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Foreword

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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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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 needs monitoring for potential intakes and/or quantifying actual intakes and exposures.
Internal radiation exposure caused by the contamination of radioactive substances results in doses,
which cannot be measured directly. Decisions should 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 on

lation, the purpose of the overall radiation protection programme, the probabilities

f potential
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labgratory requirements (ISO 28218), dose assessments (ISO 27048) and special cases of]
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onuclide intakes and the characteristics of the materials handled.

these reasons, four International Standards addressing monitoring programmes (I

ranium compounds (ISO 16638-1) have been developed and can be applied*in a straig

5 document has been developed to address the specific issue of monitoring and internal
ingestion of uranium compounds. It contributes to harmonizingsthe practices in the

ccupationally exposed persons while remaining complementary to ISO 16638-1. O
kes solely by ingestion are rare however they may need to be tonsidered in some circ
example; external contamination of the mouth or lips; ineases of poor working practi
I being eaten in contamination areas. Intakes by ingeStien can also occur alongside
ending on the circumstances of the event. Monitoring and dose assessment for intakes by

hssessing intakes by ingestion. However, the monitoring requirements are very similar.
h radiologically and chemically toxic. Hence, the-scientific bases of current occupationad

pounds of uranium in case of a riskof‘ingestion and offers guidance on its design. Th

r all be essential in controlling éxposure to this risk. The development of this documen
account recommendations, from international expert bodies and persons with in
erience of the practical application of its recommendations in radiological protection pr
hpplication facilitates the exchanges of information between authorities, supervisory i
employers.
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Radiological protection — Monitoring and internal
dosimetry for specific materials —

Part 2:
Ingestion of uranium compounds
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Scope

5 document specifies the minimum requirements for the design of professional prog

moIitor workers exposed to a risk of ingestion to uranium compounds. This~document

ciples for the development of compatible goals and requirements for-fronitoring pi
dose assessment for workers occupationally exposed to internal contamination. It
fedures and assumptions for risk analysis, monitoring programmes and the st:
rpretation of monitoring data in order to achieve acceptable levels of reliability for uran

rammes to
bstablishes
ogrammes
bstablishes
indardized
um and its

pounds. It sets limits for the applicability of the procedures in~respect to dose levels albove which

e sophisticated methods need to be applied.

5 document addresses those circumstances when .exposure could be constrained
ological or chemical toxicity concerns.

5 document addresses, for ingestion of uranium and’its compounds, the following items:
purposes of monitoring and monitoring programmes;

description of the different categories ofymonitoring programmes;

suitable methods for monitoring and‘criteria for their selection;

information that is collected for'the design of a monitoring programme;

by either

procedures for dose assessment based on reference levels for special monitoring programmes;

criteria for determining the significance of monitoring results;

uncertainties arisifng from dose assessment and interpretation of bioassays data;
reporting/doelimentation;

quality~assurance;

record keeping requirements.

Itis
a)
b)
‘)
d)
e)

Mot applicable to the following items:

detailed descriptions of measuring methods and techniques for uranium;
modelling for the improvement of internal dosimetry;

potential influence of counter-measures (e.g. administration of chelating agents);
investigation of the causes or implications of an exposure;

dosimetry for inhalation exposures and for contaminated wounds.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part 1: General
principles and definitions

IS0 5725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic method
for the determination of repeatability and reproducibility of a standard measurement method

[SO 5725-3
measures o

[SO 15189,

ISO/IEC GY
terms (VIM

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

Medical laboratories — Requirements for quality and competence

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

)

3 Terms and definitions

For the pu
ISO 5725-2

ISO and IE
ISO On

IEC El¢

31
absorptio
movement

Note 1 to o
dissociated

3.2
activity
number of

, SO 5725-3 and the following apply.
[ maintain terminological databases for use in standardization at the following addresse

line browsing platform: available at https://wwt.iso.org/obp

ctropedia: available at http://www.electrepedia.org/

N
of material to blood regardless of'thechanism

ntry: Absorption generally applies to the uptake into blood of soluble substances and mat
from particles.

spontaneous nuelear disintegrations per unit time

Note 1 to enftry: The activityis stated in becquerels (Bq), i.e. the number of disintegrations per second.

3.3
clearance
the action

thdatwresults in the movement of radioactive material from the site of deposition in tisg

and organs

iate

ited

Fposes of this document, the terms and definitions given-#fISO/IEC Guide 99, ISO 5725-1,

172}

brial

ues

Note 1 to entry: This action can be natural or induced by therapeutic means.

Note 2 to entry: The clearance rate is the rate at which this occurs.

3.4

contamination
radioactive substances on surfaces or within solids, liquids or gases (including the human body), where

its presenc

e is unintended or undesirable, or the process giving rise to its presence in such places

© ISO 2019 - All rights reserved
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3.5

decision threshold

value of the estimator of the measurand which, when exceeded by the result of an actual measurement
using a given measurement procedure of a measurand quantifying a physical effect or quantity, it is
decided that the physical effect or quantity is present

Note 1 to entry: Otherwise, this effect is assumed to be absent.

3.6

detection limit
smallest true value of the measurand which ensures a specified probability of being detectable by the
megsurement procedure

3.7
COﬁmitted effective dose
sum of the products of the committed organ or tissue equivalent doses and the ‘appropyiate tissue
weighting factors

Notg 1 to entry: In the context of this document, the integration time is 50 years folowing any intake.
Note 2 to entry: The committed effective dose is expressed in Sievert (Sv).

3.8
excretion function
fungtion describing the fraction of an intake excreted per day after a given time has elapseld since the
intgke occurred

Note 1 to entry: The excretion function is expressed in becgiterels per day (Bq/d).

3.9
event
any| unintended occurrence, including operating error, equipment failure or other mnjishap, the
confequences or potential consequences of' which are not negligible from the point of view of{protection
or safety

31

intgke

actipyity (3.2) of aradionuclide'taken into the body in a given time period or as a result of a giver] event (3.9)
Note 1 to entry: The intake.is expressed in becquerels (Bq).

