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Heavy Mineral Distribution and Geochemical Studies of Coastal Sediments
at Sonadia Island, Bangladesh

M. Z. Kabir*, F. Deeba, M. G. Rasul, R. K. Majumder, M. I. Khalil and M. S. Islam
Institute of Nuclear Minerals, Atomic Energy Research Establishment, Dhaka-1349, Bangladesh

Abstract

This work attempts to understand the heavy minerals distribution, mineralogical composition and trace elements distribution in beach sands
of Sonadia Island, Cox’s Bazar district, Bangladesh. Total 14 beach sand samples were collected from the study area to determine the
heavy mineral percentage, mineralogical composition and elemental concentrations. The separated minerals were examined by a polarizing
petro graphic microscope. About 12.8 — 84.96% heavy minerals concentrations were found in the analysed samples by heavy liquid
separation technique. Result of mineralogical composition suggests that garnet is the dominant mineral component followed by ilmenite,
magnetite, rutile and zircon. Elemental concentration using XRF techniques reveals the average concentrations of Zr (198.75 ppm), Sr
(82.76 ppm), Rb (93.62 ppm), Pb (9.03 ppm), Zn (38.75 ppm), Mn (390.73 ppm), Fe (15127 ppm), Th (3.78 ppm), Cu (18.08 ppm), Co
(70.84 ppm), Ti (1598 ppm), Ba (280.47 ppm), Cs (91.62 ppm) and Ni (16.03 ppm). The radioactivity of the study area was found to be 24
and 170 cps. The source of the heavy minerals observed in the Sonadia Island is possibly from the Miocene sedimentary rocks exposed

along the Cox’s Bazar beach, which have been distributed along the beach by the long shore current, waves and winds.

Keywords: Heavy minerals, heavy liquid separation, radioactivity, XRF, placer deposits, Sonadia Island

1. Introduction

The heavy mineral deposits along the coastal belt of
Bangladesh constitute potential resources for Bangladesh.
The fore dune deposits also contain noticeable amount of
heavy minerals, which are being accumulated within the
intertidal zone. This part is very dynamic and exposed
subject to wave, current and wind actions. Mineral sands on
those deposits contain some important metallic minerals
mainly ilmenite, magnetite, rutile, zircon, garnet, monazite,
kyanite and leucoxene [1]. The heavy mineral concentration
along the recent fore dune deposit of Bangladesh coast
ranges from 13% to 70%, which is quite significant [2].
Presence of radioactivity in Cox’s Bazar beach of
Bangladesh was first reported by Schmidth and Asad [3].
Placer deposits of Bangladesh coast contain several heavy
minerals, in which monazite is radioactive mineral because
of thorium in its composition [4]. Radioactivity is also
observed in the separated zircon assemblages [5].

The islands of Bangladesh are scattered along the Bay of
Bengal and the river mouth of the Padma. A huge amount
of sediments are also thought to be carried by under
currents into the deeper Bay of Bengal and the Indian
Ocean. The bottom topography of the Bay of Bengal plays
a dominant role in the dynamic processes in the North Bay
and Bangladesh coast which results in frequent
geomorphological changes in the adjacent coast and islands
[6-7].

Sonadia is a small offshore island of about 9 km? and is
located in the Bay of Bengal on the West side of Cox’s
Bazar under Kutubjum union of Moheshkhali Island.
Though Moheshkhali Island is little far from the active
delta formation region, it still receives a lot of sediment and
undergoes coastal process which helps re-shape the
morphology of the island’s coast, especially the south and
south-eastern part including Sonadia Island [8]. An
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intertidal beach and sandy ridge extends along the length of

the western side of the Island’s length from north-west to
south-east. Changes are apparent in the south-eastern
coastline of Sonadia Island, which thus gets the
characteristics of a sandbar [9]. An intertidal sandy beach
and sandy ridge extends for approximately 12.5 km along
the length of the western side of Sonadia Island, from
north-west to south-east [10]. The Sand bars and sandy
shoals occur along the Ghotivanga coastline and extend
along the length of the western beach of Sonadia Island.

Consisting of gently sloping low-lying coast unprotected
from the sea, Sonadia Island hasformed as a barrier island
just south-west of Moheshkhali Island. Natural sandy
breakwaters face parallel to the flat coastlines of
Moheshkhali. To the east a smallchannel separates the two
islands while to the south-east shallow bays separate it by
3.5 km from the mainlandof Cox's Bazar.

The dunes run along the entire coast and are also fringed
several hundred meters inward. Wind and waves are the
major forces determining the features of the dunes. The
western side of the island is sandy and different kinds of
shells are found on the beach.

Sonadia Island constitutes a complex and unique geological
system on the eastern cliff coast of Bangladesh (Fig.1).
Holocene evolution of the island is very different and rather
complex than those of the other estuarine or deltaic islands
of Bangladesh. Sonadia Island is neither deltaic Bay mouth
bar nor estuarine mouth bar but sub maridional bar to the
cliff coast and situated within the shallow and wide inner
shelf. The present shore face of the area is characterized by
the presence of numerous long shore bars along the west
coast and barriers are found along the northern coast of
Sonadia Island. Geomorphologic study reveals that the
Island is largely initiated due to the combined erosional and
depositional processes on an open to semi-protected
depositional basin under the transgressive shore face [11].


http://en.wikipedia.org/wiki/Bay_of_Bengal
http://en.wikipedia.org/wiki/Bay_of_Bengal
http://en.wikipedia.org/wiki/Padma_River
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Many investigations have been carried out on different
physical and chemical aspects like mineralogical
composition of the beach sands [12] and mechanism of
heavy mineral deposition in the beach of Cox’s Bazar [13],
but a few studies have been conducted on Sonadia Island.
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Fig. 1 Location map of the study area

The present study was done with a view to understand the
heavy mineral distribution, mineralogical composition and
trace element distribution within the beach sediment of
Sonadia Island. Several hand auger drilling were made in
order to observe the vertical extent of the heavy minerals in
the island. During auger drilling, sand samples were taken
in order to make laboratory investigation. In the laboratory,
physical separation and microscopic techniques were
employed to characterize the heavy minerals. A portable
Radiation Survey Meter was used to measure radioactivity
of the study area. Global Positioning System (GPS) was
used to locate the position of sampling points.

2. Materials and Method

The present work incorporates various methods, such as
field investigation, heavy mineral separation and
mineralogical analysis by microscope and elemental
analysis through portable XRF analyzer.

2.1 Field investigation

A geological fieldwork has been carried out at Sonadia
Island of Moheshkhali Upazilla. Sandy beach and ridge
extends along the length of Sonadia Island from north-west
to south-east. The dunes run along the entire coast and are
also fringed several hundred meters inward. The average
height of the dunes was 1 m while average length and width
was 60 m and 38 m respectively. Samples were collected
from the dune sand where heavy minerals were relatively
concentrated. In the field, Global Positioning System
(GARMIN handheld Land GPS) was used to locate the
Latitude-Longitude of the survey area. 14 representative
samples were collected using hand auger for subsequent
laboratory study. Radioactivity counts in cps (counts per
second) were recorded by a portable Gamma Ray
Spectrometer (Scintrex GRS-500). About 5~10 kg of beach
sand samples were taken at each location for subsequent
laboratory investigation (Fig. 2). Sampling location, depth,
radioactivity at different locations of the collected samples
was shown in Table 1.
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2.2 Laboratory investigation

Laboratory investigations were carried out through sample
treatment for further mineralogical analysis, heavy-liquid
separation for separating heavy minerals from raw sand,
microscopic study to get mineralogical composition and
elemental analysis of the samples.

Table 1: Sampling description at Sonadia Island

Sample  Longitude Latitude  Depth Radioactivity
code (cm) (cps)
SNO1 91.900 21.524 90 40
SNO02 91.895 21.523 90 34
SNO03 91.893 21.522 152 50
SNO04 91.890 21.521 90 80
SNO5 91.888 21.520 152 170
SNO06 91.885 21.517 60 90
SNO7 91.883 21.516 60 60
SNO08 91.880 21.514 30 50
SNO09 91.877 21,515 60 90
SN10 91.874 21.518 30 90
SN11 91.871 21.521 122 100
SN12 91.868 21.524 60 100
SN13 91.865 21.528 60 120
SN14 91.861 21.529 30 100

2.3 Heavy Mineral Separation

Heavy mineral separation was done to know the percentage
of heavy fraction in the raw sand. For the study Bromoform
(CHBEr3) was used as density separator to separate the heavy
from light minerals. The specific gravity of Bromoform is
2.9 at 20° C. The minerals that have specific gravity higher
than the Bromoform are called heavy minerals. For this
purpose 50 gm of raw sand sample was poured with stirring
into 100-150 ml Bromoform contained in a wide-mouthed
separating funnel. The funnel was fitted with a stopcock,
the bore of which is of greater diameter than the inner
diameter. The mineral floating on the Bromoform was
stirred and the funnel then left until all the heavy minerals
had settled. The heavy minerals with some Bromoform
were then run from the bottom of the separating funnel into
a filter funnel containing a filter paper. The heavy mineral
in the filter paper was washed, free from Bromoform using
acetone, dried, weighed and finally calculated as a
percentage of the weight taken.

2.4 Microscopic study

For identification and counting the percentages of heavy
minerals by grain count method, 42 (forty two) grain slides
were prepared. For the preparation of slides, the grains were
mounted on glass slide using Canada balsam. The glass
slide was heated carefully in a hot plate to get required
viscosity by avoiding of producing bubbles. Finally the
slide was then kept in room temperature for few hours,
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dried and covered by cover slip. Accessory balsam was
washed with xylene (CgHyo) and the grain slide was then
ready for optical study. For the study, MEIJI ML 9300
polarizing petrographic microscope was used. For counting
the grains under microscope, a magnification was selected
such that the numbers of particles in the field of view are in
the range of 50-100 grains (Fig. 3). At least 10 separate
views were counted on each slide to give a total count per
slide of 1000-3000 grains.

Fig. 2 Sample collection activities in the field

The weight percentage of individual mineral was calculated
according to the following equation [14].

100(bXc)_ a

2 (bxc) TOO

Where a, b and c represents the weight percentage of
individual size fraction, number of grains of a particular
mineral of interest and specific gravity of a particular
mineral of interest respectively.

wt% =
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shaker to avoid variations in particle size. The powdered
sample was then placed in an XRF sample cup. A circle of
polypropylene film was placed on the top of the sample
cup. This film on the end of the cup with the indented ring
was secured with the collar. The cup was filled with at least
10 gm of the powdered sample and confirmed that no voids
or uneven layers were found. A filter paper was placed on
the sample disk and a polyester fiber stuffing was put to
prevent sample movement. The data were collected using
different analytical mode to reveal the percentage of the
elements of the samples.

3. Result and Discussion

The heavy minerals weight percentages of various locations
for the study area are given in Table 2. The maximum and
minimum amount of heavy minerals of the study area by
Bromoform separation technique was measured as 84.96%
in sample SNO5 and 12.8% in sample SNO4.

Table 2: Heavy mineral concentration in raw sand
measured by heavy liquid separation of the study area

Sampling point Heavy (%) Light (%) Loss (%)
SN 01 20.62 79.20 0.18
SN 02 29.36 70.60 0.04
SN 03 17.00 82.92 0.08
SN 05 84.96 14.90 0.14
SN 04 12.80 87.08 0.12
SN 06 77.20 22.68 0.12
SN 07 14.84 85.04 0.12
SN 08 16.18 83.66 0.16
SN 09 20.04 79.86 0.10
SN 10 34.20 65.76 0.04
SN 11 21.92 78.04 0.04
SN 12 32.62 67.33 0.05
SN 13 62.46 37.50 0.04
SN 14 56.00 43.97 0.03

Average 35.73 64.19 0.08

Fig. 3 Photomicrographs of heavy minerals (Ilmenite, Magnetite,
Garnet, Zircon, Rutile, Leucoxene, Monazite and Kyanite)

2.5 Elemental analysis of the sample

Elemental analysis of collected samples was performed
using a portable handheld XRF analyzer (NITON XL3) for
detecting qualitative and quantitative elemental percentage
presents in the samples. The analyzer is a single unit, high
performance portable x-ray fluorescence (XRF) elemental
analyzer.

