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Radiation and its Effect on the Human Body

Salma Mohamed Brahemy

McMaster University — Canada

Email: bsalma91@yahoo.fr

Abstract

Radiation is energy in the form of waves or streams of particles. There are many kinds of
radiation all around us. When people hear the word radiation, they often think of atomic
energy, nuclear power and radioactivity, but radiation has many other forms. We will
explanation on this research definitions of radiation, and types of radiation and its effect
on human body.

Keywords: Radiation, Energy, human body, radioactivity
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Introduction

All life has evolved in an environment filled with radiation. The forces at work in
radiation are revealed upon examining the structure of atoms. Atoms are a million times
thinner than a single strand of human hair, and are composed of even smaller particles —
some of which are electrically charged. Sections 2.1 atoms in more detail, along with
basic radiation-related principles.

Atoms: Where all matter begins

Atoms form the basic building blocks of all matter. In other words, all matter in the world
begins with atoms — they are elements like oxygen, hydrogen, and carbon.

An atom consists of a nucleus — made up of protons and neutrons that are kept together
by nuclear forces — and electrons that are in orbit around the nucleus. The nucleus carries
a positive charge; protons are positively charged, and neutrons do not carry a charge. The
electrons, which carry a negative charge, move around the nucleus in clouds (or shells).
The negative electrons are attracted to the positive nucleus because of the electrical force.
This is how the atom stays together.

Figure:

Model of an atom thie nucleus

Each element is distinguished by the number of

protons in its nucleus. This number, which is

unique to each element, is called the “atomic

number”. For example, carbon has six protons; —
therefore, its atomic number is 6 on the orbits =
periodic table .In an atom of neutral charge, the

atomic number is also equal to the number of

electrons. An atom’s chemical properties are

determined by the number of electrons, which is normally equal to the atomic number
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Definitions of Radiation

Radiation' is energy in the form of waves or streams of particles. There are many kinds of
radiation all around us. When people hear the word radiation, they often think of atomic
energy, nuclear power and radioactivity, but radiation has many other forms. Sound and
visible light are familiar forms of radiation; other types include ultraviolet radiation (that
produces a suntan), infrared radiation (a form of heat energy), and radio and television

signals.

SUN | _ Radiation

AR

Radiation is the emission or transmission of energy in the form

of waves or particles through space or through a material medium.

This includes: Electromagnetic radiation, such as radio, microwaves, infrared, visible

light, ultraviolet, x-rays, and gamma radiation (y)

Wisible Ligha
To0mrm  S00wan  S0EIrem A0ENmM

Unrawialet  X-rags

I

o LOMNGER WANVELENGTH [meters) SHORTER———
I I I I | I I I I 1 1 I I | 1 1
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Particle radiation, such as

Alpha radiation (o), beta radiation (f), and neutron radiation (particles of non-zero rest

energy)

Alpha Particles <od : / : ‘ﬂ : e e -ﬁ
Radiation Source Stapped by & Yo
shepl of paper g
[ 1P 2 . :;
: — . Previure o saw|”
Bata Particles 4 . note ; : .
Sfepped by a lawer aof clothing e 10OL VR | NS /
arhyafesy ————- I \> : /
__Lﬁl mallimiglars of 8 subslance - el AN Ny /
slch &5 sLUminum e L ‘ : . >
"‘"{_,1 Gamma Rays g ; g ,‘
'-'“'L_' Stopped by Ao B Ty g -100 ! { gk
| zeweral f2at of concrate anict = ¥  presiure o
or & faw inches of laad RSl ; . " SR e, %
o |
Acoustic radiation, such as 300 bas o . . . =i
120 L) ) 9 L (L] 120
Distance from center of channal (um)

Ultrasound, sound, and seismic waves (dependent on a physical transmission medium)

Gravitational radiation, radiation that takes the form of gravitational waves, or ripples in

the curvature of space-time.

