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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

In the course of employment, individuals may work with radioactive materials that, under certain
circumstances, could be taken into the body. Protecting workers against the risks of incorporated
radionuclides requires monitoring potential intakes and/or quantifying actual intakes and exposures.
The doses resulting from internal radiation exposure arising from contamination by radioactive
substances cannot be measured directly. Decisions have to be made regarding which methods,
techniques, frequencies, etc., to select in order to measure and assess these doses. The criteria for
determining the design of a monitoring programme, i.e. its requirements, methods and schedule, usually

depends o
potential r

For theser
laboratory]|
developed
number of

legislation, the purpose of the overall radiation protection programme, the probabilitj

s of

hdionuclide intakes and the characteristics of the materials handled.

basons, three International Standards addressing monitoring programmes (1SO 20553:20

and can be applied in a straightforward manner to many radionuclides. Hiowever, f
specific materials, the practical application of these International Standards‘is complex

further guldance may be required, e.g. for accreditation purposes.

This Intern
dosimetry

ational Standard has been developed to address the specific issue pf monitoring and inte
for inhalation of uranium compounds, which reflects

D6),

requirements (ISO 28218:2010) and dose assessments (ISO 27048:2011)\ have Heen

ra
and

‘nal

— the growing interest in nuclear energy production and the associdted increase in uranium mining

and fu

— thelar

bl production,

oe variation of isotopic compositions of the uranium compounds that may be encountere

the wdrkplace, and

— thei

ortance of taking into account both the chemical and the radiological risks arising fi

exposyres to uranium.

It contribufes to harmonizing the practices in the fonitoring of occupationally exposed persons w
remaining complementary to ISO 20553:2006, 1SO 28218:2010 and ISO 27048:2011.

d in

fom

hile

This Intermpational Standard describes thelneed for a monitoring and internal dosimetry progra

for the different compounds of uranium and offers guidance on its design. Its development has

into acco
experience
Its applica
and emplo}

of the practical application of its recommendations in radiological protection programy
fion facilitates the exchanges of information between authorities, supervisory institut
ers.

me
t'aIken
t recommendations from~international expert bodies and persons with internatignal

[es.
ons

Vi
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Radiological protection — Monitoring and internal
dosimetry for specific materials —

Part 1:
Inhalation of uranium compounds

its for the
thods have

cupational
] Standard
r chemical

tainties);

monitoring

1 (Scope

Thif International Standard specifies the minimum requirements for the design of pfofessional

programmes to monitor workers exposed to uranium compounds. It establishes principles for the

development of compatible goals and requirements for monitoring programmzes-and dose ass¢ssment for

wortkers occupationally exposed to internal contamination. It establishes procedures and agsumptions

for [risk analysis, monitoring programmes and the standardised interpretation of monitorjng data in

ordpr to achieve acceptable levels of reliability for uranium and its\cempounds. It sets li

applicability of the procedures in respect to dose levels above which more sophisticated me

to he applied.

Uranium is both radiologically and chemically toxic. Hence, the scientific bases of current od

exppsure standards are reviewed in addition to radiation‘exposure limits. This Internationg

addresses those circumstances when exposure could be constrained by either radiological (

toxicity concerns.

Thi} International Standard addresses, for uranjum and its compounds, the following items:

a) |purposes of monitoring and monitoring programmes;

b) |description of the different categories of monitoring programmes;

c) |quantitative criteria for conducting monitoring programmes;

d) [suitable methods for monitoring and criteria for their selection;

e) |information that has to‘be collected for the design of a monitoring programme;

f) |general requirements for monitoring programmes (e.g. detection limits, tolerated uncer

g) |frequencies’df measurements;

h) |procedurés for dose assessment based on reference levels for routine and special
progtammes;

i) lassumptions for the selection of dose-critical parameter values;

j) criteria for determining the significance of monitoring results;

k) interpretation of workplace monitoring results;

1) uncertainties arising from dose assessment and interpretation of bioassays data;

m) reporting/documentation;

n) quality assurance;

0) record keeping requirements.

© ISO 2015 - All rights reserved
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[t is not applicable to the following items:

a)
b)
‘)
d)
e)

potent

monitoring of exposure due to uranium progeny, including radon;
detailed descriptions of measuring methods and techniques for uranium;
dosimetry for litigation cases;

modelling for the improvement of internal dosimetry;

ial influence of counter-measures (e.g. administration of chelating agents);

f)

g) dosimg

2 Norm

The followj

indispensaple for its application. For dated references, only the edition citéd)applies. For undz:

references

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to ghe“expression of uncertaint

measuremsg

ISO/IEC Gy
terms (VIM

ISO 5725-1
principles d

1SO 5725-2
for the detg

ISO 5725-3
measures o

ISO 20553:
contaminat

[SO 28218;

ISO 27048
radiation e

ISO 15189:

investjgation of the causes or implications of an exposure;

try for ingestion exposures and for contaminated wounds.

ative references

ing documents, in whole or in part, are normatively referenced in this document and

the latest edition of the referenced document (including any amendments) applies.

nt (GUM:1995)

)

, Accuracy (trueness and precision) of measurement methods and results — Part 1: Gen
nd definitions

Accuracy (trueness and precision) of megsurement methods and results — Part 2: Basic met
rmination of repeatability and reproducibility of a standard measurement method

Accuracy (trueness and precision) of measurement methods and results — Part 3: Intermed
f the precision of a standard measurement method

2006, Radiation protection + Monitoring of workers occupationally exposed to a risk of inte
ion with radioactive material

2010, Radiation protection — Performance criteria for radiobioassay

2011, Radiatien protection — Dose assessment for the monitoring of workers for inte
kposure

2012, Medical laboratories — Requirements for quality and competence

3 Terms-and-definitions

are
ted

y in

ide 99, International vocabulary of metrology — Basic.and general concepts and associqited

eral

hod

iate

rnal

rnal

For the purposes of this document, the terms and definitions given in ISO/IEC Guide 99, ISO 5725-1,

ISO 5725-2
3.1

, ISO 5725-3 and the following apply.

absorption
movement of material into blood regardless of mechanism, which generally applies to the dissociation
of particles and the uptake into blood of soluble substances and material dissociated from particles

© ISO 2015 - All rights reserved
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3.2
absorption Type F
deposited materials that have high (fast) rates of absorption into body fluids from the respiratory tract

[SOURCE: ICRP 66]

3.3

absorption Type M

deposited materials that have intermediate (moderate) rates of absorption into body fluids from the
respiratory tract

[SOPRCETICRP 66]

34
absorption Type S
depjosited materials that have low (slow) rates of absorption into body fluids from the respirfatory tract

[SOPRCE: ICRP 66]

3.5
actjvity
number of spontaneous nuclear disintegrations per unit time

Note¢ 1 to entry: The activity is stated in becquerels (Bq), i.e. the number of disintegrations per second.

3.6
actjvity median aerodynamic diameter
AMAD

valye of aerodynamic diameter such that 50 % *of the airborne activity in a specified| aerosol is
ass@ciated with particles smaller than the AMABiand 50 % of the activity is associated with particles
larger than the AMAD

Notg¢ 1 to entry: The aerodynamic diameter pf\an airborne particle is the diameter that a sphere of linit density
woyld need to have in order to have the same terminal velocity when settling in air as the particle offinterest.

3.7
clearance
net|effect of the biological pracesses by which radionuclides are removed from the body| or from a
tissue, organ or region of the body

Notg 1 to entry: The clearance rate is the rate at which this occurs.

3.8
contamination
radjoactive substances on surfaces or within solids, liquids or gases (including the human bqdy), where
its presen¢eis unintended or undesirable, or the process giving rise to its presence in such pllaces

3.9
criticatvatue
maximum value for the result of a single measurement in a monitoring programme where it is safe to
assume that the corresponding extrapolated annual dose does not exceed a predefined dose level

3.10

decision threshold

fixed or a posteriori value of the measurand by which, when exceeded by the result of an actual
measurement of a measurand quantifying a physical effect, it is decided that the physical effect is present

3.11
detection limit
smallest true value of the measurand that is detectable by the measuring method

© IS0 2015 - All rights reserved 3
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3.12
annual dose
committed effective dose resulting from all intakes occurring during a calendar year

Note 1 to entry: The term “annual dose” is not used to represent the dose received in a year from all preceding
intakes.

3.13

committed effective dose

sum of the products of the committed organ or tissue equivalent doses and the appropriate tissue
weighting factors

Note 1 to enfry: In the context of this International Standard, the integration time is 50 years following any intlake.

3.14
equivalent dose
product of the absorbed dose and the radiation weighting factor for the specific radiation-at this pojnt

3.15
committedl equivalent dose
time integfal of the equivalent dose rate in a particular tissue or organ follewing intake of radioacfive
material into the body of a reference person

Note 1 to enfry: In the context of this International Standard, the integrationtiine is 50 years following any intlake.

3.16
excretion function
function de¢scribing the fraction of an intake excreted per dayafter a given time has elapsed since|the
intake occyirred

3.17

event
any unint¢nded occurrence, including operating error, equipment failure or other mishap, [the
consequenkes or potential consequences ofCwhich are not negligible from the point of viey of
protectionfor safety

3.18

intake
<process> pct or process of taking radionuclides into the body by inhalation or ingestion or through|the
skin

3.19

intake
<quantity3 activity ofia-radionuclide taken into the body in a given time period or as a result of a given
event

3.20
in vitro anglyses
indirect measurements
analyses that include measurements of radioactivity present in biological samples taken from an
individual

Note 1 to entry: These include urine, faeces and nasal samples; in special monitoring programmes, samples of
other materials such as blood and hair may be taken.

3.21

in vivo measurements

direct measurements

measurement of radioactivity present in the human body carried out using detectors to measure the
radiation emitted

Note 1 to entry: Normally, the measurement devices are whole-body or partial-body (e.g. lung, thyroid) counters.

4 © IS0 2015 - All rights reserved
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3.22

monitoring

measurements made for the purpose of assessment or control of exposure to radioactive material and
the interpretation of the results

Note 1 to entry: This International Standard distinguishes four different categories of monitoring programmes,
namely confirmatory monitoring programme (3.23), routine monitoring programme (3.24), special monitoring
programme (3.25) and task-related monitoring programme (3.26), as well as two different types of monitoring,
namely individual monitoring (3.27) and workplace monitoring (3.28), which feature in each category.

