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Abstract

The Physical Properties of blood and water plays an important role in human
health and killing germs and killing germs. Motivated by the role of Tio, in
changing ultraviolet absorption which kill germs, the aim of this work is to see
how adding Tio2with different concentrations to both blood and water affect their
absorption, PH and other related properties to do this Tio, having concentrations
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7and 0.8. Ppm were added to blood and water
respectively. Titanium dioxide (Ti0,) Nano structure was also determined using X-
ray diffraction (XRD) apparatus and scanning electron microscope (SEM). The
XRD result shows Nano crystal size ranging from about 45t060 nm. However the

SEM result shows wider range from about

60-200 nm. This difference may be attributed to the fact that XRD technique
allows only determination of sizes in every narrow region where the rays are
incident, while SEM image cover the whole surface. The ultra violet (UV) test of
Tio, how’s energy gap of 3.773ev.For the 8blood samples (with Tio, can cent
rations 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7and 0.8 ppm) UV absorption and the count
rate of red and white blood cells (RBC and WBC) beside hematocrit (HCT) were
found for difference can cent rations and when the eight blood samples
immediately (examined) in the first weak then the second, third and fourth weak.
The UV results indicates decrease of blood absorption up on increasing Tio, can

centration, and increase of absorption with time. The HCT

Which is directly proportional to the viscosity, it decreases up on increasing Tio,
concentration, an also decreases with time. The RBC count rate decreases up on
increasing Tio, con centration an increasing and increasing time except slight
increase in the fourth week. The WBC count rate decreases in the Tio,
concentration range (0.1-0.6) up on increasing concentration in the range (0.7-0.8)

wish con centration, but count rate decreases with time.



For water 8 samples were also prepared for Tio, con cent rations (0.1, 2, 0.3, 0.4,
0.5, 0.6, 0.7and 0.8ppm). The PH and the number of living cells of Escherichia
coli for each sample were determined. The results obtained shows that water PH
decreases up on increasing Tio, Concentra and with time also. The number of
living cells decreases up on increasing Tio, concentration and also with time. This

means that increasing water PH increases the number of living cells.
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Chapter one
Introduction

1.1Nano Science and Biology

The discovery of quantum physics opens a new horizon in physics and modern
technology. Quantum mechanics is the branch of physics that describes the nature of
individual atoms and elementary particles. [1, 2, 3].Mechanics can also describe the
behavior of these atoms when they combined together to form a bulk matter [4] .Fromm
the pure quantum mechanical view point the behavior of isolated atom is different from
its behavior when it is surrounded by other atoms to form a bulk matter. The magnetic,
electric field and overlap of energy levels affect severely the structure, nature and
behavior of this atom [4, 5]. The number of surrounding atoms also affects the physical
property of the atom. This means that the size of the physical system affects its physical
properties. When the size of the physical system is in the range of inane matter (in
m=10""m) up to 300nm, the system is described by quantum laws. However the
behavior of the bulk mater with sizes more that few micrometers obeys classical laws
[6].The particles that have sizes in the range (1-300 nm) are called Nano particles. Their
behaviors are strongly dependent on their size, structure, geometry and composition.
Thus one can change and control to a great extent the physical the desired need properties
of Nano material to match [7, 8]. Nano —TiO; physical proportions —Effect of TiO, on
organisms: Nano science it that branch of Science dealing with isolated particles or
systems having sizes in the range of Nano meters (I nm=10"°m) in the range of (1- 300
nm). Such that particles are observer to have interesting physical properties, the of the
bulk matter. This is due to the fact that the Nano material consists of tiny isolated nano
Particles that obeys the lows of Quantum Mechanics In contrast bulk matter obeys
classical lows [9].This interesting Property motivates researchers to try to change
Physical Properties of TiO, to change Physical Properties of Matter so as to be used in
applications in many Areas. One of the Most Interesting Properties is that of Nano TiO..
Titanium dioxides and some miner are used in many medical and health applications. It

can be used in Kkilling organisms, purifying water, or killing cancer cells [10].



1.2 Research Problem

The physical properties of wateran bood affect human health. No enough reseaches were
made to apply nano scince for changing water andblood properties.

1. 3 Aim to the work

The aim of thies work is to use Titanim dioxide (Tio,) for different concentrations to see
naw bloo and waterphysical properties change.

1.4 Thesis layout

This research include four chapters. Chapter one is the introduction. Chapter two is the
theoretical background. Chapter three is the material and method and experimental

work.Chapter four is concerned with discassion and conclusion.



Chapter two

Theoretical Background
2.1 Introduction

History of nanotechnology: The history of nanotechnology traces the development of the
concepts and experimental work falling under the broad category of nanotechnology.
Although nanotechnology is a relatively new, the development of its central concepts
happened over a longer period of time. The emergence of nanotechnology in the 19805
was caused by the convergence of experimental advances such as the invention of the
scanning tunneling microscope in 1981 and the discovery of fullerenes in1985, with the
elucidation and popularization of a conceptual framework for the goals of
nanotechnology beginning with the 1986 publication of the book engines of creation. The
field was subject to growing public awareness and controversy in the early 20005 with
prominent debates about both its potential implications as well as the feasibility of the
applications envisioned by advocates of molecular nanotechnology, and with
governments moving to promote and fund research into nanotechnology. The early 2000
also saw the beginnings of commercial applications of nanotechnology, although these
were limited to bulk applications of nanomaterials rather than the transformative
applications envisioned by the field [11]. Early uses of nanomaterial’s: The earliest
evidence of the use and applications of nanotechnology can be traced back to carbon
nanotubes, cementite nanowires found in the microstructure of woods steel manufactured
in ancient India from the time period of 600 BC and exported globally [12]. Although
nanoparticles are associated with modern science, they were used by artisans as far back
as the ninth century in Mesopotamia for creating a glittering effect on the surface of pots
[12, 13]. In modern times, pottery from the middle Ages and Renaissance often retains a
distinct gold —or copper-colored metallic glitter. This luster is caused by the metallic film
that was applied to the transparent surface of a glazing, which contains silver and copper
nanoparticles dispersed homogeneously in the glassy matrix of the ceramic glaze. These
nanoparticles created by the artisans by adding copper and silver salts and oxides together
with vinegar, ochre, and clay on the surface of previously-glazed pottery. The technique

originated in the Muslim world. As Muslims were not allowed to use gold in artistic
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representations, they sought a way to create a similar effect without using real gold. The
solution they found was using Luster [13, 14, and 15]. There’s plenty of room at the
bottom. The American physicist Richard Feynman lectured, “There’s plenty of room at
the bottom,” at and American physical Society meeting at Caltech on December 29,
1959, which is often held to have provided inspiration for the field of nanotechnology.
Feynman had described a process by which ability to manipulate individual atoms and
molecules might be developed, using one set of precise tools to build and operate another
proportionally smaller set, so on down to the needed scale. In the course of this, he noted,
scaling issues would arise from the changing magnitude of various physical phenomena:
gravity would become less important, surface tension and Van der Waals attraction
would become more important [15]. Afton Feynman ‘death scholars studying the
historical development of nanotechnology have concluded that his actual role in
catalyzing nanotechnology research was limited, based on recollections from many of the
people active in the nascent field in the 1980s and 1990s. Chris Toomey, a cultural
anthropologist at the University of South Carolina, found that the published versions of
Feynman’s talk had a negligible influence in the twenty years after it was first published,
as measured by citations in the scientific literature, and not much more influence in the
decade after the Scanning Tunneling Microscope was invented in 1981. Subsequently,
interest in “plenty of Room” in the scientific literature greatly increased in the early
1990;. This is probably because the term “nanotechnology” gained serious attention just
before that time, following its use by K. Eric Drexler in his 1986 book, Engines of
Creation: The Coming Era of Nanotechnology, which took the Feynman concept of a
billion tiny factories and added the idea that they could make more copies of themselves
via computer control by human operator [16, 17]. Published later that year in a mass-
circulation science-oriented magazine, OMNI. Toomey’s analysis also includes in
nanotechnology who say that “plenty of Room” did not influence their early work, and in
fact most of them had not read it until a later date [18, 19]. These and other developments
hint that the retroactive rediscovery of Feynman’s “plenty of Room” gave
nanotechnology a packaged history that provided an early date of December 1959, plus a

connection to the charisma and genius of Richard Feynman’s stature as a Nobel laureate



and as an iconic surely helped advocates of nanotechnology and provided a valuable
intellectual link to the past. [20]

Nano” — From the Greek word for “dwarf” and means (10-9,) or one-billionth. Here it
refers to one-billionth of a meter, or 1 nanomete (1nm). 1 nanometer is about 3 atoms
long. “Nanotechnology” — Building and using materials, devices and machines at the
nanometer (atomic/molecular) scale, making use of unique properties that occur for
structures at those small dimensions. Most consider nanotechnology to be technology at
the sub-micron scale. (1-100’s) of nanometers. How small is a nanometer? (And other
small sizes) [21]. Ratio of surface area-to-volume of structure increases (most atoms are
at or near the surface, which make them more weakly bonded and more reactive)
Quantum mechanical effects are important (size of structure is on same scale as the
wavelengths of electrons, and quantum confinement occurs resulting in changes in
electronic and optical property Much of the motivating force and technology for
nanotechnology came from the integrated circuit industry As with the fabrication of
integrated circuits (IC’s), nanotechnology is based on building structures and systems at
very small sizes Done to enhance performance (like IC’s) and as well as result in new

properties and applications Can involve combinations of many types of systems

(mechanical, biological, chemical, optical, as well as electronic) [22].

2.2 Titanium dioxide

Titanium dioxide is a metal oxide mineral composed of the elements of titanium and
oxygen with the chemical formula TiO,. Titanium dioxide has three crystalline forms
including rutile, anatase and brocite. Usually at low temperatures, titanium dioxide
crystallizes as anatase phase. With high temperature, the semi-stable phase of anatase
transforms into a stable phase of rutile in one transformation [23]. Titanium dioxide
nanoparticles have two very specific and interesting properties that give special
applications to this material. These two properties are: the photocatalytic property and the
hydrophilic property which rise to the properties of titanium dioxide nanoparticles in their
self-healing surfaces, anti-microbial surfaces, water purifiers, and air purifiers. There are
several novel methods used for the synthesis of titanium dioxide nanoparticles. The most

important of these methods include hydrothermal, mechanical, mechanical



Radiofrequency thermal plasma are chemical vapor condensation and sol-gel. Among the
methods mentioned, the sol-gel method has the advantages of fine particle size
distribution, chemical composition control and the creation of a thin layer on the surfaces.
In 2007, Venkatachalam et al. Produced TiO, nanoparticles by sol-gel method. In this
work titanium isopropoxide, acetic acid and water with specific molar ratio were used
[24, 25].The results showed that this method is defective for the production of this
powder due to its tendency to rapidly agglomerate against crystallization. However, it
was found that high calcined temperature caused the formation of TiO, crystalline
particles. Researchers are also worked on TiO, microstructural changes using ultrasound
on the sol-gel technique. [26]. the results showed that the crystalline powder is fully
formed in this process and the ultrasound waves accelerate the crystallization process.
This saves time and energy. Fallah et al. (2014) studied the effect of curing temperature
on the electrical and optical properties of TiO, nanoparticles in the presence of Niobium
based sol-gel method. The results showed that the two-phase atmosphere in the
atmosphere greatly increased the film's media attention. Also in this case the electrical
resistance is also significantly reduced. Studies were also performed on the
microstructural properties of TiO, obtained by sol-gel method in the presence of mercury
ion and the effect of annealing temperature. The presence of mercury ions will lead to
better nanostructure and growth. In addition, in the presence of mercury ions, the
reflectance power of the film increases sharply. In 2015 Agartan et al. studied the initial
water content and calcination temperature based on sol-gel method on the photocatalytic
properties of solid TiO, nanoparticles. It has been found that increasing the initial water
makes the powders more crystalline and easier to crystallize without sedimentation. The
results showed that despite the low temperature of synthesis, the TiO, nanopowder was
formed with anatase phase in spite of the low temperature of synthesis [27]. Also, with
the increase in acetic acid, the faster anatase phase is formed and the formation energy is
reduced. In view of the above, it is difficult to obtain TiO, nanoparticles that contain both
anatase and rutile phases, as well as particles lacking agglomeration and have a good
dispersion. Therefore, the aim of this study was to synthesize TiO, nanoparticles at rutile

phases by sol-gel method and study The Optical and crystalline properties. Various



nanoparticles can be obtained with appropriate dispersion phases and with fine

aggregation [28, 29].

