A sugarzas okozta rosszindulatu daganatok
elofordulasanak gyakorisaga




Figure 10.1. Marie Curie (seated) at work with
her daughter Irene. Both are thought to have
died of leukemia as a consequence of the radia-
tion exposure they received during their experi-
ments with radioactivity. (Courtesy of the Aus-
trian Radium Institute and the International

Atomic Energy Bulletin.)




Az ionizald sugarzas biologial hatasal

(a) Dose-response relationship for a sibchastic effect.
(b) Dose-response relationship or a8 non-siochastic effect.

Az LNT modell

Figure 1: (a) Dose-response relationship for a stochastic effect. (b)
Dose-response relationship for a deterministic effect.




Epidemiologial

Sugarserult populacidok tanulmanyozhatok

kontroll és sugarsérilt csoportok (cohort) 6sszehasonlito nyomon

kOvetésével

mar beteg egyének adatainak vissza kereseseével (eset tanulmany);
Sugarserilt populaciok

az atom tamadas tuléléi,

nuklearis és mas sugaras balesetek soran exponaltak,

orvosi beavatkozas kovetkezteben exponaltak,

termeészetes sugarforrasok hatasara exponaltak,

nuklearis munkahelyek dolgozdi;

A legtbbb adat nagy dozissal, nagy dozis teljesitmennyel, kis LET-tel
exponaltakbol szarmazik; néhany adat nagy LET értekl belsd expoziciobdl
van (a sugarzok lerakodasa a tidében, majban, csontban).




Epidemiologiall

Elenyész6 informacio all rendelkezésre:

Alacsony dozis teljesitményd kis dozisok: ahhoz, hogy egy spontan
20%-0s daganat el6fordulas 25%-ra valé emelkedéseét biztosan
kimutassuk (~1 Sv expozicio) > 1300 szemelyt kell nyomon kdvetni;
Kuls8, nagy LET ertékl expozicio kdvetkezményei (neutron) és
néhany radionuclid;

Esetleges modosito tenyezok szerepe, kildondsen ha kilonb6z6

populaciokat kell 6sszehasonlitani;

Magasabb hattér incidencia modositd hatasa; az additiv, vagy a
multiplikativ kockazati modell a jobb. Nagyobb-e a kockazat pl. az

europai nékben, akikben magasabb az emlérak gyakorisaga, mint
a japan nékben;

dohanyosok kockazata nagyobb-e, mint a nem-dohanyzoke (radon
expozicio)?




Az additiv és a multiplikativ kockazati
modellek

45 éves korban bekovetkezb 2 Gy expozicio hatasara
- Spontan kockazat : né az életkorral:

A sugarzas kockazata hosszu idd utan jelenik meg
(5-10 év)

r Additiv kockazati modell: a hattertél fuggetlen
alland6 kockazat.
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Figyelem: a multiplikativ modell szerint nagyobb a kockazat, de kés6bb
jelenik meg. Mas ok miatt veszeélyeztetett populaciokban (dohanyzas)
jobban ndveli a kockazatot mint az additiv modell.
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Tanulmanyozott populaciok

Méret (szeméely)

Populacio

Atombomba tuleléi:

Atom teszt:  Semipalatinsk/Altai
Marshall szigek

Nuklearis baleset: Csernobili elharitdo személyzet
Csernobili lakossag (>185 kBqg /m? 137Cs)

Cseljabinszki lakossag
Techa foly6 koruli lakossag

Orvosi beavatkozas: ankilotikus spondylitis
kis LET jod kezelés és terapia

cervix tumor kezelés

mellkas fluoroszkdpia

fej / timusz besugarzas

gyerekkori hemangioma kezelése

thorotrast angiografia

Ra-224 kezelés

Prenatalis expozicio (fetalis radiografia, atom bomba)

Foglalkozasi expozicio: nuklearis ipar dolgozéi (Japan, UK)
uran banyaszok
radium oralap festék
radiologusok

Természetes expozicio (kinai, EC és USA)

nagy LET

86 000
30 000
2 800

> 200 000
1 500 000

/70 000
26 000

14 000

~ 70 000
~ 80 000
64 000

9 000

14 000

4 200

2 800

6 000
115 000
21 000

2 500

10 000

néhany 100 000




Daganatkeletkezés az atomtamadas tulélGiben




TABLE 1
Number of Subjects by Radiation Dose and City

DS86 weighted colon dose (Sv)“

City Total  0(<0.005) 0.005-0.02 0.02-0.05  0.05-0.1  0.1-02  02-05  05-10 1020 220
Hiroshima Total 58,459 21,370 11,300 6847 5617 4504 5078 2177 1070 496
Added" 7037 47 3138 1916 1345 591 — — — —

