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/ The Nucleus which
Electrons contains neutrons and
protons
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Microwaves Ultraviolet light Gamma rays
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— Curie (i) 3 7100 disintegration per second (dps)
(2.2 x 1012 dpm) Or

— Becquerel (Bg) 1 dps
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1 millicurie = 2.2 x 10° disintegrations per minute (dpm) =
3.7 x 107 Bq = 37 MBq

1 microcurie = 2.2 x 106 dpm = 3.7 x 104 Bq = 37 kBq
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Radioisotope
The time required for the

1000 - amount of radioactive material Hydrogen-3
200 - to decrease by one-half Carbon-14
ity oo Phosphorus-
Activity 00 - i
] Phosphorus-
¥ ‘ 33
New 2 Half- 4 Half-
Lives Lives Sulfur-35
lodine-125
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Half-Life
12.3 years
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14.3 days

25.3 days

87.6 days
60.1days



RDOR NIMP — NI 71770 2310

V1 ,'O2NIX TINN 2'770 - o0 NOIX NA"y?
V791N ,0NV'N Yl 0DIVIND Y
.0'M'Io0N D'T) D'MILVX 7¥ D1'VIAN

.

Daughter
Nucleus

Th-231 4 ++
Parent Nucleus AL

U-235 B

Alpha Paricle
(Helium Mucleus)




RDIR NIMP — NPT

N'ANIN7 DXNND DNP'M NNYWY W 70007 Mminn N7 0OTIN 0'R'P700 - o N97X N1y
ININN 21071 DN7Y

La*t Paper Plastic Lead Concrete

e Alpha _




B 01397 X2 NP — N11°H 72772 9210

.00 QTIY 72p2 2% X7 'VIA2 TwNINN -0 B XvA NEONN
N'VI'7 N'ANINA DIVXD |'VIAN V791N [NVPIR + [IDND7 [NV ND'ON

Daughter nEY
MNucleus I
Calcium-40

ha

v

/—/‘/' Antineutrino

Parent Nucleus
Potassium-40 ' B
1

Beta Particle



B 01397 X2 NP — NI

N'21IX7 DXNN] DNUN'Y'M NNYWY 7Y 7NNY7 ninn N7 o TIn 07'R70n - XLV NP
ININN 21071 DN7Y

Latt Paper Plastic Lead Concrete

e Alpha _

' B~ Beta
&

NUNNI DIOXRD 'VIA T2 DINVRIX NAYNN IRXIND X N7 YNNY - Bremsstrahlung -n nysin
.DNN'NN



Y — N2 DNIPAP — N117°n a17P A0

ONI NON NoN DN DRIVIDN .(D1IVID) N'VIANNVPIN NIMPD V791N N'ANIX qTIV
NI V219N DILK D71 'VIAAY DIIVINON 190N 'IN'Y 'R DT )*7NN] ."Mmwn [yun
JI'MDN MDD DX NIYN 11'R TA72 N2

P

—_

S TAVAT AV, o
Gamma Rays

Parent Nucleus Daughter Nucleus
Cobalt-60 Ni-60




Y — N2 DIPAP — M0

NIIX2 NIN7 NYTNN QY DT DAIZRN NNXIY L'DI0 NHO 'R - X Ml Yy XNa Ny
N'IN'¥1I907N

Lot Paper Plastic Lead Concrete

e Alpha _

' B~ Beta
i

1 .. Gamma and X-rays
i ol




(17w DnMaRDL 'P'7TNN 7T1an 1TA)

(IMIX X ) Ni7pa 0721 M pein - a

.71y TR NoN' o - B

AYTN DN L,No0N X77 NNV NMANIR -y

o
ALPHA

B

BETA

W W e e e e

NELTRONS }s

L N

b

.(3- Sheoit

a\ummnum lead conc:ete

........




0770 NRXY

PN YT DY NNM DNOIY NN MND DY NPY DTN NN - (exposure) NYWN (1) NaYvn
NPND DYNNY NIPN NNXIY NOT TAN POUIT /)Y DIXIPI MITNT .PNNT NI NNMN NN IDN
Y PIN DY (cc) apwn qumviva(esu) NNNX MOLLVLDIIVPON NTNYD IMNVN HNVYN YL MND

SONRIPI NP OV WON NPID DN TAN PLIT .OMPN DININI

95 DTN NON(dose) NN NN MDNYN WON NTTINY (DOYD INI) NDVUNN NMIYD = (19/999)) NN
NN NN .AMIND NPIPN DY NXRNIND INYID IN0INA NHODIN NPXNINN NN NOIWND vRvNn
92Y2 .90 NP2 TRX DN DY 7YX NPADY YODPNPN TN M) Gy NP (gray) ) 229590 NN
100 HY MHYNN NPADY MOLVIDMIPN T DTN, (rad) TN NN ,NINN NTTID NINX DTN NYAPN NNMN