a b
I"Mlk Prassurs (MPaj - .:Flﬁldﬂ'l'lliﬂw"
Radiation is often categorized as : E : |1_'5
1 = 1
either ionizing or non-ionizing depending on f 3 ies
BB 4 20 2 & B £ d &8 2 03 F 48 8
the energy of the radiated particles. lonizing Axial Distance frem Fecus (mm) Atel )
1= -
radiation carries more than 10 eV, which is - Fubbe imorval |06 5)
o 5 ARE Dinplace=ant jpm] EE _ E
enough to ionize atoms and molecules, and | £ . g
E = iy ;E. :l.p:: — 2 I:lm“
break chemical bonds. This is an important E \ et I 2 T - E “
L . . £ = . — P 4] w3
distinction due to the large difference in 5 e = L iz. & ii';.g.-
. . —_—— — a=| = a
harmfulness to living organisms. A common w WS- NERNS . Ho =4
.. L o “i0 05 o 08 1p ¥ 0.0 0.2 04 05
source of ionizing radiation is radioactive Axal immy Time (s}

materials that emit a, B, or y radiation, consisting of helium nuclei, electrons or positrons,

and photons, respectively.
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Purpose of the Study

The purpose of this study is to explanation definition of radiation and types of radiation,
to contribute in protect people and the environment from the harmful effects of ionizing
radiation.

Research Questions

e what is the effects of ionizing radiation on human health and on the
environment
e what is the objectives and basic concepts in managing radiation risks

e what is Principles of radiation risk management, and their application

Types of Radiation

Radiation is energy in the form of waves of particles.

There are two forms of radiation' — non-ionizing and ionizing

Non-ionizing radiation

Non-ionizing radiation has less energy than ionizing radiation;
it does not possess enough energy to produce ions. Examples
of non-ionizing radiation are visible light, infrared, radio
waves, microwaves, and sunlight.

Global positioning systems, cellular telephones, television
stations, FM and AM radio, baby monitors, cordless phones,

garage-door openers, and ham radios use non-ionizing NON-IONIZING

radiation.

~

RADIATION

Other forms include the earth’s magnetic field, as well as
magnetic field exposure from proximity to transmission lines, household wiring and
electric appliances. These are defined as extremely low-frequency (ELF) waves and are

not considered to pose a health risk.
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Non-ionizing radiation is

described as a series of energy waves composed of oscillating electric and magnetic fields
traveling at the speed of light. Non-ionizing radiation includes the spectrum of ultraviolet
(UV), visible light, infrared (IR), microwave (MW), radio frequency (RF), and extremely
low frequency (ELF). Lasers commonly operate in the UV, visible, and IR frequencies.
Non-ionizing radiation is found in a wide range of occupational settings and can pose a

considerable health risk to potentially exposed workers if not properly controlled.
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lonizing radiation’

lonizing radiation is capable of knocking electrons out of their orbits around atoms,
upsetting the electron/proton balance and giving the atom a positive charge. Electrically
charged molecules and atoms are called ions. lonizing radiation includes the radiation

that comes from both natural and man-made radioactive materials.
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There are several types of ionizing radiation:

iinlcr:bl:tm of ionizing radiation with matter
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Alpha radiation (a)

Alpha radiation consists of alpha particles that are made up of two protons and two
neutrons each and that carry a double positive charge. Due to their relatively large mass

and charge, they have an extremely limited ability to penetrate matter.

Alpha radiation can be stopped by a piece of paper or the dead outer layer of the skin.
Consequently, alpha radiation from nuclear substances outside the body does not present
a radiation hazard. However, when alpha-radiation-emitting nuclear substances are taken
into the body (for example, by breathing them in or by ingesting them), the energy of the
alpha radiation is completely absorbed into bodily tissues. For this reason, alpha radiation
is only an internal hazard. An example of a nuclear substance that undergoes alpha decay
is radon-222, which decays to polonium-218.

