
IiJIS-mf —12536

8503003078

ATOMIC AND NUCLEAR HAZARDS TO MAN

AND

THE PROTECTION ASPECTS AGAINST THEN

BY

AHMED A, EL-KANAWI

SAUDI ARABIAN NATIONAL CENTER FOR

SCIENCE AND TECHNOLOGY/

RIYADH, SAUDI ARABIA.



C O N T E N T S

Page No.

o Introduction. ... ... 1

o Atom and Nucleus. ... ... 2

o Atomic Radiation. ... ... 4

o Nuclear Radiation. ... ... 4

o The Effects of Ionizing Radiation on Man. 8

o Protection Against Radiation Hazards. ... 14

o The Dimension of Radiation Hazards. ... 15

o Contamination and Decontamination of Radiation. 18

o Radiation Accidents. ... ... 21

o Emergency Counter Measures to be Taken during

Accidental release of radioactive materials into the

environment from nuclear facility. ... 22

o Conclusion and Recommendations. ... 24

o References. ... ... 26



Introduction

Today the use of radioactive materials are increasing from

time to time, and their applications are increasing as well.

The needs of technology in the human life tends to be a

significant factor. Therefore, the creation of a nuclear reactor

enable him to use the different type of fission products in a

variety of applications, such as :

1. Medical application,

2. Industrial application, and

3. Research application.

But, the protection aspects against the hazards as a

result of subjecting a human being to different types of radiation

are also important factors.

Therefore, adequate protection to man, is resulting in

adequate protection to the environments.



Atom and Nucleus

The world around us consists of chemical combination of

various elements. Ninety-two such elements occur in nature, and

about a dozen more have been produced artificially. The smallest

part of an element, which can involve in chemical reaction is an

atom. The atom is so small of the order of 10 cm in diameter.

Each atom has a central nucleus, in which most of its mass is con-

centrated. ;_ (Eiectron)

Figure (1)
Shows the structure of Lithium Atom (Z = 3, A = 6).

The volume of the nucleus, however, is only a very small fraction

of the volume of the atom. The nucleus consists of positively

charged particles called protons and uncharged particles called

neutrons. Negatively charged particles called electrons move

around the nucleus in well-defined orbits or shells and different

radial distances from the nucleus.

The unit of charge, or the elementary charge, is the charge

on an electron or proton and is the smallest charge known to exist:

e = 4.8 x 10 electrostatic units (esu).
-19or = 1.6 x 10 coulomb.

The proton is nearly ?.,000 times heavier than the electron

and the neutron mass is sl ight ly greater than that cf a proton.



The atom as a whole is electrically balanced and the number of

protons is equal to the number of orbital electrons. Thus the

total number of electrons or protons characterizes an element,

and is known as the atomic number (Z). The sum of the numbers

of protons and neutrons is called the mass number (A).



(A) Atomic Radiation

The emission of photons in a form of different wavelength,

during transition of electrons from one orbit to another, is a pro-

cess of creating atomic radiation. The types of radiation being

emitted during transition of inner and outer electrons to their ini-

tial orbits, are depending on their frequencies. Therefore, sometime

the emitted photons come in the form of light, X-ray, or ultra-voilet

and so on. But the significant radiation is concerned in this topic,

is X-ray radiation.

X-ray radiation from atoms:

When a target material is bombarded with accelerated charged

particles, such as electrons, then the inner electrons in an atomic

shell will be excited. However, the excited electrons will jump to

a new orbit or shell. When the jumped electrons fall off to their

initial orbits, photons are emitted in the form of X-ray. This pro-

cess is always happened in all the producing X-ray tubes. The in-

tensity of the radiation emitted is depending on; the type of Anode

target material, and the excitation energy.

(B) Nuclear Radiation

The three kinds of radiation we will need to know about are

alpha, beta and gamma, the first three letters of the Greek alphabets.

The symbols for them are«c , 3 , and Y . Alpha and beta radiation

consists of particles shooting out of the nuclei of "unstable atoms".

