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Interim Report of the JHPS Expert Committee on Radiation Protection of the Lens of the Eye (I)
—Overview of the Lens, Radiogenic Cataract, and Equivalent Dose Limit for the Lens Newly Recommended by the ICRP—

Keiichi AKAHANE,*! Takeshi IimoTo,*? Takeshi Ichun,*? Satoshi Iwar** Hiroyuki OHGucHr*® Kazuko OHNO,*¢
Chiyo YamaucHI-KAwAURA,*” Hideo TaTsuzaki,*! Norio TsusMura,*® Nobuyuki HAMADA,** Yuki Fuimicr,*?

Yutaka Hotta,*® Tadashi Yamasakr*'® and Sumi Yokoyama*!!

In April 2011, the International Commission on Radiological Protection (ICRP) issued the statement on tissue reactions. This
stimulated interest in many countries. The Expert Committee on Radiation Protection of the Lens of the Eye was established
in the Japanese Health Physics Society, and in April 2013, started discussion about the international developments and recent
studies related to the dosimetry of the lens of the eye. This committee now publishes the interim report consisting of parts
I-VI. Of these, this Part I overviews the structure of the eye and lens, cataract types and the scientific evidence of its new dose
threshold and equivalent dose limit newly recommended by the ICRP.

KEY WORDS: lens of the eye, ICRP, new dose limit, tissue reaction, radiation protection, cataract, threshold dose, 0.5 Gy,

20 mSv, 150 mSv.
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Interim Report of the JHPS Expert Committee on Radiation Protection of the Lens of the Eye (II)
—The Dosimetry Method for the Lens of the Eye of Workers in Japan—

Keiichi AKAHANE,*! Takeshi IimoTo,*? Takeshi Ichun,*? Satoshi Iwar** Hiroyuki OHGucHr*® Kazuko OHNO,*¢
Chiyo YamaucHI-KAwAURA,*” Hideo TaTsuzaki,*! Norio TsusMura,*® Nobuyuki HAMADA,** Yuki Fuimicr,*?
Yutaka Hotta,*® Tadashi Yamasakr*'® and Sumi Yokoyama*!!

A brief review is given of the history and methodology of external dosimetry for the lens of the eye. Under the 1989 revision
to domestic radiological protection regulations, the concept on the effective dose equivalent and the dose limit to the lens of
the eye (150 mSv/y) both introduced in the ICRP 1977 recommendations has changed nationwide the external monitoring
methodology in non-uniform exposure situations to the trunk of a radiological worker. In such situations, which are often
created by the presence of a protective apron, the worker is required to use at least two personal dosemeters, one worn on the
trunk under the apron and the other, typically, at the collar over the apron. The latter dosemeter serves the dual purpose of
providing the dose profile across the trunk for improved effective dose equivalent assessment and of estimating the dose to
lens of the eye. The greater or appropriate value between Hp( 10) and Hp(0.07), given by the dosemeter, is generally used as a
surrogate of Hp(3) for recording the dose to the lens of the eye. The above-mentioned methodology was continued in the latest
2001 revision to the relevant regulations.

KEY WORDS: ICRP, the lens of the eye, dosimetry method, radiation monitoring, localised exposure, personal dose
equivalent at 3 mm depth, 1 cm depth, 0.07 mm depth.
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Interim Report of the JHPS Expert Committee on Radiation Protection of the Lens of the Eye (I1I)
—Recent Study Related to Radiation Dose Level and Radiation Protection for the Lens of the Eye of Workers in Other Countries—

Keiichi AKAHANE,*! Takeshi IimoTo,*? Takeshi Ichun,*? Satoshi Iwar** Hiroyuki OHGucHr*® Kazuko OHNO,*¢
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Many studies have been internationally reported as part of projects regarding the radiation exposure for the lens of the eye
of medical staff members under various conditions, methods of dosimetry and development of dosimeters for the lens of the
eye. Recently conducted studies include the Retrospective Evaluation of Lens Injuries and Dose (RELID) of the International
Atomic Energy Agency, Occupational Cataracts and Lens Opacities in interventional Cardiology (O’CLOC) study in France,
Optimization of Radiation Protection of Medical Staff (ORAMED) project in European countries, and a 20-year prospective
cohort study among US radiologic technologists. Given the newly implemented dose limit for the lens of the eye by the
International Commission on Radiological Protection (ICRP), we summarized these studies as the necessary information for
reconsideration of the Japanese dose limit for the lens of the eye. In addition, this article also covers the exposures for the
lens of the eye of clean-up workers in the Chernobyl accident as shown in ICRP Publication 118 and the results of a hearing
survey with specialists of the Academy of Medical Science of Ukraine.