For elemental analysis, 10 (ten) samples each of 50 gm
were dried for 4-6 hours at 105°C in the laboratory drying
oven. After then the samples were kept for air dry for
overnight at room temperature in a shallow pan. Samples
were then crushed into fine powder with an agate mortar
and pestle. Then <0.075 mm size was taken using sieve

The heavy mineral assemblage of the study region is
governed by the distribution of different types of minerals.
The area is characterized by the presence of garnet (33.24%
- 62.43%), ilmenite and magnetite together (21.39% -
56.27%), rutile (0.5% - 3.74%), zircon (0.11% - 3.16%),
monazite (0.0% - 0.83%), leucoxene (0.57% - 1.81%) and
kyanite (0.57% -1.81%). The minerals of the study area like
garnet and kyanite may be assigned to the contribution of
different high grade metamorphic rocks. IImenite,
magnetite, zircon and rutile might have been derived from
igneous rocks of acidic and basic composition. Table 3
shows the mineralogical percentage of the study area.

The concentrations of different elements measured in the
samples by XRF are shown in Table 4. Zirconium (Zr),
Strontium (Sr), Rubidium (Rb), Lead (Pb), Zinc (Zn),
Manganese (Mn), Iron (Fe), Thorium (Th), Copper (Cu),

3
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Cobalt (Co), Titanium (Ti), Barium (Ba), Cesium (Cs),
Nickel (Ni) were determined in the samples, where each
element’s concentration was compared with world average
value of that metal. The significance of trace elements in
marine sediment is increasingly becoming an issue of
global concern and needs proper assessment [15-16].

Table 3: Mineralogical abundance at Sonadia Island

Mineralogical abundance (%) in heavy fraction

Sample IIm&

D Mag Gar Rut Zir Mnz Leu Kya Qtz  Others
SNO1 21.39 45.32 25 011 O 177 177 3.19 19.53
SNO02 24.32 56.01 182 04 0 181 181 1.94 8.52
SNO03 22.9 5692 109 011 0 131 131 435 8.09
SNO04 21.94 5206 128 023 0 171 171 1.87 14.74
SNO05 56.27 3324 203 254 083 132 132 079 2.43
SNO06 54.06 36,53 166 165 0.09 1.04 1.04 0.79 2.68
SNO7 40.59 4575 283 032 0 136 136 0.72 4.9
SNO08 24.93 6243 176 043 023 175 175 0.61 332
SNO09 36.13 4889 374 222 0 057 057 057 422
SN10 29.7 5469 3.03 107 0 111 111 171 525
SN11 25.88 5781 205 119 025 122 122 311 337
SN12 30.14 5737 05 067 012 085 0.85 125 551
SN13 37.12 46.12 106 3.16 034 0.9 0.9 2.04 489
SN14 27.91 56.3 129 128 0 177 177 527 3.56

Average  32.38 50.67 191 110 013 132 398 2.02 6.50

IIm=llmenite, Mag=Magnetite, Gar=Garnet, Rut=Rutile, Mnz=Monazite,
Leu=Leucoxene, Kya=Kyanite, Qtz=Quartz

The concentration ranges 119-366 ppm for Zr and its
average is 198 ppm. The concentration of Sr and Rb are 72-
104 ppm and 81-106 ppm with an average value of 82 ppm
and 93 ppm respectively. Mn, Ti and Th concentration are

Table 4: Concentration of different elements
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found as 309-478 ppm, 1221-1928 ppm and 1.01-9.25 ppm
respectively and their average values are 390 ppm, 1598
ppm and 3.78 ppm. lron is the most abundant metal, and is
believed to be tenth most abundant element in the universe.
The range of Fe concentration is found 12757-17638 ppm
with an average of 15127 ppm. The iron concentration is
much higher than average continental crust values [17]. The
range of Cu concentration varies from 14.61-21.95 ppm.
The average concentration of Cu is 18.08 ppm. The Cu
concentration is lower than the average continental crustal
value. Pb concentration varies from 7.8-12.15 ppm with an
average concentration of 9.03 ppm. The Pb concentration is
lower comparing with the coastal sediments and some other
marginal marine areas. The concentration of Pb is low due
to the dilution of monsoonal rainfall.

The average concentration of Ba and Cs are 280 and 91
ppm. The Ba concentration is lower than average
continental crustal value whereas Cs is higher than it.
Maximum Zn concentration of the study area is found 70.85
ppm with an average concentration of 38.75 ppm. It is
higher than the average continental crustal values. The
highest concentration of Zinc is mainly due to input of
organic wastes in aquatic environment. Zinc can enter the
aquatic environment from a number of sources including
industrial discharge, sewage effluent and runoff [18]. The
Ni concentration in the study area varies from 2.5 to 30.16
ppm with an average of 16.03 ppm. It is low compared to
other coastal sediments. Cobalt is relatively scarce in the
earth’s crust. The Co concentration varies 99.40 - 49.71
ppm with an average of 70.84 ppm. The Co concentration is
higher than the average continental crustal value. The
presence of Co in the sediments of the study area is
associated with lithogenic origin with little contribution
from external sources.

Concentration of elements in samples (in ppm)

Element SNO1 SNO02 SNO3 SNO04 SNO05 SNO06 SNO7 SNO08 SN-09 SN10 Average crustal
values
Zr 366.23 257.80 127.47 156.65 178.07 195.72 119.43 14149 276,55 168.08 237
Sr 76.08 82.21 84.94 74.72 82.52 77.25 104.17 93.91 79.29 72.48 316
Rb 103.94 106.45 81.40 96.01 97.21 86.63  96.38 92.45 88.24 87.46 110
Mn 325.72 357.22 437.48 410.15 41140 34561 478.45 41440 41725 309.60 78
Ti 1928.3 1445.9 1226.7 1779.7 1660.3 1749.0 12214 1461.7 1904.1 1604.7 -
Th 9.25 7.99 1.02 4.30 441 1.01 3.23 1.141 3.65 1.83 10.3
Fe 15103.3  12757.0 14616.5 17638.7 15682.8 16597.9 13242.1 15261.7 16560.5 13810.2 -
Cu 19.47 18.076 19.12 21.95 17.61 18.07 16.19 14.61 18.84 16.91 28
Pb 8.18 7.86 9.20 8.58 9.36 7.97 12.15 9.14 8.48 9.40 17
Ba 400 488.01 393.33 0.038 0.041 0.039 400 410 373.33 340 668
Cs 79.37 87.91 90.91 97.31 94.77 9750  91.99 88.10 96.79 91.58 5.8
Zn 70.85 59.18 29.90 33.94 3260 36.26  25.23 32.57 35.88 31.12 67
Ni 11.01 2.52 16.92 19.42 27.04 30.16 16.93 8.88 16.44 11.01 47
Co 81.97 49.71 66.87 99.40 72.02 69.73 73.55 78.54 65.62 50.96 17.3
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4. Conclusion

As there is no report of presence of significant amount of
heavy minerals for being a deposit on Sonadia Island, it can
be assumed that the erosion of Moheskhali and Cox’s Bazar
deposit, through Moheshkhali channel played a role of
deposition of heavy minerals on this Island. Ocean current
dynamics of the Bay of Bengal is another major factor to
know the environment of deposition of these heavy
minerals. The source of the heavy minerals observed in the
Sonadia Island is possibly from the Miocene sedimentary
rocks exposed along the Cox’s Bazar beach, which have
been distributed along the beach by the long shore current,
waves and winds.

Mineralogical composition of heavy mineral concentrates
indicates that garnet is the dominant mineral component
followed by ilmenite, magnetite, rutile and zircon in heavy
mineral composite. The radioactivity of the study area
varies from 24 to 170 cps. The minerals like garnet, kyanite
may be assigned to the contribution of different high grade
metamorphic rocks. The opaque minerals mainly ilmenite
and magnetite, rutile and zircon have been derived from
igneous rocks of acidic and basic composition.

The concentrations of Zr, Sr, Rb, Pb, Zn, Mn, Fe, Th, Cu,
Co, Ti, Ba, Cs, Ni that were studied can be treated as the
baseline data of the area where detailed mineralogical and
geochemical investigation in trace element level is needed.
Extensive field work as well as laboratory works is required
on Sonadia Island to identify the presence of any subsurface
heavy mineral deposition cycle and their mineralogical
percentages.
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Abstract

The experimental data for the angular distribution of 25 - 1044 MeV protons elastically scattered from “°Ca have been analyzed in terms of
the three parameters formalism of Strong Absorption Model (SAM) of Frahn and Venter. The best fit parameters T, A, and p are obtained.
The inelastic scattering of protons from “°Ca leading to the 2" and 3 states are studied to check the validity of the derived elastic
scattering parameters. The quadruple and octupole deformation parameters 8, and B; are extracted from the analyses. The deformation

parameters are in good agreement with other works.

Keywords: Nuclear reactions and scattering, strong absorption model, elastic and inelastic proton scattering

1. Introduction

Proton-nucleus scattering has been the subject of a number
of studies mostly using the optical model. The strong
absorption model (SAM) was introduced by Frahn and
Venter [1, 2] as an alternate to the optical model, where the
projectiles are strongly absorbed by the target nucleus. In
these cases the elastic scattering is describable without any
knowledge of the absorption mechanism. The nuclear
projectiles n, p, **He and heavy ion are strongly absorbed
by the target nucleus. The diffraction model or the so-called
strong absorption model starts with the direct
parameterization of the scattering function n, [3, 4]
avoiding the usual potential concept. Different non-elastic
processes are accounted for by making n, complex. The
SAM s particularly suitable to a situation dominated by
strong absorption of incident particles at the nuclear
surface.

In the present work we study the elastic scattering of
protons from “°Ca at 25 — 1044 MeV energies. Angular
distribution data for the inelastic scattering of protons
leading to 2" and 3 states were then studied using the best
fit SAM elastic scattering parameters and the corresponding
deformation parameters are extracted.

2. Materials and Method

The strong absorption model (SAM) is used for the

theoretical calculation of the differential cross section. The

model starts with an explicit functional form for the

scattering function 7, as given by

ne exp(2ia€)=g(€)+iudg—® (1)
d/

Where, o, is the coulomb phase shift for the £-th partial

wave and g (/) is a continuous monotonic function of the

angular momentum. We consider the Woods - Saxon form

of g (£ ), namely
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=)
9(/)= [1+exp(T‘%} @

Here, T is the critical or cut-off angular momentum that is
just grazing the nuclear surface and A is the rounding

parameter. The parameter i more accurately % A is a

measure of real nuclear phase shift. A closed form
expression for the elastic cross- section is then arrived at
refs. [5, 6] in terms of three adjustable parameters, namely
T, A and W.The parameters T and A are related respectively
to the interaction radius R and the surface diffuseness d
through the relations

2n 1/2
T= kR[l——} 3)
kR

2n 1/2
And A=kd [1—1} {1——} (4)
kR kR

Where, n and k are respectively the Coulomb parameter and
wave number.

The formalism developed for elastic scattering can be
readily extended, under the condition for strong absorption,
to describe inelastic scattering to collective states in nuclei.
The inelastic scattering amplitude can be expressed in terms
of the first derivative of scattering matrix 7, used to
describe the elastic scattering process.

It is clear from relations (1) and (2) that the real part of the
scattering function n, varies smoothly with ! from small

values at low ¢’s to unity at high ¢’s with a rapid
transition around the critical values, while the imaginary
part of 1, is clearly surface peaked. A partial wave
expression is made for the amplitude for elastic scattering
and a closed form expression is obtained for the cross —
section under suitable approximations.

