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International Policy Relationships for Radiological Protection

Basic Scientific Studies

|

Scientific Evaluations
INSCEAR, BER, #10)

/ ICRP Recommendations —
Regional Standards l \
(M0, £C, NEA) International Safety Standards
Topical Standards 885 (AFA)
1RO, WHO, Fa0) l /
\ —— D

National Regulations

Industry Standards
S0, K<)

of G lance
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NEA)EJ% Bill Magwood PA " Radiological Protection: Old Questions Needing New Answers |
Ry a2 AE 4 - 55t NEA R reRl RS BI4HE: - 2 2017 i - A 33 HE &
BAA AL H S R AZ e R B 27 9 B DAL > #9378 & B P A RE T AP S A e AT Py 2
758 ICRP 2 RAETERIR o H AT s B ] 8 BLEH 8 R 2 885 AP
JEZIHTE » BARIRAEIE 50 ZPE7h L EHIEERT O R BEER S - (HEOREARES
JE\Bex Fe iz BUE AR B 2= RITE R BRET ER A E 7 - L HRBN SR mEIE
(Linear-Non-Threshold * LNT)f&A LU ZHESTITEE TS » ML iR e AT
[ B R R o B R O E R AR E R 2 S o AL Magwood PAEL 5 5
B > 585 NEA 2281 ICRP 7Y HATE S % K12 28eil 7 (R AR 16 sk ey 2 458y » 1
TR B B R AR ] DARE A R ol ~ 88 B R AR TE S B 3 (T 1R D) AGE
o o (HEESPEERP) B2 il " iR ERE ) B T SR i  1VERT 0 98
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@) OECD Nuclear Energy Agency Cynea

What Have We Learned Over the Years?

* Prevailing circumstances frame stakeholder concerns

* RP decisions must reflect the realities of the situation

* Optimisation is central to robust and viable RP decisions

» Stakeholder involvement is central to optimisation

Judgement Zone

Viable Decisions>

Stakeholders

Decision
Makers
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(T~ EESPEEIN T-Hr#E (Advances in Dose Coefficients) T 78 &k
HER ARG ES TEgRHEIRENVEZE S5 2 708 (committee 2)BHEL
NG 4H A% (EURADOS) L [F] 185 » EragrpHhad sk 6 s IR » Hor e R
RIS (German Research Center for Environmental Health » GmbH) Maria Zankl
AR BHERE FEERN R 2 A TR R » 206 6 For - R R R 2 5T S 5
R ARSI B PE 2 SHER T - R & S A ROE | 2 B F S PR b
Z BEEEREIE - ERESEIEMENEREEEFHE - o alEAEREBAVERRE
BEERIR ~ AL RATIREEE) ST B 52 2 SRS B S > H A R SR 7RI =] 5 (H = 7R
A TR SR - A PR R ARG PR & - ERE S B RS R S

Dose quantities for radiological protection

Physical quantities
* Fluence, @

« Kerma, K
Calculated using Q(L) and « Absorbed dose, D Calculated using wg, wr,
selected phantoms (sphere, and anthropomorphic

slab, rod, ...) / \ phantoms

Operational quantities Protection quantities
« Ambient dose equivalent, H*(d) « Organ absorbed dose, Dt
+ Directional dose equivalent, H'(d, ©) « Organ equivalent dose, Hr
+ Personal dose equivalent, Hp(d) > + Effective dose, E
Related by calibration Comparison

and calculation + As long as the monitored quantities are below

certain levels, compliance of the protection

quantities with the legal dose limits is assured.
Monitored quantities « Conversion coefﬂments provide rlelat|onsh|lp's
between operational and protection quantities,
Instrument responses thus allowing organ and effective doses to be
assessed in practice.

