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NUCLEAR RADIATION STATEMENTS

Directions: Place a check mark ( ( ) next to the statement that you agree with or leave the space blank if you disagree with the statement.

1.  _____  Nuclear radiation includes alpha and beta particles.

2.  _____  Some forms of nuclear radiation cannot even penetrate 

                 paper.

3.  _____  Roentgen equivalent man (rem) measures radiation 

                 damage to human tissue

4.  _____  The average exposure of radiation to humans in the 

                 U.S.A. each year is 100 millrems.  

5.  _____  Radioactive dating uses isotopes of carbon that can be 

                 used to estimate the age of rocks that is more than 

                 4 billion years old. 

6.  _____  Radioactive nuclides are used to diagnose cancer and  

                 kill bacteria and insects that spoil food.

7.  _____  Film badges and Geiger counters are used to detect 

                 nuclear radiation
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I Becquerel's experiment, nuclear radiation from the uranium com-
pound penetrated the lightproof covering and exposed the film. Differ-
ent types of nuclear radiation have different penetrating abilities. Nuclear
radiation includes alpha particles, beta particles, and gamma rays.

Alpha particles have a range of only a few centimeters in air and
have alow penetrating ability due to their large mass and charge. They
cannot penetrate skin. However, they can cause damage if ingested or
inhaled. Beta particles travel at speeds close to the speed of light and
have a penetrating ability about 100 times greater than that of alpha
particles. They have a range of a few meters in air. Gamma rays have
the greatest penetrating ability. The penetrating abilitics and shielding
requirements of different types of nuclear radiation are shown in
Figure 22-11.

Lﬁadia‘kion Exposure

Nuclear radiation can transfer its energy to the electrons of atoms or
molecules and cause fonization. The roentgen is a wit used to measure
nuclear radiasion; it is equal to. the amount of radiation that produces
2% 10° ion pairs when it passes through 1 cm® of dry air. Lonization can
damage living tissue. Radiation damage to human tissue is measured in
rems (roentgen equivalent, man). One rem is the quanity of ionizing
radiation that does as much dumage o human tissue as is done by
1 roensgen of high-voltage X rays, Cancer and genetic effects caused by
DNA mutations ace long-term radiation damage to living tissue. DNA
can be mutated directly by interaction with radiation or indirectly by
interaction with previously ianized motecules.
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[l SECTION 223

o

- particle, beta particles < %
“and gamma rays. -

© Define the terms roentgen - -
and rem, and distinguish <~
between them.

© Describe three devices used
in radjation detection.

© Discuss applications of
radioactive nuclides.

[RIGURE 2291 The difterent
penetrating abiltes of alpha part-
cls,beta parces, nd gamma tays
reqire difterentlovelsof shielding,
Alpha particles can be shiclded with
justa sheet of paper. Lead or glas is

1 often used o shil¢ beta particles

| Gamma rays are the most penetrat-
ing and require shickling with thick

i tayers o lead or conercte,or both.





[image: image2.png]‘Everyone is exposed to environmental background radiation. Average
exposure for people livng in the United States s estimated to be about
0.1 rem per year. However, actual exposure varies. The maximum per-
‘missible doss of adiation exposure for a person n the general population
i50.5 rem per year. Airline crews and people who live at high alitudes
have increased exposure levels because of increased cosmic-ray levels

high alitudes. Radon-222 trapped inside homes may also cause
increased exposure. Because it i a gas,radon can move up from the sl
into homes through cracks and holes in the foundation. Radon trapped
in homes increases the risk of lung cancer among smokers.

I_Appllcatlons of Nuclear Radiation

Many applications are based on the fact that stable and radioactive iso-
topes of a given element behave essentially the same in both chemical and
physical processes. A few uses of radioactive nuclides are discussed below.

Radioactive Dating

Radiouctive dating is the process by which the approximate age of an
object is determined bused on the amount of certain radioactive nuclides
present. Such an estimate is based on the fact that radioactive sub-

stances decay with known hall-lives. Age is estimated by measuring FIGURE 2213 _ Radioscive

cither the accumulation of a daughter nuclide or the disappearance of | nuclides such as technetium-59,

the pareat nuclide. . can be used to detect bone cancer.
Carbon-14 is radioactive and has a half-life of approximately 5715 In this procedure, techaetium 99

accumulates in areas of abrormal
bone metabolism. Detection of the
nuctear radiation then shows the
location,gf bone canczr.

years 1t can be used to estimate the age of organic material up 1o about
50000 years old. Nuctides with longer half-lves are used to estimate the
age of older objecis; methods using nuclides with long haltlives bave
been used to date minerals and lunar rocks more than 4 billion years old.