3.11
in vitro analyses
anallyses that \include measurements of radionuclides present in biological samples takgn from an
ind{vidual

Not¢ 140 entry: These include urine, faeces and nasal samples; in special monitoring programmes}, samples of
oth¢r‘materials such as blood and hair may be taken.

3.12

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 document distinguishes three different categories of monitoring programmes, namely
confirmatory monitoring programme (3.13), special monitoring programme (3.14) and task-related monitoring
programme (3.15), as well as one type of monitoring, namely individual monitoring (3.16), which features in each
category.
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3.13

confirmatory monitoring programme
monitoring programme carried out to confirm assumptions about working conditions and that a
routine monitoring programme for dose assessment purposes is not required

3.14

special monitoring programme
monitoring programme performed to quantify suspect significant exposures following an event (3.9)

3.15

task-related monitoring programme

monitoring programme related to a specific operation, or providing information on a specific operafion

of limited| duration, or following major modifications applied to the installations or operafing

procedures, or confirming that the routine monitoring programme is suitable

3.16

individual monitoring

monitoring|(3.12) by means of equipment worn by individual workers, by measurement of the quantities

of radioactlive materials in or on the bodies of individual workers, or by measurement of radioacfive

material eycreted by individual workers

3.17

quality assurance

planned arld systematic actions necessary to provide adequate confidence that a process, measurenjent

or service $atisfy given requirements for quality such as those specified in a licence

3.18

quality coptrol

part of quality assurance (3.17) intended to verify that systems and components correspond to

predetermjfned requirements

3.19

reference [level

value of m¢asured quantities above which some specified action or decision should be taken

3.20

scattering factor

geometric ftandard deviation of the lognormal distribution of bioassay measurements

4 Symbols and abbreéeviated terms

4.1 Sympols

D, comuritted effective dose due to annual intake (Sv) such that lower doses may be
discounted for the purpose of the monitoring programme

E(50) committed effective dose (Sv) for an integration period of 50 years

e(50) dose coefficient: committed effective dose per unit intake (Sv-Bq™1), for an integration
period of 50 years

fa alimentary tract transfer factor, fraction of activity entering the alimentary tract that
is absorbed from the gut in the absence of both radioactive decay losses and
endogenous input to the tract

4 © IS0 2019 - All rights reserved
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!

m(t)

m(t;)

intake in Bq (3.13)

ISO 16638-2:2019(E)

predicted value of the measured quantity (Bq/d/Bq = d-1) at time, ¢t;, for unit intake
(excretion or retention function, for unit intake)

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

day)

4.2 Abbreviated terms

CR

DU

HE

[ARC
ICRP
LDH
LEU
LOAEL
NOAEL

U-npt

certified reference material (see ISO 28218[2])

depleted uranium (uranium with an assay of U-235 that is lower than it§ conten

uranium)

high enriched uranium (uranium with an assay of U-235 equal tdor'more than 2

International Agency for Research on Cancer

International Commission on Radiological Protection

lactate dehydrogenase

low enriched uranium (uranium with an assay.ef U-235 from the natural level to

lowest-observed-adverse-effect level

no-observed-adverse-effect level

transfer reference standard (see1SO 28218[2])

uranium compound with ndtural isotopic composition

5 |Purpose and need forimonitoring programmes

Uranium compounds are censidered a mixture of three major isotopes: U-234, U-235 and

in natural

D %)

20 %)

U-238; but

in dertain cases U-236,U*233 and U-232 are also included. This document describes foyr different
isotiopic compositions; as examples, representing natural (U-nat), depleted (DU), low (LEY) and high
(HHU) enriched uranium forms (see Table 1) based on their typical uranium isotopic compositions
encpuntered in the'nuclear industry. Specific isotopic compositions should be used if availabjle.

Table1:~~ Isotopic composition of natural uranium (U-nat), depleted uranium (DU), low

eniriched uranium (LEU) and high enriched uranium (HEU), by mass and total uraniym alpha
activities, based on specific activity values in ICRP 107[12]

U-238 U-235 U-234
Isotopic Total Isotopic Total Isotopic Total Total Alpha
composition | alpha |composition| alpha | composition | alpha alpha |activity ratio
by mass activity | by mass activity by mass activity | activity | U-234/U-238
% % % % % % Bq/g
U-nat 99,275 48,26 0,72 2,25 0,005 5 49,49 |2,56E+04 1,03
DU 99,799 83,45 0,2 1,07 0,001 0 15,48 | 1,49E+04 0,186
LEU 96,471 14,78 3,5 3,45 0,028 84 81,78 | 8,12E+04 5,54
HEU 6,41 0,042 92,8 392 0,79 96,04 | 1,89E+06 2287
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The general population is exposed to ubiquitous uranium in the environment with ingestion of food
and drinking water being the primary contributors to body burden. In industry, uranium can be
present in a variety of chemical forms, often in association with other radionuclides. In general, there
is insufficient high-quality data regarding ingestion by workers to be able to determine the absorption
parameters for uranium and, therefore, describe the biokinetics of the material which would form the
base for assessing radiological or chemical constraints or optimising monitoring procedures. However,
the absorption data can be obtained from animal studies designed specifically to calculate the material
specific absorption parameters in a range of industrial materials. The relative importance of chemical
and radiological toxicities of ingested uranium depends on the degree of enrichment of U-235 (and
U-234), the compound solubility, and the chemical speciation. In order to recommend material-specific
dose coeffieien e toldret TR i

obtained fi
human aliy

'om the animal studies are combined with human physiology data obtained from the
hentary tract model (HATM)[12l and the ICRP systemic model for uranium(8l,

The purpose of monitoring in general is to verify and document that the worker is protected.adequ

againstris
monitoring
assessmen
by ingestic
effective d

Work-relat|
beverages;
passive bu
cavity. Inta
with occuy
and by wez:
normal cir
related acg
Decisions

of such a r
Factors de
the require

In order tg
exposure

toxicologic
The final ¥
values are
improvems
varies acc
solubility d
Most regul
content in
annual effe

ks from radionuclide intakes and the protection complies with legal requirements. There

forms part of the overall radiation protection programme. The programime starts witl
[ to identify work situations in which there is a risk of internal contamiination of worl
n, and to quantify the likely intake of radioactive material and the) resulting commi
hse received.