KEY WORDS: epidemiological study, exposure of the lens of the eye, radiation-induced cataract, Interventional Radiology,
RELID, O’CLOC study, ORAMED project, Chernobyl accident, clean-up workers.
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Interim Report of the JHPS Expert Committee on Radiation Protection of the Lens of the Eye (IV)
—Current Activities of ICRP and ICRU: External Dosimetric Concepts for the Lens of the Eye—

Keiichi AkanaNg,*! Takeshi IimoTo,*? Takeshi IcHi,*® Satoshi Iwar** Hiroyuki OHGucHL*® Kazuko OHNO,*¢
Chiyo Y aMAUCHI-KAWAURA,*” Hideo TaTsuzaki,*! Norio TsunMura,*® Nobuyuki HamaDA,*3 Yuki FusiMicHi,*3
Yutaka Hotta,*® Tadashi Y AMAsAkr*!? and Sumi Yokoyama*!!

The International Commission on Radiological Protection (ICRP) and the International Commission on Radiation Units
and Measurements (ICRU) have been defined operational quantities and protection quantities. Dose limits have been also
recommended by the ICRP using protection quantities. These quantities and some related values for main radiation such
as photons, electrons, and neutrons, are summarized in this article with some historical considerations. The ICRP indicated
conversion coefficients for the lens of the eye as absorbed dose per fluence as protection quantities. Equivalent dose is not
used because a protection quantity that uses radiation weighting factors is not intended to be calculated for tissue reactions. So
far, the ICRP has not indicated a specific RBE value for cataract formation. Operational quantities are used for measurements.
There have been three types of phantoms, namely a slab phantom, a reduced phantom, and a cylindrical phantom, but none
of them has been definitely recommended for the lens of the eye by the ICRP or the ICRU. Although conversion coefficients
to personal dose equivalent, /7 (3), for electrons have been recommended, no other conversion coefficients to personal dose
equivalent for the lens of the eye has been indicated by the ICRP or the ICRU. However, there have been several studies
described personal dose equivalent. Ambient dose equivalent, H*(3), and directional dose equivalent, H'(3, ), have been
indicated in several limited conditions by the ICRP and the ICRU. These status are overviewed in this article.

KEY WORDS: ICRP, ICRU, protection quantity, operational quantity, conversion coefficients for the lens of the eye, Hp(3),
H*(3).
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Table 1 ICRP O ICRU A57R L 72RO KR D B #EREDOFMTEO T &0
. SR FHE % "
ik * e i | (33— FR) FRRA
ICRP Publication 51 1987\ NMEES: 7 7~ b A ¥ |[EFrFHuaa—F |AP, PA, LAT, ROT, ISO

(MIRD# 7 7 > b &)

ICRP Publication 74 / 1995\ AMEE:7 7~ b A YF |EVF AT a— K AP, PA, LAT, ROT, ISO
ICRU Report 57 DA §k A (MIRDE!7 7 >~ R &)
ICRP Publication 116 ®1}|2010/REk 7 7 >~ b A4} UF-ORNL 7 7 ¥ | W+ [T AP, PA, LAT, ROT, ISO
$kF 239 MCNPX/V2.6.0*” |(7272 L& T ® A AP,
IRER 7 7 > b &4F Adam, Eve ‘F3¥44% 4| StF [+, BT : EGSnrc|PA, ISO)
A7 7 buT
Wi a2 —F 77 bA Cien

(AP AETIZEER7 7 v F20AY)

FDSA T EORERN BB T 2R TH Y, EEN
B INTW R ANEE ZE LR TR W20
Thbo THETAHICHT 2 ANEOR#ERE L L CTIdH
WEED AW st (RBE) CThE L 72 WG % v %
VEDH L. FUFICET 2 HANEESRED RBE & ICRP
Publication 92'” |2~ 7 A2 & % By BT — & % R OV
BB L OF— 7 HURENTW5A, L2 L, ICRP
ELTRBHETICE S e P OBENEED RBE OFFHIIE %
RLTWARVOREIRTH 5,

