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Another property of radiation that needs to be measured is
how much ionization it is causing.

• The roentgen (R) is a unit that indicates the amount
of x or gamma radiation that produces a given
amount of ionization in each unit of air, or the
intensity of the radiation.  The roentgen is the unit of
radiation exposure.  

 

• A milliroentgen (mR) is one one-thousandth of a
roentgen and is often used to indicate exposure. 
Frequently it is important to describe a rate of
exposure over a period of time.  This is indicated by
roentgens or milliroentgens per hour.

Since the roentgen applies only to x and gamma radiation
exposure in air, a different unit is needed to deal with
radiation energy absorbed in materials.

• One unit is the rad, which stands for radiation
absorbed dose.  It describes the amount of any
radiation absorption occurring in any material.  For
example, if a person is exposed to beta and gamma
radiations, both may interact with and cause
ionization in the body.  In this case, the actual dose
in rads may be greater than the exposure in
roentgens because the beta is taken into
consideration.  The SI unit of radiation absorbed
dose is the gray (Gy). 1 Gy =100 rad.

• When the dose is a great deal smaller than one rad,
the term millirad (mrad), meaning one one-
thousandth of a rad, is used.

Biological effect upon tissue is not the same for all types of
radiation.  Therefore, a different unit, called the rem, is used
to account for biological damage or risk. 

Property

Tradi-
tional
Units SI Units

Radioactivity curie becquerel

Ionization in
Air

roentgen coulombs 
/Kg

Radiation
Absorbed Dose

rad gray

Dose
Equivalence

rem sievert
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QUESTION

Circle the correct
answer

• The rem is known as a unit of dose equivalence.  Rem is
an acronym for roentgen equivalent man.  One rem
involves the same risk regardless of the type of
radiation, but the dose required to produce one rem may
vary depending upon the type of radiation.  The SI unit
of dose equivalence is the Sievert (Sv). 1 Sv = 100 rem.

• The unit millirem (mrem or .001 rem) is often used
for smaller dose equivalents.

The units just described may be encountered on the  scene
in many places.  Here are a few examples.

• Radiation detection instruments such as survey meters and
pocket ionization chambers or dosimeters measuring the
amount of radiation ionized in air use the measurements of
roentgens (R) and milliroentgens (mR).  Other instruments
that measure dose equivalents read in rems.

• Radiation packages should be labeled and placarded.
You will find the international units of becquerel (Bq),
terabecquerel (TBq), or gigabecquerel (GBq) on labels
or placards, and you may find the radiation described in
the traditional units such as curie or millicurie.  The
radioactivity level whether displayed in traditional units
or international units should correspond between the
package labels and the shipping papers necessary in the
transport of any radioactive material.

The following question is intended to test your grasp of the
concepts and units used to measure properties of radiation.

If you were exposed to a beta-gamma source such as
iodine-131 (I-131), which term would be used to describe
the radiation energy absorbed by your body?

a. roentgen.
b. rad.

Turn the page to check your answer.
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QUESTION

ANSWERS a. No, roentgen describes only the intensity of gamma
radiation in air.  In this situation we want to know
how much beta and gamma radiation energy was
absorbed in the body.  This amount is better
represented by the rad, which describes the radiation
absorbed in the body.

Try the next problem.

b. Good.  You realize that the term roentgen only
indicates the intensity of the gamma radiation in air,
while the term rad refers to the dose received from
both types of radiation.

Move on to the next section.

   Circle the correct answer.

Which quantity or term accounts for the difference in
biological risk resulting from equal doses of different types
of radiation?

a. rem.

b. rad.

Turn the page to check your answer.
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ANSWERS a. Good.  You know the difference between the rad,
which is a unit of dose absorbed in any material, and
the rem, which deals with the difference in biological
effect upon tissue of different types of radiation.

Proceed to the next section.

b. While the term rad is used to describe radiation
energy absorbed by the body, it does not indicate the
relative effectiveness of the particular radiation
involved.  The purpose of using the term rem is to
reduce the measurement of effects of all types of
radiation to a common scale.

