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For Cuvican Dexsirometgy

CERTIFICATION mmmm

Certifies that

Ing-Ming Hwang, M.Sc., CDT

iy

( \ as, completed an approved certification curriculum and has i

demonstrated proficiency and excellence in the field of bone

densitometry and is hereby granted the title of

Certified Densitometry Technologist (CDT)
Heke Zoiat - Y

E. Michael Lewiecki, MD, FACP, President S. Bobo Tanner, MD, Education Committee Chair
On this 16 day of May in the e year 2004

‘D certification recognizes certain standards of competency and is not
intended to replace local licensure to perform and interpret bone densitometry.

Valid 5 years from date of issue.
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Ni-63 B 100.1F | 2.137 MeV
H-3 B 12.43% | 0.0186 MeV
P-32 B 14.3*| 1.71 MeV
S-35 B 87.32~| 0.167MeV
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FIGURE 5-6 The electromagnetic spectrum extends over more than 25 orders of magnitude.
This chart shows the values of energy, frequency, and wavelength and identifies the three
imaging windows.
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Figure 1.1. The first radiograph of a living
objeci, taken in January 1896, just a few
months afier the discovery of x-rays. (Cour-
tesy of Rontgen Museum, Wurzburg, Ger-
many)
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RI2EMARBHARFEENLR B4 : EHR/F

= 5 - HREH X R BZXx EMR
FHER 0.36 0.28 0.38 0.27
R REY 0.41 0.28 0.29 0.55
NET (RBHIMEEST) 0.77 0.56 0.67 0.82
g2 F 1.26 2.0 0.56 0.83
$#40 F 0.36 0.39 0.47 0.33
/&t (REAERST) 1.62 2.39 1.03 1.16
& &t 2.4 3.0 1.7 (2.0)
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The principal effects of radiation on ar
70 or fetus are:

embryonic, fetal, or neonatal death
malformations
growth retardation

congenital defects

cancer induction

100+

20-
0 = v T T v L 1 T g LJ
AB)_2 3 a4 5|6 7 8 S 10 11z 13 1a 15 16
Al 2 a4 6 9 12 16 20 25 29 32 37 a1 45 54 70
2B EEE
Ea4-9 /hNBEIERATERFEZL 2GY(200rad) B9 X AR FEERF 2B - ﬁﬁ‘FﬁEﬁfJ\ﬂﬁﬁf&*ﬁﬁﬁﬂgAﬂ'
PR A< 8 (Russell, L.B.»)



Extra Cosmic Rays

Fallout from E/} from Air Travel
Weapon Testing

X

@Dental X Rays

Nuclear
~7 Power Plants
Television

|

Luminous
Wristwatch

Medical

B

Burled ———
Radioactive Waste

&

Figure 24-6. The various sources of man-made radiation
to which the human population is exposed. In developed
countries the effective dose is dominated by medical
radiation.
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Hftt <1%

WESFE 0.3%
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\A:rfcial 13%

Fallout 0.4%
Miscellaneous 0.4%
Occupational 0.2%

Discharges <0.1%

Fig. 12.1 The background radiation levels in the UK total
an average of 2.5 mSv per year|(by courtesy of the National
Radiological Protection Board).
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Hands of an X-ray technician in 1906,
who later died of cancer




August 6th, 1945 Hiroshima. August 19th, 1945 Nagasaki

About 90,000-140,000 people were Kkilled in Hiroshima and 60,000-80,000 in Nagasaki.
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Table 9-1

Evolution of Occupational Exposure Limits

Time Period

Limit

Authority

1896 to early 1900s
1902

1920s-1940s
1925

1931*
1936
1959
1987

1991

Erythema dose

Fogging of a photographic plate
(dental film later used as a
rudimentary film badge)

Tolerance dose

1/100 erythema dose (about
40 rem/yr)

1/10 erythema dose
0.2 R/day (about 40 rem/yr)

0.1 R/day (about 20 rem/yr)

S rem/yr
Cumulative dose 5(N — 18)

S rem/yr
Cumulative dose =age in rem

2 rem /yr (20mSvl/y)

Generally accepted guideline
Rollins

Generally accepted guideline
Mutscheller

Sievert

Advisory Committee on X-Ray and Radium
Protection

Advisory Committee on X-Ray and Radium
Protection

NCRP

NCRP

ICRP (not enforced yet in U.S.)

* The roentgen (R) was first proposed as a unit in 1928; these guidelines were not universally accepted.



TABLE 14.4. Basic Exposure Limits from NCRP Report No. 116 and ICRP
Publication 60

