 
        area, room, en clo sure or ve hi cle for which 
        it is posted;
(iii)  ori ented with one blade pointed down ward 
        and cen tred on the ver ti cal axis; 
(iv)  no word ing shall be su per im posed on it.
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Frivolous Posting of Signs

A ra di a tion warn ing sign should not be posted at a
place where the ra di a tion dose rate or ra dio ac tive ma te -
rial in di cated on the sign is not pres ent.

Records to Be Kept by Employer

Ev ery em ployer should keep a re cord of the name and
job cat e gory of each oc cu pa tion ally ex posed worker.

Fig ure G-1
Ra di a tion Warn ing Sym bol

Note:

The three blades and the central disk of the symbol shall be: 

(a) magenta or black; and 

(b) located on a yellow background.
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G APPENDIX

Glossary of Radiation Terminology

Ab sorbed Dose: The mean en ergy de pos ited by ion iz -
ing ra di a tion per unit mass of the body or or gan or tis -
sue of the body. Unit: gray (Gy), 1 Gy = 1 joule per
ki lo gram. 

Ac tiv ity (Ra dio ac tiv ity): The num ber of nu clear trans -
for ma tions that oc cur in a quan tity of ma te rial per unit
of time. Unit: becquerel (Bq), 1 Bq = 1 dis in te gra tion
per sec ond.

ALARA: A prin ci ple of risk man age ment ac cord ing to
which ex po sures are kept as low as rea son ably achiev -
able, eco nomic and so cial fac tors be ing taken into con -
sid er ation. A guid ing prin ci ple of ra di a tion pro tec tion.

Al pha Ra di a tion (Al pha De cay): A high-energy pos i -
tively charged par ti cle ejected from the nu cleus of an
un sta ble (ra dio ac tive) atom, con sist ing of two pro tons
and two neu trons. An al pha par ti cle is a he lium
nu cleus.

An nual Limit on In take (ALI): The in take by
 inhalation, in ges tion or through the skin of a given
radionuclide in a year by a ref er ence man which would
re sult in a com mit ted dose equal to the rel e vant dose
limit. The ALI is ex pressed in units of ac tiv ity.

Atomic Num ber: The num ber of pro tons con tained in
the nu cleus of an atom. This num ber gives each atom
its dis tinct chem i cal iden tity.

Atomic Mass (Mass Num ber): The to tal mass of pro -
tons and neu trons con tained in the nu cleus of an atom.

Back ground Ra di a tion: The ra di a tion to which an
 individual is ex posed aris ing from nat u ral ra di a tion
sources such as ter res trial ra di a tion from radionuclides
in the soil, cos mic ra di a tion from space, and nat u rally
oc cur ring radionuclides de pos ited in the body from
foods, etc.

Bal ance of Preg nancy: The pe riod from the mo ment
an em ployer is in formed of the preg nancy to the end of
the preg nancy.

Becquerel (Bq): An SI unit of ra dio ac tiv ity, equiv a lent 
to 1 nu clear trans for ma tion per sec ond. Used as a mea -
sure ment of the quan tity of a radionuclide since the
num ber of ra dio ac tive trans for ma tions (dis in te gra tions) 
is di rectly pro por tional to the num ber of at oms of the
radionuclide pres ent. Re places an ear lier unit, the cu rie
(Ci).

Beta Ra di a tion (Beta De cay): The ejec tion of a
high-energy neg a tively charged sub atomic par ti cle
from the nu cleus of an un sta ble atom. A beta par ti cle
is iden ti cal in mass and charge to an elec tron.

Con tam i na tion (Ra dio ac tive Con tam i na tion):
 Radioactive ma te rial pres ent in ex cess of nat u ral
 background quan ti ties in a place it is not wanted.

Com mitted Dose: The to tal dose re ceived from a
 radioactive sub stance in the body dur ing the re main der
of a per son’s life (as sumed as 50 years for adults,
70 years for chil dren) fol low ing the in take of the
radionuclide.

Cu rie (Ci): A unit of ac tiv ity equiv a lent to 3.7 × 1010

dis in te gra tions per sec ond. Re placed in in ter na tional
us age by the Becquerel.

