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Session II Outline
(Introduction to Risk, Probability 

and the biological effects of 
radiation).

A. Fear, Risk & Probability
• What is Risk?

– Relative Risk
– Absolute Risk

Some examples of common risks we take in our daily lives
Probability

• What is Fear?
False Evidence Appearing Real!

B. Exposure to Radiation
• Biological Effects
• Medical Exposure
• Cancer 

– What can we expect from national experience?
– How does Utah compare with the rest of the nation

Epidemiology?



  

PROBABILITY
• Probability is a subject that deals with uncertainty. 
• In everyday terminology, probability can be thought of as a 

numerical measure of the likelihood that a particular event will 
occur. 

• Probability values are assigned on a scale from 0 to 1, with values 
near 0 indicating that an event is unlikely to occur and those near 1 
indicating that an event is likely to take place.  

• Frequently these values are expressed as a fraction, e.g., ½ or as a 
decimal fraction 0.5, also the fractions may be stated as a 
percentage, e.g., ½, 0.5 or 50%.  For example each time you toss a 
coin in the air the probability of it landing tails or heads is 50%.  If 
you take the trouble to toss it 100 times you’ll generally observe 
about 50 times it comes up heads and 50 times tails.



  

RISK
• What is Risk?                                                                                    

                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                                                                                                              
                               The probability of injury, disease, or death under 
specific circumstances and time periods. Risk can be expressed as 
a value that ranges from 0% (no injury or harm will occur) to 100% 
(harm or injury will definitely occur). Risk can be influenced by 
several factors: personal behavior or lifestyle, environmental 
exposure to other material, or inborn or inherited characteristic 
known from scientific evidence to be associated with a health effect. 
Because many risk factors are not exactly measurable, risk 
estimates are uncertain.

• Absolute risk: the proportion of a population expected to get a 
disease over a specified time period.

• Relative risk: the ratio between the risk for disease in an 
irradiated population to the risk in an unexposed population. A 
relative risk of 1.1 indicates a 10% increase in cancer from radiation, 
compared with the "normal" incidence.



  

FEAR
False Evidence Appearing Real!

• Fear: noun
 1 a : an unpleasant often strong emotion caused by anticipation or 
awareness of danger b (1) : an instance of this emotion (2) : a state marked 
by this emotion
2 : anxious concern : SOLICITUDE
3 : profound reverence and awe especially toward God
4 : reason for alarm : DANGER
synonyms FEAR, DREAD, FRIGHT, ALARM, PANIC, TERROR, 
TREPIDATION mean painful agitation in the presence or anticipation of 
danger. FEAR IS THE MOST GENERAL TERM AND IMPLIES ANXIETY 
AND USUALLY LOSS OF COURAGE <FEAR OF THE UNKNOWN>.

• Fear: verb
transitive senses
1 archaic : FRIGHTEN
2 archaic : to feel fear in (oneself)
3 : to have a reverential awe of <fear God>
4 : to be afraid of : expect with alarm
intransitive senses : to be afraid or apprehensive

http://www.webster.com/dictionary/solicitude
http://www.webster.com/dictionary/danger
http://www.webster.com/dictionary/fear
http://www.webster.com/dictionary/dread
http://www.webster.com/dictionary/fright
http://www.webster.com/dictionary/alarm
http://www.webster.com/dictionary/panic
http://www.webster.com/dictionary/terror
http://www.webster.com/dictionary/trepidation+
http://www.webster.com/dictionary/fear+
http://www.webster.com/dictionary/frighten


  

Dose Ranges
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What are the odds of dying?
• The table below was prepared in response to frequent inquiries, especially from the media, 

asking questions such as, "What are the odds of being killed by lightning?" or "What are the 
chances of dying in a plane crash?"