IV KEEOEA=E

1. XAELHEEDORF
BRI S a sEESICiE, RELS 5T
CT2HEOED D Do — DL ICRP BEFHKT 5 [Pl
1 (protection quantity) T&H D, 39— ICRU »EF
35 [FHE ] (operational quantity) T&H 5o Fii#rlZ,
N DB HERE ) A 7 L BT 728888 & LT,
B HED 72D OREREIH SN TVWERETH Y, &
FTLIEHHNECTEZ2BTE RV, —F, EHREE=
SN YT DIODOUEDHREEZ LN TWAIRTDH
D, BWOEZ51) VT D7 Y& RO

WEYED FAAAEZYY V700l fAREY
BOHWSN5,

P

ICRP Publication 92 ® (327) IHTIX, L EWHDZWEREE
ETIVCTHENT L 72 Otake & ScHurL Dm0 25| LTk b it
EfE LT3 32 (SHHHM 0 12 ~89) Z#MArLTw2a75, yit
R LTLQ M-k EFVEeHvhug, -2 K&%
et LEBRXTNES,

B 78 i B RS 2 R U R AE W 2 7 — & % RIS AU TR
ENBEBMATEH A2, LNT (LEWEZR LERER) €
FIMREIZ L7225 TBY, MR, FEFln &Ik ET 2 &k%
Hod s NTEBS G ZKEL TELLTEY, HLFTTY
ORI R R A LR T A HWCTHEHT 2B TH 5.
AR 455 DM DO ERIE X HET L7720 HHT 22
LAY TIZ RV

*
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P I by I 2 Lb—v a VR T
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EEE LTSN ETHE Y,
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&L CRLMa Y &k M M S, AR
WCEET ARG ZHCAEAT=5 1) ¥ 71213
AELEAFHV OGNS, EHEE, Pi#Rofez
BWYNIRDT ZEDTE, 2 oRPMICHE R ET
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Lo, NMERDOBETH SIBEB A % &9 2412
1, FEHETDH LM AR Y EIIP# R CTh 5 FERhHte
FDSWHOEDITNSRMERRTIENH LI LIZHTER
DT TH Do HHRBGEICTERARD 5 P& & Mk
AR BRI, B 2 A (7
VIR, ZBRA—<RE) BRI X o THEA
FoHNTW5, BiEs, FHE, BOHRICBET 234
HEoORR%E Fig. 1 [IRT,

2. KRFOEAZELE H,3)

K it AR D S5 A i LIS 3 A AIE N R 2 H(3) 1
AR O S 3 mm O OME Y= & LT ICRU Report
U TERESN, LrLLiEoEENT T, A
AREUREZWUET S 2 EIEBENICIITE RV,
ICRU Report 47 TI#Y) 2 MRS MWL cHEbN, »D
RKHENIHeAE LI CMET 52 2 L ATRETH S Z
EERL. ZLTHIEBORIER, —#IC#EYZT 7
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ICRU Report 47 D€ FIZHEMR T NIX, H(3) 1, @Y
GO 7 7 P ADORE 3mm OBEOMENEE L
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A Je " PMMA (A % 27 ) Vg A FIOVER) CIERK
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BH—<iPEHCEEYF A VO — FTEHE L,
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<EBEH V'Y FAVOEEICE Y, 10 H(3)
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Radiation Dose Committee D 7 7 ¥ b A TH Y, 2 kA
K& A TARR O - Mk ERILL225%E7 7 v b
2) RO ZAKSEROWIGE R O ZEM o E LT
BENTWBEZ L5007

H3) OFHCHEHEND 77 Y FARATTT 7
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Table2 SEFOMN#EYSE H,3) OFHEFEO T L O

X FIRG VAR IRV F—
i 3 VA AWA ! . e Z ot
BUHAR e il (3713a— K4)| A f

2 7 7 (ICRU™, PMMA) ¥ IEC62387-2012, 1S04037-3, M UF
3t G 11991 ’ ErFALA | S —<E ’ ’
HF | Grosswenor 91 30 em 30 em * 15 cm 7 160 127892 <518

T 5 257 (ICRU)
it 1995 EryFAMT | H =< -
T | G SF-Bericht 27/95, 30 em * 30 cm X 15 cm i
257 (ICRU)
EYFHALT . . B
¥ Ferrart 5202007 (reduced phantom) H— <L | FEERT b BRE
(MCNP-4C)
20cm *x 20 cm X 15 cm
ST Daures & 2 5009 P& (ICRU) EryFHhra | EBETEEE |ME7 7Y A (20 cme X 20 cm)
CEA-R-6235 20 cm¢ * 20 cm (PENEROPE) | /1 — <3l |iZ ORAMED #IH TH%
EVTANVT .
M5 (ICRU) BEFWEE [T FVF— 10keV ~ 10 MeV, A