Alpha particles lose energy rapidly as they pass through air and so

travel only a few micrometers^m in air. Beta particles do not lose

energy so rapidly and can travel about several mm in condense matter

e_n_ (AM.



Gamma radiation is different in that it does not consist

of material particles. It is a form of electromagnetic radiation,

which means, it is similar to heat, light, and radio waves. Of-

course, gamma radiation differs from these waves in that it can't

be felt, as heat waves can, or seen, as light waves can, or heard,

as radio waves can. Gamma rays can pass through much greater thick-

ness of material than either alpha or beta particles of the same

energy. See Fig.(l). Gamma-rays ranges is finite, it could be con-

sidered as a mean ranpe of the order of (5 x -rr-)» the mean free path.

A. Alpha Radiation :

Sometimes an unstable nucleus can achieve a stable state by

losing an alpha particle, which is made of two neutrons and two

protons. However, alpha particle is considered as the nucleus of

a helium atom. They have a positive electric charges and each

neutron has no charge, the total charge of an alpha particle is +2.

An example of alpha radiation. When an atom emits an alpha parti-

cle, it changes to an atom of a different element because the

atomic number is reduced by two. The mass number is reduced by

four. An example of this is shown below :

y » Y
Z Z-2

Range and speed of alpha radiation:-

Alpha particles are the heaviest and slowest moving of the

radiation particles. They usually travel only a few/ym....in air

and can't penetrate the skin, but they can be dangerous inspite of



this. Radioactive dust or other material that emits alpha parti-

cles can enter the body through cuts or it can be in food or in

the air we breath. See fig. (2). Alpha particles can penetrate

the soft tissues inside the body. They sometime cause a lot of

damage because, having a+2 charge and moving slowly, alphas can

pull many electrons away from the tissue atoms.

B. Beta Radiation :-

Beta radiation also consists of particles. They are elec-

trons, sometimes called beta particles, that are emitted by unsta-

ble nuclei of atom. When a neutron disintegrates it becomes a pro-

ton and an electron and this is what actually happens in beta radia-

tion. One of the neutrons of an unstable nucleus breaks up into a

proton and an electron. The proton stays in the nucleus so the

atomic number of the atom is raised by one, while the mass number

stays the same. The electron is shot out of the nucleus as a beta-

ray. See fig. (3).

Range and penetrating power :-

Beta particles having a certain energy move much faster

than alpha particles having this same energy and they have greater

range and penetrating power. They travel about several mm

through air but can be stopped by a sheet of aluminum 1/8 inch

thick. Since they can penetrate the skin, they are dangerous,

whether the radioactive material producing them is inside or out-

side the body.
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C. Gamma Radiation :-

Atoms will emit photons when the outer electrons change

their orbit or speed so as to put the atom into a more stable

state. Often as electron moves from an orbit further from the

mucleus to one that is clear, putting the atom is more stable

state. The atom thus releases its excess energy in the form of

a photon. The photon, of course, may be a light, heat, ultra-

voilet, infrared, radio, or X-ray photon, depending on which

electron was involved, its orbital position, etc. See fig. (5).

When it is nucleus, not the atom as a whole, that is un-

stable, gamma-ray photons are emitted When a radium atom disin-

tegrates, it sends out an alpha particle which moves one of two

possible speeds. When the radon nucleus is left with some excess

energy which makes it unstable. It can regain stability by re-

leasing the excess energy in the form of a gamma-ray photon.

Usually, gamma-radiation emitted after alpha or beta decays.

Range and penetrating power :-

Gamma-rays have the highest penetrating power of all forms

of radiation having the same energy. They are so penetrating that

most nuclear reactors need eight feet of concrete shielding to

stop enough of the gamma radiation to make the outside safe. Table

(1) summarize the properties of alpha, beta and gamma radiation.



The Effects of Ionizing Radiation on Man :

The effects of ionizing radiation on humans has been ob-

tained from :

a) Observations on man after the atomic bombing of Hiroshima and

Nagasaki, as well as the data from the Marshall Islands.

b) Accidents involving exposure to ionizing radiation.

c) Occupational diseases related to radiation, such as those en-

countered in the mining and milling of radioactive ore.

d) Human exposure to radiation in diagnostic and therapeutic pro-

cedures using X-ray and radium and recently teletherapy units.

e) From animal experiments.

