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The Past

From a Successful History




o Novemper 1oYo, Wilhelm R(’jntgen
discovers “A New Kind of Rays”
(Uber eine neue Art von Strahlen)




February 24, 1896: Henri Becquerel

discovers of spontaneous radioactivity
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March 21, 1896 — Pioneer in record time:

The first Siemens x-ray tube with regulated vacuum patented

Eine neue Rdntgenlampe

mit regulirbarem Vacuum.

D. R. P. 91028,
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X-RAY

SPECS
o §10

An Hilarious
Optical IHlusion

Scientific optical principle really works. Imagine—you put
on the ‘‘X-Ray’’ Specs and hold your hand in front of you. You
seem to be able to look right through the flesh and see the
bones underneath. Look at your friend. Is that really his body
vou ‘‘see’’ under his clothes? Loads of laughs and fun at
parties. Send only $1 plus 25¢ shipping charges. Money Back
Guarantee.

HONOR HOUSE PRODUCTS CORP., Lynbrook, N.Y. Dept. 97XR02







DPANGERDUS OLD X-RAY.HACHINE
TOUGHON/OFF SCRIPTED :
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RADIUM THERAPY

The only scientific apparatus for the preparation of
radio-active water in the hospital or in the patient’s own
home.

This apparatus gives a high and measured dosage of
radio-active drinking water for the treatment of gout,
rheumatism, arthritis, neuralgia, sciatica, tabes dorsalis,
catarrh of the antrum and frontal sinus, arterio-sclerosis,
diabetes and glycosuria, and nephritis, as described in

Dr. Saubermann’s lecture before the
Roentgen Society, printed in this
number of the “ Archives.”

DESCRIPTION.

The perforated e« rthenware * ac-
tivator” in the glass jar contains an
insoluble preparation impregnated
with radium. It continuously emits
radium emanation at a fixed rate,
and keeps the water in the jar always

charged to a fixed and measure-
able strength, from 5,000 to
10,000 Maché units per litre
per diem.

MIFFLIRD aY

RADIUM LIMITED,

90, MORTIMER STREET, LONDON, W,

Tonshone W MaTIoe




EMANATION WATER

Drives Out Uric Acid

Suffering from too much uric acid and diseases caused
by faulty elimination— Rheumatism, Gout, Periodical
Headaches, Neuralgia, Constipation, Neurasthenia, Auto-
Intoxication and Lack of Bodily Vigor—quickly relieved
in a natural way without drugs or chemicals by our
new discovery

THE WAY TO MAKE

RADIUM WATER
IN YOUR OWN HOME

with our Rayode. A little device containing Radium
enough to supply 2,700 Mache Units of Radio-actjv-
ity, in two quarts of water every twenty-four hours,
for less than 10c aday. The Rayode will last a lifetime.

SEND FOR FREE LITERATURE

Tells how you can buy or rent a Rayode to make Radijum
Water in your own home, with your own ordinary drinking
water. Address:

THE COLORADO RADIUM PRODUCTS COMPANY
635 First National Bank Building Denver, Colo
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METHODE

THO-RADIA

EMBELLISSANTE PARCE QUE CURATIVE
X

DENTIFRICE

ThHO-RADIA

A BASE DE SELS DE THORIL™M

. FORMULE

M”40 Docteur Alfred CURIE

Astringent et bactéricide, |

sterilise ite buccale, evite

2y
mDat les gingivites, pre-
e

3 Carie et ies pyorrhees
| assainit  les
dans la bouche

¢ impressionde

conserve ['éclat

et nLegrite

Pas de joli sourire
sans de jolies denits

iClIl‘Zl LES PHARMACIENS EXCLUSIVEMENT



T T RN
IRadium Cosmetiques)|

~ . NOTHING LIKE THEM IN U. S. ,
| Face Lifting Without Plastic Surgery!

| Aimeray Radium Cosmetiques
I 507 5th Ave., New York City, N. Y. '

Do You Not Know ?
The Eyetome

‘ Iovenled by Dr. Fraacis
- TN King, wellskoown Ocalar

TR Munscie Rpecinlist, Is  wre-
lHeving all forms of Eye Troubles pnd doing away
with glassea o great numbers of cusen. Call or
write 09 Grant Bldg, Los Angeles, VA, JMS,




All these uses should certainly
have generated a lot of harm

Occupational protection did not
exist at that time!



