Practical Units

The dose of radiation is when radiation's energy is deposited into our
body'stissues. The more energy deposited into the body, the higher the
dose. For thepurpose of radiation protection, dose quantities are
expressed in three ways:absorbed, equivalent, and effective. The
practical units in everyday use aredescribed below.

1-Absorbed Dose
The energy absorbed from exposure to radiation is called an absorbed
dose. Theabsorbed dose is measured in a unit called the gray (Gy).

The gray(Gy),with units J/kg, is the Sl unit of absorbed dose,which
representsthe amount of radiation required to deposit 1 joule of energy
in 1 kilogram of anykind of matter.

100 rad=1 Gy.

2-Equivalent Dose

When radiation is absorbed in living matter, a biological effect may be
observed.However,equal doses of different types or energies of
radiation cause differentamounts of damage to living tissue. For
example, 1 Gy of alpha radiation causesabout 20 times as much damage
as 1 Gy of X-rays and more harmful to a giventissue than | Gy of beta
radiation.Therefore,

The equivalent dose was defined to give an approximate measure of the
biologicaleffect of radiation. To obtain the equivalent dose, the absorbed
dose is multipliedby a specified radiation weighting factor (WR),which is
different for each type ofradiation. This weighting factor is also called
the Q (quality factor), or RBE(Relative Biological Effectiveness of the
radiation).

The equivalent dose provides a single unit that accounts for the degree
of harm that

different types of radiation would cause to the same tissue. The
equivalent dose isexpressed in a measure called the sievert (Sv).
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The sievert (Sv) is the Sl unit of equivalent dose. Although it has the
same units asthe gray,J/kg,it measures something different. For a given
type and dose ofradiation(s) applied to a certain body part(s) of a certain
organism.

3-Effective Dose

Different tissues and organs have different radiation sensitivities.
Forexample,bone marrow is much more radiosensitive than muscle or
nerve tissue.To obtain an indication of how exposure can affect overall
health,the equivalentdose is multiplied by a tissue weighting factor (WT)
related to the risk for aparticular tissue or organ.This multiplication
provides the effective dose absorbedby the body.

The unit used for effective dose is also the sievert.

Effective dose is not a real physical quantity, but is a "manufactured"
quantityinvented by the International Commission on Radiological
Protection (aninternational scientific group).

Sources of lonizing Radiation
lonizing radiation enters our lives in a variety of ways. It arises from

naturalprocesses, such as the decay of uranium in the Earth, and from
artificial procedureslike the use of x-rays in medicine. So we can classify
radiation as natural orartificial according to its origin.

. Natural sources of lonizing Radiation

Radiation has always been present and is all around us in many
forms.Manyradioisotopes are naturally occurring, and originated during
the formation of thesolar system and through the interaction of cosmic
rays with molecules in theatmosphere ,Tritium as example. Some
radioisotopes (such as uranium andthorium) that were formed when our
solar system was created have half-lives ofbillions of years, and are still
present in our environment.

Natural sources of radiation account for about 82% of all public
exposure toradiation, while man-made sources account for the
remaining 18%. Individualexposures will vary depending on factors such
as altitude (space), local soils (radonand thoron), and the number of
nuclear medicine procedures or x-rays received.
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There are four major sources of public exposure to natural radiation:

« Cosmic radiation: is the term given to various high-energy
particlesarriving from outer space strikes the Earth,therefore
increases with altitude.

« Terrestrial radiation: Is the term given to long wave
electromagneticradiation originating from earth and its
atmosphere. It is the radiationemitted by naturally radioactive
materials on Earth including uranium,thorium, and radon.

« Some regions receive more terrestrial radiation which is from
soils thatcontain greater quantities of uranium.

- Inhalation:(example: Radon) the earth's crust produces radon
gas, whichis present in the air we breathe. Radon has four decay
products that willirradiate the lungs if inhaled.

« Ingestion:(example: food and drink) Natural radiation from many
sourcesenters our bodies through the food we eat, the air we
breathe and the waterwe drink. Potassium-40 is the main source
of internal irradiation (aside fromradon decay).

2- Man-Made Sources of lonizing Radiation

There is no difference between the effects caused by natural or man-

maderadiation.

Most medical exposure comes from

« The use of standard x-rays and CT scans to diagnose injuries and
diseases in patients.

« Drugs with radioactive material attached, known as
radiopharmaceuticals,also are used to diagnose some diseases.