ed ingestion of uranium compounds can occur after ingestieh of contaminated fooc
by transfer of contamination by hand-to-mouth or object-toxmouth contact; and by the 1
E more direct mechanism of deposition of contaminants‘@round the mouth and into the

kes by ingestion can be controlled through effective hahd washing and cleaning or minim
ational hygiene recommendations of no food and ne "drink consumption in the workp
ring individual protective equipment. Exposuresby ingestion would not be expected ur
tumstances and hence there is no requirement for a routine monitoring programme. W
idental ingestion can occur as a result of pgor work practices and lack of personal hygi
hbout the need and the design of the monitoring programme should be made in the 1
isk assessment with mainly special orgonfirmatory or task-related individual moniton]
ermining the extent of a monitoring‘programme are the magnitude of likely exposures

ment to identify accidental exposure events.

improve both risk assesspient and management of uranium, there is a need for aday
imit values. The process™of setting exposure limits begins with a careful analysi
al studies with relevant conditions of exposure, which is compared with actual expos
alue takes into accotint the risk, as well as practical and economic constraints. Protec

nt of detectionlimits following new instrumental analysis methods. The toxicity of uran
prding to itshchemical form and isotopic composition. Absorption rates differ with
fthe compound. Those limits need to take into account both chemical and radiological ri
ptory badies agree that uranium chemical toxicity requires consideration when the uran
the kidney exceeds 3 pg-g™1 (retrospective) and regarding radiological hazards when
ctive dose is above 6 mSv (prospective).

regularly revisedZand modified depending on: new research, new risk assessment

Il dn
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Judgements on the efficacy and accuracy of monitoring programmes depend on detailed information
about the biokinetics of uranium. Generally, this information is not available from human exposures.
It is often based on biokinetic data predicted by combining material-specific absorption parameter
values, obtained from animal or in vitro studies, with human data and on the systemic behaviour of
uranium. The ICRP have long considered it appropriate to use such material-specific parameters rather
than default parameters. 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 ingested.

For uranium and its compounds, the risk analysis shall be based both on consideration of its chemical
toxicity and its radiation toxicity. The validity of currently recommended limits for uranium, which
were derived from judgemental decisions on nephrotoxicity, simplistic biokinetic models of the human
alimentary tract and outdated definitions of the specific activity of uranium, is doubtful.
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6 General aspects

Uranium is an alpha-emitting, radioactive, heavy metal that occurs naturally in the earth's crust
at an average concentration of about 2 mg-kg-1. Uranium occurs naturally in the environment and,
therefore, in people. There are three naturally occurring isotopes of uranium, U-238, U-235, and U-234,
all emitting mainly alpha particles of energies ranging from about 4,0 MeV to 4,5 MeV. Two of these
isotopes, U-238 (T1/2 = 4,47 x 109 years) and U-235 (T, ,, = 7,04 x 108 years), are the parents of naturally
occurring radioactive decay seriesl4l. Uranium-234 (T, , = 2,46 x 10° years) is a member of the U-238
decay seriesl28]. The two decay series, which contribute to an important portion of the annual dose
from pr1mord1al background radiationl4, are shown 1n Annex A (see Tables A. 1 and A.2). Because of
the o physical
or g Following
min ew months
aftd »38 parent.

hemlcal separation, the progeny are at secular equ1l1br1um w1th the1r respectlve parént]
eral extraction, uranium ore is processed to remove all progeny that are not uranium, A
r milling, the Th-234 and Pa-234m activities return to an equilibrium state with their U-

Nat
smd
incr

urally occurring uranium is an isotopic mixture containing a large percentage of U-238 and very
1l percentages of U-234 and U-235, by mass. The industrial process called enrichment is used to
ease the percentage of U-235 and decrease the percentage of U-238 in natural uranium.

The
(UR
(NH
(UQ

main compounds found in the working area in the uranium fuel cgele’can be uranium h¢xafluoride
k), uranyl nitrate [UO,(NO3),], uranyl tributyl phosphate (U-TBP), ammonium diuranate (ADU)
4)2U,07 uranium peroxide hydrate (UO,-nH,0), uranium tetrafluoride (UF,), uraniym trioxide
3:nH,0), uranium octoxide (U30g), uranium dioxide (U@3J; and uranium metal and plloys. The
physical and chemical form of the uranium compound, asaveéll as its physical history, irffluence its
solybility characteristics, e.g. sintering temperature (calcibation) can affect lung retentionlft0l. Default
valyes for fractional absorption from the alimentary tract’are given in Annex B.

Thif document is consistent with ICRP 119 compendium of dose coefficients[3Z],

Uranium is a heavy metal with chemical hazards?The kidney is the major target organ of acu
toxicity whatever the route and duration of exposure. Histopathological changes including d¢
chaphges or necrosis of the proximal tubular epithelium and glomeruli have been observed

exppsure. 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 modified bledd* or urine biomarkers of kidney function. To help the og

The NOAEL is defined by WHOI131(14]1[15](16] and IARCI18] as “the greatest concentratior

fe uranium
generative
after 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,
ATSDRI2]),

nce to no-
DAELS). In

or amount
ty, growth,

a substance Wthl‘l causes no detectable adverse alteratlon of morphology, functlonal capac

norphology,

functional capacity, growth development or l1fe span of the target can be detected wh1ch are ]udged not to be
adverse”.

For adults, overall country-specific lower- and upper-bound intakes of environmental uranium varied
between (0,05 and 0,28) ug-kg-! body weight per day considering different exposure scenarios. When
high local concentrations occur together with a high consumption, the lower- and upper-bound uranium
intake estimates varied between (0,39 to 0,45) pg-kg~! body weight per day[1Z]-

Biomarkers of exposure to uranium include the chemical or radiological detection of uranium in the
urine because uranium absorbed through the oral routes is excreted in urine mostly as uranyl ions.
Although there are no unique biomarkers for uranium toxicity, common biomarkers for chemical
toxicity from heavy metals in general include urinary levels of glucose, lactate dehydrogenase (LDH)
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and protein albumen (often by ratio to creatinine)l49l. This sort of monitoring may be considered for
very large intakes.