But, concern for protection
was raised by the new

profession: radiologists!


















Thus, In 1928, they established the
International X-ray and Radium Protection Committee

Motive?: Occupational radiation protection (of radiologists)

5 December, 2014
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First ICRP meeting 1928 —

The ma{n mtentlon was protectingimedical staff practicing with'the sole radiations
being employed at that early time; namely X‘r?y_s and radium em§‘§“bns.




INTERNATIONAL RECOMMENDATIONS FOR X-RAY
AND RADIUM PROTECTION

on the proposal of the Radio-Physics Section adopted by the Second Inter-
national Congress of Radiology in Stockholm, July 27th, 1928




First International Recommendations
on Occupational Radiation Protection

The dangers of over-exposure to X-rays and radium can be
avoided by the provision of adequate protection and

suitable working conditions.

It Is the duty of those in charge of X-ray and radium

departments to ensure such conditions for their personnel.

The known effects to be guarded against are:

(a) Injuries to the superficial tissues;

(b) Derangements of;internal organs and changes in the blood.



The recommendations also reflected
the wide ignorance at the time

e ‘X-ray dep. should not be situated below ground-floor level!

e ‘All rooms should be provided with:

> windows affording good natural lighting and ready facilities for

admitting sunshine and fresh air whenever possible!

> adequate exhaust ventilation capable of renewing the air of the

room not less than 10 times an hour!

> alir inlets and outlets arranged to afford cross-wise ventilation’!

e ‘All rooms should preferably be decorated in light colours’!



ICRP




First recommendations of the current ICRP series

ICRP Publication 1 (1959)

Recommendations of

the International Commission on

Radiological Protection

ICRP defines Occupational exposure,

as follows:

(37) Exposure of an individual who
normally works in a controlled area

constitutes occupational exposure.

(71) A controlled area shall be established
where persons occupationally exposed could
receive doses in excess of 1.5 rems/year.



First recommendations of the current ICRP series

ICRP Publication 1 (1959)

Recommendations of

the International Commission on

(47) The maximum permissible total dose Radiological Protection
accumulated in the gonads, the blood-
forming organs and lenses of the eyes at
any age over 18 years shall be governed
by the relation
D = 5(N-- 18)

where D is tissue dose in rems and N is
age in years.




ICRP Publication 9 (1965)

‘Occupational Exposure’

(41)... occupational exposure
should now be considered to refer
to the radiation exposure received

by any worker in the course of his

work.




ICRP Publication 9 (1965)

RADIATION PROTECTION

‘Maximum permissible doses’

Recommendations of
the International Commission on
Radiological Protection
(Adopted September 17, 1963)

(56) The Maximum Permissible Doses reco
mended by the Commission are:
Gonads and red bone-

marrow (and, in the
case of uniform irradi-

iCRP PURLIGCATION 9

ation, the whole body) 5 rems in a year .

Skin ; thyroid; bone 30 rems in a year @
Hands and forearms; Lo RERGER PR SR
feet and ankles 75 rems in a year PERGAMON PRESS
All other oreans 15 rems 1n a vear g A S oyt v S

(70) The Maximum Permissible Doses that have been established for occupational exposure

are regarded as upper limits, and the doses may have to be individually monitored and
controlled to ensure that the Maximum Permissible Doses are not exceeded.




ICRP Publication 9 (1965)

‘First link between workers and public limits’

(72) The annual Dose Limits for members of Recommendations of

the International Commission on

Radiological Protection

the public shall be one-tenth of the Ulopted Sipsember 11/ 0
corresponding annual occupational

Maximum Permissible Doses




SUMMARY OF DOSE LIMITS FOR INDIVIDUALS

Maximum Per-
missible Doses
for adults
Organ or tissue | exposed in the | Dose Limits for
course of their | members of the|
work public

Gonads, red 5 rems 0-5 rem
bone-marrow in a year* in a year
Skin, bone, 30 rems 3 rems
thyroid in a year*® in a yearf
Hands and
forearms ; 75 rems 7-5 rems
feet and ankles | in a year® in a year

Other single I5 rems 1-5 rems
organs in a year*® in a year




ICRP Publication 9 (1965)

Recommendations of

Protection of women o e s A

Radiological Protection

. f:fh/:h-‘f Seple mber 17, 1963)

‘Women of reproductive capacity should be
occupationally employed only under conditions
where the dose to the abdomen is limited to 1.3
rems in a quarter, corresponding to 5 rems per
year delivered at an even rate.