3.23

monitoring programme carried out to confirm assumptions about working conditions

EXAMPLE Monitoring programme carried out to confirm that significant intakes have notoccurred.

monitoring programme associated with continuing operations and intended/to-demonstrate tat working
confitions, including the levels of individual dose, remain satisfactory and meet regulatory requirements

monitoring programme performed to quantify significant expesures following actual or|suspected
abnprmal events

3.26
task-related monitoring programme
monitoring programme related to a specific operation, or providing information on a specifif operation
of limited duration, or following major modifications applied to the installations or| operating
profedures, or confirming that the routine monitoring programme is suitable

3.2
indjvidual monitoring
monitoring by means of equipment worn by individual workers, by measurement of the| quantities
of rpdioactive materials in or on the bodies of individual workers, or by measurement of radioactive
material excreted by individualworkers

3.2
workplace monitoring
monitoring using measurements made in the working environment

3.29
mohitoring interval
perjod between two consecutive times of measurement

3.3p
qudlity assurance
planned and systematic actions necessary to provide adequate confidence that a process, measurement
or service satisfy given requirements for quality such as those specified in a licence

3.31

quality control

part of quality assurance intended to verify that systems and components correspond to
predetermined requirements

3.32

quality management

all activities of the overall management function that determine the quality policy, objectives and
responsibilities, and that implement them by means such as quality planning, quality control, quality
assurance and quality improvement within the quality system

© IS0 2015 - All rights reserved 5
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3.33
investigat

ion level

level of dose, exposure or intake at or above which investigation has to be made in order to reduce the
uncertainty associated with the dose assessment

3.34
recording

level

level of dose, specified by the employer or the regulatory authority, at or above which values of dose
received by workers are to be entered in their individual records

3.35
reference
value of mg

3.36

retention
function d
body after

3.37
scattering
geometric

3.38
time of saj
<in vitro arj
concerned

3.39
time of mg
<in vivo an

4 Symb

4.1 Symbols

Dy

E(50)
e(50)

f1

level
asured quantities above which some specified action or decision should be taken

function
bscribing the fraction of an intake present in the body or in a tissue, organ or region of
A given time has elapsed since the intake occurred

factor
standard deviation of the lognormal distribution of bioassay measurements

mpling
i.e. the end time of the collection period

asurement
hlysis> time at which the measurement begins

ols and abbreviated terms

Committed effective dose.due to annual intake (Sv) such that lower doses may be discounted foj
purpose of the monitoring programme

Committed effective dose for an integration period of 50 years
Dose coeffigiént: committed effective dose per unit intake
Gastro=intestinal uptake factor

Intake

m(t;)

me(ti)

M
M¢
AT

AT/2

the

alysis> time at which the biological sample (e.g. urine, faeces) was provided by the indiviqual

the

Predicted value of the measured quantity at time, ¢;, for unit intake (excretion or retention function

at time, ¢;, for unit intake)

Predicted value of the quantity measured after a period of t;, days of a chronic unit intake per
(excretion or retention function at time, ¢;, for chronic unit intake per day)

Measurement value at time, t;
Critical value
Duration of the monitoring interval (in days)

mid-time of the monitoring interval (in days)

day

© ISO 2015 - All rights reserved
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E(t) Value of the excretion function at time t (day) after a unit intake
R(t) Value of the retention function at time ¢t (day) after a unit intake
ApL Detection limit

4.2 Abbreviated terms

AMAD Activity median aerodynamic diameter

CR Certified reference material (ISQ 28218)

DA( Derived air concentration

DIL Derived investigation level

DL Annual dose limit = 0,02 Sv

DRL Derived recording level

DU Depleted uranium (uranium with an assay of U-235 that is lower‘than its content in natuijal uranium)
HEU High enriched uranium (uranium with an assay of U-235 equal to or more than 20 %)
IARL International Agency for Research on Cancer

ICRP International Commission on Radiological Protection

LEU Low enriched uranium (uranium with an assay of U-235 from the natural level to 20 %)
LOAEL Lowest-observed-adverse-effect level

MRL Minimal risk level

NOAEL No-observed-adverse-effectlevél

PAS Personal air sampler

RPE Respiratory protective equipment

SAS Static air sampler

TRS Transfer.réference standard (ISO 28218)

U-nat Uranium compound with natural isotopic composition
WHD World Health Organization

5 Rurpese andneed formonitoring progranunes

Uranium compounds are considered a mixture of three major isotopes: U-234, U-235 and U-238; but in
certain cases U-233 and U-232 are also included. This International Standard describes four different
isotopic compositions representing natural (U-nat), depleted (DU), low (LEU) and high (HEU) enriched
uranium forms (see Table 1) based on their typical uranium isotopic compositions encountered in the
nuclear industry. Specific isotopic compositions should be used if available.

© IS0 2015 - All rights reserved 7
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Table

1 — Isotopic composition of natural uranium (U-nat), depleted uranium (DU), low

enriched uranium (LEU) and high enriched uranium (HEU), by mass and total uranium alpha

activities, based on specific activity values in ICRP 107[20]

U-238 U-235 U-234

Alpha

Isotopic
composition
by mass

Total
alpha
activity

Total
alpha
activity

Total
alpha
activity

Total
alpha
activity

Isotopic
composition
by mass

Isotopic
composition
by mass

U-234/
U-238

activity ratio

% % % % % % Bq/g

U-nat

99,275 48,26 0,72 2,25 0,0055 49,49 | 2,56E+04 1,03

DU

99,799 83,45 0,2 1,07 0,0010 15,48 | 1,49E+04 0,186

LEU

96,471 14,78 3,5 3,45 0,02884 81,78 | 8,12E+04 554

HEU

6,41 0,042 92,8 3,92 0,79 96,04 | 1,89E+06 2282

In industr}
radionuclic
able to det
material w
procedure
to calculat
recommen
absorption
and partic
systemic ny

be indepenldent of the chemical form inhaled.

The purpo
againstris
monitoring
assessmen
and to quad
received. D
be made in

Routine m
indicate th|
monitoring
constant. T
level of thd
legally rele
assessmen
overlooked

Special mg

/, uranium can be present in a variety of chemical forms, often in assoCiation with of
ermine the absorption parameters for uranium and, therefore, describe the biokinetics of
hich would form the base for assessing radiological constraints n optimising monito
5. However, the absorption data can be obtained from animal studies designed specific
b the material specific absorption parameters in a range of industrial materials. In ordg
d material-specific dose coefficients and predict the biokinetics of uranium in humans,
parameter values obtained from the animal studies are/combined with human deposi
e transport data obtained from the ICRP Human Respiratory Tract Modell8] and the I
odel for uranium[19]; deposition and particle transport parameters are assumed by ICR

her

les. In general, there is insufficient high quality data regarding inhalation by workers t¢ be

the
ing
ally
r to
the
[ion
CRP
P to

be of monitoring in general is to verify and dogument that the worker is protected adequ

L to identify work situations in whigh-there is a risk of internal contamination of wor
ntify the likely intake of radioactive material and the resulting committed effective ¢
ecisions about the need for monitoring and the design of the monitoring programme shg
the light of such a risk assesSmeént, as described in ISO 20553.

nitoring is performed (foquantify normal exposures, i.e. where there is no evidenc
at acute intakes have occurred but where chronic exposures cannot be ruled out. Rou
programmes assume that working conditions and the risks of intake remain reason
he design of thistype of programme of regular measurements is heavily dependent on
annual dose;which shall be readily and reliably quantified. The level should be well be
vant limits;.accounting for uncertainties; for example, in activity measurement and ¢

, while\alow value may result in unnecessary efforts at low exposures.

nitoring is performed to quantify significant exposures following actual or susped

ely

ks from radionuclide intakes and the protection complies with legal requirements. Therefpre,
forms part of the overall radiation prdtection programme. The programme starts with an

ers,
ose
uld

e to
fine
hbly
the
low
ose

L. If the level is too high, intakes representing considerable fractions of dose limits could be

ted

abnormal events. In comparison to routine monitoring, the time of Intake 1s usually much better known
and additional information may be available, which helps to reduce the uncertainty of assessment. The
purposes of dose assessment in such cases include

— assistance in decisions about countermeasures (e.g. decorporation therapy),

compliance with legal regulations, and

help to improve conditions in the workplace.

In most cases, special monitoring is performed individually. In cases where there is reason to suspect
that exposure limits could be exceeded, it may be appropriate to extend the measurements in order to

determine

individual retention and excretion functions and biokinetic model parameters.
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Confirmatory monitoring may be required to check the assumptions underlying the procedures
previously selected. It may consist of workplace or individual monitoring, e.g. as occasional
measurements to investigate the potential accumulation of activity in the body.

Task-related monitoring applies to a specific operation. The purpose and the dose criteria for carrying
out task-related monitoring are identical to those for routine monitoring.

Individual monitoring gives information needed to assess the exposure of a single worker by measuring
individual body activities, excretion rates or activity inhaled (using personal air samplers, see 8.2).

Workplace monitoring, which includes collective monitoring, provides exposure assessments for a group
nfluencing
and it may
fome cases
monitoring

the[resulting doses. It is mainly used in cases where 1nd1v1dual monitoring is not appropuniadte
alsq be needed in those cases where individual monitoring is not sufficiently sensitive.In
resyilts of workplace monitoring are needed to support individual dose assessments\(e.g. air
may provide information on the time of an intake).

Factors determining the extent of a monitoring programme are
the magnitude of likely exposures,
the requirement to identify accidental exposure events, and

the need to assess the effectiveness of respiratory protectivé equipment (RPE).

In
exp)

rder to improve both risk assessment and management of uranium, there is a need f
psure limit values. The process of setting exposure limits begins with a careful

toxicological studies with relevant conditions of exposure, which is compared with actua

The

final value takes into account the risk, as welkas practical and economic constraints.

vallles are regularly revised and modified depending on: new research, new risk assg

imp
var
soll
Mos
kid
abo|

Jud
abo|
infa
con

rovement of detection limits following new'instrumental analysis methods. The toxicity
es according to its chemical form and, isotopic composition. Absorption rates diffe
bility of the compound. Those limits neéed to take into account both chemical and radiolg

hey exceeds 3 ug g1 (retrospective) and for radiological hazard when the annual effecft
[ve 6 mSv (prospective).

br adapted
hnalysis of
exposure.
Protective
ssment or
pf uranium
 with the
gical risks.

t regulatory bodies agree that uranium chemical toxicity is prevalent when uranium comtent in the

ive dose is

bements on the efficacy-and accuracy of monitoring programmes depend on detailed i
jut the biokinetics of-uranium, particularly lung retention and excretion kinetics. Ge
rmation is not available from human exposures. It is often based on biokinetic data p
bining materialsspécific absorption parameter values, obtained from animal or in vi

hformation
erally, this
edicted by
iro studies,

wit
the
spe

h human dataon particle deposition and transport associated with the respiratory trjact and on
systemic behaviour of uranium. The ICRP have long considered it appropriate to use such material-
cific parameters rather than default parameters.

