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Abstract:

The optical properties of Tigris, Euphrates, and Shat al Arab studied in this research.
The optical properties of water studied in this research are absorption, transmission,
reflection, refractive index, absorption coefficient, scattering coefficient, and the
attenuation of optical beam passing through the water samples. The optical properties
were measured in the visible range (470-600) nm by using the spectrophotometer. Results
of research show that there are differences in the values between the samples and there

are two area of maximum and two area of minimum in all properties value.
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1- Introduction :

Water is one of the most important
molecules on Earth, which makes our planet
different from other known celestial bodies.
Water covers about 70% of the surface of
Earth, mostly as saltwater in the ocean
(97%). Some is fresh water in rivers and
lakes; some is in the form of ice or vapor.
Natural waters can be of great purity, e.g.
deep sea waters. Natural waters have
dissolved organic or inorganic materials as
well as suspended particles. These materials
have their own characteristic absorption and
scattering properties. [1]

2- theory

2-1 Optical properties of water:

In order to estimate the attenuation of
light, we need to understand the nature of the
optical properties of the medium. Optical
Properties of natural waters are broadly
classified into Inherent Optical Properties
(IOP) and Apparent Properties (AOP)
Inherent properties are those that are
dependent only on the medium, while
Apparent Optical properties depend on both
the medium as well as the ambient light [2].
The two main Inherent Optical Properties
are spectral absorption coefficient a(A) and
spectral scattering coefficient b(A ). Beam
attenuation coefficient and single-scattering
albedo are other IOPs.

Inherent properties of water like scattering
and absorption are motivated by the water
and its constituents. Natural waters contain
particles with sizes ranging from water
molecules of size ~0.Inm to small organic
molecules ~1 nm, large organic molecules of
size ~10nm to viruses of size ~100nm,
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bacteria of size ~lpm, phytoplankton size
range between 1p to 200 pm etc.
Traditionally natural waters are divided into
dissolved and particulate matter which is
either has organic or inorganic origins.
Every particle in water contributes in some
way to it optical properties.[4]

Seawater is a complex mixture of dissolved
substances, organic matter, living organisms,
and water molecules themselves all of which
contribute to its optical properties.[5]

Fig. 1 geometry used to define inherent
optical properties [3]

Our interest revolves around the spectral
absorption coefficient a(A) and spectral
scattering coefficient b(A), since these are
responsible  for

the main  sources

attenuation  of light. The illustration in
Figure (1) will give a good start to our

approach.

This case is considered wunder the
assumption that the inelastic scattering
occurs for monochromatic light. The
spectral absorptance A(A) is the fraction
of the incident power that is absorbed
within the water volume [3].
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Likewise the spectral scatterance B(A) is
the fraction of the incident power that is
scattered.

The volume of water considered is of
thickness Ar, hence the spectral
absorption coefficient a(A) is defined as:

And the spectral scattering coefficient b(A)
is:

b(A) = Jim 22 (4)

r—0 Ar
2-2 Absorption:

The absorption coefficient of natural water
is the fundamental IOP. It is important to
understand and quantify the value of the
absorption coefficient that would enable us
to estimate the light absorbed by the
medium.

The absorption by water itself is known,
however the absorption due to various
dissolved particles need to found. The
concentration of these dissolved particles is
variable. The spectral absorption of water
is a combination of the absorption by
pure sea water, phytoplankton, detritus and
Colored Dissolved Organic Matter (CDOM).

a(M)=aw(A)Fam(d)+acpom(h) Fadgenitus(h) ... (5)

1 Absorption by pure sea water aw(A)

2 Absorption by phytoplankton acn(A)

3 Absorption by CDOM acpom(A)

4 Absorption by Organic Detritus adetritus(A)
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Fig. 2 Absorption coefficient of water.
2-3 Scattering:

Scattering is the process in which light
energy in the form of a photon is redirected
spatially from the forward propagating path
due to interaction with molecules or
particles.