Under these conditions, the dose to an embryo
during the critical first two months of
organogenesis would normally be less than 1
rem, a dose which the Commission considers

to be acceptable.



ICRP Publication 9 (1965)

Protection of pregnant women

Recommendations of

the International Commission on

Radiological Protection

When a pregnancy has been diagnosed, e )
arrangements should be made to ensure that
the exposure of the woman be such that the
dose to her foetus, accumulated during the
remaining period of the pregnancy, does not

exceed 1 rem.

Practical experience indicates that the dose to

the foetus during this period is usually

substantially less than 1 rem.



-

Recommendations of
the International Commaission on

Radiological Protection

1968
ICRE:Publication 10

Evaluation of Radiation Doses to Body

Tissues from Internal Contamination due
to Occupational Exposure

PERGAMON PRESS










Index of Harm

TaBLE 1. FATAL ACCIDENTS, MALES, UK., 1971
Manufacturing industries Construction

Deaths per Deaths per

No. employed No. of million per No. employed No. of million per

Age groups (thousands) deaths year (+.SE) (thousands) deaths year (+.SE)
15- 450 6 13+£5 117 7 60+23
20- 1330 36 27+4 340 45 132420
30- 1 200 52 4346 270 46 170.£25
40- I 300 62 48+ 6 240 26 108.£21
50- 1170 61 5247 200 43 215433
60- 460 23 49+ 10 90 16 180.+45
65- 140 6 43418 26 5 192.+86
All ages 6 050 246 41+3 1 280 188 147 £ 11

Mean age
(years) 40.1 43.3 33.0 40.9

Risk =0.4 104y - 1.5 104%y




Publication 26 (ICRP, 1977)

(60) For the purposes of radiation
protection involving individuals, the
Commission concludes that the
mortality risk factor for radiation-

induced cancers is about 102 Sv1, as an

average for both sexes and all ages.

Recommendations of the
International Commission on
Radiological Protection




Publication 26 (ICRP, 1977)

(96) The Commission believes that for the
foreseeable future a valid method for judging
the acceptability of the level of risk in
radiation work is by comparing this risk with
that for other occupations recognized as
having high standards of safety, which are
generally considered to be those in which the
average annual mortality due to occupational

hazards does not exceed 104

Recommendations of the
International Commission on
Radiological Protection




Publication 26 (ICRP, 1977)

(100) ..In the case of uniform exposure of
the whole body, in circumstances where
the Commission’s recommendations,
including the annual dose-equivalent
limit of 50 mSv, have been applied, the
distribution of the annual dose
equivalents in large occupational groups
has been shown very commonly to fit a
lognormal function, with an arithmetic
mean of about 5 mSyv, and with very few

values approaching the limit.

ICRF PUBLICATION 24

Recommendations of the
International Commission on
Radiological Protection




Publication 26 (ICRP, 1977)

(100) .. The application of the risk factors

given
(102 SvY) Recommendations of the
International Commission on
to the mean dose Radiological Protection

(5 mSvlyear)
indicates that the average risk in these
radiation occupations

(0.5 104/year)
Is comparable with the average risk in

other safe Industries

(104 /year)



Publication 26 (ICRP, 1977)

(117) ..... the level of acceptability for fatal

Recommendations of the
International Commission on
Radiological Protection

risks to the general public is an order of

magnitude lower than for occupational risks.




Statement from the 1987 Como Meeting of the ICRP.
Annals of the ICRP 17(4), i-v (1987).



ICRP Publication 60 (1991)

The new recommendations were

very detailed and still today are]|

widely used Iin many radiation

protection regulations, they |

addressed comprehensively the

control of occupational exposure.

occupational exposure is the
exposure incurred at work, and

principally as a result of work

‘Annals of'the ICRP

i
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Oxford « New York - Frankfurt - Seoul - Sydney : Tokyo
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1990 RECOMMENDATIONS OF THE ICRP

Table §-3. Nominal probability coefficients for stochastic effects

Detriment (10-2 v~ 1)!