Biological Effects of Radiation :

The biological effects of radiation are normally divided into

two distinct categories :

i) Somatic effects referring to direct effects on the individual

exposed, and;

ii) Genetic effects referring to possible effects that may appear

in the progeny or descendants of the individuals exposed as

the result of the irradiation of the reproductive tissue.

Both kinds of effects can result from exposure to either exter-

nal irradiation, internal irradiation, or both. Somatic effects

are further sub-divided in terms of the severity of response to



A) Early or acute effects referring to those effects that deve-

lop within a few weeks or months, such as :

1) Skin damage, erythema, epilation, and necrosis of the

skin and deep seated tissues.

2) Temporary or permanent sterility, caused by irradiation

of the gonads.

3) Reduced or abnormal reproduction of other reproductive

tissues, such as the epithelia of the gastro-intestinal

tract and the blood-forming tissue.

4) Impaired function of the nervous system and other

systems.

B) Delayed effects referring to those which may not make

their appearance for many months or years after exposure, such as:

1) Chronic skin damage, which may be ulcerous or cancerous

in form.

2) Local atrophic scars or dystrophic processes in other

heavily irradiated organs and tissues.

3) Cataract of the lens of the eye.

4) Bone cancer due to irradiation of the bone tissue.

5) Cancer of the lung caused by inhalation and deposition

of radioactive material in the lung.

6) A plastic anaemias caused by radiation damage of the

bone marrow.

7) Leukaemia, which is a malignant disease with increased

numbers of white blood cells of various kinds. All

these effects carried out after a single high exposure

or chronic exposure.



However, the experimental approach, in animal reveals some

possible delayed effects, but not yet in man. These effects are

as follows :

a) Shortening of life span and premature ageing.

b) Increased incidence of tumours other than those already

mentioned above.

C) Generalized acute effects referring to the summary of

effects likely to result from whole body exposure to

radiation. - For details please see Table (2).
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Protection Aoainst Radiation Hazards :

'or radiation protection purpose, system of dose limitation

must be -ipplied, in practices involving exposure to ionizing

radiation or radioactive substances. The system of dose limitation

include, i.e. justification of the practice, optimization of

radiation protection and annual dose equivalent limits.

When specific precautions are taken, during the handling of

radiation sources, the result will be a safe operation. The hazards

arising from the use of radiation sources with no suitable pre-

cautions,

1. External Hazards :

External hazards can be minimized by reducing all external

radiation levels to values which are as low as practicable. This

can be accomplished by a number of methods, including the following:

a) Ensuring that the minimum radiation out-put in the case of a

radiation source, such as an X-ray machine or the minimum quan-

tity of radionuclide is used for any specified operation.

b) Maintaining the maximum possible distance compatible with

effective working methods between the radiation source and the

worker.

c) Limiting the time spent in the vicinity of the source to the

minimum necessary.

d) Using proper shielding between the source and the worker and

where necessary, using additional shielding to ensure that



other persons in the vicinity or in adjoining areas are appro-

priately protected from radiation exposure.

e) Conducting regular area and personnel monitoring checks with a

view to ensuring minimal radiation exposures.

2. Internal Hazards :

Precautions against internal hazards include the following

additional measures :

a) Conducting all operations with open sources, in enclosures,

such as fume cupboards and glove boxes.

b) Ensuring that good housekeeping habits are maintained in all

areas, where open sources are handled.

c) Taking extreme care to ensure that any radioactive spill is cpn-

fined to well-defined areas by using special appliances, such as

trays and, in the event of an uncontrolled spill, taking imme-

diate steps to prevent further spread of any air surface, efflu-

ent, personnel or other contamination.

d) Conducting periodic surveys aimed at ensuring that the'degree of

air, surface, effluent and personnel contamination is well with-

in acceptable limits.