2.3 TiO, as Photo Catalysis
Various parameters and quantum yields of the photo catalytic hydrogenation reactions of

CH3CCH with H,O over Rutile-Type (top) and Anatase-Type (bottom) TiO, at 300 K
affect Tio, reactions, Quantum yield = (number of photo formed products) / (number of
incident photons). Photo catalytic properties of TiO ,x Nx samples (solid circles)
compared with TiO, samples (open squares) shows the importance of catalysits.
Decomposition of methylene blue as a function of the cutoff wavelength of the optical
high-path filters under fluorescent light between 350 and 520 nm, compared with the
results under BL illumination with the integrated in the UV range is very important for
under standing Tio, reactions. The main function of the TiO, photo catalyst is to adsorb
organic and inorganic contaminants. Under the influence of the UV lamp they later get
decomposed into CO, and H,0 [30]. Principle of operation and energy level scheme of
the dye-sensitized nanocrystalline solar cells. S: Photoexcitation of the sensitizer the dye
molecule is regenerated by the redox system, which itself is regenerated at the counter-

electrode by electrons passed through the load [31].

Photocatalytic Water Splitting:

A

H§/H21 ov

0oH50: +1.23 V
./




Figuer (2.1): The principle of water splitting using a semiconductor photocatalyst.

The bottom level of the conduction band has to be more negative than the reduction

potential of H+ / H, (0 V vs. NHE). The top level of the valence band has to be more

positive than the oxidation potential of O, / H,O (1.23 V). Strategy of the development

of photocatalysts with a visible light response.

e To form a donor level above a valence band by doping some element into
conventional photocatalysts with wide band gaps such as TiO..

e To create a new valence band employing some element.

e To control the band structure by making a solid solution. [32].

Electrochromic Devices: Principle of signal amplification by a TiO2 nanocrystalline film.

The device could be switched back and forth between the coloress and colored states

within 1 s [10]. First reduction potential: 0.2 — 0.6 V Second reduction potential: 0.2 — 0.4

V.The principle of water splitting using a semiconductor photocatalyst: The bottom level

of the conduction band has to be more negative than the reduction potential of H+/ H, (0

V vs. NHE). The top level of the valence band has to be more positive than the oxidation

potential of O2 / H,0 (1.23 V). Strategy of the development of photocatalysts with a 2-

4-2-2-7-13 visible light response:

e To form a donor level above a valence band by doping some element into
conventional photocatalysts with wide band gaps such as TiO2.

e To create a new valence band employing some element.

e To control the band structure by making a solid solution [33].

Polyfunctional Adsorbent Crystal Structure: New nanohybrid compound combining the

redox functionality of hydrazine, the ionexchange properties of layered titanate, the large

surface area of quasi-two-dimensionalcrystalities, surface Brensted acidity, and the

occurrence of surface titanyl bond. It possesses a high uptake capacity of ~50 elements of

the periodic table. Projections onto (right) (001) and (left) (100). Edge-faced stacking of

corner-sharing TiO6 octahedra (Yellow) results in the formation of interlayer

“pseudochannels” directed along the ¢ axis. These pseudochannels are half-occupied by

hydrazinium ions (blue spheres depict the front row and grayish spheres the back row)

8



tailored in such a way that NN bonds are directed along the pseudochannels. The relative
sizes of the shown structural units are consistent with their actual size ratios [34].
Adsorbent Functionalities: LHT-9 is an effective reducing agent that has the redox
properties of hydrazine superimposed onto the adsorption properties of the
nanocrystalline titanate matrix, resulting in the phenomenon of reductive adsorption. The
irreversibility of the majority of reduction reactions under the given redox conditions,
LHT-9 can be used for cumulative extraction of reducible elements from their solutions.
Redox Properties [35]. lon Exchange Properties: LHT-9 exhibits high rates of ion-
exchange and protonation reactions.The majority of exchange products however, were
found to contain hydrazinium [36]. Surface Acidity Properties: Brensted acidity is likely
caused by protonation of bridging Ti-O-Ti oxygen atoms located at loose corners of TiO6
octahedra exposed at the surfaces of the titanate layers [37]. Summary: TiO, has various
functionalities not apply only to be used for white source of paints and cosmetics
expected to reflect UV light, they also Has light sensitivity and modified it has adsorption
capacity. TiO2 nanomaterials have significant differences by nanoparticle size and
geometry. It is necessary to select suitable reaction condition to synthesize objective
particle shape materials. Photocatalytic and photovoltaic tec. are begun to use various
fields, for example, solar panel, pollutant decomposition, superhydrophilic materials and
water splitting, etc. Although TiO2 is NOT used industrially since less effectivity, today
| introduced, some solubility to improve light effectivity are studying with all one's heart!

2.4 Synthetic Methods

There are many methods for synthetic TiO ; like Sol-Gel Method, Micelle and Inverse
Micelle Method, Sol Method, Hydrothermal Method, Solvothermal Method.In Sol-Gel
Method: process one normally proceeds via an acid-catalyzed hydrolysis step of titanium
(1V) lakeside followed by condensation. The development of Ti-O-Ti chains is favored
with low content of water, low hydrolysis rates, and excess titanium lakeside in the
reaction mixture. 3-dimensional polymeric skeletons with close packing result from the
development of Ti-O-Ti chains. Amines are used as the shape controllers of the TiO,
nanomaterial’s act as Surfactants. Amines include triethanolamine (TEOA),
diethylethlenetriamine, ethylenediamine, trimethylenediamine and triethylenetetramine.
The morphology of the TiO, nanoparticles changes from cuboidal toEllipsoidal at pH
above 11. The shape control is attributed to the tuning of the growth rate of the different
crystal planes of TiO, nanoparticles by the specific adsorption of shape controllers to
these planes under different pH conditions [38]. Sol-Gel Method 1: Amines are used as
the shape controllers of the TiO, nanomaterials act assurfactants. Amines
includetriethanolamine (TEOA), diethylethlenetriamine, ethylenediamine,



trimethylenediamine and triethylenetetramine. The morphology of the TiO, nanoparticles
changes from cuboidal to ellipsoidal at pH above 11. The shape control is attributed to
the tuning of the growth rate of the different crystal planes of TiO, nanoparticles by the
specific adsorption of shape controllers to these planes under different pH conditions
[39]. Sol Method2: The sol method is the nonhydrolytic sol-gel processes and usually
involves the reaction of titanium chloride with a variety of different oxygen donor
molecules, e.g., metal alkoxide or organic ether. To control particle size: Increased
nucleophilicity (ore size) of the halide resulted in smaller anatase Nano crystals, e.g.,
average sizes ranged from 9.2 nm for Tify to 3.8 nm for Tif,. Reaction in pure
trioctylphosphine oxide (TOPO) was slower and resulted in smaller particles, while
reactions without TOPO were much quicker and yielded mixtures of brookite, rutile, and
anatase with average particle sizes greater than 10 nm. The most stable formThe
solvothermal method is almost identical to the hydrothermal method except that the
solvent used here is nonaqueous. The temperature can be elevated much higher than that
in hydrothermal method. The solvothermal method normally has better control than
hydrothermal method of the size and shape distributions and the crystallinity of the TiO,
nanoparticles [40].

2.5 Optical Parapets
2.6 2.5.1 Absorption

The intensity of the net absorbed radiation is dependent on the character of the medium
as well as the path length. The intensity of transmitted or non-absorbed radiation
continuously decreases with distance x that the light traverses according to the relation

13].

Where I, lo, B stands for the intensity at X, intial intensity and absorption coefficient
respectively. Where is the intensity of the non-reflected incident radiation and B the
absorption Coefficient (in mm-1), is characteristic of the particular material; furthermore,
varies with wavelength of the incident radiation. The distance parameter x is measured
from the incident surface into the material. Materials that have large values are
considered highly absorptive [4].

2.5.2 Transmission

The phenomena of absorption, reflection, and transmission may be applied to the passage
of light through a transparent solid. For an incident beam of intensity 10 that impinges on
the front surface of a specimen of thickness | and absorption coefficient, the transmitted
intensity at the back face I+ is

It = I (1= R)Ze Pl (2.2)
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Where R is the reflectance; for this expression, it is assumed that the same medium exists
outside both front and back faces. The derivation of Equation (2.2) is left as a homework
problem. Thus, the fraction of incident light that is transmitted through a transparent
material depends on the losses that are incurred by absorption and reflection. Again, the
sum of the reflectivity R, absorptivity A, and transmissivity T, is unity according to
Equation (2). Also, each of the variables R, A, and T depends on light wavelength. This
is demonstrated the transmission [3.4 and5].

2.5.3 Absorption coefficients

Much of the information about the properties of materials is obtained when they interact
with electromagnetic radiation. When a beam of light (photons) is incident on a material,

the intensity is expressed by the Lambert-Beer-Bouguer law [6].

= 1 @XP(—0d) i (2.3)

If this condition for absorption is met, it appears that the optical intensity of the light
wave, (1), is exponentially reduced while traveling through the film. If the power that is
coupled into the film is denoted by 10, gives the transmitted intensity that leaves the film

of thickness d. (o) is called “absorption coefficient” [6]. From (1) it follows that

a=—= Lin(i) ........................................................................ (2.4)

It is clear that o must be a strong function of the energy hv of the photons. For hv < Eg
(direct), no electron hole pairs can be created, the material is transparent and o is small.
For hv > Eg (direct), absorption should be strong. All mechanisms other than the
fundamental absorption may add complications (e.g. "sub band gap absorption™ through
excitons), but usually are not very pronounced [6]. Optical transmission measurements
were carried out to determine the film thickness, the wavelength dependence of the
refractive index and optical absorption coefficient. The optical constants were determined
from the optical transmission measurements using the method described by Swanepoel.
The transparent substrate has a thickness several orders of magnitude larger than (d) and
has index of refraction (n) and absorption coefficient (a = 0). The index of refraction for
air is taken to be no =1. In the transparent region (o =0) the transmission is determined by
n and s through multiple reflections. In the region of weak absorption a is small and the
transmission begins to decrease. In the medium absorption region o is large and the

transmission decreases mainly due to the effect of a. In the region of strong absorption
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the transmission decreases drastically due almost exclusively to the influence of a. If the

thickness d is uniform, interference effects give rise to the spectrum [5, 6].