HelmholtzZentrum miinchen ICRP/ERPW 10-12 October 2017, Paris, France 4 g HELMHOLTZ

German Research Center for Environmental Health | ASSOCIATION
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AN - FHERER S R ERS AEE Chan Hyeong Kim Ziide H BN AT R Ae it fig e
i > {2002 A-fE BE 44 (a] REHUFT] 2008 4F- voxel FEAY 25 5 polygon mesh fEAY » 41[&E 7 >
IR H RS AT > MEEE R NS BIAR ~ (L BEHEEE - 0] EEEN R

Computational Phantoms [MRCPs (Mesh-type Reference Computational Phantoms)
“VRCPs”

Voxel-type Reference
Computational Phantoms

ORNL/TM 8381 ICRP Publication 110 VRCPs MRCPs
(1987) (2009) (ICRP Publication 110) (Mesh-type Reference
Computational Phantoms)

7. NI RS R EER o S8 R
SRR E - e RS B AR RN T T s S T 59 iR B A R R Al -
W RIS ~ HRERE R SRR ARIIR 2SR E R R Pl 5 R 4E 8 -
FT SRR ~ R BRI T THER 2019 4 ICRP #2357 -

Effective Dose Coefficient — Electron
10° g T T e 10° g . T ‘/Fg
ég 10°L AP direction o 3 E 10°L  PA direction z
g 1o 4 1 g}
e E K=Y El
o 10° E @ 10° ¢ E
s ] e
S 107 4 Sl -
pa E =
310° E Bl 4
g 3 § 5 © Mesh phantoms, entire lens (Geant4)
510 3 810 ——ICRP Publication 116 data, entire lens
2 10 1 % 10 b
3 v E &
o f & Mesh ] £ 10 _;g:‘} E
104 1 | L il 1 d 1 ] 104 Il d Vi il
107 10" 10° 10' 10° 10° 10 10°
Electron energy (MeV) 3
'fc: 10°E  ISO direction g;
> % 10" | s
—> & O OO & é
— g 1o°F S>>
5 . : E
— 210 F AP direction 1
— 8102 ) 14C (0.15 MeV): 4.7x
- raroctiaver 810 18Re (1.03 MeV): 2.0x ]
. S o 2P (1.66 MeV): 0.9x
—  Skin (voxel) 5'0F %0Sr/%0Y (2.24 MeV): 1.1x 3
— . = o0 106 . ]
—> ~2 mm thick Skin (mesh) &°F Rh (3.37 MeV): 0.9x 4
> 10° LI L 1 ! L ! L
107 10" 10° 10 10% 10° 10°
I‘l? INTERNATIONAI COMMISSION ON RACIOLOGICA. PROTECTION Electron energy (MeV)
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e A
S B

HIEEAL(IRSN) Frangois

Paquet 181 3= 56 R4 751 S 8 K F(Internal Dose Coefficients) iy #r28f& » Bi{7T ICRP #iA
B PR 8540 5 R AT B AR 08 ) 22 (biokinetic) 17 & 22 (dosimetric) fH 2 » 5@ L AR
A~ A KA MU IEER 2478 F i B2 th g i VBT E B R - B 5 A iz d
O BT/ » AR FEAEY AT i R B S Al 7 AR B E R B R A RIS -

Generic biokinetic model

Extrinsic removal

Inhalatllon | Exhalation Ingestion

Skin

| Lymph nodes

L,

v |
|

[

I ] =
Wound |_J Alimentary
Blood tract
Sweat
Direct absorption
I Other organs Kidney |

Skin Urinary bladder

Faeces

Urine

Biokinetic models
A
r N\
Deposition Transformations
—_ —_
Intake in tissues in tissues
Nuclear
data
Emitted
energy
(Mev) Phantoms and
1 codes for
radiation transport
Absorbed dose
in tissues (Gy)
Weighting factors
1 for radiations
Wr
Effective dose. Equivalent dose
(Sv) L in tissues (Sv)
Weighting factors
for tissues wy

9.ICRP #ePRERHE AT 774

A

AlIEE - ICRP $&{& Btz -

251 LL DPIC (Dose per intake coefficient) &z DPC

(Dose per content function) WIES L - {IEIZ RS N & R 05 R R 5T A S &R

LA - A R E A B AT

> WE 10 o FEAME BT AR A A A e 0y e 2

Btz et A AU E AN T8 > TR I EE A T ICRP134 57 k4%

48 137 e R

- Transformations
Deposition

Intake — . in::;j;les
Type F M S
DPIC Es'?/'/gq 02 13 12
For 235U

Dose = Intake x DPIC
+

Equivalent dose
in tissues (Sv)

Effective dose
(Sv)

Weighting factors
for tissues wy

General procedures for assessing doses
Int —> —=
L4 I
/ ‘
Bioassays |
DPC
function ]
Effective dose|
(Sv)
ier?