Unlike absorption, the photon is not
converted to another form of energy in a
scattering event. Scattering can be divided
into two types: Rayleigh scattering, which
occurs for small particles with radius r <<,
and Mie scattering, which occurs for larger
particles with radius r = A and larger. A
fundamental difference between these two
types of scattering is that Rayleigh scattering
tends to scatter uniformly in all directions
while Mie scattering is biased in the forward
direction. The scattering of light is primarily
caused by water molecules, sea salt, and
particulate matter such as phytoplankton and
detritus [6].

Light scattering is due to photon interactions
with the water molecules, particulate matter,
and other dissolved substances in the
water.[7]
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The isotropic part of the Rayleigh ratio

intensity of the scattered radiation is

given by:[8]

Riso = Sy ks T T2 D(6)

where Kgis the Boltzmann constant, T
is the absolute temperature, Br is
isothermal compressibility, and n is the
refractive index at wavelength . This leads
to the expression for the scattering
coefficient b:

b= koTBr(n2 —1)2(n2 + 2)% .... (7)

T 27t

The reasons behind scattering are :

1 Scattering by pure seawater
2 Scattering by particles
3 Turbulence

The passage of a coherent electromagnetic
beam through a pure medium in turbulence
results in a change of light velocity which in
turn causes distortion in intensity and phase
of the beam .[10]

Particlein fy
suspension/solution
in water AQ
\ Scattered
light

Incident
light

Fig. 3 Light scattering when encountering a
particle in water. Part of the incident light
flux is absorbed by the particle and the
remaining flux is scattered through an angle
y. The scattering direction y is within a
solid angle Ay around v [12]
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2-4 Refractive Index:

A fundamental optical parameter of a material
relates to how fast light travels in it. Upon
entering a dielectric or nonconducting medium,
a light wave slows down and now travels at a
speed (s), which is characteristic of the material
and is less than (c). The ratio of the speed of
light in a vacuum to that in matter is known as
the refractive index or index of refraction n of
the material and is given by:

Typical values of n to two decimal places
are 1.00 for air, 1.33 for water, 1.45 for
silica glass, and 2.42 for diamond.[11]

Another way to calculate the refractive index
of water samples is by using the reflection
law:

R=[(n2—nl)/m2+nDP.........

2-5 Attenuation

of
through water 1is

Attenuation an optical signal

transmitted primarily

caused by absorption and scattering. [5]

the
reduction in radiant flux, ®, with distance r

In accordance with Beer’s Law,

from a source is proportional to the initial
radiant flux, the distance traversed and the
by
absorption and scattering. The attenuation of

coefficients  governing  extinction
light propagating in an aquatic medium is
wavelength dependant and a result of the
effects
scattering, governed by the absorption and
scattering coefficients a (A) and b (A)
total

described by the extinction coefficient ¢ (A) ,

cumulative of absorption and

respectively. The attenuation is
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which is related to a (A) and b (L) by the
simple relation [13]

c(\) =a(\) +b(A) ... (10)

The beam attenuation coefficient is defined
as a measure of the decay of the unscattered
light and is described as:

P.(A) = B,(\)e~ M .

where Po(A) is the radiated optical power;
Pr(}) is the received optical power; and r is
the water path length.

the single—scattering albedo (= probability
of elastic scattering),is :

The proportion of light which is scattered
versus absorbed is characterized by @ (A);
that is, if scattering prevails then ® (A);
approaches a value of (1) and if absorption
dominates, ® (A); approaches (0). [14]

Wy = ... (12)

_ b
= a+b
Parameters wo is dimensionless and vary in
the following range for any possible type of
absorbing and scattering media in natural
water:

0< wo <1 [15].

