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Useful information on radiation measures


Useful Information for Ionizing Radiation
Constants and Units
Plank’s constant (h):  6.63 × 10-34 J-s

                                   4.14 × 10-15 eV-s

Speed of light (c):  3 × 108 m/s

Density of water:  1 kg/liter

Electron rest mass:  9.11 × 10-31 kg

Proton rest mass:  1.67 × 10-27 kg

Mass-energy relation:  E = mc2

Energy-frequency relation:  E = h(
1 J = 107 erg

1 eV = 1.6 × 10-19 J = 1.6 × 10-12 erg

1 Becquerel (Bq) = 1 disintegration/s



(1 disintegration = energy of particle (MeV) and depends on the particle)

1 Curie (Ci) = 3.7 × 1010 Bq
1 Gray (Gy) = 1J/kg

1 rad = 100 erg/gram ( 1 Gray = 100 rad (work it out!)

1 Sievert (Sv) = 100 rem

Absorbed Dose and Dose Equivalent
Absorbed dose (Gy or rad) is energy absorbed in tissue.  Dose equivalent (Sv or rem) accounts for relative biological effectiveness of different radiation types (a fancy way of saying how much more damage an alpha particle causes than a beta particle of the same energy).  When talking cell damage, it is dose equivalent that is of interest.

The relationship between absorbed dose (D for dose) and dose equivalent (H for harm) is

H = QD, where Q is the quality factor.

Average Quality Factors for Different Types of Radiation

	Type of radiation
	Average Quality Factor

	X-rays and gamma rays
	1

	Beta particles (electrons and positrons)
	1

	Beta particles from internal tritium exposure
	21

	Neutrons (depends on energy)
	5-20

	Alpha particles
	20


1Recommendation in draft BEIR VII Phase 2 report (www.nap.edu)
Background Radiation
Average internal exposure from 14C and 40K:  0.39 mSv/yr for 70-kg person

Average inhalation dose (mostly 222Rn):  2.0 mSv/yr

Average dose from nuclear fuel cycle:  0.0005 mSv/yr

Average dose equivalent from all background:  3.6 mSv/yr (U.S. data)

Medical Exposure (Diagnostic)
	Type of Procedure
	Effective Dose Equivalent (mSv)
	Notes

	Full-mouth X-rays
	1.5 × 10-2
	18 exposures, skin dose of 2.3-3.1 mSv

	Bitewing X-rays
	3 × 10-3
	0.2 mSv skin dose

	Panoramic X-rays
	1.1 × 10-2
	7-9.5 mSv skin dose

	Chest X-ray
	2 × 10-2
	

	Lumbar spine X-ray
	1.3
	

	Barium enema
	7.0
	

	CT head
	2.0
	CT doses vary considerably with patient, machine, etc.

	CT abdomen
	10.0
	


Dose Limits (External Exposure)
Public:  1 mSv/yr average

Radiation workers:  50 mSv/yr, 100 mSv in 5 years


- Pregnant women:  5 mSv over gestation period
Stochastic Risk Coefficient
0.05 cancers/person-Sv

Nonstochastic Radiation Effects (Acute Exposure)
< 0.25 Sv:  No detectable effects

0.25 - 0.5 Sv:  chromosomal aberration detectable with no clinical symptoms

> 1 Sv:  stem cells in bone marrow become depleted

> 4 Sv:  death in 2-8 weeks due to infection, internal bleeding, and anemia (w/o medical intervention)

> 7 Sv:  damage to intestinal epithelial cells produces diarrhea, nausea, vomiting (plus hematopoietic effects above).  Survival requires massive medical intervention

> 10 Sv:  breakdown of intestinal wall resulting in severe electrolyte imbalance and circulatory collapse.  Survival very unlikely even with medical intervention.

> 20 Sv:  brain edema, encephalitis, meningitis, convulsions, ataxia, plus above hematopoietic and gastrointestinal effects
LD50 = 4 - 4.5 Sv (whole body dose equivalent)
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