3. Results and Discussion
3.1 Elastic SCATTERING
Results of the present analysis of elastic scattering are

7
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presented in Table 1 and the experimental data along with
the theoretical calculated angular distributions are shown in
Figs. 1-2. The data are taken from refs. [7-17]. A
reasonably good description of the elastic scattering is
possible in terms of the simple model. The observed
oscillations in higher mass nuclei are also nicely matched
over the entire angular range. The fit is generally poor at
lower projectile energies. The quality of fit improves as we
go higher up in energy. This is understandable, since the
SAM conditions are strictly not satisfied in such light
nucleus, more so at lower energies. The cut-off angular

Vol. 27. No. 1&2 2018

momentum T increases smoothly with an increase in beam
energy, as expected. It is observed that rounding parameter
A lies between 0.50- 5.10. The rounding parameter A
increases with the increase in projectile energy. The
parameter A controls the overall slope of the angular
distribution and gives the periods of the diffraction of
oscillation. The value of T and A are presented in Table 1.
The value of nuclear phase shift p or more accurately

%Alies in the domain 0.07 < pw/A4A < 0.40 shown in
Table 1.

Table 1: SAM parameters and derived parameters for elastic scattering of protons

Serial Target Beam SAM parameters Derived parameters
No. nucleus  energy T A u WAA R d 0, o r O nv'
(MeV) (fm)  (fm)  (de) (g  (m) TR

1 “Ca 25 584 050 080 040 610 058 1230 762.20 138 6.52 1
2 Oca 40 696 061 085 034 554 061 8.18 856.08 1.25 888  1.36
3 Oca 65 784 080 123 038 479 056 5.70 755.75 1.08 1048 1.60
4 “Ca 156 1100 160 1.10 017 422 0.0 2.63 716.10 096 12.80 1.96
5 “Ca 181 1210 172 090 013 430 0.60 2.21 746.69 097 1286 1.97
6 Oca 200 1280 210 092 010 430 0.60 1.99 795.00 097 1368 2.10
7 “ca 300 1510 275 1.05 009 413 064 1.38 768.20 094 1432 220
8 Oca 400 1760 300 103 008 410 0.60 1.03 764.20 093 1447 222
9 “Ca 500 2020 315 093 007 389 064 0.71 753.90 088 1585 243
10 “Ca 613 2050 310 098 008 370 059 0.56 749.51 088 1742 2.67
11 Oca 800 2820 415 120 007 460 059 0.42 934.11 1.06 1405 215
12 “Ca 1044 3320 510 225 011 589 064 0.34 950.90 1.09 872 134

Here, n.v" refers to the normalized value of %

The best fit SAM parameters are then used to determine the interaction radius R, the surface diffuseness d and the reaction
cross-section o, These are also shown in Table 1. It is evident from our studies that the value of R decreases as the beam
energy increases for the same target nuclei shown in Fig. 3. The interaction radius R is sensibly constant as evidenced by the

least squares fit given by

R =5.03 — 0.0019E (fm)
We see from the present study that the surface diffuseness d is approximately the same for different nuclei at all the energies

shown in Fig. 4.
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The energy dependence of reaction cross-section ay is shown in Fig.5. The least square fit given by
or = 738.69 + 0.150E (mb)
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3.2 Inelastic scattering

The best fit parameters T, & and gt have been used to study

the inelastic scattering of protons. The angular distribution
data for the inelastic scattering of protons leading to a few
collective states such as 2* and 3" in “°Ca have been
analyzed in terms of the SAM formalism given by Potgieter
and Frahn [16]. Fits to the inelastic angular distributions are
shown in Figs. 6-7. The overall trend of the angular
distributions is reproduced by the theory. Results of the
inelastic scattering analyses are presented in Table 2. Also
included the various obtained data in the previous studies.

The S, and [, values from the various measurements are

summarized respectively by Raman et al. [14] and Spear
[15]. The present values are in good agreement with the
previous values. It has been pointed out by Satchler [18] that
the real test of the parameters obtained from the elastic
scattering lies in their ability in reproducing the non-elastic
data.
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Fig. 6 SAM fit to the inelastic scattering of proton leading
to the 3" state

The S, and [, values from the various measurements are

summarized respectively by Raman et al. [14] and Spear
[15]. The present values are in good agreement with the
previous values. It has been pointed out by Satchler [18] that
the real test of the parameters obtained from the elastic
scattering lies in their ability in reproducing the non-elastic
data.

Vol. 27. No. 1&2 2018

Table 2: Deformation parameters from inelastic scattering
of protons leading to 2" and 3" states in nuclei

Nucleus Ep Ex I Deformation parameters /3,
(MeV) (MeV)
a b C
“Ca 500 3.904 2' 0447 049-
0.50
“Ca 155 3.737 3 0.36 0.33-0.36
“Ca 1044 3.737 3 0.34 0.33 -0.36

a. Present work (SAM analyses), b. Previous work [14]
c. Previous work [15]

10°

10" o
e E = 500 MeV
10° o
10% +
g 10° o 2
E 10° - “Oca
10"
10°
10" -
10% o -
10°
107
10°
10° T T T
10 20 30 40

Fig. 7 SAM fit to the inelastie®sttigting of proton leading
to the 2+ state

4. Conclusion

The three parameters (T, A, and u) SAM formalism of
Frahn and Venter [1, 2] can reasonably well account for the
elastic scattering of protons. The angular distributions of
the elastic scattering of protons from “°Ca at 25 - 1044 MeV
energies have been analyzed with SAM formalism and the
best fit parameters T, A, and p have been obtained. The
quality of agreement between experiment and theory is
much better for both the elastic and inelastic scattering
using SAM formalism of Frahn and Venter. It is observed
that the fittings of theoretical angular distribution are poor
at low beam energies and smaller angels while at large
energies the fittings become fairly improved. The values
ﬁg lie in the limit 0.4 ~ 1.0 and can be considered to be
roughly the same, justifying the validity of the SAM
parameters obtained from elastic scattering analyses.
Another validation comes from the reasonable reproduction
of the inelastic angular distribution and from quadrupole
(/,) and octupole ( S3;) parameters values. The SAM is
thus a successful model; the parameters are all unique and
physically meaningful. The beauty of the model lies in its
simplicity.
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Abstract

A study was conducted to determine the presence of insecticide residues including organophosphorous, carbamate and organochlorine in
soil samples from vegetables and paddy fields in the coastal district Feni of Bangladesh. Samples collection and preparation were carried
out using standard procedures. The concentrations of all the pesticides in the samples were determined using High Performance Liquid
Chromatography (HPLC) technique. The result revealed that some samples out of 21 samples were found to be contaminated with
organophosphorus (OP) pesticide namely diazinon; carbamate pesticide namely carbofuran and carbaryl ranging from 0.01-0.235 ng/kg
and 0.381-3.21 pg/kg respectively. On the other hand, no organochlorine pesticide residue was detected in the soil samples. However, the
contamination level of organophosphorous and carbamate was relatively low compared to the IAEA/FAO/Codex Alimentarious Guideline

value.

Keywords: Pesticide, residue, organophosphorus, carbamate, organochlorine, HPLC

1. Introduction

Bangladesh is a tropical country. Because of the prevailing
high temperature and humidity, rapid multiplication of pests
occurs in the country and those harmful insects cause
intense loss of food production [1, 2]. Every year more than
45% of food production is lost due to pest infestation which
leads serious economic loss and hence pests are considered
as the major challenge in agriculture. To combat pests, the
use of a wide variety of pesticides on agricultural practices
in the tropics has increased.

Although the use of pesticides in Bangladesh is relatively
low (3009 active ingredient/hectare) in comparison to other
countries of the world and even much lower than India
(380g active ingredient/hectare), consumption of pesticides
has now increased and been an inherent part of agriculture
in recent years with the introduction of high vyielding
varieties of crop to control pest and diseases [3-5]. About
33,371 tons formulated products were used in 2016
compared to 18,090 tons in 2003 and 25,479 tons in 2005
[6, 7]. Chemical fertilizers and pesticides have contributed
significantly to improve vyields of crops, increasing the
production of food grains from 9.7 million mt in 1961 to
about 20 million mt in 1993 [8]. Because of widespread use
of these agrochemicals to increase crop yield and reduce
postharvest losses, they are detected in various
environmental matrices (soil, water and air) as well as they
leave residues in food and thereby produce adverse effects
when concentration exceeds the maximum residue limit
(MRL). The increased use of these chemicals may show
negative effects on the quality of soils and drinking water
sources. When entering into the soil, pesticides may be
taken up by plants roots and have the potential to cause
toxicity to plants, their products and contaminate the food
chain. Through leaching and surface runoffs, pesticide

Corresponding author: meher.omb@gmail.com

residues in soil and the environment may pollute
groundwater and surface water, thereby increasing the risk
of environmental contamination. Increased accumulation of
pesticide residues in the food chain and drinking water have
been reported to pose serious human health hazards [9, 10].
Human health hazards vary with the type of the pesticides
and also with the extent of exposure. Moderate human
health hazards from the misapplication of pesticides include
mild headaches, flu, skin rashes, blurred vision and other
neurological disorders while rare, but severe human health
hazards include paralysis, blindness and even death [11].
International development research centre, Ottawa, has
claimed that every year about 10,000 people die and
4,00,000 people suffer from various effects of pesticide
poisoning in developing countries [12]. There is a great
concern over growing incidence of cancer due to their
excessive use [13]. Pesticide residue pollution to the local
environment (air, soil and surface water) also affects the
lives of birds, wildlife, domestic animals and fish [14]. For
the above reasons, use of pesticides has to be controlled to
avoid contamination of food supplies and ecological
imbalance, but present measures in Bangladesh are
inadequate and farmers rarely implement standards [15].

The introduction of organophosphate (OP) and carbamates
insecticides were in the 1960s and in 1970s respectively
contributed greatly in pest control and agricultural output.
Organophosphorous insecticides are the most commonly
used and detected pesticides in water streams around the
world [16]. In terms of formulated product of carbamates,
Bangladesh shared the highest portion (64%) followed by
organophosphates [17]. Again, among the pesticides used in
agriculture, organochlorine pesticides (OCs) are very toxic
and persistent in the environment, which tend to accumulate
in living organisms. Although most of them have been
banned or restricted after the 1960s in most of the
technologically advanced countries, they are still detected
in natural ecosystems [18]. Though the organochlorine
pesticide DDT was banned in late 1993 in Bangladesh,

13
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DDT along with its metabolite DDE were found in soil of
Narshingdi area [19, 20]. Due to long persistence nature of
DDT that may pose a big threat to human, it is a necessity
to monitor foods, water, soils and other environmental
samples for their presence.

Literature suggests that information regarding the
significance of persistence of pesticide residues in soil is
very little in Bangladesh and no information is available on
levels of pesticide residues in soils of coastal Feni district.
So, an attempt was undertaken to assess the types of
pesticide residues (i.e. organophosphorous, carbamate and
organochlorine) used and their concentration levels in some
selected soils extensively used for vegetables and rice
cultivation of coastal Feni district of Bangladesh.

2. Materials and Method
2.1 Sampling

Soil samples were collected from Sonagazi upazila, Feni,
near the coastal area and were processed for subsequent
experiments and necessary analysis. After collecting, the
samples were taken to the Agrochemical and
Environmental Research Division (AERD), Institute of
Food and Radiation Biology (IFRB), Atomic Energy
Research Establishment (AERE), Ganakbari, Savar, Dhaka
as early as possible and preserved in deep fridge for
avoiding loss of the residues.

2.2 Equipments

HPLC: High Performance Liquid Chromatography
(Shimadzu, LC-10 ADvp) equipped with a SPD-M 10 Avp,
PDA detector; Ci5 Reverse Phase Alltech analytical column
(250 x 4.6 mm), Rotary vacuum evaporator (Type -350,
USA).

2.3 Extraction

The soil samples were dried at room temperature in a fume
cupboard and then made fine powder form by using morter-
pastle. To analyze the residues, 50 g of each sample were
extracted with 100 ml mixed solution of Hexane and
Acetone (1:1) by using electronic shaker. The extract was
treated with 5 g anhydrous sodium sulphate to remove
traces of water.

