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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.
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Introduction

For decades, active dosimeters have been used in parallel with passive dosimeters in many installations.
Experience has shown that active dosimeters integrated over a period of one month indicate a higher or
lower personal dose equivalent than passive dosimeters used for the same period. The differences can
sometimes be quite large. With other combinations of dosimeters, used for the same time, differences in
the indicated dose are also to be expected. Additionally, differences in the indicated dose can influence
the confidence of the dosimetry results in the workforce.

In some nuclear installations, procedures are in place for dealing with such discrepancies (see
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International Standard was developed to provide recommendations to dealwith d
can be observed between dosimeters that are used in parallel and to helpyachieve a
radiation protection quality. It can also be used as a common tool for the management
bholders involved in radiation protection management.

ecommendations presentedin thisInternational Standard are appliéable underthe followin

wo or more dosimeters assessing the same operational quantity for one person are use
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Radiological protection — Recommendations for dealing
with discrepancies between personal dosimeter systems
used in parallel

1 Scope

This

This
the 1
and

This

International Standard provides recommendations for dealing with discrepanciles between
dosimeter systems used in parallel, in order to comply with established criteria and national

International Standard gives guidelines for investigating and analysing the diSerepang
esults of personal dosimetry systems, using two or more dosimeters (often-ohe passiy
ne active dosimeter), worn in parallel by the same worker.

International Standard identifies when the difference between measurements made

dosimetry systems used in parallel is considered significant and, hencé;needs to be investi
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discy

This
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The
refer

pcifies the treatment of this difference.

is International Standard, only the personal dose equivalent, Hp(10), from photon
dered. Exposure to beta particles and neutrons mightneed to be taken into account wh
epancies are investigated.

International Standard applies to situations where the period of wearing can be integ
period of time for both systems.

Normative references

following referenced documents.are indispensable for the application of this documer
ences, only the edition citedvapplies. For undated references, the latest edition of the

document (including any amendments) applies.

ISO 1
of pe

IEC 4
radid

IEC 6
envin

4146, Radiation proteetion — Criteria and performance limits for the periodic evaluation
rsonal dosemeters forX and gamma radiation

1526, Measurement of personal dose equivalents Hp(10) and Hp(0,07) for X, gamma, neut,
tions — Diréct-reading personal dose equivalent meters

2387, Radiation protection instrumentation — Passive integrating dosimetry systems for
onmental monitoring of photon and beta radiation

regulations.
ies between

e dosimeter

by personal
cated.

radiation is
bn identified

rated to the

t. For dated
b referenced

bf processors

ron and beta

personal and

3

erms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1
3.11

Operational quantities

personal dose equivalent
Hy(d)
dose equivalent in soft tissue measured at an appropriate depth, d, below a specified point of the body

Note 1 to entry: For strongly penetrating radiation, a depth of 10 mm is frequently recommended. For weakly
penetrating radiation, a depth of 3 mm for the lens of the eye and 0,07 mm for the skin are employed. For these
purposes, Hp(d) is written as Hp(10), Hp(3), and Hp(0,07), respectively.
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Note 2 to entry: This definition ensures that the personal dose equivalent, H,(10), for a whole-body exposure to
strongly penetrating radiation, represents an estimate of the effective dose and the equivalent dose for deep-
lying organs.

Note 3 to entry: In many instances, the angular distribution needs to be considered for these situations. The

personal dose equivalent is defined as Hp(d,a), where a represents the angle of incidence.

Note 4 to entry: Hp(d,a) cannot be directly measured. It is approximated using an ICRU slab phantom.