7 Special monitoring programmes

The goal of special individual monitoring is to ensure that significant intakes are detected at an early
stage and that the associated committed doses are evaluated. Special monitoring programmes are
investigative; they are usually based on a suitable combination of in vitro analyses (see Annex C) in
association with the appropriate biokinetic model.

The analyss made Tollowing an ingestion event enable quantification of the significance of the incident
and estimgtion of the value of the intake according to ICRP models (see Annex D). Faecal and ufine
samples pitovide information on the extent of exposure to non-transferable compounds. For.ntefnal
dosimetry |purposes, only bioassay results from 24 h urine and faecal samples should be”used| for
validating the intake. In addition to providing a daily excreted activity, the physicianCef dosimefrist
can test the¢se samples to ascertain the origin of the exposure. Large fluctuations in the faecal excretion
of radionuflides from one day to the next give rise to uncertainty when interpreting the results.
Consequenitly, faecal samples should preferably be collected over a period of about three consecufive
days to reduce this uncertainty.

For a single event involving soluble compounds of uranium, “spot sample™ collections (from a single
voiding) njay be made to verify an intake has occurred and to assist in the design of the spdcial
monitoring programme.

8 Task-related monitoring programmes for individual monitoring

Individual |monitoring as part of task-related monitorihg programmes normally takes the form of
confirmatqry monitoring. Individual monitoring may r€quire the setting in place of a series of suitable
measuremgnts combining one measurement at the beginning and at the end of the task period with,
depending|with the duration of the task, one or mare samples during the task period.

9 Refernence values as performanee criteria for laboratories

Reference [values can be used to proyide service laboratories with the required levels at which to
perform syecific actions, such as immmediate notification of the client or for a first order of magnitude of
the dosimgtric impact of the evént.’/Assuming a single acute intake for a special monitoring programme,
the referer]ce value can be caletilated using Formula (1):

. D, m(ty,t3) )
derived referenceyvalte=———=Bq-d @8]
e(50)
where
isthaloval of annual dace (Sy) cunch that lawor dacsas mav ho diccountad for thao niird
D ose
v o—tHHetrev-e Ottt oV oatHtHa oYW e 0585 THe o - oS o u e a1 o—He-pur

of the monitoring programme;

m(ty, t3) s, for in vitro measurements, the sum of the excretion function (d-1) during the first
3 days after the event;

e(50) is the dose coefficient: the committed effective dose per unit intake (Sv-Bq-1) for
ingestion (appropriate absorption type), see Annex E.

Table 2 lists derived reference values related to the total excretion (Bq) in the three first days after
ingestion. These values can be used to determine the requirement for dose assessment. A DRL based on
aradiological dose of 0,1 mSv also satisfies the requirement for a DRL based on chemical toxic effects.
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Table 2 — Derived reference values for various uranium isotopic composition and transfer
factors for special monitoring based on ICRP 30 HATM and ICRP 69 uranium biokinetic model

Derived reference value for D, = 0,1 mSv
m:‘l};ﬁz:ifng Ja m(ty,t3)
U-nat DU LEU HEU Unit?
Faecal 0,02 0,852 1800 1900 1800 1700 Bq excreted in 3 days
Faecal 0,002 0,867 11 000 11 000 11 000 10 000 Bq excreted in 3 days
Urine 0,02 0,014 29 30 28 28 Bq excreted in 3 days
Urine 0,002 0,001 4 17 18 17 16 Bq excreted |n 3 days

Units expressed in total alpha activity of U-234, U-235 and U-238.

Thd

10

Per
me?
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k)

normal uses of in vitro techniques (relative detection limit, etc.) are adequate for'special 1

Quality assurance and quality control for bioassay laborateories

formance checks shall be conducted to ensure the conformante of analytical
isurement equipment and the facilities to predetermine operatjional requirements. The
1 have written quality control procedures to verify that the quality of measurements or r
brminations complies with the accuracy requirements. The guality control procedures
following:

use of traceable radionuclide reference standards;

performance checks of measurement systems;

instrument calibration;

intralaboratory analyses (e.g. known quantities, replicates and blanks);
participation in available interlaboratory inter-comparison programmes;
computational checks;

review of procedures, spécifications and operating logs;

observation of operations and evaluation of quality control data;

evaluating conforimance to the performance criteria of this document;

verification of determinations of the detection limits.

Per

whilethe equipment is in use. These checks shall be sufficient to demonstrate that the m¢

formance of the measurement equipment shall be checked and evaluated at regula

evaluating quality control data to ensure the long-term consistency of analytical results

nonitoring.

processes,
laboratory
ioactivity

ST;H include

and

I intervals

asurement

equipment is properly calibrated and that all components are functioning properly. Measurements
should include instrument background and response checks.

Radionuclide standards used for equipment calibrations and to test the accuracy of analytical
procedures and/or measurement equipment shall either be those designated as certified reference
material (CRM), transfer reference standard (TRS), or standards directly compared with appropriate
CRMs and, where available, with the same measuring apparatus.

In addition, laboratories performing in vitro analyses and/or assessments for internal dosimetry should
participate in national or international inter-comparison exercises.
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11 Procedure for the assessment of exposures

11.1 Assessment of individual monitoring data

The general procedure for the assessment of exposures is described in ISO 2704811, 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.

Radionuclides from the three natural radioactive decay series of uranium are present in all
environmental medla and therefore are also contalned in foodstuffs drlnklng water and in the air.
This results+ ; ‘ - -

and excretjon of uranium. Knowledge of the natural background act1v1ty found in the bloassay (faces
and urine)| is essential if an occupational intake is to be assessed. Interpretation of meastirem¢nts
of uranium isotopes in bioassay samples shall take into account the natural background-levels of
these isotqpes where the contribution from natural background could have a significant effect on
the assess¢d dose. If natural background levels are not taken into account, it shall.be demonstrated
that their ¢ontribution to assessed dose is not significant. The natural background-levels in bioagsay
samples aifise from dietary intakes of natural uranium. Where the occupational exposure is to either
depleted of enriched uranium, measurement of the isotopic content of a bieassay sample allows|the
contributign from the natural uranium background to be determined and“subtracted. If the isotppic
compositign cannot be determined, or where the occupational exposure isito natural uranium, a range
of reference values shall be set to distinguish between occupational expa@sures and natural backgrogyind.
A “blank” lioassay sample should be obtained prior to commencingywork in potentially contamingted
areas, in order to be able to distinguish between natural or non-gectpational intakes and occupatignal
intakes[32l{ Tests to determine whether an occupational expostré-has occurred should include a tegt to
determine whether such a reference value is exceeded.