For
tox

uraniom and its compounds, the risk analysis shall be based both on consideration of ifs chemical
c1ty and its radlatlon tox1c1ty The Vahdlty of currently recommended 11m1ts for uranjum, which

resplratory tract and outdated definitions of the specific act1v1ty ofuranlum is doubtful. For all uranium
compounds, large errors in the assessment of intake can occur in the absence of material specific
biokinetic data for the chemical form inhaled, inadequate information on the pattern of exposure and
an inappropriate choice of the monitoring interval.

The toxicity of uranium varies according to its chemical form, isotopic composition and route of
exposure. On the basis of the toxicity of different uranium compounds in animals, it was concluded
that the relatively more water-soluble compounds were the most potent renal toxicants. The less water-
soluble compounds were of moderate-to-low renal toxicity, and the insoluble compounds had little
potential to cause renal toxicity but could cause pulmonary toxicity when exposure was by inhalation.

Uranium is unique among the elements because it presents both a chemical and a radiological hazard.
For soluble uranium compounds, with a U-235 enrichment by mass no greater than 3 %, limits on intake
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and air concentrations for radiation workers are based on the chemical toxicity of uranium since it is
more limiting than the radiological hazard (see Table 2).

Table 2 — The dominant mode of uranium toxicity according to the nature of the exposure
Physicochemical and isotopic characteristics Toxicity
Absqrptlon type of U-235 Enrichment by mass Acute 1r1_take or single Chronic 1ptake or multiple
uranium compound intake intakes
less than 3 % Chemical
Type F Chemical
qbnt'ra 2 0/v qu‘in]ng{ﬁq]
Less than 30 % Chemical
Type M Radiological
above 30 % Chemical and radiological
Type S All enrichment Radiological Radiological
Alltypes With 232U and/or 236U Radiological Radiological
6 General aspects
6.1 Radjological aspects

Uranium ig
average co
people. Th
mainly alp
(T12 = 44
radioactive
series[42],

primordial

half-lives of U-238 and U-235 relative to their progeny, unless they are subjected to physical or che

separation|
extraction
milling, thg

Naturally
small perc
increase th

an alpha-emitting, radioactive, heavy metal that occurS/hdturally in the earth’s crust af an
hcentration of about 2 ppm.D) Uranium occurs naturalljcin the environment and, thereforg, in
ere are three naturally occurring isotopes of uraniui; U-238, U-235, and U-234, all emitfing
ha particles of energies ranging from about 4,0 Me¥to 4,5 MeV. Two of these isotopes, U238
7 x 109 years) and U-235 (Tq/2 = 7,04 x 108 years), are the parents of naturally occurfing

decay seriesl[ll. Uranium-234 (Ty/2 = 2,467% 105 years) is a member of the U-238 dgcay
[he two decay series, which contribute t0 an important portion of the annual dose ffom
background radiationl2], are shown id.Annex A (Tables A.1 and A.2). Because of the Jong

uranium ore is milled to remove all progeny that are not uranium. A few months
b Th-234 and Pa-234m activities return to an equilibrium state with their U-238 parent.

ery
1 to

ccurring uranium is af isotopic mixture containing a large percentage of U-238 and Y
entages of U-234 and U:235, by mass. The industrial process called enrichment is use
e percentage of U235 and decrease the percentage of U-238 in natural uranium.

ompounds found in the working area can be as follows:

m hexafluoride (UFg) — uranium hexafluoride is used in the enrichment process and exists
pur forny,but in the presence of water in the atmosphere and in the respiratory tract ft is
teddo’uranyl fluoride (UO2F3) aerosol;

uranul nitrate in aauecaous colution ic wideluy encountored in nuc
e R ot rerero oSy T+ crrcereer—Tri—tier

ear

tributyl phosphate (U-TBP) - U-TBP is used extensively as an extractant during fabrication of

nuclear fuel and for the separation of uranium and plutonium during reprocessing;

ammonium diuranate (ADU) (NH4)2U207 - ADU is an intermediate compound in the uranium fuel

uranium peroxide hydrate (UO4.nH20) - uranium peroxide hydrate is present at one stage of the

0,01 vol % (per cent volume fraction) is the equivalent of 100 ppm; ppm is a deprecated unit at ISO.

The main ¢
a) uraniu
in vap
convet]
b) uranyllritrate{UO0s{NO3}>)
fuel fabrication and reprocessing;
c) uranyl
d)
cycle;
e)
enriched uranium fuel cycle;
1)
10

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=02bcf3d76052eef89d4229b4dbaa429a

ISO 16638-1:2015(E)

f) uranium tetrafluoride (UF4) - uranium tetrafluoride is an intermediate product in the uranium fuel
cycle;

g) uranium trioxide (UO3.nH20) - during fuel fabrication uranium trioxide hydrate is formed by
heating uranyl nitrate;

h) uranium octoxide (U30g) - uranium octoxide can be present in the ore concentrate “yellow cake”
and also occurs at later stages in the uranium fuel cycle;

i) uranium dioxide (UO2) - uranium dioxide is the final product in the manufacture of nuclear fuel
pellets;

j) |uranium metal - the metal is used on laser isotopic separation for uranium enrichment axlnd for some
reactor fuels;

k) |uranium alloys - normally with silicon or aluminium, for some reactor fuels.

A wide range of uranium bearing compounds is encountered in the uraniumfuel cycle. These range

from soluble compounds such as uranyl nitrate (UO2(NO3)2) to moderately’soluble UO3 t
con
its |
affd

physical history, influence its solubility characteristics, e.g. sintering temperature (calci
ct lung retention. Default parameters are presented in Annex B.

Thif International Standard implements the ICRP 66 lung-miodell8] and the ICRP 103
confepts[19] and is consistent with ICRP 119 compendium ofdose coefficients[35].

Ney
ICR
Thd

U default absorption parameters and reviewed doseicoefficients for inhalation will be p
P in Part 3 of the Occupational Intakes of Radiontclides (OIR series) due to be publish
y will replace the values in Annexes B and D of this International Standard.

6.2 Chemical toxicity

Uranium is a heavy metal with chemicalhazards. The kidney is the major target organ of acu
toxicity whatever the route and duratierof exposure. Histopathological changes including de
chapges or necrosis of the proximaktubular epithelium and glomeruli have been observed

expsure. Some histological alterations have been noted in renal tubules following a chroni¢

It appears that acute exposure“may lead to glomerular and tubular alteration, but chroni
to yranium seems to affect only tubular functions. After acute exposure, renal alterations
asspciated with modifiédyblood or urine biomarkers of kidney function. To help the od

pounds such as UOz and U30g. The physical and chemical form of theuranium compound,

b insoluble
as well as
hation) can

dosimetry

roposed by
ed in 2016.

fe uranium
generative
hfter acute
exposure.
C exposure
have been
cupational

ician address the‘needs of workers exposed to a uranium compound, the level of toxicity is based
4: systemic,

Levels of
-observed-

mount of a

, development

ogy, functional

capacity, growth development or life span of the target may be detected whlch are ]udged not to be adverse”.

UFg is rapidly hydrolyzed to HF gas and UO2F; fumes. Exposure to UFg aerosol may result in respiratory
tract damage from the HF formed in the air. Thus, the exposure limit to UFg may be determined by the
LOAELSs of hydrofluoric acid rather than the UFg itself; see ATSDR 2013[2Z].

Biomarkers of exposure to uranium include the chemical or radiological detection of uranium in the
urine because uranium absorbed through the oral, dermal, and inhalation routes is excreted in urine
mostly as uranyl ions. Uranium urinalysis data have been shown to correlate with airborne uranium
exposures when averaged over a period of time.
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7 Reference levels for uranium

7.1 Radiological aspects

ISO 20553 states that “reference levels are the values of quantities above which a particular action or
decision shall be taken”. The purpose of setting these levels is so that unnecessary, non-productive
assessments or interventions can be avoided and resources can be used where they are most needed.
Reference levels include the recording level, above which a dose assessment has to be recorded, lower
values being ignored; and the investigation level, above which the exposure estimates have to be

confirmed

by additional investigations.

ISO 20553
(having re
annual do{
higher thai
should be s

further clarifies (see Table 3) that “the recording level shall be set at a value corresponc
bard to the length of the monitoring interval) to an annual dose no higher than 5% of
e limit. The investigation level shall be set at a value corresponding to an annual dosq
1 30 % of the annual dose limit”. Thus, for an annual dose limit of 20 mSyv, thegecording |
et at a maximum of 1 mSv and the investigation level at a maximum of 6 mSv:

Table 3 — Reference levels for monitoring internal exposures (IS0 20553)

ling
the

no
bvel

L

evel Meaning

Recording |

evel The recording level is the level of dose, exposure orintake at or above which dose
assessments have to be recorded in the individuahéxposure records. It shall be s
at a value corresponding to an annual dose nodiigher than 5 % of the annual dose

limit. Results falling below this level may be;shown as “below recording level”.

Investigati

n level The investigation level is a level of dose, exposure or intake at or above which
investigation has to be made in ordertefeduce the uncertainty associated with t
dose assessment. The level shall be setat a value corresponding to an annual dose

no higher than 30 % of the annual'dose limit.

1e

The upper
be set, bas
respective

level at which the derived recording leyel (DRL) and derived investigation level (DIL) sh
bd on bioassay measurements, can be calculated according to Formula (1) and Formula

y:
5%xDLxm(AT /2) AT
X

uld
(2)

DRL = D
e(50) 365
B0% x DL xm (AT /2
DIL = ( ¢ ) X AT (2)
e(50) 365
where
DRL and DIL are expressed as either retention (Bq) or excretion (Bq d-1);
DL is the annual dose limit (Sv);
e(50) is the dose coefficients (Committed effective dose per unit intake) for radiotoxico-
logical hazard (see Table D.1 in Annex D) (Sv Bq-1);
AT/2 is the mid-point of the monitoring period (d);
m(AT/2) is the value of the excretion or retention function at time AT/2 (Bq per Bq intake)
or (Bq/d per Bq intake);
AT/365 is the fraction of the annual exposure limit attributed to the monitoring interval.