Non-fatal Severe hereditary
Exposed population Fatal cancer? cancer effects

Adult workers 4.0 __ 0.8 0.8
Whole population 5.0 1.0 1.3

' Rounded values. N .
* For fatal cancer, the detriment is equal to the probability coefficient.

!

éAnnaIs of the ICRP

|

i
i

@

Pergamon Press
ford < New York - Frankfurt - Seoul - Sydney - Tokyo




Table $-4. Recommended dose limits’

Dose limat

Application Occupational
Effective dose 20 mSv per year,
averaged over defined

1'

periods of 5 years;

Annual equivalent dose in
the lens of the eye 150 mSv 15 mSv
the skin* 500 mSv
the hands and feet 500 mSv |

%Annals of the ICRP




ICRP Publication 75

General Principles for the Radiation Protection of Workers
Ann. ICRP 27 (1), 1997

General Principles for the Occupational exposure
Radiation Protection of _

Workers The exposure incurred at
work principally as a result

of work
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Annual occupational collective dose at NPPs

(normalized to unit electrical energy produced)

— — —
(8] oo o ra 4=
1 1 1 1 |

year electrical)

I

ra

Collective effective dose per unit electrical
energy produced (man Sv per gigawatt-

-

T ——
1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 2000-2002

Survey period



Natural sources

Man-made sources

__\WON\
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 Artificial
Hl Natural

Millions
exposed

30

20

10



IAEA




JAEA Statutory Functions

Under Article Ill.A.6 of its Statute, the IAEA is
authorized: “To establish... in collaboration with
the competent organs of the United Nations and
with the specialized agencies concerned,

standards of safety for protection of health..

Including such standards for labour

conditions, and to provide for the application of

these standards....at the request of a State, to any
of that State's activities in the field of atomic

energy.”



International Safety Standards




Long experience
1962: first
International

standards.

"
SAFETY (@’} SERIES

No.9

Basic Safety Standards
for

Radiation Protection

INTERNATIONAL ATOMIC ENERGY AGENCY
VIENNA, 1962




IAEA Basic Safety Standards
01962
01967
01982
01996
02011

safety series
Ne9

SAFETY STANDARDS
Radiation Protection and

Safety of Radiation Sources:
Basic Safety Standards o International Basic
for Radiation Protection ains! Safety Standards
1982 Edition " INTERIM EDITION

% @)




Safety Standards Hierarchy

Safety F@entals

Safety Requi&nts
i

S




|IAEA Safety Standards

for protecting people and the environment

Jointly sponsored by
Euratom FAO  |AEA

IMO  OECD/INEA PAHO UNEP WHO

£ P P g

» AEN (5 (e, frgh
Qe gf @ NEA 1,2 ‘N W3,
WHO

Safety Fundamentals
No. SF-1




A large corpus of
International

Safety Standards

IS avallable
t

;.3



SAYETY GUIDES




ILO




International Labour Organization

2[ERRY

¢4 ‘ e

S voE
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ILO Radiation Protection Convention No. 115 (1960)
Date of entry into force: 17.6.1962

Argentina 15.6.1978
Azerbaijan 19.5.1992
Barbados 8.5.1967
Belarus 26.2.1968
Belgium2.7.1965
Beliz 15.12.1983
Brazil 5.9.1966
Chile 14.10.1994
Czech Rep. 1.1.1993
Denmark 7.2.1974
Djibouti 3.8.1978
Ecuador 9.3.1970
Egypt 18.3.1964
Finland 16.10.1978
France 18.11.1971
Germany 26.9.1973

Ratifications:

Ghana 7.11.1961
Greece 4.6.1982
Guinea 12.12.1966
Guyana 8.6.1966
Hungary 8.6.1968
India 17.11.1975

lIragq 26.10.1962

ltaly 5.5.1971

Japan 31.7.1973
Kyrgyzstan 31.3.1992
Latvia 8.3.1993
Lebanon 6.12.1977
Luxembourg 8.4.2008
Mexico 19.10.1983
Netherlands 29.11.1966
Nicaragua 1.10.1981

