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“Risk assessment of laboratory activities: working safely in the laboratory”  



Radioactivity 

Atoms are not all stable. The excess energy contained in an unstable atom is released in 

one of a few basic particles and energetic waves.  



Radioactivity 



Radioactivity 

 Activity: disintegration atoms numbers per second. (Bq) 

The amount of radiation is measured in units of Becquerel. One Becquerel is the radiation 

caused by one decay per second. 

 Dose: average energy deposited in mass (J/kg = Gray). 

A radiation dose describes the health hazard caused by radiation. Its unit is called sievert (Sv). 

The dose is often given in thousandths of Sieverts, i.e. milliSieverts (mSv), or in millionths, i.e. 

microSieverts (µSv) 

Ionizing radiation has sufficient energy to cause chemical changes in cells and damage them. Some 
cells may die or become abnormal, either temporarily or permanently. By damaging the genetic 
material (DNA) contained in the body’s cells, radiation can cause cancer. Fortunately, our bodies are 
extremely efficient at repairing cell damage. The extent of the damage to the cells depends upon the 
amount and duration of the exposure, as well as the organs exposed 



Radioactivity: Risk 

Radiation can damage living tissue by changing 
cell structure and damaging DNA. The amount of 
damage depends upon the type of radiation, its 
energy and the total amount of radiation 
absorbed. Also, some cells are more sensitive to 
radiation. Because damage is at the cellular level, 
the effect from small or even moderate exposure 
may not be noticeable. Most cellular damage is 
repaired. Some cells, however, may not recover as 
well as others and could become cancerous. 
Radiation also can kill cells 

Radiation damage to tissue and/or organs 
depends on the dose of radiation received, or the 
absorbed dose which is expressed in a unit called 
the gray (Gy). The potential damage from an 
absorbed dose depends on the type of radiation 
and the sensitivity of different tissues and 
organs.  



Radioactivity: sources of ionizing radiation 

Average 3,0 mSv/year  



Artificial radioactivity 

Energy Production 

Nuclear accidents 

Medical use 
Industrial, analytical  and research use 

Various types of equipment dedicated to the different types of analyzes, controls and 
measures that use the properties of ionizing radiation  

War use 



Natural Radioactivity 

Primordial Radionuclides 

Uranium series- Thorium series - Actinium Series 

Potassium 

K-40 

Cosmogenic 

Radionuclides 



Natural Radioactivity 

NORM 
Naturally Occurring Radioactive Materials 

TENORM 
Technologically Enhanced 

Naturally Occurring Radioactive Materials 



Radioactivity: exposure mode 

Radioactive source outside the body Radioactive source inside the body 



Radioactivity: exposure mode 

Radioactive source outside the body 

Radioactive source inside the body 

Internal exposure to ionizing radiation occurs 
when a radionuclide is inhaled, ingested or 
otherwise enters into the bloodstream (for 
example, by injection or through wounds). 
Internal exposure stops when the radionuclide 
is eliminated from the body, either 
spontaneously (such as through excreta) or as a 
result of a treatment. 

External exposure may occur when airborne 
radioactive material (such as dust, liquid, or 
aerosols) is deposited on skin or clothes. This 
type of radioactive material can often be 
removed from the body by simply washing.  



Radioactivity: exposure mode 

Kind of emission, exposure time, distance, barrier 

Radioactive source outside the body Radioactive source inside the body 



Radioactivity source: laboratory and measurements 

Chemical-physical Laboratory 
• X-Ray tube 
• Radioactive source (sealed and not) 
• Sample 

Sample measured about chemical 
and physical measures 
NOT ABOUT RADIOACTIVITY 

Radioactivity Laboratory 

Sample measured  
ABOUT RADIOACTIVITY 



Radioactivity source: laboratory and measurements 

X-Ray 
instruments and 
Instruments with 

radioactive 
source (solid and 

liquid) 

Reagents: Uranyl 
acetate, Tritium and 

Radiocarbon in 
molecule 

Sample measured 
about chemical and 
physical parameters 
but with natural 
radioactivity (low 
activity) and with 
NORM/TENORM 
(high activity) 

Sample measured 
about radioactivity 
(natural/artificial) 

Low-Medium-High 
Activity 



Radioactivity source: X-Ray Tube 

Emission only tube turn on 

High penetration radiation 

Primary and secondary (leakage diffusion, scattering) beam 

External 
exposure 



XRF - X-Ray Fluorescence Spectrometer X-Ray Powder Diffraction Spectrometer  

Low Risk: Armored Beam, ~ 0 leakage radiation 
Low-Medium X-Ray Energy 

High Security System to stop X-Ray emission 

Radioactivity source: X-Ray Tube 



Scanning Electron Microscopy – SEM and TEM 

X-Ray tube equipment for radiography in bunker 

Radioactivity source: X-Ray Tube 



Non-destructive technique – in site 

Very High Risk: Not-Armored Beam, important presence 
of leakage radiation 

Medium-High X-Ray Energy 
Complex and structured radiprotection rules 

Radioactivity source: X-Ray Tube 



Handheld XRF 

High Risk: Not-Armored Beam, important presence of 
leakage radiation 

Presence of security swithc (!?) 
Complex and structured radiprotection rules 

Don’t play X-Ray cowboy 

Radioactivity source: X-Ray Tube 



Radioactivity source: Radionuclides 
Sealed or not sealed Source 

Solid and Liquidi form 
Alpha and Beta decay accompanied by Gamma Ray 

Dispersion Material 
Appropriate Shields 

Low, Medium and High activity 

Internal and 
External 
exposure 



Determination of the quantity of dust/particulate in the air. 