The dimensions of radiation hazards :

When we are talking obout the uimentions of radiatior hazards,

we meant the severity of damages might be caused to a human living

cells. These damages due to interaction of radiation with living



cells, resulting in :

1. Cell death

2. Cells division delayed or increasing of development rate

of cells in their division.

3. Permanent changes in cells, which are transferred to the

off-springs during cell's divisions. All these damages

occur during the final stage (biological stage), of the

effects of interaction of radiation with living cells.

The stages can be classified as follows :

a) The physical stage,

b) the physico-chemical stage,

c) the chemical stage, and

d) the biological stage.

The equations concerning these stages can be written as

follows :

1. The physical stage; is carried out at a short period of

time <*" 10 sec.

Where ionization is occured, i.e.

H2Q + radiation
 i o n i z a t i o n > ( H20 ) + + 5

2. The physico-chemical stage; is carried out in a short

period of time

«—' 1 yyS after ionization is occurred, i.e. ( H 2 Q ) > OH+H

H20 + 5 * ( H20 }"

(H 2 0)" > (OH)" + H

OH + OH 9 H2 0 2



3. The comical stage; during this stage, Hydrogen, hydroxial

and H_0? are very active. When these chemical compounds

represent within cells, they interact with the other biolo-

gical compounds, such as chromosomes. The resultant of the

interaction will indicate a severe damage to chromosomes

within living cell. This process takes several second to

occur,

4. The biological stage; takes place at a period of time,

between several minutes and tens of years. The effective

chemical changes will appear in the living cells at this

stages as follows :

a) Cells death.

b) Cells division delayed or increasing of development rate

of cells and division rate.

c) permanent changes in cells, which are transferred to the

off-springs during cells divisions.



CONTAMINATION AND DECONTAMINATION OF RADIATION

A. Radiation Contamination;

Whenever work with radioactive material is carried out, a

certain amount of contamination will inevitably arise and on of the

principle objectives in the design of a radioisotope laboratory must

be to prevent the attachment of contamination to surfaces and to

facilitate the removal of contamination with the least possible

damage to the affected surfaces. Radioactive contamination may

exist in loose form or may be more or less fixed as a result of phy-

sical and chemical factors.

Radioactive contamination can be occurred from the different

physical forms of radioactive substances, such as; solid, liquid,

and gaseous forms. Radiation contamination can be classified into

two types :

i) External contamination, which might be divided into three

classes, i.e. :

a) Personnel Contamination.

b) Area and Surface Contamination.

c) Contamination of radiation measuring devices.

ii) Internal contamination; might be carried out in man through

several pathways, such as :

a) Inhalation - through breathing air.

b) lngestion - through food and water.

c) and Skin - through wounds.



B. Radiation Decontamination :

Decontamination is the process of removal of radioactive

contamination from the skin or from surface such as the wall or floor

of working areas. Decontamination can prove to be an expensive opera-

tion, in terms of both time and money, and hence the main aim in the

desiqn and operation of any working place for radioactive substance

should be to reduce the possibilities of any contamination to the

absolute minimum. The best course of action in an emergency will

depend on the nature of the emergency and on local circumstances in

the case of minor or serious contamination. However, in all cases

the first concern should be the protection of the person involved.

The second concern should be the limitation of the spread of radio-

active contamination in the building or into the environment.

Decontamination of radioactive contaminants can be classified as

follows :

1. Decontamination of personnel, such as;

a) decontamination of intact skin,

b) decontamination of injured skin, and

c) decontamination of radioactive substances deposited in
the body.

2. Decontamination of material, such as;

a) decontamination of buildings,

b) decontamination of equipment, and

c) decontamination of clothing.

There are no internationally accepted permissble levels for

surface contamination or for contamination of clothing and equipment.



Table (3) gives the limits of permissible contamination used in the

Nordic countries.

Parts of the body, cloths Active areas, protective

"in-active area" Clothing, glass, etc.

: 10"5/*Ci/CmZ oC : 10"4Jf Ci/Cm2

^ 2 ^ Ci/Cm2

2
* The measurement may be averaged over 100 Cm .



