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Radioactivity Refresher

• Quick refresher on radioactivity, exposure, dose, and  
units

• Understand the hazards and the relative risk they 
present

• Distinguish between contamination and exposure

• Identify the primary pathways for exposure to 
radioactive materials.



Radioactivity Refresher

Types of Ionizing Radiation

• Radioactive materials will emit both ionizing 
particles and waves during decay

• Particles 
– Alpha particles
– Beta particles
– Neutrons

• Energy waves or “rays”
– Gamma rays 
– X-rays 

• These types of ionizing radiation interact with matter 
by depositing energy when they are moving –
equivalent to bullets fired from a gun



Radioactivity Refresher

Not necessarily dealing with just one form of radioactivity.
Example:  Radiation from Radium

• Radium-226 emits alpha particles and a gamma ray as it decays. 

• However, when it decays, it turns into another radioactive material 
– radon.

• Radon is a radioactive gas that, similarly, decays into other 
radioactive products – called daughters.

• Radium-228 emits beta particle as it decays. 

• Just like radium-226, radium-228 decays into a radioactive 
daughter product, which decays to another, and another, and 
another....

• These daughters, for both radium-226 and radium-228 will emit 
alpha, beta, and gamma radiation as they decay.

• The bulk of the gamma radiation (exposure rates) are from the 
daughters.

• Both serial decay chains end with a stable form of lead



Radioactivity Refresher

Exposure

• EXPOSURE = Essentially, the measurement of energy 

deposited in air by radiation

• EXPOSURE RATE v. EXPOSURE
– EXPOSURE RATE - AMOUNT PER HOUR

• EXAMPLE
– 50 mR/hour

» 15 minutes = 12.5 mR

» 30 minutes = 25 mR

» 45 minutes = 37.5 mR

» 60 minutes = 50 mR

» 2 Hours = 100 mR



Radioactivity Refresher

Radiation Exposure Units

• Several different units are commonly used to 
quantify radiation exposure and dose
– Rad, Rem, and Roentgen (R) are all routinely used
– Each unit does have a specific definition and meaning
– In practice, can cause needless confusion

• For this presentation, we will typically use 
Roentgen, or “R”
– Roentgen is a measure of gamma ray exposure
– For gamma radiation, 1 R = 1 Rem = 1 Rad



Radioactivity Refresher

Radiation Exposure Units

• 1 “R” is a relatively large radiation exposure

• Typical exposures are measured in small fractions of 
an “R”
– 1/1,000 R = 1 milliR (mR) and 1,000 mR = 1R
– 1/1,000,000 R = 1 microR (μR) and 1,000,000 μR = 1 R 
– 1,000 μR = 1 mR 

• Most radiation detectors read out in exposure RATE, 
typically micro-R per hour (μR/hr)

• Nationally, typical background exposure rates are         
5 to 10 μR/hr



Sources of Radiation Exposure

• We are constantly exposed to radiation from natural and manmade 
sources. Average radiation dose to an individual is about 360 mrem/yr.  

• ~80% of that exposure comes from natural sources including cosmic 
radiation from outer space; terrestrial radiation from natural radioactive 
materials in rocks, soil, and minerals; and radiation inhaled or ingested 
from food and water.

• Remainder comes from manmade sources of radiation including medical 
X-rays and industrial use of radioactive material.  

• Dose from medical and diagnostic use has doubled the annual dose to 
nearly 720 mrem/yr.

• Dose = Measurement of radiation energy deposited in tissue



Sources of Radiation Exposure

NCRP Report 160



Radioactivity Refresher

Radiation Health Risks

• High level (Rems), short time frame exposures (acute)

• These health risks are well understood
– Effects occur at the cellular level
– Energy deposited kills or alters cells

• Magnitude of health impact depends on:
– Amount, rate, type, and pathway
– Observable health effects 
– Severity of symptoms directly related to dose
– Cataracts > 15 Rem
– Blood cell changes > 50 Rem
– Nausea, vomiting, diarrhea, hair loss, for doses > 100 R
– Possible death in days to months for doses >300 R

• LD50 = 450 R
– NOT APPLICABLE FOR TENORM!!



Radioactivity Refresher

Radiation Health Risks

• Low-level exposures, over a long time frame (chronic)
– Health risk associated is the increased lifetime chance of cancer
– Effects occur at the cellular level
– Significant latency period (years)
– At the levels being discussed, difficult to distinguish between 

cancers caused by all other factors.  For example:
• Using external gamma risk coefficients to estimate lifetime cancer 

mortality risks, if it is assumed that 100,000 persons were 
continuously exposed to a thick layer of soil containing an extra 1 
pCi/g of radium-226, then 40 of these 100,000 people would be 
predicted to incur cancer.  (7 if contained with radium-228).

• This is in comparison to the 20,000 people from the group 

predicted to die of cancer from all other causes.