2.4 Clean-up

The extract was subjected to clean-up using florisil column
chromatography [21]. The top 1.5 cm of the florisil column
was packed with anhydrous sodium sulphate. Elution was
done with 2% diethyl ether in hexane (5 ml/min). The
eluate was concentrated in a rotary vacuum evaporator and
transferred to glass-stoppered test tubes. Solvents were
completely removed under mild nitrogen flow. The
evaporated sample was dissolved in hexane and made to
volume in a volumetric flask for subsequent liquid
chromatography.

2.5 Analysis

Injections of the aliquots were done by micro syringe into
HPLC (High Performance Liquid Chromatography).
Quantification was made with a freshly prepared standard

Vol. 27. No. 1&2 2018

curve of the relevant (standard) pesticide. Analysis was
done by High Performance Liquid Chromatography fitted
with Photo Diode Array Detector [20].

3. Results and Discussion

Twenty-one soil samples collected from vegetables and
paddy fields of the Sonagazi upazila of coastal Feni area
(Fig 1) of Bangladesh were analyzed for the presence of
different pesticide residues and to compare the data with
IAEA/FAO/Codex Alimentarious Guideline value. HPLC
technique was used as a method of choice for determining
the organophosphorus, carbamate and organochlorine
pesticide residues analysis in collected sample. A
representative chromatogram of the studied samples
showing peaks for diazinon (Fig 2a.) and carbaryl (Fig 2b.)
has been presented. The analytical results reflected
contamination of the soil samples with residues of diazinon,
carbofuran and carbaryl pesticides. These results are
summarized in Table 1. Table 1 reveals that 3 of 21 soil
samples showed the contamination of diazinon compound.
The presence of organophosphorus pesticide diazinon was
analyzed in SS-11, SS-13 and SS-16 soil samples with a
range of 0.01-0.235 png/kg. The highest concentration
(0.235 pg/kg) was found in SS-16 and the lowest
concentration (0.01 pg/kg) was in SS-13. Excessive use of
Basudin, an organophosphorus pesticide, is the main source
of the residue. Table-1 also presents that of the 21 soil
samples only 3 samples were contaminated with carbamate
residue where 2 samples were
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Fig. 1: Location map and sampling points of soil samples

Fig. 2: Representative-chromatogram-of-the-analyzed-samples
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Table 1: Amount of Organophosphorus and Carbamate Pesticide Residues in Soil Samples of Sonagazi Upazila in Feni

Sample No. Pesticide Residues in Soil Samples (ug/kg)
Diazinon Carbofuran Carbaryl
SS-01 ND ND ND
SS-02 ND ND ND
SS-03 ND ND ND
SS-04 ND ND ND
SS-05 ND ND ND
SS-06 ND ND ND
SS-07 ND ND ND
SS-08 ND ND ND
SS-09 ND ND ND
SS-10 ND 321 0.381
SS-11 0.14 ND ND
SS-12 ND 3.08 ND
SS-13 0.01 ND ND
SS-14 ND ND ND
SS-15 ND ND ND
SS-16 0.235 ND ND
SS-17 ND ND 2.52
SS-18 ND ND ND
SS-19 ND ND ND
SS-20 ND ND ND
SS-21 ND ND ND

Detection limit for HPLC: 10pug/kg, ND: Not Detected

Table 2: Amount of Organochlorine Pesticide Residues in Soil Samples of Sonagazi Upazila in Feni

Sample No. Pesticide Residues in Soil Samples (nug/kg)

DDD DDE DDT
SS-01 ND ND ND
SS-02 ND ND ND
SS-03 ND ND ND
SS-04 ND ND ND
SS-05 ND ND ND
SS-06 ND ND ND
SS-07 ND ND ND
SS-08 ND ND ND
SS-09 ND ND ND
SS-10 ND ND ND
SS-11 ND ND ND
SS-12 ND ND ND
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Sample No. Pesticide Residues in Soil Samples (ng/kg)

DDD DDE DDT
SS-13 ND ND ND
SS-14 ND ND ND
SS-15 ND ND ND
SS-16 ND ND ND
SS-17 ND ND ND
SS-18 ND ND ND
SS-19 ND ND ND
SS-20 ND ND ND
SS-21 ND ND ND

Detection limit for HPLC: 10ug/kg, ND: Not detected

found to be contaminated with carbaryl compound and 2
with carbofuran compound. Carbaryl residue was observed
in SS-10 and SS-17 samples where the highest
concentration (2.52 pg/kg) was found in SS-17 and the
lowest concentration (0.381 pg/kg) was in SS-10. The
carbofuran pesticide was detected in SS-10 and SS-12. The
highest concentration of 3.21pg/kg was analyzed in SS-10
and the lowest concentration (3.08 pg/kg) was in SS-12.
Different factors such as persistence of pesticides,
availability in wuse, indiscriminate use and lack of
consciousness are considered for the presence of these
residues. However, the contamination level of
organophosphorous and carbamate was relatively low
compared to the [IAEA/FAO/Codex Alimentarious
Guideline value. The wide use of pesticides in the world
causes major health and environmental problems. It is
necessary to learn more about the problems caused by
exposure to pesticides with respect to safety, health and the
environment. It has been reported in the press and quoted
from the farmers of grass roots level that pest from fields
treated with pesticides move to the adjacent fields forcing
the owners of these fields also to use chemicals as well. It
was also mentioned quoting farmers that the pesticide
company dealers try to motivate farmers of a village to use
pesticide on their crops and naturally the other farmers also
follow to avoid attack by pests [22]. The farmers and the
inhabitants of the study areas should be educated on the
dangers of pesticides for pest control. It should be noted
that countries like Bangladesh did not have necessary
resources and infrastructures to adequately regulate the use
of pesticides. Proper regulatory enforcement of the relevant
rules and provisions, and regular monitoring of residues
would prevent misuses and could minimize the
environmental problems.

Table-2 explores that the studied soil samples were free
from organochlorine residues DDT, DDD and DDE. The
absence of DDT along with its metabolite DDD and DDE
indicated the growing awareness of its ill effects amongst
the farmers.

The findings of this study suggest that the soil quality of
Sonagazi upazila is better than those from other parts of
Bangladesh in terms of pesticide residues [20]. This study
can only provide some baseline data which deserve further
investigation so that a concluding remark can be made
regarding the present status of residual level in different
environmental soil samples of the area.

4. Conclusion

The presence of various agrochemicals such as diazinon,
carbofuran and carbaryl pesticides in the samples analyzed
was an indication of the use of the pesticides by farmers in
the study area to control pest and diseases. Though the soil
was contaminated with organophosphate and carbamate
pesticide residues, they were within the range of
IAEA/FAO/Codex Alimentarious Guideline value. Despite
the low level of contamination in the studied soils, the best
environmental management in the vegetable and rice
production area requires the regular monitoring of soil
contamination level in the coastal Feni district.
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Abstract

The present experiment was done with 0.00, 0.01, 0.02, 0.03, 0.04 and 0.05 g/ml Monosodium Glutamate (MSG) solution (in 0.35mg of
average body weight of larvae) against laboratory reared 4™ instar larvae of Cx. quinquefasciatus. Mortalities of the larvae were recorded
after 48 hours of application. Histo-morphological changes were observed in the untreated and treated larvae. Mean percentage of
mortalities were subjected to one way ANOVA and multiple comparisons. Dose response curve were also produced by regression analysis.
The highest (93.33%) and the lowest (7.22%) mortalities were recorded at dose 0.05 g/ml and 0.01 g/ml, respectively. Mean mortalities
among different doses of MSG were found to be significantly (p<0.05) different. Histological study revealed that the tissue disruption in
the stomodeal valve and the peritrophic membrane of anterior mid gut at 0.01 g/ml dose of MSG. The 0.3 and 0.5g/ml dose of the MSG
caused the tissue destruction of the microvilli and muscular sheath of the rectal pad situated in the hindgut which indicates the major
alteration of hind gut has been found at 0.05 g/ml dose of MSG. In untreated of MSG larvae, no such abnormalities were observed.

Keywords: Culex quiquefasciatus, monosodium glutamate, food additives, histology

1. Introduction

The various food additives and chemicals are used as
preservatives or enhancer of palatability of food.
Monosodium glutamate, one of the most common food
additive largely consumed since 1909, has been doubted
these last twenty years to potential adverse impact on health
[19, 12]. As a food additive, it provides a flavoring function
through the stimulation of organo sensory receptors and
makes the food appetizingwhen added in the proper
concentration [17]. MSG elicits a taste described in Japanese
as umami, which is translated to “‘savory’” and it is different
from four basic taste (sweet, sour, salty and bitter) [22]. It is
the naturally occurring amino acid containing 78% of
glutamic acid 22% of sodium and water which is most used
in India, China, Japan, Thailand,Vietham and some other
tropical countries including Bangladesh where it is generally
known as testing salt [4]. MSG is currently found in
thousands of different processed foods, including soups,
salad dressings, mayonnaise, canned vegetables and frozen
dishes [4]. In 1991, the average intake of MSG in United
Kingdom was 580 mg/day for general population individual
and 4.68 g/day for extreme users [21]. The assessed average
daily MSG intake per person in industrialized countries
is 0.3-1.0 g, though it depends on the MSG content in foods
and an individual’s taste preferences [13]. A typical
Chinese restaurant meal contains between 10 and 1500 mg of
MSG per 100 g [12]. Asia was responsible for approximately
88 percent of world MSG consumption, with China alone
accounting for 55 percent of world consumption and
approximately 65 percent of global production [2].

In spite of being flavor enhancer, different studies indicate
that MSG is toxic to human and experimental animals [10].
In a review studies on animal and human, “MSG effects on
central nervous system, adipose tissue, liver, reproductive
organs and other systems have been found” [14].

Corresponding author: murshida.begum@du.ac.bd

An adverse reaction to MSG on nervous system, Killing
brain cells, causing retinal degeneration, endocrine disorder
and other pathological symptoms have been reported [15].
Researches indicate potential adverse effects of glutamate
may be due to its rapid assimilation and the resulting quick
and large increase of glutamic acid in the organism.
Histological studies have been showed that monosodium
glutamate (MSG) has adverse effect on kidney of mammals
(e.g. Adult Wister Rats) [10]. Besides these, monosodium
glutamate also induced damage of stomach, testis, liver
and kidney of mammals [20]. It has been claimed that MSG
has physiological effects in both vertebrates and
invertebrates [20]. A report showed that repeated use of
MSG is responsible for constriction of Mulpighian tubules
of Lucilia cuprina [4].That means long time use of MSG as
a flavoring agent can cause tissue damage of any internal
organ, which ultimate result is early death (4). Repeated
application of MSG through ingestion instigated inhibition
of ovarian development of Chrysomya megacephala [5].
MSG as a food additive increases the consumption of meat
food of ants and largely decreases their precision of
reaction, response to pheromones, cognition as well as their
learning and memorization abilities [8]. Most biological
processes are similar for all animals including humans (i.e.
genetics, metabolism, nervous cells functioning). Besides
vertebrates, invertebrates are used more because of being
offered advantages to scientists such as a short life cycle
[23]. Insects have similarities with the higher animals, in
many cases in structure and physiological functions [23].
Present study on toxic effects of monosodium glutamate has
initiated to investigate the efficacy of the stated material on
Cx. Quinquefasciatus Say,which was used as a biological
model.

2. Materials and Method

The experiment was carried out between May, 2016 and
July, 2017 in the laboratory of Entomology, Department of
Zoology, University of Dhaka in an ambient laboratory
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condition (28 + 2°C temperature and 70-80% Relative
Humidity).