For an indjividual worker, the reference value shall, where feasible, be determined by one or njore
measuremgents of blank bioassay samples taken beforewoérk with uranium commences. Where this ignot
feasible or |s shown to be notreliable, data from measurements performed on bioassay samples provided
by a repredentative population of unexposed workers may be used to establish background ranges fand
reference values. If this is not feasible, measuréments of the uranium content in representative samples
of drinking water may be used to set refefence valuesl20l. Alternatively, published data may be uped,
particularly those reported in IDEAS Guidelines, section 4.1.313Z], Whichever method is used, it shall be
demonstrafted that the reference valuéis representative of the natural background level for the worker
to whom it|is applied. After the actions mentioned above are taken, the individual’s drinking water and
food supply may be investigated2%};only under conditions in which it is believed that background lepels
are of suff]cient magnitude relative to investigation and/or detection level requirements to influgnce
ability to identify occupatienalintakes.

When an ¢ccupationakexposure has been detected, the mean natural background level should be
subtracted| from the-méasured bioassay result (especially for faecal bioassay measurements) prior to
any dose agsessment:

11.2 Properties of a software tool

The criteria for selecting one software or computer code for bioassay data interpretation are based in
the requirement of the 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 radionuclides available,
physicochemical characteristics of the compound (AMAD or absorption parameters) and 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);
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models available for calculation: biokinetic models of ICRP 782! or other models;

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.

11.3 Uncertainties

In monitoring of an ingestion case, the time of any acute intake is generally well known.

The

distributions of a measured bioassay quantity arising from the various components of u

ncertainty

can
sta
val

It is
dos
Thd

Tabje 3. See also Annex F. The main factors that may need to be considered when evaluating
ertainty are:

und

a)
b)

c)

d)

Met
ISO
infa
ass
tha
or

}

ps, although there is no requirement for dosimetry services to use the precedure pres
contributions to overall uncertainty in assessed doses may be recordéd in the formaft shown in

Table 3 — Format for recording the contributions to overall uncertainty in assesse

be described using lognormal distributions, with the uncertainty quantified using the
dard deviation. The geometric standard deviation is often known as the scattering-faetd
es are provided in ISO 27048:2011, Annex Bl

reasonable to expect dosimetry services to provide information on uncestainties i

the uncertainty in the time or period of intake;

the uncertainty in the measured bioassay quantities (soniefimes known as Type A uncef

as Type B uncertainties); and

uncertainty or variability in the characteristics of the material to which a worker
been exposed, in particular, the gastro-intestinal uptake factor, f,, and the composi
radionuclide mixture.

hods for determining how these \factors contribute to overall uncertainty are deg
27048:2011, Clause 8 (where further information is given together with an example).
rmation applies to a particular‘monitoring procedure, the doses per unit measuremen
pssed, with the measurement.value chosen to be a factor of 10 greater than the detecti
measurement. Where thethformation applies to an individual case, the actual measure
alues should be used.

geometric
r (Ksg) and

h assessed
bnted here.

the overall

tainties);

inter-subject and intra-subject variability in the measured bioassay quantities (sometimes known

may have
Lion of the

scribed in
Where this
' should be
bn limit for
ment value

 doses

Fag¢

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

Upper Y
assessq

Lower value of
assessed dose

tor contributing to overall
uncertainty

alue of
d dose

Un

ertainty in measured

qud

ntity (Type A and Type B

combined)

Uncertainty in the alimentary
tract transfer factor (f,)

11.4 Quality assurance of the assessment process

The continued effectiveness of any radiation programme relies on those in charge implementing its
various components, including the adoption of an effective quality assurance (QA) programme based
on IS0 28218I2], ISO 20553 and ISO 27048, QA includes quality control, which involves all those
actions by which the adequacy of tools and procedures is assessed against established requirements.
QA requirements may be determined by national regulations. In addition, laboratories performing
assessments for internal dosimetry should participate in national or international inter-comparison
exercises[32],
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12 Reporting and documentation

12.1 Reporting results for in vitro measurements

The results obtained by the service laboratory shall be reported to the customer and shall include the
following items as a minimum:

a) sample identification:

1) assigned number;

2) to
3) re
4) elg
5) sa
6) sa

7) dalte of sample receipt by service laboratory;

8) co

al volume or mass of sample submitted;

ference date(s) and start and stop times of sample collection and analysis;
mental or alpha activities measurement;

mple type;

mple preservation;

hdition of package.

b) quantification of sample activity at the time of measurement;taking account of appropriate blanks

and co
c) estimd
prescr
d) identif
e) values
f) in casg
(LDH)

medic3
g) identif

The servic

These recopds include the'indicated items for a period of time as specified by national legal requiremg¢

or as long 3

12.2 Doct

Frection factors (e.g. analysis of creatinine);

tes of counting uncertainty and the total propagated uncertainty (depending on the clig
jption);

ication of equipment and specific measurement procedures;
of the decision threshold and detection limit;

b of a risk of chemotoxicity, quantification of biomarkers [glucose, lactate dehydroger
and protein albumen (often,by: ratio to creatinine)] according to specific requirement
| laboratories as specified-by* SO 15189; and

ication of the individual'responsible for the report.
e laboratory shall.rétain, in a retrievable form, records required by this document.

s they renfain current.

Imentation of the dose assessment

nt's

ase
S of

ents

nt's

Arrangemd

nts shall be made to ensure that the results of all assessments are rppnrfpd to the clie

dose record-keeping service accurately and in reasonable time.