Nagasaki Total 28,113 15,089 5621 2543 921 963 1230 1025 538 83
Added” 3499 258 1675 638 132 109 159 329 132 17

Total Total 86,572 36,459 16,921 9390 6538 5467 6308 3202 1608 679

“These categorics are defined using a weighting lactor of 10 Tor ncutrons.
e number of subjects for whom dosc estimates have become available since LSS-85; the totals include the added numbers,




Table 1. Cancer deaths between 1950 and 1990 among Life Span Study
survivors with significant exposures

Number of Estimated Attributable
cancer deaths excess deaths fraction

0.005-0.2 sv 3391 63 2% (=100x63/3391)

0.2-0.5 sSv 646 76




Leukemia deaths between 1950 and 1990 among LSS survivors with
significant exposures

Dose Number of Estimated excess Attributable
range leukemia deaths deaths fraction

0.005-0.2 Sv 70 10 14%(=100x10/70)

0.2-0.5 Sv 27 13 48%

0.5-1 Sv 23 17 74%
>1 Sv 56 47 84%

All 87 49%




. TABLE 1I1I
Solid Cancer Deaths by Age at Exposure and Observation Period

0-9
10-19
20-29
30-39
40-49

S50+

Total

Agc ATB

Observed

35
139
247
674

1400
1633

4128

1950-1975

Excess

4
15
20
33

2223

116

1976 -1985
Observed Excess Observed

89 10 103
282 28 241
310 23 259
653 29 361
720 22 250
169 4 13

1227

1986-1990

Excess

10
22
19
16
7
0

74

1950-1990

Observed Excess
227 24
662 66
816 62
1688 78
2370 72
1815 32
7578 334



TABLE VI
Leukemia Deaths by Age at Exposure and Observation Period

1950-1975 1976-1985 1986-1990
Age ATB Obscerved Excess Obscrved Excess Obscrved Excess
0-9 29 20 3 -3 3 -2
10-19 29 18 7 -2 7 |
20-29 21 12 8 1 3 -1
30-39 21 6 22 12 7 2
40-49 37 15 15 4 7 3
50+ 23 -1 6 2 1 0
Total 160 70 61 14 28 3

1950-1990
Obscerved Excess
35 15
43 17
32 12
50 20
59 22
30 1
249 87




Relativ mortalias kockazat, kulondomlo
intervallumokban az expozicid utan
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Becsllt sztochasztikus kockazat

RADIOBIOLOGY FOR THE RADIOLOGIST

TABLE 15.5. Risk Estimates for Cancer and Hereditary Effects
Detriment, 102 Sv!

Fatal Cancer Nonfatal Cancer Severe Hereditary Effects

0.8 0.8
1.0 1.3

Exposed Popuiation

Adult workers 4.0
Whole population 5.0
Data from International Commission on Radiation Units and Measurements: Recommendations. Report No.

60. New York, Pergamon Press, 1991.

1 Sv sugarexpozicié = 5 x 10% daganat

2 mSv/év munkahelyi expozicié = 1x104 daganat/év




Nem-daganatos kronikus megbetegedések gyakorisaga

keringési megbetegedesek
leguti megbetegedesek
emesztd rendszer megbetegedéseli




A csernobili baleset kovetkezményel

TOW OF PRIPYAT

Figure XlIl. Measured exposure rates in air on 26 April 1986 in the local area of the Chernobyl reactor.
Units of isalines are R ir”.




A csernobili baleset kovetkezményel

A baleset soran éerintett populacio

Average dose

Population catesory MNumber .
! = (mSv)

Liguidators (1986-1989) 600 000 -1 00
Evacuees from highly-contaminated zone (1986) 116 000 33
Residents of “strict-control” zones ( 1986-2005) 270 000 =5()
Residents of other ‘contaminated’ areas ( 1986-2005) 5 000 000 1020




Elnyelt dozis (J/kg; Gy)
Egyenértek dozis (Sv, sugarzas sulyozo tényezdi)

Effektiv dozis (Sv, a szdvetek sulyozo tényez6i)

LekOtott egyenertek dozis (Sv)

Lekotott effektiv dozis (Sv)

Kollektiv egyenérték dozis (szemely-Sv)

Kollektiv effektiv dozis (személy-Sv)




Table 10
Staff on site and emergency workers in initial hours of the accident
[K23]
. ) Emeargency workers
feszional group = o
Professional group Accident wimessas jar & a.m. on 26 April 1956)
Staff of the power plant (Units 1, 2. 3 and 4) 178 374
Construction workeers at Unifs 5 and § 268 -
Firemen 14° 10° 69
Guards 23 113
Staff of the local medical facility - 10
g  Asrived on the site of the accident at 1.27 am.