3.2 Personal dosimeters

3.2.1

approved dosimeter

personal do
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Note 1 to ent

Note 2 to ent
measured do
choice of usiry

3.2.2
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3.2.3
active integ
personal do
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Note 1 to enty
normally giv

or dose rate |
areas. The oy

4 Assesq

4.1 Gene

simeter used to determine the personal dose equivalent and issued by a measurement ¢
ce with national regulations

Fy: In some countries, the approved dosimeters are named legal, official, or accredited dosime

'y: When more than one approved dosimeter is used at the same time for one person, only one
bes should be considered to be the technical basis used for the recorded personal dose equivalent
g measurements from one approved dosimeter for official (legal) purposes should be docume

porating dosimeter
simeter that utilises one or more detectors to integraté information about the absd
heeds a readout unit to display the information

"y: The integration time is usually one month. The latent’signal needs to be assessed by a comp
boratory to determine the personal dose equivalentat the end of a wear period and to entgq
b equivalent into dose registers. National legislation/decisions can allow for integrating times
th.

rating dosimeter
simeter that utilises one or morte detectors to integrate information about the absd
[0 convert and display this asHy(d)

y: The integration time is usually as shortas a one entry period into controlled areas. These detg
b a direct reading of the personal dose equivalent. Alarms can warn the worker when preset

evels are exceeded. They/are normally connected to electronic readout units at exit from cont;
tputis used to assess-the personal dose equivalent and entered into computers with dose regi

ing the differences between dosimeters used in parallel

ral

ffice

ers.

bf the
. This
nted.
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etent
r the
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sters.

The objecti

o for a nersonal dosimetrv service is to assion the correct dose to each individual

The

T J o

dosimetry service shall fulfil requirements according to ISO 14146 and IEC 62387. This is sometimes
performed with individual passive dosimeters used for the required time period (often on a monthly
base). Active (electronic) dosimeters are often used for each entry into controlled areas and these
dosimeters shall fulfil requirements according to IEC 61526. Individual dosimetry using passive
dosimeters for the required time period should be compatible with the individual doses summed from
the active dosimeters for the same time period. Numerical criteria for this recommendation are given in
this International Standard.

Guidance for calibrating personal dosimeters can be found in ISO 4037,[5-8] and in publications from the
International Commission on Radiation Units and Measurements (ICRU) and International Commission
on Radiological Protection (ICRP).[2-18] Guidance is also available on the calibration of active dosimeters
in NPL GPG113.[19]
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Normally, national authorities testand approve dosimetry servicesincluding, for example, the procedures
laid down in ISO 14146 or in RP 160,[20] S106,[21] and ANSI N13.11.[22]

When dosimetry systems are used in parallel, the collective dose assessed by the dosimetry systems
normally differs slightly.

Itis to be expected that the individual doses estimated by different systems differ slightly. The need for
investigations of differences in the individual doses depends on the level of the individual doses as well
as on the size of the difference. The difference in the assessed dose values should be investigated in light

of the uncertainties given in the characterisation standards (see IEC 61526, IEC 62387).

4.2

4.2.1

In th
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compared with the dose calculated as the sum of the doses measured with active dosimet]
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4.2.2

For dose evalitations summed for the required wearing period for the dosimeters with

weal

I 1d Sl both dosi ) and

Comparison between dosimeters used In parallel by individual users

General

ke case of a passive and an active dosimeter used in parallel by the same person, after
e passive dosimeter (reading occurring monthly or for the required wearing period)

ame required time period. The comparison is often performed withsthe computer sys
osimetry service (or by the responsible user of the active dosimetry system).

h the recommended criteria for the difference in dosimeterdesults, given in 4.2.2, aj
e responsible for the dosimetry should look for malfunetions in the dosimetry proce
bnse of the personal dosimeter in question; or, request the Radiation Protection De
late the reasons for the difference. If needed, the legalindividual dose is corrected. A
tered by the dosimeter used in parallel with the legal dosimeter might need to be co
bction is registered and the person is informed about this correction. If a correction is
this is also registered.

Fecommended criteria correspond well-with those given in ICRU’s Report 47[11] but

for legal dosimeters, it is recominended to make comparisons when the dose for a wesz
ured by at least one of the dasimeters, is above 1 mSv.

[ke into consideration the-case of low monthly doses which could lead to a dose of a few ny
mmended criteria to investigate differences between results for the dosimeters used in
proposed. In this case,-to restrict the comparison to significant discrepancies, it is reco
e comparisons whenthe dose for one year, measured by at least one of the dosimeters, is

Recommeénded criteria for further research of difference in dosimeter results

ingqeriod, it is recommended to research explanations for differences in dosimeter r¢g

the reading

the dose is
ers used for
tem used by

e exceeded,
dure; in the
partment to
so, the dose
'rected. The
not needed,

are slightly

Fent compared to those recommended,indSO 14146 for approving a dosimetry service. Tg restrict the

registration
ring period,

\Sv per year,
parallel are
mmended to
hbove 3 mSv.

the longest
sults, if

— low reading dosimeter dose < 0,7 x high reading dosimeter dose.

