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Radiation

T The emission and propagation of energy in the
form of rays

T Usually differentiate ionising and non -ionising

T lonisation: ability to strip electrons from atoms or

even break up the nucleus of an atom

+ Forms ionized particles
+ Breakage of molecules
+ Damage to DNA, etc.
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Research project:
Occupational Skin Diseases
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Summary (preliminary)

1 500 consecutive patients
+ Excluded children, etc. (n=150)

+ Remaining (n=350): consulted
16.6% (n=23) considers skin condition definitely work-related
110.6% (n=37) considers skin possibly work-related

+ Of these (n=60): sun exposure the hazard in 13.3%
+Most common diagnosis: malignancy

L|terature 70% of new skln cancer cases

caused by repeated exposure to sunllght ?
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Melanoma SCC
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TEmployers should implement a policy and
procedure on UV radiation on the
prevention and management of incidents
associated with working in sunlight.

TExposure guidelines for UVR

tInternational Commission on Non-lonizing
Radiation Protection (ICNIRP 2004)

+American Conference of Governmental
Industrial Hygienist (ACGIH 1992)
Threshold Limit Values may be used as
reference documents.
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6. MEDICAL SURVEILLANCE

6.1 Medical surveillance for UVR is mostly based on recognition of susceptible individuals,
and it must be kept in mind that the heath risk of UVR is cumulative.
Occupational health programmes for outdoor workers at risk from UVR exposure could
address the adverse effects of solar UV exposure.

6.2 Initial health evaluations and periodic medical examinations
6.2.1 History
6.2.2 Outdoor work and leisure activities, especially sport in open fields or water sports
6.2.3 Previous skin cancer or keratosis
6.2.4 Previous comeal and conjunctival disorders

6.3 Physical examination

Periodic medical examinations may be advisable at a 3 to 5 year interval if the individual is
highly susceptible to UVR and working in a known high-intensity solar UVR environment.

6.3.1 The examination should focus on the detection of signs of skin sensitivity to UVR such
as freckles or moles on the face, shoulders, arms, legs and trunk. Skin examinations

must include assessments of moles, keratpses and abnormal pigmentation.
6.3.2 All skin abnormalities must be referred for investigation.

6.3.3 Ocular examination must include a complete evaluation of the anterior segment of the
eye with emphasis on the observation of cataract, pterygium, droplet keratitis and

pingueculum.
6.3.4 Any current complaints concemning the eyes, eg photokeratitis, photoconjunchivitis,
damage to the comea, formation of cataracts and pterygia must be noted and

investigated.
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lonising radiation

TElectromagnetic radiation
+Gamma rays
+X-rays
t+(some UV radiation)

T Subatomic particles
+Alpha
+Beta
+Neutron

+Others (muons, mesons, positrons, etc.) = !



Alpha-emitters

T Californium
T Americium
T Plutonium
T Uranium
T Thorium




Beta emitters

1 Strontium-90

FTritium e
_»
tCarbon-14 . e

+Phosphorus-32 . f e
fNickel-63 *




Sources of gamma rays

t Radioactive sources
T Nuclear fission
TNeutron capture/ activation

TGamma rays from inelastic neutron
scafttering events '

TEtc.




X-rays

TWhenever charged particles (electrons or
lons) of sufficient energy hit a material, X-
rays are produced

Heated filament Electrons are accelerated

emits electrons by by high voltage
thermionic emission anode

cathode ; x-rays produced when
high speed electrons

% hit the metal target




1 metre of concrete
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Distinctions

T Purpose-built T Not purpose-built
facility with and no major
engineering controls in place
controls, shielding,
etc.

T Electrically T Sealed or unsealed
generated radioactive

materials
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Radiation protection

tShielding

TReduced exposure time

TDistance from source (inverse sguare)
T Containing the source

T Dilution (e.g. ventilation)
TPPE

o



Exposure monitoring

FArea monitoring in-line/ adjacent

T Personal monitoring




Area monitoring

Tlonisation chambers

T Geiger-Muller counters
T Scintillation instruments
T Proportional counters

T Semiconductors

T Etc.
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Exposure limits
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TAn effective dose of 20mSv/a, over 3
consecutive years and a maximum

effective dose of 50 mSv per year
ICRP/NNR dose limit (mSv p.a)