Beta radiation (f)

Beta radiation consists of charged particles that are ejected from an atom’s nucleus and
that are physically identical to electrons. Beta particles generally have a negative charge,

are very small and can penetrate more deeply Paoer i and

than alpha particles. However, most beta Alpha rays B
radiation can be stopped by small amounts of ‘J — ﬁ
!
shielding, such as sheets of plastic, glass or a || B |
QM Fays ¥ \/
metal. \,_.-!J d/ -
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When the source of radiation is outside the body, beta radiation with sufficient
energy can penetrate the body’s dead outer layer of skin and deposit its energy within
active skin cells. However, beta radiation is very limited in its ability to penetrate to
deeper tissues and organs in the body. Beta-radiation-emitting nuclear substances can
also be hazardous if taken into the body. An example of a nuclear substance that
undergoes beta emission is tritium (hydrogen-3), which decays to helium-3.

Photon radiation (g2amma [y] and X-ray)

Photon radiation is electromagnetic radiation. There are two types of

photon radiation of interest for the purpose of this document: gamma (y) and X-ray.

_—

Gamma radiation consists of photons that originate

from within the nucleus, and X-ray radiation Radiation Concentration | Total Radiation
consists of photons that originate from outside the o i

nucleus, and are typically lower in energy than

gamma radiation. /

Photon radiation can penetrate very deeply and h S g

—— I —

sometimes can only be reduced in intensity by ==

materials that are quite dense, such as lead or steel. Electron Elactron

In general, photon radiation can travel much greater

distances than alpha or beta radiation, and it can bz

penetrate bodily tissues and organs when the radiation hd

ENERGY LEVEL

source is outside the body. Photon radiation can also be

&
!

“-" ENERGY LEVEL

hazardous if photon-emitting nuclear substances are O

o+
i
3

taken into the body. An example of a nuclear substance

that undergoes photon emission is cobalt-60, which decays to nickel-60.

WWW.ajrsp.com 20



http://www.ajrsp.com/

\AWSP/ Yo aadee oyl ol | el laal) | ealad) il g cladl dapalsy) Alaal)
=\ ISSN: 2706-6495

Neutron radiation (n)

Apart from cosmic radiation, spontaneous fission is the only natural source of neutrons
(n). A common source of neutrons is the nuclear reactor, in which the splitting of a
uranium or plutonium nucleus is accompanied by the emission of neutrons. The neutrons
emitted from one fission event can strike the nucleus of an adjacent atom and cause
another fission event, inducing a chain reaction. The production of nuclear power is based
upon this principle. All other sources of neutrons depend on reactions where a nucleus is
bombarded with a certain type of radiation (such as photon radiation or alpha radiation),

and where the resulting effect on the nucleus is the emission of a neutron.

o :a Alfa

Neutrons are able to penetrate tissues and organs
of the human body when the radiation source is outside the B Beta
body. Neutrons can also be hazardous if neutron-emitting
nuclear substances are deposited inside the body. Neutron

Gamma and X R

radiation is best shielded or absorbed by materials that contain v
hydrogen atoms, such as paraffin wax and plastics. This is
because neutrons and hydrogen atoms have similar atomic
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Natural sources of ionizing radiation

Radiation has always been present and is all around us in many forms .Life has evolved
in a world with significant levels of ionizing radiation, and our bodies have adapted to it.
Many radioisotopes are naturally occurring, and originated during the formation of the
solar system and through the interaction of cosmic rays with molecules in the
atmosphere. Tritium is an example of a radioisotope formed by cosmic rays’ interaction

with atmospheric molecules.

Some radioisotopes (such as uranium and thorium) that were formed when our
solar system was created have half-lives of billions of years, and are still present in our
environment. Background radiation is the ionizing radiation constantly present in the

natural environment.

Conclusion

Finally, it should be noted that radiation has a significant impact on human health, and it
is therefore necessary to conduct several studies that assess the quantitative and
qualitative effects of radiation on public health and the ensuing social and economic

impacts.
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Abstract

Mechanical vapor compression plant is illustrate new innovative developments in
compressor and evaporator designs that is make it possible to reduce energy consumption
so it is a more competitive alternative. Vapor compression is a reliable and robust
desalination Technology that is attractive, Because of its capacity to treat large volumes
of water with a Wide range of salt concentrations. However, compared to other major
Desalination technologies such as reverse osmosis, Mechanical vapor compression has

had relatively high Operating and capital costs.

