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O
1.
r o)
jabi)
o

o)
g
=

R

O v]ZHsHAL 0 & Aol 100mSv F7F wf 1/1009] EE& o Y
o] 7RIt AP o, FHFIAMITZ U] oA = 1Sv(1,000mSv) o
73 5/1009] S o PG| 7R HastiS(GHY, 2011,
p.277).

O Y& TAAFFATARERE) Aol4= 100~200mSv ©/d9] T ZAM7go
e D EAg] v o TEEC] F7FsH, olE ot W2 A= HE
At oF T 2+ Adol kA gk Ao & 'IHIHREEF, 2017, p.2:
A 2], 2018, p.20 AL-E).

- 147 G FZAPER AP A7H19508~2003E7F F2)oA 0~0.2Gy
FolAs @Y =T FIFOWHERR/Gy: 0.56, 90% CI
0.15~1.04), 0.2GyREtt F-& A #7to] thsfixl= F9do] UehtA]
okok(A, 2014, p.50).

- n]ZFslolztE|u]o A= BEIR VII R1AS S8 ¢S §3617] 915t At

A g GAE flou, AT AR ot oF TAES WS A

_

O ZA G A+ A(nternational Agency of Research on Cancer, IARC)o|A+=
AR, A, A, iR, Heh S, RN EY, o 5t AL
A, HEY € SFAEAY, Y, WM 9o aEdy A9

o p v, 13 o 1=

“
o] WAL O R 1t WAYo] F-E3 A (sufficient evidence)7} THaL H7t

H

o

off
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Hal glo A7 AF-SolAE Bdgdo] Haw7| = gHe] ¥4, 2018, p.241).

D w23 o WAzre] BAYS AME AL YRS PO T AT

v
A WA E0] AZAFS AR A7} T QLS. o] FolAe

1) FETAR Y & AT

O YE3AE o2 3 Fo| AT AT S 2 3B o IES G5
A ol Ao erd,

O Y& WA G g4 (Radiation Effects Research Foundation, ©]5} RERF)O]
A= 19509 YEBEAL IR ES 59| HEAHE W EAL, oEA R 5 &
Fhet vl EA} 7 A3 W Agolet Bl AFE 5L AH(RERF, 2017).
O tof wh2™ v|u|ZAto] H]sf| YZRH At AN o THEL AFFEC] =2

Zo® YeEr(H A 9, 2018, p.19).

- 304719 1Sv(1,000mSv)°ll sigote ARl kEd 7% 7040l 13
02 APS gEo] 1.54] F7tol= A& SRIE(REEF, 2017, p.2; A4
2], 2018, p.20 AA-E).

O u]=ol7}d|u](National Acafemy of Science) BEIR VII HEIiAoA%E
100mSv~4,000mSv <=2 HAMIO] keEd 9% vsiate At AT

vl F A 2ol 'L, A WOl T & d 39 2% =E(10mSv )0l
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I o] BAetthal HSHAE(Tl=roHdv], 2006; 411 €, 2018, p.21 A

[¢]

21-8).

O 100mSy 23} HHAPA O] 25 Y= 22 A A AT H <t o oAt
o, e A= 5ol Sk Ae=E Eiﬂszigtq(l:._ A4, 2011, p.
1258), #2 o/dolAA = WA o3t Fd B E w2 0% YEd
(< £, 2018, p.20).

O RERF(2017)9] Ao oF ¢4F oA = T & 0|5 g Eo] 714 34 &
71t to =2 wiEg o] AFEA(RERF, 2017).

2) A= 29 YA =3 o 24

O ul= 5EAE(SEER) ©4 Zito] oJstH
AFH(Secondary Cancer) A8l &3t JaF2 v|HS A o= Yerd (st
2011, p.279).

e QX}Oﬂ o) S A A2 e @X}Oﬂ A o 1ol 10v
wore:

O #3% A=E A%l FAMKS A ol 221to] Y

o] A= Ago] vl S7ItAAL o2 AA =TT AAH S71orE

_ﬁ
oM.
T
fu)
l*ﬁ

9]

0 229} HH](2004)= 157104 33t Aeg vigez At X-4 4
AR B0 miRlE g2 FHHA=T, F=olA 754 dFEHA S



fr

I

F2A oF b 1319] oF 0.6%(3t 3 F 7008 & EAY)7F Xek-E HhARA T
I AWE 5 okl BHAsHHSH(=4E, 2011, p.1258).
1 9] thE 13709 vHY 99 H[&2 0.6~1.8% =0]%loH, dE2 3%7

7P =7 YR,

D 1985156 2008974 4% NHSE B3 753 Z5E A7(224 ol3} 18%

g el m=d CTE S8 &Fd PAMF HEy 9 =SS D40 72
S| S7Fshe A= Uer Gy €, 2017, p.6).

(I8 2-3) B2 S FSE G0N LR CT maM0l M2 #aiy o W5 wy Aol

Vi

A=

A

l 1 ‘ it |

shulut 91(2017). p. 7, 18 4 2]

O SFAZ Yt GARSE 717191 1985 FE] 2007 7HA] T84 I E Atm

£ 285 AobgAde] o WA ¥ BT, CT A WA g2
ko] vjgf w-e Acto] oF v Fo| 24% Z7VetRon, AAL STt ZU1e
52 AEE F7Hske A0 ety 9, 2017, p.7).



(2] 2-4) 55 S TSE G0IA LIERS CT ZAb 20 T2 AF 2 24 Athelsls

T 1.8
=
w
o2 1.6
[+ 4
o
1.4 }
12 }
1.0 a
0.8
o i 2 3

No of CT scans per individual

A& shulu 9(2017). p. 7, 218 5 2]

3) A A nF3 o AT

O A B 27156 o)m HopolA o] B-8E 7] o] ThE Hgen
& 23] o]2Q199] AQH WA BT} AZFY] et AT B ol
ol %Oﬂ/\-] 0,]0]— A]-_L]-Ho] E_‘p_E]

i)

ol
03.(5

o]

O] H o
O Gof|A FGArJst} OJALE iAo & 1897HKE 1004 A4 ZPH
A Aol W= 40 ol TEgH GAFStat QAHEY] o AFE AT =T
oJstAl S7Fok= 20 & UrEhd (o] %, 2018, p.240).
5ol A= 1920W5E 19699714 F2stat QArE iAo R =4 XA}
£ HAlotE, A o, W@, o2, Ho g QI AFY 3717t 1940
WEE 2RIF(e1YA, 2018, p.240).

o Hw

N

O
=

4) AT ERoAE Pt AR, oAl AejA, WAKAL ZESAL, NEBAL, TS REAL, GEE
29 58 WAHRASAAR xuoz 00, PARIRPAAol A ARA R Sefst fof o7
Qe HAAZEAALZ AolgHo] YA, 2018, p. 237).
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Eol= Z 0 & U0 ¥%l, 2018, p.241).

O SEuEol A= ZIka Hd A S F 1996~20119 7F w2 Aef el
Elof] 555 97t o5 9] o= lof] sl oF WA AT EE ZARE HE QL. ©]
SEOjA 201397HA] WAt J Y A2 E 7)Eko 2 3 #1323} of W
/3041 0.88=% -oJ5HA R RWHA of/dollA 1.1022 FolsHA &%=
- FSEEE 0N WA, HEAY, Aol Rl SR,

o/dolAl= AL, R HELe] FosHl S71skl=(1¥4], 2018,
p.241).

(o]
)
T
o
=

O AepgAbde] A4 o E-2 oha] AWE 57| Qo F4k, 34, Adda
2 7] T 22, ¥ SELAA DRHTHASE, 2014, p.46).
O ZFAIYATF7]FIARC)OIAE 2007 1571 FAFAAZARK1E oAF 2
FAE oz o 98 AshalZ(8k24 9], 2010, p.180).
- AR Bt FAATL 19.4mSvH. o, AkEo] EAI7F AW Ayt
£ At 2B AF(ERR/Sv) 0.58(90% CI -0.10~1.39)2 A}
A AF 7+ FY IS BHou BAXHCE folotA] (RS,
2014, p.47).
- 317] 7HE) gt A BRSOl BAH R F-ookA Yehd o2 H9t
(ERR/Sv: 1.86, 90% CI 0.49~3.63)°| +¥35t¥2(Ha, 2014, p.47).
O WA E 20109 HAZAREY] A &3t ARE AF ol gt wet
B A7t AgE. FAYATZLIARC, 2007) °1F AES BATAFo R
ot 7]& 1570=0llA B S7sl AA Gt AlRStol| gt wiehEs A}
£ AXsH A=
- HEREA o] AFEE AT EEIAPIHIE HE AT 2P 1 0.62~1.39
7HA] ThFR oW, The=9] AtollA] 714kl 1.08 T 3 =25 Bl
o AA A9 HEIATH|= 0.75(95% CI 0.62~0.90), HEHZ A
A o] EESHAFGHIE 0.78(95% CI 0.70~0.87)°190H, 1 H

19
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r

EZSAFGHE 0.76(95% CI 0.68~0.85)%, H= 3904 BESIANY
H 7} F-oJ5HA Rt (24 9], 2010, p.189).

o DE ¢ e Aolgt nE o IHY 9ok HESAFGH} BA
2O 2 FOoHA W2 2 4 E AT Axet, A, A, A
o 7H E e, APARE, #Hoh "z E gy oF Solde (s
9], 2010, p.189).

© B2 HESHPHIE BElou BAHCE [ootA] Aokd o2 A

3, AAAY, 3XF1AY o825 9, 2010, p.189).

2010, p.190).

O Hl= AF7|AHASIAIRL AElL 2 AO|E ZEAE tid o= §F WigHy A
FEI AgEAls 399 AA717E 7P Al A 2HHIE T} 4
CI 0~12)& F9] 4TS HoloH, v Amyd WS A|Qjst HEy
2 8(90% CI 1~20), Z4 &2 12(90% CI 2~35) 522 733t o] A
HHAE HAZH(H, 2014, p.43).

