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What is (ionising) radiation?What is (ionising) radiation?

• Ionising radiation is electromagnetic 
radiation or charged particles with the ability 
to remove electrons from atoms & 
molecules, i.e. ionise matter.

• Ionised atoms & molecules can cause 
chemical changes in materials

• Ionisation’s relevance:
– Main reason why radiation is hazardous;
– Basis of medical & industrial usefulness of 

radiation;
– Enables radiation to be detected.

Physical characteristics of radiationPhysical characteristics of radiation

Ionisation of a water molecule by charged 
particle radiation



Electromagnetic Spectrum



Different types of radiationDifferent types of radiation

Physical characteristics of radiationPhysical characteristics of radiation

Radiation 
name

Physical type
Electrical 

charge
Origin

Typical 
range in 

air

Typical 
range in 
tissue

Alpha
Charged subatomic 

particle
+2

Radioactive matter

1 – 2 cm 0.04 mm

Beta
Charged subatomic 

particle
-1 Up to 3 m 5 mm

Gamma
Ultra-high frequency 

electromagnetic 
radiation

0 Very large
Through 

body

Fast neutron
Uncharged subatomic 

particle
0

Neutron sources; 
Nuclear reactors; 

Particle 
accelerators

Very large
Through 

body

X-rays

Ultra-high frequency 
electromagnetic 

radiation
0

Electronic 
apparatus 

(X-ray machines)
Very large

Through 
body



Different types of radiationDifferent types of radiation
The penetrating powers of radiationThe penetrating powers of radiation

Physical characteristics of radiationPhysical characteristics of radiation



External and Internal HazardsExternal and Internal Hazards

Basic  Exposure ScenariosBasic  Exposure Scenarios

• External radiation hazard: Any source of radiation 
located outside the body that emits radiation with 
the ability to penetrate into living tissue . 

• Internal radiation hazard: Radioactive material that 
can or actually does get inside the body .



Internal exposure: Intake pathwaysInternal exposure: Intake pathways

Basic  Exposure ScenariosBasic  Exposure Scenarios



Internal exposure: Intake pathwaysInternal exposure: Intake pathways

• Small quantities of radioactive material (insignifi cant 
external hazard) can cause a much larger dose if it  comes 
into direct contact with the eye or skin or worse, if gets 
inside the body.

• Once contamination has entered the body, it will co ntinue 
to irradiate the body until either the radioactivit y has 
decayed or until the body has excreted the contamin ation.

• Contamination can enter the body via: 
– Inhalation: contamination is breathed in along with air;
– Ingestion: contamination is swallowed, e.g. licking contaminat ed lips, 

eating with contaminated hands

• Absorption: contamination enters the body through intact 
skin;

• Entry through wounds:
– Penetration: contamination is enter through existing wounds 

which are not adequately covered
– Injection: contamination enter by force through wounds 

caused by contaminated objects on the job

Basic  Exposure ScenariosBasic  Exposure Scenarios



• Decay: Radionuclide emits a particle/wave
• Activity: How “active” a source is.

– Becquerel [Bq]: Decays (Disintegrations) per 
second; (Curie – Ci)

• Half Life: Time to half the activity
– Short/Long (seconds vs millions of years)

• Dose: Measure of the biological effect of 
radiation [Sieverts – Sv; Rem, Rad]

TerminologyTerminology



Contamination vs Radiation

Radiation and Contamination are often 
confused. 
Radiation is energy, while contamination is 
the physical presence of a radioactive 
material on something. 
So, you may have contamination on your 
shoe, but not radiation.



He’s grown a food since I saw him last



Monitoring Individual ExposureMonitoring Individual Exposure
External exposureExternal exposure

Measuring RadiationMeasuring Radiation

• Dosemeters measure doses at defined depths and positions on the 
body. 

– The personal dose equivalent at 10 mm depth, Hp(10), is used to 
estimate effective dose.

– Hp(0.07) is used to estimate the equivalent dose to skin and 
extremities. 