12
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Table 4 — Derived recording and investigation levels for natural uranium compounds

Time interval for Natural uraniuma
Type of Absorption type measurement i i Unitb
itori Derived Derived nit
monitoring - . YET1V
(days) recording level |investigation level
F - hexafluorided 30 1,4E-01 8,5E-01 Bqd-1
F - peroxide, nitrated
30 2,4E-01 1,5E+00 Bqd-1
Urinec Ammonium diuranated
M 90 2,7E-02 1,6E-01 Bqd-1
S 90 2,4E-04 1,4E-03 Bqd-1
M 180 1,7E-02 9,9E-02 Bq d-1
Faecalc
S 180 8,7E-03 5,2E-02 Bqd-1
M 180 5,8E+00 3/5E+01 Bq
Lung
S 180 3,0E+00 1,8E+01 Bq
a Isotopic composition in Table 1.
b Units expressed in total alpha activities.
c Levels where there is no previous intake of uranium and in addition to natural intakes.
d |Levels for absorption Type F compounds depend on their reactivity.

Table 5 — Derived recording and investigation levels for depleted uranium comppunds

Time intervalfor Depleted uranium?
Type of Absorption type measurement i i Unitb
mdnitoring Derived Derived
(days) recording level |investigation level
F - hexafluorided 30 1,5E-01 8,9E-01 Bqd-1
F - peroxide, nitrated
30 2,5E-01 1,5E+00 Bq d-1
Urinec Ammonium diuranated
M 90 2,9E-02 1,7E-01 Bqd-1
S 90 2,5E-04 1,5E-03 Bqd-1
M 180 1,8E-02 1,1E-01 Bqd-1
Faecalc
) 180 9,2E-03 5,5E-02 Bqd-1
M 180 6,4E+00 3,8E+01 Bq
Lung
S 180 3,2E+00 1,9E+01 Bq
a [sotopic composition in Table 1.
b |Unitsexpressed in total alpha activities.
c Lévels where there is no previous intake of uranium and in addition to natural intakes.
d Levels for absorption Type F compounds depend on their reactivity.
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Table 6 — Derived recording and investigation levels for low enriched uranium compounds

Time interval LEU2 Unitd
Type of Ab tion t f N - -
monitoring sorption type or measure Derived Derived
ment (days) recording level investigation level
F - hexafluorided 30 1,4E-01 8,2E-01 Bqd-1
F - peroxide, nitrated
30 2,3E-01 1,4E+00 Bqd-1
Urinec Ammonium diuranated
M 90 2,4E-02 1,5E-01 Bqd-1
S 90 2,2E-04 1,3E-03 Bg (i—l
M 180 1,5E-02 9,1E-02 Bq *—1
Faecalc
S 180 8,2E-03 4,9E-02 Bq *—1
M 180 5,3E+00 3,2E+01 B{
Lung
S 180 2,8E+00 1,7E401 Bq
a Isotdpic composition in Table 1.
b Units expressed in total alpha activities.
c Levels where there is no previous intake of uranium and in addition to natural intakes.
d  Levels f¢r absorption Type F compounds depend on their reactivity.

Table 7 I~ Derived recording and investigation levels for high enriched uranium compoun(rs

Type of Time interval LEU2 Unijt>
monitoring Absorption type for measure- Derived Derived
ment (days) vecording level investigation level
F - hexafluorided 30 1,4E-01 8,1E-01 Bq ¢-1
F - peroxide, nitrated
30 2,3E-01 1,4E+00 Bq ¢-1
Urinec¢ Ammonium diuranated
M 90 2,4E-02 1,4E-01 Bq -1
s 90 2,2E-04 1,3E-03 Bq ¢-1
M 180 1,5E-02 8,9E-02 Bq *-1
Faecalc
s 180 8,0E-03 4,8E-02 Bq ¢-1
M 180 5,2E+00 3,1E+01 )
Lung
$ 180 2,8E+00 1,7E+01 B
a Isotdpic compgsition in Table 1.
b Units exjpresséd.in total alpha activities.
c LevellstWhere there is no previous intake of uranium and in addition to natural intakes.
d  Levels for absorption Type F compounds depend on their reactivity.

Tables 4 to 7 present derived recording and investigation levels for natural, depleted, low enriched
and high enriched uranium compounds, with isotopic compositions given in Table 1, for intakes via
inhalation of 5 um AMAD particles. For other compounds, or where the specific material is known along
with the absorption parameter values, specific values should be calculated.

Some of the derived recording levels listed in Tables 4 to 7 are under the detection limits of the
usual bioassay technique, especially for lung monitoring, which proves that, for routine monitoring,
the corresponding measurement method alone is not sufficient and underlines the importance of
complementary in vivo, in vitro and workplace monitoring programmes. Data for these compounds are
provided to give a numerical basis for decisions on whether the monitoring method is appropriate.
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Radionuclides from the three natural radioactive decay series of uranium are present in all
environmental media and, therefore, are also contained in foodstuffs, drinking water and in the air.
This results in intakes among the general population and a range of values for the normal body content
and excretion of uranium. Knowledge of the natural background activity found in the bioassay (faeces
and urine) is essential if an occupational intake is to be assessed. Thus a “blank” bioassay sample
should be obtained prior to commencing work in potentially contaminated areas, in order to be able
to distinguish between natural or non-occupational intakes and occupational intakes[32,52] (see 13.3).

7.2 Chemical toxicity

7.2{1 General

In spme cases, particularly for Type F uranium compounds, limits arising from chemicaltoxi¢ity may be
more restrictive than the DRL and DIL values.

Estjmates of exposure levels posing a minimal risk level (MRL) to humanshhave been|made and
publlished for uranium by ATSDRI2Z]: “An MRL is defined as an estimate of @aily human exposure to a
subktance that is likely to be without an appropriate risk of adverse effects over a specifigd duration
of gxposure”. MRLs can be derived for acute and chronic duration exposures for inhalatign and oral
roufes. The concept of NOAEL is informative and used to identify the point of departure for tthe MRLs.

Whjle the MRL gives guidance on a lower level below which thé.chemical toxicity of uranium does not
neefd to be considered, the exposure limits provide an upperlevel at which action is requirefl. Between
these levels account still needs to be taken of potential chemical toxic effects.

Theg MRLs for toxicological profiles[33] fixed by the Agency for Toxic Substances and Disease Registry
(ATSDR)[2Z] are presented in Table 8.

— |MRL of 8E-03 mg U m-3 for intermediate-duration inhalation exposure to insoluble copounds of
uranium based on a NOAEL of 1,1 mg U m=3'for renal effects in dogs.

— |MRL of 4E-04 mg U m-3 for intermédiate-duration inhalation exposure to soluble compounds of
uranium based on a LOAEL of 0,15g U m-3 for renal effects in dogs.

— [MRL of 3E-04 mg U m-3 fog chronic-duration inhalation exposure (365 days or more] to soluble
compounds of uranium based on a NOAEL of 0,05 mg U m-3 for renal effects in dogs.

Table 8 — Minimal tisk levels (MRLs) for toxicological profiles for uranium comppunds

Compound Route Duration MRL End point
4E-04 mg U m-3
Acute Renal
(1,0 E-02 Bg m-3)a

3 E-04 mg U m-3

Uranium_ highly soluble salts | Inhalation

Chronic Renal
(7,7E-03 Bq m—3)a
o _ 8E-03 mg Um-3
Uranium insoluble compounds| Inhalation Acute Renal
(2,1E-01 Bq m‘3)3
a In brackets, correspondence in term of activity for natural uranium (by the use of specific activity in Table 1).

7.2.2 Exposure limits

In the United States, the current Occupational Safety and Health Administration (OSHA) permissible
exposure limits (PELs) for uranium and the insoluble uranium compounds (measured as uranium) are
0,2 milligrams per cubic metre (mg m-3) of air as an 8 h time-weighted average (TWA) concentration
and 0,6 mg m-3 as a 15 min TWA short-term exposure limit (STEL). A STEL is the maximum 15-min
concentration to which workers may be exposed during any 15 min period of the working day [29
CFR 1910.1000]. The National Institute for Occupational Safety and Health (NIOSH) has not issued a
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recommended exposure limit (REL) for uranium or its insoluble uranium compounds; however, NIOSH
concurs with the PEL established for this substance by OSHA [NIOSH 1988]. The American Conference
of Governmental Industrial Hygienists (ACGIH) has assigned uranium and the insoluble uranium
compounds a threshold limit value (TLV) of 0,2 mg m-3 as a TWA for a normal 8 h workday and a 40 h
workweek and a STEL of 0,6 mg m-3 for periods not to exceed 15 min [ACGIH 1988, p. 37[55]]. The OSHA
and ACGIH limits are based on the risk of kidney and blood disorders and on the radiological damage
associated with exposure to uranium or an insoluble uranium compound.

7.3 Application of reference levels

ere

its
jum
acy
na

Urine assa
Table 2 ind
are not ex
exposures
of air sam
maximum

icates that chemical toxicity could be significant, it shall be confirmed that chemicali
eeded. Uranium urine analysis data have been shown to correlate with airborne‘uran
when averaged over a period of time. Thus, urine samples can be used to verify the ddequ
pling. Table 9 indicates the derived investigation levels in urine for this risk, based ¢
kidney concentration of 3 pg g-1[48],

Tablg 9 — Derived investigation levels for the chemical risk of uranivim compounds[48]

Chemical toxicity

Time interval for
measurement

(days)
30
90
90

Type of

.. Unit
monitori

Absorption type Derived investigation
level
20
16

0,17

F
M
S

ugd-t
ugd-t
pgd-t

Urine

That can be¢ also achieved by measuring air concentrdtions directly.

8 Routine monitoring programmes

8.1 General

Routine m
either of u
programm
Decisions,
biokinetic
make assu

bnitoring programmes are-established to quantify exposures where there is the possib

models. For tHe)evaluation of measured values in terms of intakes it is also necessar

programm|
according

The object]i
according

o the eritéria in ISO 20553.

hdetected accidental-intakes or of chronic intakes. Measurements in a routine monitofi
e are made at prezdetermined times and are not related to any known intake eve
therefore, have to.be made in advance concerning methods, frequencies and the underlyi

mptions concérning the time interval between intake and measurement. Routine monitofi
es shall be,established including suitable workplace monitoring and individual monitofi

ives of a momtormg programme and the way it is to be orgamzed shall be documer

be reviewed by means of a conflrmatory monitoring programme after any major mod1f1cat10ns have
been made to the installation, to operations or to the regulatory requirements.