5 G 52 12013 PENEROPE & . C
T | Guaornn 20empx0em | TPNEROTEE |y i 4590 0~ 180 2 (8 15 KEIH)

HICRU MRS B 2 7R3
S() NIEIMEARERT,

10 MeV F TO ARG T AL F—TAH 0 D58 15 &
BEIZI180 EE TOANSMT, M7 7 PazHw
7z H,(3) DFEHEAS MCNP5® & PENEROPE 2 — F#% v
Tirbh, h—~<EP B %L EE L CEHRE LM
FHORERBETRINTZ,

U EDNF o HG) O R % Table 2 12 % & &
%o BT AYITH LTI, 1995 4 12 ICRP Publication
74/ICRU Report 57 DR T ICE#ERX ST T T 7 v VA&
W2RE 3 mm DR OMBELFERAREINTE Y, ICRP
Publication 74/ ICRU Report 57 @ (279) T, ZOffiid
S S5 (H,(3) (ST TE 5 LR
ENTWwb, LA»L, FNLFED ICRP U ICRU DX
FICRUENIHM SN TB LT, FH-atEEEREsh
TV,

o F A B2 2w T, 2013 4F 12 GuaLpring & 2
A ICRU M S OBHER 7 77 7 » b & LM
77 Y MA (20emg x20ecm) #H VT, BT H
5 15MeV £ TO H3) DFFlifE % /R L7z. T OFHE D
ORAMED FIEi®»—8t & L CHE I Nize FIHEGEIZE
Y7 a2 — K MCNPX®™ & MCNP5 TR 72T
T 7 AL 2WNT T T v 7 A EIE R E
Lz —<EMZHWTW S, PHUBEREEH W
M, BB RBE ORMlifiE 25 & L TW 22 \Wizd)
THbo FErarva HE NS5 OF T O ABRE Y EZ
T, TAEA 25 L CTF L O 7B oREN b
PEF- A7 PVHT, BEARE QL) % v T GuALDRIN
SPHFE LA-HQG) L H(10) 2 LT, %3 L
b H(10) BRFW B MEEZ R T DI TIE RV & &2RL
723

Lo L, IROKSEOEHNEIIK 2 Bi#ICbR 5 M

38

&= H((3) OFHIZ, 2SA % E OB ORI E B
HEICHWAZEZHME L7 QL) WSS 2 P
BB R BT 5 2 L3RS TIE RV, BED
WS PO H () O T Table3 I2X & D 5o

3. KEFORDBGENE H'Q) -3 FRHEEY
EH'(3, e

BB E 2, REVRO B Y HY(3) 72030
I A B 24 R H'(3, @) T IE ICRP %° ICRU T &k & 1T
W7\, 1985 4E IZER I X 4172 ICRP Publication 517 1%,
417 16 F AR % ICRU 2k 8 I 3 mm @
RS OHOMEYTITH T 22250 — <05 OWHFR
¥z, PAR (E®FAT A4S), OPP (F@h b Jia &
D47 AR), ROT (Hlfx A%, 1SO (%HAH) o
4 M8 5 4 T 7% L 720 ICRP Publication 116 T I¥ ICRP
Publication51 D% 7 @, PAR (FE#F47 A4 DR
¥x H'(3) & LTHHLTWw5S, &L TICRP Publication
51 DF 7 OWHARKOFHEIIE A — < EBAEH S
N CTw 5 Z &I ICRP Publication 51 (213 FE#kAVE W\ 25,
ICRP Publication 116 (ZHIF2 S 11T %, ICRP Publication
51 (21X ICRU ko> £ il | 3 mm D% S O T 1 &
ASPAR JL N ISO AHHGMEICH L TRENT WS, 7272
L 2O T OB REICE S 580 B & )X
WL L 76Tz <, 23 FIZ g 2 356 13485802 =
FTHIELDPUETDH D,

ICRP Publication 74/ ICRU Report 57 Tl%, BT D F
MR LR H(3, a) 2, EHEAS 777 PLADES

