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Absorbed Dose

Absorbed dose, D, is the quotient of   by, where  is the mean 
energy imparted by ionizing radiation to matter of mass  (ICRU, 

1993). 

Unit: J kg-1

The name for the unit of absorbed dose is gray (Gy). 
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(ICRU) report 51 titled Quantities and Units in Radiation Protection 
Dosimetry, the fundamental dosimetric quantity is the absorbed 
dose, D. According to International Commission on Radiation Units 
and Measurements 
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Dose Equivalent

The dose equivalent, H, is the product of Q and D at a point in 
tissue, where D is the absorbed dose and Q is the quality factor 

at that point (ICRU, 1993). 

Unit: J kg-1

The name for the unit of dose equivalent is sievert (Sv). 

QDH *=
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Trapped Radiation: The Van Allen Radiation Belts

The Van Allen radiation belts and typical satellite orbits. 
Key: GEO—geosynchronous orbit; HEO—highly elliptical 
orbit; MEO—medium Earth orbit; LEO—low Earth orbit. 
(Illustration by B. Jones, P. Fuqua, J. Barrie, The 
Aerospace Corporation.)
http://www.aero.org/publications/crosslink/summer2003/02.html

LEO orbits are lower 
than the most intense 
regions of the belts.
MEO and HEO orbits 
will encounter the belts.  
Some orbits are chosen 
to avoid the most 
intense regions.
GEO lies beyond the 
belts for the most part.
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Radiation Environment in Upper Atmosphere

• Galactic cosmic and solar particle radiation 
interact in the upper atmosphere of the Earth

• The intensity of the primary and secondary 
components of this radiation field increase with 
altitude and latitude

• The FAA has estimated that aircrew exposures 
range from 0.2 to 9.1 mSv/yr (as compared to 0.5 
mSv/yr exposure of the average nuclear power 
plant worker)
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Presenter
Presentation Notes
A complex and changing spectrum of galactic cosmic and solar particle radiation continually bombards the Earth’s upper atmosphere. Components of this cosmic radiation spectrum interact in different ways with the atmosphere producing secondary radiation. The measureable amount of radiation exposure caused by this primary and secondary radiation in the atmosphere increases with increasing altitude. At common commercial aircraft altitudes, the radiation dose received by flight crew members or frequent flyer passengers can be significant from a radiation protection and safety standpoint.  The motivation for this study was to increase the accuracy and number of dosimetry measurements performed aboard aircraft for aircrew and passenger radiation protection purposes. 
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Radiation Environment in Upper Atmosphere

Galactic Cosmic Radiation (GCR)
– Diffuse energetic atomic nuclei from supernovae
– Omni-directional
– Protons (87%), Helium Ions (12%), Heavier Ions 

(1%)
– Dominant exposure to aircrew
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Atmospheric Exposure Variables

• Altitude: Shielding by air molecules
– 1030 g/cm2 at sea level
– 55 g/cm2 at 20 km (66,000 ft)

Dose Equivalent rate H at 20 km approx 400 x H at sea 
level

• Latitude: Shielding by geomagnetic field
– Bends lower energy particles back into space

H at poles approx 6 x H at equator (at 20 km altitude)
– Effect on H increases with altitude
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Atmospheric Exposure Variables 
(Cont’d)

• Time in Solar Cycle (Heliocentric Potential)
– Magnetic field of the “solar wind”
– 11-year sunspot cycle:

• Radiation MAXIMUM at sunspot MINIMUM (2016–
2020)

– Effect on H increases with geomagnetic latitude 
and altitude
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Pfotzer Maximum
• As GCR enters atmosphere it collides with air molecules, 

breaking apart nuclei, producing secondary elements of 
ionizing radiation

• On descent through the atmosphere, radiation increases
due to secondary particles
– Intensity is lower at 80,000 feet than it is at 60,000 feet, 

where intensity is highest
– Further descent: Progressively decreasing level of 

radiation
• Area of maximum radiation intensity known as Pfotzer

Maximum (approx 65,000 feet)
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Pfotzer Maximum

Primary GCR Proton
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Presenter
Presentation Notes
At Aviation Altitudes, (both commercial – 10km, and ER-2/Supersonic, 17-20 km) nearly all ionizing radiation exposure is from secondaries. 
Primaries break up into secondaries as shown, through nuclear interactions.
Greatest biological risk (source of dose equivalent) is from secondary neutrons.
Intensity of secondary particle flux builds up as we go down in the atmosphere, reaching a maximum at about 65,000 ft (20 km) were the ER-2 flies. It then decreases until the ground is reached. At the ground, usually only charged muons (not a major risk) are left.
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Terrestrial Environments: Atmospheric Neutrons

Possible Effects to:

Aircraft Crew

Avionics

http://www.moog.com/img/2/challenger.jpg

http://www.aerospace-technology.com/projects
/a330/images/A330_cockpit1.jpg

Modern aircraft are controlled 
with “fly-by-wire systems that 
may be susceptible to effects 
from atmospheric neutrons.

http://www.aerospace-technology.com/projects
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http://www.iaea.org/Publications/Booklets/Rad
PeopleEnv/pdf/chapter_9.pdf

Doses on flights:Typical Annual Occupational Doses
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Current Research: Automated Radiation Measurements for Radiation Safety (ARMAS)

PVAMU is responsible for the 
operation of the tissue 
equivalent proportional counters 
(TEPC).  The TEPC is an 
“active” dosimeter that 
measures adsorbed dose to a 
simulated small volume of 
human tissue.