Keywords: Mechanical, Vapor, Compression, Salt concentrations, Liquid
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Introduction

Vapor compression is a reliable and robust desalination Technology that is attractive,
Because of its capacity to treat large volumes of water with a Wide range of salt
concentrations. However, compared to other major Desalination technologies such as
reverse osmosis, Mechanical vapor compression has had relatively high Operating and
capital costs. New innovative Developments in compressor and evaporator designs make
it possible to reduce energy consumption so it is a more competitive alternative. Texas
A&M University has developed an advanced vapor-compression desalination System that

operates at high temperatures.

Advanced sheet-shell latent heat exchangers promote drop wise condensation
allowing small temperature and pressure differentials between the saturated boiling liquid
and the condensing steam, hence reducing the energy, Requirements. This newer system
consists of a train of Non-scaling evaporators arranged so feed water flows counter
currently, recovering heat from both the Condensate stream and the concentrated
discharge Brine. A high-efficiency greater compressor provides the compression work
required to return saturated steam to the initial stage of the evaporator train.

An experimental Investigation of hydrophobic copper plates describe below
shows that extraordinarily high heat transfer Coefficients can be attained. The greater
compressor is particularly advantageous for applications where either Electricity or

mechanical energy is available.

Extensive studies in drop wise condensation show For Low Temperature differentials
across the hydrophobic plate, Heat transfer coefficients will increase with elevated Steam
pressures. According to the data described in this Study, dropwise condensation of
saturated steam and Forced-convection boiling of saturated water separated, by a thin
hydrophobic copper plate result in ultra-Efficient heat transfer. The forced convection in
the Water chamber is produced by a liquid jet ejector.
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Vapor-compression evaporation

Is the evaporation method by which a blower, compressor or jet Ejector is used

to compress, and Thus, increase the pressure of the Vapor produced. Since the

Pressure increase of the vapor also generates an increase In the condensation temperature,
the same vapor can serves the heating medium for its "mother" liquid or solution Being
concentrated, from which the vapor was generated To begin with. If no compression was
provided, the vapor would be at the same temperature as the boiling Liquid/solution, and

no heat transfer could take place.

It is also sometimes called vapor compression distillation(VCD). If compression is
performed by a mechanically Driven compressor or blower, this evaporation process is
usually referred to as MVR (mechanical vapor Recompression). In case of compression
performed by High pressure motive steam ejectors, the process is usually called thermo

compression or steam compression

Purpose of the Study
This research study attempted to:
1- Explore Process mechanical vapor compression plant.

2- Investigate innovative developments in compressor and evaporator designs.

Research Questions
This research is guided by the following questions:

1- How the mechanical vapor compression plant influence IN reduce energy

consumption, to reduce salts from concentrated liquid.
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2- Are there significant differences between types of Vapour compression systems in

thermal process?

1-Process Description

TYPICAL SINGLE-STAGE
VAPOR COMPRESSION REFRIGERATION

Mechanical vapor compression distillation of saline water
Is a process in which mechanical energy is used as the Main driving force?
It is basically a heat pump process.

That pumps heat from a low-temperature reservoir to a higher temperature reservoir, just
as in household Refrigerators where the heat is pumped from the air inside the

refrigerator box to the ambient air outside of the box.

The main elements consist of an evaporator, a condenser, a compressor, and an expansion
valve where refrigerants Such as Freon or ammonia are used as working fluid in a closed
cycle. The coils inside the refrigerator box form the evaporator and the coils outside the

box form the condenser.

Here the working fluid inside the coils in the evaporator, evaporates to absorb
heat from inside the box, Compressed to raise its saturation pressure and Temperature
and then enters the condenser coils outside the box to release its latent heat of
condensation to the Ambient air. The high-pressure liquid refrigerant then enters the

expansion valve where it flashes down to the Evaporator pressure to complete the cycle.
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In a vapor compression distillation of saline water, the system is not a closed cycle and

the basic system consists of the evaporator-condenser and the compressor.