In practice, when the majority of the personal doses are below 1 mSv, a lower threshold than 1 mSv
should be used when investigating the differences. National recommendations or company practices
may also determine alternative recommended criteria to follow when investigating differences.

Particular attention might need to be paid to the fact that the threshold dose for the registration of doses
from passive dosimeters is usually much higher than for active dosimeters.

In the case of low doses for each wearing period, the same kind of criteria could be defined over a period
of time of one year.
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For dose evaluations summed over one year for dosimeters of the same kind (two active or two passive

dosimeters),

itis recommended to research explanations for differences in dosemeter results, if

estimated dose > 3 mSv (one or both dosimeters), and

— low reading dosimeter dose < 0,7 x high reading dosimeter dose.

When considering that small differences are added period after period, the criteria would need to be
increased to take into account uncertainties such as the registration threshold for each dose evaluated
from passive dosimeters. Therefore, for dose evaluations summed over one year for combinations of active
and passive dosimeters, it is recommended to research explanations for differences in dosimeter results, if

estimat

active

active

4.3 Asseq
The discrep

a) differen
control

b) differen

The persong
for the discr

!

ed dose > 3 mSv (active or passive dosimeter), and
simeter dose < 0,7 x passive dosimeter dose, or

simeter dose > 1,7 x passive dosimeter dose.

sment of the differences outside the recommended criteria
hncies in most cases depend on:

ces between the dosimeter systems and malfunctions in the procedures used for qy
of the dosimetry systems; or

ces in the use of the dosimeters in the controlled area:

responsible for the dosimetry may wish to considet‘some procedures to identify any red
epancy. Radiation protection personnel can inyestigate where and how the dosimeters

used to identify any reasons for the discrepancy.

Examples of

reasons for discrepancies are given in Afinex A. For several examples, a detailed descri

is given in the annex.

NOTE1 It
by the workd
between the

NOTE2 W
and to place

of the dosimg
more straigh|
effect of scatf

The reasond
doses. If no
registered d

may be useful to consider a longet tithe period, for instance, to compare the dose values rec|
r during the past year for each period of wear. This could help to detect a systematic diffe
Systems.

hen discrepancies exist, away to investigate is to retrospectively recreate the irradiation cond
h sample of each of the dosimeters in a similar irradiation field. This provides a direct compg
ter types. In other eifcumstances, it may be possible to determine the nature of the discrepan
tforward means,.fop example, referring to type test data and comparing the angular respons
ered radiations,the local background conditions, the effects of RF interference.

for the discrepancies should be reported to the person responsible for the registrati
reasons-are found, it should also be reported to this person. If he/she needs to amen
osey.the responsible person should take into consideration these elements.

ality

sons
were

btion

eived
rence

tions
rison
cy by
e, the

on of
d the

4.4 Documentation of evaluated differences in evaluated dose

Forthe purpose oftransparentuse for documenting and registeringindividual personal dose equivalents,
it is recommended that the results of evaluated differences shall be documented as follows:

a)
b)
<)
d)
e)

date;

reason for evaluating the difference;

relevant dosimeters and results, as received and normalised to one dosimeter;
dosimeter providers (if from more than one organisation);

wear dates;
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f) wearer;

g) position of wear of the dosimeters;

h) main location and sub-location where the dosimeters were used;
i) what the wearer was doing during the wear period;

j) analysis of the potential reasons for differences in estimated dose if known, suggested reason if not
known;

k) identification of the anticipated differences that would be predicted;

1) ¢omparison with the observed results;
m) gtatement that the differences are justified, or an admission that the results are net explicable;
n) guggested dose for registering and (if known) the registered personal dos€equivalent;
0) lnformation given to the dosimeter user;

ame and signature of the person evaluating the difference.