AIR POWDER MEASUREMENT WITH CONTINUOUS AMBIENT AIR SAMPLE  

Only Beta emitters 
Pm-147, C-14 o Kr85 

9,25 MBq (0,25 mCi), 370 MBq (10 mCi), 1.850 MBq (50 mCi) Very Low Risk 
Not easy source accessible 

Solid source 

Radioactivity source: Radionuclides 



AIR IONIZER 

Very Low or negligible Risk 
Not easy source accessible 

Solid source 

Usually alpha emitters, such as Polonium 210 (Po-210), 
with variable activity, however, always relatively 
modest in the usual applications. 

Radioactivity source: Radionuclides 



Reagents: Uranyl Acetate, Tritium and Radiocarbon in molecule, ecc… 

Medium-High Risk 
Liquid and Solid materials 

Dispersion Material 
Ash or volatile 

Internal exposure 

Usually alpha and beta emitters with very low gamma emission, such as 
U-238, Th-232, H-3 and C-14, with variable activity, solid and liquid 

Radioactivity source: Radionuclides 



Level Gauge and Radiography with gamma emitters 

Very High Risk 
Source accessible 

Solid source 
High Activity 

X-Ray with high penetration 

Gamma Emitters Isotopes with High Activity Cs-137 or Cobalt-60 

Radioactivity source: Radionuclides 



Radioactivity source: Radionuclides 

An electron capture detector (ECD) is a device 
for detecting atoms and molecules in a gas 
through the attachment of electrons via 
electron capture ionization 

Gas Cromatography – ECD (GC-ECD)  

Low – Medium Risk 
Not easy source accessible 

Solid source 
Be careful at thermal-cycle 

Beta emitters 
Ni-63 and Fe-55 



Radioactivity source: a real case 

To avoid the dispersion material of radioactive source 

Gas Cromatography – ECD (GC-ECD)  

To monitor the integrity of source 

Be Careful at Thermal Cycle 
(analyzing and cleaning) 

Periodic check area around the detector with Smear 
Test (LSC tecnhique) 

Clean area around the detector after clean thermal 
cycle 

Aspiration systema above the detector 



Radioactivity source: a real case 

Gas Cromatography – ECD (GC-ECD): Ni-63 sealed source  

Smear test before «cleaning thermal cycle»: < MAR (MAR = 5 mBq/cm2) 
 

Smear test after «cleaning thermal cycle» – 420°C: 0,275 ± 0,005 Bq/cm2 

 
Smear test after smear test: 0,072 ± 0,002 Bq/cm2 

 

Smear test after decontamination area: < MAR (MAR = 5 mBq/cm2) 
 



Radioactivity source: sample 
Solid and Liquidi form 

Alpha and Beta decay accompanied by Gamma Ray 
Volatile elements 

Dispersion Material 
High concentration 

Very low risk if small sample and 
guidelines followed 

Internal and 
External 
exposure 

Water – Soil – Waste – Food – NORM and 
TENORM (phosphogypsum, Aqueous flushes 

form Oil&Gas, building materials ecc…)  

Very low or neglible risk 
Few grams 



Radioactivity: against risk 

Is it always true 

What Type of Emission? 

External or internal? 

Important: Assessment the source of ionizing radiation 



Radioactivity: against risk 

X-Ray: Time exposure, direct or leakeage beam, distance and 
barriers, check of exposure and dose 
 
No difference between External/Internal irradiation 

Radioactive materials: α, β, and γ emitters, sealed or not, liquid, 
solid, gaseous, distance, control of integrity and potential 
contamination 
 
Difference between External and internal irradiation depending on 
type emission 

Behaviour on workplace - Follow the Radioprotection guidelines 

Samples: α, β, and γ emitters,, liquid, solid, gaseous, mass, distance, potential contamination 
 
Difference between External and internal irradiation depending on type emission 



Radioactivity: technical documents, regulations and laws 



Radioactivity: technical documents, regulations and laws 

Directive 

National Decree  

DIRETTIVE 96/29 e 97/43 

D.Leg. 230/95 e s.m. 

80/836, 84/467, 84/466, 89/618, 90/641 e 92/3 

Practice: a human activity that can increase the exposure of individuals to radiation from an artificial 
source, or from a natural radiation source where natural radionuclides are processed for their 
radioactive, fissile or fertile properties, except in the case of an emergency exposure. 

Qualified experts: Persons having the knowledge and training needed to carry out physical, technical 
or radiochemical tests enabling doses to be assessed, and to give advice in order to ensure effective 
protection of individuals and the correct operation of protective equipment, whose capacity to act as 
a qualified expert is recognized by the competent authorities. A qualified expert may be assigned the 
technical responsibility for the tasks of radiation protection of workers and members of the public. 



Radioactivity: technical documents, regulations and laws 

Legisltive decree n. 230/95 and s.m. 

Qualified experts: I, II and III degree, authorized by Ministry of Labor 

Exemption criteria: Radiological machine and Practice with radioactive materials 

Max Energy and Dose 

Practice with natural materials 
used not for radioactive 
properties 

Activity, Bq, and 
concentration, Bq/g 



Radioactivity: technical documents, regulations and laws 

 Euratom Radiation Protection Directive 2013/59 

“Practice" means a human activity that can increase the exposure of individuals to radiation 
from a radiation source and is managed as a planned exposure situation. 

“Radiation protection expert" means an 

individual or, if provided for in the national 

legislation, a group of individuals having the 

knowledge, training and experience needed 

to give radiation protection advice in order 

to ensure the effective protection of 

individuals, and whose competence in this 

respect is recognised by the competent 
authority; 

“Radiation protection officer" means an 

individual who is technically competent in 

radiation protection matters relevant for a 

given type of practice to supervise or 

perform the implementation of the radiation 
protection arrangements; 
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