De cay (Ra dio ac tive De cay): A pro cess fol lowed by an 
un sta ble nu cleus to gain sta bil ity by the re lease of en -
ergy in the form of par ti cles and/or elec tro mag netic ra -
di a tion. NORM ma te ri als de cay with the re lease of
al pha par ti cles, beta par ti cles and/or gamma pho tons. 

De cay Se ries (Ra dio ac tive De cay Se ries): A suc ces -
sion of radionuclides, each mem ber of which trans -
forms by ra dio ac tive de cay into the next mem ber un til
a sta ble nu clide re sults. The first mem ber is called the
“par ent”, the in ter me di ate mem bers are called “prog -
eny” and the fi nal sta ble mem ber is called the “end
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prod uct”. In the two NORM de cay se ries; ura nium-238
and tho rium-232 are the “par ents,” and lead-206 and
lead-208 are the “end prod ucts”. 

Derived Working Limit (DWL): A prac ti cal work ing
limit de rived from reg u la tory lim its. Derived Working
Limits can be com pared to mea sured val ues at the work 
site to as sess com pli ance with reg u la tory lim its.

Dif fuse NORM: NORM-contaminated ma te rial in
which the ra dio ac tive con cen tra tion is uni formly dis -
persed. It is gen er ally low in ra dio ac tive con cen tra tion,
and rel a tively large in vol ume. 

Dis crete NORM: NORM-contaminated ma te rial in
which ra dio ac tive sub stances are con cen trated, or not
uni formly dis persed through out the ma te rial. It gen er -
ally has much higher lev els of ra dio ac tive con cen tra -
tion in a lo cal ized vol ume than dif fuse NORM. 

Dose Co ef fi cient (DC): A fac tor that re lates the
amount of ra di a tion dose (Sv) de liv ered to the body per 
unit of ac tiv ity ( Becquerel) taken into the body. Unit:
(Sv/Bq).

Dose Con straint: An up per bound on the an nual dose
that mem bers of the pub lic or in ci den tally ex posed
work ers should re ceive from a planned op er a tion or
sin gle source.

Do sim e ter: A de vice for mea sur ing a dose of ra di a tion
that is worn or car ried by an in di vid ual

Ef fec tive Dose: Ra di a tion dose for pri mary ra di a tion
dose lim its. It rep re sents the sum of the equiv a lent
doses re ceived by dif fer ent tis sues of the hu man body,
each mul ti plied by a “tis sue weight ing fac tor” (wT).
Unit: sievert (Sv).

Equi lib rium (Ra dio ac tive): In a ra dio ac tive de cay se -
ries, the state that pre vails when the rate at which prog -
eny are pro duced is equal to the rate at which they are
de cay ing. This form of equi lib rium may be at tained
only if the pre cur sor is very long-lived rel a tive to any
mem ber of the de cay chain. All mem bers of a NORM
ra dio ac tive de cay se ries in equi lib rium have the same
ra dio ac tiv ity.

Equiv a lent Dose: The ab sorbed dose mul ti plied by a
“ra di a tion weight ing fac tor”, (wR), which ac counts for

the dif fer ent po ten tial for ad verse ef fects of the
 different types of ra di a tion. Unit: sievert (Sv).

Five Year Do sim e try Pe riod: The pe riod of five
 calendar years be gin ning on Jan u ary 1 of the year
 following the year in which the Ra di a tion Pro tec tion
Man age ment Pro gram is started, and ev ery pe riod of
five cal en dar years there af ter.

Gamma Ra di a tion (Gamma Rays or Gamma
 Photons): Elec tro mag netic ra di a tion or pho ton en ergy
emit ted from an un sta ble nu cleus in the pro cess of
 ridding it self of ex cess en ergy. Highly pen e trat ing,
gamma rays lose en ergy as they pass through at oms
of mat ter.

Gray (Gy): Ra di a tion dam age is de pend ant on the
 absorption of ra di a tion en ergy and is ap prox i mately
pro por tional to the con cen tra tion of ab sorbed en ergy
in tis sue. The gray is the SI unit of ab sorbed ra di a tion
dose cor re spond ing to the ab sorp tion of 1 joule of ra di -
a tion en ergy per ki lo gram of ma te rial. For gamma and
beta ra di a tions, the gray is nu mer i cally equal to the
sievert.

Groundshine: Ra di a tion de tect able on the earth’s
 surface from ra dio ac tive sub stances on or be neath the
sur face.