• Measured doses (in mSv or µSv) are compared with dose limits.



Monitoring Individual ExposureMonitoring Individual Exposure
Examples of personal dosemeters for external exposu reExamples of personal dosemeters for external exposu re

Measuring RadiationMeasuring Radiation

Thermoluminescent Dosemeter 
(TLD)

Electronic Personal Dosemeter 
(EPD)



Measurement of Individual DoseMeasurement of Individual Dose
Internal exposureInternal exposure

Measuring radiationMeasuring radiation

• Radioisotopes have been inhaled, ingested 
or absorbed through wounds or intact skin. 

• Physiochemical form of a radionuclide 
determines its uptake/movement inside body

• Some quickly excreted, others distributed in 
the body or concentrates in specific organs/ 
tissues & may be retained for months to 
years.



Measurement of Individual DoseMeasurement of Individual Dose
Examples: Internal exposure determinationsExamples: Internal exposure determinations

Measuring radiationMeasuring radiation

• In Vitro: Biological monitoring – analysis of urine 
and faeces excreted

• In Vivo counting – Activity emitted from body
• Personal air samplers – Monitoring airborne 

particles
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Workplace surveillanceWorkplace surveillance
External hazard: Dose rateExternal hazard: Dose rate

Measuring radiationMeasuring radiation

• Quantifies external radiation hazard
• Types of monitoring: 

– Routine: Verify status
– Task-related: Assess hazard associated with a task
– Special: Following incident; special investigations

• Examples of multi-range dose rate meters



Workplace surveillanceWorkplace surveillance
Internal hazard: Surface contaminationInternal hazard: Surface contamination

Measuring radiationMeasuring radiation

• Quantifies potential internal radiation hazard
• Types of monitoring: 

– Routine: Verify status
– Task-related: Assess hazard associated with a task
– Special: Following incident; special investigations

• Indirect method: Smear sample – removable contamination only
• Example of surface contamination meter (total surface 

contamination):



Workplace surveillanceWorkplace surveillance
Internal hazard: Airborne contaminationInternal hazard: Airborne contamination

Measuring radiationMeasuring radiation

• Primarily by air sample – filter removed & counted
• Area sampling and/or Personal (breathing zone) 

sampling



Influence of radiation on the human bodyInfluence of radiation on the human body
Biological basis for radiation effectsBiological basis for radiation effects

Influence of radiation on the human bodyInfluence of radiation on the human body



• Damage may change coded information in the cell 
nucleus, disrupt cell’s chemistry and function. 

• Natural mechanisms can identify & repair limited 
damage to improve the cell’s chance of survival.

• Incorrect or incomplete repairs may affect cell’s 
longer term viability or performance.

• Possible outcomes:
– Repair
– Delayed or disrupted reproduction
– Dysfunction
– Cell death

Influence of radiation on the human bodyInfluence of radiation on the human body

Influence of radiation on the human bodyInfluence of radiation on the human body
Cellular outcomesCellular outcomes



1) Mutation repaired

2) Cell dies

3) Dysfunctional Repair



Influence of radiation on the human bodyInfluence of radiation on the human body
Deterministic effects: Threshold dosesDeterministic effects: Threshold doses

Influence of radiation on the human bodyInfluence of radiation on the human body
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EFFECT: Relative

Threshold effects with passing symptoms

Annual dose limit for workers 0,02 Sv 
(20mSv)
(Man) Annual dose limit for Public 

0,001 Sv (1 mSv)
(Brick)

Life threatening dose (acute> 3 Sv = 3000 mSv)



Influence of radiation on the human bodyInfluence of radiation on the human body
Deterministic effects: ExamplesDeterministic effects: Examples

• Blistering of the right hand caused by 
overexposure after handling a sealed source 

Influence of radiation on the human bodyInfluence of radiation on the human body



Legislation relevant to radiationLegislation relevant to radiation
OverviewOverview

• Occupational Health & Safety Act (No. 85 of 1993), as amended
– Obligates employers to identify & measure all health & safety hazards in 

the workplace and eliminate or mitigate them and pr ovide for precautionary 
measures;

• Hazardous Substances Act (No. 15 of 1973)
– Defines electronic machines generating ionising rad iation as Group III 

hazardous substances & fabricated radioisotopes abo ve a certain strength 
as Group IV hazardous substances;

• National Nuclear Regulator Act (No. 47 0f 1999)
– Provides for regulation of the nuclear industry by means safety standards 

and regulatory practices, including the promulgatio n of specific
regulations.