O H|g S5-U3 ARG 29 A2 FUAFEATE FFA=(2002¢
~2015¥)E &84l H|g S5U APEES} AR (SIRE AFETE A+
7} S(Lee W et al., 2019).

- o] AFoflAE 2002004 20159 25X41~60A1%.2.H, 200694 2008
W7HA] 3E7E &34 v SEUoE Ut AlRES QA AEgAbd
TEARE oo, xS FEU 9 A4 L2 A

- AYEESH=s AES FEO SA 99E AAgon, AGEEIEARY|

(SIR)+= ICD-10ZEE 7|&o& AR & glo] AA HC00-C97)°ll o
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S|} 2771 Al ol thigh WA E ARSI

24 HY SR A9 WP Bt £y 9 AAEY Y

APEES PUYHSIRZE FFYol Hs 2+ 1.86(95% CI

1.15-2.84), 1.64(95% CI 1.45-1.85), HA| Z=2A}0] H|5] 1.77(95% CI

1.10-2.70), 1.68(95% CI 1.49-1.89)2 =7 Yelt2(Lee W et al.,

2019, p.5).

- o4 H|Y SFYL B4 A} AlolA BF0F titke AR gof] tigh
HREZPLAYH] AHZo] o2{glo, % BTt S 9 HAEY F
99 AREEI DEAHISIRZE BFFHol HIs] 1.43(95% CI
1.06-1.89), AA| 224 ]3| 1.57(95% CI 1.16-2.06)% =7 Yl
S(Lee W et al., 2019, pp.7-8).

- BRI A2 AR e FE5HA Al A AH(C00-Co7)ol Higt A #
ZIPLAYH|SIR) AFE Al B4 B S92 diEatol vls) W EAgv]
€ H W o4 9 S 2 IS HA AL

O A A &2 Qg oF ST B, euetolse HAMARASA
A7t QEA; Ao R RS 4= Q= IFYE Y FIY, U229 &
o OERYEE, gl B vl RIZIAGEE, e of JRuErek 21k
A gl B, HRY 508 FATHIAAZAZAIAY 5 AT
A 1 Qo] et 78 (AF 2017.12.26.); A9F I1F D).

5) SAARAZAAZ GAHo|gAEL] 24 - o] g T HAoly HAAEERT] AR - FF - A BT
- AT wE - AR - 29 O ouko] e e Q¥AIA 5 ARG HEsiAY I dErt Qe AR
A= RS TR, ME A157495(2018.8.14. LEAA) A2z A9).
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O UNZsF¥3](United Nations Scientific Committee on the Effects of

Atomic Radiation. UNSCEAR)= A% WARAC] A5 Fel & o]9l9]
Agko = Qe APGES S7HIZ 4= AL 51312 55] AAT AR &
HHUA Bhgo] A& TR 9lom AEaA dgate] Aol A E A|&H
1 A7t sttt sHAHEAE, 2011, p.1258).

- 15 YA ZFE A7H1994~2008)°] w2 7] WA AL 3

TAIA SIS S She A HES T8 | = <1’ A 919
o] folat 57tk AL UERES.

- oot AR FAAEA M ATolMe FANES Ste =Rl
TAAES oAl o Qmelef HlE) e Wi S A FelstA 57
He Ao QsRlon, AEA Aeko] 5l du]of Zo7t
AL SAAEA A R-2J3HA] Frobrl o] W= 3HS.

- Y= 5(2016)2 A& AlEAT A Al keEEHe WAMICR ]l
G et S PSS I f9o] ok 4 Qlokal Hagh vt

(5t 9], 2017, p.8).

A A Bl ARt 713 T SR, = A AL e gl A
gApAdo] 7 Aell mlAl= Gl Hisl 0.5 Gyo] BEAIFS 7K 2HE

] FFolEtal FARUNLY AR IA) AFe AAA71AL s FAIACI

A, 2018, p.243).
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A2 Zow FHF(eld, 2018, p.244).

- ‘mal

Hyow, A7t |

o

gl
o

ﬂ
il

{

1
=2

(o194, 2018,

3}, G4A o)A, W] 7]

O

WA 27t A7t

5

A]

A=

o

Al 7]

| HE2(0]¥%, 2018, p.244).
= HARAL O] Ho]
AP AT AR o R

L.

(°]¥7, 2018, p.244).
Z2} Aol A

o
84

St

]

o
[e]

=<l

[e]

&
go

WAL
p.244).

=

Al

O AN =& 9l
7t WAMMO R 0I5t RMA ZH(heritable disease)

o A

Mo
o

3

Zo] opyH,

ste

F= oVl

O A MEAY

e

F7HA7Ie

=

=2

o](mutations)?] ¥l%.
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Z(Hall et al., 2012, p.162).

O w4 AW

A (mendelian),

G A (chromosomal),  ThHlAd

(multifactorial) F-A 02 E53F 5 Q2.

(E 2-1) YA

SM™ HSKHeritable Effects of Radiation)

Heritable Effect

Example

Gene mutations™®

Single dominant 736 (753)

Polydactyly, Huntington chorea

Recessive 521 (596)

Sickle cell anemia, Tay-Sachs disease,
cystic fibrosis, retinoblastoma

Sex-linked 80 (60)

Color blindness, hemophilia

Chromosomal changes

Too many or too few

Down syndrome(Extra chromosome 21),
mostly embryonic death

Chromosome aberrations,
physical abnormalities

Embryonic death or mental retardation

Robertsonian translocation

Multifactorial

Congenital abnormalities present at birth

Neural tube defects, cleft lip, cleft palate

Chronic diseases of adult onset

Diabetes, essential hypertension, coronary
heart disease

F SR S| £ TR o SARE oot SAolo] ofe Pt o S LeRd, TE IOl A= &

7403 et A ek

Z4&: Hall et al. (2012). Radiobiology for the radiologist, p.162 (3 11.2).

- A EdRol2 IR Ao RS (Polydactyly), AREFEY
(Huntington chorea), XA AW E(sickle cell anemia), E|oF
(Tay-Sachs disease), YEAHZ(cystic fibrosis), THEAN|EZ
(retinoblastoma), 2™ (color blindness), @-%%(hemophilia)°] U=

- GAA ooz QIet AHol= te5FH(Down syndrome), HioF AFY
(embryonic death), 41X A(mental retardation) 5-°] U=

- R fAdgoEs 41733 E<E(Neural tube defects), +=7711E
(cleft lip), T7HotA(cleft palate), Fi(Diabetes), ZEEjFITEY
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(essential hypertension), ¥/sW 4424 SHcoronary heart disease)
o] Sl
O olzfgt FA/4d Aol AdHez Yehds WS UNSCEAR(United

Nations Scientific Committee on the Effects of Atomic Radiation)©]

A& o] (& 2-2)%F ol 4T

- UNSCEAR®] 2001d°] 373t f2/d dehe] 24 g Rlkes= QI wink
Hd 7380009. UNSCEARS] HiAoJAE o|zfgt A =y Wl
(baseline frequencies)?}, Q17F AR} oA X =
olgdt F FAA A WA CE FEH FAHoleZ AME-Sto
7= (doubling dose)® &9 FAXZ AAZF =AR(low LET,
chronic/low dose radiation)o]] le&H 1At Ao AlA Yett= <A
Ho| 9132 AXASIAS(UNSCEAR, 2001, p.77).

- 11 A3} 1AL BE7F 1Gye] ANl a2 E S o] Ab wigk g
3000~4700 #Alo]A2] FAAS o] YEbe 20 & 34513 o, ol= &}
A A W= g 738000)9] 0.41~0.64%° SFEHE= A
(UNSCEAR, 2001, p.79).

o 241 9] Aol A= A TAY W1%2] 0.53~0.91% Rl = LERd.

- 124t UNSCEAR(2001)0l1A At #h2 5 F304F AdolA 4% %

A Fe SAHolER ARSSIAAL, AFOIAIA A2 o= TAsk= 3
s

5
T E°Hol&2] g0 A7 At 2t H T o AV A=

6) ¥l7Hd%(doubling dose): A HZ9| F42 JF& B7ISH] A8l T ANdolH Ados dol
£ SUHolet Z2 Ao Eduolg fUths Agor o (Aeldag 9014.(2010.8.17.).
Freh oAb -vl 7 (doubling dose)oll A -8 )
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H 2-2) Current estimates of Genetic Risks from Continuing Exposure to Low-LET,

Low-Dose, or Chronic Irradiation (from UNSCEAR 2001) (Assumed Doubling Dose: 1Gy)
Risk per Gy per million progeny
Up to Second

Based
Heritable Effect frequency per . .
million* First generation Generation
Mendelian diseases -
Aut.osomal 'dommant and 16,500 750-1.500 1.300-2.500
X-linked diseases
Autosomal recessive diseases 7,500 0 0
Chromosomal diseases 4,000
Multifactorial diseases
Chronic diseases 650,000 250-1,200 250-1,200
Congenital abnormalities 60,000 2,000 2,400-3,000
Total 738,000 3,000-4,700 3,950-6,700
Total risk per Gy expressed as _ 0.41-0.64 0.53-0.91

percent of baseline
* g A¥(mendelian diseases), ¥AA| ZHW(chromosomal disease), AA4 7]¥(congenital
Mg oRIA F2Kchronic

ZEAot @ut WX per million live births) ¥IE;

3
abnormalities)&
multifactorial disease):= QU+ W7t H ¥l
At Hall et al. (2012). Radiobiology for the radiologist, p.163 (I 11.3), (& 11.4).
(BIREZ: UNSCEAR(2001). Hereditary effects of radiation. The UNSCEAR 2001 Report to the General

Assembly with Scientific Annex)

0 £29) WA g0l AP19] o AL ETHAITI=A0] AR oI et

o]Foj A 22(Nakamura, 2019).
O 2Y F Ay AFEA HFAA Q] Ald Ao](trans-generational) G2 &k
Yol & HA IS STHIFIAY S GSA7|A] G A oE UEe
7HA 7= AR

U, Nomura(1982)9] A-tolA+ A4 9]

UER (R 2-3).
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(& 2-3) Tumor frequencies in the offspring of mice born to irradiated sires.

