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Effects of ionizing radiation

Material under lonizing Radiation
O Absorbs energy
L Absorption leads to biological effects in living tissue.

Linear Energy Transfer (Linear Energy Transfer; LET)
Is the amount of energy transferred to the material per unit length of the ray path
LET unit: keV on Micron (keV/pm)

Division of LET radiation: Different beams with the same energy has
different biological effects

3 types of LET :(Low — Intermediate — High)

1) Low LET (low biological effects)

v' Beams of X; yand B

v Their energy transferring to the matter gradually
v During the long path

v’ possibility of restructuring of tissue
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2) Intermediate LET : like Beams of Neutrons N

3) High LET : like o rays and heavy ions:

Free its energy in a short distance and stopped.

Low penetration

concentration of ion making

Dramatic and rapid cell damage (cells can not be repaired)

e

*

J/
000

%3

*%

%3

*%

Examples of LET

Radiation LET (keV/um)
Cobalt-60 gamma 0.2
radiation

250 keV X- 2.0
radiation

10 MeV protons 4.7

150 MeV protons 0.5

2.5 MeV a particles 166

Movahedi

incident radiation

Linear Energy Transfer

air

dispersion of energy

tissue
v high LET ()

greater radiotoxicity

low LET (v, x, ~B)

LET = linear energy transfer
Movahedi
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Beam Biology
Outline: B
Types of ionizing radiation.
Linear energy transfer (Linear Energy Transfer; LET)

3 types of LET :(Low — Intermediate — High)
Dosimetry

A)The absorbed dose

B) Equivalent dose

C) Effective dose (H)

Factors Affecting the Amount of Exposure in Radiography.

(ICRP): Limitation of dose Author: International Commission on Radiation Protection
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Dose equivalent
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Intensity of gamma rays
measured in roentgen (gray. in air)

Radioactive material Absorbed
measured in dose
curie (bequerel) H’J measured

FIGURE 2-6 Radiation is emitted by radioactive material. The
quantity of radioactive material is measured in becquerels.

Radiation quantity is measured in roentgens, rads, or rems,
depending on precise use. In diagnostic imaging, we may
consider 1 R = 1 rad = 1 rem.
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Monitor dose
| 1mSv

[ \(100 mrem)

i Effective dose (E)
| E =100 uSv
b (10 mrem)

FIGURE 35-5 Effective dose for occupational radiation expo-
sure is based on the occupational radiation monitor.
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The standard radiation: X-ray energy 250 kVp.

RBE = Dose Of Standard Beam For Provide A Biologic Effectiveness /
Dose Of Other Beam For Provide The Same Biologic Effectiveness

RBE =250 kVp X-ray dose / Radiation dose tested

Quality Factor (QF): is specified for the beams with
different LET

while

Weighting coefficient (Wr) : is defined to beams with
different enerqy.

Wr @ In new texts rather than QF replaced.
the effect of alpha particles 10 times X-Rays
Why An alpha radiation weighting factor is more?

2 Reason: high-mass and charge more
Both reduce the particle board.
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C) Effective dose (H):

the product of a specific part of the body equivalent
dose in a tissue .

weighting factor: (Wt).

Effective dose (H) =D x QF

RBE = Qf

Sivert unit: (Sv and in the past has been rem)

The biological effects of radiation equal doses (in rad).

For example, the effect of alpha particles 10 times
X-Rays

Sivert and rem unit : the absorbed dose multiplied by
the value of life factor
SV = Gy*QF 1SV= 100 rem

Movahedi
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Natural radiation is everywhere.
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Beam Biology
Types of 1onizing radiation : on used in medicine

The Source of lonizing Radiation

1-X-ray machines and
- . . d- . - = . -
2-Radioactive Material Types of lonizing Radiation

Radiation that causes ionization ‘
Two groups of lonizing Radiation —~ & et efumnudel ieced s

nucleus)
1. Electromagnetic Radiation: X-ray, gamma Protons L @ BPaticles electrons cjected froma

*-&’ nucleus)

) Neutron beams (produced in nuclear

. ectrons o N reactors, accelerators, etc.)
2. Beams of particles: Flctrons {—— N

© Protonbeams {produced in accelerators,

» Electrons, o

X-rays (generated outside a nucleus)

» Protons and alpha particles,
» Neutrons and heavy ions

y-rays (emitted from a nucleus)
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3 a-particles (helium nuclei ejected from a

[ nucleus) (A — AT 3S) e o
Protons _:__:__:\_\?:-H o P-particles [electrons ejected froma e I AS GuJ‘JJﬁ, dadd o
P nucleus)

) Neutron beams (produced in nuclear

reactors, accelerators, etc.)

Electrons ——¢
LN

Q Proton beams (produced in accelerators,
Electromagnetic waves etc.)

X-rays (generated outside a nucleus)

y-rays (emitted from a nucleus)
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Principles of Dosimetry and Protection against lonizing Rays

Radiation protection: Any action to control and reduce exposure
to artificial sources of radiation

Dosimetry: measuring the intensity of radioactive radiation, X-ray and gamma

» References and recommendations of the international scientific committee
» emphasis on the implementation of the radiation protection regulations
> even low levels of exposure may cause serious damage.

