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How is brain-scans done?

— CO111
Associated with brain-
scan technology is the
use of small amounts of
radioactive substances.
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Marie Curie discovered
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radium

Fig. 11.1

Marie Curie, one of
the pioneers in the
study of radioactivity,
is the first person to
have been awarded
two Nobel Prizes for
scientific work.
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The effect of an electromagnetic field on alpha, beta, and

gamma radiation.
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What is half-life period?

Number of  Fracthom of inisial (hsantiny
half lives ity remaining  rmaining (mg)

Mhass "1 (mg)

Chemistry 120 Online LA Tech

« Fig.11.3
After each half-life
period, the quantity of
material present at
the beginning of the
period is reduced by
half.
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Half-life and decay

— Table 11.1

Element

Half-life (t, )

vanadium-50
platinum- 190
uranium-238
uranium-235
thorium-230
lead-210
bismuth-214
polonium-212

6 % 10% yr
6.9 X 10" yr
4.5 % 10% yr
7.1 X 10° yr
7.5 %X 10% yr
22 yr

19.7 min

3.0 % 1077 sec
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Radioactive decay
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Bombardment reaction

— Fig.11.4
Ernest Rutherford

was the first person

to carry out a
bombardment
reaction.
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Details of radioactive nuclides

et ot Prem—
o
o T
e e
Jlions 944
e s
Rerbelmm 19
el o
i 952
e i
L ki) 158
i s
e o0
e i
— Table 11.2 | &= i
g i
oo 1
o o
it e
fonle o
megren -
e 13 o
e 181 e
i o
e 115 i

Chemistry 120 Online LA Tech Chapter 11-¢

Smoking, lung-cancer & radiation

The advorse health offects from cigarsite smoking account for
440,000 dusths, of nearty 1 in 5 deatf, each year in the United
States. Appeoximately one-third of thess deaths are frem lung
cancer and an almost equal number from candiovascular dis-
ease, The risk of dying from lung cancer is 22 times higher
amang men who smoke cigarettes compared with nonsmokors.
Cigarette smokers ae 2-4 times more likely 1o develop
cofonary heart diseass than nonsmokers. Cigaretie smoking
approximately doubles & persan’s risk of stroke. One’s life is
shartened 14 minutes for every cigarette smoked. A 30- 10 40
year cigarntte smoker who smokirs two packs of cigaretes per
ay boses an estimated 8 yesrs of [ife

The link betweon cigarette smoke and cancer & definisely
established. The causative agents for the cancer involve many
of the more than 2000 compourds. identified in cigaretie tar,
Aned radiosctivity has als been implicated

Tha link between radicsctivity and tobacco imvolves the
following sequence of events. The soil in which tobacco is
growm i hesvily trested with phosphate fenifizers. The souree
for phasphate fertifizers 15 ullimatoly phosphate rock. Nearly all
phosphate rock contains small amounts of uranium and its
decay products 4 impurilies. Hence small amounts of radsasc-
tive ruclides are present in fertilized tobacco-growing soil
{5 well as in many other crop soils)

Radon-372. one of the intemedist products from the
wranium-238 decay series (Section 11.5), is present at relatively
Hiigh concentrations in soil gas and in the surface Sif layer under
the vegettion canopy provided by a field of growing tobacco
plants. The decay products fram radon-222 (see Figure 11.6),
‘which include the solids polonium- 218 and bismuthe214, often
Iecome firmly attached ta the surface and interior of tobacco
lesves. These shorllived isctopes decay further 1o lead-210,
which has a half-life of 204 years. Gradually, lead-210 levels
ulld In tobaceo Ioaves.

During the burning of a cigaretin, small particles (particy
lates) are produced in addition to gasecus products. Many of
these particulstes, some of whech have & bead-210 content, are
intaled and deposited in the respiratory tract of the smoker and
are evernually transported to storage sites in the liver, spileen,
and bone marow. With time (years of smoking). lead-210
concenerations (and decay products) continue to build within
the body. The results are comstant added exposure of organs and
Ibone marow 10 aipha and beta particles and an increased prob-
abilay of cancer development in the smoker a5 compared with
the nossmoker
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Nuclear decay series-uranium-235
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In the U-238 decay §om

series, each nuclide | 3
is unstable except
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Positive fon lon pair
formation.

Radiation-atom interaction

Radiation with slightly
decreased energy that will
Interact with another atom
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Relative penetrability of radiation

Fig. 11.8
Alpha, beta, and gamma radiation differ in penetrating ability.