© IS0 2013 - All rights reserved 5
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A.1 Gene

The person
reasons for

Radiation pj
reasons for

Annex A
(informative)

Factors related to discrepancies between assessed individual

calibrat]
assessii|

individy
anneali

backgrd

threshold dose.

NOTE
than for

impropd

loss of
excess 1

work pH

work pd

(as e.g. mobile phones‘or welding equipment);

work pH

work pd
photon

doses when dosimetry systems are used in parallel

ral

5 responsible for the dosimetry may wish to consider some procedures to identify
the discrepancy:

ion results for the dosimeters in use (differences in the collective dose n¥ay be useful y
1g this);

lal response of the dosimeters used in the specific case;
ng records (when relevant);

und subtraction;

The threshold dose for the registration of doses,frem passive dosimeters is usually much h
Active dosimeters.

otection personnel can investigate where and how the dosimeters were used to identif
the discrepancy, including for example:

br damage to one or both dosimeters, including contamination of a dosimeter leadi
eadings;

rformed in diverging radiation fields;

rformed where electromagnetic or radiofrequency fields might have influenced the resp

rformed/where the humidity and/or the temperature is outside the normal values;

epergy, neutron irradiation, high energy beta irradiation, pulsed radiation;

any

when

igher

y any

br use (including the passive dosimeters being used for longer or shorter times than required);

hg to

onse

rfornied in fields for which the dosimeters are known to over or under respond, e.g. due to

use outside the controlled areas.

A.2 Comments concerning possible influencing factors presented in A.1

A.2.1 Calibration results for the dosimeters in use and individual response of the do-
simeters used in the specific case

When dosimetry systems are used in parallel, it is expected that the individual dose measurements differ
slightly. However, the calibration of both systems should allow knowing, in advance, the differences of
the average response between both systems. A comparison of the collective dose estimated from the
systems can give some information concerning drift in the response for one or both of the systems.
Nevertheless, when a particular active dosimeter is used, the response can be slightly different than the
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average response. If specific response correction factors are not used, this can explain differences. If the
dosimeters are calibrated individually, then a drift in the response needs to be ruled out.

A.2.2 Annealing records

Some passive dosimeters are annealed before/during the evaluation. In many dosimeter evaluation
systems, information from glow curves are stored and can be investigated after the evaluation of the
passive dosimeter.

A.2.3 Background subtraction

from| the result. For active dosimeters, this is not needed as long as the dosimeters are ised only for

For gdassive dosimeters, a background value adapted to the time of the wear period is otte%subtracted
e, see A.3.1.

worK in controlled areas and evaluated after each exit from controlled areas. For anexamp

A.2.4 Improper use (including that the passive dosimeters have beenused for{longer or
shorter times than required)

One [lassic example is using the electronic dosimeter as a survey moniter to identify hotspots. This
normally shows up as an alarm and a spike in the dose rate profile.

A.2.5 Loss of or damage to one or both dosimeters

If th¢ legal dosimeter is lost and not found, then the integrated dose registered by active dosimeters for
the respective wear period should be inserted into the dosewvegistry. If the legal dosimeter isftemporarily
lost, ft might have led to make the dosimeter having recéived a higher or lower dose than tHe individual
that has lost the dosimeter. This can be one of the reasons for a discrepancy and should be |nvestigated
furtfer. If an active dosimeter is lost, then the dose for the respective wear period mighf need to be
estimhated. This can be done by comparison with other workers’ doses for the same work and wear
peridd or from calculation of dose rate x time) Similar concerns are relevant if a dosimeter|is damaged
or contaminated.

A.2.6 Work performed in inhomeégeneous radiation fields

Wheh a personis exposed in a diverging radiation field or when a person is exposed to a narr¢w radiation
beanj, it often happens that 6ne’of the dosimeters is positioned where the dose rate is not|the highest.
For gn example, see A.3.2;

A.2.7 Work performed where electromagnetic or radiofrequency fields might/have in-
fluenced the response (e.g. mobile phones or welding equipment)

Therg are numeérous examples of electronic dosimeters that have shown excess readings after being in
electromaghetic or radiofrequency fields, including those close to mobile phones or welding equipment.
Resulltsfrom type tests according to IEC 61526 might give information concerning this.