) & H'(d, 0) IZF L3 D TH A, (ICRP Publication74/ ICRU
Report 57 @ (76) H)
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Table3 ® MUY O AR YR H(3) OFFli T T Lo

T EE e
¥ /"v M L\ S, = Kn
ke I S B il (Frga— k)| dHEE o
—— |ICRP Publication 74 25T EYTHNT T ) .
T cru Report 57 |22 30 em % 30 om * 15 em (PTB-BG) ETHE \H,0) @ HG,0) [ Lz
ME Q0emd < 20em) |0y a2 |, 5
FPEF-|  Guatbrt 52 2013 A77 (MCNP & Tk E H—= IANF—1x 107 ~ 15MeV,
(30 cm X 30 cm % 15 cm) i AEA 0~ 75 (15 EERIFE)
(ICRU) MCNP5) Pl IO\

Table4 4T, |, KROHETORUHEELE H'G) 72135 MMRE LR G0 OFETEOT L0

. X . AR IALF—
N T A N =
TBUT SCHR 4 77 b ($71 0 F4) L Z DA
# — <L (ICRP 51 \2|PAR (Fli*F4T A4%)), OPP
" o ' AR 7 v oAS, ICRP| (EHEE 2 S OFAT A
JF: |ICRP Publication 51/1987)  ICRU 3% - 16 2% =< LW TH % |4, ROT (HEAS), 1O
ZEDERBMENT02,) | EHAS) @4 %t
= |ICRP Publication 74 AT EVFAME — BT ASA 0~ 89 FED H'(3,
T Ry Report 57 | 100°|30cm * 30cm % 15em|  (PTB-BG) BTk W ARENRT VS,
19| ICRP Publication 51|1987 ICRU ¥k — — PAR MUV ISO O 2 41t

3mm DOMELUEE LTERA 4 KLTA 45K LTW
2P RICRR LT, BT ROWET O H3) &
W H'(3, 0) DFFEAE R % Table4 I2F &0 5,

4. KBAEOEAGELETMERATZ 77> A

Table 3 2 UF Table 4 7* 5 b H 5 X 912, KEEEICHEEHS
T AR O7OIEHENTEHERT T T 7
N ADS, KO AR Y w5 T 7 v
Pa&LTfiiEN/, LHL, ORAMED 7B Y = 7
F CIRAREFOBR G HEAEEZER LN RAT T T 7~
FAARE IR, ok, X0 AKREEEEEZBEEL-H
fii 7 7~ & (20cmg x20em) ARFE SN, H((3) AS
FH & 720 TAEA @ TECDOC ® K5 7 b 1% TIEfE
KPOSKEMCHEHEINTERLEEZASTTT77V ba
O %E HG)IZHHER L7225, KT 7 57 TR
77 Y bhA (20empx20em) IZOWTHER LA M
ffi7 7y bAERMHLTD, AFA»TSELBL 2T
g, A5777 b4 30ecmx30cmx15cm) % ff
HLmE LT, FEGUGEIE R EEFHL 72,
ZLCHE 7 7 ¥ P A BWEEE, AFM 75 LA
TIRATFORS S L5 F TR RIE R THEbNTE 72

F#ICRP Publication 74/ICRU Report 57 @ (268) JEHIZ X 4UE, J5IA)
PR Y & H'(d, o) 13 ICRU BRI TR S ND A, 10MeV LIF
DBRFTIIHELNBMEIFEN T 5 L) BEBT, ik
25777 bAOESd (mm) OFELEIHVLNL TS,

39

BAENOATT 77 A B30ecm*x30cm X 15¢m) %
AT HIRETHLIL2FELTVSE, T2 L
BCHfE 7 7~ M A2 E, AR RE
EERLAVEV) HTET LA, 18k 5 H(10)
& HOO0)RIEMICHEHENTELRATT T 7V P A
(30cm x30cm x 15cm) b AGFf 75 LA T T4
EHT&2 L) T aRBRRTEBY, AFAEOHPAIL
BRELTWAA, #HT57 72 b 2AOELSOEZ R
BHWERHEL>TWSE, ZFLTKFI 7 b5OEZHN
AT & 172 IAEA TECDOC No. 1731 122D F gk
NnNTw5s,

