
Radiation 

Monitoring

At Landfills

Ted Rahon

CoPhysics Corporation





Three Fundamental Particles 

Make Up an Atom

Protons

Neutrons

-

-

- -

Electrons



What Is Radiation?

The spontaneous emission of “fragments” or “bundles” of

energy from unstable nuclei creating more stable nuclei

Radioactive Atom Energy Release

Emits radiation in the

form of particles and waves

Becomes more stable



Types of  Radiation



Types of Ionizing Radiation

◼ Alpha – positively 
charged particles that 
can be stopped by a 
sheet of paper.

◼ Beta – electrons that 
can be stopped by 
plastic.

◼ Gamma/X – energetic 
penetrating rays that 
can be reduced by 
lead.



Ionizing Radiation

◼ Radiation with enough 

energy to cause 

ionizations.



Sources of 

Natural Background Radiation

◼ Cosmic radiation

◼ Terrestrial radiation

◼ Internal sources (for 

personnel exposure)

◼ Radon (part of terrestrial)

Gamma background     

radiation level: 6 to 10 uR/hr





Internal Radiation

◼ Natural radioactivity from food and water 

sources, remaining in the body

❑ Potassium 40 (K40)

❑ Radium-226, Uranium-238

◼ Most internal exposure comes from K40

◼ Total average dose = 25 mrem / yr



Radon

◼ Natural decay of 

uranium-238 / 

radium-226

◼ Radon — gas that 

emits alpha radiation

❑ Presents a hazard 

when inhaled

◼ Total average dose 

= 200 mrem / yr



Natural Background Radiation

Note:  The National average annual 

Radiation dose to the general 

population is 100 mrem/yr 

(excluding radon)



Sources of Man-Made Radiation

◼ Natural Background (100 mrem / yr)

◼ Medical radiation (54 mrem / yr)

◼ Domestic water (5 mrem / yr)

◼ Building materials (7 mrem / yr)

◼ CRT television (5 mrem / yr)

◼ NY to LA airline flight (5 mrem)



Radiation Exposure

We are all exposed to small amounts 

of radiation every day, but our bodies 

have developed protection against 

such exposures.  The main health 

objective is to reasonably minimize 

radiation exposures.



Biological Effects
of Radiation







Why protect against radioactivity in landfills?



Phosphogypsum Pile Florida



Radon Flux Test over Gypsum Pile



Measurement of Radiation



cps – cpm - REM - R

◼ R — “Roentgen” - unit for measuring ionizing 

exposure in air (uR/hr)

◼ Rem — used to measure radiation dose in 

people 

◼ cps or cpm – counts per second or minute –

NOT a basic unit of measurement – unique to 

an individual instrument.  

◼ kcps = kilo counts per second



Operation of Scintillation-type 

Radiation Detector



◼ Ludlum Measurements, Inc. Model 375-1000

◼ Configuration

❑ 2 detectors (on either side of the scale)

❑ Ratemeter in scale house

◼ Detects gamma radiation only

Radiation Monitor Used





Nicely protected detector



Detector 

placed far 

enough 

away to 

prevent 

damage



Detector protected by pole.



Ensure 

conduit 

remains 

intact.



Even a well-protected detector….



Ludlum 375 ratemeter

◼ Status – green light

◼ Sum Alarm

◼ Sigma Alarm

◼ Cal Const

◼ Det. Fail

◼ - OL – overload

◼ 3 second response 

time



The larger the detector, the more sensitive it 

is.



Truck load effect on readings

◼ Time – the size of the source and the time it 

spends near the detector.  Speed of truck 

important.

◼ Distance - the closer the source is to the 

detector, the easier it is to detect.  Position of 

source in the truck may be important if the 

source is weak.

◼ Shielding – metal, concrete, dense soil, etc. 

can shield sources of radiation



Railcar Monitor





Possible Sources of Alarms

◼ Radium-226 in Marcellus Shale – Limit 25 
pCi/g maximum any one load.

◼ Ceramics, fertilizers, zircon powders –
acceptable

◼ Iodine-131, Technicium-99m – short half-life 
medical isotopes – acceptable if passed 
through patient

◼ Industrial sources – Cs-137, Ra-226, Co-60, 
U-238 – NOT acceptable



Ceramics (pottery) mistaken for Cs-137 at a 

Pa. landfill



Depleted Uranium Plate



Radium knickknacks



Foreign

radium 

source for 

radon 

production



Fire brick / Ceramic in a boiler



Radium nasal cancer therapy source







◼ Radiography pigtail





Self  Luminous Compass – Ra-226





Smoke Detectors – Am-241 or Ra-226



Radiation 

Monitoring

Questions ?

Ted Rahon

CoPhysics Corporation