• The table has four columns. The first column gives the manner of injury such as motor-vehicle 
crash, fall, fire, etc. The second column gives the total number of deaths nationwide due to the 
manner of injury in 2002 (the latest year for which data are available). The third column gives 
the odds of dying in one year due to the manner of injury. The fourth column gives the lifetime 
odds of dying from the manner of injury. Statements about the odds or chances of dying from a 
given cause of death may be made as follows:

• The odds of dying from (manner of injury) in 2002 were 1 in (value given in the one-year odds 
column). 

• The life-time odds of dying from (manner of injury) for a person born in 2002 were 1 in (value 
given in the lifetime odds column).

• For example, referring to the first line of the table below:
• The odds of dying from an injury in 2002 were 1 in 1,755.
• The lifetime odds of dying from an injury for a person born in 2002 were 1 in 23.
• The odds given below are statistical averages over the whole U.S. population and do not 

necessarily reflect the chances of death for a particular person from a particular external cause. 
Any individual's odds of dying from various external causes are affected by the activities in 
which they participate, where they live and drive, what kind of work they do, and other factors.

• Source: National Safety Council estimates based on data from National Center for Health 
Statistics and U.S. Census Bureau. Deaths are classified on the basis of the Tenth Revision of 
the World Health Organization's "The International Classification of Diseases" (ICD). Numbers 
following titles refer to External Cause of Morbidity and Mortality classifications in ICD-10. One 
year odds are approximated by dividing the 2002 population (287,941,220) by the number of 
deaths. Lifetime odds are approximated by dividing the one-year odds by the life expectancy of 
a person born in 2002 (77.3 years).



  

The Odds of Dying
Odds

Lifetime
Odds

One YearDeathsType of Accident or Manner of Injury

231755164112All External Causes of Mortality, V01-Y89, *U01, *U03

352698106742Deaths Due to Unintentional (Accidental) Injuries, V01-X59, Y85-Y86

77595348366Transport Accidents, V01-V99, Y85
612472736091Pedestrian, V01-V09
4857375412767Pedalcyclist, V10-V19
1159895623215Motorcycle rider, V20-V29

1773801371148721Occupant of three-wheeled motor vehicle, V30-V39
2281762516337Car occupant, V40-V49
869671824286Occupant of pick-up truck or van, V50-V59
8169631450456Occupant of heavy transport vehicle, V60-V69

86628669630743Bus occupant, V70-V79
315682440180118Animal rider or occupant of animal-drawn vehicle, V80
1330351028361528Occupant of railway train or railway vehicle, V81
931246719853054Occupant of streetcar, V82

2471906915100Other and unspecified land transport accidents, V83-V89
2483321919608115Occupant of special industrial vehicle, V83
250001932491149Occupant of special agricultural vehicle, V84
116406899816332Occupant of special construction vehicle, V85

4800371058776Occupant of all-terrain or other off-road motor vehicle, V86
2642038114128Other and unspecified person, V87-V89
6037466679617Water transport accidents, V90-V94
9019697194413Drowning, V90, V92

182601411477204Other and unspecified injuries, V91, V93-V94



  



  

* For those free of cancer at beginning of age interval. Based on cancer cases diagnosed during 2000 to 2002.

Source: DevCan: Probability of Developing or Dying of Cancer Software, Version 6.0 Statistical Research and 
Applications Branch, NCI, 2005. http://srab.cancer.gov/devcan

Lifetime Probability of Developing Cancer, by Site, Men, 
2000-2002*

† All Sites exclude basal and squamous cell skin cancers and in situ cancers except urinary 
bladder.