8.2 Workplace monitoring

Workplace monitoring includes collective monitoring (i.e. individual monitoring of selected workers
representing groups of workers), and measurements of airborne activity and surface contamination
in the workplace. Surface contamination is not directly related to individual exposure but can indicate
increased risk of intake.
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Continuous monitoring of airborne radioactive material is important, because inhalation is generally
the main exposure pathway for workers. The main objectives of monitoring airborne activity are

to help to assess the internal exposure of workers through inhalation,

to rapidly detect abnormal or deteriorating conditions, thereby making it possible to take the

appropriate protective action, for example, the use of respiratory protective equipment,

to provide information for setting up individual monitoring programmes for workers.

and

The establishment of an air-monitoring system in order to detect and assess collective or individual

ex
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gn of the system is expected to be tailored to the risk of intake.

results of air-monitoring can be used to estimate the intake of a radioactive substance

ue when sources of air contamination are localized or change position over-time, often
ker action or movement.

'kplace air-monitoring results can be considered as representative provided they meet ty
tly, they reliably shall not underestimate the intakes as measured-in vivo or by in vitro
isurements (see Annex C). Secondly, they shall be confirmed“by a confirmatory
bramme, involving the use of individual air-sampling devices-or the use of individua
jsurements.

erestimation may be avoided by applying correction:factors that take into account
poral variability of radionuclide concentrations in the-worker’s breathing zone.

Individual monitoring

1 General

tine monitoring programmes are.established to quantify exposures where there is the
er of undetected accidental intakes or of chronic intakes. Measurements in a routine
bramme are made at pre-determined times and are not related to any known intz
isions, therefore, have to be:made in advance concerning methods, frequencies and the
kinetic models. For the ewvaluation of measured values in terms of intakes it also is n¢
ke assumptions concerning the time interval between intake and measurement. Routine
brammes shall be established including suitable workplace monitoring and individual m

general requiremients described in 8.3.2 and 8.3.3 shall be observed when specifyin

monitoring programme.

The
-1

acceptable methods for the quantification of uranium in urine should have a detection |
0,13 Bq:I-1 for U-nat or 0,2 Bq d-1 based on a 1,6 1 d-1 daily excretionl[15]) and a precision

8.3!

For

©IS

there. The

by workers

reliance on measurement of airborne activities alone can lead to errors in exposure estimates. This

because of

Vo criteria.
individual
monitoring
| excretion

patial and

possibility
monitoring
ke events.
underlying
cessary to
monitoring
bnitoring.

b a routine

mit of 5 pg
of 30 %.

a dosimetric and radiation purpose

the consequences resulting from an unknown time interval between intake and measurement shall

be limited so that on average over many monitoring intervals, doses are not underestim

ated,

the maximum underestimate of the dose resulting from a single intake, due to the assumption

regarding the time of intake, does not exceed a factor of three,

the detection of all annual exposures that can exceed 1 mSv shall be ensured - for some uranium

compounds, this requirement can only be achieved by workplace monitoring, and

at least two measurements shall be performed annually, as required in ISO 20553.
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8.3.3 Chemical hazard
For a chemical hazard

— the consequences resulting from an unknown time interval between intake and measurement shall
be limited so that on average over many monitoring intervals, exposures are not underestimated, and

— the detection of daily exposures that can exceed the toxicological limits shall be ensured.

8.4 Methods and monitoring intervals

8.4.1 Gejneral

The methdds for determining monitoring intervals are based on the occupational risk dnd hagard
evaluation pf the working environment. Information from past collective and individual monjtering is also
taken into pccount in determining the frequency of sampling. It would be prudent to sample at a higher
than requifed rate in a new facility compared to an old one. The time intervals providedin 8.4.2 and §.4.3
are based ypon a well-known working area, regular exposures and a routine monitéxing programme

8.4.2 Time intervals for toxicological risk

Urine samples are collected on a “spot sample” basis for the survey of taxicological risk assessment.|For
workers, there are several routine monitoring options for systematicexposure to uranium compounds,
depending|on the interpretation (exposure, uptake and accumulation), spot sample at the beginnling,
or at the end of the working period. Table 10 summarizes thegniaximum time intervals for naturgl or
depleted uranium.

Table 1) — Maximum time intervals for routine monitoring programmes after inhalation ¢f
Type F compounds for natural or depleted-iranium in case of toxicological risk

In vitro analyses urine sampling by “spot sample”

Radionuclide / material | Absorption type Days
Uranium hexafluoride F 30
Uranium peroxide F 30
Uranium nitrate F 30
Ammonium diuranate F 30

8.4.3 Time intervals fopradiotoxicological risk

The measyrement frequency required for a routine monitoring programme depends on the retenfion
and excretlion of<thé radionuclide, the sensitivity of the available measurement techniques and|the
uncertaintl thatds acceptable when estimating annual intake and committed effective dose:

for invivo-meastrements forirvitre-analyses
3
6(50)- Apy -3—65§1mSV e(SO)-l-L%SlmSV )
R(AT) AT E(AT) AT

If exposure to more than one radionuclide cannot be ruled out, this requirement shall be adjusted
accordingly so that a total annual dose of 1 mSv can reliably be detected and assessed.
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The maximum potential underestimation shall not exceed a factor of three, as required in ICRP 75[12]
and in ISO 20553; assuming that a single intake occurred in the middle of the monitoring interval this
requirement means:

for in vivo measurements for in vitro analyses
R[AT g[AT
2 2
—= <3 <3
R(AT) E(AT)

(4)

8.4

Thd
and|

4 Principles and assumptions

methods and time intervals summarized in 8.4 were derived from the principles laid d
the following assumptions:

ICRP 66 models for inhalation (default values for workers; AMAD =5 umj;

— e(50) =dose coefficient: committed effective dose accumulated within 50 years follo
intake;

element-specific retention and clearance functions defined by ICRP 78;
— E(t) = value of the excretion function at time t (day)‘after a unit intake;
— R(t) = value of the retention function at time t (day) after a unit intake;

acuteintakebyinhalation atthe mid-pointofthe'monitoringinterval. Thisisareasonablez
for chronic intakes and on average it preventsithe underestimation of intakes; and

— AT = duration of time interval (day) between two measurements in a routine
programme;

with Apy, values of the detectionlimit for routine measurements as from ICRP 78.

own above

wing a unit

ssumption

monitoring

Table 11 summarizes the maximum time intervals for routine monitoring programmes for specified

ura
of
rec

hium compounds for default values of parameters recommended by ICRP publicatio
ralidated specific values)of solubility or other biokinetic models, these time interv
lculated.

Table 11 —Maximum time intervals for routine monitoring programmes for ura
compounds in case of radiological risk

ns. In case
hls can be

nium

In vitro analyses In vivo meajurements
Material Absorption type Urine (days) Faeces (days) Lungs (days)
Urdgnitum hexafluoride F 30 - -
Uranium peroxide F 30 - -
Uranium nitrate F 30 - -
Ammonium diuranate F 30 - -
Uranium tetrafluoride M 90 180 180
Uranium trioxide M 90 180 180
Uranium octoxide S 90 180 180
Uranium dioxide S 90 180 180
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9 Special monitoring programmes

9.1 Workplace monitoring

Special monitoring refers to measurements when intake is suspected following an event. Special
workplace monitoring is based on the same principles as for routine workplace monitoring and the same
requirements shall be fulfilled. Devices fitted with alarms and which operate continuously should be used.

9.2

Individual monitoring

The goal off special individual monitoring is to ensure that significant intake is detected at an e

stage and
investigati
analyses in

that the associated committed doses are evaluated. Special monitoring programmes
7e; they are usually based on a suitable combination of in vivo measurements and-in |
association with the appropriate biokinetic model.

hrly
are
itro

9.2.1 Recommended monitoring for toxicological risk
For a single event involving soluble compounds of uranium, “spot sample” collections should be mlade
to quantifyf the excretion of uranium and to follow the biomarkers involved forkidney diseases. Follow-
up of excretion over the ensuing days can be also important because of‘the information it provjdes
concerning the amount of intake. 24 h samples make it possible to identify the transferability clags of
the compofind. Table 12 summarizes the recommended methods for matural or depleted uranium.
Table 1 — Recommended methods for special monitoring programmes after inhalation df
Type F compounds for natural or depleted uranium in case of toxicological risk
In vitro analyses
Compound urine
Spot sample 24h

Uranium hexafluoride R S

Uranium peroxide R S

Uranium nitrate R S

Ammonium diuranate R S

9.2.2 Re|

The analys
incident an
in systema
below the |

non-transfe

R =recommended

S = supplementary, (lrelpful but not mandatory)

commended/nmionitoring and period for radiotoxicological risk

es made following a contamination event enable quantification of the significance of

the

d estimiation of the value of the intake according to ICRP models. The intake route assuz

rable compounds

ned

rine

samples should be used for validating the intake. In addition to providing a daily excreted activity, the
physician or dosimetrist can test these samples to ascertain the origin of the exposure and to carry
out specific checks. Large fluctuations in the fecal excretion of radionuclides from one day to the next
give rise to uncertainty when interpreting the results. Consequently, fecal samples should preferably be
collected over a period of about three consecutive days to reduce this uncertainty. Table 13 shows the
recommended methods for special monitoring after inhalation of uranium compounds.
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Table 13 — Recommended methods for special monitoring programmes after inhalation of
Types F, M or S uranium compounds for all enrichment in case of radiological risk

In vitro analyses In vivo measurements
Compound Nasal sample Urine Faeces Organ
24h 72h Lung

Uranium hexafluoride R R
Uranium peroxide R R
Uranium nitrate R R
Amlmonium diuranate R R
Ur;{nium tetrafluoride R R S S
Ur4nium trioxide R R S S
Ur4nium octoxide R R R R
Urdnium dioxide R R R R
R =fecommended
S = $upplementary (helpful but not mandatory)

For|special monitoring, the duration of the sampling or measurement is function of time aftef the event.
It could be noted that, dependent upon the biokinetic of the compound, there may be a restri¢ted period
in \ihich useful results can be obtained. Table 14 gives the range of time corresponding to thg allowance

to achieve an investigation level for uranium compounds,

Table 14 — Minimum sampling frequency after.an acute inhalation of specified comjpounds

Compound Lung Urine Faecgs
Urgnium hexafluoride
Ure{nium peroxide Not applieable 1to90d Not applicable
Ure{nium nitrate
Amlmonium diuranate 1to7d 1to90d 1to 18P d
Ur4nium tetrafluoride 1to7d 1to90d 1to 180 d
Ur4nium trioxide
Urgnium octoxide 1t0180d 1t0365d 1t0 365 d

Ur:Jnium dioxide

10| Task-related monitoring programmes

10.1cWorkplace monitoring

Workplace monitoring is based on the same principles as for routine workplace monitoring and the
same requirements shall be fulfilled. The establishment of an air-monitoring system in order to detect
and assess collective or individual exposure requires knowledge of the conditions at the workplace and
the materials handled there.

