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AN OVERVIEW OF NORM SITUATIONS

NORM activities cover broad industrial sectors of much diversified 
characteristics and NORM residues:

▪ may be different  in terms of appearance, which tend to have more in 
common with industrial waste than radioactive waste,

▪ notwithstanding the origin, always contains a suite of natural radionuclides 
subject to sequential decay resulting in the creation of different isotopes as 
well as elements varying in chemical and physical properties,

▪ radionuclides enclosed never occur alone, but other contaminants are 
usually present, giving a multiple stressors scenario. 
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From this perspective organization of occupational exposure to radiation 
monitoring in NORM involving industries  has more common with 
emergency exposure situation than planned one. 



Contrary to occupational 
exposure situations subject to 
control in frame of traditionally 
comprehended  radiation 
protection, where source of 
radioactivity is usually very well 
identified and exposure scenario 
including exposure geometry can 
be easily defined, in NORM 
involving industries  a source of 
exposure varies in volume, space, 
time and even aggregate state. 



When radiation source is used 
deliberately, e.g. in medicine, organization 
of occupational exposure monitoring 
usually started at the level of selection of 
appropriate dosimetry system adjusted to 
existing kind of radiation and exposure 
pathways. All information necessary for 
that  e.g. activity concentration, a 
radionuclide used, dose rate etc. are well 
know as being crucial for the treatment 
(process) applied.   

The decision about applied dosimetry 
(individual or environmental) depend only 
on exposure level end existing local 
regulation.



In NORM involving industries, a potential sources 
of exposure to radiation often  had not been 
considered in terms of radiation protection 
before. 

Hence, strong needs to organize a monitoring and 
control system, often either site or process 
specific, exist.  



EXPOSURE SCENARIO IDENTIFICATION

In case of NORM, occupational exposure monitoring first 
needs  source terms identification and characterization.

For that, data collected in frame of environmental 
monitoring can be used to identify materials, residues, 
waste etc. present in a technological process in the 
terms of radioactivity content. 

Additionally full characterization of a technological 
process should be done, considering all possibilities of 
natural radionuclides accumulation. 

Then, specific interactions between a technological 
process, workers and materials identified  must be 
analyzed including all exposure pathways. 

Finally, decision about the organization of monitoring 
must be taken that often  is determined rather by 
existing work environment than expected exposure level. 

Exposure scenario identification

Products, by-
products, 
residues

Raw 
materials 

Technological
proces 

characterisatio
n



Industrial ware and row materials 
o ceramic insulators

o abrassives
o welding rods
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SOURCES
PG

Oil scale

Waste and residues

Black powder

Mine water 

Water
treatment
sludge



GRADED APPROACH: 
monitoring organized in form of  three tiers

. 

I. The first tier is based on radionuclides activity concentration in work 
environment assuming the most conservative exposure scenario.

II. If there is no possibility to have a wide enough safety margin  the second tier 
should  be applied based on individual exposure evaluation using details 
concerning works performed or technological process  features and efforts 
spent to minimize other, non-radiological agents impact on the overall 
workplace health and safety. It provides more accurate information, which  let 
one to assess and control existing exposure and identify the key areas of the 
assessment. Applying this, usually there are many options to control and 
maintain real exposure below assumed dose constraints without additional 
radiation measurement. 

III. The third tier is based on individual monitoring plan, post-exposure 
measurement using either whole body counter or excrements radiochemical 
analysis. 



GRADED APPROACH: 
monitoring organized in form of  three tiers

TIER I. 

Is based on radionuclides activity concentration in work environment. 

The most conservative exposure scenario is assumed:

❑ nominal working  time (1800 h/year) – heavy work (highest breathing 
rate) in close proximity of material with highest activity concentration 
identified 

❑ worst working environment conditions (high dust concentration,  
100% humidity, no PPE used)

❑ all exposure sources are considered (external and intake)

If evaluated effective dose is lower than dose limits (or dose 
constraints if exists), no action necessary unless work conditions are 

changed 



GRADED APPROACH: 
monitoring organized in form of  three tiers

TIER II. 

Is based on radionuclides activity concentration in work environment 
combined with either works performed or technological process  features. 

The realistic exposure scenario is assumed:

❑ typical interaction are considered: 

storage-transport-work activity-waste disposal 

❑ actual working  time and work conditions (breath rate, distance to the 
source)

❑ actual working environment conditions (based on data collected in frame 
of routine monitoring, carried out independently from radioactivity 
presence)

❑ individual protective equipment application (routine)

Applying this, usually there are many options to control and maintain 
real exposure below assumed dose constraints without additional 

radiation measurement. ……….



IF NOT … 

Mitigation methods:

• Working time regulation 

• Individual protective equipment

• Work hygiene (and overall H&S system) 

• Training 
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GRADED APPROACH: 
monitoring organized in form of  three tiers

TIER III. 

Is based on individual monitoring plan considering:

❑ External exposure 

❑ Inhalation - common:  mining, loading/unloading NORM, 
cutting/cleaning contaminated pipes, smelting   

❑ Ingestion – only inadvertent during direct contact with NORM  

❑ Injuries - emergency situations 

❑ Penetration through the skin – only in case of direct contact with 
NORM



EXTERNAL EXPOSURE MONITORING  
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2.30 Gy/h

Problems to be solved: 

❑ Appropriate dosimeter (durable, 
water, dust resistant)

❑ Individual dosimetry vs. work 
environment dosimetry vs. functional 
dosimetry 



INTAKE BY INHALATION 

❑Radionuclides activity concentration in 
dust at working place = activity 
concentration in processed NORM

❑Type of work = respiration rate 

❑Working time  

❑Dust concentration - based on 
measurements 

❑Dust size distribution (respirable –
inhalable, nanoparticles pressence)



INTAKE BY INGESTION

Inadvertent ingestion – intake 
measurement/evaluation:

❑Whole body counter

❑Activity concentration in excretions (it is 
necessary to know a radionuclide metabolism 
and biological half life)

❑Radon concentration in exhausted air   -
radium isotopes

❑ Use of a model developed on assumptions 
concerning work conditions  



Conclusions

Organization of a system of radiation protection and 
safety in NORM involving industries usually started   from 

the scratch. This  provides conducive circumstances for 
application of a graded approach, that  is commensurate 

with the radiation risks associated with the exposure 
situation. 