Author Strain Radiation No. of F1 mice (patemal dose) Tumor percent
Kohn et al. (1965) CAF1 X rays 222343015 (control) 54% (4 control)
6955+9217 (5.25Gy) 54% (3 525 Gy)
38% (% control)
39% (5 5.25Gy)
Lung tumors at death
Nomura (1982) ICR X rays 548 (control) 5% (control)
2684 (0.36-5Gy) 9% (irradiated)
Mostly lung tumors at 8 months
Cosgrove et al. (1993) C3Hf X rays 817 (control) 18% (3 control)
1857 (600 R) 17% (3 600 R)
795 (control) 20% (5 control)
166% (600 R) 10% (5 600 R)
Lung tumors at death
Cattanach et al. (1995)  BALB/dJ X rays 512 (control) ~9% (varies from 1 to 17%]
705 (25Gy) Lung tumors at 8 months
606 (5 Gy)
Iwasaki et al. (1996) C57BL /6CrS1c gamma rays 264 (control) 89% (control)
234 (3Gy) 85% (3Gy)
Various tumors at death
Cattanach et al. (1998)  C3H/HeH X rays 403 (control) 14% (control)
493 (25Gy) 14% (2.5 Gy)
485 (5 Gy) 12% (5Gy)

Lung tumors at 6 months

Z}=: Nakamura. (2019). History of radiation genetics: light and darkness, p.1005 (¥&3).

O AHE e o A&

A77t A AtEEE 3
X}E Q}XH = H]—/\]-/H Al o]

oM Az E X]Fo] &

HoH,

izi:

_,_.
p)

k<l
RS

N
o,

]

o]

-{m

RURAL

e E(Sellafield) A199] 4x0f ‘?ﬂ—aé“é
deA ] (Wmdscale) A9o=Z 1957¢ ¥
19909 Gardener et al.2] 9+
Z]QQHE} 40 } WEH Qo] &2 A oE YE
ol 9l Aoz BuE49S. I8y

L Ao} sigu o] 2717} op]R]| Q] HIAFA -0

o7k A B Ao

2 B 313K (Nakamura, 2019 A|2l-&).

029] 97 R FAL

O YEoA Lx}ERt TRt 2Ahq IS EES A0 2 T Ao A% 240014
o2 I3t Apgolut & o]2]o] Agtko & It AFY 91 o] F7HF LERXA]
okoltty ¥ ¥ (Grant et al., 2015).

O
o

A 7o

| giolle ofE o Fo.= FAL
Fo] 10Gy oM AL

ZAAR=E=-1

LY

AQlo] B ARHCRARHL] 4]
2 7)9) A5t e Aol
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ol
Ral
Jo
-
B
=

r

FRO| WAL kFo] A9l A%l BAZCE FofotA I3

Aoz HIEAZ. 53] IMA oldoly HWd 45, AHd 718 sol=

oISt FFE FA B A 2= Yehd(Nakamura, 2019 AQ1-8).

- 124 Green et al.(2010)9] Aol =9 oE off YEA FHWilms
tumor)2 & 25Gy o149 WA X 5E WQtd FA} 2Rpe] A S0 A]
A 7189 Yol =2 AR YelZ. vHd, o3} A=A =
AL B SR 57t Aol A 71 dlzel eEE AT A
o] At ReAEY HHA 7IFors S5k HlEel H =33

(Nakamura, 2019 #Q1-8).

L. RIKISE DZe| QMK g o

D AR Q% §4 AEat BT AP 2 AT S=ARH U] 9%
BER A AT, B EAH O SO 5 A ST ehbAl o)
AR 974 Qo] QITkL WY A& 4 glom, 2% A7 o WA

ujuf, 2017, p.122).

e

1) IZE ¢

O A2 vl 5 7te] ghojo] ofs] AHE Y&o] A FFA+4(Radiation
Effects Research Foundation, ©]5} RERF)OA= 3| 2AuFU7IA] QAL =
& BEARE BEAL A IO ES 5310 WA Y] A7 dFol B A=
43k IHRERF &H|0]#], 2019a).

o=
o5 F o]9] W] o) AT HAALAT, HEA]
2 24Pk B B4} 4 A7 508 FAPRERF, 2017).

1
i
B L
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(B 2-4) RERFQ At =& OfohA} B+ 3 &K}
AT A7 EOXt AT 7|2t
s A7(Life Span Study) 120,000 1950 - Z¥Z
A9l A% A7Adult Health Study) 23,000 1958 - Xgh=
HW mZ2F A(In Utero Study) 3,600 1946 - PS5
BZA A A74Genetic Studies)
AP }E(Life Span Study) 77,0009 1946 - AP%
XA Zof(Birth Defects) 77,000 1948 - 1954
Ju](Sex Ratio) 140,000 1948 - 1962
& 2P E(Cancer Incidence) 77,0007 1958 - AH=
AAA o]*HChromosome Aberrations) 16,0007 1967 - 1985
Aslela A(Biochemical Study; ATz 24,0007 1975 - 1985
A 548 d7(Molecular Genetic Study) 1,000 7Ht, 1,500%8 1985 - X%F
2A7AA A7Health Examination Study) 12,0007 2002 - APE
A& RERF &¥°]#](2019a). RERF Research.
O A7 Y=L Y= SR A of] gt A= AFSE, E8E 2 78 4
# wol dhet 24 2AlSh ARANES B3 W AT, BA 8 A7) 9
o
.
O $ue] TEo] Afo] Bl GG A Slo] TBAf Ao HAH A
off, GAA| o]4}, At E o] Fof et RAPE 270 AAIHAATE F
B o e Qlgh$4% oJafol U717 SISLS(RERE, 2017).
- P RERFOIAE T4 714429 3, A& Q7R 5 5 2710
AN 750 S AFT
O @A) 4957 Sl YA} BukAEA) A TSE(F) A7 A7) 79 B
2 YA FEE 2R 2401 AIA AT BEE 544 o] o] 24 Aoyt
A7 FFo = Yeth= A& gRIsk= AJ(RERF &5 0]#], 2019b).
- W= A 2EEL 19464 58~19844 Alolo] 9 Bt EAj e



- AR Y] A Aitof| M2 o] vhAbA &3} A 0] AVLE T
& HAE 7Ho 93 d3do] gl Aoz YERGS(Ozasa et al.,

2018). T} A J.L:*;E-OJ Qigo] YA o Wrk He TP 1)

=, 47141 7470*7:':‘%1—% ]OP‘ A ARERF EH[0]A], 2019b).

- %GR 2400 A 52 9Y @7 1A B Oyl
WA o] XPLﬂ?J 991 A 2 AR A% EAl(subclinical

2 w29 ool @ 99 319

et *]ﬂﬂ Xﬂ—l— B F& AFE At BESH A= (biological

samples) BE, @ HAA 9 A7 A 530 2419 HA-5X]0f 7]o5h=

ZIY(RERF 0] #], 2020b).

S| YE ABEA A 9} vl Z = A] k2 RROAA Hlojd A E 719 H]

AT-E E2 0= IHRERF &H|0|A], 2019b).

A SHRAE B3 QAT Dololis olelglon], J1e S8 24}

£ A7 ISEFDY HieE gl AREHIS

(Scientific and Fthics Committees for the Health Effects Study of

the Children of A-bomb Survivors, 2007, pp.4-6).

g R

s
095
i

¢ UE YEA A 5 A7 DTEFDE R B olige] 3E Mol
0.005Gy 01432l BEAHe] A 76,814 0.2 TAEGOH, ol5} 4



S|Z AT 1638478 (8AF 92387, oA} 71107), Y7HA] 83257 (EAF
41517, o1&} 41747).

- AA ZAHAAE 1 DFCE o] 2002F5E 2006 7H4] 439
A A4 AHclinical study)E stAoH, FHEAE &3 I3
7 o] YARE $3]aL 20069714 A7 AAE T2 AR 11,95170]31
2(Scientific and Ethics Committees for the Health Effects Study
of the Children of A-bomb Survivors, 2007, p.10).

ES AFAN RS2 dFe 2 FF FAA At(genetic study)E
giet ol 41 A3 0 Aol gt 5o oj=2 gelgt Az 97%7 5
SHScientific and Ethics Committees for the Health Effects Study
of the Children of A-bomb Survivors, 2007, p.13).

Woron], 2010WHE 44 77| ofehet 2 WO A7 Aol 4

A=Al 5(RERF EH|0]#], 2020b).

. A7 AA e MB B o AE BT A4 AF Bl 9% > A7
A7 o] Ot Qs ARSI A7 AA AW 2 AR 5O 4] A
= A4 S5 = A% A1 A

o A% AL Folrte] ATALISH AR, ATET L WYY g

) i
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* 2014490 A1FHE Al WA 2hE A7 R0l 95251 0] Hofsty o,
AZHE] 9-2(RERF, 2019, p.5).

S ZAE B 5T 25, T4, Alole 22 AAESET Y A=

e} 20029~20069° =€ A4 A% A7 AaE L8t &

T}, FRO WA w23t 4917 tjlg AHIEY, T B) &

7k} AT Sl A& UEPHRERF &5°]A], 2019b).

F3 A7 F A 2=(20109 11€~2015E 109) ojzt oF 19

< o g A ool A8 FHECES G 3T THE &£

(20029~2015@)N A= Fr o] WA Z3} Tl A 7to] B4

O % FOIet ATHdo] WHEA| =(RERF, 2018, p.5).