2.5.5 Reflection

When light radiation passes from one medium into another having a different index of
refraction, some of the light is scattered at the interface between the two media even if
both are transparent. The reflectivity R represents the fraction of the incident light that is

reflected at the interface, or

Where lpand IR are the intensities of the incident and reflected beams, respectively. If the

light is normal (or perpendicular) to the interface, then

R = () e (2.6)

Nz4Ng

Where n; and n, are the indices of refraction of the two media. If the incident light is not
normal to the interface, R will depend on the angle of incidence. When light is

transmitted from a vacuum or air into a solid s, then

R = (502 2.7)

ng+1

Because the index of refraction of air is very nearly unity. Thus, the higher the index of

refraction of the solid, the greater the reflectivity [6].

2.5.6Refractive index

Light that is transmitted into the interior of transparent materials experiences a decrease
in velocity, and, as a result, is bent at the interface; this phenomenon is termed refraction.
The index of refraction n of a material is defined as the ratio of the velocity in a vacuum ¢

to the velocity in the medium or

The magnitude of n (or the degree of bending) will depend on the wavelength of the

light. This effect is graphically demonstrated by the familiar dispersion or se parathion of
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a beam of white light into its component colors by a glass prism [9]. Each color is
deflected by a different amount as it passes into and out of the glass, which results in the
separation of the colors. Not only does the index of refraction affect the optical path of
light, but also, as explained shortly, it influences the fraction of incident light that is
reflected at the surface [9]. Just as Equation (2.8) defines the magnitude of c, an

equivalent expression gives the velocity of light in a medium as

Where v and are, respectively, the permittivity and permeability of the particular

substance [8]. From Equation (2.8), we have

Where and are the dielectric constant and the relative magnetic permeability,

respectively. Because most substances are only slightly magnetic, and

Thus, for transparent materials, there is a relation between the index of refraction and the
dielectric constant [8].

2.5.7Determination of Band Gaps

The fundamental absorption is related to band-to-band or to exaction transition, which are
subjected to certain selection rules [17]. The transitions are classified into several types,
according to the band structure of a material. The relation between absorption coefficient
and optic band gap for direct transition (k=0) is given by Tauc equation.

Vohy = B(hy — EgP' ).ttt (2.12)
And for indirect transition (k # 0) the relation becomes

(hw—Egap) 2
a(hw) o s T TP PP PP PP P PP P PP PP PP (2.13)
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From the ahv versus hv one obtains Eg and B parameters. B is also a useful diagnostic of
the material since it is inversely proportional to the extent of the tail state (A E) at

conduction and valance band edges [8 and9].
2.6 Human Blood

Blood is a connective tissue performs two major functions transport materials through the
body to play as mediators to defense of the body against infections and other foreign
materials .It functions related to maintaining and balancing homeostasis of the body
pumped by heart and carried by blood vessels throughout the body. Primarily, to
transport oxygen, nutrients, chemical and cell wastes to certain targeted area .Blood
makes up about 7% of body depending on his or her size. Colour of the blood does vary
for example, arterial blood is bright red because it contains high levels of oxygen but
venous blood (most is deoxygenated) has a darker, dull red colour. The normal pH range
of blood is 7.35 to 7.45, which is slightly alkaline. Blood is about three to five times
thicker than water. Viscosity is increased by the presence of blood cells and the plasma
proteins, and this thickness contributes to normal blood pressure (Nursakina. 2015). It
composed of plasma and seven types of cells, red blood cells (RBC) or erythrocytes,
platelets or thrombocytes .And five kinds of white blood cells (WBC) or leukocyte .All
the various types of blood cells are produced in the bone marrow .Arise from a single
type of cell called a hematopoietic stem cell [22].

2.6.1White Blood Cell count (WBC)

Is the number of white blood cells in a volume of blood, normal range varies slightly
between laboratories but generally between 3,400 and 10,800 calls per cubic millimeter
(mm).This can also be referred to as the leukocyte count and can be expressed in
international units as 4.3 to 10.8 x10° cells per litter .White blood cells are comprised of
several different types that are differentiated based on their size and shape.The Complete
Blood Count (CBC)provide account of white blood cells and also an automated
differential count that determines the percentage of the five types of mature white blood
cells present in the human body .Which were divided as follow, and their man functions:
Neutrophils) NEUT) :(granulocytes) arechemotaxis, phagocytosis and Kkilling of
phagocytized bacteria .The normal range between 50 — 70% Lymphocytes( LYM): are

involved in immune responses and production of haemopoietic growth factors .The
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normal range is25 — 35% Basophiles (granulocytes) they were Mediate immediate—type
hypersensitivity) IgE-coated basophils react with specific antigen and release histamine
and leukotriene’s) , modulate inflammatory responses by releasing heparin and proteases .
The normal range0.4 — 1 % Eosinophil’s (: granulocytes) beside all neutrophil function
listed above they are effector cells for anti-body-dependent damage to metazoan
parasites, regulate immediate—type hypersensitivity reactions (inactivate histamine and
leukotriene’s released by basophils and mast cells) .The normal range is (1-3).%
Monocytes:4-6( % Macrophages)are chemo taxis, phagocytosis, killing of some
microorganisms’ antigen presentation, release of IL-1 and TNF which stimulate bone
marrow stromal cells to produce GM-CSF, M-CSF and 1L-6[23]. The last three types
are counted together and they called mixed (MXD ).The white blood cell count helps
provide information about various illnesses and also help monitor the patient’s recovery

once treatment is started [23].

Fig (2.2) White Blood Cell count (WBC) [23].

2.6.2Red Blood Cell count( RBC)

Are the most common cell type in blood and people have millions of them in their blood
circulation .They are smaller than white blood cells, but larger than platelets .The

production of red blood cells is referred to as erythropoiesis .Mature red blood cells
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develop from haemocytoblasts .This development takes about 7 days and involves three
to four mitotic cell divisions, so that each stem cell gives rise to 8 or 16 cells. In health,
erythropoiesis is regulated so that the number of circulating erythrocytes is maintained
within a narrow range .Normally, a little less than 1 %of the body’s total red blood cells
are produced per day and these replace an equivalent number that have reached the end of
their life span .However that still represents a huge 200,000,000,000 cells.Erythropoiesis
is stimulated by hypoxia (lack of oxygen ) .However, oxygen lack does not act directly
on the haemopoietic tissues but instead stimulates the production of a
hormone”erythropoietin” .This hormone then stimulates haemopoietic tissues to produce
red cells .Normal range varies with altitude :Male :4.7 to 6.1 million cells/pl (per
misrelate of blood) .Female: 4.2 to 5.4 million cells/ul. Children: 4.6 to 4.8 million
cells/ul [22, 23].

Fig (2.3) Red Blood Cell count( RBC) [23].

2.6.3Platelets ( PLT)
Platelets are produced in bone marrow by process known as thrombopoiesis .They are
formed in the cytoplasm of a very large cell, the megakaryocyte .Megakaryocyte matures

in about 10 days, from a large stem cell, megakaryoblast. It is likely that there are
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thrombopoietic feedback mechanisms as the platelet count remains fairly constant in
health and platelet production is reduced following an infusion of platelets and increased
following removal of platelets .However, these feedback mechanisms have not been
discovered yet .At any one time, about two-thirds of the body’s platelets are circulating in
the blood and one-third are pooled in the spleen .There is constant exchange between the
two populations .The life span of platelets is between 8 to 12 days .They are destroyed by
macrophages, mainly in the spleen and also in liver.The number of platelets in a specified
volume of blood and the platelets are not complete cells, but actually fragments of
cytoplasm (part of a cell without its nucleus, or the body of a cell.) The normal range can
be expressed in a number of ways, but they all mean the same. 150,000 — 350,000 /ul
(platelets per micro Littre) [24].

Fig (2.4) Platelets ( PLT )[24].

2.6.4Hemoglobin (HGB)

Oxygen and som carbon dioxide transport depends almost totally on the presence of the
red respiratory pigment haemoglobin in the erythrocyest. Haemoglobin increases the
ability of the blood to carry oxygen by 60-flod.This vital funcction makes haemoglobin
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on. This is the amount of hemoglobin in a volume of blood .Hemoglobin is the protein
molecule within red blood cells that carries oxygen and gives blood its red color .Normal
range of hemoglobin is different between the sexes : Male: 8.1 to 11.2 m/mol/L( 13 to
18mg/dl) . Female :7.4 to 9.9 m/mol/L) 12 to 16 mg/dl). Child —7.11t0 8.4
m/mol/L) 11.5 to 13.5 mg/dl) .Newborns :-10.5 to 13.7 m/mol/L) 17 to 22 mg/dl) [22,
23].

2.6.5Hematocrit (HCT)

This is the ratio of the volume of red cells to volume of whole blood .Normal range for
hematocrit is different between the sexes and is approximately 45 %to 52 %for men and
37 %to 48 %for women .This is usually measured by spinning down a sample of blood
in a test tube, which causes the redblood cells to pack at the bottom of the tube [22].
2.6.6Mean Corpuscular Volume (MCV)

It’s the average volume of a red blood cell.This is calculated value derived from the
hematocrit and red cells count .Normal range may fall between 80 to 100 fl) femtolitters
[22].

2.6.7Mean Corpuscular Hemoglobin (MCH)

Is the average amount of hemoglobin in the average red cell.This is a calculated value
derived from the measurement of hemoglobin and red cells count .Normal range is 27 to
23 pg) pico g) [23].

2.6.8Mean Corpuscular Hemoglobin Concentration (MCHC)

Is the average concentration of hemoglobin in a given volume of red cells.This is
calculated value derived from the hemoglobin measurement and the hematocrit .Normal
range is 32 %to 36.% [23].

2.6.90ptical properties of blood

The optical properties of human blood measured at different wavelengths (in vitro, ex

vivo and in vivo) [22].

Table (2.1) Optical properties of human blood [24].

Wavelength (nm) pacm™ pscm G
517 354 468 0.995
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585 191 467 0.995

590 69 466 0.995
595 43 465 0.995
600 25 464 0.995

Where: pa =the absorption coefficient ps = the scattering coefficient g =the scattering
anisotropy parameter [24].