NCRP-116 ICRP-60
Occupational Exposure
Effective Dose
Annual 50 mSv 50 mSv
Cumulative 10 mSv X age (y) 100 mSvinSy
Equivalent Dose @HHEP, & ETI97 FAZE20 mSv.
Annual 150 mSv lens of eye; 150 mSv lens of eye;
500 mSv skin, 500 mSv skin, hands, feet
hands, feet - PR E AT AL EIVRE "UE S 1mSv.
Exposure of Public
Effective Dose
Annual 1 mSv if continuous I mSv; higher if needed, providec
5 mSv if infrequent 5-y annual average < | mSv
Equivalent Dose
Annual 15 mSv lens of eye; 15 mSv lens of eye;
50 mSv skin, 50 mSv skin, hands, feet

hands, feet
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'_!., voa/luo N/ — 2 » / V4
T_E PFHLLE BTNl
FREE (BO=8%) R H
, 1R = 1esu/lcc air at STP (0°C,
-
760 mmHg)
VOE R R . .
= 3.333 x 10-1°C/cc air.
BE{I=X®| (Gy)
seougnyn = 3.333 x 10-1°C/ 1.293 x 106
MR ST Y705 % 9 & K .
alr.
e (J/Kg) &
=2.58 x 10 C/Kg air.
TABLE 14.1. Radiation Weighting Factors, wy, from
NCRP Report No. 116
IN | Ed-E e ABEESEEW Radiation Wg
= BEE =783 (Sv, BB B8 (=753 (Sv X and vy rays, electrons, positrons, and muons 1
Neutrons, energy < 10 keV D
He=2Wr  Hr Hr=DQ 10 keV to 100 keV 10
Wr: b I D:IR IS >50181 i “ 3 Mev 20
PPN - > eV to 20 MeV 10
(Femsd Ty y 7 osmumm >20 MeV 5
)§_ 4 R* }%)ﬁ; g Protons, other than recoil protons and energy
L) e X > 2 MeV 2¢
*E i»‘]‘a{/,& )§> Alpha particles, fission fragments, and
nonrelativistic heavy nuclei 20

[ 2.2 EFEVTER

*ICRP Publication 60 recommends w, = 5.



Total-Body Irradiation

Mass = 70 kg
LD/50/60 = 4 Gy
Energy absorbed =

70 > 4 = 280 joules
= 280 = B7 calories
4.18
Xeray
A -
Drinking Hot Coffee
Excess temperature (°C) = 60° — 37° = 23°
Volume of coffee consumed to
equal the energy in the LD/50/60 = 67
o 23
= 3 mL
= 1 sip
B
Mechanical Energy: Lifting a Person
Mass = 70 kg
Height lifted to equal
the energy in the
LD/50/60 = 280
70 < 0.0981
= 0.4 m (16 inches)
C

Figure 1-4. The biological effect of radiation is due not to
the amount of the energy absorbed but ta the photon size,
or packet size, of the energy. (A) The total amount of en-
ergy absorbed in a 70-kg (154-Ib) human exposed to a le-
thal dose of 4 Gy is only 67 calaries. (B) This is equal to the
energy absorbed when drinking one sip of hot coffee. (C}) It
also equals the potential energy imparted by lifting a per-
son about 16 inches.



WE Y A i R E bl 2
D(rad) = E/m x (102 J/Kg-rad) = 4.186 (J/cal) s AT / (102 J/Kg/rad)
D =4.186 s AT / 10?2 (J/Kg/raW
=4.186 (J/cal) x (170 cal/Kg C) x (0.2 "C) x 100 (Kg/J)-rad.
= 142,000 rads.
= 1,420 Gy.
L) S PR S F1 TRIES F 0.2 CF1420 GyfuE,
P R

T R B E'H?F",@‘(: 2Gy/=: JEVE [ 1 0.00028 °C.
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TABLE VII. SERIOUS RADIATION ACCIDENTS REPORTED (1945-1987)

e of facili No. of events Overexposures” Deaths
Typ 1y p

Nuclear factlities 27 (34%) 272 (64%) 35 (59%)
Non-nuclear facilities
Industry 42 (52%) 84 (20%) 200 (34%)
Research 7 (9%) 10 (2%) = (=)
Medical 4 (5%) 62 (14%) 4 (7%)
80 (100%) 428 (100%) 59 (100%)

* An overexposure is taken here as exposure of the whole body, blood forming organs or
other critical organs to 0.25 Sv or more; of skin to 6 Sv or more; other external exposure
of 0.75 Sv or more; and internal contamination of half or more of the *maximum permissi-
ble organ burden’. (The concept of the ‘maximum permuissible organ burden’ has now been
superseded by the concept of the *annual limit of intake’.) The table excludes patient related
events and off-site exposures at Chernobyl.



TABLE VIII. FATAL RADIATION ACCIDENTS REPORTED (1945-1987)®

Fatalities
Year Location Radiation source
Worker  Public

1945 Los Alamos, USA Critical assembly 1

1946 Los Alamos, USA Critical assembly 1

1958 Vincéa, Yugoslavia Experimental reactor 1

1958 Los Alamos, USA Critical assembly 1

1961 Switzerland Tritiated paint 1

1962 Mexico City, Mexico Lost radiography source 4
1963  China Seed irradiator 2
1964 Germany, Federal Republic of  Tritiated paint 1

1964 Rhode Island, USA Uranium recovery plant 1

1975  Brescia, Italy Food irradiator 1

1978  Algeria Lost radiography source 1
1981 Oklahoma, USA Industrial radiography 1

1982 Norway Instrument sterilizer 1

1983 Constituyentes, Argentina Research reactor 1

1984  Morocco Lost radiography source B
1986 Chernobyl, USSR Muclear power plant 29

1987  Goifinia, Brazil Removed teletherapy source 4
Total: 17 events with 59 fatalities 40 19

* In nuclear facilities and non-muclear industry, research and medicine (excluding patient
related events).
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