F1 9 A9 8 54 F siuhe= 2419 4%
Aol gt o =uim} A7 A

=

1% oH

2

o, i
ml%—“i
Y|
of

)
“é%j
msﬂﬁ
N fr

ot
H
ol
o
AP
re
1
do
%
el
12
We,
P
rE
)
i
ot
oo
=2,

AFofAl FFe FA=AE 2851 fst Aeet 74 A77F = 9

4 A9 F8 542 IE YA Eo] FAANECEAL, HRH A
Hol| & fisto] AEAF Aof|A ol iHabnormalities)= °F/|5k= A&
Asty] {9l ol& {8l WA kEH FRof SR g2 R
7H] AAA|E EAWHolE(germ-cell mutation rates)?] A}ol& HE ¢
E YEA} 7159 DNA A5 sk U=

Ap{o]AA] Lheld DNA Hol7h % 5]7] ol el oA U sl
so|7h fAE AQA EE HEOR WS JAAE Aol 2
2 W) 918}, opelA-olu -z FHE Eelo

(nucleotide sequences) £4]0] o|F0]%],

fu ez Ay

19
)}
Z,
of,
N
o)
ue



O RERFOIIA  3ot= 48 A7HGenetics Study= MEFHSH A+
(Cytogenetics research)2} £} 3-8 A1 (Molecular genetics research)
2 o]Fo{-(RERF &¥°]A], 2020a).

O (@ A FH4e A+ FHel 2] DNAE B7toto] 9A Zet &R} 2
9] A3t ¥ol|-&(de novo mutation rates) =7} oj5of tist A1E =H51L
AZ(RERF &H|0|#], 2020a).

- RIS ARgSto] AN - EAWHolEE AYSHA HESH] At
it FAAELFd(genomic instability) ¥ WARA &3}t ol ot
TR SFTA &3} A AR B4 719 Qe AR 9
A ]

rok

N
4>

og‘a

T-E
%0
ilfe

[J% 2-5) RERFQ| 2Xt QX5 ¢

1) When not exposed to radiation 2) When exposed to radiation

Father
i @ i > M‘mm *4
L!" "F 'j ]J"J'

f-:gm'* %wm,
lmta"mﬁ:.m R o |

Al RERF &¥0]A]. (2020a). Genetics Study. https://www.rerf.or.jp/en/programs/general_research_e/
genetics_e/94] 2020.3.11.91&.

b".[
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O (@ HEFHe A7) AF PEA Y Al29] FAA| o4 (chromosome
aberration) RI=2 7]12] AMITES B7FRHRERF &¥[0]A], 2020a).

- AlZ7F ARl 2 EH AAAI(DNAZE ST, eEdo] S71e
T5 ST SV Ao® dEA Sl AN a2 E A A
Z2RE GAA 4L g2 2E3E PAMEE 24T+ A
=(RERF &50]#], 2020a).

- [O9 2-6]00A H= vie} o] UubA Rl Ale] AAA| 43} RpAR]
of k=Z&xfo] A o]i(chromosome aberration)o] AJ71 Ale]

WA g0l HE-

health study)®] 42tz of2| 7] A+EHE &-8sto] FP=H3UL

o, 454 A4 9HH(Giemsa staining)> I710] GZF YEA &}

H 1600082 dde 2 +P=[0Z. A= 19809H

= FISH =4 (Fluorescence In Situ Hybridization, @3 3SA35}

Woz AE FYEAQ] FHAES AFslr Y(RERF EHolxA,

20200).

o E3F AZFASE 7]&2 ofY At AJEA}F 2o} oy H(enamel)2] A
A4 FY(Felectron spin resonance, ESR)& a4 AEAE0] 7|5
g Ao} MES B9 ME YATEE FAHSIAUZ(RERF EHolA]

2020c).
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< Chromosome test

When cells are exposed to radiation.
fhomgsmes (Dt:N may befdamnuad.
i t ks known that the amount of damage increases
© Methods of studying chromosomes RO 6 &t
Radiation dose to which someone is exposed can
be estimated by assessing damage to chromosomes
inthe cells from the radiation-exposed individual.

Wi i
(RN RN IN

" n

(THINT LI LI

X Iz TN L) ll
" n n n v

Chromosome composition of a normal male

& Chromosome aberration

Chromosomes observed at cell division. The left picture shows chromosomes at their actual locations.
The picture at right shows chromosomes rearranged in the order of size. Each arow indicates an aberation.

0.3 ) iw

PENU \> gl HERIURIR I q'u
R 3 BoAuic

L KA L BTy BRI TR TR
] I+ WA
’ P ; .\' 3"I | .. l:.l n- Il ! ?

A& RERF &H|0]A]. (2020a). Genetics Study. https://www.rerf.or.jp/en/programs/general_research_e/
genetics_e/°1A4 2020.3.11.91&.

{_I;.}

O RERFS] A5}l -4l AtofA dA =1L =
2(RERF &H|°]%], 2019b).

AEL oot 2

O (1) &5 EAF Ad+E Y3 AE &HH (Bstablishment of samples for future

molecular studies)

- RE 5 3t 1 ool HEFH 5007HEet FE B 240 0.01Gy mIv
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r

O] AR eEHJAY A =EEA 42 2 500712 BX2BH

I (peripheral B lymphocytes)olAl G+ AlEF(permanent cell

lines)E EHEoI oM, Yot 200%249] At Ao Y5 HHE o] 5.
O (2) 2*x+d DNA A7]195(Two-dimensional DNA electrophoresis)

- AgE FAME SO obA, oMY, A9l DNA =ZHDNA
fragments) °IW|AE HlaL #43t0] FHAHgenes)o] A =]
(germline mutations)S G820 & &3}

O 3) HIFHAEASN(microarray-based comparative genomic
hybridization)

- @MA(chromosome) ZA<(deletions), %&{(duplication), <%
(amplifications) 0.2 WHol= ME 7F FH%; EA4| = Zjol& SHT &
Q2. Asohe ®HAl o2 §HAF Hol(genetic alterations)?] HHE A3
23S 7FsoHA oto] B2 A tiAlS EE o g HARE & 9l

O 2 AzoA  WARS JF orld & Qe AERAAEAS)
(whole-genome sequencing)¥} 2 7]&0] 7FsdlX|HA] o] o] &3 H=
9] FA/8E& EAske A0l olFoA =
O FAEE] &= AU opHA|eL S E ] o2 ojHY, 123l T Ay = -

JH ET Q9 YXFAZ A oto] AFRAAEA S Sofl A= o=t
F-&0f| A 9] 41t ®lo](de novo variant))E A% 23, AEF AEA} 240
et AAREE B F5o] 42 JF2 FAXCE FooHA] g Ao R YE
Y(Horai et al., 2018).

- WA 9AEE ozt @3] A7) AlEl(Nagasaki Atomic Bomb

Casualty Council Health Management Center)o|A A7] A7 AX&

7) microarray-based comparative genomic hybridization® FHA} FAA HARS] dF0 & wlo|3
Zojgo]7]gt Hlu{FHA RN EE HuFHARHoRE H7]E1 93
8) AARAAEA (whole-genome sequencing): 3t 7HR19] RAA} A4 FE AAE E45k= A.

9) Al5t ®ol(de novo variant): FRO] BN ZA WAPSte] oA HLE= Hol9] Fi.
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B QAR R} 22209 B ShOte /AR R EE Bopge] 2
Hol g 152 AAstAe
Az 0% BAAZRE 1.5km ool WAI] =EH opA|, nd

A gk ojye}t 1 A& FAH 37 EF|Qe} 2T 0 R HEof e
SHA &2 17 EF|E 535

10mLe] ¥xEH MES AFHsFH 1L, QlAamp DNA Mini KitE AR&s
of g AL A E(blood mononuclear cel)olx N KHA
DNA(genomic DNA)E F&5192.

B A3} Al A7 G971 A EHo](single nucleotide variant, SNV)10+&=
(H 2-5)2f o] Y, 9F AEALY] AR oflA] de novo SNV IAJo]
w0l GA S7HH %=

o X d5jA} E|Q FPMXO01 627l, FPMX03 8171, FPMX06 427}, T

Za- EZ]Q FCMC10 487§1D
I3y & 9= de novo SNV, gross structural changes and copy
number alterationsoll9t 282 & ZACo=2, F-2 AA/ZAH(short
Indel)12& E4512] Bo1% o™, DNA #€Y3Hmethylation), 5]AE o}
M€sKhistone acetylation)/"l23Kmethylation)?} 72 HARA
(transcriptome) T+ A7 A Hepigenome) 80 FAHA] Eo1%
<. ES A A 7]9] EF QoA ofHA|7}F n]EH B2 ARtE o] o]
o WO AZ PYEAES A}o 7 3t Ayt " agh

10) HYA714E ®ol(single nucleotide variant): 3P AE Es U 459 JolA dehts 9
d7]19] zpo]. F2 A|EA HlolgoA Ueh: EE2Y7|AGH9] 2jolE el
11) Z ET|ER o9} -2 EAS 7(Horai et al., 2018, Tablel ¥4 ).

FPMX01 FPMX03 | FPMX06 | FCMC10
EHAZEE A 1.2km 1.0km 1.0km -
ol x| 9] W& A oI 16 9 6 -
A 24 Al oA A 34 30 31 31
A 24 A olHY I 27 23 26 22
12) 32 A7IAg0] A=AV 24" A 7H7le AR AR A% 19doA 2u9gt 7j7F 24
Aoz g%
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(& 2-5) The number of de novo single nuclectide variants confirmed by targeted resequencing

FPMX01 FPMX03 FPMX06 FCMC10
GQ=90 107 159 116 122
TRUE* 58 79 41 48
FALSE” 41 73 60 61
Transmitted* 1 0 0 3
Unread? 7 7 15 10
GQ<90.QUAL=200 176 114 122 120
TRUE® 4 2 1 0
FALSE® 110 74 90 94
Transmitted® 19 13 13 8
Unread" 43 25 18 18
Total number of de novo variants 62 81 42 48

ZThe number of de novo variants. De novo variants are classified by GQ(genotype quality) score and

QUAL

aTRUE: the number of de novo variants

bFALSE: the number of the sites without variation, or false positive after the filtering

cTransmitted: variants found in offspring and one of parents

dUnread: cannot amplified by multiplex PCR using Ampli-Seq designed primers (LifeTechnologies)
A& Horai et al. (2018). Detection of de novo single nucleotide variants in offspring of atomic-bomb
survivors close to the hypocenter by whole-genome sequencing, p.361 <I).

O RERFOA| EAMYESHEA|(Department of molecular biosciences)o A=
A AR 71eS ARSRE AERAAREA 7R 32 AFE Akl
ATHAL B8] 12 H(RERF, 2020d), 71 d&o & 7 5=4d2 sI%=.