Sufficient records shall be kept of the details of all assessments so that the exact conditions of assessment
may be reproduced in the future. All reports and records shall be authenticated by the competent
person responsible. Account shall be taken of the national requirements in respect of record-keeping.

Each assessment shall have

a) aunique identification of dose assessment for one person and for one event;

b) the physical and chemical properties of compounds manipulated, if possible;

c) aprecise isotopic composition of uranium compound, if possible;

12
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the date and time of the measurements and quantities measured;
the route and mode of intake(s);

the procedure for calculating doses: assumptions made in respect of route of intake, temporal
pattern of intake, default or specific value of f,, chemical and physical nature;

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

the results expressed in terms of 50 years committed effective dose from intakes of each uranium
isotope occurring during the monitoring interval. All doses shall be given in units of millisieverts

Thd

£ 4 | i 1 1 |
CUITCULULUL LU UlIC Ul ulIliiidal }Jlabb, allda
uncertainties only if explicitly requested by the customer shall be reported.

user shall be aware of applicable national requirements.
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Annex A
(informative)

Nuclear data of U-238 and U-235 decay

Table A.1 — U-238 decay

Radionuclide Half-lifed Mode of decay
U-238 4,47 x 109 years Alpha
Th-234 24,1d Beta
Pa-234m 1,17 min Beta
U-234 2,46 x 105 years Alpha
Th-230 7,54 x 10* years Alpha
Ra-226 1 600 years Alpha
Rn-222 3,82d Alpha
Po-218 3,10 min Alpha
Pb-214 26,8 min Beta
Bi-214 19,9 min Beta
Po-214 0,00016s Alpha
Pb-210 22,2 years Beta
Bi-210 5,018d Beta
Po-210 138,4d Alpha
a  According to ICRP 107 Nuclear Decay ‘Data for dosimetric calculations[12],

TableA.2 — U-235 decay

Radionuclide Half-life?2 Mode of decay
U-235 7,04 x 108 years Alpha
Th-231 25,52 h Beta
Pa-231 3,276 x 10%* years Alpha
Ac-227 21,77 years Beta
Th-227 18,68 d Alpha
Ra-223 11,43 d Alpha
Rn-219 3,96 s Alpha
Po-215 0,001 78 s Alpha
Pb-211 36,1 min Beta
Bi-211 2,14 min Beta
T1-207 4,77 min Alpha
a  According to ICRP 107 Nuclear Decay Data for dosimetric calculations[12],
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Annex B
(informative)

Default classification of uranium compounds

Experimental data on ingestion by laboratory animals, reviewed by Leggett and Harrison (1995),

SUgge

In I

for uranyl nitrate, f, = 0,02;
for U0y, and UOg, f, = 0,01;
for UF,, UO, and U30g, f4 = 0,000 2.

CRP 30 (1979), an f, of 0,05 was recommended for water soluble inorganic forms of U

—_—

va
an

e of 0,002 for U(IV) in relatively insoluble compounds such as UF,, UQ; and U30g. In ICRH
of 0,02 was adopted for dietary intakes of U on the basis of human data as reviewed b

(VI) and a
69 (1995),
y Harrison

(1991)[2¢] and Leggett and Harrison (1995)[29]. The available human and animal data indicate that a

val
U0,

In 4
cony
(sed

e of 0,02 is also appropriate for occupational exposures to faore soluble inorganic form

Table B.1 — Absorption parameter values for ingested uranium

. Alimentary tract transfer factor
Specific parameter values 1
Uranyl Tri-Butyl-Phosphate (U-TBP) 0,02
Uranyl nitrate, UO,(NO;), 0,02
Uranium peroxide hydrate U0, 0,01
Ammonium diuranate, ADU 0,02
Uranium trioxide UQ3 0,01
Uranium tetraflueride UF, 2x10-%
Triuraniumosetoxide U;0g 0,005
Uraniumdioxide UO, 2x10-4
Uraninmvaluminide UalX 0,002

his document, a f, value of 0,002 is adopted for the fractional absorption of relativel
pounds.fe:g. UO,, U30g) and a f, value of 0,02 is adopted for all other more soluble chen
Table.B.2).

b, including

iy insoluble
nical forms

Tahla R 2 Sy af dafoalt chhcnntion nananant .
Tao01e-DO= otHH AT Y- O aerathrtaoSorpeohparamecer

Typical compounds

Alimentary tract transfer factor

fa
UF,, UO,F,, UO,(NO,), 0,02
U0,, UF,, UCl,, UO, 0,02
U0,, U304 0,002

New default absorption parameters for inhalation are available at the ICRP 137[43] and may replace the
values of Table B.2.

© IS0 2019 - All rights reserved

15


https://standardsiso.com/api/?name=9567a344bec6617ff6305ff2740124a5

ISO 16638-2:2019(E)

Annex C
(informative)

Measurement techniques for uranium in case of ingestion

C.1 Gen

ral

Measurem
These type
deposited

assess the

or task-rel
as the cher
of these m
is beyond t

NOTE

and Biomedjicinel38] and ISO 15189 for competence of laboratories.

C.2 Inv

C.2.1 Ge

In vitro m
Urine and
biological s
not fully d
preferred,

For the me
of sampleg
This is esj
gastrointe
is less of ¢
those early
quantificat
in an acid
the solutio
using the s

bnt of the quantities of uranium in the body can be performed by in vitro measuremse
s of measurements are called bioassays. In vitro techniques permit estimation of intern|
iranium by analysis of excreta. Individual monitoring provides the informatiotr neede
bxposure of a single worker by measuring individual excretion rates. For specidl monitor
hted monitoring, in vitro measurement techniques may be used, dependingon factors s
hical composition of uranium involved, the likely level of contaminatioh.and the availab
pasurement techniques. A detailed description of the measurement methods and technig
he scope of this document.