2.7 Wastewater Treatment

The significance of the wastewater treatment, management and its disposal gradually
increases in the modern times and it becomes a major concern for public health scientific
interest. All existing protocols for treatment of wastewater are categorized as physical,
chemical and biological processes [41]. The sequential and concurrent use of those
processes combinedly tends to create agreater efficient method in removing the pollutant
aspects in liquidresidues. Restrictions in terms of execution, efficiency, and priceare a
factor, however, biological processes, as an example, havebeen extensively used and
show potential towards dairy andagricultural wastewater treatment [42]. The chemical
process dealswith the photocatalysts like TiO,, ZnO etc. mediated degradationof the
industrials waste waters [43]. These processes have limitationswhich can potentially
affect degradation efficiency through control pH range, rapid organic-load variations, and
also the effluent’sphysicochemical behavior [44] .The use of a heterogeneous
photocatalyst is a conventional method for water purification which includes reduction
and oxidation reactions from adsorbed wastewater, oxygen molecules and hydroxyl
anions, or other organic molecules[45,48]. Uses of semiconductors like TiO,, ZnO etc. in
photocatalysis employ semiconductors in suspension9. However, this method could be a
more expensive when it is scaled-up because particle-recovery of the photocatalyst
particles is a difficult task and leads to an amplification in process costs. A feasible
alternative is the preparation of photocatalyst layers in different substances or uses the
catalytic support without hampering the photocatalyst activity [49]. Many efforts have
been made in which few studies have demonstrated continuous flow reactors with fixed-
bed photocatalyst [50]. Integral to this study was an assessment of the efficiency of
heterogeneous photocatalyst processes for dairy and agricultural wastewater treatment

19



with immobilized TiO, and ZnO to reduce organic pollutant load [51]. The
immobilization was carried out by the application of a coating containing the Catalysts
[52]/photocatalyst [33] or by suing the porous carbon or silica as a supporter for the
catalysts to prevent agglomeration of catalyst during catalytic/photocatalytic reactions in
solution. Moreover, solar emission was used as UV source [53, 55].Recent review is
focused on the most important photocatalysts titanium dioxide and zinc oxide and their
photocatalytic activity towards wastewater treatment. Recently, Xiaobo and
Samue[l]reviewed the broad applications of titanium dioxide as a photocatalysts [56].
These applications were comprised of photodecomposition of various industrial
pollutants, killing tumor cell and Kkilling bacteria in cancer treatments [57].
Semiconductor catalysts TiO, and ZnO have been widely used to mineralize harmful
organic pollutants in wastewater into less damaging inorganic nontoxic compounds like
CO,, HCI and water [58]. Several studies have been carried out for decolorization of
industrial wastewater by using photocatalysis and bacteria treatment [59, 61]. The
elimination of color from wastewaters is more necessary than the removal of other
colorless organic compounds19. Because of aesthetic and environmental concerns the
decolorization of effluent from textile dyeing and finishing industry has given most
importance [62, 23].TiO,/ZnO photocatalysis, in the presence of UV irradiation can
disintegrate the pollutant dyes into non-toxic simple compounds like CO,, HCI and water
[64]. Nanosized TiO, and ZnO photocatalysts in the form of nanorods, nanospheres, thin
porous films, nanofibers and nanowires have been utilized in various applications,
including photocatalysis because of their high activity, low cost and environmental safety
[65, 67]. Interestingly, very high surface to volume ratio of nanostructures make them
efficient for photocatalysis and other application. In recent studies [53, 64], authors have
reported that zinc oxide and titanium dioxide have excellent photocatalytic properties and
both catalysts are designated to be capable substrates for photodegradation of dyes water
pollutants as they exhibit the acceptable activity in the range of ultraviolet radiation.
Various studies have focused on treatment of industrial wastewater using different
treatment methods; however, most of these treatments have intricacy in realistic uses [45,
49, 66, 68, and 69]. In recent year, investigation on different systems have been carried

out, such as, advanced oxidation processes (AOP) [70], zonation [71, 72], sonolysis33,
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gamma-radiolysis [74], electro-coagulation [35, 36], H20,/ UV37, photocatalysis24,
photo-Fenton [38], biological and combined anaerobic—photocatalytic treatment
[59,61and79]. The aim of the present investigate is to investigate photocatalytic oxidation
process for the decomposition wastewater using TiO, and ZnO as photocatalysts
irradiated with artificial ultraviolet radiations. Photocatalytic oxidation processes [70],
which involve the generation of highly reactive hydroxyl radical (HO), have emerged as a
promising water and wastewater treatment technology for the degradation or
mineralization of a wide range of organic contaminants [70, 80and 91]. The
photoactivated reactions are characterized by the free radical mechanism initiated by the
interaction of photons of a proper energy level with the catalyst (TiO,, ZnO
semiconductor catalysts) [42, 43]. The efficiency of a photocatalytic system is also
affected by the form of TiO, and ZnO nanoparticle catalysts used as immobilized on
surface or as colloidal suspension [84, 86]. The photocatalysis reaction effective for the
degradation of various organic impurities in waste water; however,its practical
application as slurry type suspensions is limited due to the difficulty in separating the
nanocatalysts particles after the photocatalytic reaction[87-89]. The present review aims
to provide a comprehensive analysis on the mechanism of UV-TiO, and ZnO
photocatalytic oxidation process, photocatalyst material, irradiation sources, effect of pH,
temperature, dye concentration, catalyst mass and type of catalysts on photocatalysis and
the application towards wastewater treatment [89].

2.8 Literature Review

The effect of radiations a nano particle on loud, water and other vitalities are very
important for human health. There are many papers published con cerning this issue.For
example yellew laer of 589 nm wavelength was ued to irradiate human blood samples
with random deseases for different irradiation [90]. The lasr power used is 45 w/cm? with
eposuer times 10 minutes up to 60 mintes, where diferent exposure time 10 minutes up to
60 minutes. The result obtatined shows change of light aborption with exposure time. The
maximum observed aborption is at 40 minute irradiation time at 340 nmm peak. Blood
smear of the samples reveals that there are observable changes in the morphology of the
red blood cell at 40 minutes and 60 minutes of irradiatsiti. [90]. Another work was done

to study effects of low power violet laser irradiation on red blood cells volume and
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erythrocyte sedimentation rate in human blood.Samples rheological factors such as mean
red blood cell volume (MCV) and erythrocyte sedimentation rate (ESR) were also
studied. Samples were irradiated for 20, 30, 40 or 50 min using a laser of power 10 mW.
The measurements were done directly after irradiation by applying westergen method and
a computerized hemtoanalyzer. The RBCs volume and ESR were decreased after
irradiation for 40min by 0.44% and 6.7% respectively. It is possible to this can be
attributed to the fact that reduction red blood cells volume resutts form increased
concentrations of free intracellular Ca+2. The result shows that ESR reduction exposed to
low power laser is due to the effect of laser on composition of the plasma that finally
affects in ESR of whole blood. [91].Same researchers studies the effect of laser on
erythrocytes sedimentation rate and some hematological parameters. Background: This
study was conducted in pursuit of gaining an understand effects of the low level laser
irradiation on whole blood is very essential way in revealing the mechanisms of the
action of laser radiation on biological tissues. Objective: The purpose of this study is to
investigate the in vitroeffect of laser radiation on some hematological parameters and
erythrocyte sedimentation rate. Subject and Method. Blood samples were obtained from
30 healthy volunteers, each sample was divided into four new samples, one of them was
considered as control while the other three were exposed to three different laser doses.
The wavelength 0f532nm was used for irradiation with 4mm diameter beam spot on
blood samples, with power density of 796.17mW/cm?. The irradiation times were 1.8,
3.7and 6.2 second so the different doses of irradiation 1.5,3 and 5 J/cm?, respectively.
Results: The erythrocyte sedimentation rate was measured after laser irradiation and
compared with un-irradiated control sample. The results of this study showed that
erythrocyte sedimentation rate value increased significantly with a dose of 1.5J/cm? but
not with the other two doses’ values in male persons but not in females. Moreover, the
mean cell volume shows significant decrement post irradiation. Conclusion: Laser
irradiation induces physical changes in red blood cell membrane permeability and blood
viscosity and consequently alters erythrocyte sedimentation rate. [90].Same reseachers
used laser for enhancement of human blood Storage Period by Irradiation of Low Level
He-Ne Laser: The aim of the present work is to investigate the effect of the He-Ne laser

irradiation on the whole human blood (HB) in order to enhance the conditions of
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conservation. The HB was irradiated by He-Ne laser; (A = 632 nm, continuous wave,
power 30 mW, 2 mm diameter beam spot), electrical properties and complete blood count
CBC were measured at three doses (0.0287, 0.0563 and 0.198 J/cm®) to the relevant best
exposure dose during storage periods 9, 24, 30, 35 & 50 days. The ire-radiation process
with the selected dose was performed by the exposure of the laser beam on the blood
sample flow through narrow tube of cross section area, 0.0831 cm?. Blood dielectric para-
meters, (electric conductivity, dielectric constant, dielectric loss and dipole moment) and
CBC,(red blood cell, white blood cell, hematocrit, hemoglobin, mean corpuscular
volume, mean corpuscular hemoglobin, and mean cell or corpuscular hemoglobin in
concentration) were measured. The obtained results were compared with that of the
control and showed that the best irradiation exposure dose suitable for increasing the time
of blood storage with minimum changes in proper-ties is 0.198 J/cm® and storage period
of about 50 days. The present study revealed that irradiation by He-Ne laser could be
considered a good means to improve the conservation conditions of human blood.
[91].Are search was done by same scientists to investigate the in-vitro influence of laser
radiation on certain blood indices. Material and Methods. To do this blood samples were
obtained from 40 healthy volunteers, and 30 samples were divided into 4 groups, 1 of
which was the control and the other 3 of which were exposed to 3 doses of green laser
while using ethylene diamine tetra acetic acid (EDTA) as an anticoagulant. Remaining 10
samples were anticoagulated using heparin and grouped into 2 aliquots, 1 of which was
the control and the other of which was exposed to a single dose of green laser radiation.
The test was achieved at a wavelength of 532 nm and a beam-spot diameter of 4 mm.
Irradiation times used were 1.8, 3.7, and 6.2 sec, resulting in irradiation doses of 1.5, 3
and 5 J/cm? respectively. Green laser irradiation promoted significant alterations in the
mean corpuscular volume (MCV) of erythrocytes regardless of the type of anticoagulant.
It also increased the white blood cell (WBC) count when EDTA was used as the
anticoagulant, but not when heparin was used.Conclusion. The type of anticoagulant used
may alter the esect of lasers on certain blood parameters. [92]. Q-Switched UV Laser
Interactions with the Human Blood in Vitro: A Q-switched UV laser beam emitting
wavelength at 355 nm with different energy densities (fluence, J/cm?) was used for

shining sixty human blood samples in vitro. Absorption spectra of hemoglobin were
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measured for the first time for the samples that exposed to 500 laser pulses in comparison
to control samples. It was found that the peak absorbance decreases as the laser fluence
increases. This decrease in the peak absorption has been found to be due to the red blood
cells deformation and aggregation resulting from the effect of the laser pulses. This
phenomenon has been confirmed by examination of the blood cells slides after exposing
to the laser radiation. Furthermore, the red blood cells (RBCs) counts were found to be
decreased with increasing the laser fluence. The decrease in the RBCs after the irradiation
explains the decrease in the hemoglobin absorbance and that represents additional
evidence to the structural change according to the optical microscope images. The
changes in hemoglobin absorbance are used in a clinically available optical oxymeters.
The immediate hematology measurements of the blood samples after the exposure to the
laser pulses indicate an increase in the white blood cells (WBCs) of the type basophiles.
The measurements were obtained with a significant difference with the level of
probability (p< 0.05) between the laser exposed samples and the control samples. This
laser effect is also due to structural changes in the WBCs. The changes in mitochondria
resulting in cells division are in a good agreement with many results in the literature for
other types of laser irradiation and other types of the WBCs. The proliferation of the
basophiles upon laser photolysis plays a vital role in the activation of the immune system
and a consequent destruction of pathogens by these cells. [93]. Toxicological effects of
titanium dioxide nanoparticles: a review of in vitro mammalian studies, this stdy work by
[90].The detail of this stdy are recent rapid advances in nanotechnology raise concerns
about development, production route, and diffusion in industrial and consumer products
of titanium dioxide nanoparticles (TiO,-NPs).In fact, compared to recent increase in
applications of this nanomaterial, the health effects of human exposure have not been
systematically investigated. The aim of this review was to provide a comprehensive
overview on the current knowledge regarding the effects of TiO,-NPs on mammalian
cells. Evidence and Information Sources. This review is based on an analysis of the
current literatureon this topic. State of the Art. Fine TiO; particles have been considered
as safe and to pose little risk to humans, suggesting that exposure to this material is
relatively harmless. However, available data in the literature showed that TiO,-NPs can