2.1 Development of mosquito generations in the laboratory

To make sure constant supply of mosquito larvae for the
experiment, mosquito rearing started after collecting larvae
from their natural breeding places. By separating the larvae
in different bowls with cleaned tap water, were provided
routinely with baby cereal powder (Nestle Bangladesh),
yeast etc. After 6-8 days larvae were moulted into a non-
feeding pupal stage. To avoid movement a fixed numbers of
pupae were kept in different bowls within adult rearing
cages which were made by an iron rod frame (size:
30x30x30 cm). The cages were covered with mesh
mosquito net and basal part of that cage made of wood. The
pulpal period were lasted for about 2 to 3 days. Adult
mosquitoes were provided with 10% glucose solution
soaked cotton ball in a petridish as their food for first 2-3
days. Adult females were fed pigeon blood for oocyte
development. Large numbers of eggs were observed in a
raft by a stereomicroscope (Meiji SKT-3BT) [3]. The egg
rafts were collected with the help of a spoon with water
carefully and were transferred into several earthen bowls
containing tap water to get emergenceof subsequently 1%,
2" 3" and 4" instar larvae. It took one months in summer
and one and half months in winter to establish a generations
of mosquito for this experiment. The reared 4™ instar larvae
were used to determine the efficacy of monosodium
glutamate against Cx. quinquafasciatus.

2.2 Treatment with MSG and mortality tests

Crude Monosodium Glutamate was added with fixed
amount of tap water to prepare five doses (0.01, 0.02, 0.03,
0.04 and 0.05 g/ml). A number of 20 actively swimming
larvae of 4" instar were taken into conical flask (250 ml)
containing 100 ml different doses of MSG solution diluted
in tape water. The flasks were stored at room temperature
(28+2°C) and 70-80% of relative humidity and at 12L: 12D
(Photoperiod). A control was selected in which only tap
water provided with larvae for each dose. The mortality of
larvae in each concentration was recorded after 48 hours of
exposure and the waning larvae were counted as dead and
the mortality values were calculated. All experiments were
replicated nine times. The percentage of mortality was
calculated by using following formula-

Percentage of mortality

_Number of died in a test

x 100

" Number of used in test

Test mortality records were corrected with the Abbott’s
formula, whenever there was some control mortality in a
test. Abbott’s correction formula [1]-

Corrected Mortality

_Mortality in treatment—Mortality in control

x 100

100—Control mortality

Histological procedure: Histological slides of MSG
treated and untreated 4th instar larvae of Cx.
Quiquefasciatus were prepared by transverse sectioning the
tissues from the head to tail region. Ethanol, Myer’s
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albumin and Xyline were used as fixatives. Serial
transverse sections of the tissues were cut at 0.4 um
thickness with the help of a rotary microtome machine
(model 08-260-02, ERMA INC, Japan). The tissue sections
were stained with eosin and Heidenhein’s haematoxylene in
the laboratory condition. Histo-pathological observations
were performed with the help of a compound microscope
( Humascope Classic 2006/95/EC). Photographs were taken
by a Canoon powershot S200 camera (16 mega pixel).

2.3 Statistical analyses

The data were reported as arithmetic mean + Standard
deviation (SD). One way of ANOVA and Multiple Range
Test was applied on the data to assess the treatment effect
[6, 7]. Dose response curve were prepared by regression
analysis. All the statistical analyses were done on a
computer using statistical software package for SPSS.

3. Results and Discussion

Different doses (0.00, 0.01, 0.02, 0.03, 0.04, and 0.05g/ml)
of monosodium glutamate (in 0.35mg of average body
weight of larvae) were used to study the efficacy of
monosodium glutamate against 4™ instar larvae of Cx.
quinquefasciatus Say. Results of the mortality tests and
hist-pathological observations are stated below.

3.1 Mortality of treated Culex quinquefasciatus (Say)

The mortalities of the treated 4™ instar larvae of the Cx.
quinquefasciatus after 48 hours exposure were presented in
Table 1. The result of mortality test from these table
showed that mortality was increasing along with increasing
the doses of monosodium glutamate. Results indicated that
the highest percent (93.33%) of mortality was taking place
at 0.05 g/ml dose, while the lowest percent (7.22%) of
mortality was observed at 0.01 g/ml. No larval mortality of
the mosquito was observed in control treatment. The results
of the one way ANOVA and multiple range test showed
that mean mortalities were significantly different from each
other (p<0.05) (F = 431.143). A dose response curve were
produced from the regression analysis also expressed that
increasing of the doses of MSG increased the mortality rate
of 4™ instar larval Cx. quinquefasciatus Say and decreased
the mean percent of live larvae (Fig. 1).

100 -

80 -

%0 -

40 - y=1991.4x - 8.619

0 R2=0.9657

20 -
O } T T T 1
0.01 0.02 0.03 0.04 0.05

Nnca

Fig. 1 Dose response curve showed the effectiveness of
Monosodium Glutamate against 4th larval instar of C.
quinquefasciatus
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Table 1: Mortality of 4™ instar larvae of Culex quinquefasciatus (Say) exposed to 48 hours at different doses of Monosodium
Glutamate (N=180)

Dose Total number of Mean no. of larvae Larvae Total number Mean no. of larvae Mortality
(g/ml) larvae survived survived survived of larvae died died (%)
(MeanxSD) (%) (Mean+SD)
0.01 167 18.56+0.72a 92.78% 13 1.44+0.0.72¢ 7.22
0.02 138 15.33+1.00b 76.67% 42 4.67+1.00d 23.33
0.03 104 11.56+0.88c 57.78% 76 8.44+0.88c 42.22
0.04 47 5.22+1.39d 26.11% 133 14.78+1.39b 73.89
0.05 12 1.33+1.00e 6.67% 168 18.67+1.00a 93.33
Control 180 20.00+0.00 100% 0 0.00+0.00 0

*Mean larval mortalities after treated with different doses of MSG were compared by Multiple Range Test (Bonferoni, 1935 and 1936).
*Mean mortalities of different doses were significant different from each other (p<0.05)*MSG=Monosodium glutamate.

3.2 Histo-pathlogical observations

Permanent slides of transverse section of gut showed tissue
damages at 0.05 g/ml and 0.03 g/ml and 0.01g/ml dose of
MSG (Figs. 8, 6 and 4, respectively). In control, no such
abnormalities were observed (Fig. 2 and 3).

After application of 0.01g/ml MSG, tissue damage was
found in the stomodeal valve of anterior mid gut (Fig. 4).
The major histological alterations were the structural
disorganization hind gut tissue at 0.05 g/ml in which tissue
damages found in rectal pads including destruction of

MV
cm
LM
PM
sv

Fig. 2 A. Transverse section through the anterior mid gut area of
an untreated 4th instar larvae of Cx. quinquefasciatus. B. Larger
view of the transverse section through the anterior mid gut area of
an untreated larvae. MV=microvilli, CM=circular muscle,
LM=longitudinal muscle, PM= peritrophic membrane, MC= mid
gut caeca and I= intima, SV=stomodeal valve

Circular Muscle

Longitudinal Muscle
Stomodeal Valve

Peritrophic Membrane

Microvilli

Fig. 4 Transverse section through the anterior mid gut area of a
treated (0.01g/ml) 4™ instar larvae of Cx. quinquefasciatus. B.
Larger view of the transverse section through the anterior mid gut
area the treated (0.01 g/ml) larvae.MC=mid gut caeca

Fig. 5 A. Transverse section through the posterior mid gut area of
an ttreated (0.02 g/ml) 4™ instar larvae of Cx. quinquefasciatus. B.
Larger view of the transverse section through the posterior mid gut
area of the treated (0.02 g/ml) larvae. CM=circular muscle, LM
=longitudinal muscle, PM= peritrophic membrane

cm
- cMm .
{‘“\W LM
-
' RP
. 3 \«t— MT
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"
- ——  RP |
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Fig. 3 Transverse section through the hind gut area of an untreated
4th instar larvae of Cx. quinquefasciatus. MV=microvilli,
CM-=circular muscle, LM =longitudinal muscle, PM= peritrophic
membrane and RP= rectal pad, GC=gut content

Fig. 6. Transverse section through the hind gut area of a treated
(0.03 g/ml) 4th instar larvae of Cx. quinquefasciatus.MV=
microvilli, I=intima, CM=circular muscle, LM=longitudinal
muscle, and RP=rectal pad.(Arrow indicates the damage area)
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peritrophic membrane, the inner longitudinal muscle and
outer circular muscle disruption. The microvilli also had
been damaged (Fig. 8). Lesions in some tissues occurred at
0.03 g/ml dose in the rectal pad of hind gut and had also
longitudinal muscles disruption (Fig. 6). Scrapes in the
peritrophic membrane were found in the tissues of treated
animals from the doses of 0.02g/ml and 0.04 g/ml also
(Fig. 5 and 7). The circular muscle, microvilli, peritrophic
membrane, rectal pad were found to in their normal
characteristic view in the untreated larval anterior mid gut
and hind gut (Fig. 3 and 4).

Fig. 7. Transverse section through the anterior mid gut area of a
treated (0.04 g/ml) 4th instar larvae of Cx. quiquefasciatus. MV=
microvilli, CM=circular muscle, LM=longitudinal muscle, PM=
peritrophic membrane, MC= mid gut caeca and I=intima,
SV=stomodeal valve

RS

RP

Fig 8.Transverse section through the hind gut area of a treated
(0.05 g/ml) 4th instar larvae of Cx. quinquefasciatus. RP= Rectal
Pad, RS=Rectal Spine. (Arrows indicate the damage area)

4. Discussion

Results indicated that 0.3 and 0.5g/ml dose of the MSG (in
0.35mg of average body weight of larvae) cause the tissue
demolition of the rectal pad situated in the hindgut,
microvilli, the peritrophic membrane and muscular sheath
(Figs. 6 and 8). Hind gut of the alimentary canal is
absorption site of the excretory material of insects [9]. The
ionic balance of the body in insect through ‘active
transport’ is maintained by malpighian tubules (MTs) [4].
Most likely the target of MSG is to the Na+/K+ channel of

Vol. 27. No. 1&2 2018

excretory system. The ionic balance of the body was broken
down by the MSG and ultimately the MTs were constricted
and tissue was also disrupted in the MTs of grey flesh fly L.
cuprina [4]. However, in insects the MTs originate from the
posterior mid gut and hind gut function as excretory organ
somehow connected to the rectal pads [9]. Ingestion of any
toxic material ionic balance of the body can be broken
down [16]. Some of the former worker suggested that MSG
somewhat may affect the renal system of vertebrates and
invertebrates [18, 16]. Results of the present investigation
had a precise connection to the results of the previous
examiners. Apart from the renal system other internal organ
arrangements of vertebrates were also affected by MSG.
For instance, histological changes were observed in the
stomach and testes of adult rat [10, 11]. Present researcher
also observed the tissue disruption in the stomodeal valve
of anterior mid gut at 0.01 g/ml dose of MSG (Fig. 4) which
supports the previous results.

Being an Entomologist we have chosen the insects as a
research model to observe the efficacy of Monosodium
glutamate and assumed that may have some toxic effects on
insect [4]. The present investigations have supported the
assumption. Insects have similarities with higher animals,
in many cases in structure and physiological functions [24].
Long term consumption of MSG exerts serious health
hazards on oxidation state, antioxidant enzymes and the
neurotransmitter cholinesterase which affects brain tissue
structure [25]. So it can be concluded that MSG may effect
on human health as well as vigor condition on other
animals. Ultimate results may goes on the economic
condition of our mother terrain.
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Abstract

The undoped and Aluminum doped Zinc Oxide (AZO) thin films were prepared on ultrasonically cleaned glass substrates by
thermal evaporation method at a pressure of 1.33 x 10 Pascal (~10°® Torr). The film thickness was kept constant at 100 nm
and the substrate temperature was also kept constant at 350°C with only varying the doping concentrations. The deposited
thin films were annealed at 350°C for 15 minutes. The transmittance of the films increased and the absorbance decreased with
the increase of Al incorporation up to 1.2 at % but after further increase of Al content they showed reverse behavior. The
maximum transparency was found 86.48% for 1.2 at % Al doped ZnO thin film. The refractive index showed slight variation
in the visible region with the incorporation of Al but extinction coefficient decreased. The band gap varied from 3.06 eV to
3.49 eV for the variation of Al concentration in ZnO with the minimum band gap occurring for 0.3 at % of Al content. The
conductivity at the room temperature varied from 5.26 Q'cm™ to 3.05 x 10® Q™'cm™ for variation of Al concentration with a
maximum conductivity occurring for the film with 0.3 at % Al content. The results can be used for optimizing the optical and
electrical properties of AZO films by tuning the Al concentration. .