10.2 Individual monitoring

Individual monitoring as part of task-related monitoring programmes normally takes the form of
confirmatory monitoring. Individual monitoring may require the setting in place of a series of suitable
measurements combining one measurement at the beginning and at the end of the task period with,
depending with the duration of the task, one or more samples during the task period.

© IS0 2015 - All rights reserved 21


https://standardsiso.com/api/?name=02bcf3d76052eef89d4229b4dbaa429a

ISO 16638-1:2015(E)

11 Perfo

rmance criteria for laboratories

11.1 General

ISO 27048 defines the critical value, M, as “the maximum value for the result of a single measurement
where the corresponding extrapolated annual dose does not exceed a predefined dose level”. It specifies
that critical values “shall be derived for each routine monitoring programme. This dose level shall be
set such that lower doses may be considered negligible”.

11.2 Criti

cal values

M, defineq
monitoring
for a routiy

[ in ISO 27048:2011, can be used to fix the criteria of service laboratories for each rou
programme. Assuming a single acute intake at the midpoint of the monitoring interval
e monitoring programme can be calculated using Formula (5):

where

Dy

m(AT/

e(50)

For measu
may be reg
in order ta
supporta

specified i

Table

D, xm(AT/Z)X AT
e(50) 365

is the level of annual dose (Sv) such that lower doses may be discounted for the purp
of the monitoring programme;

13

a unit intake, and, for in vivo measurements, the'value of the retention function at
AT/2 (days) after a unit intake;

is the dose coefficient: the committed effective dose per unit intake for inhalation
propriate absorption type).

Ffement results below M, there is no need to evaluate the intake or dose explicitly: the ¢
hrded as insignificant. The measuredwvalue (if above the decision threshold) shall be recor
document the fact that the measurement was carried out and to provide informatio
possible future reassessment of dose. Table 15 lists values of M for the monitoring per
[SO 20553 and for a value-of'Dy of 10-4 Sv.

15 — Critical values (M) for various uranium compounds for routine monitoring

fine

(5)

ose

is, for in vitro measurements, the value of the excretion function at time AT/2 (days) after

ime

(ap-

ose
ded
L to
ods

Type

monitoy

Max. time interval
for measurements

(days)

Critical value for
Dy = 0.1 mSva

Df

. UnitH
ing

Absorption type

Urin

F - hexafluoride 90 0,01 Bq d-

F - peroxide, nitrate,

X : 30
ammonium diuranate

0,02 Bqd-

U U, 005 bqd

90 2 E-05

Bqd-!

Faecal

180 2 E-03

Bq d-1

180 9 E-04

Bq d-1

Lung

180 0,6 Bq

180 0,3 Bq

a

b

Units ex

Data are presented for natural uranium.

pressed in total alpha activities.
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11.3 Reference values

Reference values can be used to provide service laboratories with the required levels at which to
perform specific actions, such as immediate notification of the client or for a first order of magnitude of
the dosimetric impact of the event. Assuming a single acute intake for a special monitoring programme,
the reference value can be calculated using Formula (6):

D, x m(tl = t3)

reference - value = (6)
e (50)
where
Dy is the level of annual dose (Sv) such that lower doses may be discoufited for the
purpose of the monitoring programme;
m (tl . t3) is, for in vitro and in vivo measurements, the sum of the excrefion or reteption
' function during the first 3 days after the event;
e(50) is the dose coefficient: the committed effective dose(pér unit intake for inhalation

(appropriate absorption type).

Table 16 lists reference values related to the total excretion or retentien in the 3 first days, afterfinhalation.

Table 16 — Reference values for various uranium compounds for special monitdring

Type of . Derived value for b
monitoring Absorption type Dy =0,1 mSva Unit
F - hexafluoride 1,5 E+01 Bq d-1
F - per(_)X1de, _nltrate, 1,5 E+01 Bq d-1
Urine ammoniumrdiuranate
M 5,8 E-02 Bqd-!l
S 8 E-03 Bq d-1
M 1,8 E+01 Bq d-1
Faecal
S 2 E+01 Bq d-1
M 1,0 E+01 Bq
Lung
S 1,1 E+01 Bq
a Data are presented for natural uranium.
b <Units expressed in total alpha activities.

For[some manitoring types, actual detection limits do not fulfil these requirements. Data aie provided
to give a iumerical basis for decisions on whether the monitoring method is appropriate. The detection
lim{ts;are adequate for special monitoring. For routine monitoring, bioassay techniques can he used, but

f 1t 3 1l Ldos i L it 1d + 1o pa| o b daot PRI | el b 1 1
or mfgmofirrormeg e ustaraerectrorHitS wotra frotoe-aaeqtrarertoaetecrHrakesattrrese levels.

11.4 Performance criteria for workplace monitoring

The measurement or assessment of concentrations of radioactivity in air may be used to quantify the
exposure of the workers. The assessment procedures have been described in ISO 27048:2011, Clause 6
and assume that the measured activity concentration is representative of the air in the breathing
zone. For operational purposes, exposure expressed as product of derived air concentrations (DAC as
described in ICRP 30, Part 1[Z]) times the exposure time (and expressed e.g. in units of DAC-h) can be
used to estimate exposures and keep them within limits.
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12 Quality assurance and quality control for bioassay laboratories

Performance checks shall be conducted to ensure the conformance of analytical processes,
measurement equipment and the facilities to predetermine operational requirements. The laboratory
shall have written quality control procedures to verify that the quality of measurements or radioactivity
determinations complies with the accuracy requirements. The quality control procedures shall include

the following:

a) use of traceable radionuclide reference standards;

b) performance checks of measurement systems;

c) instrument calibration;

d) intra-lpboratory analyses (e.g. known quantities, replicates and blanks);

e) particL]i)ation in available inter-laboratory inter-comparison programmes;

f) computational checks;

g) review of procedures, specifications and operating logs;

h) observation of operations and evaluation of quality control data;

i) evalu:[ing conformance to the performance criteria of this Interhational Standard;

j) evaluating quality control data to ensure the long-term consistency of analytical results; and

k) verificption of determinations of the detection limits.

Performange of the measurement equipment shall be chécked and evaluated at regular intervals while
the equipnientisin use. These checks shall be sufficientto demonstrate that the measurement equipnfent
is properly] calibrated and that all components arefunctioning properly. Measurements should include
instrument background and response checks. ln the case of in vivo radiobioassay, measurement sysgem
response sfability shall be established by means of a check source and a “tolerance chart”. The respdnse
should not vary by more than 5 % from 'the established mean. The response should be checked at
the beginnfing of the operating period and at the conclusion of the operating period. Replicate in pivo
measurements should also be made periodically. Techniques such as quality control or tolerance charts
shall be uded for the evaluation of inStrument performance. A quality control measurement shall be
performed| prior to use of the instrument, and the number of quality control measurements shquld
comprise aft least 5 % of the nieaSurement with no fewer than five quality control measurements.
Radionuclifle standards<used for equipment calibrations and to test the accuracy of analyfical
procedures$ and/or measurement equipment shall either be those designated as certified refergnce
material ((RM), transfer reference standard (TRS), or standards directly compared with approprijate
CRMs and,|wheresavdilable, with the same measuring apparatus.

In additiom,claboratories performing in vivo or in vitro analyses and/or assessments for internal

13 Procedure for the assessment of exposures

13.1 General

The general procedure for the assessment of exposures is described in ISO 27048:2011. The choice and
efficacy of each procedure is dictated by the pattern of exposure, the physicochemical form of the uranium,
the time between intake and measurement, and the detection limit of the analytical procedure used.
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13.2 Assessment of workplace monitoring data

Workplace monitoring gives an idea of the order of magnitude of exposures. It is a collective and
continuous survey of potential atmospheric releases and provides information on long-term air
concentrations and also rapid warning of high level releases. Workplace monitoring is complementary

to individual monitoring.

13.3 Assessment of individual monitoring data

Interpretatio

ificant effect on the assessed dose. If natural background levels are not taken into acco

levels in bioassay samples arise from dietary intakes of natural uranium. Where the od
exppsure is to either depleted or enriched uranium, measurement of the isotopig content of
samnjple allows the contribution from the natural uranium background to be detérmined and |
If the isotopic composition cannot be determined, or where the occupational exposure is
urapium, a range of reference values shall be set to distinguish between occupational exp
nat

a test to determine whether such a reference value is exceeded.

For
med
thig
san]
bac
rep
dat
isu
leve
drinking water and food supply shall be investigated.

isurements of blank bioassay samples taken before work with uranium commengd

ples provided by a representative population of unexposed workers may be used t
kground ranges and reference values. If this is not feasible, measurements of the uraniun
Fesentative samples of drinking water may be used to set reference values. Alternatively
h may be used, particularly those reported in IDEAS Guidelines, section 4.1.3[52]. Whiche}
sed, it shall be demonstrated that the refexénce value is representative of the natural b

Wh
sub

bn an occupational exposure haswbeen detected, the mean natural background level
fracted from the measured bieassay result (especially for faecal bioassay measuremen

n of measurements of uranium isotopes in bioassay samples shall take into a

ccount the
could have
int, it shall
ackground
cupational
a bioassay
ubtracted.
to natural
bsures and

iral background. Tests to determine whether an occupational exposure has occurred should include

an individual worker, the reference value shall, where fedsible, be determined by ome or more

es. Where

is not feasible or is shown to be not reliable, data froimn measurements performed gn bioassay

b establish
content in
published

rer method

ackground

| for the worker to whom it is applied. After the mentioned actions above are taken, the individual’s

should be
[S) prior to

any|dose assessment.