Radiation Accidents

Radiation accident; is a release of radioactive substances into

environment, resulting in a wide spreads of those materials to a

different area which miqht be populated by people. The release

of radioactive materials from a nuclear facility to the environment

will be involved in a severe external and internal exposures to

man, if a safety counter measure is not carried out immediately.

The types of accidents and associated release of radioactive mate-

rials can be classified as follows :

1) Overheating of a fuel element.

2) Fire resulting in dispersal of radionuclides to the

environment.

3) Release of radionuclides from explosive accident.

4) Naturally caused accidents.

5) Nuclear excursion.

The resultant accidental release of radioactive substances into

environment wi l l cause a lo t of disturbance and anxiety to the

society as a whole. The radioactive materials, which vould be

released during nuclear f a c i l i t y , an accident is very signif icant,

such as :

1 . Iodine - 131 ( I 1 3 1 ) ,

2. and fission products, such as, e.g. Caesium-137,*

Strontium-90 and the rare gasses Krypton

and Xenon.

More compreheniive planning is required for emergency

environmental monitoring, following a reactor accident.



Emergency countermeasures to be taken during accidental release of

radioactive materials into the environment from nuclear facility :

Usually there are so many counter measures to be implemented

in a various cases of accidental release of radioactive substances

into environments. The counter measures to be introduced are depend-

ing on a particular type of accident. In general, the counter measures

can be written as follows:

1. Distribution of stable iodine-131.

2. Evacuation of neighbouring populated areas.

3. Sheltering.

4. Limiting accessible entrances to the nuclear facility.

5. Ceasing food and water resources.

6. Medical surveying and supervision.

7. Arrangement of the immediate decontamination of the

personnel.

Some of these counter measures will cause social and economi-

cal disturbances, if the introduction of them in a certain circum-

stances, should be carried out.

a) Accidental External Exposure :

Accidental external exposure can be occurred, when a person

remains close to a strong source or remains a beam of radiation for

a long period. Therefore, evacuation of neighbouring populated

areas in this case must be carried out to avoid population to be

subjected to severe radiation dose.



b) Accidental Internal Exposure :

When accidental sp i l l or explosion in a working place

(accompanied by a f i re or otherwise) resulting in surface and ai r

contamination of the surroundings and contamination of personnel.

In such cases, the intake of radioactive substances into the body

could be by ingestion, by inhalation, through open wounds resulting

from the accident, or by direct absorption through the skin.



Conclusion and Recommendations

A. Conclusion :

After the brief ideas about the hazards of atomic and

nuclear radiations and their protection aspects, one might conclude

certain useful points relating to the previous topics. First of

all; the safety side of using both atomic and nuclear radiations

could be achieved if one would follow the regulations and the pro-

cedures, which have been recommended by ICRP, to reduce various

exposures, might be encountered during the course of radiation work.

The system of dose limitation (i.e. justification, optimization and

dose limitation) is one of the significant measurss to be applied in

order to achieve safety standard against radiation hazards.

Secondly; the probability of radiation hazards can be re-

duced to a minimum level, if proper counter measures would be •

taken into account. The avoidance from entering a high radiation

field is one of these measures. But, if entering is necessary,

then it should be just for a very short period of time. Radiation

injuries are depending on the intensity of radiation field in which

personnel might be involved. In the case of an accident, radiation

hazard could be reduced to its minimum level, if the proper counter

measures would have been taken.

B. Recommendations to Civil Defence :

1. Fireman should be trained, how to overcome accidental fire in

a nuclear installation.

2. Fireman should be put in action under the supervision of radia-



3. Fireman should follow the procedures plan, put by the competent

authority in radiation protection centre in the Kingdom.

4. Fireman should wear special suits during their involvement.

5. Fireman should participate in decontamination procedures of

areas involved in an accident.

6. Cooperation should be carried out between the authorized radia-

tion protection centre in the country and the c iv i l defence, to

overcome a l l problems encountered during an accident.

7. Fireman should participate in evacuation of areas and shelter-

ing people, i f action is necessary to be taken.
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