Arrived on the site of the accident at 1.35 am.
Excluding the accident victims. the ommbers of whom are grven in Table 11.

L T

A baleset utan 600 ember vett részt az elharitasi munkaban, vagy tartozkodott a helyszinen.




Table 11
Emergency workers with acute radiation sickness following the accident

[15]

Degres af Ranges MNumber of patients freated * MNumbar Number

acute radiation af dose af af
sickness (Gy) Moscow Eiev deaths © SUPVIVORS

Mild @ 0.8-2.1 ) 18 0 (0%) 41
Moderate (1) 22-41 6 1 (2%) 49
Severe (IIT) 42-6.4 ) 1 7 (32%) 15
Very severe av) 6.5-16 1 20 (95%) 1

Tital 0.5-16 26 28

a  Acute radiation sickness was not confirmed in a firther 103 treated workers.
& Percentage of treated patients in parentheses.

134 akut sugarsertulés, 28 aldozat




A kozvetlen liquidatorok mortalitasi adatai

Table 55

Deaths of survivors of acute radiation sickness during 1986-1998

[W5]

Year aof death

¥
[

Grade of acufe radiafion sickness

o

Diisease recovded and'or cause gf death

1987
1990
1992
1953

19935

II
II
III
I
II1
I
II
I

II
II

Lung gangrene

Coronary heart disease
Coronary heart disease
Coronary heart disease
Myelodysplastic syndrome
Lung tuberculosis

Liver cirrhosis

Fat embolism
Myelodysplastic syndrome
Liver cirrhosis

Acute myelodd lenkaemia




,Kesobi” liquidatorok effektiv dozisai

Table 16

Estimated effective doses from external irradiation received by recovery operation workers in the
30-km zone during 1986-1987

[125]

Number of workers Average dose (mSv) Collective dose {man Sv)

Group
1986 1987 1986 1987 1986 1987

Staff of nuclear power plant 2358 o 87 ] 210
Construction workers 21 500 37 82 25 1 760
Transport, security workers 31021 2 5 6.5 27 200
Military servicemen 61 762 7 6 800
Wotkers from other power plants

Annual total or average 116 641 109 601 17 7 8970

Total or average 226 242

Varhato daganatszam: ~600




Effektiv dozisok a baleset utan kozvetlenul evakualtak esetében

Table 23
Summary of estimated collective effective and thyroid doses to populations of areas evacuated in 1986

Belamus
Fussian Federation <
Ukraine a1 406 500 1 300

TR T R

g  Units: man Gy,

2800 szemely Sv; Varhato daganatszam: 100-200




A sugarszennyezett tertleten él6k adatai

Table 26
Distribution of the inhabitants in 1995 of areas contaminated by the Chernobyl accident
(K23, R11, V3]

T

a  For social and sconomic reasons, some of the populations living 0 areas contaminated below 37 kEBg m™ are also included.




Table 54

Distribution of the estimated total individual effective doses received by the populations of contaminated
areas, 1986-1995 (excluding thyroid dose)

X . Mumber gf persons in dose interval in
Dose interval .

(msv)

Belarus Russiam Federafion Lkraine Toral

-

133 053 155301 0 288 804
444 709 445 326 0 290 035
362 510 383334 26 100 771 944
221 068 258933 9% 900 37590
135 203 165 337 208 900 309 640
276605 317 251 440 400 1 034 056
163 015 156 925 367 300 G387 440
63 997 50010 09 100 213 107
32271 21 818 31 400 85 480
17 521 11 048 18 200 45 769
25 065 14 580 7700 T 345
5103 2079 400 2484
790 333 0 1123

Fo L b e
[ }
E (N R PP

LA
1

1 880912 1 983 37 1295 600 3 159 BB7




Kollektiv effektiv dozisok a sugarszennyezett tertileten él6k esetében

Talble 36

Summary of estimated collective effective doses to the populations of contaminated areas, 1986-1995
(excluding thyroid dose)