cause several adverse effects on mammalian cells such as increase of reactive oxygen
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species (ROS) production and cytokines levels, reduction of cell viability and
proliferation, induction of apoptosis and genotoxicity. Perspectives and Conclusions:
Additional research is needed to obtain up-to-date knowledge on health effects of TiO,-
NPs and to avoid any potential risk correlated to their exposure. Consequently, future
studies need to. (1) Use a homogeneousand rigorous exposure classification to clarify
how the physicochemical properties of TiO,-NPs correlate with their toxicological
effects. (2) Assess the potential adverse effects of low level exposures to TiO,-NPs, as
most of the information currently available originates from studies in which exposure
levels were excessively and unrealistically high. (3) Identify the possible roles of TiO,-
NPs in genotoxicity and carcinogenicity (4) carry out epidemiologic studies of exposed
workers to provide an assessment of possible risks correlated to the occupational
exposure to TiO2-NPs [90]. Photocatalytic Water Treatment by Titanium Dioxide:
Recent pdates: This work done by Manoj A [91]. Lazar, the head line of this work are
photocatalytic water treatment using nanocrystalline titanium dioxide (NTO) is a well-
known advanced oxidation process (AOP) for environmental remediation. With the in
situ generation of electron-hole pairs upon irradiation with light, NTO can mineralize a
wide range of organic compounds into harmless end products such as carbon dioxide,
water, and inorganic ions. Photocatalytic degradation kinetics of pollutants by NTO is a
topic of debate and the mostly reporting Langmuir-Hinshelwood Kkinetics must
accompanied with proper experimental evidences. Different NTO morphologies or
surface treatments on NTO can increase the photocatalytic efficiency in degradation
reactions. Wisely designed photocatalytic reactors can decrease energy consumption or
can avoid post-separation stages in photocatalytic water treatment processes. Doping
NTO with metals or non-metals can reduce the band gap of the doped catalyst, enabling
light absorption in the visible region. Coupling NTO photocatalysis with other water-
treatment technologies can be more beneficial, especially in large-scale treatments. This
review describes recent developments in the field of photocatalytic water treatment using
NTO [91]. Clayton wright investigate the effects of titanium dioxide nanoparticles on
human Kkeratinocytes.Titanium dioxide was observed tobiside caure oxidative stress
increase, DNA andcell death beside inflammatory gene upregulation in lung and throat

cells. However, the effects on skin cells from long-term topical use of various products
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remain largely unknown. This study assessed the effect of specific TiO, nanoparticles
(H2TiO7) on a human keratinocyte cell line (HaCaT). Acomparative analysis was done
using three TiO, particles varying in size (Fine, Ultrafine and H2TiO7) and analyzed their
effects on HaCaTs. There is a clear dose-dependent increase in superoxide production,
caspase 8 and 9 activity, and apoptosis in HaCaTs after treatment with all three forms of
TiO,. However, there is no consistent effect on cell viability and proliferation with either
of these TiO; particles. While there is data suggesting UV exposure can enhance the
carcinogenic effects of TiO,. Any significant effect of UV-C exposure accompanced with
TiO, treatment on HaCaTs was not ociserved. Furthermore, TiO,-treated cells showed
minimal effects on VEGF upregulation and Wnt signaling pathway thereby showing no
potential effect on angiogenesis and malignant transformation. Overall, we report here an
increase in apoptosis, which may be caspase 8/Fas-dependent, and that the H2TiO;
nanoparticles, despite their smaller particle size, had no significant enhanced effect on
HaCaT cells as compared to Fine and Ultrafine forms of TiO,. The onclusions was F-
TiO,, UF-TiO2 and H2TiO; particles induce apoptosis in keratinocytes through caspase 8
and the Fas/FADD pathway. There is a dose-dependent increase in superoxide
accumulation and caspase 8 and 9 activity; which are followed by a similar trend in
apoptosis. However there was no significant difference in the effects of H2TiO;
nanoparticles as compared to F-TiO, and UF-TiO,. We also report that the various TiO2
particles had no consistent effects on cell proliferation, viability and
angiogenic/migration/invasion potential in HaCaT keratinocytes and two different lung
cell types (Beas-2B and CRL-1490). The increased carcinogenic potential of H2TiO; due
to its increased surface area and smaller particle size, does not translate into more
deleterious effects in skin and lung cells, as compared to the other forms of TiO,. While
this study does not focus on the long-term effects that exposure to TiO, may have on skin
cells; the inconsistent and inconclusive results here corroborate previously published data
on the effect of TiO, on skin cells. This data reaffirms the accepted conclusion that the
effect of TiO; is dependent on the integrity of the epidermal skin layer (more effective on
damaged tissue), and the genetic characteristics of the skin layer being exposed to the
nanoparticles. Further analysis using long-term exposure studies is definitely needed to

determine the cytotoxic or malignant potential of TiO, nanoparticles on human skin cells.
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This analysis will allow us to make conclusive determinations on what effect, if any,
chronic exposure to TiO, is having on the human populous [92]. Karishma. Of
nanotechnology in wstudy applications treatment. Nanoparticles have a great potential to
be used in waste water treatment. For unique characteristics of it having high surface area
that can be used efficiently for removing toxic metal ions, microbes, inorganic and
organic solutes from water. Nanotechnology has led to various efficient ways for
treatment of waste water in a more precise and accurate way on both small and large
scale. Although nanotechnology enabled water/wastewater treatment processes have
shown great promise in laboratory studies, their readiness for commercialization varies
widely. Some are already on the market, while others require significant research before
they can be considered for full scale applications. Their future development and
commercialization face a variety of challenges including technical hurdles, cost-
effectiveness, and potential environmental and human risk. There are two major research
needs for applications of nanotechnology in water/wastewater treatment. First, the
performance of various nanotechnologies in treating real natural and waste waters needs
to be tested. Future studies need to be done under more realistic conditions to assess the
applicability and efficiency of different nanotechnologies as well as to validate
nanomaterial enabled sensing technologies. Secondly, the long-term effeciency of these
nanotechnologies is largely unknown as most lab studies were conducted for relatively
short period of time. Research addressing the long term performance of water and
wastewater treatment nanotechnologies is in great need [93]. Javad sharifi. Rad work is
can cerned with In-vivo titanium dioxide (TiO;) nanoparticles effects on chromosomal
abnormalities and lactate dehydrogenase activity. For this purpose nano anatase of
titanium dioxide in four dosages of 10, 50, 100, 500, 800mg/Kg BW during
intraperitoneal injection of male mice Balb/C were treated. After 24 hours, micronucleus
test was carried out on the samples of bone marrow for determination of the level of
lactate dehydrogenase (LDH) level test performed on the samples of peripheral blood.
Result showed that nano anatase of titanium dioxide in low dosage of 10, 50, 100mg/Kg
BW, had no toxicity effects on bone marrow.Hawever high doses of 500, 800mg/Kg BW
caused induced toxicity effect with increase micronucleus. The dosage of 10mg/Kg BW

of nanoparticles showed LDH enzyme is blocked and a reduced in LDH level.Titanium
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dioxide has capacity to oxidize the DNA strands of chromosomes on the A-T, G-C base
of nucleotides by direct action on three hydrogen bonds of purine moiety and two
hydrogen bonds of pyrimidine moiety. So the increasing concentration of TN shows the
increasing value of MNPCE. The same event happens in LDE enzyme activity on
nanoparticles of titanium dioxide. Since enzyme is macromolecular protein entity made
by the genomics of chromosomes of nucleotides which get oxidized by TiO,. The base
pair of nucleotide of both MNPCE and LDE gets oxidized by its transition metal property
[94].

28



Chapter Three
Experimental work

3.1lIntroduction
This chapter determines the materials and method used to underpin the experimental of

study, the main content include information about: samples, Materials, devices used, and

methods.
3.2 Material

3.2.1Titanium Isoproxide

Titanium isopropoxide, also commonly referred to as titanium tetraisopropoxide or TTIP,
is a chemical compound with the formula Ti [OCH (CHjs).]4. This alkoxide of titanium
(IV) is used in organic synthesis and materials science. It is a diamagnetic tetrahedral
molecule. Titanium isopropoxide is a component of the Sharp less epoxidation, a Nobel-
Prize-winning method for the synthesis of choral epoxies [1, 2].The structures of the
titanium alkoxides are often complex. Crystalline titanium meth oxide is turmeric with
the molecular formula Tis (OCHz3)16[3]. Alkoxides derived from bulkier alcohols such as
isopropanol aggregate less. Titanium isopropoxide is mainly a monomer in nonpolar
solvents [4]. It is prepared by treating titanium tetrachloride with isopropanol. Hydrogen

chloride is formed as a coproduct [4] .

TiCls + 4 (CH3),CHOH — Ti {OCH (CHz3);}4 + 4 HCI
Properties titanium isopropoxide reacts with water to deposit titanium dioxide: [5]
Ti {OCH (CH3)2}4 + 2 H,0O — TiO; + 4 (CH3),CHOH

This reaction is employed in the sol-gel synthesis of TiO,-based materials in the form of
powders or thin films. Typically water is added in excess to a solution of the alkoxide in
an alcohol. The composition, crystallinity and morphology of the inorganic product are
determined by the presence of additives (e.g. acetic acid), the amount of water
(hydrolysis ratio), and reaction conditions [5]. The compound is also used as a catalyst in
the preparation of certain cyclopropanes in the Kulinkovich reaction. Prochiral thioethers
are oxidized enantioselectively using a catalyst derived from Ti (O-i-Pr) 4 [6].
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3.2.2Acetic Acid

Acetic acid is the chemical compound responsible for the characteristic odor and sour
taste of vinegar.Typically, vinegar is about 4 to 8% acetic acid. As the defining ingredient
of vinegar, acetic acid has been produced and used by humans since before the dawn of
recorded history. In fact, its name comes from the Latin for vinegar, acetum. Vinegar is
formed from dilute solutions of alcohol, such as wine, by the action of certain bacteria in
the presence of oxygen. These bacteria require oxygen, and the overall chemical change
is there action of ethanol with oxygen to form acetic acid and water. CH3CH,OH +
0,CH3COOH + H,0 the name, vinegar, comes from the French, VIN aigr, which means
“sour wine.” Nevertheless, vinegar may also be obtained from other fermented beverages
such as malt or cider. Because vinegar is acidic, it has a variety of properties useful
around the house. Mineral deposits left when hard water evaporates, such as those formed
on plumbing fixtures and in tea kettles, dissolve in acids, sovinegar can be used to
remove them. Because it is acidic, vinegar also inhibits the growth of bacteria, so
vinegaris used as a preservative in foods, such as pickled vegetables, and as a mild
disinfectant in cleaning. Of course, its sour taste, which is also a result of its acidity,
makes it popular as a flavoring in cooking and in saladdressings. Pure acetic acid was
first isolated about 1700 by the distillation of vinegar. When pure, acetic acid isa clear,
colorless liquid with a sharp, irritating odor of vinegar. In poorly heated laboratories, the
acid wasoftentimes found frozen inside its container because its freezing point is only
slightly below room temperatureat 16.7°C. The term glacial (ice-like) came to be applied
tothe pure acid in either it’s solid or liquid state. Glacialacetic acid boils at 118°C, and
has a density of 1.049 g/mL at 25°C. It is flammable with a flash point of 39°C.Through
hydrogen-bonding interactions, acetic acid is miscible (mixable) in all proportions with
water, ethylalcohol, and diethyl ether. Pure or concentrated solutions of acetic acid are
very corrosive and can cause painfulburns. Aqueous solutions of acetic acid freeze at
temperatures below the freezing point of water. For many years, the bulk of commercial
acetic acid was produced by the oxidation of ethanol. Today,most industrial production of
acetic acid is by the Monsanto process, in which carbon monoxide reacts withmethanol
under the influence of a rhodium complex catalyst at 180°C and pressures of 30—40 atm.
CO + CH30H CH3COOH[Rh(CO)2I12]-
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Acetic acid is classified as a weakacid, because it does not completely dissociate into its
componentions when dissolved in aqueous solution. At a concentration of 0.1 M, only
about 1% of the molecules are ionized. In solution, there is a dynamic equilibrium
between the neutral molecules and the acetate and hydronium ions.