Half-life, Bi o log i cal: The time re quired for the body to 
elim i nate half the quan tity of a sub stance taken into the 
body. A ma jor fac tor in de ter min ing a radionuclide’s
Dose Co ef fi cient.

Half-life, Ra dio ac tive: The time re quired for a ra dio -
ac tive ma te rial to lose half of its ac tiv ity through ra dio -
ac tive de cay.

IAEA: In ter na tional Atomic En ergy Agency.

ICRP: In ter na tional Com mis sion on Ra dio log i cal
Pro tec tion.

In ci dentally Ex posed Workers: Em ployees whose
reg u lar du ties are not ex pected to re sult in ex po sure
to NORM ra di a tion. The pub lic an nual dose limit of
1 mSv ap plies to this cat e gory of work ers in an oc cu pa -
tional ex po sure en vi ron ment – the oc cu pa tional
do main. 
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In cre men tal Dose: Ra di a tion dose found in ex cess of
the lo cal back ground ra di a tion dose.

NORM (Nat u rally Oc curring Ra dio ac tive
 Materials): NORM is an ac ro nym for nat u rally oc cur -
ring ra dio ac tive ma te ri als com pris ing ra dio ac tive el e -
ments found in the en vi ron ment. Long-lived
ra dio ac tive el e ments of in ter est in clude ura nium, tho -
rium and po tas sium and any of their re spec tive ra dio ac -
tive de cay prod ucts such as ra dium and ra don. Some of
these el e ments have al ways been pres ent in the earth’s
crust and within the tis sues of all liv ing be ings. Al -
though the con cen tra tion of NORM in most nat u ral
sub stances is low, higher con cen tra tions may arise as
the re sult of hu man ac tiv i ties.

One-year Do sim e try Pe riod: The pe riod of one cal en -
dar year be gin ning on Jan u ary 1 of the year fol low ing
the year in which the Ra di a tion Pro tec tion Man age ment 
Pro gram is started, and ev ery pe riod of one cal en dar
year there af ter.

Oc cu pa tionally Ex posed Workers (NORM
Workers): Em ployees who ex pect to re ceive ex po sure
to sources of NORM  ra di a tion as a re sult of their
 regular du ties. The an nual oc cu pa tional dose limit of
20 mSv ap plies to this cat e gory of work ers in an oc cu -
pa tional ex po sure en vi ron ment.

Per sonal Do sim e try Thresh old: The an nual ef fec tive
dose above which ra di a tion do sim e try of in di vid ual
work ers is re quired.

Phosphogypsum Stack: Phosphogypsum stack re fers
to the stor ing of phosphogypsum, a by prod uct of fer til -
izer pro duc tion, in large out door stock piles.

Pho tons (X-ray or Gamma rays): See gamma
ra di a tion.

Rad: A his tor i cal ra di a tion unit for mea sur ing ra di a tion 
en ergy ab sorp tion (dose), equiv a lent to 100 ergs per
gram in any me dium. RAD is an ac ro nym for Ra di a tion 
Ab sorbed Dose. Now re placed in in ter na tional sys tem
of units by the “gray” (Gy).

Ra di a tion Weighting Fac tor (wR): A value
 recommended by the In ter na tional Com mis sion on
 Radiological Pro tec tion, and usu ally adopted by
 national reg u la tory agen cies, to con vert ab sorbed dose
from var i ous types of ion iz ing ra di a tion into its dose

equiv a lent in terms of bi o log i cal harm from al pha, beta
or gamma ra di a tion. For gamma rays and beta par ti cles, 
wR = 1. For al pha par ti cles and fast neu trons, wR = 20. 

Radiochemical Anal y sis: Anal y sis of the ra dio ac tive
con tent of a NORM sam ple. Radiochemical anal y sis
will iden tify and quan tify the con cen tra tion of var i ous
radionuclides in the NORM sam ple.

Radionuclide or Ra dio iso tope: A par tic u lar form of
an el e ment, char ac ter ized by a spe cific atomic mass
and atomic num ber, whose atomic nu cleus is un sta ble
and de cays or dis in te grates with a sta tis ti cal prob a bil ity 
char ac ter ized by its phys i cal half-life.