The ethics and human dignity of sampling regimes is described in theé Convention on Human Ri

itro measurement

neral

pasurement is used widely for the monitorifig of internal contamination of uraniuml[ell}
faecal excreta are the typical bioassay samples collected for measurement. Blood or ot
amples may be used in some special caSes, although the accuracy of these methodologis
btermined. Faecal analysis is sométirhes used for uranium monitoring, but urine analys
Hespite the much lower excretionfiinction, because itis less affected by dietary contributi

collected over several/days is preferred as the excretion might show a large fluctuat
ecially significant at-early times following an intake due to early clearance through
tinal tract, either €rom direct ingestion or early clearance from the respiratory tract,

times post iftake, faecal monitoring is an excellent indicator of intake, if not as usefu
ion. The sample is “ashed” (i.e. reduced in a muffle furnace), and the resulting ash dissol
bolution.<Depending on the analysis methodology, either the entire solution or an aliqug
h is themanalysed for the measurement of total uranium concentration or uranium isotq
ppatation and measurement methods for urine.

n issue at longer times when the faecal excretion is from systemic metabolism only.

nts.
ally
1 to
ing,
uch
lity
ues

bhts

1081,
her
S is
s is
DNS.

hsurement of uranium in afaecal sample, a single voiding can be used. However, measurengent

ion.
the
but
At
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t of
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Table C.1 — Analytical method for measuring natural uranium in faeces

Analytical method

Sample preparation Detection limit Reference

Alpha spectrometry

Calcination and mineralisa- |0,1 mBq-kg™! for U-238 |Juliao 1988[30
tion of faecal ashes followed
by coprecipitation, solvent

extraction and electrodepo-

sition

For the measurement of uranium in urine, 24 h samples are typically recommended to minimize diurnal
variances. Increased sample volume is also needed when performing alpha spectrometry to reduce
uncertainty in measurement, but this is not necessary for mass spectrometry. When a spot sample is
used, it is preferred that the daily excretion is normalized by measuring either the concentration of

16
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creatinine in the sample (IAEA 2000([2]) or specific gravity of the sample (Dai et al., 2011[22]). 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.2
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 1SO 2821821,

Table C.2 — Some analytical methods for measuring natural uranium in urine

Apnalytical method Sample preparation Detection limit? Referende
Fluprimetry Urine wet ashed, ion 0,1 ug11 Dupzyk and Dupzyl, 1979(24]
exchange and solvent (2,5 mBqg-11)

extraction for enrichment
and purification

KPA Urine wet ashed and 0,05 pgl1 Birkenfeld et al., 199521
solubilised (1,3 mBg-1™1)

Alpha spectrometry Urine wet ashed followed by | 0,1 mBqI-! for U-238\/Singh and Wrenn, 1p88[32]
coprecipitation, solvent or 0,2 mBq-1-1 fox
extraction and natural uranium
electrodeposition

ICP}MS Acidification, dilution 3Ingd1 Karpas et al., 1996471

(0,077°mBq-1-1)

a  |In brackets, correspondence in term of total uranium alpha activity for natural uranium.

In spme cases where uranium with an altered isotopic composition (e.g. enriched uranium ¢r depleted
urapium) is involved, the measurement of uranittm isotopes in the urine samples may b¢ required.
Although alpha spectrometry is an established‘iethod for the measurement of uranium isoffopes, mass
speftrometry such as inductively coupled¢plasma mass spectrometry (ICP-MS) offers mych shorter
sanjple turnaround time, although is incapable of quantifying shorter-lived isotopes (e.g. U-434).

For|the measurement of either the total uranium concentration or the isotopes in a urine sample, more
oftgn than not, chemical separation of uranium from the sample following sample digestion] is needed.
The selection of a specific method is determined by the size of the sample, the level of firanium in
the[sample, the purpose of-the measurement, and the availability of instrumentation and expertise.
U-2B6 and U-232 are sometimes spiked in the samples to track the chemical recovery of the|concerned
urapium isotopes.

C.2{2 Natural background

The natural/background is the amount of radiation to which a member of the general pxulation is
exppsed fromy' natural sources, such as terrestrial radiation from naturally occurring radionuclides in
thelsoilrand naturally occurring radionuclides deposited in the human body.

Meadsutfementsofconcentrationsofuranium-have beenmadeinhumantissuesand ]'\nrly fluids resultlng

from consumption of food and water and from natural background sources[241[25][26],

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™! in bone and 0,003 Bg-kg! 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 ug-d-1, as has been reportedl[el.

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-1l. Others report similar results, with mean concentrations of 0,009 4 pg-1-1[23],
0,098 pg-1-11351, 0,01 pg-1-123], 0,485 pg-1-1[31] and 0,004 5 pg-1-1[27], A range of (0,01 to 0,4) ug-d-1 has
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also been reported[33]. More recently, ranges of (0,003 to 3,62) pg-d-1 and from (0,001 to 8,45) pg-d-1[34]
have been observed.

ICRP reports faecal excretion rates to vary from (1,4 to 1,8) ug-d-1lel. A more recent study found
faecal excretion rates to range from (0,2 to 500) ug-d-1[3¢l, Faecal excretion data may need correction
for dietary intakes of uranium. IDEAS guidelines[3Z] give background values and rules to distinguish
between natural or non-occupational intake and occupational intake.
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(informative)

Excretion rates for ingestion of uranium compounds

Tables D.1 and D.2 give the excretion rates for uranium after ingestion.

Table D.1 — Faecal excretion rate after single m(t;) and chronic m_(t;) intake of uanium
compounds by ingestion using ICRP 30 HATM and ICRP 69 uranium models
Value of m(t;) after single intake Value of m_(t;) after. chronic intake
Time (d) |in Bq/d per 1 Bq incorporated activity (Bq-d-1/Bq)| in Bq/d per 1 Bq dailf§yincorporated activity
(Bg:d™'/Bq-d1)
fn=10,02 f,=0,002 fa =002 fx=10,002
1 2,8E-01 2,8E-01 2,80E-01 2,80E-01
2 3,8E-01 3,8E-01 6)60E-01 6,7¢E-01
3 1,9E-01 1,9E-01 8,50E-01 8,7(|)E-01
4 8,0E-02 8,0E-02 9,29E-01 9,51E-01
5 3,1E-02 3,1E-02 9,60E-01 9,82E-01
6 1,2E-02 1,2E-02 9,72E-01 9,94E-01
7 4,3E-03 4,3E-03 9,76E-01 9,98E-01
8 1,6E-03 1,6E-03 9,78E-01 1,0QE+00
9 5,8E-04 5,8E-04 9,90E-01
10 2,1E-04 2,1E-04 9,95E-01
14 4,4E-06 4,4E-06 1,00E+00
15 1,9E-06 19E-06
20 3,6E-07 3,6E-07
30 2,1E-07 2,1E-07
40 1,5E-07 1,5E-07
45 13E-07 1,3E-07
50 1,1E-07 1,1E-07
60 8,8E-08 8,8E-08
70 6,9E-08 6,9E-08
80 5,5E-08 5,5E-08
90 4,3E-08 4,3E-08
100 3,5E-08 3,5E-08
120 2,2E-08 2,2E-08