Review this section before continuing.
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EXPOSURE AND CONTAMINATION

Alpha, beta, and gamma radiations are emitted from a
radioactive source.  You do not necessarily have to touch
the source to be exposed to its radiation, in much the same
way you feel the warmth of the campfire and the aroma
from cooking without touching the fire or the food.  The
reason you do not have to touch a source to be exposed is
because the radiations from the source can travel in air. 

• Gamma travels a long way, so you do not even have to
be close to the source to be affected by it. 

• Alpha radiation travels approximately 3 cm in air and
beta travels up to 10 meters.  You have to be a lot
closer to the source to be exposed to those types of
radiation.  In fact, you would actually have to inhale or
ingest some of the radioactive source to be affected by
the alpha radiation emitting from it.

       Exposed only

Contaminated
and exposed

When you have radioactive material on or in your body,
then you are contaminated.

• For example, if you moved some damaged boxes of
radiopharmaceuticals and one of the small vials broke
open, spilling the contents on your hand, your hand
would be contaminated.  If nothing got on or in your
body, and the substance was a gamma emitter, you
would be exposed to radiation but not contaminated. 

 

• If you tramped through a patch of spilled radioactive
material and got it on your person, you would be
contaminated as well as exposed. 

 

• If you inhaled or ingested radioactive particles airborne
from a burning source, you would be internally
contaminated until the particles are eliminated from the
body or lose their radioactivity through decay processes.
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QUESTION

The good news is that in most
cases of external
contamination, the radioactive
material can be washed off
the body or removed when
outer contaminated garments

are removed.  Internal contamination problems are dealt
with by medical professionals.

Test your understanding of these concepts by answering the
following question.

   Circle the correct answer.

To illustrate that you can apply this concept to your
radiological emergency response role, read the following
statements and select the one which is accurate.

a. You can be contaminated without  being exposed.

b. You can be exposed without being contaminated.

Turn the page to check your answer.
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ANSWERS

QUESTION

a. No, that would be a very dangerous premise to live
by.  If radioactive material is on or in your body or
on your clothing,  you are being exposed to the
radioactive source that is contaminating you.  The
type and amount of radioactive material will
determine how much exposure and effect occurs.

Try another question.

b. Certainly.  A radioactive source emits radiation. 
Depending on the type and intensity of the radiation,
you can be exposed to radiation without even being
near the source.

Move on to the next section.

   Circle the correct answer.

Due to a sudden change in wind direction, you find yourself
standing in the middle of a radioactive plume from an
accident involving burning radioactive material.  You would
incur

a. contamination only.

b. contamination and exposure to radiation.

Turn the page to check your answer.
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ANSWERS a. No, if there is radioactive contamination, that means
there is radioactive material that is decaying and
emitting radiation, from which you could become
exposed.

You should go back and review beginning on
page 2-30.

b. That’s right.  The airborne radioactive material that
lands on you in the form of ash is a type of
contamination.  That radioactive material undergoes
decay processes and produces the ionizing radiation
to which you are being exposed. Inhalation
(breathing in) of the radioactive material is more
dangerous because the ionizing radiation is on the
inside of the body affecting organs and tissue.

Proceed to the next section.
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SCIENTIFIC NOTATION

37,000,000,000

3.7x1010

If you are not regularly involved with mathematics, this
section is included to briefly explain the type of shorthand
used to indicate very large and very small numbers.  That
shorthand is called scientific notation.

Consider two of the numbers mentioned earlier in this unit. 
An atom has an average diameter of one ten-trillionth of a
centimeter.  Written in decimal form, that number is
0.0000000000001 cm.  The curie equals 37 billion
disintegrations per second (dps).  In decimal form that is
37,000,000,000 dps.

There is an easier way to write these numbers.  When
converting numbers to that easier system, the decimal point
is the starting point.  Most of the zeroes in these long
numbers can be eliminated by using “powers” of 10, or
exponents, written above and to the right of the number 10.