- YA E(spermatogonia)?} g% FHEAE(mature oocytes)2] BFARA
E FFS DA ol ARAA 242 ol F 5 Ao AR e
< Ao 2 24vE]9] A Al FoflA Al EA®l(de novo
mutations)E WS A7 A, FR7F 1AMl =E=A] ok o
Z FolM= AAF o2 1.97]9] FAA AFdEE(indels)¥t 0.3170 o
HEAHo|(multisite mutations)”7} WA WHH, AN Z7}F 4Gy ZobAl
of =H B35 9.670 AdEE H 2,57 tHEAHol7 sk, s
HRA L7} 4Gy FrpAo] e E A4 4771 AdEE 2 3. 171 =
1 o]7} ¥y 619l 3(Satho et al., 2020).

- &, AN leEo] A AHi 2 fo] 7hs et A EeF dRAE] A
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el = A8 HolF = A9l RERFOAE YE HEA
7159 X*%%Ml%@.% A¥st= d o]t A3t f-83 AE7F E A

O A&RAA 24 & 454 71e9 FHox %?5 3L AR AJA] Al 3Lof A
WA FFE Betle A2 o435 ojgfeH, §-84H(the genome)ollAl
Uehs E9¥ol&(mutation induction rate)S A JANE AR ¢ &
2 Aoz #3¥(Nakamura, 2019).

O AAT TAM leZollA ALY F-44] 12 U5 AaL Hsty| olgA|

9 o) E5total HhARAl o] kst A4t ®Hol(de novo mutations)= ¥

AH 9] SHA EES AHAIGHE Aé(deletion)S YoA A7kl Ygo] & &=
Ao B QLS

Ch MIZLCY BHALL DSHXOIMS] R S+

0 1986 AR A=l A-ANL wlsiR} ti ) AF-SollA= FEO| WA
< o|F Hiojd ApASolAIA o2 A Asf7F FFoIUth L HalEr Rle

H, 22 g U= oI, FAlof, WEkRLolA fat opyet 1 F

o A BRALA &2 Q1S 157t YEFH(Yablokov et al., 2009).

O A2 AAAL o]F, R AEZ|oloA= AYok5o] SFABAEEC] 5
7Feteion, E7tEotolAs AT S3AEA A% 7P (congenital
malformations) 5°] IA 713t AC2 B H. EF A F A= A2
ARl o] 34 B9t HatE A 7|92 4l48oF 10003 16.370I U H 1t
H, A= AR o] % 39 522 100078F 18.3 22 e,

- o] &joe dimt=, WA=, Y71 5 o FHTolA H]Ei‘ﬂé AFal o]
ARG 7198, AR T thsF< 50l 371U

¢

oL
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(& 2-6) Congenital Developmental Anomalies in Children Irradiated In Utero as a Result

of the Chernobyl Catastrophe in Countries Other than Belarus, Ukraine, and European
Russia (Hoffmann,2001; Schmitz-Feuerhake, 2006; Pflugbeil et al., 2006)

Country, territory

Congenital malformations

Reference

Austria

CMs

Hoffmann, 2011

Turkey(Bursa,
Izmir, Black Sea
coast)

Incidence of CNS among the newborns
conceived in the second half of 1986

Akar et al., 1988,1989;
Caglayan et al., 1990;
Guvenc et al., 1993;
Mocan et al., 1990

Bulgaria(Pleven)

Cardiac anomalies, CNS  defects,
multiple CMs

Moudmjiev et al., 1992

CMs among stillbirths and neonatal

Croatia(Zagreb) death (including CNS anomalies) Kruslin et al., 1998

Denmark(Odense) | Neural tube defects (NTD) EUROCAT, 1998

Finland Malformatio.ns of Fhe CNS  and Harjuletho-Mervaala et al., 1992
limb-reduction anomalies

Hungary Congenital malformations Czeizel, 1997

Scotland Down syndrome (trisomy 21) Ramsay et al., 1991

Sweden Down syndrome (trisomy 21) Ericson and Kallen, 1994

East Germany

Cleft lip and/or palate, other CMs

Zieglowski and Hemprich, 1999;
Scherb and Weigelt, 2004

In 7 months after the catastrophe CM

Korblein 2002, 2003a, 2004;

Bavaria incidence increased 4% Scherb and Weigelt, 2003
West Berlin .CMS am.ong stillbirths ~ noticeably Hoffmann, 2001
increased in 1987
Increase in CMs (including
Jena malformations of the CNS and anomalies | Lotz et al., 1996

of the abdominal wall)

Germany total

In 1987 CM incidence increased
significantly

Korblein, 2000

A& Yablokov et al.

(2009). Chernobyl consequences of the catastrophe for people and the
environment, p.131 {Ib).

DAZLY ITE AT A L 2] Z3)

DA=EY dArael 4% FE A5l
CO-CHER(Cooperation on Chernobyl Health Research)+ 2016%9] A|
2 FHARLY] A7 A1 AR B g A2 A TR

F(Chernobyl Research Programme)”& A9tk

A% o zedeq

O 2008~2010¥ 4-HASKEuropean Union)2] AR Lo 2 ZAAAF-7]T
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(International Agency for Research on Cancer)?] X|%] ofgf] o] =A|

HE7HE0] 2o “ARCH: Agenda for Research on Chernobyl Health”

IZ2AES FY5IYS. 1 232 ARCH IF2 A2 A7 A+ A

“Strategic Research Agenda(SRA)E AItst=t| SRACIA = A|AZ o=

AAE 7] A5 D AL AR5 ool wet, FHAT APAA

O & CO-CHER Z2HE7} 9= 33(CO-CHER, 2016, p.6).

- CO-CHER®] #9-A4e9= 58 A7 Ao digh 78 A+ Al7|= 53
A G| HE Hofrt ZTEL} 22 A2k =1 I3 E(Chernobyl
Lifespan cohort)& #55k= A°12(CO-CHER, 2016, p.7).

* CO-CHEROIA = A2 94 siAlatd*Hliquidators), o1 A4 =)
Z5] 31 Afal A5 ZHAPA BEARS(thyroid radioactivity)2 2743 Al A

218 Wl(evacuees)S THE 50 A3t ATHTEO R It

O CO-CHER A2 A7 Z20Ho] 98 HA2 O A& 7Hset
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047 74 A= A A7 AT offiet 2ol #2901l FSES 752

O () A2 ¢- AR HoiE AUH F7H=0lA /fEF g 550 3
= 94 fAF AR £ ASE(Lifespan cohort of liquidators) Z&sFal
x]. felg

d

- AF AR liquidators) = AE2LY 9d Al ¥ 35 3
1986~19919 Atolof] G A|A 2+, A HHA 59 B+ 55
A H3sle5AHclean-up workers)Y.

- Ao}, HEtRA, Aoy, HE 3R(AEYo}, SEH|o}, ZFol]
ohojl oju] s AIAE T2 ETF FEE0] lon, FTE Z|7|=
o] 7Ee FEAOIAT DB E 24 qAYRE Trlu O,

. w5 9azol} AAARIA REES] Tk oF 2T TS B 4
2 7} Bele] ek 4iEo] 918,

- 2t 9] AAAA TR ES ARt owN JE AT Eo A= TEEA

EHE A 17 S W 4 s SAK A5 ol wobd AoE .
O (2) #d7]°l B &= o] A= AL o) % I BF 782 IUE AEE

(exposed children with thyroid activity measurements after the

accident)]l thet A7} g Folw, 7FssitH o5 Z2E tigt 2%

T A5k 9k

- S HIATLAL} oA F(U.S. Department of Energy)2] A& vt
goz 1990dtho] #HelFEA(the BelAm cohort)@t $-F&ko|ik(the
UkrAm cohort)ollA] AR BA] 7P QAHE Ao AL AAU™ 184 o]
st Aol tiet 5 7o) LBES FEEL.

o AR Y 271€ oldio] o] &9 A BEE ST, 1998 EF
] WEkR At patoluf IS EOA oF 27t 53 2 ti o= A

Agio] st 4714 AR(EST A4 22)o] ol 2o,
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o tl= FHYATA(US National Cancer Institute)@t $-I2to|Lho] W
Fd] 2 A A4 (Institute of Endocrinology and Metabolism),
Welgas] WA ot W AgbgEst APAlERepublican
Research Centre for Radiation Medicine and Human Ecology)2]
Frz R A% eFelue] d7] ZSE HolH Ags vt =
glo] o] 20X 1L Q15

- AJotoll A= 19864 5U~6 Atolofl M Fofde AT 7H L E

Aol A9k 57 oY) IR ES #5310, o] TR E= Aot =Y

HEALA 5} FIAAEZ(Russian National Radiation Epidemiological

Registry)oll 5=50] 31=.

O (3) HiW #&X}of) gt A7(research of those exposed in utero)= ©]d]
A 5ol LAz} B B4 25 E} 20169 A 73 o] AR
HERA F0E A0 AYrteds AENE A 51312
- S|l A= ofH U}t 2(19861A 449 269~1987¢ 3€¥ 31¥ &

AR FE ISEE #5310 2003~2006E0] /A Aol gt A
WA 232d2 SHRAL, WEkRA0 M= 201692 7IEo& ojHYe} =
Y& o]20jA gy m|ZA} IS ES &= Il %S
O (4) AR AAL} 2F X[ HollA 0|33t Tyl g FSE F50] AF7}
5d(Feasibility of setting up a cohort of offspring of liquidators and
evacuees)& HENHE A} T
- A2:H HRAEF(national Chernobyl registries)o] W= siA|2+A
AME Zototo] uEE FRJAA Hold AA| odol= oF 507 B .