Keywords: Al doped ZnO thin film, thermal evaporation method, optical properties, electrical properties

1. Introduction

ZnO thin films have attracted considerable interest in recent
years for application as a transparent conducting material in
liquid crystal displays [1], solar cells [2], etc. Zinc Oxide
(Zn0) is a direct band gap semiconductor with a band gap
of 3.37 eV and large excitation binding energy of 60 meV
at room temperature [3, 4]. The conventional transparent
conductive oxide (TCO) material is indium tin oxide (ITO).
However, ITO materials are very expensive and toxic, as
well as unstable to H, plasma. In contrast, undoped and
doped ZnO thin films are widely used in transparent
conducting layers because of their non-toxicity, thermal
stability and better resistance against H, plasma processing
damage [5, 6]. The high heat capacity, heat conductivity
and high melting temperature of ZnO are beneficial for
ceramics. Among the tetrahedral semiconductors, ZnO has
the highest piezoelectric tensor, or at least one comparable
to that of GaN and AIN. This property also makes it a
technologically important material for many piezoelectric
applications. Among the possible dopants, Al (group-I111A)
is a popular one because of high-quality, low-resistivity
properties of the AZO thin films [7].

Various techniques such as molecular beam epitaxy (MBE)
[8], pulsed laser deposition (PLD) [9], magnetron sputtering
[10], thermal evaporation [11-13], chemical vapor
deposition (CVD) [14], sol-gel [15], spray pyrolysis [16]
have been applied to AZO thin film preparation. Thermal
evaporation has distinct advantages over other techniques.
It is a simple, suitable and economically attractive
deposition technique, in which the quality of the films
grown is quite superior. Usually in this method we get
uniform deposition of the coating material and hence the
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film shows smooth variation of the properties with respect
to wavelength of the incident electromagnetic wave.
Furthermore, in our experimental set up, thickness of the
film can be controlled using a thickness monitor and hence
the film thickness remains uniform over the exposed area of
the substrate. The materials sublime at lower temperature
under vacuum and it does not demand any catalyst.

In this work, undoped ZnO and AZO thin films were
prepared by thermal evaporation with a wide range of Al
concentrations. The surface morphological, optical and
electrical properties of the AZO thin films were
investigated. The present work is limited to variation of the
doping concentration only, in order to isolate the effect of
the Al doping on ZnO thin films.

2. Experimental Details

AZO thin films were deposited on ultrasonically cleaned
glass substrates by thermal evaporation method. An Al wire
was used for Al source and ZnO powder were used for ZnO
source. The vacuum chamber was very carefully cleaned
with clothes soaked in acetone and was let to dry. The
source material, ZnO powder was inserted in a Molibdenum
boat and Al wire was kept in a Tungsten boat of turret
source. The substrate with the mask was then mounted with
a clamp above the boat. The substrate was placed at a
distance of 10 cm above the sources and this distance was
kept constant for all the films. Vacuum was created in the
chamber by using Rotary and Diffusion pumps. When high
vacuum was achieved (~ 10° Torr), the substrate was
heated with the help of a radiant heater to a certain substrate
temperature which was kept fixed for a particular substrate.
A low tension (LT) voltage source was switched on and a
current of 30~32 Amps was passed through the boat making
the boat red-hot and the materials in the boat evaporate. The
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thickness of the films was monitored. After getting the
desired thickness, the evaporation was stopped by placing a
shutter above the evaporator source. The boat was replaced
by using a rotator to bring the Al containing boat in that
position and Al was also deposited in a similar way. A pure
ZnO thin film was prepared of thickness 100 nm keeping
the substrate temperature at 350°C. Then it was annealed at
350°C for 15 minutes. Then we prepared another eight
samples (0.3, 0.6, 0.9, 1.2, 2.0, 5.0, 10.0 and 20.0 at % Al
doped ZnO) of the same thickness keeping the same
substrate temperature and annealing time and temperature
as in the pure ZnO film.

The surface morphology of the thin films was studied using
JEOL JSM-6490LA analytical scanning electron
microscope (SEM) [X20,000]. The optical properties of the
films were investigated using a UV-3100 (dual beam)
recording spectrophotometer. The wavelength range of the
spectrophotometer is 310 nm to 3000 nm. The electrical
properties were investigated using KEITHLEY 2401 source
meter by linear four point probe method.

3. Results and Discussion

Surface morphology: Figure 1 shows SEM micrographs of
the Al-doped ZnO thin films with different Al
concentrations: (a) 0, (b) 2, (c) 10 and (d) 20 at %. All the
Al-doped thin films exhibited a rough surface with three-
dimensional (3D) island growth due to the lattice and
chemical mismatches between the thin films and substrates
whereas the undoped thin film had a relatively smooth
surface. This may be due to the degradation of crystal
quality or the presence of defects. Some grains are observed
clearly for high Al contents.

20KV X20,000 1pm 11 30 SEI

(b)

20kV  X20,000 1pm 10 30 SEI

20KV X20,000°  Aum L 10 30 SEI 20kV X20,000 . 1pm 10 30 SEI

(©) (d)
Fig. 1 SEM images of AZO thin films with different Al
concentration: (a) 0, (b) 2, (c) 10 and (d) 20 at %
Optical properties and transmittance: Figure 2 gives the
transmittance spectra for all the AZO thin films. For
convenience of illustrations, they are displayed in figure

Vol. 27. No. 1&2 2018

2(a) and 2(b). The optical transmittance spectra of all AZO
films seem very similar and the transmittance in the UV
region (310 - 380 nm) dropped abruptly for all the films as
this is the absorption region. In this region, the incoming
photons have sufficient energy to excite electrons from the
valence band to the conduction band and thus these photons
are absorbed within the material to decrease the
transmittance. So this region carries the information of the
band gap of the material [17]. In the visible region (380 -
700 nm), the transmittance increases logarithmically and all
the films showed medium transmittance (40% - 55%). The
variation of Al content does not show significant change in
transmittance in this region. At higher wavelengths (2000 -
2500 nm) transmission exceeds 80%. In the near infrared
region (700-2500 nm) all the films have high transmittance
and which increase with the increase of Al content up to 1.2
at %. We get the highest transmittance (86.48%) at 2500
nm for 1.2 at % Al-doped ZnO thin film. But for 10 and 20
at % AZO film, the transmittance decreased slightly which
might be due to the increment of scattering of photons by
crystal defect [18]. These results imply that the optical
transmittance can be increased by Al incorporation in the
ZnO thin film but higher incorporation may degrade the
crystal quality which will eventually decrease the
transmittance.
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Fig. 2 Optical transmittance spectra of AZO thin films prepared
with different Al concentration
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Reflectance: Figure 3(a) and 3(b) shows the reflectance
spectra of Al-doped ZnO thin films. It is observed that in
the UV region the reflectance increases smoothly for all the
as-deposited thin films and lies in the range of 6% to 29%.
The increasing points of reflectance shift gradually towards
the lower wavelength with the increase of Al content in the
films. The nature of increase gives an idea about the nature
of the energy gap, which is ascertained further by the
spectra of absorption coefficient. In the visible region we
observe peaks for all the samples. These peaks indicate the
maximum reflectance value for the respective films. The
reflectance values start decreasing in the near infrared
region as this region has high transparency. From both
figures we see that, with the introduction of Al content in
the film, the reflectance of the film has a decreasing trend.
But all the AZO films have nearly equal reflectance values
except 10 and 20 at % AZO. These two films have the
reflectance values greater than other films in this region. A
possible explanation for this is the increase of scattering of

photons by crystal defects. Hence,
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Fig. 3 Optical reflectance spectra of AZO thin films prepared with
different Al concentration

it can be said that the reflectance can be increased initially
by incorporating Al in the ZnO thin film for the UV region
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and can be decreased by doing the same for the near
infrared region. But higher incorporation of Al (> 10 at %)
gives the opposite result in both cases.

Absorption Coefficient: The absorption coefficient
characterizes how easily a material or medium can be
penetrated by a beam of light and it can be obtained through
I = I, where | and I, are the intensities of the transmitted
and incident light, respectively, and t is the thickness
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Fig. 4 Optical absorption coefficient spectra of AZO thin films
prepared with different Al concentration

of the AZO thin films. Figure 4(a) and 4(b) shows the
absorption coefficient (o) of the AZO thin films with
different Al concentrations. We see that the absorption
coefficient is in the range of 1 x 10° to 3.5 x 10° cm™ in the
UV region and it is also observed that in this region the
absorption coefficient exhibits higher values which clearly
indicate that there is a large probability of the allowed
direct transitions. The absorption coefficient falls
exponentially in the visible region. With the increase in Al
content the absorption coefficient decreases slightly but for
10 and 20 at % AZO thin film it increases. In the near
Infrared region the absorption coefficient decreases with
increasing photon wavelength and remains approximately
constant at higher wavelengths. Al incorporation does not
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affect o in this region. These results imply that the optical
absorption in the visible region of the ZnO thin film can be
reduced by incorporating low amount of Al and can be
increased by incorporating higher amount of Al.

Band Gap: As a direct band gap semiconductor, ZnO has
an absorption coefficient (o) obeying the following relation
for high photon energies (hv):

ahv = A(hv — E5)*/? @

Where h is Planck’s constant, v is the frequency of the
incident photon and A is a constant that depends on the
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Fig. 5 Plot of (ahv)? vs. photon energy (hv) of AZO thin films
prepared with different Al concentration
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Fig. 6: Band gap of AZO films as a function of Al-content in the
0-20 at.% range
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electron-hole mobility. The direct band gap energy of the
deposited thin films have been obtained from the intercept
on the energy axis, after extrapolation, of the tangent to the
curve of (ahv)® vs. (hv) curve at large photon energies.
Figure 5 shows the plots of (aAv)? vs. photon energy of
AZO thin films with different Al concentrations whereas
fig. 6 shows the optical band gap variation of the AZO thin
films as a function of Al-content in the ZnO thin film.

The optical band gap of the undoped ZnQ thin film is found
to be 3.38 eV. It is observed that the band gap sharply
decreases for increase of Al-content at low concentration
(~ 0.7 at.%) and increases up to a peak value 3.49 eV for
concentration of 1.2 at.% and slowly decreases with further
increase of Al-content. This movement of the band gap may
be explained by the Burstein-Moss (BM) shift [19], an
energy band widening (blue-shift) effect resulting from the
increase of Fermi level in the conduction band of
degenerate semiconductors [20].

Refractive Index: The refractive index is an important
parameter for optical materials and applications. In
materials where an electromagnetic wave can lose its
energy during its propagation, the refractive index becomes
a complex function of the frequency of the light wave. It is
described by the following relation:

n=n(w)+ik(w) 2)

Where n is the real part and k is the imaginary part
(extinction coefficient) of the complex refractive index. We
have calculated refractive index by using the following
relation [21, 22].

_ (R AR 2
n_(l—R)-'_ (1-R)Z2 k ©)

Where k (k = aA/4r) is the extinction coefficient and R is
the reflectance. Figure 7a and 7b show the refractive index
(n) of the AZO thin films with different Al concentrations.
Refractive indices of the as deposited thin films first
increase gradually in the UV and visible region; attaining a
maximum peak (~ 4.0) at 700 nm they fall abruptly and
finally tend to be a constant at 2.0 in the near infrared
region. Incorporation of Al in the ZnO thin films shows
slight variation in the UV and visible regions. The initial
gradual increase and peak is due to the interaction that takes
place between photons and electrons. The rapid change
after peak indicates a change in the absorption energy of the
material, which depends on the surface and volume
imperfections. Constant refractive index occurs due to
successive internal reflections or due to the trapped photon
energy within the grain boundary [23].

