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ÅWhat is science? Too difficult to answer! 

ÅWhat do scientists do?  

ïAsk questions! 

ïAttempt to understand how the world works 

ïConstruct models and make measurements 

ïCompare measurements with models 

ïSelect models which best explain measurements 

ÅA high-precision ñlanguageò is desirable 

ÅThere will be numbers: itôs unavoidable for our 

purposes! 

Physics and math: Is it really necessary? 
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ÅWhat is Radiation? 

  ñEnergy emitted or transmitted in the form of rays or 

waves (esp. electromagnetic waves), or subatomic 

particlesò (OED) 

ÅTypes of radiation: 

ïElectromagnetic: massless, chargeless particles (photons) 

ïɓ-, ɓ+: light, stable, charged particles from nuclear decay 

ïŬ: heavy, stable, charged particles from nuclear decay 

ïNeutrons: heavy, short-lived chargeless particles 

ï ,́ K, µ: massive, short-lived particles (cosmic rays) 

 

 

Radiation basics 
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ÅEnergetic enough to knock out atomic electrons 

ČCan also break chemical bonds, e.g. DNA 

 

 

 

 

 

 

Brief diversion: ionizing radiation 
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ÅTypical ionization energies 

    Eionize ~ 34 eV for tissue (cf. Ebattery = 1.5 eV) 

 

 

Ionizing radiation 
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ÅElectromagnetic radiation: 

 

Radiation basics (cont.) 
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Radiation basics (cont.) 
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ÅNuclear decay 

 



Beta Decay (neutron-rich) 

Emission of 

energetic 

electron 
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Alpha Decay  

Heavy 

Energetic 

Particle 

Emitted 
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ÅCosmic radiation 

ï~89% protons; ~10% He nuclei (Ŭ particles); ɔôs too! 

Radiation basics (cont.) 
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ÅRadioactivty, the ñrate of decayò: Bq (#decays/s) 

ÅñAbsorbed doseò: Gray (Gy): (Joule/kilogram) 

ÅñEffective doseò:Sievert (Sv): Gy x WR  

ÅBig Unit! Annual dose ~ mSv; x-ray ~ 20 ɛSv 

ÅWR : describes different interaction mechanisms 

    Čmeasures risk of exposure 

 

 

Units for measuring radiation 
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Type of Radiation Radiation weighting factor WR 

Photons 1 

Electrons, muons 1 

Neutrons 5-20  

Protons 5 

Alpha; heavy nuclei 20 
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Sources of radiation 
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ÅNatural 

 



ÅMilk: 50 Bq/litre K-40 

ÅBananas: 15 Bq K-40 per banana 

ÅBrazil nuts:  

ï200-400 Bq/kg K-40 

ï40-260 Bq/kg Ra-226 

ÅCarrots, potatoes: ~125 Bq/kg K-40  

ÅRed meat: ~100 Bq/kg K-40 

ÅLima beans: ~170 Bq/kg K-40 

ÅTotal internal dose: 0.3-0.4 mSv/year 

 

Typical radioactivity levels in food 
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Background doses in BC (BCCDC) 
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Natural Background Radiation In British Columbia  
Annual Effective Dose Values for Various Locations in B.C. 

British 
Columbia 
Location 

RADON 
EXPOSURE 

in mSv * 

 
COSMIC  

RADIATION  
in mSv 

 
TERRESTRIAL  

RADIATION  
in mSv** 

 
INTERNAL 
RADIATION 
EXPOSURE  
in mSv *** 

 
TOTAL 

BACKGROUND 
RADIATION  

in mSv 

Atlin 2.78 0.380 0.281 0.35 3.79 

Barriere 5.11 0.330 0.63 0.35 6.42 

Castlegar 3.61 0.339 0.753 0.35 5.05 

Clearwater 6.72 0.333 0.473 0.35 7.88 

Cranbrook 0.50 0.435 0.461 0.35 1.75 

Fort 
Nelson** 

1.28 0.337 0.28 0.35 2.25 

Fort St, 
John 

1.33 0.385 0.28 0.35 2.35 

Kamloops 0.83 0.329 0.405 0.35 1.92 

Kelowna 2.22 0.323 0.631 0.35 3.53 

Nelson 3.16 0.365 0.796 0.35 4.68 

Penticton 3.61 0.325 0.692 0.35 4.98 

Prince 
George 

3.72 0.364 0.397 0.35 4.84 

Q.C.I.** 0.39 0.263 0.257 0.35 1.26 

Quesnel 1.39 0.349 0.394 0.35 2.49 

Stewart 0.78 0.263 0.446 0.35 1.84 

Terrace 1.17 0.275 0.377 0.35 2.17 

Trail 2.28 0.336 0.938 0.35 3.91 

Valemont 2.11 0.403 0.529 0.35 3.40 

Vancouver 0.28 0.263 0.291 0.35 1.19 

Vernon 1.94 0.330 0.63 0.35 3.26 

Victoria 0.61 0.263 0.257 0.35 1.49 

Whistler 0.83 0.294 0.367 0.35 1.85 
 

 
 



ÅHuman produced 

 

Radiation doses (cont.) 
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ÅInformation from Health Physics Society 

ÅX-rays 

ïDental x-ray: 0.005-0.01 mSv 

ïChest x-ray: 0.02-0.06 mSv 

ïSpinal x-ray: 0.03-0.07 mSv 

ïCT scans: 2-11 mSv 

ÅMedical radionuclides (e.g. Tc-99m; I-123) 

ïThyroid: 0.04-0.600 mSv 

ïBone scan: 4.6 mSv 

ïHeart/blood flow: 6-17 mSv 

 

Typical doses from medical diagnostics 
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ÅDirect action 

ïIonizing radiation directly strikes 

DNA molecule 

ïInstantaneous; breaks DNA strand 

ÅIndirect action 

ïIonizing radiation strikes water and 

creates free radicals 

ïLong-lived free radicals can diffuse 

to distant sites 

ïResponsible for 75% of biological 

effects 

Radiation damage mechanisms 
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ÅCells have free radical scavengers 

ÅCells have DNA repair mechanisms (1013 DNA 

breaks are repaired daily) 

ÅCells have mechanisms which remove defective 

cells from tissue (apoptosis) 

ÅCells contain surplus DNA which does not 

impact cellular function 

Cell radiation damage protection 
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High radiation exposures are needed 

to observe permanent changes at the 

cellular level. 



ÅStochastic: ñGoverned by laws of statisticsò 

ïCan predict how many, but not who 

ïIncidence proportional to dose; no threshold 

ÅDeterministic:  

ïSeverity of effects proportional to dose 

ïUsually a threshold for effects 

Stochasticity and determinism 
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