CH3COH + H,0 CH3CO + 30,. The acid dissociation constant (Kavalue) for acetic acid
is 1.8 x 10™ at 25°C. Acetic acid is an important industrial chemical. About 3.2 x
10%kilograms of acetic acid were producedin the United States in 1999. The primary use
of this chemical is in the manufacture of assorted acetate esters.These are substances

formed by reacting acetic acid with a substance containing a hydroxyl (~OH) group.
3.2.3 Ethanol

The word alcohol denotes a fine powder of antimony produced by distilling antimony
Alcohol originally referred to any fine powder, but medieval alchemists later applied the
term to the refined products of distillation, and this led to the current usage. Ethanol is a
clear liquid alcohol that is made by the fermentation of different biological materials.
This alcohol is known to have many uses, but one in particular is becoming more
popular. Ethanol, the most widely used biofuel, is made in a process similar to brewing
beer. The ethanol in the end is blended with gasoline to improve vehicle performance
and reduce air pollution. Ethanol is a liquid alcohol that is manufactured by the
fermentation of a wide variety of biological materials. Ethanol is best produced from
lower value grains such as barley, corn and feed wheat. Higher value “bread” wheats
would remain in ample supply for export sales, when Canada begins major ethanol
manufacturing. Also, poor quality (weather damaged, immature) grains which are less
suitable for either human or livestock use are excellent for ethanol production. Corn and
starch based crops are the most common medium used in ethanol production. This
indicates that once ethanol is in high demand, the prices of these crops will increase. For
this reason other alternatives are being studied. Among these is the use of domestic
cellulosic biomass feeds tocks such as herbaceous and woody plants, agricultural and
forestry residues, and a large portion of municipal solid waste and industrial waste
streams. Ethanol is miscible (mixable) in all proportions with water and with most
organic solvents. It is useful as a solvent for many substances and in making perfumes,

paints, lacquer, and explosives. Alcoholic solutions of nonvolatile substances are called
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tinctures; if the solute is volatile, the solution is called a spirit. Commercial Alcohols
have grown to be the largest manufacturer and supplier of industrial grade alcohol (ethyl
alcohol or ethanol) in Canada. Its 1700 customers use the product in industrial
applications (such as solvents, detergents, paints, printing inks, photo-chemical
applications, latex processing, dyes, etc.), the beverage market, medicinal,
pharmaceutical and food products and is the sole Canadian manufacturer and supplier to

the fuel market in central and eastern Canada.

3.3 Methods

The three components were used in the preparation of theTiO, Sol-Gel sample are
Titanium Isopropoxide (TIP) Ti[OCH(CHys).]4purity 98%, Acetic acid CH3COOH purity
99.5% and Ethanol CH3CH,OH purity 99.7-100% all chemicals were as supplied local
market . TIP is a metal alkoxide, where metal alkoxides have the general formula M (OR)
n, where M=metal, R=alkyl group and n is the valence of the metal atom. TiO,sample is
prepared by Sol-Gel method using 50 ml of Ethanol and allowed to mix for 50 min,
measure 5 ml of acetic acid with a pipette into Ethanol and stir by using a magnetic stirrer
it for 5 min or at least 3 min, and measure 6.3 ml of TIP was added by pipette to a beaker
containing a mixture of glacial acetic acid and ethanol that had been mixed for five
minutes. The mixture was continually stirred using a magnetic stirrer addition and for a
further two minutes after addition of the precursor. These were thoroughly cleaned in
Millipore water and neutral detergent for 10 min using an ultrasonic bath and then
propanol was applied for further 10 min in the ultrasonic bath (type MXB14 sonic
continuous of time from 0.1 to 99.9 min sizel4 litter at temperature setting range 5-80 °C)
(Grant). Put the solution in to a convenient glass beker and seal it well. This sealing
should keep the solution from contaminated air. Finally put the sample gel in the firnce at
600°C for 60 min, the sample be white powdar (TiO5).
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3.4 Apparatus

3.4.1 X- Ray diffraction (XRD)

The X-ray powder diffractometer used in this work is a Brag-Brentano type[65]. The
essential features of such a diffratomet shown in Fig. (3.1).a powder sample C, placed on
a flat plate, is supported on a table H, which can be rotated about an axis O which is
perpendicular to the plane of drawing. The xray tube, S, emits a radiation, e.g, Cu K,
with A = 1.540598 A, with a line focal spot falling on the target T; S is also normal to the
plane of drawing and therefore parallel to the diffractometer axis O. The special slit A is
used to collimate the incident beam. The X- ray, which diverges from the source, is
diffracted by the sample and afterwards forms a convergent diffracted beam which passes
through the monochrometer B and then is focused after the slit F and enters into the
counter G. The receiving slits and detector are supported on the carriage E. The support E
and H are mechanically coupled so that a rotation of the detector through 26 degree is
automatically accompanied by rotation of the sample through 6 degrees. This coupling
ensures that the angles of incidence on, and reflection from, the flat sample will always
be equal to one another and equal to half the total angle of diffraction. The detector is
connected to a computer-controlled pulse- processing electronic device. The whole
computer-controlled set-up is driven by a program which enables one to initiate the data
acquisition from a starting angle 0; up to a final angle 0s through a step of A6 and with a
dwell time of At. Then counting the intensity at each 20 gives the sample diffractogram
which, can be analyzed so as to obtain the structural properties of the sample under study.

difiractometer _—" "\

Fig (3.1): Schematic X-ray diffract meter of the Brag-Brentano type.
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The obtained mixed oxides for the samples were characterized by X-ray powder
diffractometr using a continuous step scanning procedure (step size: 0.05° (in 20); time
per step: 0.5 seconds), with a Bruker diffractometers and monochromatic  Cu-K,
radiation (A = 1.54064 A), using NaCL as an external calibration standard. The
indexation of the powder diagrams and calculation of unit cell parameters were carried

out using a locally modified version of the program Fullprof.

3.4.2 Infrared spectroscopy (FTIR)

Fories trans for infrared spectrometer (FTIR) is one of the important spectral techniques.
An infrared spectrum represents a fingerprint of a sample withabsorption peaks which
correspond to the frequencies of vibrations between the bonds of the atoms making up the
material, because each different material is a unique combination of atoms, no two
compounds produce the exact same infrared spectrum. Therefore, infrared spectroscopy
can beused for identification qualitative analysis of different materials [66]. The height of
the peaks in the spectrum is a direct indication of the amount of material present. Infrared
spectroscopy is an easy way to identify the presence of certain functional groups in a
molecule. Also, one can use the unique collection of absorption bands to detect the

presence of specific impurities.

Figue (3.2) is the schematic diagram and picture for FTIR

Physical Link

(S\it Beamspliter Electronic ink

Ionochromater
(==

Fig (3.2): Continuous Wave spectrometers (FTIR).
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A source of IR generates light across the spectrum of interest, A monochromatic (in IR
this can be either a salt prism or a grating with finely spaced etched lines) separates the
source radiation into its different wavelengths. A slit selects the collection of wavelengths
that shine through the sample at any given time.In double beam operation, a beam splitter
separates the incident beam in two; half goes to the sample, and half to a reference. The
sample absorbs light according to its chemical properties. A detector collects the
radiation that passes through the sample, and in double-beam operation, compares its
energy to that going through the reference. The detector puts out an electrical signal,
which is normally sent directly to an analog recorder. A link  between the
monochromatic and the recorder allows us to record energy as a function of frequency or
wavelength, depending on how the recorder is calibrated. The infrared spectra were
recorded with a FTIR instrument, using the KBr pellet technique [67].

3.5 Ultraviolet-visible spectrophotometer

The basic parts of a spectrophotometer are a light source, a holder for the sample,

a diffraction grating in a monochromator or a prism to separate the different wavelengths
of light, and a detector. The radiation source is often a Tungsten filament (300-2500 nm),

a deuterium arc lamp, which is continuous over the ultraviolet region (190-

400 nm), Xenon arc lamp, which is continuous from 160-2,000 nm; or more recently,

light emitting diodes (LED) for the visible wavelengths. The detector is typically

a photomultiplier tube, aphotodiode, a photodiode array or a charge-coupled

device (CCD). Single photodiode detectors and photomultiplier tubes are used with
scanning monochromators, which filter the light so that only light of a single wavelength
reaches the detector at one time. The scanning monochromator moves the diffraction
grating to "step-through™ each wavelength so that its intensity may be measured as a
function of wavelength. Fixed monochromators are used with CCDs and photodiode
arrays. As both of these devices consist of many detectors grouped into one or two
dimensional arrays, they are able to collect light of different wavelengths on different
pixels or groups of pixels simultaneously.A spectrophotometer can be either single
beam or double beam. In a single beam instrument (such as the Spectronic 20), all of the
light passes through the sample cell. Io must be measured by removing the sample. This

was the earliest design and is still in common use in both teaching and industrial
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labs.Samples for UV/Vis spectrophotometry are most often liquids, although the
absorbance of gases and even of solids can also be measured. Samples are typically
placed in a transparent cell, known as a cuvette. Cuvettes are typically rectangular in
shape, commonly with an internal width of 1 cm. (This width becomes the path length, L,
in the Beer-Lambert law.) Test tubes can also be used as cuvettes in some instruments.
The type of sample container used must allow radiation to pass over the spectral region of
interest. The most widely applicable cuvettes are made of high quality fused
silica or quartz glass because these are transparent throughout the UV, visible and near

infrared regions. Glass and plastic cuvettes are also common, although glass and most
plastics absorb in the UV, which Ilimits their usefulness to visible
wavelengths[28].Specialized instruments have also been made. These include attaching
spectrophotometers to telescopes to measure the spectra of astronomical features. UV-
visible micro spectrophotometers consist of a UV-visible microscope integrated with a
UV-visible spectrophotometer.A complete spectrum of the absorption at all wavelengths
of interest can often be produced directly by a more sophisticated spectrophotometer[29].
In simpler instruments the absorption is determined one wavelength at a time and then
compiled into a spectrum by the operator. By removing the concentration dependence,
the extinction coefficient (€) can be determined as a function of wavelength.UV device
that we wused during our research is an automatic recording single beam
spectrophotometer type UV Mini 1240 manufactured by Shimadzu company—Japan and
coming with serial number A10934081718SM.