The working fluid is water vapor. Water vapor generated from the water
layer on the evaporation side of the heat transfer surface is compressed to raise its
saturation temperature and pressure and is then condensed on the Cndensation side of the

heat transfer surface, forming.

Condensate and releasing the latent heat of condensation to be transferred across
the heat transfer surface into the Water layer on the evaporation side to cause further
Evaporation of water.
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The only energy required to pump the heat content in the vapor from the evaporation side
to the condensation side of the heat transfer surface is the Mechanical energy required to

drive the compressor.

2-Thermal Processes

Distillation works on the principle that the vapor Produced by evaporating seawater is

free from salt and the condensation of the vapor yields pure water.
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The Majority of modern plants use the multi-stage flash Thermal process (MSF) or
the thermal vapor compression System multi-effect desalination (TVCMED).Mechanical
Vapor compression MED (MVC-MED) units are less

Common; due to current limitations in Compressor Technology the maximum capacity of
MVC-MED units is 3000 m®d per unit. Recent practice has tended towards Installation
of MSF units for distillers in the capacity range 30 000-90 000 m*/d with TVC covering
the 10 000-68 000 m®/d range.

The feed water is usually desecrated and chemically treated to reduce the pH
and Control calcium carbonate magnesium Hydroxide precipitation/scaling. In some
plants, NF is used to reduce calcium sulphate scaling potential. Most Large thermal
distillation plants are constructed as dual-Purpose stations for both desalination and the

generation of power.

The trend towards higher operating Temperatures means that greater attention has to be

paid to the reduction of Corrosion and the use of cost effective
Materials and chemicals to combat corrosion.

One of the major design parameters for all distillers is the Performance ratio — a measure

of the efficiency of energy Utilization.

The amount of energy required to desalt a Given brine concentration varies according to
the degree Of sophistication of the plant installed, that is annual Energy costs reduce as

capital costs increase.

Other factors to be taken into account include size of Units, load factor, growth of

demand, interest rate on Capital, and technical matters concerning the auxiliary

Services, repairs and maintenance. For detailed design Some 70 design parameters have
to be settled.
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Many of these are concerned with the safe or most economic limits for the
temperatures, velocities and concentrations Of the Coolants, brines, brine vapor, steam,
steam Condensate and boiler feed water. Other aspects that require careful Attention
include the prevention of scaling, corrosion, Erosion, the purity of the distillate, the

efficiency of heat Exchangers and the nature and cost of the auxiliary plant Involved.

Major problems, which formerly occurred with seawater Distillers, were scale
formation on heat transfer surfaces Due to the presence of carbonates and sulphates of
Calcium; internal corrosion due to hot sodium chloride And the presence of dissolved
gases such as oxygen, Ammonia and hydrogen supplied; plant start-up problems And

running at low capacity.

These problems have been largely overcome and continuous unit operation in excess Of
8000 hours at variable load conditions in the range 60-100% of full load are

commonplace.

Types of Vapour Compression Systems
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There are two types of VC processes: Mechanical Vapour Compression (MVC) uses
mechanical Compression, while Thermal Vapour Compression (TVC) uses thermal

compression.
For Single Effect Evaporation with Mechanical Vapour Compression
(SEE-MVC): One of the main characteristics of the Stand-alone single effect

Evaporation system is that its performance ratio which represents the ratio between the

unit productivity to the steam consumed (PR) less than 1.

The capacity of the SEE-MVC is Ranging from 50 -5000 m3/d. only electrical power

needed for operation.

The SEE-MVC unit consists of five major Components: A mechanical

Vapour compressor, an Evaporator/condenser heat exchanger, Preheaters for the
Intake seawater (Hxs), Brine, product, vacuum pumps, and A venting system.
Component

The Vapor Compression Refrigeration Cycle involves four components:
Compressor, condenser, expansion valve/throttle valve and evaporator.