Norway 17.6.1961
Paraguay 10.7.1967
Poland 23.12.1964
Portugal 17.3.1994
Russian Fed. 22.9.1967
Slovakia 1.1.1993
Spain 17.7.1962

Sri Lanka 18.6.1986
Sweden 12.4.1961
Switzerland 29.5.1963
Syrian A. R. 15.1.1964
Tajikistan 26.11.1993
Turkey 15.11.1968
Ukraine 19.6.1968
U.K. 9.3.1962
Uruguay 22.9.1992



2. The Present




New Recommendations




ISSN 0146-6453
Volume 37 Nos. 2-4 2007 ISBN 978-0-7020-3048-2

Annals of the ICRP

ICRP Publication 103

The 2007 Recommendations of the International
Commission on Radiological Protection




ICRP I‘R
Publication 103

peion 103

Las Recomendaciones
2007 de la Comisién Internacional
de Proteocién.Radiolég'ica

SAPLNEAN

ASOCHCIN TX PROREROCE T
o

, A Fundatia ,Hona Huubel®
Die Empfehlungen der in cotbonre (1

Internationalen Strahlenschutzkommission . R~ @ Iestitetul Ngwonal de CED pentru Foicd st ingnese Nudeard Hoeks Hulebe™ IANSHH
PORLCATION %3 [€ L4 O, (ICRP) von ZM7 g puing Sty Centirul e Pregitive @ Specializare in Domeniul Nuckaar

ICRP-Veraffentlichung 103
Recommandations 2007 Verabschiedet im Marz 2007

de la Commission

internationale de i Pubblicaziose ICRP 103 I = R ?
YeroMents ungEn oer

protection Nd'dog'que Internationalen Strahienschutzkommission

e O o T g LR A

s Dewsche Ausgabe herauspegeben vem Bundesams fr Svahienscrutz RACCOMANDAZIONI 2007 PUBLICATIA 103
04 ot TORF s Thiwry DELLA COMMISSIONE INTERNAZIONA )
PER LA PROTEZIONE RADIOLOGICA Recomandarile din anul 2007

? ale
Adattate dalla Commissione nel marzo 2007 . 120k 2 . . s
l‘i o - > Comisiei Internationale de Protectie Radiologica

[ ) . Teadvexee delia (CAP Padvoain 1S
Avoister Tow 07 Necovwemdaians of 1 Mo caa) Conmriane ot Padilaghal Prasmive
Avaa's af ahe JERE ko 1024, e

St 2010



New Standards




safety
series

<
{%} INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA, 1996

IAEA Safety Standards

for protecting people and the environment

Radiation Protection and
Safety of Radiation Sources:
International Basic

Safety Standards

INTERIM EDITION

General Safety Requirements Part 3

No. GSR Part 3 (Interim)

(&) 1aEA



IAEA
SAFETY
ANDAR

SERIES

Preparedness and
Response for a
Nuclear or Radiological
Emergency

JOINTLY SPONSORED BY
FAO, IAEA, ILO, OECD/NEA, PAHO, OCHA, WHO

OO LEIT@®®
REQUIREMENTS

No. GS-R-2

( INTERNATIONAL
ATOMIC ENERGY AGENCY
W #F VIENNA




The Future




There is nothing hew under
the sun, but there

Is something old we
do not know

~ Laurence J. Peter ~




& OCCUPATIONAL RADIATION

& PROTECTION:
PROTECTING WORKERS AGAINST

EXPOSURE TO IONIZING
RADIATION

Proceedings of an
International Conference,
Geneva, 26-30 August 2002




[OP PUBLISHING JOURNAL OF RADIOLOGICAL PROTECTION

J. Radiol. Prot. 33 (2013) 497-571 doi: 10. 1088/0952-4746/33/3/497

MEMORANDUM

Radiological protection issues arising during and after
the Fukushima nuclear reactor accident

Abel ] Gonzilez!, Makoto Akashi, John D Boice Jr,

Masamichi Chino*, Toshimitsu Homma*, Nobuhito Ishigure”,
Michiaki Kai®, Shizuyo Kusumi’, Jai-Ki Lee®, Hans-Georg Menzel”,
Ohtsura Niwa!’, Kazuo Sakai’, Wolfgang Weiss!!,

Shunichi Yamashita'"-!? and Yoshiharu Yonekura?!*




First challenge:

What occupational exposure IS?