19 100-5 MY TN »9) .9DIN DA XN

N0 NN MY NPIPD QNN NN T DY DINY ININNDD MDD PN = (B9/V9990) NHPY N
NPIAPN TN NN .NNVYNN NNPIT NN TPXTINVD NN DINIPIYI INY DY) MY PR .NPIPN
PN IN ADHPYA NN RIPIN DTN NNV TOVYY ININHDD MNOPIAN P Iwpna
WNNWN 92y (Sv) sievert VINPON NN MVIOMIPRN MNN NTNYequivalent dose). ) NVIVINPNN
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TPDOVPAN NINY TPVIDMIPRN MIND P2 DTANN .ONPD DY MM YD 0) nTTmN(effective dose)
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RELATIVE DOSES FROM RADIATION SOURCES

Millirem Doses 2 mSv/year NA'VPOXR Y N1y?

Gastrointestinal series

1,400 millirem
sl d . . .
R e e i http://epa.gov/radiation/unders
) tand/calculate.html
Diagnostic radiology Cosmic radiation living
50 millirem in Denver
{annual) 50 millirem
(annual)
Natural radioactivity
in the body
40 millirem
Mammogram (annual)
30 millirem
(single procedure)
Terrestrial radioacti —
Cosmic mdloagtllvny 2;rr?:iilirem ey 1 mSV - 100 m R E M
ey e 20 mSv= 2000 mREM
Cosmic radiation living
at sea level

24 millirem {annual)

Chest x-ray S
4 milliram I\ Living near a nuclear
(single procedure) & é power station

<1 millirem on average
(annual)


http://epa.gov/radiation/understand/calculate.html
http://epa.gov/radiation/understand/calculate.html
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Mechanisms of Damage

Injury to living tissue results from the transfer of energy to atoms and
molecules in the cellular structure. Ionizing radiation causes atoms and
molecules to become ionized or excited. These excitations and ionizations can:

eProduce free radicals.

eBreak chemical bonds.

eProduce new chemical bonds and cross-linkage between macromolecules.
eDamage molecules that regulate vital cell processes (e.g. DNA, RNA,
proteins).

The cell can repair certain levels of cell damage. At low doses, such as that
received every day from background radiation, cellular damage is rapidly
repaired.

At higher levels, cell death results. At extremely high doses, cells cannot be
replaced quickly enough, and tissues fail to function.
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Tissue Sensitivity

In general, the radiation sensitivity of a tissue is:
eproportional to the rate of proliferation of its cells
einversely proportional to the degree of cell differentiation

This also means that a developing embryo is most sensitive to radiation during the early stages of
differentiation, and an embryo/fetus is more sensitive to radiation exposure in the first trimester
than in later trimesters.

Most Sensitive: Blood-forming organs
Reproductive organs

Skin

Bone and teeth

Muscle

Least sensitive: Nervous system
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Prompt and Delayed Effects

Radiation effects can be categorized when they appear:

*Prompt effects: effects, including radiation sickness and radiation
burns, seen immediately after large doses of radiation delivered over
short periods of time.

eDelayed effects: effects such as cataract formation and cancer
induction that may appear months or years after a radiation
exposure
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Putting Risk into Perspective

One way of considering the level of a risk is to look at the number of "days lost" out
of a population due to early death from a given cause, then distributing those days
lost over the population to get an "average life expectancy lost" due to that cause.

You can also look at risk by considering the
Relative Risk of a 1 in a million chance of death
Health Risk Estimated Life from activities common to our society:

Expectancy Lost

Smoking 20 cigarettes 6 years v
a day

Overweight by 15% 2 years v
Alcohol (US average) 1 vyear v
all accidents 207 days

All natural hazards 7 days :;
Occupational dose of 3 15 days v
mSv /year v

Smoking 1.4 cigarettes in a lifetime
(lung cancer)

Eating 40 tablespoons of peanut
butter (aflatoxin)

Spending two days in New York City
(air pollution)

Driving 40 miles in a car (accident)
Flying 2500 miles in a jet (accident)
Canoeing for 6 minutes (drowning)
Receiving a dose of 0.1 mSv of
radiation (cancer)



n"o 15P-32 uCi 500 MRAD/hr  768.7777778
n"o 30P-32 uCi 500 MRAD/hr  195.0722222
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