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* Energy

* Radiation: Low/High Energy Transfer
* Damage

*+ Space

+ Time

¢ Character

* Dose Index
* Average, Peak, Sum,

ChA 2k 7}
* Activity (Becquerel, Curie)

* Absorbed dose (Gray, Joule/Kg), S

- O
* physical energy = biological damage

2f
o

* Equivalent dose (Sievert, Joule/Kg), &7t
* Radiation weighting factor

+ different energy * weight = equivalent damage
* Effective dose (Sievert, Joule/Kg), S M &

* Tissue weighting factor
+ sum of different tissue damage = total detriment
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1sHA%
ICRP 26 (1977) |_ICRP60(1991) | ICRP103 (2007 #Ha}s10] 242
025 020 0.08

Breas 0.15 0.05 0.12
Red bone 0.12 0.12 0.12

:

[Cung | 0.12 0.12 0.12
0.03 0.05 0.04
0.03 0.01 0.01
[Colon | - 0.12 0.12
i — 003 004
Bladd - y 8
el o "
: 0.05 0.4
[Skim | - 0.01 0.01
- 001
- . "
Remainder 0.30% 0.05%* 0.12




LA 1 SFAOE 0| QM I MM WAL HUEH /Y
AZAAN MEESHA 7:” O| H SEA | 1
noTA T 2 l' — 25
* Table 3. Probability distributions? on
tritium doses from the ingestion of
HTO or OBT by adults and for the
foetus after maternal ingestion during
0, 0, 0,
Ago Fom 5% 0% 95% pregnancy®, Sv/Bq x 10e-11.
d a. Distributions on mean values for
Adult  HTO 2.1° 3.9 6.6 population groups.
OBT 39 8.7 20 b. Intake during pregnancy at 10 weeks
¢ after conception.
Foetus  HTO 3.7 176 14 ¢. Read as 2.1 x 10e-11 Sv/Bq . Note that
OBT 69 |78 40 the tabulated values should strictly be Gy
4 Ba/Bq*RBE since equivalent and effective
/ doses are calculated i using wR values to
represent RBE.
Qf H| Oko~3tf 2|1
lDCIR7:+X}f§|9| ég%i‘};ﬁgq : L/d. ICRP values are 1.8;€4.2;3.6;87.6.
O o3 O 2 Al +S0| MAIE

John Harrison, 2009 J. Radiol. Prot. 29 335
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* Are International Standards
Binding?

* No

* But in practice, they tend to for
countries seeking [AEA
assistance

* National Standards and
Regulations are based on BSS
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AA|HO 2 250 mvE
38 7|% (emergency

exposure dose limit)2 &%

Shojiro Yasui. J Occup Environ
Hyg 2015 12(4)

1931 1947 1977 1990

Year

=
TH LA 1Y 9 #F 55 3k 60,000Bg/L (540 HiES Z20] Tiot 22 S

c @8 HZAYOR Qloto] QERISHA Fee T FMIES BHL R ZAUAA
imSyd O|2tez 2o, TRUHUA 2 3372 YA TE7tsd SHA 4H
H7|20| 23 MFET 43o A% IE)2 oY #E0 Tk o 20%2 SYAE. OHE
SR SN2 ARZO A HY YEdts SAHI 7[NE7 |22 Qs SArYH O|0fA Chaat
20| TA| 5= CHB|9te] 210 9% 0.27} =5 4 45| 28 SHAIS HYAC

+ 1/60 (Cs 134) + 1/90 (Cs137) + 5/30 (Sr90)+1,500/60,000 (A F424) = 0.219
1

o 5 2HA RA YoM 22 182 37 HAY E7 R LF 40| 0.219mSv/H0 £,

1




2R 1 SFA0F 2@ REHE H MUF YA HUSY Aed

O A AN
T /IT
i CAND§7|TW1| AE;;I%ﬁﬁtli ) Mot
L 2t Xl (Ba/L)
FHLIC 18 18 7,000 0.1 mSv/y
EU 2 126 100 0.1 mSvfy
matc 0 4 30,000 0.5 mSv/y
[oES 0 0 76,103 1 mSvly
2 Al O} 0 31 7,700 0.1 mSv/y
A9A 0 5 10,000 0.1 mSv/y
0j= 0 103 740 0.04 mSv/y
WHO NA NA 10,000 0.1 mSv/y

ret

29 BN, 2020.6.23.

» LtCH wHo R R &2 3% 7|ZHE+E(ROY2Z 0.1 mSv/y H 8
RDL 1X10"'Su/y

" DCFXQ ™ 730L/yx 1.8x 10 S0/ By

'WH0°1|*1E“7| 212 28 ALHEHBAA NS S

9|2 100Bq/L H&(1008g/L 0| HEE ZS

=17,610Bg/L

Ok o
9.:*
(o]}
T
=
)
olr
ox,
njo
Rl
24

, S E 242 7| ZMELZ(RDLCE 0.5 mSv/y, 1 mSv/y K Ed
ICRP M ZFEHAOIRLTL OFH NCRP M ZF K| BHA|(1970H) 2748}

* 19913 |cRP MEF A 4= 0|8 T A Aot A1 004mSvéY01| OHl= 5= 253
7

Bo/LE H7tL[X| Tt HEMOZ 740Bg/L K2
* NRCE 2842 A2 5K Y= 42 1,1108g/L H "*R

rok

28 E1M,2020.6.23.
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* The current US limit is 740 Bqg/L, based on a maximum dose to the public of 40
USv per year from drinking water.