Collzefive affectve doze fman Sl

Fopulanion
Erermiai Tnrermal

Belarus [545]

1543514
235 505
o7 593

2 400
1945
1150

1380612

5504

Rus=zian Federation [B37, M17, 345]

5778 3008
20465 1183
2511 o0

9454 4591

Ukraine [Ldd]

Collective effective doze fman 5

Popiudanion
Exvarmiai Tnrermal

Fairel Lirbam / Lirban wral Uirban

B31 200 3006 300 3 o0 717
40 400 686 300 Tao 37 144
300 ]

922 =00 373100 3 1768

Osszlakossag: 5159487
Osszesen 42551 személy Sv; varhaté daganatszam: 1700




Leukémiak és szolid tumorok el6fordulasa

Table 65
Incidence of leukaemia and all cancer during 1993-1994 among recovery operation workers and residents

of contaminated areas
[C2]

Leukaemia cases © All cancer cazes © Btandardized incidence ratio (SIR)

Counir
Observed Expected Observed Expected Levukaemia All cancer

Recovery operation work

Belams A 4.5 102 Fi
g .

Buzzian Fedaration £ ) 440 ! 111
Ukraine , 3 3949 L 121

Residents of contaminated areas °

Eelarus 281 302 a /82 O 387 93
Fussian Federation 340 328 17 200 1a 300 104
egzine 302 562 22063 22 245 103

a ICDY codes: 204-208 (leukaenua) and 140-208 (21l cancer); expected cazes are for age- and sex-matched members of the general population.
Males whe worlked 1n the 30-km zone during 1986 and 1987

¢ Areas with 7 'Cs deposition density = 185 kBqm™.




Pajzsmirigy daganatok elofordulasa gyerekekben
a csernobili baleset utan
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Szlletesi rendellenessegek gyakorisaga

— — —_—
B = e
L L

prevalence p, 100 births

T " = | T

1953 1984 1958 1956 1957 19SS 1959 199%0 1¥9]1 1991 1993 1% 199%% 9% 1997 |%%F 1999
o~ pblasts with high rmdioauclide comtamination -« oblasts with low radionuclide contamination

FIG. 4. Prevalence at birth of congenital malformations in 4 oblasis of Belarus with high and low

levels of radionuclide contamination (Lasyuk et al., 1999).




Orvosi sugaras beavatkozasok kovetkezmenyel




Emlorak gyakorisag ékben gyakori fluoroscaps
vizsgalat utan
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Risks and Benefits
Decisions are not Always Easy




Example for Risk of Spontaneous Breast Cancer vs

Benefit of Annual Mammography
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Note actual values depend on specific factors: doses from type of equipment and
procedure, population, follow-up....

Estimated cumulative risk (/million) from

an annual radiograph




Pajzsmirigyrak sugarkezelt gyerekekben (ti
capitis)

pajzsmirigyrak
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A Kis dozisok biologial hatasal

Sample size needed to detect tumor induction
from radiation (S5% certainty)

Whole body dose Population size required for
the study

100 rem (1 Sv) 1,000

10 rem (100 mSv) 100.000

1 rem (10 mSv) 10,000,000

BEIR 1980




A kis dozisok bioldgiai hatasaira extrapolacioval kdvetkeztetlink

Epidemiological dat.la
b

RISK

Yexcess
Ccancers)

DOSE

{above background)

A jelenleg a linearis kiisz6bdozis nelkili modell az elfogadott




A Kis dozisu (< 100 mGy) sugarexpozicio lehet6segel

Hattérsugarzas: 1-3 mSv/év

DOzis korlatok:

Lakossag: 1 mSv/év
Sugaras munkahely: 100 mSv/ 5 ev

Nem vonatkozik az orvosi sugarexpoziciora




Kis dbzisu tulérzekenyséeg

=
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B
&
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L]

k. From Joiner &t al.
Dose (Gy) |




A classical dogma:
biological effects of exposure to radiation

Main target: DNA

Normal cell
® . Faithfully repaired
.
Radiation

I/L\@ < Cell death

. <:' .
Clonal mutations

o<:' )

Cancer

fixed damage and transmission to the progeny



Nem DNS célpontu hatasok

80 1

60 -

40 -

20 -
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2

1 1 1 t 1 1 1 1 0

4 8 12 16 20 24 28 32

0 2 4 6 & 10 12 14 16 18 20
NUMBER OF o PARTICLES NUMBER OF PARTICLES

Fig. 4. Cell survival and induced frequency of mutations in Ay cells in which the cytoplasm was irradiated with an exact number of o-particles from 2
precision microbeam irradiator. The background mutation {requency was 43 * 15 mutants per | 0° survivors. Data from Wu er al. (57).