Quantities used in dosimetry:
Dose in patients with radiographic, fluoroscopy and radiotherapy
In diagnostic range ,the dose of radiation is much less
Patient Dose in normal circumstances is never enough to cause cell death.
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Poe Radiation Detection
Gas Filled Detectors

e
i @ Source YVoltage

* -
. Incident lonizing Radiation | | I
- +
- + #

- 5 - .'-
e B, N W W

. s = Electrical
E . " O Current

Anode + Measuring
/ | Cathode -

Device
| Alr or Other Gas

5P Flormz, PrD

lonization

FIGURE 39-5 Ideal gas-filled detector consists of a cylinder
of pas and a central collecting electrode. When a voltage is
maintained between the central electrode and the wall of the
chamber, electrans produced in ionization can be collected
and measured.
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LE COMPTEUR GEIGER-MULLER

31
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Geiger-Miiller tube
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FIGURE 39-11 TLD is a multistep process. A, Exposure to
ionizing radiation. B, Subsequent heating. C, Measurement of
the intensity of the emitted light.
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photographic film
ealed in thin plastic
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Factors Affecting the Amount of Exposure in Radiography

1.Radiation Energy: The intermediate energy X-ray spectrum, (kVp)
Photoelectric effect = 1/E3
(inversely proportional to the 3.th power of energy so chose higher energy )

2. The Exposure Technical Factors: factors that determine the quality and quantity of radiation
(low _mA and exposure time and higher kV)

3. limiting the radiation field size : reduce the amount of radiation received.

4. Size of the patient: by decreasing the thickness and density of the patient, the dose decreases

5. The distance from the radiation source: exposure decreased with increasing distance from the inverse-square
6. The anti-scatter grid: Application Grid to increase radiation received by the patient

Other factors: sensitivity film resonator type S .
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As Low As Reasonably Achievable
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(ICRP) Lﬁﬂﬁ&hmuﬂd\ O CgaesaS bl ) o JM,)JJA Qg
(ICRP): International Commission on Radiological Protection
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(ICRP): Limitation of dose Author: International Commission on Radiation Protection

Dosage Recommended by the ICRP
The annual dose limit for the general public: 1msy,
The annual dose limit for Radiation Staff (radiographers) : 20msv
(average of 5 years)
Table : about dosage recommended by the ICRP

Table : about dosage recommended by the ICRP

very important to understand

Type of Limit Occupational Public
Effective Dose 20 mSy per year, averaged over 1 mSv per vear
defined period of 5 years. ypery
Annual equivalent
dose in:
Lens of the eye 150 mSy 15 mSy
Skin 500 mSy 50 mSy

Hands and feet 500 mSy
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Are Radiation Exposure Levels Used in
Cardiology Dangerous?

Mortazavi S. M. J.*?, Omidifar N.3, Faghihi R.4,
Mehdizadeh S.%, Masoumi S.?, Hashemi S. M2,
Haghani M.?, Nowrouz-Alizadeh F.%, Movahhedi M. M.*s

Abstract

Background: The number of interventional cardiology procedures performed has
increased rapidly over the past years. While these procedures help physicians avoid
using highly complicated invasive methods, it usually leads to high levels of expo-
sure to 1onizing radiation of both patients and cardiologist. The dose received by the
cardiologist duning interventional cardiology procedures 1s determined by a wide
range of factors such as clinical problems to be treated, the interventional technique
to be used, the x-ray system employed, experience of the cardiologist, the protective
measures taken as well as their use dunng the exanmination.

Objective: To measure the dose received by 22 cardiologists, radiology resi-
dents, radiologic technologists and nurses dunng interventional cardiology examu-
nations performed in vanous teaching hospitals affiliated to Shiraz University of
Medical Sciences.

Methods : The radiation dose was basically measured by thermoluminescence
dosimeters (TLD). Other personal dosimetry devices such as film badges and pen
dosimeters were also used. According to IAEA guidelines, the dosimeter should be
worn under the lead apron (at waist level) for estimating the effective dose but due
to high workload in interventional radiology and since the areas of the body which
are not protected by the apron receive much higher radiation doses, i this study an
additional dosimeter was used over the apron (at collar level).

Results: The meantSD monthly dose recorded by dosimeters of cardiologists
over the apron at collar level was 912.1+224 4 (range: 660.8—-1176.4) nGy: hands
received doses up to 9674.4 uGy month™ as recorded by TLD chips.

Conclusion: The annual effective dose received by interventional cardiologists
who use standard lead aprons hardly reaches the occupational exposure dose limit of
20 mSvly.

Keywords
Interventional cardiology; Radiation; Dose; Cardiologists; Radiation protection
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Activity

Exposure

Absorbed
dose

Equivalent
dose

W g At g daa (AL (o aday)

Mas 0 | e | g e S e dbal

ERL
becquerel |curie (Ci) |1Bqg=2.7x10"" Ci
1 Ci=3.7x10"Bq
1 mCi=37 MBq

coulomb/kg | roentgen ® |1 R=2.58x10™ C/kg
1C/kg=3876 R

gray (=J/kg) rad 1 Gy=100 rad
1 rad=1 cGy
sievert rem 1 Sv=100 rem

1rem=10 mSv
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