&l 10. ICRP FENEIEREAS DPIC & DPC 73t 774
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et A AIBR Y 1994 47 ICRP 68 5t 5 B 2016 4 ICRP134 5t 5 KA BRS¢
T 2018 47 ICRP137 5tz e PN e I e R - LLg ] A A 7R ER A= 1 E
ﬁgﬁ?ﬁﬁﬁ%ﬁ?@% BaMEITAYER > WlE 11 > R SR {5 A S A 1 -

Comparison of dose coefficients between ICRP 68 and OIR P2 Comparison of dose coefficients between ICRP 68 and OIR P3

1,006:05

1,00606 | 1006400

l"" §§|H||||,.||¢|H|||||||| Ml,l!'|ﬁ‘|¢||””|

ewr eRP

1,006:07 |

Dose coefficient (svBq)
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11. ICRP #SPRIEHEHAR T 68 ~ 134 K 137 S 5 Lha

=)~ (EHIE AR 2R3 - JEkE 5 & 2 (Effects, Risks, and Detriment at
Low Dose and Low Dose-Rate)i%E%%

AIF T ICRP 26 ﬁ(commmee 1) BRI ] & FE AT B b 22 (MELODI) £

B LR 3R 6 s > &9 ICRP %5 1 538 L% Helmholtz Zentrum 1575
Wbt STl B SR B AT e Y B B R A ~ ] S ST R B A BN R\ K R SR HEE)
NFLISDZ A= ¥k (non-human  biota) 2 (EF S HEHHARFBUE 2 5% 11 MELODI £
RIEREAER S (RE 2 R fgar st b - 'EJ7 EURATOM Bi&EB AT G » 354
5% B SRS s P2 (Strategic Research Agenda)ZHEIR S KRB F e TH H » 2357 BChH5E
K& LEFREm S EEa R kﬂf EEZRRAG » SRR 2 R 7T R 7]
T 2 S IR PR - WMEIREIE - &% KBS En B R T 1 R m b i ﬁ[ll 12 °

3
«“ | « " The Joint Research Roadmap concept
' MELGDI Multidisciplinary European Low Dose Initiative M "

/- MELODI  Muttidisciplinary European Low Dose Initiative
| The EURATOM mtegratlon concept :
\ STAKEHOLDERS | RESEARCHERS
platforms + funding projects

Why7\ ) | How?

ROADMAP
Which
research

strategles7

How much?

GOVERNMENTS / EURATOM
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[bb 3 R S5 B B 2R A AR it 9E ot (National Institutes of Health » NIH) Mark P. Little 8-
DLEh e \ s B & A ERIT 42 (Evidence for Dose and Dose-rate Effects in Human and
Animal Radiation Studies) Ry » #-25 B 7B S0 B o\ oz 4 1A S ol (BBt o T ST R
fE B RIS B IR S ST R B f FD)=a D+ BD witha >0 > A
>0 D AfE > EEANRERERZ 0.1 A EUE Rk (HENESHER
T 2 00 M e e 22 (R 2 B & 2 2 B0 JEU B a5 U7 0% - R 41 S (Linear
extrapolation) X1 [& 13 » [ Ak 25 b 9% B8~ A [ e 250 Ve it =2 B & (o] 8 iy 4% iff %
(curvature) A B - A ~ B fe C =FEIFN » Bl K 27 S BRI BB 4R A
Hh&R ~ BRI E e C #h4% > 2L LDEF(ow dose extrapolation factor) ~ DREF(dose rate
extrapolation factor)@k DDREF(Dose and Dose Rate Effectiveness Factor) € &EF= /<R o