ICRU i H3) (%7 7~ M aBIRE LTIEN
FE AT THEZLNDA, IEMARIE A AEREED S
ATTEIDEFLVWEEZTBY, XHkICHOX, BT,
KT, HHEFIZOWTO H(3) DIIED 728 @ reference
conversion coefficients (#54R%) ZRM T2 2 & bR
LTV, BB A L {bhoTnT, HB) D
HesE D RE R S T ClE, H(10) R Hy(0.07) % IROK G
RIHERATAHILDEZLNDD, TOLI)REEH
WILEAHEEEDIKRELS 2D EEZTVWE Y,

vV % & &b
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Interim Report of the JHPS Expert Committee on Radiation Protection of the Lens of the Eye (V)
—Current Occupational Radiation Exposure of the Lens of the Eye in Japan.—

Keiichi AkaHANE,*! Takeshi IimoTo,*? Takeshi Ichi,** Satoshi Iwar** Hiroyuki OHGucHL*® Kazuko OHNO,*¢
Chiyo Y aMAUCHI-KAWAURA,*” Hideo Tatsuzaki,*! Norio Tsunmura,*® Nobuyuki HamaDA,*3 Yuki FusiMicHi,*3

Yutaka Hotta,*® Tadashi Y AMAsAkr*!? and Sumi Yokoyama*!!

For many Japanese radiation workers in the medical, nuclear and other industrial fields, the equivalent dose of the lens of
the eye will be sufficiently lower than the new ICRP dose limit. However, the dose of the lens of the eye for medical staff
members who are engaged in interventional radiology and cardiology may exceed the new ICRP dose limit, especially
when they are exposed closely to higher scatter radiation for a long time. In addition, the radiation dosimetry and radiation
protection for emergency and recovery workers in the Fukushima Daiichi Nuclear Power Plant (FNPP1) are important issues.

Thus gathering information related to the radiation dose and protection for Japanese radiation workers is important to a

discussion regarding implementation of the new ICRP dose limit for the lens of the eye for Japanese regulations and planning

radiation dose reduction measures. In this paper, recent studies and issues regarding radiation exposure and protection in the
medical, nuclear and other industrial fields, as well as for emergency and recovery workers in the FNPP1 were summarized.

KEY WORDS: radiation exposure, radiation protection, the lens of the eye, medical staff members, nuclear facilities workers,
industrial field, interventional radiology and cardiology, Fukushima Daiichi Nuclear Power Plant accident,

emergency and recovery workers.
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Interim Report of the JHPS Expert Committee on Radiation Protection of the Lens of the Eye (VI)
—Recent Developments of Radiation Safety of the Lens of the Eye in ISO, IAEA and IRPA—

Keiichi AkaHANE,*! Takeshi IimoTo,*? Takeshi Ichi,** Satoshi Iwar** Hiroyuki OHGucHL*® Kazuko OHNO,*¢
Chiyo Y aMAUCHI-KAWAURA,*” Hideo Tatsuzaki,*! Norio Tsunmura,*® Nobuyuki HamaDA,*3 Yuki FusiMicHi,*3

Yutaka Hotta,*® Tadashi Y AMAsAkr*!? and Sumi Yokoyama*!!

While the revised dose limit for the lens of the eye was presented by the International Commission on Radiological Protection
(ICRP), the dose measurement standards for the lens of the eye have been discussed in the International Organization for
Standardization (ISO). In the International Basic Safety Standards of International Atomic Energy Agency (IAEA), a new
ICRP dose limit of the lens of the eye was included, and a technical document was published as a guidance on the implications
of the new dose limit for the lens of the eye for occupational radiation protection. By the International Radiation Protection
Association (IRPA) Task Group on Implementation of Revised Dose Limits to the Lens of the Eye, the opinions for the new
ICRP dose limit for the lens of the eye are investigated for the member states. In this paper, the progress of discussion in these

organizations is reported.

KEY WORDS: lens of the eye, radiation safety, new ICRP dose limit, ISO, IAEA, IRPA, dosimetry, standards, HP(3).
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Addendum Report of the JHPS Expert Committee on Radiation Protection of the Lens of the Eye (I)
—Eye Lens Dosimetry R&D, and Radiation Management and Estimated Eye-Lens Exposure for Workers

in Japanese Nuclear Power Plants—

Keiichi AKAHANE,*! Takeshi IimoTo,*? Takeshi Ichur,*? Satoshi Iwar,** Hiroyuki OnGucHi,*S Kazuko OHNO,*¢ Masahiro Karton,*’
Chiyo Y aMAUCHI-KAWAURA,** Tadahiro Kurosawa,*” Hideo Tarsuzaki,*! Norio TsuiMURA,*# Nobuyuki HAMADA,*?
Toshiyuki HavasHiDA,*!* Yutaka HoTta,*!! Tadashi Y Amasakr*'2 and Sumi Yokoyama*!?