Thick sheet Aluminum Lead and concrete
Lead of paper (1 cm thick) (5 cm thick)

¥ r
Radiactive Stops alpha Stops beta Stops some
source particles particles gamma radiation
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Radiation doses: rems

Dase (rems)* Effects
0-25 No detectable clinical effects.
25100 Slight short-term reduction in number of some blood cells; disabling
sickness pol common
100~ 200 Nausea and fatigue, vomiting if dose is greater than 125 rems;
longer-term reduction in aumber of some blood cells.
2000 - 300 Nausea and vomiting first day of exposure: up 1o a 2-week latent

period followed by appetite loss, gencral malaise, sore throat, pallor,
dinrvhen, amd modernte emaciation. Recovery in about 3 months,

unbess complicated by infection of inju
— Table 11.3 300y~ 600 Nausea, \n‘ﬂf}liﬂu. J.l?d dinrrhea in Iir:d zu hours. Up 1o a l-week
lanent period followed by loss of appetite, fever, and general malaise in
the secomd week, followed by hemarrhage, inflammation of mouth and
throat, diarrhea, and emaciation. Some deaths in 2 to 6 weeks.
Eventual death for 505 if exposure is above 450 rems; others recover
in ahout & months,
B0 o mone Nausca, vomiting, and diarrhea in fisd few hours. Rapid emaciation
and death as carly as second week. Eventual death of nearly 100%.
“A rerm is the guantity of jonizing radistivn that it be shseebed by 3 buman 1o produce the same biologi-
cal effect as | reentgen of high-penctrativn X rays, A roentgen is the guantity of high-penetration X rays that
produces spproximately 2 % 107 kon pairs per cohic centinseter of dry air st 0°C and | atm,
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Irradiated food safe to eat?

— CC11.2
Irridated and nonradiated
mushrooms
Nonirradiated [rradiated
NYC
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Radiation exposure

« Fig.11.9
Film badges are used
to determine a
person’s exposure to
radiation.
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Radiation detection

Window

— Path of
asingle
radioactive
emission

What causes radiation exposure?

Fig. 11.10

Radiation passing through a Geiger counter ionizes one or more

gas atoms, producing ion pairs.
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Conmic ractiation
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Components of
the estimated
annual radiation
of an average
American.

Dthers, less than 1%
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Testing radon gas

- CC.113
A commercially
available kit to test for
radon gas in the
home.
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Technetium-99 used as radiation source

Science Photo/Custom Medical Stock Photo
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Brain scans are
obtained using
radioactive
technetium-99, a
Iaboratorly(-j)roduced
radionuclide.
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Radionuclide used in medicine Radionuclide used in medicine
Table 11.5
it [1AD1E 11.4
Nuclide Half-life Type of Emitter Use in Therapy
coball-60 5.3 vears gamma extemal source of
radiation in treatment
of cancer
indine-131 8 days beta, gamma cancer of thyroid
phosphorus-32 14.3 days heta, gamima treatment of some ypes
of leukemia and
L, widespread carcinomas
radium-226 1620 years alpha, gammn used in implantation
cancer therapy
rdon-222 3.8 days alpha, gammn used in treatment of
uterine, cervical, orl,
and bladder cancers
yitrium-0 4 hours heta, gnmma implantation thempy
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Cobalt-60 as gamma source Fission chain reaction of uranium-235

i Ba
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> Fig. 11.13 d « Fig.11.14
Cobalt-60 is used as a | In A fission chain
source of gamma_ E ” reaction is caused by
radiation in radiation ' in further reaction of the
therapy. neutrons produced
) during fission.
AKe
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Fission bomb Nuclear reactors for energy

— Fig.11.15
Enormous amounts
of energy are
released in the
explosion of a
nuclear fission bomb.

~ Fig.11.16

The cooling tower at
the Trojan nuclear
power plant
dominates the
landscape. The
nuclear reactor is
housed in the dome-
shaped enclosure.
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Types of nuclear reactions

Fusion energy: Ultimate source of energy

. Fig. 11.17
The process of =~ CAG11.2] e H s |
nuclear fusion is e process by whech the
maintains the interior o Il I -
of the sun at the e,
temperature of e rom s eas.
approximately 15 e ot ey
million degrees. | nery
NASA
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Comparing chemical and nuclear reactions

— Table 11.6

Chemical Reaction

Nuclear Reaction

Different isotopes of an element

have identical chemical properties.

The chemical reactivity of an element
depends on the clements state of combi-
nation (free element, compound, ¢ie. ).
Elements retain their identity in
chemical reactions.

Energy changes that accompany
chemical reactions are relatively small.

Reaction rates are influenced by
lemperature, pressure, catalysts,
and reactant concentrations.

E

Different isotopes of an element
have different nuclear propertics.
The nuclear reactivity of an element
is independent of the sate of
chemical combination.

Elements may be changed into other
elements during nuchear reactions.
Energy changes that accompany
nuchear reactions are a number of
orders of magnitude larger than
those in chemical reactions.
Reaction rales are independent of
lemperature, pressure, catalysts, and
reactant concentrations.
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