Radioactive Nuclides in Medicine

In medicine, radioactive ouclides, such as the antificial radioactive
nuclide cobalt-60, ate used to destroy certain types of cancer cells. Many
radioactive auclides are also used as radiouctive trucers, which are
rudiouctive atoms that re incorporated into substunces so that movement
of the substances can be followed by radiation detectors. Detection of
radiation from radioactive tracers can be used to diagnose cancer and
other diseases See Figure 22-13.

Radioactive Nuclides in Apriculture

In agriculture, radioactive tracers in fertilizers are used to determine the
elfectiveness of the fertilizer, The amount of radiouctive tracer
absorbed by a plant indicates the amount of fertlizer absorbed. Nuclear
radiation is also used o prolong the shelf life of food. For example,
‘gamma rays from cobalt-60 can be used o kill bacteria and insects that

spoil and infest food.




[image: image3.png]FIGURE 22-12 — Film badges (&)
‘and Geiger-Maller counters (b) are
both used to detect auclear radiation.
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[Radiation Detection

Film badges, Geiger-Maller counters, and scintilltion counters are threé
devices commonly used to detect and measure nuclear radiation. A film
badge and a Geiger-Milller counter are shown in Figure 22-12. As pre-
viously mentioned, nuclesr radiation exposes film just as visible light
does This property is used in film badges. Film badges use exposure of
film to measure the approximate radiation exposure of people working
with radiasion. Geiger-Miiller counters are instruments that detect radia-
tion by counting electric pulses carried by gas ionized by rodiation.
Geiger-Mtiler counters are typically used to detect beta-particle radia-
tion. Radiation can also be detected when it transfers ts energy to sub-
stances that scintilate, or absorb ionizing radiation and emit visible
light. Scintillation counters are instruments that convert scintillaing light
to an electric signal for detecting radiation.

®




[image: image4.jpg]TYPES OF RADIATION

~ ADDISON WESLEY CHEMISTRY

Property Alpha radiation  Beta radiation Gamma radiation

Composition Alpha particle Beta particle High-energy electro-
(helium nucleus) | (electron) magnetic radiation

Symbol a, 3He B e Y

Charge 2+ - 0

Mass (amu) 4 1/1837 0

Common source | Radium-226 Carbon-14 Cobalt-60

Approximate 5 MeV* 0.05to 1 MeV 1 MeV

energy

Penetrating Low (0.05 mm Moderate (4 mm | Very high (penetrates

power body tissue) body tissue) body easily)

Shielding Paper, clothing Metal foil Lead, concrete

(incompletely shields)

*(1 MeV = 1.60 x 1073J)
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Where you live S

1. Cosmic radiation at sea level (from outer space). 26
2. Select the number of millirems for your elevation (in feet)
up 10 1000 ft. Elevation of some US. cities (in feet): Atarta, 1050:
2000-3000 ft. 9 Chicago, 506; Dallas, 435; Denver, 5280; Las Vegas,
4000-5000 ft. Salt Lake

29 2000; Minneapals 815 Pitsbur, 1200;

53 City. 4400; Spokare, 1890; Wa: 3

3. Terrestrial (from the ground):
If youlive in states that border the Gulf or Atlantic Coast, add 23 -...
If you live in the Colorado Plateau area (around Denver), add 90..
It you five in middle America (rest of the U.S.), add 46

4. House construction:
It you live in a stone, brick, or concrete buiding, add 7.

What you eat and drink

5. intemal radiation (in your body):*
From food and water.
From air (radon)___

6. Weapons test fallout (less than 1):%* 1
7. Jet pidne travel:

For each 1,000 miles you travel, add
8. It you have porcelain crowns or false teeth, add 0.07..
9. If you use gas lantem manties when camping, add 0.003..
10. If you wear a luminous wristwatch (LCD), add 0.006.

. If you use I inspection at airports (using typical
x-ray machine), add 0.002 P

12. It you watch TV™, add 1.
13. If you use a video display terminal™, add 1
14. It you have a smoke detector, adid 0.008.
15. If you wear a plutonium-powered cardiac pacemaker, add 100,

16.1f you have had medical exposures:*
Diagnostic X-rays (e.g., upper and lower gastrointestinal, chest), add 40.
f you have had nuclear medical procedures (e.g., thyroid scans), add 14,

17.1f you live within 50 miles of a nuclear power plant
(pressurized water reactor), add 0.000S ..