BSS 105
e All exposures of workers

IAEA Glossary
e All exposure of workers

Incurred in the course of
their work, with the
exception of exposures
excluded from the
Standards and exposures
from practices or sources
exempted by the
Standards.

ICRP 103

All exposure incurred by
workers in the course of
their work, with the
exception of:

m excluded exposures and
exposures from exempt
activities involving radiation
Or exempt sources;

m any medical exposure; and

m the normal local natural
background radiation.

Incurred in the course of
their work, with the
exception of excluded
exposures and exposures
from exempt practices or
exempt sources.

NEVTRRISS)

Exposure of workers
iIncurred in the course of
their work.

New EC Directives

Exposure of workers,
apprentices and students,
Incurred in the course of
thelr work.



Scientific Issues




Some scientific iIssues

e Probability-dose relationship for tissue reactions.

e Inferring risks # Attributing effects!



Quantification iIssues




Quantities

e Physical
e Protection
e Operational

e Recording



Challenges

Protection, operational and recording quantities vary. Traceability?

Correct use of collective dose: collective dose per unit ‘goodness’.

(How to measure ‘goodness’ in work?)

Protection quantities defined for low doses: Applicability to accidents?

Can the effective dose be used for single organ exposure?



Issues on the radiation protection principles

N
occupational emergency exposure




Justification

Occupational

Benefit? Radiation
detriment
“f'::-r-h'__'-——w{)
= { ’L‘:."f‘
(;-ﬂ'



Justification In emergency exposures

he ethical dilemma:
e Teleology?

‘Mind the ends, which justify the means’
o)
e Deontology?

‘Not do unto others what they should not do unto you’



Optimization of protection







Restriction of Individual Doses




The logic of dose limits

-
-

Yes, we had a dose limit; but now,

because there was an accident, we do not have a
; limit any more: we have areference level, which is
en times higher! ,{»



Are the numerical ‘dose limits’ logical?

The ‘logical’ process:
The risk of ‘safe’ industries 0.4 104/y-1.5 104y
The radiation risk factor — 1%/Sv

1.
2.
3.

Result:
Occupational limit =50 mSv/y
Public limit (one order of magnitude lower) = 5mSv/y

Hiroshima reevaluation — risk = 5%/Sv

New limits:
Public = 1mSvl/y
Occupational = 20mSv/y 227



Protection of volunteers

(comforters and careers?)




Neither workers nor public

e Regulating exposure of

volunteers?

e Similarities with

comforters and careers?




Practical iIssues:

interventional radiology




2
)
=
LL]
L
7))







Practical iIssues:

radon




NOMINAL
RISK




Education and training




ILO Radiation Protection
Convention, 1960 (No. 115)

e Article 9 - 2.

All workers directly engaged in radiation work

SHE!

SUuc

| be adequately instructed, before and during

1 em

for their

nloyment, in the precautions to be taken

orotection, as regards their health and

safety, and the reasons therefor.



All those In favour of
accepting more robots?
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Employers versus regulations

| do not like to be
regulated!




Engaging workers and employers?

) ¢

International
Conference
on /
. Occupational
—  Radiation \
Protection?...

...in Vienna?

s o }
Ly F | }
> ? ‘ _ B / ¢

L T L




Some legal issues

e A (dose) limit that may be violated?
e From attributability to imputability.

e Who Is responsible?
m Government (multiple regulators)
m Licensee or registrant or ‘undertaker’

m Employer



Mismatch

ILO [Responsibility > EM ployer

|AEA [Responsibility > Licensee

Employer # Licensee



Institutional arrangements




\
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(1)

(2)

Epilogue

The IAEA and ILO, in co-operation with workers,

employers and with relevant organizations, should:

Convert the Vienna Statement into a renewed Action
Plan, which should reproduce the success of the

Geneva Action Plan.

Start the process of drafting a renewed Convention 105



Av. del Libertador 8250
Buenos Aires, Argentina

agonzalez@arn.gob.ar, abel_j_gonzalez@yahoo.com