Extinction Coefficient: Figure 8(a) and 8(b) shows the
extinction coefficient (k) spectra of the AZO thin films. The
behavior of the extinction coefficient is nearly similar to the
corresponding absorption coefficient for AZO thin films. It
is observed that, extinction coefficient falls abruptly with
the increase of wavelength in the UV region. It may be due
to the absorption of light at the grain boundaries. In the
visible region, the extinction coefficient first decreases and
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then increases for all the as deposited thin films. This
change is also due to the variation of absorbance. The
extinction coefficient decreases slightly with wavelength in
the near infrared region for all the thin films. It is also seen
that with the increase of Al content the extinction
coefficient decreases. The extinction coefficient describes
the attenuation of light in a medium and higher k value
indicates the probability of raising the electron transfer
across the mobility gap with photon energy. Therefore, the
higher values are the representation of greater attenuation of
light in a thin film.
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Fig. 7: Refractive index spectra of AZO thin films prepared with
different Al concentration

Electrical properties: From the 1-V characteristics curve
we have calculated the slope of each curve by making them
linearly fit. The inverse of the slopes give us the value of
resistances for each of the thin films. Then we calculated
the resistivity using the following equation:

p=4532t() @)

Where t is the thickness of the sample, V is the applied

voltage and | is the measured current. Then inverse of

resistivity gives the value of conductivity and expressed by
1

o= ®)
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Fig. 8: Extinction coefficient spectra of AZO thin films prepared
with different Al concentration
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Fig. 9: Conductivity of the AZO films as a function of Al-content
in the 0-20 at.% range

It is seen that by the introduction of 0.3 at % Al in ZnO, the
electrical resistivity is reduced. With further increasing of
Al up to 2.0 at % in ZnO, the resistivity increases. Then
with the increase of Al content in ZnO the resistivity starts
to decrease again and it continued to 20 at %. The
resistivity of the AZO film is related to the Al doping
concentration, intrinsic defects and various scattering
centers [20]. Figure 9 shows the conductivity of the ZnO
thin films as a function of Al content. It is seen that highly
conducting AZO film is found in the low-Al content region.
For 0.3 at % Al-doped ZnO thin film we found the highest
conductivity which is 3.04x10° Q*cm™. When a small
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amount of Al impurities were added on ZnO, they mostly
substitute Zn existing at lattice sites as donors, together
with less Al atoms present at interstitial sites. However,
when the Al content is around ~ 2.0 at.%, Al atoms in the
film results in the intra-grain congregation and/or grain-
boundary segregation forming Al-Al and AI-O clusters
(e.g. AlO, sub oxides) [20]. These Al atoms are electrically
inactive, even acting as “electron killers” with such effects
as donor passivation; thus the electron concentrations are
limited. Similar suggestions were proposed by Chen et al.
[24] and Choi et al. [25] for ZnO:Al and ZnO:Ga films,
respectively. This is an indication that in order to get highly
conducting AZO films, it is necessary to optimize the
amount of Al in ZnO.

4, Conclusion

Al-doped ZnO thin films by thermal evaporation method in
a wide range of Al - content from 0 to 20 at %. The AZO
films were systematically studied for having a
comprehensive knowledge of their behaviors. The SEM
micrographs of Al-doped ZnO thin films have a rough
surface with three dimensional island growths. Maximum
transparency 86.48% was obtained for 1.2 at % Al-doped
ZnO thin film in the near infrared region. For low Al-
content (concentration < 2.0 at %), throughout the complete
wavelength region, absorption coefficient decreases with
increase of Al content. On the other hand, for moderate Al-
concentration (> 2.0 at %), absorption coefficient slightly
increases with increase of Al-concentration. Controlling Al-
doping concentration, band gap of AZO thin film can be
tuned at a suitable desired value. The refractive index (real
part) shows slight variation with the incorporation of Al in
the ZnO thin film in the visible region but extinction
coefficient decreases with the increase of Al content in the
ZnO thin films for all Al concentration. The conductivity
also varied much for low-Al content region. Thus by
varying the Al-content, we can tune band gap and can apply
AZO thin films as front contact layer, buffer layer of thin
film solar cell.
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Abstract

Environmental Radiation and Radioactivity monitoring has become important nationally and internationally to generate baseline database.
In this study, the background radiation levels have been measured at 16 districts of Bangladesh along with the Rooppur Nuclear Power
Plant area of Pabna and the sea-beach areas of Cox’s Bazar. Calibrated beta-gamma survey meter and digital survey meter (GAMMA
SCOUT) were used for the measurement of dose level where reading was taken by placing the survey meter at a height of 1m from the
ground (gonad level). Natural background radiation is the main source of radiation for public. The observed average background radiation
dose rate of 16 districts of Bangladesh is found to be (2 + 0.66) mSvy™ (except Cox’s Bazar beach side), whereas according to UNSCEAR-
2000 the worldwide average background dose rate is 2.45 mSvy™. On the other hand, in the beach areas of Cox’s Bazar region has
contributed much higher background radiation level, where maximum background radiation level is 38.89 mSvy™. But apart from Cox’s
Bazar beach side the background radiation level is much lower in and around Cox’s Bazar town, where minimum background radiation
level is 1.40 mSvy™. So the background radiation level in Cox’s Bazar district is varied from 1.40 mSv.yto 38.89 mSv.y™. Presence of
Monazite and Zircon in the sand of the beach areas of Cox’s Bazar region has contributed such higher background radiation level.
Moreover background radiation dose level of Dhaka region for 10 years from 2006 to 2015 have been measured on monthly basis, where

no significant change has been observed even after the accident of Fukusima nuclear power plant in Japan.

Keywords: Background radiation level, beta-gamma survey meter, nuclear power plant area, base line study.

1. Introduction

Environmental Radiation and Radioactivity monitoring has
become important nationally and internationally to generate
baseline database. Naturally occurring radionuclides of
terrestrial origin are present in the earth’s crust since its
origin. All living organisms of the planet are exposed to
natural radiation, which is mainly due to the activity
concentration of primordial radionuclides **Th, *®*U and
their product of decay, in addition to the other natural
radionuclide “°K present in the earth’ crust [1]. These
primordial radionuclides have longer half-lives, that they
survived since their creation and decaying to attain the
stable state and produces ionizing radiation in various
degrees. The cosmic component, on the other hand,
originates from outer space as cosmic rays whose
contribution to the background changes mainly with
elevation and latitude. Cosmic radiation can also contribute
significantly in areas at high altitudes [2-4]. The cosmic ray
exposure becomes double for every 1500 meters above the
earth’s surface. Cosmic rays are the dominant source of
ionization in the atmosphere from an altitude of 70 km
down to around 1 km [5]. Apart from these naturally
occurring radiation in the atmosphere and terrestrial
sources, it has been reported and proven that human
activities such as those due to the quest for technological
advancement and comfort application, have gradually led to
the increase of background ionizing radiation and even in
some cases, much above recommended tolerable level [6].
Again human activities have led to the depletion of the
ozone layer, increased the cosmic rays reaching the earth’s
surface and thereby affect the background radiation [7].
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The natural or artificial radioactive nuclides that are present
in the environment, constitute the background radiation
level. Background radiation is the main source of radiation
exposure for human beings. Natural background radiation
contributes significantly (about 80%) to the annual effective
dose received by the general population [1, 8]. There are
few regions in the world, which are known for high
background radiation areas (HBRAS), are due to the local
geological and geochemical effects and cause enhanced
levels of terrestrial radiation [1, 4]. Selected pockets of
Brazil, China and India are reported under the grip of high
background radiation [9]. Presence of monazite sand along
the beaches of these regions, among other factors, has
contributed to these dreaded radiations [10]. In most places
on the earth, the natural radioactivity varies only within
narrow limits, but in some places there are wide deviations
from normal levels because of abnormally high levels of
radioactive minerals. Excessive and prolonged exposure of
live to radioactive elements however, have a general
deteriorating side effect on health. So we can say, we all are
in the midst of a radiation environment, however low it may
be, and it is not possible to avoid radiation exposure from
natural sources altogether. All what is needed and is
possible is to be conscious of this fact with a constant
endeavor to control the radiation from man-made sources to
levels as low as is reasonably achievable.

In Bangladesh, to fulfill the increasing demand of
electricity throughout the country there is no alternative of
Nuclear Power Reactor. For the protection of population
from nuclear hazards it is essential to know the base line
data of environmental radiation and radioactivity. It is also
regulatory prerequisite for the installation and operation of
Nuclear Power Reactor. Therefore, the measurement of
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natural background radiation is the most important and
immediate concern to the general population.

For this study, the natural background radiation levels were
measured at 16 districts of Bangladesh along with the
Rooppur Nuclear Power Plant area of Pabna and the sea-
beach areas of Cox’s Bazar during the period from 2000 to
2015. Moreover background radiation dose level in and
around Dhaka city for 10 years from 2006 to 2015 have
been measured on monthly basis.

2. Materials and Method

The natural background radiation levels were measured at
16 districts of Bangladesh. Geiger-Muller based micro-
Roentgen survey meter and digital survey meter (GAMMA
SCOUT ) were used for dose level measurements which are
based on instantaneous techniques and we have employed
this technique due to their versatility in the field work.
Reading was taken by placing the survey meter at a height
of 1 m from the ground. For Geiger-Muller based micro-
Roentgen survey meter, the reading in pR/h were converted
to nGy/h using the conversion factor of 8.7 nGy/pR (from
the definition of Roentgen). The absorbed doses in nGy/h
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were further converted to annual effective doses (AED) in
mSv/y by using the following formula:

AED (mSv/y) = Doy X T X OF x CC

Where, Dy is outdoor absorbed dose rate; T is time in
hour for one year (8760 h); OF is the Occupancy Factor of
0.2 for the outdoor exposure and CC is the Conversion
Coefficient, which is 0.7 Sv/Gy [1].

3. Results and Discussion

The overall annual average values of natural background
radiation measured in different areas of Bangladesh are
found to be lower than other areas of the world according to
table-1. Total annual effective dose from natural radiation
sources to Bangladeshi population is found to be (2 + 0.66)
mSv/y in comparison to the global value of 2.455 mSvly
[1]. Slightly higher background radiation dose levels are
found in Dinajpur, Rangpur area which may be due to
presence of hard rock i.e. basement rock at shallow depth.
Slightly higher reading are also found in and around Sylhet
area which may be due to contribution of uranium bearing
sandstone. It may be noted that the background radiation
are almost same for most of the areas of Bangladesh.

Table 1: Measurement of background radiation dose level in different location of Bangladesh

Location Position Average Backgroud Radiation Dose (mSv/y)
Dhaka 23°42'37.44"N 90%24'26.78"E 2.00 +0.47
Tangail 24°14'59.42"N 89°54'59.58"E 1.75+0.38
Barisal 22°42'17.89"N 90%22'12.47"E 2.14+0.24
Patuakhali 22°27'50.19"N 90°2028.36"E 2.10 £0.26
Conmilla 23%27'42.7"N 91°11'6.11"E 1.18 £0.42
Rangamati 22°39"26.46"N 92°1023.77"E 2.10+0.34
Chittagong 22°20'18.24"N 91°49'54.05"E 1.73+0.48
Rangpur 25%44'47.9"N 89°15'5.98"E 3.17 +0.57
Mymenshing 24°45'22.9"N 90°24'23.26"E 1.75 £0.43
Pabna (Rooppur) 24°023.18"N 89°14'13.92"E 1.47 £0.36
Rajshahi 24%22"26.4"N 88%36'4.1"E 1.80+0.18
Dinajpur 25°37'38.82"N 88°38'16.04"E 3.40 +0.47
Sylhet 24%53'56.54"N 91%52'19.13"E 2.74+0.60
Jamalpur 24%55'10.74"N 89°56'53.23"E 1.27+0.51
Kushtia 23°54'10.08"N 89°7'9.95"E 1.36 £0.34

In most places on the earth, the natural radioactivity varies
only within narrow limits, but in some places there are wide
deviations from normal levels because of abnormally high
levels of radioactive minerals, such as monazites and
zircons. From the table 2, in the beach areas of Cox’s Bazar
region has contributed much higher background radiation
level, where maximum background radiation level is 38.89
mSvy™’. But apart from Cox’s Bazar beach side the

background radiation level is much lower in and around
Cox’s Bazar town, where minimum background radiation
level is 1.40 mSvy™. So the background radiation level in
Cox’s Bazar district is varied from 1.40 mSvy™ to 38.89
mSvy™. Presence of Monazite and Zircon in the sand of the
beach areas of Cox’s Bazar region has contributed such
higher background radiation level.
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Table 2: Minimum and maximum background radiation
dose level in different location of Cox’s Bazar district

Location Position Backgroud radiation dose
level (mSv/y)
Minimum Maximum
Cox’s 21%27'13.97"  91°58'3.54" 1.40 38.89
Bazar N E

Beach sands are mineral deposits formed through
weathering and erosion of either igneous or metamorphic
rocks. Among the rock constituent minerals are some
natural radionuclides that contribute to ionizing radiation
exposure on Earth. GB3 (Beach placer deposits around the
world are known for their economic concentrations of
heavy minerals such as monazite, zircon, ilmenite, rutile,
garnet and sillimanite. Those enriched in radioactive
minerals are of special interest for their use in nuclear
industry [11, 12], and potential for environmental hazard
engendered from natural radiation [12-14].