- Other procedures, such as radiation therapy, use radiation to treat
patients.
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10.3 Mechanisms of Radiation Damage

The exact mechanism of these complex events is incompletely
understood,but biological damage following exposure to ionizing
radiations has been well documented at a variety of levels.

- At a molecular level, macromolecules such as DNA, RNA, and
enzymes are damaged

. At the subcellular level, cell membranes, nuclei, chromosomes

etc., are affected.

At the cellular level, cell division can be inhibited, cell death

brought about, or transformation to a malignant state induced.

- Cell repair can also occur, and is an important mechanism when
there is sufficient time for recovery between irradiation events.

During radiation exposures it is the ionization process that causes
the majority of immediate chemical changes in tissue. The critical
molecules for radiation damage are believed to be the proteins
(such as enzymes) and nucleic acid (principally DNA)

The mechanism by which the radiation damage occurs can happen
via one of two basic ways:

a- Direct action of radiation

b- Indirect action of radiation

DNA damage by radiation:

When the DNA is attacked, either via direct or indirect action, damage is
caused to the strands of molecules that make up the double-helix
structure. Most of this damage consists of breaks in only one of the two
strands and is easily repaired by the cell, using the opposing strand as a
template. If, however, a double-strand break occurs, the cell has much
more difficulty repairing the damage and may make mistakes. This can
result in mutations, or changes to the DNA code, which can result in
consequences such as cancer or cell death. Double-strand breaks occur
at a rate of about one double-stand break to 25 single-strand breaks.
Thus, most of the radiation damage that occur in the DNA may be
repaired.
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A- Direct Action

In the direct action can be visualized as a "direct hit" by the radiation on
the DNA directly(see figure 1) and thus is a fairly uyncommon occurrence
due to the small size of the target; the diameter of the DNA helix is only
about 2 nm. Radiation may impact the DNA directly, causing ionization
of the atoms in the DNA molecule. Radiation which is absorbed in a cell
has the potential to impact a variety of critical targets in the cell, the
most important of which is the DNA. The damage to the DNA is what
causes cell death, mutation, and carcinogenesis. Evidence indicates
that damaged cells that survive may later induce carcinogenesis or
other abnormalities. This process becomes predominant with high
radiation doses.
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Figure 10.2: Direct and indirect actions of radiation (a) Single-Strand
Break (b) Double-Strand Break

B- Indirect Action

In this way, the radiation interacts with non-critical target atoms or
molecules, usually water. It has been found that the majority of
radiation-induced damage results from the indirect action mechanism
because water constitutes nearly 70% of the composition of the cell.
This results in the production of free radicals, which are atoms or
molecules that have an unpaired electron and thus are highly reactive.
These free radicals can then attack critical targets such as the DNA
(Figure 1).
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Because they are able to diffuse some distance in the cell, the initial
ionization event does not have to occur so close to the DNA in order to
cause damage. Thus,damage from indirect action is much more
common than damage from direct action, especially for radiation that
has a low specific ionization. In addition to the damages caused by
water radiolysis products (i.e. the indirect effect), cellular damage may
also involve reactive nitrogen species (RNS) and other species, and can
occur also as a result of ionization of atoms on constitutive key
molecules (e.g.DNA).

Radiation effects on water:
lonization of water causes it to lose an electron and produces a

positively charged ion radical (H20+) and a free electron (e-). Through a
chain of chemical reactions, (H20+) and (e-) generate highly reactive
free radicals such as the hydroxyl radical (OH+) and (H+). Radiolysis of
water:

H,O+radiation—> HO +e
H,O + H,O (decomposes) — H30+ OH
H,O+ decomposes__ H+ OH

These free radicals can diffuse to the target molecule leading to DNA or
sugar radicals that eventually produce single and double strand breaks
of the DNA helix. RH+OH__R+H,0

The highly reactive hydroxyl radical (OH) and is believed to be
responsible for more than 2/3 of mammalian cell damage. Radiation
protection drugs typically work by scavenging free radicals. These
drugs are generally less effective for radiations which have high the
amount of energy released over the length of its attenuation track.

The hydroxyl free radical OH is a highly reactive and powerful oxidizing
agent which produces chemical modifications in solute organic
molecules. These interactions, which occur in microseconds or less
after exposure, are one way in which a sequence of complex chemical
events can be started, but the free radical species formed can lead to
many biologically harmful products and can produce damaging chain
reactions in tissue.
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