* Inthe US, the state of Colorado has set a stricter standafd for tritium in surface
water, of 18.5 Bg/L. The US state of California uses a/fimit of 15 Bg/L. Both are
based on a one-in-a million lifetime risk of a fatal caricer, which is the goal of
cleanup under the US Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA), more commonly known as the Superfund.

* The current Canadian Federal limit for tritiuny'corresponds to a risk of 350 excess
fatal cancers per million people. On the other hand, the Canadian Federal
drinking water objectives for chemicals afe set at levels that provide a lifetime risk
of 1-10 excess fatal cancers per million people. The primary reason for the
difference is that the excess cancers’predicted from radiation exposure are
calculated by assuming one year’s'consumption of drinking water: the lifetime risk
is calculated as if that year of consumption were the only consumption.

lan Fairlie. Tritium Hazard Report 2007 Greenpeace
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ICRP

* International Commission on Radiological Protection

* 1925 1°t International Congress of Radiology (ICR)
* 1928 2" |CR - IXRPC

* 1950 ICR in London - ICRP

* NGO (?)

16

UNSCEAR

* UN Scientific Committee on the Effects of Atomic Radiation

« UNSCEAR was established by the General Assembly of the
United Nations in 1955.

* [ts mandate in the United Nations system is to assess and
report levels and effects of exposure to ionizing radiation.

« Governments and organizations throughout the world rely
on the Committee's estimates as the scientific basis for
evaluating radiation risk and for establishing protective
measures.
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|AEA

* International Atomic Energy
Agency

* It was set up as the world
s 'Atoms for Peace"
organization in 1957 within
the United Nations family.

 THE IAEA MAIN PILLARS

@ SAFEGUARDS
(Verification of Peaceful Uses)

e  TECHNOLOGY
(Fostering the transference of)

® SAFETY .

UNSCEAR, ICRP, |AEA

Basic Scientific Studies

Scientific Evaluations (UNSCEAR, BEIR etc.) |

!
ICRP Recommendations

I’:;zio; :I (EAHIO 'IE(():I International Safety Industry Stand’
) & Topical (ILO, | | gyandards: Bss (IAEA| | (15O, IEC)
WHO, FAO) Stand's

National L. Demonstration
of Compliance

Regulations

UNSCEAR (*)‘ '

RADIATION EFFECTS /
STANDARDS
AT o (IAER)
ICRP(*)
PRINCIPLES AND
RECOMMENDATIONS

(*) United Nations Scientific Committee on the Effects of Atomic Radiation

, (") International Commission on Radiological Protection
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|AEA Review of Safety | a0t Crol
Related Aspects of Handling  ETEe=INS
ALPS-Treated Water at Ne|eo HEE

, o REREERIY
TEPGO’s Fukushima Daiichi ity

Nuclear Power Station J| 1o AE

— (4%t 22N,
Report 4: Review Mission to TEPGO and METI 2022.11.)

(November 2022)

Fundamental
Safety Principles

Jointly sponsored by
Ewatom FAO IAEA ILO IMO OECDINEA PAHO UNEP WHO

1000 R

IAEA WHO

Safety Fundamentals
No. SF-1

@MAEA

International Atomic Energy Agency
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3. SAFETYPRINCIPLES...........ccooiviiiiiiiiiiiiinns

Introduction (3.1-3.2) ...vovvvii
Principle 1: Responsibility for safety (3.3-3.7)................
Principle 2: Role of government (3.8-3.11)...................
Principle 3: Leadership and management for safety (3.12-3.17) .
Principle 4: Justification of facilities and activities (3.18-3.20). ..
Principle 5: Optimization of protection (3.21-3.24)............
Principle 6: Limitation of risks to individuals (3.25-3.26).......
Principle 7: Protection of present and future generations

(B27-329) i
Principle 8: Prevention of accidents (3.30-3.33)...............
Principle 9: Emergency preparedness and response (3.34-3.38) .
Principle 10: Protective actions to reduce existing or

unregulated radiation risks (3.39-3.40) ..................s

IL1. Crosscutting Requirements and Recommendations
(a) Overview

SF-1 (1] states the fundamental safety objective and ten associated safety principles, and briefly
describes their intent and purpose. The following safety principles are considered in the development
of requiremens applicable o discharges:

o Principle 1, Responsibility for safety: The prime responsibility for safety must rest with the
person or organization responsible for facilites and activiies that give rie to radiation rsks.

o Principle 5, Optimization of protection: Protection must be optimized to provide the
highest level of safety that can reasonably be achieved.

o Principle 6, Limitation of risks to individuals: Measures for controlling radiation risks must
ensure that no individual bears an unacceptable risk of harm,

o Principle 7, Protection of present and fafure generafions: People and the environment,

present and future, must be protected against radiation risks.

HEALA B0

o - O

+ Principle 4: Justification of
facilities and activities

* For facilities and activities to
to be considered justified,
the benefits that they yield
must outweigh the radiation
risks to which they give rise.
For the purposes 0
assessing benefit and risk, all
all significant consequences
of the operation of facilities
and the conduct of activities
have to be taken into
account. (IAEA)

5gs 2

N

=

=
=

0] 2A

* The principle of justification:
Any decision that alters the
radiation exposure situation

should do more good than
harm.

* This means that, by
introducing a new radiation
source, by reducing existing
exposure, or by reducing
the risk of potential
exposure, one should
achieve sufficient individual
or societal benefit to offset
the detriment it causes.

[WaYmYm\
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