100| Linear extrapolation through
g zero threshold dose from upper L ONTSE - ;}’
< 75| confidence level of lowest dose . Dose-response = KEGON | 7
o that caused cancer curve based on |[% ~ S/
=] = A /
¢ 50 actual test results < v p ;
I Zero - = B
o - 7 4
o threshold - ' Lowest dose that | v
g2 dose 5 - ~
@ p a caused cancer & _ - pd
n ==~ Slope A -
0 0 .“:if_,’d_ -
U -
Dose (log scale) RADIATI0N DOSE (ABOVE BACKGROUND)

13 45 S B 2 [ S B X0 o S AT AR
EREERZ > 1970 F£2 1992 FH =R EE T 5 E JANUS SESsSEf 36,735
2 B ARG HET T B SIS Blorh 1 B S B B - AR ICRP(1990,2007) b BRI PR ERET 4=
YUEZE &€ (Committee on the Biological Effects of Tonizing Radiation > BEIR) sk
HHFE S REURERIER SmGy/h ZEFR T - HA SR E IR saH &8ss B Thre a5
FAHEIARE N > HER I LA A8 IRSF (over-estimated) Z s¥A 774 > AfEl 14 -

R
i

Conclusions
LDEF measures dose extrapolation, DREF measures dose
rate extrapolation, DDREF combines two
Some evidence of low dose/low dose rate risk in obstetric
and background radiation studies
DDRETF for ICRP (=2) and BEIR VII (=1.5) based on older
animal data, LSS curvature: former may be flawed
JANUS data analyses (ICRP C1/TG91 work)

After gamma for many malignant endpoints LDEF,;,, 0.2-0.8
(some significantly)

After gamma most malignant DREF~1.2-2.3 [all tumour =1.19]
(but most not significantly different from 1)

After neutron for most endpoints LDEF;,,, =0.1-0.9 [all

tumour=0.49](most significantly<1) — a challenging finding!
After neutron most DREF~0.0-0.2 [all tumour <0] (many
significantly<1) — a challenging finding!
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vi.

Vii.

viii.

Section 11.2. Calibration and detection limits

Recommendations

For spectrometric instruments, it is recommended to use the energy-dependent counting
efficiency rather than a calibration factor to determine thyroid activity from the
measurement result. For non-spectrometric instruments the use of a calibration factor is
preferred.

The background must be subtracted from both calibration phantom and subject
measurement readings. For non-spectrometric instruments the subject background
should be measured on another body part of the subject (e.g. the thigh, forearm or
shoulder) to ensure that the contributions of other incorporated radionuclides are
correctly subtracted.

Detectors should be calibrated with thyroid phantoms and the calibrations should be
traceable. It is recommended to use age-specific bi-lobed thyroid phantoms with
volumes as recommended by ICRP (Table 11.2.1). The thickness of the overlying tissue of
the phantom should if possible be selected according to the age of the subject. Examples
are given in Tables 11.2.2 and 11.2.3.

Spectrometric instruments may be calibrated with either “**I or **Ba sources. It is
recommended to calibrate non-spectrometric instruments with ) sources. If this is not
possible then a mock source, as described in Section 11.2.1, should be used.

Neck to detector distances must be the same for calibration measurements and subject
measurements.

If the detector has been calibrated for different ages then it is recommended to perform
measurements at ‘close contact’, with the detector positioned in front of the thyroid and
as close as possible to the neck but without touching the skin. The thyroid is positioned
below the Adam’s apple and above the clavicles.

For young children, it is recommended to use detectors of smaller sizes so that
measurements at ‘close contact’ are possible.

If the detector has only been calibrated for the adult then it is recommended:
e to perform the measurement at close contact and use the correction factors
given in Table 11.2.4, or
e to perform measurement at distances of at least 20 cm and apply the adult
calibration, provided the detection limit of the measurement is adequate.

For spectrometric and non-spectrometric instruments, it is recommended to calculate
detection limits as given in Section 11.2.4. For both types of instrument, the background
peaks or other interfering peaks must be taken into account.