- A% AFSolAe FHO HAR Eo] AHof|A nR= F7Fo] At
0|1l YR Aol A= AREE AE Hol7| & SRR, shA| ARt} 1
AE0] bEH FES LSS U 15 Aol titt A7s BE =E
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Research Centre for Radiation Medicine)2} $HA 4% Zlof F29] wiA
A =23 IEE A4 5744 #ol(genomic alterations)2t §-4%
Hol(inherited variation)] ZZZ EAJof| tfgt A4S Yokl U2

- U= FEIATAL} T go|yo] Ay A Ayt e}, &5 A 23S
Eo A F7], 49 d, FH7Fs3S F7FsH] At 5 A7t

g o Al g

-~

O 3t gAjote} Hetza, 9320|U0] 0 A AFAE tigh BUE S
AFstal J2(CO-CHER, 2016, pp.17-18).
O A2y Y AR e vk gut ek WAks 0F Agogn
El o] A%t 3Rl E(evacuees)Tt Bl A Y 0] ¥ Aol A AL A
AFSIRE AHEE 1HE.
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A7Dosimetry Research): HAMd F&F AFolAE &0

|2l AFtolAE S ALLSH ] Ash ARSE Tetrlg ghol

=80l SAEAL dEStEA| g2 A2 wdo] VHke F

T =AES U] gt Ztol=EelE e 287

FA/d(dose reconstruction) =] 30 A P

S A& okl 1 3H0l &t Ss R A7 SHS AF0hL
3.0
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U o ol9]e] Argo] AFH] o, AR o] <ol thet BAF A

(molecular studies)= AFE Y. A2 A Z2AEof A= ofFe} T2

8= AlAIshL Sl

- AT 7 Y TF ARE 5 LEAGANA A o Y AIREA S
AE —;]‘—75'6}1, olFet o 5F ARE WM 19, T A7 T HE

AAL Ae At LI GA7]0) =S Aol A Y ®

@(phenotype)® FAB(genotype)ol FA71°] &% AFFOIAIA

wadE A FARA 97 A AT

- TS A 9l T Q9] A} E4(molecular features)ol et A
7HEAM] e o A 710 dRAdE Eele ol Ee2 € Ao, ¢

15} 7= 43 ¥ 24 5 A4 A Ho] 1 Z9E F

% Sl Slsfol ek AL

m&"

i rﬂﬁ

mO
ol
T

O A 214 237 289] 2 (Potential expansion of the Chernobyl Tissue
Bank): A2 23& 23Y(CTB)S A o] HRlo] of& A HAM R
2Co LEd Ao Il A T 2 HY A2 HE PESA M
E2 A5 A3 Hx9] A4 8.

- "o FEYAFL, FHAYSE(European Commission), AKRFFF71'E
B A Sasakawa Memorial Health Foundation)2] A4 A ¢} ¢
Aztolut 9l 2o} RO fof 2 o]Fof .

- o] g HA AR YA liquidators)Q] A2 F-3-H(cell suspensions)
o7 FHE ST AE, oA A oF SR A % 24,

R = |
2ol 9 DNA 59 A=b4 50| 912,

O CO-CHER= A|Z2:H A ZZ2AEE (U0 A% ZZ2AEZ A|Z}slY o,
0444 Xl 2= %“jr 7&"3% Qo 8P‘i“;%((:O—CHER 2016, p.7). &
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O (B} ==4F
A} Aol

O (W&} 2 4
A(NCID)<] A

(2 2-7) &7 SR

g, 231
) 17
07

1_
S Ol
Ps L

g
A

PLYE, AYE 59 7168 24

2
A ofzlo] AE> 1-6% 045011 A AL 2

ol X455 02 Hote] A =
214 3ol et A7 AAT.

SRR 22 Aol ASH 0z nFRYGAT

23e B, W FTE 75 A4S BRE

22 Woha, 2+3

’ Key cohorts

] [ Acti@ns J { Cross-cutting |\55ue51 ’ MJHI@;S,'CQ:HESJ

Chernobyl Lifespan
cohort of liquidators

Children with thyroid
activity measurements

In utero exposed

Offspring and evacuees
(feasibility)

Year 1: Development of procedures & criteria
for data combining

Year 1: Feasibility of biosample collection
Year 2: Descriptive analyses of combined data
(cancer incidence, all-cause mortality)

Year 3-6: Conducting analytical studies

S

Year 1-6: continuing ongoing follow-up
Year 2: possible pooling of the UkrAm and
BelAm cohorts

Year 1: continuing evaluation of foetal
thyroid exposure

Year 2-3: launching studies of neurobehavioral
and cognitive effects

syoadse |e2180|01q Jo uoljeiBajU|

syoadse 5{IJSUWISOP Jo Juawanoidu|

Year 2: Dissemination of the ongoing NCI
offspring study results

Year 2: Assessment of the feasibility

of construction of evacuees cohort

uondasiad sysid pue y3|eay [ejusawW Jo uojieigau|

Year 1-6: Continuous cancer incidence
monitoring in the affected areas,

particularly after exposure early in life

Z}&: CO-CHER. (2016). Chernobyl Research Programme(VERSION 1). European Commission.
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5. EXIZE mEQ| HAFet A0 Cigh &= afx|

D Q0] A GFATARERDOAE AT al2tot A% ufalzt 2pd o] paba
3% 958 $o WA oI DAL BE RIRFOIA 4402
ok A+ 8- F sk A-S(RERF EH|0]A], 2020e).

O FA7IA] RERFOIA 433 A7-9] Ak oot 2.
- AAEE wFRIo A= G2 v o AX ] fide] EIE A
ot A= Dozt A Aol HAA o R QIgH AFgEo| Y & A

89| 3717} Fl=)A Yske:

1. UREEHYEXISOIN S () Z719] 90| 57F3t

L OL—
2. T98i(high-dose)2] SARMO| ' IXIZEL MERSOIA ©f 0]2/0] (LY,
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St BAF 2AE uhsly] Yt A2 A, SR EA o)A 5%
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(B 3-74) SY Y3 CfHI= 4E HW(2017)

AZT3xt 24 Bl &2
20174 Feu DS B3t Feuy DT B3
SCE o191 4 awac Hole) 4
14 K29 40 K29 80
# K21 39 El1 54
3% M51 20 110 44
# E78 18 K21 44
59 110 16 E78 31
6% El1 14 C78 30
78] K59 14 Cl6 26
8¢ R11 14 M51 26
9% C16 13 M75 26
104 M48 13 R11 23

= WA AAIEE 71 ol QJgiel T



MN3E HAEZE miohAt &

O Qeh A ol A

O FeH Y thHlE AY 4] 201749 FRAAYS 7|02 31 Ailof tisfiA
ot =) w3t

O YUY oWlx A v 23}, 919 Zol= Ao A= oRlE AHo]
SALSHA ek

- ohgh, FYTERI DL H2E2HM48)S AEujs)#} 240 5t gl
U B ieEto A= TR A] o2
H 3-75) ol @ CHIE A H|W(2017H)
PIZMGHAL 24| HleE2
20174 FEMY DE DS FEMY DE 5
YIS Aoigl 4 AHIAC Alolgl 4
19 K29 40 K29 80
29 K21 39 Ell 54
39 M51 20 F20 45
49 E78 18 110 44
59 110 16 K21 44
69 E1l1 14 K59 37
79 K59 14 E78 31
89 R11 14 C78 30
99 Cl6 13 C16 26
109 M48 13 M51 26
F GAA AAIE 712 o3 Y, X3 Y, BAVE 4, AT 4, )T e S xagt



Ht. 2|20[8 X 2|=H]|

AEZA| R} 24|12 ¥]leE 0] 2 =0lE Sl W]

O AR PP 5 AU @ A EAE ShHlolRE o] 83t Aol W& Sl
3t 2w, 20074 AU A5 BB} 247} HliZ ol Wl o ol
o0l 8L T A0 ek,

H3-76) °=0lE& Hlu

9 %
oput SEIIBHA} 24| HLEZ
B 2l2H B 224
200749 8.0 87.0 83 83.6
20124 11.4 89.4 9.9 88.1
201749 14.1 933 12.9 90.0
oratut EELISHA} 24| HL-EZ
o4 2024 o4 a
200749 8.0 87.1 8.6 84.0
20124 11.4 89.9 10.2 88.7
20174 14.1 933 13.0 90.1

% 920182 T ARHYRALS WAYRHS tho2 BA.
O 191% U9 5159 YU vl Az, PEuea} 241 BT EG U
29 o1, BAF YAYSE o e o ek,
- 201790l U D YAYSoNHE] AR} Fastol A vlad 4
F2 BROU, 200760l YUYS7H oF 8 71, 2012400 oF 29
7K Ao} O 712,

O

r]I.

>~
o &,

L e QoA AEH A 247 Bl E e | 21
1S 5O
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RI3Y YR WER Y S0

(B3-77) 9=0[8 3= H[W
39 A
YIZTSHXL 24| H- &2
N TS, 1915 100 B | 19 1915 10
Hrlpds | BOYNYs | dURYs | HEYRss | BRUKYs | ousus
20074 1.24 9.47 9.63 1.51 17.13 8.98
= (1~10) (1~121) (1~68) (1~12) (1~365) (1~111)
20124 1.34 9.58 14.62 1.69 11.72 13.67
= 1~4) (1~53) (1~169) (1~13) (1~365) (1~239)
20174 1.83 13.44 16.22 1.95 13.46 14.82
= (1~13) (1~209) (1~209) (1~16) (1~365) (1~163)
YIZMISHA 24| Hi-E
gAY | oy 1905 10 oa | 19g olgf 10e IR
BEUYS | HEYUNYS | QHYEYs | HIUSS | BIUAAS | uRus

20074 1.24 47 9.91 1.97 26.66 9.16
= (1~10) (1~121) (1~69) (1~30) (1~365) (1~111)
20124 1.34 9.58 14.78 2.03 23.47 13.86
v (1~4) (1~53) (1~169) (1~24) (1~365) (1~239)
20174 1.83 13.44 16.51 2.18 19.90 15.08
= (1~13) (1~209) (1~209) (1~30) (1~365) (1~163)

F OEOIES T ARSI TS OE BN,
Mgl B YU 365%S 2T AT OF) 36502 YU AR BT F R4

O Q=)o) 2419} v 2] o=H] 2|2 Wl
O Bl ojgH] A& os AHE olzolgo] A2 20124 ¥ YL A

Qlehd kbt BE 2|1 AT ) REo)A YEZn SR} 247t Hl BT
Hr} 92 H|E ¢ Ho] A& A o' UEhd.