ARMAS work includes ground 
based experiments designed to 
reference small, silicon based 
radiation dosimeters with the 
TEPC.
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Current Research: Preliminary Hawk TEPC data from commercial FeDEx flights.
Example: Houston to Los Angeles, 8/25/11, 12 am – 3am.
Dose equivalent rate: about 1.8 uSv/hr, total equivalent dose: about 4 uSv

Hawk has GPS 
capabilities, but 
package buried in 
flight. No GPS 
data during flights, 
but  GPS clear on 
the ground.

Change in altitude

Turbulence at the 
end of the flight?

Ascent

Descent

Altitude expected to be 
greater than 30,000 ft.

Future work to include studies on electronic effects.

Hawk TEPC
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Dosimetry Results: Commercial Aircraft

Measured absorbed dose rate (nGy/min) as a function of elapsed time in
minutes for flight from Holbrook, NY to Indianapolis, IN.

19

Presenter
Presentation Notes
A flight dosimetry time profile for each commercial airline flight was produced. This graph illustrates the change in the measured absorbed dose (in nGy/minute) for a FEDEX flight from Holbrook, NY to Indianapolis, IN. Flight dosimetry time profile graphs such as these are invaluable during the TEPC data analysis and interpretation of results in part because any critical malfunction of the instrument during flight would be immediately apparent from the shape of this graph.  It should be noted that while the general shape of these graphs for any given flight route are similar – increased dose rate with the increase in altitude and decreased dose rate with the decrease in altitude – the details of each flight time profile remain unique. 
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Flight Total Absorbed Dose Rate Total Dose Equivalent Rate Average 
Flight Origin Flight Destination Absorbed Dose At Cruise Altitude Dose Equivalent At  Cruise Altitude Quality Factor

Date Time (PST) Location Date Time (PST) Location (µGy) (µGy/Hour) (µSv) (µSv/Hour) At Cruise Altitude
04/28/11 5:26 AM Holbrook, NY 04/28/11 7:43 AM Memphis, TN 2.34 1.28 5.88 3.29 2.55
06/15/11 6:56 PM Holbrook, NY 06/15/11 8:40 PM Indianapolis, IN 1.19 1.17 2.63 2.70 2.24
08/25/11 12:06 AM Houston, TX 08/25/11 3:07 AM Los Angeles, CA 2.20 1.03 3.96 1.81 1.72

Dosimetry Results: Commercial Aircraft

Presenter
Presentation Notes
The measured absorbed dose rate at flight altitude (estimated to be 32 000 feet) was less than 20% different between the 3 flights. However, there was up to 46% variation in the measured dose equivalent rate at flight altitude between the 3 flights. In addition the variability in the minute by minute flight dosimetry results (illustrated for one of the flights in the previous slide) show that each flight had a unique time profile. 

Due to the fact that both the dates of the flights as well as the flight paths were different for each of these flights, variability in the dosimetry results is to be expected. Comparisons of the measured dosimetry results between these three flights is of limited usefulness except to illustrate the consistency of the HAWK response function to the ambient radiation field aboard aircraft. It is not surprising moreover (given the large difference in average flight altitude 65 000 versus 32 000 feet) that the measured absorbed dose rate and dose equivalent rate is more than twice as great aboard the ER-2 flight as opposed to an average commercial carrier flight.
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Preliminary ARMAS-LITE dose rate measurements from a silicon based radiation 
dosimeter.  The Teledyne “Micro Dosimeter” is compact and can be installed on 
various flight platforms.

These measurements 
were taken on-board a 
NASA-Armstrong (CA) 
DC-8 research aircraft.

Dr. W. Kent Tobiska
Space Environment Technologies.

Photo: http://www.nasa.gov/centers/armstrong/news/FactSheets/FS-050-DFRC.html
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PVAMU mechanical engineering graduate 
student Stephen Bacon working at NASA-
Armstrong.  Mr. Bacon is working on 
integration equipment for payload integration 
of various radiation instruments (including the 
new ARMAS-LITE radiation dosimetry system.

Kent Tobiska discusses the new ARMAS-LITE 
instrument with Stephen Bacon, 8/19/14.

Stephen Bacon and NASA-Armstrong 
Aerospace meteorologist Scott Wiley, 8/20/14.

Teledyne radiation dosimeter.
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