The minimum assessable dose depends on the detection limit and the time of
measurement. To determine whether the measurement procedure is adequate, the
minimum assessable dose should be calculated using the data in Table 11.2.5. This enables
a quick evaluation of the minimum assessable dose in terms of the committed effective
dose or the absorbed dose to the thyroid. However, this table is not applicable if stable
iodine has been administered.
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Section I1.6. Thyroid measurements made by members of public

Recommendations

The following recommendations are derived from [Lebacq et al. 2017, Monteiro Gil et al. 2017].

i.  How to identify a suitable instr for ement of dose rate over the thyroid
Gamma dose-rate meters are preferred to count-rate meters for the reasons given below.
Instruments dedicated solely to alpha-beta contamination measurement may cause errors in
measurement data interpretation.

A calibration factor for the conversion of the instrument readout to the ***| activity in
thyroid (e.g. pSv-h™ per kBq or cps per kBq) should be established unless dose/count rate results
are only to be used for comparison with reference level values (generally expressed as ambient
dose equivalent, H*(10)) set by national authorities according to the IAEA concept of Operational
Intervention Levels [IAEA 2017].

The calibration factor must be obtained with the support of professionals, who have the means
to carry out calibration measurements with thyroid phantoms and metrological traceable
sources.

For dose-rate meters, the minimum measurable dose rate is 0.1 uSv~h".

Preferred instrument dimensions: an effective area of the detector < 15 cm? (or 5 cm in
length for cylindrical instruments, typically small size Geiger-Muller tubes) is recommended.

Instruments should have technical support from the manufacturer, be well-documented,
and have a simple instruction manual. Compliance with IEC 60846-1:2009 is recommended.

A reference point for the instrument or a proper instrument orientation should be
marked on the instrument case.

The instrument should allow the operator to make readings when positioned in contact
with the neck.

Instruments with digital output are preferred, as they are generally easier to read than
those with analogue outputs.

Instruments with few switches and adjustable parameters are preferable as they are
easier to use and less likely to be set up incorrectly.

Malfunction warning and low battery warning should be included among the instrument
functions.

Advanced functions of data storage and logging may be useful if an established network
of measurement data exchange is available.

ii.  How to perform simple function checks
Read the instruction manual for the instrument.
Allow the instrument to stabilise after switching on.
Check instrument functions and settings as described in the instruction manual.
Check instrument response to different dose rate levels to see readout change. For example,
carry out dose rate measurements inside and outside a building.

Section I1.6. Thyroid measurements made by members of public

Recommendations (continued)

iii. How to make simple measurements
Allow the instrument to stabilise after switching on, and then perform function checks.

A reading should only be recorded after the instrument reading has stabilised. If the
reading is increasing then the user should wait until it starts to decrease, that is, it is fluctuating
around a median value. It is the median value that should be recorded. The converse is also true;
if the reading is decreasing then the user should wait until it starts to increase.

When measuring a person, ensure at least a 3 m separation between the measured
person and potentially externally contaminated people, except in the case of young children or
vulnerable adults where the parent, guardian or carer can be closer.

Ensure external contamination is removed from the neck of the measured person (e.g. by
wiping) and that the instrument is protected against contamination (e.g. by covering the
detector’s window with thin plastic film). This is particularly important when the measurement is
carried out close to the neck.

Make a background measurement at the same monitoring location as the expected dose
rate measurement over the thyroid while keeping potentially contaminated people at least 3 m
away. The background measurement can be determined by measuring the thyroid of an
uncontaminated person. Alternatively, an uncontaminated part of the body (usually thigh,
forearm or shoulder) can be used for background measurements especially in cases where the
detector is close to the skin. If this is not possible then the ambient background can be measured
by holding the instrument up and taking the reading.

Make the dose rate/count-rate measurement at the same monitoring location.

Record the dose rate/count-rate reading for the background measurement and that for
thyroid measurement. Record the units of the measured quantity.

Calculate the net dose rate/count-rate by subtracting the background measurement from the
thyroid measurement.
Write a short measurement report (see below).