A nem DNS célpontu valaszok alapvet6en befolyasolhatjak az
lonizalo sugarzas kdvetkezmeényeit a kis dozisok tartomanyaban

Increased risk?

1T

Mutational changes

1T
Untargeted Effects
Il

Cell death

_gs

Decreased risk?




A nem DNS celpontu hatasok

«Genom instabilitas
*Bystander hatas

*Adaptiv valasz ???




Genomic instability: Effects arise in the progeny

Non-clonal genetic damages and
long lasting genetic changes, e.q.

‘normal’ @(g :

Radiation
R
o<:.<: . )

Mutations
Transformation

Gene amplifications
Micronuclei

Delayed cell death
Apoptosis

Chromosome aberrations




BYSTANDER EFFECT

*Sejthalal
*Mutaciok
*Adaptacio




100

classical direct effect

Y% effect

bystander effect

0 radiation dose



ADAPTIVE RESPONSE

priming
dose

CsOkkenti a sugarhatas kévetkezmenyeit




Effektiv dozisok radiologiai vizsgalatoknal

TABLE 14.8. Typical Effective Doses to Adult Patients in the 1990s (United Kingdom)

amination /Dica ective Dose, mSv

Single Radiographs
Skull AP or PA 0.03
Skull LAT 0.01
Chest PA 0.02
Chest LAT 0.04
Thoracic spine AP 04
Thoracic spine LAT 0.3
Lumbar spine AP 0.7
Lumbar spine LAT 0.3
Lumbar spine LSJ 0.3
Abdomen AP 0.7
Pelvis AP 0.7

Complete Examinations
IVU (6 films) 2.5
Barium swallow (24 spot images, 106 s fluoro.) 1.5

Barium follow (4 spot images, 78 s fluoro.)
Barium enema (10 spot images, 137 s fluoro.)
CT head

CT chest

CT abdomen

CT pelvis

From Wall BF, Hart D: Revised radiation doses for Typical x-ray examinations [commentary]. Br
J Radiol 70:437—-439, 1997, with permission.




Effektiv dozisok gyerekben

TABLE 14.12. Computed Tomography Dosimetry Parameters for Three Age Groups
Undergoing Abdominal Examinations

Parameter <10y 11-18 y >18y

Section dose, mGy 23.7 + 4.1 . . 15.7 + 3.9

Energy imparted, mJ 72.1 + 24.4 ; . 234.7 + 89.4
Effective dose s 4 _ O

Table data are mean + SD.
Adapted from Wa




Radioldgiai vizsgalatok kollektiv effektiv dozisa

TABLE 14.15. Collective Effective Dose from Diagnostic Medical X-Rays: United States, 1980

Effective Thousands of Collective Effective
Examination Type Dose, mSv? Examinations Dose, person-Sv?

Computed tomography (head and body) 1.11 3,300 3,660
Chest 0.08 64,000 5,120
Skull 0.22 8,200 1,800
Cervical spine 0.20 5,100 1,020
Biliary 1.89 3,400 6,430
Lumbar spine 1.27 12,900 16,400
Upper gastrointestinal 2.44 7,600 18,500
Abdomen (kidneys, ureters, bladder) 0.56 7,900 4,420
Barium enema 4.06 4,900 19,900
Intravenous pyelogram 1.58 4,200 6,640
Pelvis 0.44 i

Hip 0.83 4,700 3,010
Extremities 0.01 45,000 450
Other ) (8,400) 4,200
Rounded total

a1 mSv = 100 mrem.
b1 person-Sv = 100 man-rem.

From Diagnostic Medical Radlatlon Report No 100 Bethesda MD NCRP 1989 with perm|SS|on

1 személy Sv — 0,04 daganat / év; 92000 személy Sv — 3680 daganat / ev
1 személy Sv — 0,006 6roklédé megbetegedes; - 552

de kevesebb mint az exponalt populacio 0,004%-a veszélyeztetett (179.600.000 vizsgalat/év)



Effektiv dozis CT

4%-a a radioldgiai diagnosztikanak, de az effektiv dozis

40%-aért felelbs.