(B 3-78) 2018 o=H| H|W

— LT a
w4
SIZTSHRF 24| H-&7
ot 1919 T =QIRE | 101y HE =2QIFG | 1919 IR =QIRE | 1018 HE =284
olZH| X|IEH(U) O|ZH| X|ZH(2l2H) o|2H| X|EH(L) o|ZH| X|IE4(22H)
200744 478,106 96,339 345,836 77,678
= (1,500~16,633,360) (1,000~7,142,740) (960~4,223,180) (1,000~6,209,700)
201244 332,893 120,874 370,290 105,866
- (1,940~2,246,300) (1,000~2,857,100) (1,170~5,238,730) (1,000~1,791,500)
20174 501,260 173,232 457,157 157,206
- (3,220~3,913,210) (1,000~3,009,700) (1,670~5,954,000) (500~2,483,200)
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rot
Hl
ro

PIRHRES TSHA} AE

SSLGHAE 24

HIEES

ofiy

101y BF =olse

OlZH| XZM(23)

191y WE =olse

Ol=H| XIZ(2[2)

101y BF Bolsy

O|ZH| RIZH(23)

101y BF =ols

O|ZH| RIZ(22H)

20074 478,106 96,801 345,836 77,616
= | (1,500~16,633,360) | (1,000~7,142,740) (960~4,223,180) (500~6,209,700)

201244 332,893 120,652 370,290 105,552
= | (1,940~2,246,300) (500~2,857,100) (1,170~5,238,730) (500~1,791,500)

20174 501,260 173,857 457,157 157,714
= | (3,220~3,913,210) (1,000~3,009,700) (1,670~5,954,000) (500~2,483,200)

F JRol8S T AFERHNILST TS g o= BN

H e E 7oA hAE ALL47E 365 Y-S 239 AT 05F) 36547t JLet Aoz BATt T B

O ERIFd oj=n|et HYA e ogH|E

At Folmn

19 49, A=usRt

A7} BleEt R 2 Q=S H HWol AET AR Y.

(B 3-79

ZolzH| Hln

RELGHAE 24|

H-EF

opy

1218 Ho Eo|=H|

191y Ha Zo|=H|

& & (2l=H) X|E(ie) X|EAH(22H)
200744 2,307,003 298,025 2,203,160 275,018
= | (15,520~79,702,660) | (8,140~23,385,070) | (4,820~27,971,970) | (9,190~30,834,870)
201244 1,815,746 434,112 2,251,405 375,701
= | (9,700~10,727,130) | (5,770~27,983,120) | (5,940~17,093,420) | (5,770~24,544,920)
20174 2,535,374 601,029 3,104,593 509,326
= | (16,100~16,176,470) | (7,550~29,277,800) | (71,900~28,252,280) | (1,470~27,065,210)
YIZGHR 24| HIL S
SAY |10y mp FozH| | 191" Bz Fo=H| | 190 Bz FolzH| | 190Y Bz So=H|
REAU(UY) X|E4(2/2H) RESH(U) RIES(2l2H)
200744 2,307,003 302,855 2,437,990 277,378
= | (15,520~79,702,660) | (8,140~23,385,070) | (4,820~27,971,970) | (3,940~30,834,870)
201244 1,815,746 434,907 2,542,555 377,347
= | (9,700~10,727.130) | (4.290~27,983,120) | (5,940~17.093,420) | (4,290~24,544,920)
20174 2,535,374 604,412 3,296,913 512,876
= | (16,100~16,176,470) | (7,550~29,277,800) | (7,1900~28,252,280) | (1,470~27,065,210)
ZF JHolES T AFER@NILT TS o= BN

HleZof A 3T JALG7F 365282 23T BT 2F) 36597t ALg A

o N F BT
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O HZLIGHA 1M & 2M|2] LY Si=ks Ttefstl, Yt

o= gl

D Y5 w27
O gEnAEslet A= TLe] W22 AH gl A=A 14

92412 o= o g @ RS 93t Rl
Ak o} AZTFR} 24

(9547), G237 14| 5 AFGAK2,10678, BE && 59 £29)9] 73l

NEYRE 7|F0E FUYFGREY B2} AAN BHL WA

O 3R B8] Fo UEIHA 14 F BEAH1,204%)

SE2AIE HEAtE 2018.12.27., p.9).
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oo
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ot ©
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B oA 19989, 20019, 20044, 20079, 20104, 20134,
20169 T BESHIRHE AAIFoH, ZHHEESH A ol A =71t

SEEA (S vet A4 A7) o WA B8
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O 4= R

o

‘?:1

A= A

1

LN

HN
o

O HAA7E Hof AwE FAgho] EQMYE 4= jlou® 7]
S YR AA Qe PRS0 8T
- B4 i A= 1998¥(1997~1999%), 20011¥(2000~20024), 2004E
(2003~20054), 2007¥(2006~2008%), 2010%(2009~20119), 2013
H(2012~20144), 20161(2015~2017)
© MY R BEATE FEOHUE UM AR, BEATY
715584 /M7 199995 E olFx B4 i A 3d
(1997~19999)2] 4% FAZHEY 3 )—8— 712d%(1998Y) H¥ 14
A ol EEF o BRI ) Am(1999Y) ke S8
O o A= T 717 B9HZ 370Y) Yo & X ATk Jx4=& A
Fgoo, oAUt = S5 WAL
O &4 g4 AA) Qe T 7171 5 & A f13lo] Sl didA4= 49
glom, ol AwofA AFgoA] o2 A I AT D)L} ol OﬂEoﬂ
A AU GO R XZ ZehA] ok FH(Y HA AAFR)E =

e
2]

.

e
o

o
)
o :
ol
-

WE O F7PEE A Alole ATEIE 27] thEe] o)H Ak

ASleka AHEsl 8ot AYITE TR AFBIATE, o £

=

(R Tle)
ol
_>\i
>
(i

Ao A= EEo| Zol YK (population at risk)oll SFSHA] L= 7]
< WS Eno] ZoekE o A7e] vlEY 7FeAdol AUs= 115t
T 7 B5 AREoi A vl

- AE 1A T A M%ﬂwul

r[r
%
s
it
s
i
>

- AET 24 T AR O REESIAH]E BARGT} Ho]

Azro] Bobgds] M Ak2a}A] oFe.

14) AAG DHEZPIAYE o 28 20 9 o T L 2] dis) A
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- LCI=(sqrt(ZAEAA+1)-(1.96%0.5)) "2/ 71t 2P A4
- UCI=(sqrt(AAZBA+1)+(1.96%0.5))"2/ 7o &P~

2. £ Zu

7} BEI[oX} 1M 2 ZdH|

1) x| &

O o} T

O +uet 465542 AdE BATE g o= X4 14 F/9
RSP E 4hEtt éd‘ﬂr% ofFff o} £ ojuf o WA A=
AFBARE Al 2f't 24t AA] 1.

- 1998EE¥E 2016¥7}A] SIRo] 1Rt FH o (7|t TR S=HE L} A4
AAE7E H B2, 2007E5E 20169714 9] A= SAHC R (9|
Elis=s
* 20079R¥ 2016W7HA] AZDSHA}; 1A A2 LRt Aol H]s)

1.62H9014 3.34ul 7} o] o AR Ao = SRl
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(H 3-80) HZMGHRF 1Ml e TR 2f LAH|(1)

O 2o

T2 19984 20014 20044 20074 20104 20134 2016
HEU 49 55 53 71 63 48 43
7|chak 47.81 46.30 47.14 43.95 36.72 25.40 12.77
SIR 1.02 1.19 1.12 1.62 1.72 1.89 3.34
LCI 0.78 0.91 0.86 1.28 1.34 1.43 2.50
Ucl 1.36 1.55 1.47 2.04 2.20 2.51 4.54
O ?:1'- =194

1y ARATEA PEAAS S B RS AESHA 14 A

o] 2P EESPIAGH] AT ol ot e,

- SFATNA A A wloh HAEZPIA] AL
1998¥1%16] 2016¥1744] SIR®] 12} ZLou|(7]e] Wagxjsut A4
AAGTE H ), 20079RE 2016471419) $AE BAKRE §o

sge.

(B 3-81) EMGHA 1Al B TA 2 LHH|2)

= 19984 20014 2004 20074 20104 20134 20164
BEYY 49 55 53 71 63 48 43
7|tk 46.58 44.08 43.95 39.20 31.17 20.53 10.50

SIR 1.05 1.25 1.21 1.81 2.02 2.34 4.10

LCl 0.80 0.96 0.92 1.44 1.58 1.77 3.04

ucl 1.39 1.62 1.58 2.29 2.59 3.10 5.52

O & AEJFZA] AFGAITES: A QIS FZn|5)|=} 14] oAd9] 7 #=35}
HhAgH] Avl= ofef 1o} 72
- 200149%¥ 20169714 SIRC] 1Hth ZOom (7|t AR HT} AA) vt
AA}57) B W) 2004WUEE 20169719 3= EAFo R L 59
SHAS.
* 2004¥5E 2016WU7HA] LEZH52} 14] of/dS Lyt AFH o] v]s|
1.77800l141 3.618171=F o] o WAt Aoz &elsd.