Legislative aspectsLegislative aspects



Control of radiationControl of radiation

• Radiation protection involves using appropriate mea ns to restrict actual or  
potential exposure.

• External exposure is reduced by maximising shielding and dis tance from sources 
of radiation and reducing exposure time.

• Internal exposure is reduced by preventing or limiting intak es by eliminating or 
controlling loose and airborne contamination.

• Hierarchy of control may involve:
– Engineering controls such as the effective application of distance and 

shielding to restrict external exposure and suitable containment to prevent the 
spread of unsealed radioactive materials;

– Administrative controls such as documented procedures , good working 
practices, adequate supervision and restricted expo sure times ; and

– Using personal protective equipment including suitable clothing such as 
laboratory wear and industrial suits to protect aga inst body contamination and 
devices such as respiratory protective equipment to prevent/reduce inhalation 
of airborne contamination and lead aprons for work with low energy X rays, 
where appropriate

Control of radiationControl of radiation
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Time
Minimize time spent near radiation sources

Reducing External ExposureReducing External Exposure

Distance
Maintain maximum distance 
from radiation source

Shielding
Place radioactive sources in a lead 
container
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Dust  filters

Self  contained  breathing  apparatus
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Control of RadiationControl of Radiation
Engineering controls: ExamplesEngineering controls: Examples

Protection against the external hazard:
• Shielding: Structural (e.g. walls) or part of equipment 

(e.g. containers,  collimators or shutters) or spec ial 
work enclosures (e.g. hot cells)

• Interlocks: Automatically shuts off radiation beam 
when door/panel is opened

• Special handling equipment : Remote manipulator 
arms, winding mechanisms, special tools, etc.

Protection against the internal hazard:
• Ventilation: Fume cupboards or area extraction 

ventilation
• Containment: Glove boxes

Control of radiationControl of radiation



Control of radiationControl of radiation
Administrative controls: ExampleAdministrative controls: Example

• Comprehensive RP programme addressing policy on 
matters like
– Responsibilities
– Workplace, personnel & medical surveillance
– Waste Management, QA, etc.

• Safe Work Procedures
• Dust Control
• House rules , such as

– Report spillages of radioactive material
– Do not eat, drink or smoke in contamination areas
– Follow proper PPE dressing and undressing procedure s
– Monitor hand, feet, clothes and tools when leaving a 

contamination area, etc.

• Training of personnel in RP safety and house rules
Control of radiationControl of radiation



Control of radiationControl of radiation
PPE: ExamplesPPE: Examples

Protection against the external hazard:
• Skin dose: PVC gloves and can offer limited protection against  relatively 

low energy beta radiation
• Eye dose: Glasses and ordinary protective eyewear (goggles & face 

shields) offer protection against beta radiation
• Special handling equipment : Remote manipulator arms, winding 

mechanisms, special tools, etc.
Protection against the internal hazard:
• Low levels of surface contamination: Ordinary lab coat or overalls, 

overshoes, and PVC or latex gloves as appropriate f or specific tasks & 
conditions

• Higher levels of surface contamination: Seal openings & zips, double-
gloves; separate sets of clothing

• Substantial airborne contamination: Increasing level of RPE ranging from 
half-face mask with filter  to full-face, to air-su pplied air hoods, half-air 
suits or full air suits, or even SCBAs

Control of radiationControl of radiation
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Internal (K-40) 0.4 mSv

My Girlfriend is Hot !!



Medical surveillanceMedical surveillance

• Employees should be medically examined prior to employment
involving work with ionizing radiations.