Terhes n6k besugarzasa

0 - 2 het reszorpcio, daganat

2 — 8 hét szlletési rendellenességek (microcephalia), daganat keletkezés
8 — 15 hét microcephalia, mentalis retardacio, daganat

15 — 25 hét microcephalia, mentalis retardacio, daganat

25 — hét daganatkeletkezés

Microcephalia klisz6bdozisa 0,1 Gy




Daganat el6fordulas sugaras munkahelyen

dolgozdkban




TABLE I
Type of Activities Carried Out in the Facilities Included
in the Combined Analyscs during the Study Period

F’mlny
Hanford .

tuatant. punhcmion of plutonium
Rocky Flats  Plutonium weapons
ORNL" Research and development plant. reactors
Sellafield Nuclear reactors. replacement,

g waste treatment.

- fuel fabrication
AEAY
reactor processing
UK AWE? Weap research
Canada AECL® Nuclear reactor. H.\Ldlk.h and

Ly

Authority: A = Atomic Weapons Establishment: AEC Atomic
Energy of Canada Ltd.

TABLE 1V
Excess Relative Risk (ERR) Estimates per Sv,
90% Confidence Intervals (CI) and Relative
Risk (RR) Estimates at 100 mSyv for
All Cancers and Leukemias

Numberof ERR RR for 100 mSv
90% ClI vs ) mSv”

<

I\pn. of cancer deaths per:

.0.35) 1.00
\) 0.30) 0.99
021,47 116
(0.13,5.7)" 1.22
(<0.47.3) 0.91
(<0.79.4)" 0.91
(< ’1 49" 1.34
' 2,10

All cancers 3976 -0.0
Except leukemia 3830 -0.0
All leukemia 146
Except CLL 119
ALLY 11
CLLS 27
AML" 32
"ML 28

(
(0.2

(-
(-
(-

R RN

o”

D) o L — N
N NT

-—‘w‘uvfd'—
"

“Sce Methods.

"Simulated confidence intervals (sce Methods).

*ALL: acute lymphocytic leukemia; AML: acute mycloid leukemia:
CLL: chronic lymphocytic leukemia; CML: chronic myceloid leukemia.

‘L ower bound would lcad to ncgative relative risks in the low-dose

range (<500 mSv).
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Leukemias halalozas francia nuklearis letesitmények
kornyezetében

Szemelyév Leukemias haladlozas Standard mortalitas
x103 megfigyelt  vart arany %

Jellemz ok

Szex  Feérfi
NS

életkor 0-4
5-9°
10-14
15-19
20-24

tipus
Reprocessing
Mas
Tavolsag km <5
5-9.9
10-12,9
13-15.9

Ossz

2129
2003
816
862
871
859
124

1284
PASTIRS

460
1469

802
1401
4132

36
33
12
15
12
17
13

21
48

.
26

8
28
69

51.30
34.85
16.95
22.16
17.17
16.96
12.91

28.66
57.49

9.63
31.05
16.20
29.27
86.15

70
95
71
68
70
100
101

73
83
/3
84
49
96
80




A radon expozicio relativ kockazata beltéri expozicio
utan és banyaszokban

beltéri expozicio (eset tanulmany)
log-linearis illesztés beltéri exp.
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Table 5: Loss of life expectancy carrelated with various activities

Activity Days of life lost
- Being unmarried (male} 3500
Cigarette smoking 2250
Being unmarried (female) 1600
Being 30% overweight 1300
Working as coal miner 1100
Being 20% overweight 900
Less than Bth grade education 850
Stroke 520
Motor vehicle accidents 207
Accidents in home 23]
Diabetes 2
Average job-accidents 74
Drovwning 41
Job with radiation exposure 40
(5 mSv per year)
Background radiation 8
Coffee 3!
Oral contraceptives 4]
Diet drinks 2
Pap test —4
Smoke alarm in home ~10

Air bags in car —50




Osszefoglalas

«Jelenleg nincs arra vonatkozo bizonyiték, amely a sztochasztikus
sugarhatas linearis, kiisz6bdozis nelkuli modelljét érvénytelenné
tenné.

sSugarhatasra kialakuld6 mutacio nem egyenlé daganatképzé6déssel

A nem DNS célpontu hatasok modosithatjak az ionizalé sugarzas
biologiai kdvetkezmeényeit.