-
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(H 3-82) HEMGHAL 1M O TIA| 2 ZhAH|(1)

= 19984 2001 2004 20074 20104 20134 20164
2E 15 17 33 28 30 30 18
L 17.33 16.87 17.18 15.85 13.68 9.54 4.98

SIR 0.87 1.01 1.92 1.77 2.19 3.15 3.61
LCl 0.53 0.63 1.37 1.22 1.54 2.21 2.29
ucl 1.43 1.62 2.70 2.56 3.13 4.50 5.72

F: ol AmoIA AP e A4S B B8
O & 9 AJATZA AFGALR) QFFAIAL =S A Q3 YZm| 3=} 14] oA
o] 7 EEslhAH| Avk= ofef 1o} -3
- AEJAFNA AFGAE AQARS wel THH EEoPAYE] gk
20019%E 201697HA] SIRO] 1Hth o7 ¥HX
AAZ=7L B W), 2004 9EE 20169719 3= EAFoR T
St

(H 3-83) HEMGHAL 1M O TIA| & LHAH|(2)

= 19984 20014 2004 20074 20104 20134 20164
BEY 15 17 33 28 30 30 18
7|tk 16.99 16.50 16.51 15.13 12.60 8.39 4.39
SIR 0.88 1.03 2.00 1.85 2.38 3.57 4.10
LCl 0.54 0.65 1.43 1.28 1.67 2.51 2.60
ucl 1.46 1.66 2.81 2.68 3.40 5.11 6.49
2) |O|'

O AdF=0lA PAks =& /ol Ertal Sy Hd £/(2018) A
A]

TolA 20174 71& AEFHsHA} 14014 FEEC] U AFE5 A%
airget, w98 DAY, o4d: aehel disl A EEsnE *PE

3 4B PP JYATE F A G0 ANTE BA U3t g, A
ARG AT ARATE BEINHRE.

O HZusi#} 14] @749 3%, 2001 95H 201687H4] 91 SIRO| 13X 31
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SUH | HPAEY A PRI H E), SAH L2 FofoHA] &

o

=

H 3-84) =LA 1M e 21 2t
= 1998 2001 20044 20074 | 20104 20134 2016
Y 7 15 11 10 7 7 4
7|tHz 11 10 10 8 6 4 2
SIR 0.63 1.44 1.13 1.19 1.08 1.73 2.20
LC 031 0.87 0.63 0.65 0.53 0.85 0.87
ucl 1.30 238 2.03 2.20 2.24 3.59 5.68

O Y37} 14] o432 2001 EHE 20169714 < SIRO] 1H T ZHoH(7]
off EAiRtE T AR A RtaeT ] @), o]F 201099 A= BAK L
2T {5t
- 20104 YZ1|5)7} 14] oA dL o] Lxt Ql- o] v]g] 2,388} o &

o] WA,

H 3-85) EEIHAL 14| O P LHH|

= 19984 20014 20044 20074 20104 20134 20164
ET 0 4 6 3 5 3 2
7|chak 3.71 3.38 3.08 2.60 2.10 1.35 0.65

SIR - 1.18 1.95 1.15 2.38 2.21 3.07

LCl - 0.47 0.90 0.40 1.03 0.77 0.87

UCl - 3.06 4.26 3.42 5.59 6.55 11.31

3) Tt

aEERE

O AZsAF 14| 9] 39, 1998, 20079~2016¥ 2] T SIRO] 15
o Z U HAARE T A BRI B BS), EAH 22 RSt

o=
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(B 3-86) EELIGHAL 1A Ed CHERS ZdH|

= 19984 2001 2004 20074 20104 20134 20164
2E 6 4 3 9 7 4 4
L 4.39 4.84 5.74 5.94 5.26 3.60 1.69

SIR 1.37 0.83 0.52 1.52 1.33 1.11 2.34
LCl 0.63 0.33 0.18 0.80 0.65 0.44 0.93
ucl 2.99 2.14 1.55 2.89 2.76 2.88 6.12

O Y=15#} 14] o342 19984, 20014, 2007¥~2013H9] A<t SIRO] 1
Hop Zom(7]d PR R AR DR B B), o1F 200799 4
A& BAHCEE FOl5H2.

- 2007 ¥E35iR; 14] o143 tigeto] ARt QI we] Hlsh 4.224) H

wol WA

(B 3-87) EFLGHAL 1A O CHERS ZdH|

= 19984 20014 2004 20074 20104 20134 2016
2EY 3 3 2 11 3 3 0
7|tk 2.20 2.38 2.71 2.61 2.32 1.67 0.89
SIR 1.36 1.26 0.74 4.22 1.29 1.80 -
LCl 0.47 0.44 0.21 2.37 0.45 0.62 -
ucl 4.03 3.74 2.72 7.57 3.83 5.33 -
4) MY

O HE3} 2HAg]

O Y=3A} 14 A9 2L, 19984, 2004W¥~2016E2] H < SIRe] 1Xt}
o7t TR R AA| ©AYR=TE B W), 20104 0]F9] $X]+=
SAAHCRE 3Ot 2.

- 20104 o]% L= afx} 14| G- HQo] Lt olt3Tto] H]5f 2.034)
oflA] 3.738715F © Ho] A3t
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(H 3-88) E=McHAt 1Ml 5 Y gidb|

= 19984 2001 2004 20074 20104 20134 20164
AU 12 10 13 12 15 12 10
L 10.38 10.25 10.16 9.10 7.38 5.26 2.68

SIR 1.16 0.98 1.28 1.32 2.03 2.28 3.73

LCl 0.66 0.53 0.75 0.76 1.24 1.31 2.03

ucl 2.03 1.80 2.19 2.31 3.36 3.99 6.88

O Y=E&A} 14 o442 1998, 2004, 2010, 2016 #H Y SIRO| 1Xch
O AR R AA AR =7} B W), o= BAIFCREE §9
Eiis=g
- 1998WRE 2016\97HA] YE A} 14| of/dS Hdo] Axt Ao
H]5} 2.6089| A WA= 10.60817HA] o Ero] ¥rAYSE

(B 3-89) HZELBHAT 1A i T 2dd]

= 19984 20014 2004 20074 2010 20134 2016
2EY 7 2 6 2 8 1 7
AL 2.25 2.23 2.31 2.13 1.87 1.30 0.66

SIR 3.11 0.90 2.60 0.94 4.27 0.77 10.60

LCl 1.52 0.25 1.20 0.27 2.18 0.14 5.17

ucl 6.45 3.30 5.70 3.45 8.46 4.40 21.97

O Y=E&7} 14 GAL 19984, 20044, 2007, 20134, 20169 AHAY
SIRO] 1E T} O (7|t EHA AR T AA| B R=7] ] W), BAZ O E

£ foatA] gk
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(H 3-90) HZLGHAL 14 g M 2|

= 19984 2001 2004 20074 20104 20134 20164
2E 4 2 5 7 4 6 3
L 1.98 2.32 3.49 4.38 4.36 3.11 1.68
SIR 2.02 0.86 1.43 1.60 0.92 1.93 1.78
LCl 0.80 0.24 0.62 0.78 0.36 0.89 0.62
ucl 5.22 3.17 3.37 3.31 2.37 4.23 5.28
6) FUL

O X3} Ay
O Y=457} 14] o4& 20014, 2004, 20104, 201349 849} STRo] 15
ot Z oYt YA E T AR RIS, BAF 2= 725}

A oFe.

(B 3-91) EFLEIAL 1A Od Rt ZdH|

= 19984 20014 2004 2007 2010 20134 2016
BEY 0 3 1 0 1 2 0
7|tk 0.75 0.75 0.71 0.68 0.56 0.41 0.23

SIR - 4.01 1.41 - 1.79 4.85 -
LCl - 1.41 0.37 - 0.34 1.37 -
ucl - 12.01 8.06 - 10.24 17.82 -
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rot
Hl
rg

IRZE MafA MEHEY o HASXISRTAL

Lt BIZIGHX} 24 2 Eredd]

1) A &

D EE5 I

O Ut F5EEAC

Y PYPASE vlFoE US| 24 P4

P RPN E 4RSS Adk= ofd 1ot T2
B4 At A4

AAE AT

ofuf g WA} SRHATE

o v .
- 20044, 20104, 201649 IRO] 12T o7 WA E Tt AA|
U7 B2), BAIACE = FookA] .
H3-92) EMBHRE 24| A FA| F 2hAH|(1)
= 19984 20014 20044 20074 20104 20134 20164
TRt 0 1 3 2 5 3 9
7|CHgk 1.05 1.49 2.19 3.29 4.85 6.10 6.81
SIR - 0.67 1.37 0.61 1.03 0.49 1.32
LCI - 0.13 0.47 0.17 0.45 0.17 0.70
UCl - 3.85 4.05 2.23 2.42 1.46 2.52
O & 238 AHRJFZA] AFGREQ} PRS- A Qg U=a] g2} 24] FA4]

of ZHEESPIAYH] ZIR: ol He} 22,
- flet uE7EA 2 2004, 20109
Tk A A5 E B8), SAEC.

(B 3-93) HEZFL[HAL 2M|

g TA &

24HI2)

, 201699 1X} %
= RoletA g8

O WA

7= 19984 2001 20044 20074 2010 20134 2016\
2T 0 1 3 2 5 3 9
L 1.03 1.47 2.16 3.19 4.65 5.81 6.76

SIR - 0.68 1.39 0.63 1.08 0.52 1.33

LCl - 0.13 0.48 0.18 0.46 0.18 0.70

ucl - 3.90 4.12 2.30 2.53 1.53 2.54
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O o 4 PATZA AYAENE AT Ao 24 o 52] R T}
] Z3e ofd E9t 28,
- 200193} 2004, 201099 SIRO] 1XE o FOoH (7o WA =Rt A

A DA BD), BAZHCZE 3951A] g2

(B 3-94) ZISHR 24 OA] R QF LrAlH|(1)
= 199844 20014 20044 20074 20104 20134 20164
TEZS 0 3 5 1 8 4 6
7|cHak 1.18 1.59 2.50 3.91 5.71 6.55 6.34
SIR - 1.89 2.00 0.26 1.40 0.61 0.95
LCI - 0.66 0.86 0.05 0.71 0.24 0.44
ucCl - 5.59 4.70 1.47 2.77 1.58 2.07
O & 23 AERJTZA] AFGRLQ} PIAYRE T A Qo Y=u] g2} 24| o4
o] 7 EEsEAIY] ATk= off Eo} 2.
- 200193} 20044, 20109, 2016499] SIRO] 1ET HOoK7 o] ¥R}
Ho} AR 9z B B2), BAIZACEE FookA] &
(H 3-95) YZISHK 2M| 0149 FR| 2 2HAUH|(2)
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