Radioactivity Refresher

Radiation Health Risks

• Radium in water treatment facilities does not present any 
acute exposures.

• Low level, chronic exposures are possible.

• For the sake of conservation, any radiation dose is assumed to 
have some risk of inducing cancer

• Radiation risk is mitigated by setting occupational dose limits 
and by keeping exposures As Low As Reasonably Achievable 
(ALARA)



Doses in Perspective

Source Exposure

Average U.S. annual exposure – all sources 360 mR/year

Average U.S. annual exposure – including 
medical/diagnostic

720 mR/year

Chest X-ray 5-10 mR

CT Scan 1,000 – 2,000 mR

Limit for a member of the public (from all sources) 100 mR/year

Annual dose limit for radiation workers 5,000 mR/year

Emergency limit (saving major property) 10,000 mR/event

Emergency limit (saving life) 25,000 mR/event

Biological health effects observable (blood changes) 50,000 mR

Lethal radiation dose (50% lethality) 450,000 mR



May 2012

Typical

background

5-10 µR/h

(0.001 – 0.01 mR/h)

1 10 100 1,000
mR/h

DOT Vehicle 

Surface Limit 

@ 2 M

2.5 mR/hr continuously over a work year 

(2,000 h) results in 5 R/yr worker limit 

5 mR/h; highest area of  natural 

background; black sand beaches, Brazil

50 mR/h; 

some nuclear 

medicine 

patients @ 1ft 

1,000 mR/h; continuous 

exposure for 10 hrs would 

increase lifetime cancer 

risk by 1%

10,000

Contact with some 

TENORM sludge 

= 25 µR/h 

Some ion exchange resins = 2 mR/h  

= 2,000 µR/h 

Typical extent of  

TENORM

5 – 200 µR/h

(0.005 – 0.2 mR/h)

Dose Rates in Perspective



“Activity”

• “Activity” is used to describe the amount of radioactive 
material present  
– Because some quantity of the radioactive material is always decaying 

into something else (i.e., radium to radon), it is not customary to 
refer to the quantity in terms of weight or volume.

– Measures the rate of decay of a radioactive material in Curies (Ci) 

– 37 billion decays per second = 1 Curie (Ci)

– In general, 1 Ci of activity is considered a large amount

– 1/1,000,000,000th of a Ci = 1 picoCurie (pCi)

• The amount of radioactivity is not related to size
– The amount of radioactive material present is communicated as the 

amount of radioactivity found in a gram of sludge/media (pCi/g) or in 
an amount of liquid (pCi/L)



“Exposure” vs. “Contamination”

Contamination:  Contamination results when a radioactive material (a gas, liquid, or 
solid) is somewhere you don’t want it. 

Exposure:  Radiation exposure 
occurs when the body absorbs 
radiation from an external 
radiation source, as shown in the 
illustration to the right.

• Exposure from an external 
source stops when a person 
leaves the area of the source.

• Contamination can be 
internal or external

• Contamination emits 
radiation 



Worker and Public Exposure

• How, specifically, does TENORM present an exposure 
concern to workers?

– Inhalation, ingestion, direct exposure

• How, specifically, does TENORM present an 
exposure concern to the general public?

– Landfilling, beneficial reuse (land 
application/road spreading), inappropriate 
disposals (dumping), recycling of contaminated 
components, liquid discharges



Mitigating Exposure

• TIME – minimize time spent near a source 
to minimize radiation exposure

• DISTANCE – radiation dose rates fall off 
rapidly with distance; increase the distance 
between you and a source to minimize 
radiation exposure

• SHIELDING – put something between you 
and the source to minimize radiation 
exposure

Mitigating External Radiation



Mitigating Exposure

• Update the Health and Safety Plan –
appropriate PPE (gloves/boots), develop 
routine and spill procedures.

• Training – Limit exposure pathways by 
recognizing hazards and avoiding them

• Prevent dispersal – covered during 
transport when easily dispersible, not used 
as daily cover, etc.

Mitigating Inhalation & Ingestion



Mitigating Exposure

• Representative Sampling – statistically 
significant results both in terms of 
appropriate sampling location and 
frequency (EPA SW-846)

• Process Knowledge – identify 
disequilibrium or additional regulations 
that may apply

• Informed, protective disposal & beneficial 
reuse options

Mitigating Public Exposure



Conclusions

• NORM/TENORM doesn’t present an acute dose or 
immediate hazard

• Radioactivity isn’t going away, it’s simply being relocated

• Sample and identify TENORM at generating facilities
– Representative sampling frequency and location 
– Assists in proper management and avoids contamination
– Obtain process knowledge

• Simple preventive actions can limit exposure 

• Work on being able to communicate the hazards and 
relative risk they present
– Both to workers AND the public
– Ensures proper work safety practices.
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