13.4 Properties of a seftware tool

The criteria for seleeting one software or computer code for bioassay data interpretation afe based in

therequirement of theé following capabilities of the software:

a) [type of intake (inhalation, ingestion, injection), pattern of intake (acute, chronic or mixed) and date;

b) [type-~of information on the element or compound, such as number of radionuclide§ available,
physicochemical characteristics of the compound (AMAD or absorption parameters) fand choice
between default and/or specific values;

c) type of measurement (urine, faeces, lung), the possibility of simultaneously treating several

data, the flexibility of entering, handling and treating data (type of uncertainties, implemented
algorithms for automatic and/or interactive data processing, ability to deal with values below the

detection limit);

d) models available for calculation: biokinetic models of ICRP 78 or other models;

e) methods of data fitting (least-squares fit, maximum-likelihood fit, Bayesian) and interpretation
(algorithms, data weighting and data uncertainty processing) and the possibility of analysing

simultaneous intakes.
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13.5 Uncertainties

In routine monitoring, the time of any acute intake is generally unknown. Typically, it is assumed that
the intake takes place at the midpoint of the interval, or a possible uniform chronic intake. If the actual
intake is a single intake occurring at the beginning of the monitoring interval, then the assessed dose
underestimates the true dosel28.29.39,46], Conversely, if it occurs at the end of the monitoring interval, the
dose is overestimated. The magnitude of both the underestimate and overestimate should be evaluated.

The distributions of a measured bioassay quantity arising from the various components of uncertainty
can be described using lognormal distributions, with the uncertainty quantified using the geometric

standard d

eviation. The geometric standard deviation is often known as the scattering factor (Ksg)

and

values are

It is reaso
doses, althj
The contri
Table 17. S¢q
uncertaint

a)
b)
c)

the un
the un

inter-s
as Typ

d) uncert

€XPOose

1) th
St

2) th

or
3)
4) th

th

Methods f
ISO 27048
informatio
be assesse
for that m¢
value or v§
procedure
investigati

provided in ISO 27048:2011, Annex B.

hable to expect dosimetry services to provide information on uncertainties im ‘asseg
pugh there is no requirement for dosimetry services to use the procedure preserited h
butions to overall uncertainty in assessed doses may be recorded in the foriat show
e also Annex E. The main factors that may need to be considered when evaluating the ovg
y are

Certainty in the time or period of intake,
Certainty in the measured bioassay quantities (sometimes known as Type A uncertaintie

ubject and intra-subject variability in the measured bioassay quantities (sometimes kn
e B uncertainties), and

inty or variability in the characteristics of the material to which a worker may have b
d, in particular

b particle size distribution of the aerosol, @s'described by the AMAD and the geomgd
indard deviationl33],

absorption parameter values, fr, si.Ss) fb and sp,
b gastro-intestinal uptake factor, f1, and
e composition of the radidnuclide mixture.

pbr determining how ‘these factors contribute to overall uncertainty are describec
2011, Clause 8 (where further information is given together with an example). Where
h applies to a pdvticular monitoring procedure, the doses per unit measurement shc
, with the measurement value chosen to be a factor of 10 greater than the detection I

lues should be used. The information recorded should be determined for each monito
in use;\for individual cases, the information should be collected only for doses above
bn.level (see ISO 20553:2006).

sed
ere.
h in
rall

dPwn

een

tric

e absorption characteristics of the material, as described by the absorption type (F, M dr S)

in
this
uld
mit

pasurement;Where the information applies to an individual case, the actual measurenjent

ing
the
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Table 17 — Format for recording the contributions to overall uncertainty in assessed doses

Assessed dose using best
estimate parameter values
and/or default assumptions

Factor contributing to Lower value of as-
overall uncertainty sessed dose

Upper value of as-
sessed dose

Uncertainty in time or period of
intake

Uncertainty in measured

qua

combined)

ntity (Type A and Type B

Und
dist

ertainty in particle size
ribution

Ung
clag
ting

ertainty in absorption
sification and gastro-intes-
1 absorption factor

13.

The
its

bas
actil

QA
ass
exe

14

14.

Thd
foll

a)

6 Quality assurance of the assessment process

continued effectiveness of any radiation programme relies on’those in charge im
various components, including the adoption of an effective guiality assurance (QA)
bd on [SO 28218, ISO 20553 and ISO 27048. QA includes quality control, which involve

requirements may be determined by national regulations. In addition, laboratories |
pssments for internal dosimetry should participate.iim~national or international interd
Fcises[32,43],

Reporting and documentation

1 Reporting results for in vitro measurements

results obtained by the service/faboratory shall be reported to the customer and shall
wing items as a minimum:

sample identification:

1) assigned numbert;

2) total volumé-er mass of sample submitted;

3) reference-date(s) and start and stop times of sample collection and analysis;
4) elemental or alpha activities measurement;

5) “\sample type;

blementing
rogramme
s all those

ons by which the adequacy of tools and procedures is asSessed against established requirements.

performing
omparison

nclude the

b)

d)

6) sample preservation;
7) date of sample receipt by service laboratory;

8) condition of package;

quantification of sample activity at the time of measurement, taking account of appropriate blanks

and correction factors (e.g. analysis of creatinine);

estimates of counting uncertainty and the total propagated uncertainty (depending on
prescription);

identification of equipment and specific measurement procedures;
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e) values of the decision threshold and detection limit;

f) identification of the individual responsible for the report.

The service laboratory shall retain, in a retrievable form, records required by this International Standard.

These records shall include the indicated items for a period of time as specified by national legal

requirements or as long as they remain current.

14.2 Reporting results for in vivo measurements

The result$ obtained by the service [aboratory shall be reported and shall include the following it

a) subjecfidentification;

b) date anpd (as appropriate) time of measurement;

c) identification of uranium isotopes detected;

d) identiffication of specific measurement procedures and equipment;

e) quantification of the amount of each uranium isotope or progenies measured in each part of]
body cpunted at the time of measurement;

f) estimdtes of counting uncertainty and the total propagated uncertainty (depending on the clid
prescription);

g) values|of the decision threshold and detection limit;
h) the value of the customer-specified or service laboratory action level for prompt notification;
i) identiffication of the individual responsible forthe report.

The service¢ laboratory shall retain, in a retrievdble form, records required by this International Stand

14.3 Dociimentation of the dose assessment

Arrangemgnts shall be made to ensure that the results of all assessments are reported to the clig
dose recorfl-keeping service ac¢uyately and in reasonable time.

PINS

the

nt’s

hrd.

nt’s

Sufficient records shall be képtof the details of all assessments so that the exact conditions of assessnpent

may be reproduced in the) future. All reports and records shall be authenticated by the compe
person responsible. Account shall be taken of the national requirements in respect of record-keepirn

Each assespmentshall have

a) auniqpe-identification of dose assessment for one person and for one event,

fent
g.

b) the physical and chemical properties of compounds manipulated (compound, AMAD, etc.),
€) aprecise isotopic composition of uranium compound,
d) the date and time of the measurements and quantities measured,

e) the route and mode of intake(s),

f) the procedure for calculating doses: assumptions made in respect of route of intake, temporal

pattern of intake, default or specific value of AMAD and f1, chemical and physical nature of
radioactive aerosol, together with assumptions on the absorption type,

g) the method of dose calculation; manually or with a computer software,

the
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h) the results expressed in terms of 50 year committed effective dose from intakes of each uranium
isotope occurring during the monitoring interval. All doses shall be given in units of millisieverts
correct to one decimal place, and

i) uncertainties only if explicitly requested by the customer shall be reported.

Account shall be taken of the national requirements specified by national legal regulations.
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Annex A
(informative)

Nuclear data of U-238 and U-235 decay

Table A.1 — U-238 decay

Radionuclide Half-lifea Mode of decay
U-238 4,47 x 109 years Alpha
Th-234 24,1 days Beta
Pa-234m 1,17 min Beta
U-234 2,46 x 105 years Alpha
Th-230 7,54 x 104 years Alpha
Ra-226 1600 years Alpha
Rn-222 3,82 days Alpha
Po-218 3,10 min Alpha
Pb-214 26,8 min Beta
Bi-214 19,9 min Beta
Po-214 0,00016's Alpha
Pb-210 22,2 years Beta
Bi-210 5,013 days Beta
Po-210 138,4 days Alpha
According to ICRP 107 Nuclear.Decay Data for dosimetric calculations[29]

Table A.2 — U-235 decay

Radionuclide Half-lifea Mode of decay
U-235 7,04 x 108 years Alpha
Th-231 25,52 h Beta
Pa-231 3,276 x 104 years Alpha
Ac-227 21,77 years Beta
Th-227 18,68 days Alpha
Ra-223 11,43 days Alpha
Rn-219 3,96 S Alpha
Po-215 0,00178 s Alpha
Pb-211 36,1 min Beta
Bi-211 2,14 min Beta
T1-207 4,77 min Alpha

According to ICRP 107 Nuclear Decay Data for dosimetric calculations[20]
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Annex B
(informative)

Default classification of uranium compounds

Its of solubility studies, presenting the absorption parameter values of the ICRP Human}
-t Model (HRTM)[48] specific to the materials investigated. These absorption paramete
fraction of material that rapidly dissolves in the respiratory tract as well as the rates of
he rapid and slow phases of the material from the respiratory tract to blood. They consis

rapidly dissolving fraction, f;,
rapid dissolution rate, sy, and
slow dissolution rate, ss.

absorption parameter values for the ICRP 66[8] default Typés F, M, and S are also listed i
erally, solubility studies of uranium bearing compoundsyhave found the rapid dissolut
these compounds to be less than the default value of~100 d-1, and varied by about tw

along with their associated lung
i have reported

espiratory
s describe
Hissolution
F of

h Table B.1.
on rate, sy,
b orders of

magnitude from 0,1 d-1 to about 10 d-1.
Tdble B.1 — Summary of absorption parameterwalues of default ICRP 66 lung clearance types
CRP lung Typical compounds f1 HRTM absorption parameter values
absorption 1 1
parameter fr sr(d1) bs(d~1)
F Most hexavalent 0,02 1 100
compounds, e.g. UFg,UO2F7,
U02(NOg)2
M Less soluble compounds, 0,02 0,1 100 5 E-03
e.g. UO3, UF4,)UCl4 and most
other hexavalent
compounds
S Highly insoluble 0,002 0,001 100 1 E-04
cempounds, e.g. UO7, U30g

In

ICRP 68:(1995)[9]

urdnyl nitrate, uranium hexafluoride, ammonium diuranate were considered to be 3

s a Type F

behaviour,

trioxide and tetrafluoride were considered to be typically represented as a Type M compound, and

uranium octoxide and uranium dioxide were considered to be Type S compounds.