18. If you live within 50 miles of a coal-fired electrical utility plant, add 0.03-

My total annual mrems dose:
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Name_________________________   Period_______   Partner__________

IONIZING RADIATION EXTRA CREDIT RESEARCH

I.  BACKGROUND RADIATION: ______________

II.  RANGE AND PENETRATING ABILITY OF ALPHA ( α ) RADIATION

· IN AIR @ 2 cm: ______________

· WITH FILTER: ( 5 index cards 2 cm from tube) ______________

III.  RANGE AND PENETRATING ABILITY OF BETA ( β ) RADIATION
· IN AIR @ 2 cm: ______________

· WITH FILTER: ( source @ 2 cm from tube)
●  5 index cards: ______________
●  Al filter # 20: ______________


●  Al filter # 10: ______________

●  Pb filter “A”: ______________

IV.  RANGE AND PENETRATING ABILITY OF GAMMA ( γ ) RADIATION
· IN AIR @ 2 cm: ______________

· WITH FILTER: ( source @ 2 cm from tube)
●5 index cards: ______________
           ●  Pb filter “A”: ______________


●Al filter # 20: ______________
           ●  Pb filter “E”: ______________

V.  CONCLUSION: _________________________________________________
     ___________________________________________________________
     ___________________________________________________________
Name_________________________   Period_______   Partner__________

IONIZING RADIATION EXTRA CREDIT RESEARCH

I.  BACKGROUND RADIATION: ______________

II.  RANGE AND PENETRATING ABILITY OF ALPHA ( α ) RADIATION

· IN AIR @ 2 cm: ______________

· WITH FILTER: ( 5 index cards 2 cm from tube) ______________

III.  RANGE AND PENETRATING ABILITY OF BETA ( β ) RADIATION
· IN AIR @ 2 cm: ______________

· WITH FILTER: ( source @ 2 cm from tube)
●  5 index cards: ______________
●  Al filter “O”: ______________


●  Al filter “H”: ______________

●  Pb filter “Q”: ______________

IV.  RANGE AND PENETRATING ABILITY OF GAMMA ( γ ) RADIATION
· IN AIR @ 2 cm: ______________

· WITH FILTER: ( source @ 2 cm from tube)

●5 index cards: ______________
        ●  Pb filter “Q”: ______________


●Al filter “O”: ______________
         ●  Pb filter “T”:   ______________

V.  CONCLUSION: _________________________________________________
     ___________________________________________________________

     ___________________________________________________________

Name_________________________  Period_______   Date_____________

NA. 5  LABORATORY ACTIVITY: THE BLACK BOX

1.  In this activity, you will try to identify...

· PROCEDURE
1.  Record the mass of the twelve different objects, three of which are in the "black box."

2.  Record the weight of the box and the box number in the space provided below.

3.  Gently shake, rotate, or manipulate one of the boxes.  From your observations, try to 

     determine the size of each object, its general shape and the material from which it is 

     made.  Record you observations, designating the three objects as A, B, and C.

4.  Compare your observations and ideas about the three objects with those of other team 

     members.  What conclusions can you and your team reach?

5.  Identify the three objects in the box.

· MASS OF OBJECTS
1.  __________  50 mL beaker

2.  __________  Plastic bottle

3.  __________  25 mL graduate

4.  __________  Rubber stopper

5.  __________  Crucible tongs

6.  __________  Macro-spatula

7.  __________  Test tube holder

8.  __________  Pinch clamp

9.  __________  Micro-spatula

10. __________  Test tube

11. __________  Eye dropper

12. __________  Evaporating dish

· DATA
1.  ________  Box ID     2).   ________  Mass of Box      3).  ________  Mass of MT Box

· OBSERVATIONS
A



B



C

1).  Size         __________
           __________
          __________

2).  Shape      __________
           __________
          __________

3).  Material  __________
           __________
          __________

4).  Name      __________
           __________
          __________

· QUESTIONS

1.  Which of your senses did you use to collect the data?

2.  In what ways does this activity resemble efforts of scientists in exploring atomic and 

     molecular structure?

3.  Name some theories about the nature of the world that are based primarily on 

     indirect evidence.