The Expert Committee on Radiation Protection of the Lens of the Eye was established under the Japan Health Physics Society
in April, 2013 (completed, March, 2015). The Committee looked at new/revised documents and standards related to the eye
lens published by international organizations such as the International Commission on Radiological Protection (ICRP) and the
International Commission on Radiation Units and Measurements (ICRU). The Committee also examined recent and previous
studies related to eye-lens radiation exposure and dosimetry in Japan. These findings were published in this journal as the
Interim Report of the Committee. Since then, the Committee expanded its activity to give an overview the current progress
of eye-lens dosimetry R&D at the National Institute of Advanced Industrial Science and Technology, along with research
related to radiation management and estimated eye-lens exposure of Japanese nuclear-power-plant workers (including those
at Fukushima Daiichi Nuclear Power Plant) for publishing an addendum Committee report. These additional findings are

reported here.

KEY WORDS: dosimetry, exposure, eye lens dose, workers in nuclear power plants, Fukushima Daiichi Nuclear Power Plant,
JHPS Expert Committee on Radiation Protection of the Lens of the Eye.
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Addendum Report of the JHPS Expert Committee on Radiation Protection of the Lens of the Eye (II)
—When and How Should the Dosimetry of Beta Hp(3) Be Made?—

Keiichi AkanaNg,*! Takeshi IimoTo,*? Takeshi IcHi,*® Satoshi Iwar** Hiroyuki OHGucHL*® Kazuko OHNO,*¢
Chiyo Y AamMaUCHI-KAWAURA,*” Tadahiro Kurosawa,** Hideo Tarsuzaki,*! Norio TSuiMURrA,* Nobuyuki HaMADA,*3
Toshiyuki HavasHiDA,*!* Yutaka HoTta,*!! Tadashi Y amasakr*'2 and Sumi Yokoyama*!?

In a mixed field of photon and beta radiations, the same dose assigned to skin is normally assigned to the dose to the lens of
the eye as a conservative estimate of Hp(3). In exceptional cases where a very high beta dose might be imparted of the same
order with the dose limit, however, the conservatively biased dose must be too limiting, and thereby an accurate estimate of
beta /(3) is desirable. This addendum report of the Japan Health Physics Society Expert Committee on Radiation Protection

of the Lens of the Eye presents a practical proposal of when and how the dosimetry of beta HP(3) should be made.

KEY WORDS: beta rays, the lens of the eye, dosimetry, personal dose equivalent at a depth of 3 mm (Hp(3)).
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Addendum Report of the JHPS Expert Committee on Radiation Protection of the Lens of the Eye (I1I)
—Recent Related Overseas Activities—

Keiichi AkaHANE,*! Takeshi IimoTo,*? Takeshi Ichi,** Satoshi Iwar** Hiroyuki OHGucHL*® Kazuko OHNO,*¢
Chiyo Y amaucHI-KawaUra,*” Hideo Tatsuzaki,*! Norio TsuiiMura,*® Nobuyuki HAMADA,*?

Yutaka Hotta,*® Tadashi Y AMAsAkr*!? and Sumi Yokoyama*!!

Following the Statement on Tissue Reaction issued by the International Commission on Radiological Protection (ICRP),
revisions and discussions are underway in various international organizations about the standards, guidelines and methods for
the eye dosimetry. We have previously discussed these issues in six interim reports, followed by two addendum reports on lens
dosimety. This addendum report reviews ongoing overseas discussion and work in relation to research on radiogenic cataracts
and implementation of the new eye lens dose limit, such as those in the European Commission, Low Dose Research towards
Multidisciplinary Integration (DoReMi), Open Project for European Radiation Research Area (OPERRA), and the Unite Sates
National Council on Radiation Protection and Measurements (NCRP). This report serves as the last part of a series of reports
by the Japan Health Physics Society Expert Committee on Radiation Protection of the Lens of the Eye.

KEY WORDS: dose limit for the lens of the eye, ICRP, DoReMi, OPERRA, NCRP, UNSCEAR, IRPA, OECD/NEA JHPS
Expert Committee on Radiation Protection of the Lens of the Eye.
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