Site Risk

All sites†   1 in 2
Prostate     1 in 6
Lung and bronchus 1 in 13
Colon and rectum 1 in 17
Urinary bladder‡ 1 in 28
Non-Hodgkin lymphoma 1 in 46
Melanoma 1 in 52
Kidney 1 in 64
Leukemia 1 in 67
Oral Cavity 1 in 73
Stomach 1 in 82 

‡ Includes invasive and in situ cancer cases



  

Lifetime Probability of Developing Cancer, by 
Site, Women, US, 2000-2002*

Site Risk
All sites†     1 in 3
Breast     1 in 8
Lung & bronchus     1 in 17
Colon & rectum   1 in 18
Uterine corpus   1 in 38
Non-Hodgkin lymphoma   1 in 55
Ovary   1 in 68
Melanoma   1 in 77
Pancreas   1 in 79
Urinary bladder‡   1 in 88
Uterine cervix   1 in 135 

Source: DevCan: Probability of Developing or Dying of Cancer Software, Version 6.0 Statistical Research and 
Applications Branch, NCI, 2005. http://srab.cancer.gov/devcan

* For those free of cancer at beginning of age interval. Based on cancer cases diagnosed during 2000 to 2002.

† All Sites exclude basal and squamous cell skin cancers and in situ cancers 
except urinary bladder.

‡ Includes invasive and in situ cancer cases



  

Cancer Mortality in the United States
Changing patterns for 11 Major Cancers in U.S. Males, 1950-91 

Death Rates for Males, per 100,000, for 11 Sites,
1950-91, Age-adjusted to 1970 U.S. Standard
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Death Rate Report for Utah by County, death years through 2001

All Cancer Sites
Healthy People 2010 Objective Number: 03-01

Reduce the overall cancer death rate.
White, Both Sexes, All Ages
Sorted by Rate

Recent Trend Period (2)Upper 95% Confidence Interval for Annual Percent ChangeLower 95% Confidence Interval for Annual Percent ChangeRecent Annual Percent Change (2) in Death RatesRecent Trend (2)Rate PeriodAverage Deaths per Year over rate periodUpper 95% Confidence Interval for Death RateLower 95% Confidence Interval for Death RateDeath RateMet Objective of 159.9? (1)County

1993 - 2001-0.9-1.1-1falling1997 - 2001475121197.2196.7196.9NoUnited States
1991 - 2001-0.1-1.3-0.7falling1997 - 20012244153.4147.8150.6YesUtah (State)
********falling1997 - 200115270.1166.8212.4NoKane County
1977 - 20011.8-1.40.2stable1997 - 200117258.1165.3207.6NoGrand County
1977 - 20011.7-0.50.6stable1997 - 200140224.3168.8194.9NoCarbon County
1977 - 20012.70.31.5rising1997 - 200134217.3159.3186.5NoUintah County
1977 - 20012-0.20.9stable1997 - 200118229.7147.6184.7NoDuchesne County
1977 - 20011.6-0.40.6stable1997 - 200143206.8156.3180.1NoTooele County
1977 - 20013.5-1.11.2stable1997 - 20018241.4126.1175.9NoGarfield County
1977 - 20014.4-0.51.9stable1997 - 200111231.5131.4175.7NoBeaver County
1977 - 20011.7-0.30.7stable1997 - 200132203.2147.1173.2NoSevier County
1977 - 20013.4-1.80.8stable1997 - 200111223.8129.7171.9NoJuab County
1977 - 20011.5-2.2-0.4stable1997 - 200114208.8129.2165.4NoEmery County
1977 - 20010.1-0.5-0.2stable1997 - 2001918161.1151.9156.5YesSalt Lake County
1977 - 20010.8-0.90stable1997 - 200151176.9137.9156.4YesBox Elder County
1977 - 20010.5-0.30.1stable1997 - 2001239164.6146.8155.5YesWeber County
1977 - 20010.8-1.6-0.4stable1997 - 200129181.9129.8154.1YesSanpete County
1977 - 20011.2-1.7-0.3stable1997 - 200115190.6119.4151.7YesWasatch County
1977 - 20010.3-0.9-0.3stable1997 - 2001199151.4133.2142.1YesDavis County
********falling1997 - 20014226.383.8139.9YesWayne County
1998 - 20010.9-40.2-22.3stable1997 - 200130162.4117.1138.3YesIron County
1977 - 20010.4-0.40stable1997 - 2001261145.1130137.4YesUtah County
1977 - 20010.4-1.1-0.3stable1997 - 200171145.4117.5130.9YesCache County
1977 - 20010.2-1.3-0.6stable1997 - 2001133140.4119.7129.7YesWashington County
1977 - 20010.5-2.2-0.9stable1997 - 200118164.6100.5129.1YesSummit County
1977 - 20011.7-3.5-0.9stable1997 - 20017175.184.8123.7YesSan Juan County
1977 - 20011.2-3.7-1.3stable1997 - 20016174.279.1119.4YesMorgan County
1977 - 20012-1.40.3stable1997 - 200114150.291.6117.8YesMillard County
***********Daggett County
***********Piute County
***********Rich County