When a number is smaller than 1, it has integers (digits) to
the right of the decimal point and the exponent of 10 has a
minus sign.  For example, the diameter of the atom may be
written as 1 x 10-13 centimeters because there are 13 powers
of 10 between 1 and 10 trillion.

When a number is 1 or greater the exponent of 10 has a
positive sign, but the + is generally not written.  For
example, the equivalent of the curie may be written as 3.7 x
1010 dps, which means that you have to multiply 3.7 by 10
ten times to get 37 billion.  Or, simply count the number of
places you would need to move the decimal point to the left
to get to 3.7.

Scientific notation usually operates under the following
“rules of thumb.”  The number by which you multiply the
powers of 10 has one integer left of the decimal point and
usually is rounded off to 2 numbers to the right of the
decimal.  For example, 2.34 x 102 rather than 23.4 x 101 or
.23 x 103.  If the number by which you want to multiply the
exponent is 1, it is usually written as 105 or 106 rather than 
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QUESTION

1.00 x 105 or 1.00 x 106.
Some of the units used to describe radiation characteristics
can be translated into scientific notation.

.001 milli 10-3

.000001 micro 10-6

.000000001 nana 10-9

.000000000001 pico 10-12

1,000,000,000,000 tera 1012

Let’s see how well you can convert from standard to
scientific notation.  It will be helpful to you in reading
about radioactive material amounts and quantities. 
Answer the following question.

   Circle the correct answer.

The curie represents       disintegrations per minute
(37,000,000,000 dps x 60 sec/min = 2,220,000,000,000 dpm).

a. 2.22 x 1012

b. 2.22 x 10-12  

Turn the page to check your answer.
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ANSWERS

QUESTION

a. Correct.  You indicated by the exponent of 12 that
the decimal point was moved 12 places to the left in
order to leave 1 integer to the left of the decimal
point.

Move on to the Summary Questions.

b. No, a negative exponent indicates that the decimal
point has been moved to the right and that the
number is less than zero.  When the decimal point is
moved to the left (the number is greater than one)
the exponent is positive.  In this case the number is
much larger than one.

Try another question.

   Circle the correct answer.

The approximate diameter of the nucleus of the atom is
0.0000000000001 cm.  In scientific notation that can be
written

a. 1013 cm.

b. 10-13 cm.

Turn the page to check your answer.
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ANSWERS a. This time the decimal was moved 13 places to the
right because the number is much smaller than one. 
Instead of .0000000000001, 1013 is
10,000,000,000,000.

You should go back and review this section.

b. Right!  10-13 indicates that you moved the decimal
13 places to the right.

Proceed to the Summary Questions.



Unit Two                                                  Nuclear Physics for Radiological Emergency Response

2-38

QUESTION
SUMMARY QUESTIONS

   Circle the correct answer.

1. A radioactive material that emits beta and gamma
radiation has a half life of six hours.  Another beta-
gamma emitter has a half life of 30 years.  If an
equal number of curies of each material were
involved, which material presents a longer-term
problem.

a. The radionuclide with a six hour half-life.

b. The radionuclide with a 30 year half-life.

Turn the page to check your answer.
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ANSWERS

QUESTION

a. Incorrect.  A short half-lived material is decaying at
a more rapid rate than a long half-lived material. 
The radiation levels may be higher initially, but the
material will decay to less than 1% of the original
amount in two days.

           Go back to page 2-21 and review.

b. Correct.  It will take 210 years for this material to
decay to less than 1% of the original amount.

Move on to the next Summary Question.

Circle the correct answer.

2. The number 0.00000000000040517 is equal to

a. 4.05 x 10-13

b. 40.517 x 1014

Turn the page to check your answer.
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ANSWERS a. Correct. 

Move on to the next unit.

b. Incorrect. 
 

• When moving the decimal to the right, the exponent
in scientific notation is always negative. 

 

• The decimal point should be located after the four
rather than the zero. 

 

• The integers to the right of the decimal point in
scientific notation should be limited to two.

Go back to page 2-34 and review.