• Thereafter their medical fitness should be reviewed  at periodic
intervals (usually annually). 

• Primary purpose:  To assess the initial and continuing fitness of 
workers for their intended tasks. 

• It should however be rare for the radiation component of the working 
environment to significantly influence the decision about the fitness of 
a worker to undertake work with radiation, or to in fluence the general 
conditions of employment.

• Main objectives of the medical surveillance are:
– to assess the health of the workers,
– to determine the fitness of the worker for tasks ex pected to be 

undertaken, and
– to provide a baseline information useful in the cas e of accidental 

exposure.

Control of radiationControl of radiation



Medical surveillanceMedical surveillance

• Depending on the type of work & state of health of the worker, 
three situations may require special medical examinati on. 
These are:
– where the work involves potential exposure to airborne  

radioactive material and it is necessary to assess an  
individual’s fitness to wear protective respiratory equipment
in some areas, verification of lung function will be essential;

– where the work involves potential skin contamination  and it 
is necessary to assess an individual’s skin condition for 
disease or damage that could either be exacerbated by 
contamination, accelerate absorption or preclude the 
wearing of necessary personal protective clothing ; and

– where the work is such that employees with psychological 
disorders may be a hazard to either themselves and/or their 
colleagues .

Control of radiationControl of radiation



System of Radiation ProtectionSystem of Radiation Protection
The primary aim of protection and safety is to 
provide an appropriate standard of protection 

and safety for humans without unduly limiting the 
benefits of practices.

Guiding Principles:
Justification of practices, Optimization of 

protection, Dose limitation



“No practice involving exposures to radiation 
should be adopted unless it produces 
sufficient benefit to the exposed 
individuals or to society to offset the 
radiation detriment it causes. (The 
justification of a practice)”.

Some practices are not justified in terms of radiat ion 
protection because they result in frivolous exposur e.

JustificationJustification



• Early consumer products:
– Radium shoe liners

– Radium face cream
– Radon “sparklets” bulbs to produce radon 

water
– Glow in the dark products
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Bizarre claims were made
• An x-ray image of a bone projected onto the 

brain of a dog would make the dog salivate;  
• X-ray baths supposedly cured blindness 

and criminality; 
• Beauty parlors used x rays to remove 

unwanted hair;
• Leaded undergarments were sold to protect 

the modesty of girls.



Dose LimitationDose Limitation

For justified practices, other than those 
involving medical exposures, restrictions 
on the dose that an individual may incur 
(dose limits) shall be imposed to ensure 
that no person be subject to an 
unacceptable risk attributable to radiation 
exposure.



Dose Limits for Occupational ExposureDose Limits for Occupational Exposure

Exposure limitsExposure limits

PART OF BODY DOSE LIMIT

Whole body Average 20 mSv per year (averaged over 5 years); a 
maximum of 50 mSv in any single year

Lens of the eye 150 mSv per year

Skin 500 mSv per year (averaged over any 1cm2 regardless of 
area exposed)

Hands &  Feet 500 mSv per year

Abdomen of pregnant female* 2 mSv for the rest of the pregnancy after worker declared 
it to employer



Dose Limits for Public ExposureDose Limits for Public Exposure

Exposure limitsExposure limits

APPLICATION DOSE LIMIT

General public 1 mSv per year effective dose 
(whole body)

Dose Constraint 250 uSv/yr



EFFECT: Relative

Threshold effects with passing symptoms

Annual dose limit for workers 0,02 Sv 
(20mSv)
(Man) Annual dose limit for Public 

0,001 Sv (1 mSv)
(Brick)

Life threatening dose (acute> 3 Sv = 3000 mSv)



OptimisationOptimisation

Practices should be optimised during 
design to ensure as low as possible 
exposure (Economical factors considered)

Practices should be continually monitored 
for improvements (reduce exposures)



The radiation protection programme 
should be established and managed 
together with other health and safety 

disciplines.



Questions?Questions?

Thank youThank you

Slides, pictures and information from 
colleagues and various internet sites