If possible, repeat the measurement within the next few days and record the result with

the previous one.

iv.  How to avoid giving erroneous results
Read and follow the instruction manual of the instrument and any measurement procedure that
has been specified.
Carry out the dose rate/count rate measurement, preferably on people who have removed any
external contamination.
Be sure the ambient (background) dose rate/count rate is subtracted before interpretation of the

result.
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Approach to Radiation Monitoring

Citizen Based Radiation Measurement
Jan Helebrant (jan.helebrant@suro.cz), Petr Kuéa

14U OU Frague, (2ec) Repubiic, www.suro.cz

Introduction

Both the Fuhusiimae Darichn NPF accident v Jepan in 2011 and the Charmoby! NFF sccident in USSR in 1988 simvlarly o the Sr3! one have shown o necessity o find o way how o improve confidence of the pubic
fo official i in such & case of severe .ith on lege arwas eround the damaged NEF. A (ach of public confidence o officals was
coused mostly by rather poor communication befwwen officisl sulioriDes and B pudic, o3 well by sccuss o the for e pubic. It may heve extremely negetive impects on the pubic
unders tanding of scival sifuetion and /s possibiv ks end on public nd om publc of the affected arves.

One of possitve weys v improve the siuabon can be implementaton of ctiren redision montioring on voluntsry basia Making sure thet the officisl reavis arv with puliic seit ones, the
pubic probably gein more confidence in tam.

e he of swch I3 fusted in Ohe of security resesrch founded by the Caech Ministry of the inferdor - B resesrch project RAMESIS solved by SURO.
The pegar shows selected resulls rvached during the fira! two ywars of S project.

- limited time (working hours legal rectriotionc)
- often not encugh manpower for all the tacks

Volunteers (SAFECAST etc.)

- fixed or mobile detectors
- oheap devioec are sacily aooeccibie
- many people want to get Invoived
and oan aternate
- variable deteotor quaitty / cencitivity and
data format ecpecially for homemade
detsotors

- variable knowledge of the volunteers

Suitable detector for volunteers

- affordabie price

- reaconably cencitive deteotor

- open haroware and coftware co It ic eacy to Identify buge
and colve them

- O CLEtom catingt regarding Meacurement Proceceing
(eg. oaloulating coce rate from CPM eto., co the operator
cannot procuce wrong data due Inoormot cettinge|

- bulitdn GPS for fleld uce, cuffiolent battery Bfe

Our recommendation, ecpecially for fleld uce, Ic the 3afecact

bOeigie Nano deteotor.

Conclusion

with SAFECAST community in Japan it is really important not to ignore this.

Both sides can benefit from collaboration - official authorities can get supporting data to bemer identify hotspots where to send professional field
reams preferentially to save time while the volunteers change the role from passive victims / withesses to active participants. The volunteer can also
get professional support regarding data interpretation and advices in order to improve their equipment and data quality. Long term collaboration
between official authorities and volunteer communities can significantly improve public confidence in official authorities.
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Features

Modes

The bGeigie Nano has three modes.

bGeigie Mode xGeigie Mode iGeigie Mode
Geiger counter (no iPhone-compatible
Mobile radiation sensor logging with g. . .( P
. o logging) with display output for the Safecast
display indicators for CPM and . . .
. indicators for pSv/h dose- iOS app that displays
uSv/h, number of satellites locked,
. . rate (Cs137), max dose- dose rate, maps data,
altitude (m), distance traversed (km), .
. rate, dosimeter, CPM, and uploads data to
total duration of measurement (h:m), . .
. Bg/m2 (Cs137), time the Safecast APl in real
and time stamp (dd:hh:mm:ss) .
stamp, and alarm LED time

¢ Note that there is a hot switch for switching between bGeigie (logging) and xGeigie (no
logging) modes. Data recording will be paused in xGeigie mode.

Other Features

Feature Description
Dual use main unit can be taken out of case for a-, B-detection, for careful use as
modular design surface contamination spot meter

Operating range ~ pSv/h: .000 to 1,000 ; mR/hr: .000 to 100 ; CPM: 0 to 350,000

Accuracy +/- 10% typical, +/- 15% maximum [* as with Onyx ?]
Temperature .
-20 to +50 C, -4 to +122 F [* as with Onyx ?]

range
Calibration Cesium-137 (gamma from daughter metastable Barium)
Gamma

. 334 CPM per uSv/h (3340 CPM per mR/hr) referenced to Cs-137
sensitivity
Certifications (in progress, TBA*)
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