Fig (3.3): UV device that we used during our research.
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3.6 Experiential One Synthesis and Cractraiztion TiO, Nanomaterial

Titanium Isopropoxide (TIP) Ti[OCH(CHs).]4purity 98%, Acetic acid CH3COOH purity
99.5% and Ethanol CH3CH,OH purity 99.7-100% and all chemicals were supplied from
local market . TIP is a metal alkoxide, where metal alkoxides have the general formula M
(OR) n, where M=metal, R=alkyl group and n is the valence of the metal atom.
TiO,sample are prepared by Sol-Gel method using 50 ml of Ethanol and allowed to mix
for 50 min, then measure 5 ml of acetic acid with a pipette to be addel into Ethanol and
stir by using a magnetic stirrer it for 5 min or at least 3 min. Also measure 6.3 ml of TIP
was added by pipette to a beaker containing a mixture of glacial acetic acid and ethanol
that had been mixed for five minutes. The mixture was continually stirred using a
magnetic for a further two minutes after addition of the precursor. These were thoroughly
cleaned in Millipore water and neutral detergent for 10 min using an ultrasonic bath and
then propanol was applied for further 10 min in the ultrasonic bath (type MXB14 sonic
continuous of time from 0.1 to 99.9 min sizel4 litter at temperature setting range 5-80 °C)
(Grant). Put the solution in to a convenient glass beker and seal it well. This sealing
should keep the solution from contaminated air. Finally. Put the sample gel in the firnce
at 600°C for 60 min, the samplewill then be white powdar (TiO.). After preparation of
TiO, one study the nano size martial by X-ray diffractmeter (XRD) and Scaning
electronic microscopy (SEM). Then study the optical absorbance and determine some
optical properties like (absorption coefficient, energy bad gap, Refractive Index and
Optical Conductivity). Moreover, the study was extended to characterize by UV-
spectroscopy. Then use the infrared spectra for synthesizing TiO, nano powders by

mattson Fourier Transform Infrared Spectrophotometer (FTIR).

3.7 The effect of adiding TiO, nanomaterial on the blood samples

Titanium dioxides (TiO,) The (TiO,) nano-particles dissolved in distilled water by
ultrasonic for 5min. Titanium dioxides (TiO) having can centrations (1, 2, 3, 4,5,6,7 and
8) ppm were added to human blood to form 8 samples.These samples were kept
concentration and examined for 4 weeks. Uitra violet spectro meter and the con ventional

medical tests were made weekly for 4weeks.
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3.8 The effect of adding TiO , to water on its physical properties

Titanium dioxides (Ti02) having cocentrations 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, and 0.8
ppm were added to water to form 8 samples. The PH of these samples were measured
weekly for 4 weeks using PH meter.  When Tio, was con centrions the number of

living Escherihia E-coli cells in water for each con centration were determined weekly to

up 4 weeks.

38



Chapter Four
Results and discussion

4.1 Introduction

After preparing TiO, sample optical, electrical and morphology properties were studied
by useing UV spectrometer beside, XRD technique, ESM and FTIR spectroscopy.The
TiO, was added in different con centrations to the blood and water and their UV

absorption and PH wear studied.

4.2 Results
4.2.1 Optical Results of TiO, sample

The following figures come from the absorption spectro UV.

3.12

2735

2.34

1.95

1.56

1.17
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Fig (4.1) Relation between absorbance and wavelengths of TiO, sample.
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Fig(4.2) Relation between absorption coefficient e and wavelengths of TiO, sample.
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Fig(4.3) Optical energy band gap of TiO, sample.
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Fig(4.4) Relation between refractive Index and wavelengths of TiO, sample.
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Fig(4.5) Relation between optical conductivity and wavelengths of TiO, sample.
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Fig(4.6) Relation between electrical conductivity and wavelengths of TiO, sample.

4.2.2 S EM Results of TiO, sample

The following figures results form SEM.

r
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Fig (4.7) SEM image of TiO,,
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sample AgTiO, =53.5 nm

Histogram

Fig (4.8) Histogram SEM image of TiO,,

4.2.3 XRD Results of TiO, sample

The following figures and tables result from XRD

T RAN]
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) (101) (211)

IntenataCTounts)
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(111)

b

oo oo T T e e e e o o o T T ey
i ki 4 # I

2-Thetal®

Fig (4.9) XRD spectrum of Nano TiO, sample.
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Table (4.1) Lattice Constants from Peak Locations and Miller Indices [Tetragonal]
of TiO, sample

20 d(nm) h k | | Xg(nm)
27.494 3.2458 11 0 45.3
36.125 2.4855 1 0 1 48.3
41.353 2.1839 1 11 53.6
54.393 1.6805 2 1 1 60.3

Average Lattice Constants = 4.8585
a=b= 4585 c= 2964
a=p=y=90°
Density = 4.2592 mg.cm™

Crystal Form: Tetragonal — Primitive - Space Group: P42/mm (136)

4.2.4 FTIR Results of TiO, sample

The following figures and tables results from FTIR spectra

42.0

TiO,sample |

37.8
33.6
29.4
25.2

210 1104.54 f

g

1689 61767 137921 162801

Transimission (a.u)

12.6

e
3434.49

8.4

500 1000 1500 2000 2500 3000 3500

Wavenombuer (cm™)

Fig(4.10) FTIR spectrum of TiO, sample.
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Table (4.2) Parameters of T iO, sample

No | Wavenumber (cm- Functional Wavenumber (cm- Functional Group
D) Group D)

1 415 metal-oxygen 600-500 C-I stretch

2 620 metal-oxygen 700-600 C - Br stretch

3 1105 Methyl Formate (1300-1000) C-C stretch

4 1380 Methane 1400-1300 C =0 Bond

5 1630 Methyl Formate 1755-1650 C=0 Stretch

6 3440 Methanamide 3500-2400 Hydrogen- bonded O-H

Stretch

4.2.5 Blood and TiO, Result

The following figures and tables results from UV spectra of blood samples weekly up to 4
weeks. Table (4.7) shows clinical examination of blood samples.

Absoebance (a.u)

450 540

= TiO,0.1 ppm
= TiO,0.2 ppm
= TiO,0.3 ppm
=== TiO,0.4 ppm
= TiO,0.5 ppm
= TiO,0.6 ppm
= TiO,0.7 ppm
= TiO,0.8 ppm

630 /720 810 900 990

Wavelength ( nm)

Fig (4.11) Absorption curves of blood samples that effects by TiO, with different
concentration (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8) ppm at First week.

45




Table (4.3) Absorption curves riding statically of blood sample by different

concentration of TiO, at First week

Samples Absorbance Mean | Minimum | Maximum | Standard Deviation
TiO, - 0.1 ppm 0.65611 | 0.02706 2.20434 0.76488
TiO, - 0.2 ppm 0.60504 | 0.02496 2.03277 0.70534
TiO, — 0.3 ppm 0.55741 | 0.02299 1.87275 0.64982
TiO, — 0.4 ppm 0.50251 | 0.02073 1.6883 0.58582
TiO, — 0.5 ppm 0.4431 | 0.01828 1.4887 0.51656
TiO, — 0.6 ppm 0.45824 | 0.0189 1.53956 0.53421
TiO, — 0.7 ppm 0.3925 | 0.01619 1.31868 0.45756
TiO, — 0.8 ppm 0.34999 | 0.01444 1.17587 0.40801

. First Week
Fig

i ] ¥ Mean
| —8& s : - ¥ Minimum
. . _ ® Maximum
d1 BRlB Il el ol 8 o =standard Deviation

TiO2 TiO2 TiO2 TiO2 TiO2 TiO2 TiO2 TiO2
01 02 03 04 05 06 07 038

ppm ppm ppm ppm ppm ppm ppm ppm

(4.12) Rated of statically absorption curves riding of blood sample by different

concentration of TiO, at First week.
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= TiO,0.1 ppm
= TiO,0.2 ppm
= TiO,0.3 ppm
= TiO,0.4 ppm
=—— TiO,0.5 ppm
= 1.99 W Y —— Ti0,0.6 ppm

A —— Ti0,0.7 ppm
—— TiO,0.8 ppm

270 360 450 540 630 /720
Wavelength ( nm)

810 900 990

Fig (4.13) Absorption curves of blood samples that effects by TiO, with different
concentration (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8) ppm at Second week.

Table (4.4) Absorption curves riding statically of blood sample by different

concentration of TiO, at Second week.

Samples Absorbance Mean Minimum | Maximum | Standard Deviation
TiO, - 0.1 ppm 0.7719 0.03184 2.59335 0.89986
TiO, - 0.2 ppm 0.72029 0.02971 2.41996 0.83969
TiO, — 0.3 ppm 0.67158 0.0277 2.25633 0.78291
TiO, — 0.4 ppm 0.61282 0.02528 2.0589 0.71441
TiO, — 0.5 ppm 0.54704 | 0.02257 1.8379 0.63773
TiO, — 0.6 ppm 0.52671 0.02173 1.76961 0.61403
TiO, - 0.7 ppm 0.45639 | 0.01883 1.53335 0.53205
TiO, — 0.8 ppm 0.41175 | 0.01699 1.38338 0.48001
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Fig (4.14) Absorption curves of blood samples that effects by TiO, with different
concentration (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8) ppm at Second week.

TiO,0.1 ppm
TiO,0.2 ppm
TiO,0.3 ppm
TiO,0.4 ppm
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810 900 990

Fig (4.15) Absorption curves of blood samples that effects by TiO, with different
concentration (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8) at 3red week ppm.

48



Table (4.5) Absorption curves riding statically of blood sample by different

concentration of TiO, at 3red week.

Samples Absorbance Mean Minimum | Maximum Standard Deviation
TiO, — 0.1 ppm 1.10271 0.04549 3.70478 1.28551
TiO, - 0.2 ppm 1.01449 0.04185 3.4084 1.18267
TiO, - 0.3 ppm 0.93276 | 0.03848 3.13379 1.08738
TiO, — 0.4 ppm 0.83948 0.03463 2.82041 0.97864
TiO, — 0.5 ppm 0.78149 0.03224 2.62557 0.91104
TiO, — 0.6 ppm 0.70229 0.02897 2.35948 0.81871
TiO, — 0.7 ppm 0.6252 0.02579 2.10048 0.72884
TiO, - 0.8 ppm 0.55643 | 0.02295 1.86943 0.64867

3red Week

® Mean
* Minimum
® Maximum

» Standard Deviation

01 02 03 04 05 06 07 o038
pPpm ppm ppm ppm ppm ppm ppm ppm

Fig (4.16) Rated of statically absorption curves riding of blood sample by different

concentration of TiO, at 3red week.
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TiO,0.1 ppm
TiO,0.2 ppm
TiO,0.3 ppm
TiO,0.4 ppm
TiO,0.5 ppm
TiO,0.6 ppm
TiO,0.7 ppm
TiO,0.8 ppm

7 720 810 900 8%0
Wavelength ( nm))

Fig (4.17) Absorption curves of blood samples that effects by TiO, with different
concentration (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8) ppm at Last week.