PARAMETERS WORKERS PUBLIC
Effective dose limit 20 1
Equivalent dose
Lens of eye 150 15
Area of skin 500 20
Extremities 500 50

-



Radioactive Sources In the

workplace

tMan-made
tMan-generated

TNORM (Naturally Occurring Radioactive
Material)

FTeNORM
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Examples of ionising
radiation in the workplace




Diagnostic & interventional
radiology



Mastrangelo G, Fedeli U, Fadda E, Giovanazzi A,
Scoizzato L, Saia B. Increased cancer risk among
surgeons in an orthopaedic hospital. Occup Med

(Lond ). 2005 Sep;55(6):498-500







Nuclear medicine



Radiotherapy



Radiation in mines

TAll rocks & solls contain uranium and
thorium (radioactive)

1[U-238] in Bushveld complex: 11-66 ppb
T Rietkuil (Beaufort West Area): 7,700 ppm

TDecay from uranium, etc. A£Radon (gas)
+Concentration highly dependent on ventilation









Source: SA Council for Geosciences


















Heavy sand mining

tzircon (ZrSiO,), ilmenite (FeTiO,) and
rutile (TiO,)

T 37KH 1DPDNZD 6DQGYV KHDY
deposit is by global scales of the largest In
Its class, boasting appreciable valuable
mineral resources that could potentially
sustain mining for several decades at
current production UDWHV’












Koeberg



Nuclear waste site



Americium & Beryllium:
Neutron Probe



Smoke detectors
(Americium)

~emitter



Military: nuclear weapons/
nuclear submarines/ etc.









Industrial radiography



Security



Mine security



X-ray fluorescence separator
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ICAO Annex 6

16 6.12 requires all airplanes intended to be
operated above 15,000m (49,000ft) to carry
equipment to measure and indicate continuously
the dose rate of total cosmic radiation being
received and the cumulative dose on each flight.

16 4.2.11.5 requires the operator to maintain
records of flights above 15,000m (49,000ft) so
that the total cosmic radiation dose received by
each crew member over a period of 12
consecutive months can be determined.



Occupational exposures &
radiation accidents

T Irradiation facilities

T Material testing (sealed sources)

T Material testing (X-ray devices)

T X-ray and radiotherapy devices

T Isotope production facilities

T Unsealed radionuclide in medical and research
T Nuclear reactors

T Transportation



National and International
Regulators of lonising Radiation



International organisations

T Internationa

Atomic Energy Association (IAEA)

+ World Health Organization (WHO)

T Internationa

Commission on Radiological

Protection (ICRP)

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

T International Radiation Protection Association

(IRPA)



National

T National Nuclear Regulator (NNR)

TDepartment of National Health (Directorate
of Radiation Control)

T Department of Energy






Legislation

TNuclear Energy Act
TNational Nuclear Regulator Act

TNational Radioactive Waste Disposal
Institute Act

tHazardous Substances Act

T(OHSA, MHSA, COIDA, LRA, EEA, BCEA,
etc.)



Department of Health

1"Group IV hazardous substance" means
radioactive material which is outside a
nuclear installation, and is not a material
which forms part of or is used or intended
to be used in the nuclear fuel cycle

Tmedical, scientific, agricultural, commercial
or industrial purposes (including their
radioactive waste)



Important documentation

T Requirements for Medical Surveillance and
Control of Persons Occupationally Exposed to

Radiation: Mining and Minerals Processing +

Requirement document (RD) 011

T Requirements for Medical and Psychological
Surveillance and Control at Koeberg Nuclear
Power Station xLicencing document (LD) 1077

T Training and Recognition of Appointed Medical
Practitioners *Regulatory Guide (RG) 0013




Appointment of OMPs

30 H G LpFdot@oners, with post-graduate
gualification in Occupational Medicine, who
have successfully completed the prescribed
training may be approved by the NNR as
Appointed Medical Practitioners (AMPs ~



lonising Radiation for
Appointed Medical
Practitioners
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IRAMP Modules

_egislation & licensing
onising radiation and risk mitigation
RISk perception and risk communication

Radiation effects

T Medical surveillance
T Managing overexposure and radiation effects

t
t
+

Record keeping
Radioactive waste management

Practical assignment



Some Issues of concern

TEvaluation of radiation exposure In
workplaces

TImplementation of control measures
T Post-employment medical surveillance



Questions/
Discussion