A.2.8 Work performed where the humidity and/or the temperature is outside the
normal values

The dosimeters might overread or underread if they have been used where their response has changed
due to high or low humidity as well as high or low temperature. Results from type tests according to
IEC 61526 and IEC 62387 might give information concerning this.

A.2.9 Work performed in fields where the dosimeters are known to over or under respond

For instance, dosimeters are known to over or under respond due to photon energy, neutron irradiation,
high energy beta irradiation, pulsed radiation. For an example concerning differences in energy
response, see A.3.3.

© IS0 2013 - All rights reserved 7
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A.2.10 Use outside the controlled areas

If a dosimeter is used in radiation fields outside the controlled areas, then a dose is assigned to the
wearer, although it might not be associated with the person’s radiation work.

If a legal dosimeter is used outside the controlled areas, the dosimeter is used in places where the
dose rate is different from the background dose rate measured by control dosimeters and, hence, the
background correction evaluated by control dosimeters is not adapted.

If an active dosimeter is used outside controlled areas, then the dosimeter registers dose for time
periods when the dosimeter normally should not have been used and, hence, result in a higher reading

d

than expect

ot

A.3 Examples of situations for which significant differences can be found and

how thesé

p differences can be dealt with

A.3.1 Change in background radiation

Differences
incorrect ra
see an incre
each workel
difference i3
control dosi
in Referencd

Achangein}
for handling
effect. If the
could be no
walls may b
the control {
amount of b

in collective dose between the active and passive dosimeter systems can occur Y\
diation background subtraction has occurred. A site with 1 000-monitored workers
ase in collective dose of 10 mmanSv if just 0,01 mSv less background was subtracted
’s dose. In situations where the workplace is under normal operations and a total mm|
detected between the active and passive dosimeters,itimay become important to re

meters and background radiation subtraction methods:The term collective dose is expl4
s[15] and[18],

listorical control subtraction values may alertthe investigator to amodificationinthe po
y controls. For example, moving the storage’location of the controls can have an adjy

controls were placed in an area with mere or less background radiation, a discrep
fed between the active and passive totaPmmanSv. Dosimeters stored on concrete or
e exposed to a different radiation field than those stored on sheet rock board. Separ
torage location from the dosimeter storage location may also result in discrepancies i
hckground subtracted. Storagelocations that differ by less than a few tenths of a uSv pe

can have soine impact when integrated«over a monthly or quarterly wear period.

A.3.2 Woj

When a pe
radiation sg
not to be ey
from a sour
influencing
scatter, dist|
spectromet}

'k performed in inhomogeneous radiation fields

Fson works in inhomogeneous radiation fields, e.g. diverging radiation fields clo

posed with«he’same dose. This can be because the dosimeters are at different dist
ce or one orboth dosimeters are more or less irradiated by a narrow radiation beam. (
factors might be known or should be investigated, e.g. primary radiation nuclides, shiel
ributed activity or point sources. Any measurements of the field using handheld ga
'y-absorbers, directional instruments, etc. are useful when investigating the sources fg

discrepanci

when
rould
from
anSv
view
1ined

icies
rerse
ancy
brick
hting
n the
r day

e to

urces or where-there are narrow radiation beams, dosimeters used in parallel are likely

ance
ther
ding,
mma
r the

AN

EXAMPLE

A worker has worked close to a highly contaminated open pipe in a nuclear power station. D

uring

his work, one of the dosimeters is in the direct beam from the pipe while the other dosimeter is only temporarily
in the direct beam. The dose according to the active dosimeter is 3 mSv. If not noticed before, the discrepancy
will probably be great enough to trigger an investigation into the difference in dosimeter results. A quick check
with the radiation protection personnel reveals that the person probably has been irradiated in a non-uniform
radiation field and a simple investigation is performed by the radiation protection personnel. The result of the
investigation is that the high-reading dosimeter has been most of the time in the direct beam. The results from
the investigation is given to the person responsible for the registration of doses, who should decide if the dose
according to the legal dosimeter should be entered into the dose registry or if a correction of this dose value
should be performed. How this should be treated depends on national regulations and procedures for radiation
protection management.
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