Table (4.6) absorption crves riding statically of blood sample by different

concentration of TiO, at Last week

Samples Absorbance Mean Minimum | Maximum Standard Deviation
TiO, - 0.1 ppm 1.25308 | 0.05169 4.20998 1.4608
TiO, — 0.2 ppm 1.15283 0.04 3.87318 1.34394
755
TiO, - 0.3 ppm 1.07213 0.04423 3.60206 1.24986
TiO, — 0.4 ppm 0.96492 0.0398 3.24185 1.12488
TiO, — 0.5 ppm 0.87808 0.03622 2.95008 1.02364
TiO, - 0.6 ppm 0.81661 | 0.03369 2.74358 0.95198
TiO, — 0.7 ppm 0.71862 0.02964 2.41435 0.83775
TiO, - 0.8 ppm 0.63957 0.02638 2.14877 0.74559
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Fig (4.18) Rated of statically absorption curves riding of blood sample by different
concentration of TiO, at Last week.
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Table (4.7) Clinical examination of blood sample by different concentration of TiO,

Conscetra
tion of
Tio, for
Sample 1 2 3 4 5 6 7 8
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
CBC tes
First Week
RBC 10% pL 7.13 5.18 5.2 5.02 4.86 496 | 4.86 4.7
WBC10%/ 2.80 248 | 255 2.72 2.71 270 | 5.07 | 5.21
puL
HGB g/dL 21.6 15.3 | 15.6 14.9 14.1 142 | 140 | 13.9
PLT10°/ pL 153 148 150 149 167 160 183 215
HCT % 60.6 43.2 | 43.8 42.9 41.1 422 | 424 | 395
MCV fL 85.0 83.5 | 83.2 85.6 84.7 85.1 | 83.7 | 84.0
MCH pg 30.2 29.5 | 29.6 29.6 29.0 28.6 | 27.6 | 295
MCHC g/ 35.6 354 | 35.6 34.7 34.3 33.0 | 33.0 | 35.0
puL
RDW 9.6 9.4 9.4 9.9 9.0 9.5 8.5 10.3
Second Week
RBC 10% pL 5.56 5.43 5.52 5.37 5.10 5.1 5.2 4.95
WBC10% uL 2.29 2.24 2.50 25 1.62 1.4 1.88 431
HGB g/dL 16.3 155 15.4 15.0 145 14.4 14.4 14.0
PLT10°/ pL 360 145 280 128 191 167 175 183
HCT % 47.6 46.4 473 46.9 42.8 42.8 44.2 42.0
MCV fL 85.7 85.5 85.7 87.5 84.0 84.0 84.1 84.9
MCH 29.3 28.5 27.8 28.8 28.4 27.6 27.3 28.2
MCHC g/ uL 34.2 33.4 325 33.0 33.0 329 325 33.0
RDW 11.2 11.2 10.9 11.0 10.0 10.8 10.6 10.7
Third Week
RBC 10% pL 5.21 5.25 5.3 5.18 5.06 5.03 5.29 4.65
WBC10% uL 1.93L 2.03 2.30 1.90 1.16 1.03 1.21 2.83
HGB g/dL 15.8 15.2 15.2 15.3 14.1 14.0 14.0 13.8
PLT10°%/ pL 211 152 121 126 170 160 164 160
HCT % 44.9 454 46.7 453 43.6 424 455 40.0
MCV fL 86.3 86.6 86.7 87.5 86.2 84.3 86.1 86.2
MCH 30.3 28.9 28.2 295p 27.8 27.8 26.4 29.6
MCHC g/ uL 35.1 334 325 33.7 32.3 33.0 30.7 345
RDW 10.7 11.0 11.7 11.2 10.0 10.1 10.7 11.3
Forth Week
RBC 10% pL 5.30 5.57 5.32 5.36 5.11 4.82 4.90 4,76
WBC10% uL 1.31 1.54 1.61 1.77 0.91 0.98 1.05 2.37
HGB g/dL 16.3 15.3 155 15.6 14.4 14.2 14.4 13.8
PLT10%/ pL 287 156 151 139 138 130 124 97
HCT % 455 478 45.4 46.8 43.6 39.9 41.6 40.0
MCV fL 86.0 85.9 85.5 87.4 85.4 82.9 84.9 84.2
MCH 30.7 27.4 29.1 20.1 28.1 29.6 29.3 28.9
MCHC g/ uL 35.8 32.0 34.1 33.3 33.0 35.8 34.6 345
RDW 11.6 11.2 12.1 10.1 10.7 11.0 10.6 10.4
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4.2.6 Escherichia coli water and Tio, results

The numbe of living Escherichia E-coli inside water samples having Tio, con centrations

0.1, 0.2 ... and 0.8ppm weekly for 4 weeks were determined.

Fig (4.19) Effect of 0.1 ppm TiO2 on the survival of number of viable cells

Escherichia coli (CFU/mI) after 4 weeks on the water.

Fig (4.20) Effect of 0.2 ppm TiO; on the survival of number of viable cells

Escherichia coli (CFU/mI) after 4 weeks on the water.
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Fig (4.21) Effect of 0.3 ppm TiO2 on the survival of number of viable cells
Escherichia coli (CFU/mI) after 4 weeks on the water.

Fig (4.22) Effect of 0.4 ppm TiO2 on the survival of number of viable cells
Escherichia coli (CFU/mI) after 4 weeks on the water.
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Fig (4.23) Effect of 0.5 ppm TiO2 on the survival of number of viable cells
Escherichia coli (CFU/ml) after 4 weeks on the water.

Fig (4.24) Effect of 0.6 ppm TiO2 on the survival of number of viable cells
Escherichia coli (CFU/mI) after 4 weeks on the water.
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Fig (4.25) Effect of 0.7 ppm TiO2 on the survival of number of viable cells
Escherichia coli (CFU/mI) after 4 weeks on the water.

Fig (4.26) Effect of 0.8 ppm TiO2 on the survival of number of viable cells
Escherichia coli (CFU/mI) after 4 weeks on the water.
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Table (4.8) the effect of TiO, on the survival of number of viable cells Escherichia -

coli (CFU/ml) after 4 weeks on the water.

Samples of C First Week Second Thread Week Fourths
water Week Week

Sample 1 0.1 4.75x10° 4.21x10° 3.83x10? 2.95x10°
Sample 2 0.2 4.64x10° 2.63x10° 2.24x10° 1.95x10°
Sample 3 0.3 4.52x10° 2.41x10° 2.12x10° 1.83x10°
Sample 4 0.4 4.48x10? 2.21x10? 2.05x10° 1.73x10°
Sample 5 0.5 4.29x10° 1.93x10° 1.81x10° 1.52x10°
Sample 6 0.6 4.13x10° 1.72x10° 1.69x10° 1.46x10°
Sample 7 0.7 4.05x10? 1.54x10? 1.34x10° 1.23x10°
Sample 8 0.8 4.02x10° 1.36x10° 1.24x10° 0.95x10°

C=Con centration of Tio,

FIST WEEK

0.8 ppm 0.1 ppm
11% 14%

0.7 ppm
12% 0.2 ppm

13%

0.6 ppm

[+)
12% 0.3 ppm

13%

12% 0.4 ppm
13%

Fig (4.27) Effect of TiO, on the survival of number of viable cells Escherichia coli
(CFU/ml) at first week.
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0.7 ppm

0.6 ppm
9%

0.5 ppm
11%

0.4 ppm
12%

SECOND WEEK

0.8 ppm

8% 0.1 ppm

0.3 ppm
13%

0.2 ppm

15%

Fig (4.28) Effect of TiO, on the survival of number of viable cells Escherichia coli

(CFU/mI) at second week.

0.7 ppm
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0.6 ppm
10%

0.5 ppm
11%

0.4 ppm
13%

THREAD WEEK

0.8 ppm

8% 0.1 ppm

0.3 ppm
13%

0.2 ppm
14%

Fig (4.29) Effect of TiO, on the survival of number of viable cells Escherichia coli

(CFU/mI) at thread week.
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FOURTHS WEEK

0.8 ppm
0.7 ppm 7% 0.1 ppm
9%
0.6 ppm
11%
0.2 ppm
0.5 ppm 14%
11%
0.4 ppm 0.3 ppm
13% 13%

Fig (4.30) Effect of TiO, on the survival of number of viable cells Escherichia coli
(CFU/mI) at last week.

Effect of TIO2 on the water

5.00E+02
4.50E+02
4.00E+02
3.50E+02
3.00E+02
2.50E+02
2.00E+02
1.50E+02
1.00E+02
5.00E+01
0.00E+00

0.1 ppm 0.2 ppm 0.3 ppm 0.4 ppm 0.5 ppm 0.6 ppm 0.7 ppm 0.8 ppm

M Fist week W Second Week m Thread Week = Fourths Week

Fig (4.31) Effect of TiO, on the survival of number of viable cells Escherichia coli
(CFU/mI) after 4 weeks.
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Table (4.9) change of water PH with Tio, concentration and time.

First Week Second Week Thread Week Fourths Week

oH pH pH pH
Sample 0 14.75 12.21 11.83 9.95
Sample 1 14.64 11.63 10.24 8.95
Sample 2 14.52 10.41 9.12 8.83
Sample 3 14.48 10.21 8.05 7.73
Sample 4 14.29 9.93 7.81 7.52
Sample 5 14.13 8.72 7.69 6.46
Sample 6 14.05 8.54 7.34 6.23
Sample 7 14.02 7.36° 6.24 5.95

Sample 6

12%

Sample 5
12%

PH FOR FIREST WEEK

Sample 7
12%

Sample 4
12%

Sample 0
13%

Sample 1
13%

Sample 2
13%

Fig (4.32) Effect of TiO, on the survival pH meter of viable cells Escherichia coli
(CFU/ml) at first week.
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PH FOR THE 2TH WEEK

Sample 7
9%

Sample 0
15%

Sample 6
11%

Sample 1
15%

Sample 5
11%

Sample 2
13%

Sample 4
13%

Sample 3
13%

Fig (4.33) Effect of TiO, on the survival pH meter of viable cells Escherichia coli
(CFU/mI) at second week.

PH FOR THE 3 TH WEEK

Sample 7
9%

Sample 0
17%

Sample 6
11%

Sample 1
15%
Sample 5
11%

Sample 4

12% Sample 2

13%

Sample 3
12%

Fig (4.34) Effect of TiO, on the survival pH meter of viable cells Escherichia coli
(CFU/mI) at therade week.
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15%
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129% Sample 2
(]

14%

Fig (4.35) Effect of TiO, on the survival pH meter of viable cells Escherichia coli
(CFU/ml) at first week.

4.3 Discussion

The optical properties of TiO, shown in figures (4.1, 2, 3, 4, 5 and 6) shows maximum
absorption peak at about 238nm ware length with energy gap about 3.75ev vise up
Suddely at were length about 306nm.The SEM resalt shown in figure (4.8) indicates
awide varielty of nano size of Tio, nano partticels tanging from about 60 nm up to abot

200 nm. However the XRF table (5.1) results shuoss the particle sizes ranging form45.3
nm up to about 60.3 nm.The small ness of XRF results may be related to the fact that
XRF is move sensitive than SEM covers the whole surface thus scan very large nuber of
nano particles, while XRF gives the crystal size of the particles that reflect the very
narrow indicident X-Ray. The FTIR result for Tio, figure (4.10) and table (4.2) shows
existence of C-1, C-Br, C-C, C=0 and O-H stretcnings.The blood results in figures (4.11,
12, 13, 14, 15, 16, 17and 18) indicates tht increasing Tio, cancentration decreae
absorbnce. For acertion oncentation the absorbance increases with time. The decrease of
absorbance accompanied with the increase of Tio, concentration may be related to the
action of Tio, of decomposing blood compounds having high absorbance while the
increase of absorbance with time may be attributed to the evopounds having high
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absorbance with time. Table (4.7) shows also some interesting results.In general RBC
and HCT countsor concentrations decreases in general up on increasing Tio;
concentration.As faras the HCT is directlry proportional to the viscousity too decrease. In
general RBC anHCT counts or concentrations decreases with time up to the third weerk.

Table (4.8) indicates that the number of viable living cells of E-coli decreases.

Up on increasing Tio, concentration and time. Thus decreaing water PH decreases the
nmuber of living cells. In other words increasing water PH increases the number of living

cells. In other words increasing the number of living cells.
4.4 Conclousion

The Tio, tests shows that it is in the form of nano powder having nano sizes ranging from
about 45nm up to 200nm.The nano concentration of Tio, affect the blood and water
properties. The  blood abserbance decreases when Tio, concentration increases. The
same hold of RBCS, HTC and blood viscousity where PH and the number of living E-

coli cells increases up on decreasing Tio, nano concentration.
4.5 Future work

1-The blood and water physical properties can be studied in ranges below or above the

range (0.1-0.8ppm).

2- Other physical properties of blood and water like magnetic and electric permittivity

beside heat transfer coefficient can be also studied.

3- The properties of other photo nano catalystis need to e also studied.
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