It is a compression process, whose aim is to raise the refrigerant pressure, as it flows from

an evaporator.

The high-pressure refrigerant flows through a condenser/heat exchanger before
attaining the initial low pressure and going back to the evaporator. A more detailed

explanation of the steps is as explained below.

1-COMPRESSION

The refrigerant (for example R-717) enters the compressor at low temperature and low
pressure. It is in a gaseous state. Here, compression takes place to raise the

temperature and refrigerant pressure.
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The refrigerant leaves the compressor and enters to the condenser. Since this
process requires work, an electric motor may be used. Compressors themselves can be

scroll, screw, centrifugal or reciprocating types.

2-CONDENSATION

The condenser is essentially a heat exchanger. Heat is transferred from the refrigerant to a
flow of water. This water goes to a cooling tower for cooling in the case of water-cooled
condensation. Note that seawater and air-cooling methods may also play this role. As the
refrigerant flows through the condenser, it is in a constant pressure.

One cannot afford to ignore condenser safety and performance. Specifically, pressure

control is paramount for safety and efficiency reasons.

3-THROTTLING AND EXPANSION

When the refrigerant enters the throttling valve, it expands and releases
pressure. Consequently, the temperature drops at this stage. Because of these changes,
the refrigerant leaves the throttle valve as a liquid vapor mixture, typically in proportions

of around 75 % and 25 % respectively.

Throttling valves play two crucial roles in the vapor compression cycle. First, they
maintain a pressure differential between low- and high-pressure sides. Second, they

control the amount of liquid refrigerant entering the evaporator.

4- EVAPORATION

At this stage of the Vapor Compression Refrigeration Cycle, the refrigerant is at a lower
temperature than its surroundings. Therefore, it evaporates and absorbs latent heat of
vaporization. Heat extraction from the refrigerant happens at low pressure and

temperature. Compressor suction effect helps maintain the low pressure.
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There are different evaporator versions in the market, but the major classifications

are liquid cooling and air cooling, depending whether they cool liquid or air respectively.
Advantages

1. A large amount of heat can be transferred with little work. For example, suppose
we had a heat/work ratio of 10. This means that for every Btu of work added, we
replace 10 Btu’s of heat that would otherwise be required. This can lead to overall
savings also. Assume we generate one Btu of electricity from three Btu’s of fuel
heat (33% efficiency). Then overall we save 10/3 = 3.33 Btu of heat for every Btu
fuel used by the vapor re-compression system over that of the conventional
system.

2. The heat flow to supply the condenser or reboiler may be of particular value. For
example if the column is cold, the cooling must be accomplished by expensive
refrigeration. This is also true at high temperatures 500°F+ where energy added to

the reboiler can no longer be supplied simply by steam.

The vapor re-compression cycle, by being balanced, is affected only to a limited
effect by the relation of the actual temperature to the ambient. The pressure in a vapor

re-compression column can be set where desired to achieve maximum separation.

3. By freeing the condenser and reboiler of the desire to hold temperature between a
minimum of about 100°F to a maximum of about 500°F, the points easily reached
by cooling water and condensing steam, we can set the temperature, and therefore
the pressure, at any point we wish. This effect is of particular importance where

changing the pressure effects the relative volatility.
Disadvantages

1. Premium electrical or steam pressure work energy is used for driving the
compressor, and no advantage can be taken of possible existing low value sources

of waste heat to run the rebuilder.

2. The additional cost for the compressor and its driver are required.
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3. The condenser-rebuilder of vapor re-compression has the overhead and bottoms
product on either side, leading to savings by having one half of the total area for
the separate condenser and reboiler of a conventional column. This advantage is
lost and more heat exchanger surface is required for the condenser reboiler as
compared to the conventional condenser and reboiler.

Conclusion

Studies and experiments showed a better performance of the mechanical vapor
compression plant to Reduce Volume of Salts in Concentrated Liquid system when fed
with lower concentration brine. Increasing compressor speed has a positive influence on
the performance, although the compressor power consumption decreases with compressor

speed.
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