Ra dium-226: A ra dio ac tive el e ment with a half life of
1600 years. It is a par tic u larly haz ard ous de cay prod uct 
of nat u ral ura nium, and is fre quently the dom i nant
NORM nu clide. It de cays into the ra dio ac tive gas
Ra don-222.

Ra don: The only ra dio ac tive gas gen er ated dur ing nat -
u ral ra dio ac tive de cay pro cesses. Two ra dio iso topes of
ra don are pres ent – ra don and thoron – each a de cay
prod uct of ra dium. Ra don (Rn-222) is found in the
 uranium de cay se ries while thoron (Rn-220) is found
in the tho rium de cay se ries.

Ra don Prog eny: The prod ucts of ra don (ra don-222) or 
thoron (ra don-220) de cay with short half-lives.  Radon
de cay prod ucts in clude; Po lo nium-218 (RaA),
Lead-214 (RaB), Bis muth-214 (RaC), and
 Polonium-214 (RaC’). Thoron  de cay prod ucts in clude; 
Po lo nium-216 (ThA), Lead-212 (ThB), Bis muth-212
(ThC), Po lo nium-212 (ThC’), and Thal lium-208
(ThC”).

Rem: A his tor i cal unit of hu man dose equiv a lent. Rem
is an ac ro nym for roent gen equiv a lent man and was re -
placed in 1977 by the sievert in the in ter na tional sys tem 
of units.

Roent gen (R): The clas si cal unit of ra di a tion ion iza tion 
in air, fre quently mis ap plied as a unit of ex po sure in
hu mans. Re placed in in ter na tional sys tem of units  by
the “cou lomb per kg in air”.

Shielding: The re duc tion of ra di a tion beam in ten sity by 
in ter pos ing, be tween the source and an ob ject or per son 
that might be ex posed, a sub stance that ab sorbs 
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ra di a tion en ergy, ei ther by col li sion, in the case of
 particulate ra di a tion, or by ab sorp tion of wave form
 energy, in the case of gamma pho tons.

SI (In ter na tional Sys tem of Units): The “met ric”
 system of units gen er ally based on the metre/ki lo gram/
sec ond units. Spe cial quan ti ties for ra di a tion in clude
the becquerel, gray and sievert.

Sievert (Sv): The sievert is the unit of ra di a tion equiv a -
lent dose, H,  that is used for ra di a tion pro tec tion pur -
poses, for en gi neer ing de sign cri te ria and for le gal and
ad min is tra tive pur poses. The sievert is the SI unit of
ab sorbed ra di a tion dose in liv ing or gan isms mod i fied
by ra di a tion type and tis sue weight ing fac tors. The unit
of dose for the terms “equiv a lent dose” and “ef fec tive
dose”. It re places the clas si cal ra di a tion unit the rem.
Mul ti ples of sieverts (Sv) used in the Guide lines in -
clude millisieverts (mSv) and microsieverts (µSv).

Spe cific Ac tiv ity (Ra dio ac tive Con cen tra tion): The
num ber of becquerels per unit of mass of a ma te rial.
Units: Bq/g and kBq/kg.

Tis sue Weighting Fac tor (wT): A weight ing fac tor
 developed by the ICRP that as signs a rel a tive share of
to tal ra di a tion dose det ri ment to spe cific or gans and
 tissues. Risks from lo cal ized ra di a tion ex po sures to
spe cific or gans and tis sues can be quan ti fied.

Un con di tional Derived Re lease Limits: Within the
Un re stricted clas si fi ca tion, the ra dio ac tive ac tiv ity of
NORM be low which NORM can be re leased into the
pub lic do main with out re stric tions.

Working Level (WL): A unit for po ten tial al pha
 energy con cen tra tion, (PAEC), re sult ing from the
 presence of ra don prog eny equal to the emis sion of
1.3 × 105 MeV of al pha en ergy per litre of air. In
SI units the WL cor re sponds to 2.08 × 10-5 joules per
cu bic metre (J/m3).

Working Level Month (WLM): A mea sure of the
 cumulative ex po sure to ra don prog eny in air. One
Working Level Month is de fined as the ex po sure re -
ceived by an in di vid ual in hal ing air con tain ing a ra don
prog eny con cen tra tion of one WL for a pe riod of
170 hours, the as sumed num ber of hours in a work ing
month. One work ing level month is equiv a lent to
3.54 mJ h m-3.
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