In general, inorganic tripton particles such as
clays and carbonate minerals increase the
albedo of water in a density dependent
manner, due to strong scattering efficiency
and comparatively low absorption. In
contrast, absorption by organic tripton often
resembles CDOM, with a strongly inverse
between and

correlation wavelength

concentration. [16]
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3- Experimental part :

The optical properties of water samples
(Tigris, Euphrates, and Shat Al Arab) were
by UV/VIS
spectrophotometer in the visible range (470-
600) nm.

measured using

A spectrophotometer is commonly used for
the measurement of  transmittance or
reflectance of solutions, transparent or
opaque solids, such as polished glass, or

gases.

When making transmission measurements,
the
compares the fraction of light that passes

spectrophotometer quantitatively
through a reference water sample (distilled
water) and a test water sample (Tigris,
Euphrates, and Shat Al Arab). Light from
the
monochromator, which diffracts the light

source lamp is passed through a

into a "rainbow" of wavelengths and outputs
of this diffracted
frequencies

narrow  bandwidths

spectrum. Discrete are
transmitted through the test sample. Then the
photon flux density (watts per metre squared
usually) of the transmitted or reflected light
is measured with a photodiode or other light
sensor. The transmittance or reflectance
value for each wavelength of the test water
then the

transmission (or reflectance) values from the

sample is compared with

reference sample which is the distilled water.

The absorbance of the water was measured
in a 10-cm quartz cuvette between 470 and
600 nm with 1-nm increments using a dual
beam spectrophotometer ( UV/VIS SP 8001
spectrophotometer Metertech).

Light from the source (a xenon lamp) is
passed through a grating monochromator to
select the incident wavelength. The samples


http://en.wikipedia.org/wiki/Photodetector
http://en.wikipedia.org/wiki/Photodetector
http://en.wikipedia.org/wiki/Transmittance
http://en.wikipedia.org/wiki/Reflectance
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are held in quartz cuvettes with 1-cm path
lengths. Variable slits in the light path before
and after the sample are used to alter the
bandpass. The scattered light from the
sample then passes through another grating
monochromator that measures the emission
spectrum over a selected wavelength region.

4- Results and discussion:

The two main processes affecting light
propagation in water are absorption and
which  both depend on
(). Absorption is the
irreversible loss of intensity and depends on

scattering,
wavelength

the water’s index of refraction. The spectral
absorption coefficient a(A) is the main
intrinsic optical property (IOP) to model
water absorption. Scattering, on the other
hand, refers to the deflection of light from
the original path, which can be caused by
particles of size comparable to (diffraction),
or by particulate matters with refraction
index different from that of the water
(refraction).

Light can be lost from a beam by absorption
as well as scattering. Absorption of light
takes place on electrons bound in atoms or
molecules, and on free electrons in metals.
The atoms may promptly re-emit the
radiation or promptly emit radiation at a
longer wavelength. This radiation is known
as fluorescence. In denser materials the
absorption occurs over broad bands of
wavelength rather than narrow lines, and of
course some materials absorb all the light.
The energy absorbed is generally converted
through atomic processses and collisions to

heat. [17]
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Fig (4) the absorbance of water samples vs
wavelength

Figure (4) show the absorption of three
water samples plotted as a function of the
wavelength. In this fig. there is the less
absomption value in the 560 nm and the
maximum value in 500 nm for all samples
and can be noticed that the absorption of
Shat Al Arab have the higher value of a
absorption and Tigris have the minimum
value that is because Tigris river have less
salts and mud, the water in Shat al Arab is
more turbidity than Tigris river so it absorb
more . The absorption in Euphrates River
has moderate value of absorption because it
has moderate salts and mud.

Transmittance is the fraction of radiation
transmitted by a material, and falls below
unity because there is absorption in the body
of material and reflection at the entry and
exit surface. Internal transmittance is defined
as the light intensity reaching the exit
surface divided by that which entered the
material.