Notes:
Created by statecancerprofiles.cancer.gov on 04/24/2005 3:09 pm.
State Cancer Registries may provide more current or more local data.



  

Comparative Cancer Death Rates 
Year Utah US Alabama Alaska Arizona Arkansas California

1969 148.2 198.6 179.8 181.9 184.8 178.2 194.3

1970 148.9 198.8 178.0 173.9 177.8 177.3 196.9

1971 144.9 198.9 184.4 218.7 185.0 180.3 195.8

1972 145.1 200.4 188.0 212.2 170.1 180.4 196.3

1973 147.0 198.7 185.6 194.1 174.2 184.9 193.3

1974 152.5 199.9 188.0 166.7 175.6 196.7 198.4

1975 146.7 199.1 188.0 189.0 178.1 184.2 198.4

1976 155.4 202.3 189.5 189.3 185.5 187.6 200.3

1977 154.1 203.0 193.5 197.9 178.4 184.1 201.4

1978 154.3 204.4 196.5 198.9 184.9 188.6 203.9

1979 149.2 204.5 198.8 232.9 183.8 192.1 201.8

1980 153.6 207.0 205.5 217.4 190.0 195.3 204.1

1981 153.6 206.4 208.8 202.0 188.2 200.2 204.2

1982 154.8 208.3 207.6 227.1 188.4 199.7 209.0

1983 151.6 209.2 208.7 219.7 190.6 207.5 205.8

1984 154.6 210.9 216.8 224.4 191.2 203.9 209.6

1985 146.6 211.3 216.2 204.3 193.2 208.1 208.7

1986 153.7 211.8 218.6 235.2 193.7 207.7 208.1

1987 153.8 211.9 219.8 211.5 195.9 215.2 207.9

1988 154.6 212.6 220.2 219.6 193.3 217.9 205.4

1989 163.5 214.3 221.0 217.5 192.4 219.4 203.3

1990 152.0 214.9 219.4 214.3 197.0 224.2 202.9

1991 162.4 215.1 219.5 220.5 199.2 217.8 203.9

1992 157.4 213.5 221.7 222.5 197.1 223.3 199.9

1993 158.5 213.4 219.6 225.0 194.7 224.5 200.0

1994 155.6 211.7 222.8 216.3 191.2 219.5 198.9

1995 153.4 209.9 219.7 204.7 183.9 221.6 195.3

1996 147.1 207.0 219.0 221.9 183.9 215.8 190.5

1997 146.8 203.6 217.8 196.3 179.4 216.0 189.7

1998 158.7 200.8 217.0 200.3 174.0 210.4 183.5

1999 155.9 200.7 210.8 193.8 179.8 213.9 185.1

2000 150.3 198.6 214.6 208.2 176.4 209.7 181.2

2001 144.3 195.7 212.0 196.2 173.4 208.3 179.4

2002 144.4 193.5 207.3 190.8 172.5 212.5 175.9

n=34        

average 152.2 205.6   207.2 185.2    



  

Annual Age-Adjusted Cancer Dath Rates by State, 1969-2002
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Percentages of cancer deaths attributed to various factors



  

The Influence of Age on 
Cancer and Survival
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