Table D.2 — Urinary excretion rate after single m(t;) and chronic m_(t;) intake of uranium

compounds by ingestion using ICRP 30 HATM and ICRP 69 uranium models

Value of m(t;) after single intake

Value of m_(t;) after chro

nic intake

Time (d) |in Bq/d per 1 Bq incorporated activity (Bq-d-1/Bq)| in Bq/d per 1 Bq daily incorporated activity
(Bq-d™'/Bg-d™)
fa=0,02 fa=0,002 fa=0,02 f,=0,002
1 1,3E-02 1,3E-03 79E-03 79E-04
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Table D.2 (continued)

Value of m(t;) after single intake Value of m_(t;) after chronic intake
Time (d) |in Bq/d per 1 Bq incorporated activity (Bq-d-1/Bq)| in Bq/d per 1 Bq daily incorporated activity
(Bq-d"'/Bq-d1)

2 6,9E-04 7,1E-05 1,3E-02 1,3E-03
3 3,7E-04 3,7E-05 1,3E-02 1,3E-03
4 3,3E-04 3,3E-05 1,4E-02 1,4E-03
5 3,0E-04 3,0E-05 1,4E-02 1,4E-03

6 7,7E-04 2,7E-05 T,4E-02 T4E-03,,,

7 2,5E-04 2,5E-05 1,5E-02 1,5E:03+
8 2,3E-04 2,3E-05 1,5E-02 1,5E503
9 2,1E-04 2,1E-05 1,5E-02 .1,5E-03
10 1,9E-04 1,9E-05 1,5E-02 (- 1,5E-03
14 1,4E-04 1,4E-05 1,6E-02 N 1,6E-03
15 1,3E-04 1,3E-05 16802 . 1,6E-03
20 8,9E-05 8,9E-06 1,7E-02¢ 7 1,7E-03
30 4,8E-05 4,8E-06 1,7E-02) 1,7E-03
40 3,0E-05 3,0E-06 118802 1,8E-03
45 2,5E-05 2,5E-06 o~ L8E-02 1,8E-03
50 2,1E-05 2,1E-06 “O0 1,8E-02 1,8E-03
60 1,6E-05 1,6E-06 9 18E-02 1,8E-03
70 1,3E-05 1,3E-06 | 1,8E-02 1,8E-03
80 1,0E-05 1,0E-06 1,8E-02 1,8E-03
90 8,4E-06 8,4E-07 1,8E-02 1,8E-03
100 7,1E-06 7,1E-07 1,9E-02 1,9E-03
120 5,1E-06 ( )S,1E-07 1,9E-02 1,9E-03
180 2,2E-06 W - 2,2E-07 1,9E-02 1,9E-03
200 1,7E-06 F 17E-07 1,9E-02 1,9E-03
300 62607 (U 6,2E-08 1,9E-02 1,9E-03
360 4,0E-07 -\ 4,0E-08 1,9E-02 1,9E-03
400 3,2E-07)" 3,2E-08 1,9E-02 1,9E-03
500 7 2,3E-08 1,9E-02 1,9E-03
600 _~2,0E-07 2,0E-08 1,9E-02 1,9E-03
700 _<\Y1,8E-07 1,8E-08 1,9E-02 1,9E-03
800 || A 18E-07 1,8E-08 1,9E-02 1,9E-03
900 [|[2 1.7E-07 17E-08 1.9E-02 1.9E-03
1000 1,6E-07 1,6E-08 1,9E-02 1,9E-03
2000 1,1E-07 1,1E-08 1,9E-02 1,9E-03
3000 7,6E-08 1,9E-02 1,9E-03
4000 5,5E-08 1,9E-02 1,9E-03
5000 4,1E-08 2,0E-02 2,0E-03
6000 3,2E-08 2,0E-02 2,0E-03
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Annex E
(informative)

Committed effective dose per unit intake after ingestion of

uranium compounds

5 document describes four different 1sotopic compositions representing natural (U-nat
) and low (LEU) and high (HEU) enriched uranium forms (see Table 1), representing
hium isotopic compositions encountered in the nuclear industry. Specific isotopic c
lld be used as far as they are available.

Tables E.1 and E.2 provide dose coefficients for individual uranium isotopes and uranium f

var

ying uranium isotopic compositions.

), depleted
the typical
bmposition

hixtures of

Table E.1 — Dose coefficients (Sv:Bq~1) for ingestion of uraniumdsotopes using ICRP B0 HATM
and ICRP 69 uranium models
Alimentary tract transfer Dose coefficients (x 10-° Sv Bq™)
factor U-238 U-235 U-23¢
A =0,02 44 46 49
f,=0,002 7.6 8,3 8,3
Table E.2 — Dose coefficients (Sv-Bq~1) for the ingestion of natural uranium (U-nat), depleted

uranium (DU), low enriched uranium\ (LEU) and high enriched uranium (HEU) u
ICRP 30 HATM(and ICRP 69 uranium models

sing

Alimentary tract transfer Dose coefficient ( x 109 Sv-Bq1)
factor U-nat DU LEU HEU
f1=0,02 46,52 44,80 48,16 48,88
f,=10,002 7,96 7,72 8,20 8,30
New dose coefficients fokingestion are available at ICRP 137 [43] and may replace the values i Tables E.1
and E.2.
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