The behaves of transmittance is the oppose
behave of absorption that is the high
absorption is less transmittance as shown in

fig. (5)
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Fig. (5) transmittance of water samples vs
wavelength

The fact water is quite transparent to visible
light while it absorbs microwaves strongly.
Materials transparent to light have refractive
indices ranging from near unity for gases up
to 2.47 for diamond. The variation of the
velocity of electromagnetic radiation with
wavelength is known as dispersion and gives
rise to effects such as the dispersion of light
by a prism. For most materials that are
transparent to light the refractive index falls
smoothly with wavelength across the visible
spectrum. A few materials show anomalous
dispersion and for these the refractive index
rises from the blue end to the red end of the
spectrum.

1.6 —e—Tigris

—=— Euphretes
1.55 —a— Shat Al Arab

refractive index
IS
]

T T T
450 500 550 600 650

wavelength (nm)

Fig (6) refractive index of water samples vs
wavelength

By using eq. (9) the refractive index of water
samples were calculated and plotted as a
function of wavelength. In fig (6), the water
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of shat al arab has the highest value of
refractive index because it is the highest
absorbing of light which make the light pass
more slow than Tigris and Euphrates river
water.

In fig (7), the scattering coefficient of water
samples were calculated by using eq. (7) and
by substance the values of refractive index
getting from eq. (9) for all water samples.
The fig. shows that the water in shat al Arab
has the highest wvalue for scattering
coefficient.

—e— Tigris
—=— Euphretes
84 —— Shat Al Arab

scatt. coeff. (cmA-1) * 104-5
IS EN

450 500 550 600 650

wavelength (nm)

Fig (7) scattering coefficient of water
samples vs wavelength

The absorption coefficient of water samples
calculated by Beer — Lampart low according
to eq. () is clear in fig. (9). As expected from
recent sesults, shat al arab water has the
highest values of the absorption coefficient
for the same seasons .

0.2

—— Tigis
—=— Euphretes
—a— Shat Al Arab

abso. coeff. (cm”-1)

450 500 550 600 650

wavelength (nm)

Fig (8) absorption coefficient of water
samples vs wavelength
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5- Scattering albedo:

Scattering albedo, wo, is another useful
metric derived from the scattering and
absorption IOPs.

In high albedo waters, a photon is more
likely to be scattered. Naturally, in low
albedo waters, absorption plays a larger role
in overall attenuation.

Table (1) shows representative values of the
scattering albedo for a three samples of
water in the range (470-600) nm .

wavelength scattering scattering scattering
nm albedo(Tigris) | albedo(Euphrates) | albedo(shat

al Arab)

470 0.0023 0.00136 0.00101
500 0.00064 0.00054 0.00048
532 0.00067 0.000519 0.000411
560 0.00102 0.000599 0.000524
600 0.00108 0.000858 0.000784

The table illustrates the differences in the
scattering albedo that could be expected in
deferent water types. Naturally in clear
waters (Tigris water), the overall scattering
albedo is low, meaning that the majority of
attenuation is due to absorption. In contrast,
for turbid waters (shat al arab water), the
scattering albedo quite high.
Additionally, turbid waters often have higher
scattering albedos, meaning that the overall
attenuation is dominated by scattering.

can be

6- Conclusions :

e There are varying in the optical
properties of Iraqi rivers (tigris,

Euphrates, and shat al arab )
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e Tigris water has the minimum value
of absorption, absorption coefficient,
refractive index, scattering index,
scattering — albedo ,and maximum
value in transmittance .

e Shat al arabe water has the maximum
value of absorption,

coefficient,

absorption
index,
scattering index, scattering — albedo

refractive
,and minimum value in transmittance
e FEuphrares water has moderate values

in absorption, absorption coefficient,
refractive index, scattering index,

scattering - albedo ,and
transmittance between tigris and shat
al arab.

e In the optical range of measured
properties of water samples,
are

there

two values of minimum
absorption(560 nm) and maximum

absorption(500 nm) .

e in order to study the

properties of Iraqi water , a light of

optical

560 nm should be used in order to
have the minimum loss in the optical
beam that passes through the water
sample.
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