Uranium metal, uranium peroxide and tributyl phosphate have not yet been assigned to absorption
types by ICRP.

New default absorption parameters for inhalation will be proposed by ICRP in Part 3 of the Occupational
Intakes of Radionuclides (OIR series) and will replace the values in Table B.1.
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C.1 General

Annex C
(informative)

Measurement techniques for uranium

Uranium cgn enter the human body through inhalation, ingestion or through skin wounds. Measurenpent

of the quantities of uranium in the body can be performed by two primary methods: in
measurements and in vitro measurements. These types of measurements are called bioassays. In

Vivo
Vivo

techniques measure the quantities of internally deposited uranium directly using a wholé’body counter,

while in vitro techniques permit estimation of internally deposited uranium by analysis of excy
Individual |monitoring provides the information needed to assess the exposure 6f a single worke
measuring|individual body activities, excretion rates or activity inhaled (using personal air sampler

For routi
measurem
may be us

level of comtamination and the availability of these measurement“echniques. As detailed descrip

of the mea
C4 giveal
measurem

The ethics
Human Rig

C.2 Invj

C.2.1 Ge

In vitro me
and faecal
biological s
not fully d
used, espe
(up to four

For the me
variances.
uncertaint

e monitoring, special monitoring, or task-related monitorifg,*in vitro and/or in
ent techniques, workplace monitoring techniques, or a combination of these techniq
bd, depending on factors such as the chemical compositienyof uranium involved, the li

burement methods and techniques is beyond the scope of this International Standard, C.|
rief introduction to the measurement techniques available for in vitro measurement, in
ent, and workplace monitoring.

and human dignity of sampling regimes shall be ensured according to the Conventior]
hts and Biomedicinel54] and ISO 15189 for\the accreditation of laboratories.

tro

neral

hsurement is used widely for the monitoring of internal contamination of uranium[3-3]. U
excreta are the typical bioassay samples collected for measurement. Nasal, blood or of
amples may be uséd)in some special cases, although the accuracy of these methodologis
ptermined. Uriné-ahalysis is the most widely used method, but faecal measurement is o
Cially when the gxposure involves relatively insoluble uranium compounds due to the Iz
orders of magnitude) difference in excretion function values.

hsurement of uranium in urine, 24 h samples are typically recommended to minimize diu
Increased sample volume is also needed when performing alpha spectrometry to red
y iy measurement, but this is not necessary for mass spectrometry. When a spot samp

eta.
8 by
S).

yivo
Lies,
kely
[ion
D to
yivo

on

"ine
her
s is
ften
rge

‘nal
uce
eis

used, it is

Teferred that the datly excretion 13 normatized by measuring efther the concentratio

of

creatinine in the sample (IAEA 2000[4]) or specific gravity of the sample (Dai et al. 2011[33]). For most
cases, an aliquot of the sample, spot or 24 h, is sufficient to be used for the assessment.

There are quite a few methods suitable for the measurement of total uranium in urine. Table C.1
provides detection limits and brief descriptions of sample preparation for each method. The selection
of a specific method depends on the level of radioactivity in the samples and the availability of
instrumentation and technical expertise in the laboratory. The selected method also needs to satisfy
the performance criteria for radiobioassay set by ISO 28218:2010.
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Table C.1 — Some analytical methods for measuring natural uranium in urine

Analytical method Sample preparation Detection limita Reference
Fluorimetry Urine wet ashed, ion ex- 0,1 pugl-1 Dupzyk and Dupzyk 1979[3€]
extraction for onichment (25 mBq 1)
and purification
KPA Urine wet ashed and 0,05 pgl-1 Birkenfeld et al. 1995[30]
solubilised (1,3 mBq 1)
Alpha-spectrometry Urine wet ashed followed 01 mBgl-1forU.238 [Singh and Wrenn 1988[47]

by coprecipitation, solvent
extraction and
electrodeposition

—_

ICPfMS 3ngl-l Karpas-et-al. 19964

(0,077 mBq I-1)

In brackets, correspondence in term of total uranium alpha activity for natural uraniiums:

Acidification, dilution

In spme cases where uranium with an altered isotopic composition (€g) enriched uranium ¢r depleted
urapium) is involved, the measurement of uranium isotopes in the urine samples may b¢ required.
Although alpha spectrometry is an established method for the measturement of uranium isofopes, mass
speftrometry such as inductively coupled plasma mass spectrometry (ICP-MS) offers mych shorter

sanj

For
oftd

ple turnaround time, although is incapable of quantifying shorter-lived isotopes (e.g. U-2

the measurement of either the total uranium concentration or the isotopes in a urine sa
n than not, chemical separation of uranium from thé&’sample following sample digestion is 1

34).

nple, more
eeded. The

seld
the
son

ction of a specific method is determined by the size of the sample, the level of uranium in the sample,
purpose of the measurement, and the availahility of instrumentation and expertise. 236U aphd 232U are
etimes spiked in the samples to track the chiemical recovery of the concerned uranium isofjopes.

the measurement of uranium in a faecal sample, a single voiding can be used. However, mgasurement
amples collected over several days-is preferred as the excretion might show a large I]luctuation.
5 is especially significant at eakly times following an intake due to early clearance through the
frointestinal tract, either froam direct ingestion or early clearance from the respiratory tract, but
ess of an issue at longer timies when the faecal excretion is from systemic metaboligm only. At
thoge early times post intake, faecal monitoring is an excellent indicator of intake, if not ag useful for
quantification. The sample is “ashed” (i.e. reduced in a muffle furnace), and the resulting ash dissolved
in j?l acid solution. Depending on the analysis methodology, either the entire solution or ap aliquot of

solution is then @nalysed for the measurement of total uranium concentration or uranilin isotopes

For
of §
Thi
gas
is 1

the

usimg the separatien and measurement methods for urine.

C.2{2 Natural background

The natuftal background is the amount of radiation to which a member of the general population is
exppsed from natural sources, such as terrestrial radiation from naturally occurring radixuclides in

the soil and naturally occurring radionuclides deposited in the human body.

Measurements of concentrations of uranium have been made in human tissues and body fluids resulting
from consumption of food and water and from natural background sources[21-23],

Concentrations of uranium are variable depending on the environmental media and location. In
humans, the concentration of U-238 is typically about 0,1 Bq kg-1 in bone and 0,003 Bq kg-1 in soft
tissue. This corresponds to 0,71 Bq in the whole bodylZl. Diet results in variable daily intakes of
uranium, with a mean value of 1,9 pug d-1, as has been reportedl[é]. Urinary excretion rates in persons
not occupationally exposed to uranium have been shown to depend on diet and location, that is the
concentration in the indigenous soil and consumption of local food products. ICRP reports the typical
range of urinary excretion of background uranium to be from 0,05 to 0,5 pg d-1. Others report similar
results, with mean concentrations of 0,0094 pg 1-1[34], 0,098 pg 1-1[20], 0,01 pg 1-1[38], 0,485 pg 1-1[43]
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and 0,0045 pg 1-1[40], A range of 0,01 to 0,4 ug d-1 has also been reported[48]. More recently, ranges of
0,003 to 3,62 ug d-1 and from 0,001 to 8,45 pg d-1[49] have been observed. ICRP reports faecal excretion
rates to vary from 1,4 to 1,8 pg d-1[6l. A more recent study found faecal excretion rates to range from
0,2 to 500 ug d-1[51]. Faecal excretion data may need correction for dietary intakes of uranium. IDEAS
guidelines[52] give background values and rules to distinguish between natural or non-occupational
intake and occupational intake.

C.3 Invivo
In vivo measurement of uranium is limited to insoluble forms of U-235 in lungs. Other forms and

solubilitieq of uranium either do not have a photon emission of a detectable energy and yield, or|the
detection ljmits are too high for the data to be useful.

As presenfled in Annex A, U-238 transforms through Th-234 and Pa-234m to U-234. The ithmedjiate
daughter df U-238, Th-234, has a half-life of 24,1 days (transitions 63 keV and 93 keVJ. Th-234 and
Pa-234m cpn be detected by in vivo monitoring, especially following depleted and;natural uranjum
exposures]They can be used as indicators of the equilibrium of the uranium isotopes:

The remaipder of C.3 describes lung counting for U-235. Lung counting techhiques are describefl in
numerous [papers and detailed information is not provided here. The pheton energy available| for
detection is 186 keV with a decay yield of 57 %. Due to the relatively high absorption of photons of
this low erjergy in a typical chest cavity, consideration of the thicknés$ of the individual’s chest yvall
shall be taken into account. This is commonly done through the use'ef a height/weight algorithm,|but
ultrasound techniques also are available. Detectors should be placed as close to the chest as posdible
to minimige geometry effects and further absorption in air. €alibration is typically performed with
the Livernpore Realistic Torso Phantom developed at Lawtence Livermore National Laboratory or
similar. Thiis phantom has removable organs that can be produced with a known concentration of|the
radionuclide in question and also has chest plates of varying thicknesses. The selection of a specific in
vivo measurement technique needs to satisfy [SO 28218:2010. Table C.2 shows expected detection l{mit
values for Jung counting.

Table C.2 — Reported in vivomeasurement techniques for uranium
Isotopelor Organ Description Counting time Detection limit Referende
compound
P ) (Ba)
4 Ge(HR) detectors on the 3to8
U-235 Lung [thoraxand LIVERMORE 3000 depending on the Lync}[14g]20 1)
phantom calibration chest wall thickness o
4 Ge(HP) detectors on the 180 to 760
U-nat via U-235 thorax and L.IVER'MORE depending on the Kramer (2d01)
1 Lkung |phantom calibration 3600 chest wall thickness
determingtion [41]
and for natural
uranium

C.4 Workplace monitoring

Monitoring the level of uranium in the air of the workplace provides important information for
potential internal contamination. This is usually done through the measurement of uranium on air
filters collected in the workplace. Surface swipes may also be used. If the proper sampling and analysis
methodologies are used, workplace monitoring can also provide other essential information about the
contamination, such as the chemical composition and the particle size distribution of uranium in the air
of the workplace, which are important in radiation dose assessment.

Both personal air samplers (PAS) and static air samplers (SAS) are used for workplace monitoring. While
an SAS can be placed in a representative area of the workplace, a PAS is typically placed in the breathing
zone of the worker. SAS devices may provide analysis within the device, while PAS devices typically
require subsequent analysis of the sample by proportional counting (if the airborne radionuclides
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