Table 3: The gamma dose rates in air of the Cox’s Bazar
District are compared with the values reported from other
parts of the world and the World average

Area, Minimum Maximum Refference
Country dose dose
(mGyly) (mGyly)
Cox’s Bazar, 1.40 38.89 Present
Bangladesh (Beach Area) study
Ramsar, Iran - 149 [1]
Ramsar, Iran 0.61 260 [15]
Kerala, India 1.75 35 [1]
Guarapari, 0.79 789 [1]
Brazil
World 0.16 0.82 [1]
Average

From table 3, the areas in Iran, India and Brazil are all due
to local geologic and geochemical effects, giving rise to
very high and very localized radiation exposure.
UNSCEAR (2000) reports maximum dose rates of
Guarapari, Brazil of 789 mGy/y on beaches of monazite
sands [15]. The background radiation levels in different
areas of Bangladesh are shown in fig. 1.

Background radiation dose level in and around Dhaka City
for 10 years from 2006 to 2015 have been measured on
monthly basis is shown in bar diagram of fig. 2, where no
significant change has been observed even after the
accident of Fukusima nuclear power plant in Japan.
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Fig. 1 Background Radiation Levels in different areas of Bangladesh
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Fig. 2 Background Radiation Level in Dhaka City of Ten Years

4. Conclusion

From this study, the observed average background radiation
dose rate of 16 districts of Bangladesh is found to be (2 +
0.66) mSvy™ (except Cox’s Bazar beach side). According to
UNSCEAR-2000 the worldwide average background dose
rate is 2.45 mSvy™. Moreover background radiation dose
level of Dhaka region for 10 years from 2006 to 2015 have
been measured on monthly basis, where no significant
change has been observed even after the accident of
Fukusima nuclear power plant in Japan. So these data could
be taken as a baseline data. There is a need for continuous
environmental monitoring program in order to determine
any change due to artificial radioactivity releasing from the
nuclear installation in case of incident/ accident. In future,
multi method approach for more accuracy and comparison
of results can be adopted.
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Abstract

Uranium concentrations in water, soil and stones collected from six different locations of Sherpur District, Bangladesh, were determined by
adsorptive cathodic stripping (ACS) voltammetric technique. The technique is based on the adsorptive accumulation of the uranium(V1)-
chloranilic acid (CA) complex onto a hanging mercury drop electrode, followed by reduction of the complex by cathodic voltammetric
scan using differential pulse modulation. The set optimum experimental conditions were of pH value 2.5, CA concentration ~ 1.95 x 10
M, deposition potential + 90 mV, deposition time 120 s, scanned potential ranges — 35 mV to — 150 mV, pulse amplitude 25 mV and scan
rate 2 mV/s. Solution of 0.02M KNO; was used as electrolyte and EDTA of concentration ~ 1.95 x 10° M was used to reduce the
interferences of unwanted metal ions. 200 pl and 100 ul volumes of soil and stone digested samples in the investigation cell downed to 52-
and 103-fold dilutions facilitated to determine uranium concentrations in trace element levels. The concentrations were found in ppb level.
For example, 3.8 and 5.3 ppb values were obtained for a soil and a stone sample, respectively. For a water sample, 10.3 ppb value was
obtained. The range of the calculated values of uranium concentrations in water, soil and stones were found to be 8.9-16.4 ppb, 16.3-31.7

ppm and 19.2-161.6 ppm, respectively.

Keywords: Uranium, water, soil, sand, stone, U(VI1)-CA complex, adsorptive accumulation.

1. Introduction

Uranium is a naturally occurring radioactive element that
exists in the form of isotopes with the quantity of U%®
(99.27%), U*® (0.72%) and U?* (0.01%). The sources of
uranium are generally rock, stone, soil, sand and water. A
great amount of uranium is extracting from its source mine
every year. It has been used industrially as a nuclear fuel for
more than fifty years and has a great potential to be used for
many years in the future. World reactor related uranium
demands are projected to be as high as 122000 tons by 2035
[1]. Thus, uranium is considered to be one of the significant
commercial items of the world energy market. However, as
a deadly toxic element its exploration, extraction and
utilization  involve  sophisticated technologies and
techniques.

Air, soil, vegetations, aquatic media and the ecosystem can
be contaminated by the uranium released from different
sources. The effluent of nuclear industries, nuclear waste
disposal sites, leached uranium from uranium rich matrices,
dispersed uranium from the mining and processing sites,
nuclear accident and lastly from the egoistic blasting of
nuclear weapons and dirty bombs can be considered as the
main sources of uranium contamination. Human body being
contaminated by uranium severely suffers from uranium
toxicity [2]. Ingestion, i.e., eating and drinking stuffs, is
considered to be the main route among other ways of
uranium intake by human. Thus, monitoring of uranium up
to trace level is very important. Conversely, extraction of
uranium for industrial application, obviously with
maximum caution, is indispensable too. Therefore,
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extensive researches are being carried out worldwide on the
environmental monitoring and concurrently searching
deposits of uranium in its probable media for extraction [1].

It has been known that some areas of Bangladesh are
moderately rich in uranium. A number of drives have also
been given to quantify uranium in different matrices of
different locations of Bangladesh [3-5]. It is well
documented that India has a big uranium deposit at its West
Khasi Hills in Meghalaya District which is adjacent to the
northern part of Bangladesh. Almost alike geological
structure of the northern part of Bangladesh with that of
Meghalaya District, provides good indication of having
uranium deposits at the northern areas of Bangladesh. With
a view to find out the facts and concurrently to achieve a
database, and also keeping in mind the high commercial
values of uranium, plan has been taken to search uranium in
different locations of Bangladesh as well as to quantify
uranium concentrations in different matrices such as water,
beach sand, soil, rock and stones [4, 5].

Uranium can be determined through various techniques.
But, determination of uranium in trace level by
electrochemical means is an innovative technology. High
sensitive voltammetric techniques such as various forms of
stripping voltammetry are reported to be able to quantify
uranium with relatively simple and less expensive way [6,
7]. Among stripping voltammetry, the adsorptive stripping
voltammetry (ASV) is reported to be a powerful technique
for trace uranium analysis [7]. In this technique, uranium is
pre-concentrated on to the surface of a fresh mercury drop
at a fixed potential by adsoroption and then it is allowed for
measurements between the chosen potential regions through
decomposition. To minimize the bad impact of other
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electroactive species, when they are remarkably present in
the sample, and concurrently to enhance the efficiency of
the technique, nowadays various complex forming organic
ligands are utilized too. Among them catechol [8], oxine
and cupferron [9], aluminon [10], pyromellitic acid [11],
thioglycolic acid [12] and chloranilic acid (CA) [5, 13-17]
are extensively investigated. In case of CA, at an optimum
experimental condition, its adsorption range of potential
onto a mercury drop and the mechanism of formation of
U(VI)-CA complex are almost clear [5, 13, 17]. The
limiting concentration of uranium to be determined by
using CA is also anticipated [5, 17]. These valuable
findings and information enable one to apply its relatively
selective accumulation at potentials where usual nonionic
organic contaminants and all other metal-CA complexes are
hardly adsorbed [5, 17].

The present study attempts to determine uranium in water,
soil and stones of different locations of the Sherpur District,
Bangladesh. This district is situated near the border of India
and not too far from the uranium deposit of West Khasi
Hills present in the Meghalaya District of India. Almost
alike geological formation of Meghalaya and Sherpur may
be a fact of having uranium deposits in this part of
Bangladesh. The chosen method is the cathodic adsorptive
stripping voltammetry (CASV) which seems to be a user
friendly technology for trace uranium determination in such
matrices.

2. Materials and Method
2.1 Sampling location and sample collection

Fig. 1 shows the sampling locations are Poragaon,
Kakrakandi, Bheula, Garjaripa, Jhenaigati and Dhansail, as
marked by circles, which situated in the north part of
Sherpur District, Bangladesh. Water, soil and stone samples
were collected from these places.
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Fig. 1 Sampling locations: Kakrakandi, Garjaripa, Bheula,
Poragaon, Jhenaigati and Dhansail (marked by circles) of Sherpur
District, Bangladesh
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Water samples included surface and underground water
were collected in acid washed polythene bottles. Each
sample (~ 500ml) was immediately acidified by adding 100
ul of IM HNO;. Soil samples were collected from around
one feet depth of surface. Stone samples were collected
from the earth surface of hilly areas. Both the soil and stone
samples were collected in clean polythene bags with
adequate precautions.

2.2 Chemicals

All the chemicals used were of analytical reagent grade
and/or suprapur. Distilled water was used to prepare the
reagent solutions and for rinsing the glass wares and the
three-electrode cell system. 1000 ppm uranium standard
solution acidified with 1M HNO; of volume 100 ml was
prepared by dissolving Uranyl Nitrate [UO»(NO3),.6H,0]
(May and Baker Ltd., Dagenham, England). 100 ml 0.01M
Chloranilic acid (CA) (Alpha Aesar, USA) solution, 100 mi
0.01M EDTA solution (Merck, India), 250 ml 0.2M KNO;
solution (Merck, India), 100 ml 1M HNO; (Merck, India),
250 ml 5M HNOgz, 250 ml 2M HF (BDH), 250 ml 2M
HCIO, (Merck, India) and 100 ml 1M NaOH (BDH) were
duly prepared.

2.3 Sample preparation
2.3.1 Water sample preparation

For the adsorption accumulation studies of uranium, each
water sample was made ready by filtering through filter
paper of porosity 0.45 um. It was done to separate any
plotting and particulate materials. Then the pH value was
adjusted to 2.5 by adding 1M HNO; drop wise.

2.3.2 Soil sample preparation

Each soil sample was oven dried to a constant weight at 333
K. Then about 1.0 g of soil was taken into a
perfluoroalkoxy polymer container and reacted with 2 ml
2M HF and 3 ml 5M HNO; for a 12 h. After then, the
container with the generated mass was placed in a
microwave pressure vessel. There 10 ml 5M HNO3z:2M
HCIO, (4:1v/v) was added with it and digested at 180°C for
10 minutes. After cooling, the produced solution was
filtered through a 0.45 uM syringe and diluted to 100 ml by
adding water. But, before adjusting this volume, pH value
of the solution was adjusted to 2.5 by adding 1M NaOH
drop wise and stirring.

2.3.3 Stone sample preparation

Each stone sample as collected was crushed and then
grinded to powder in a PTFE mortar. Powder was then oven
dried at 333 K to a constant weight. After that, around 0.5 g
powder was subjected to acid treatment and successively
followed microwave digestion. The procedure was identical
to that applied for soil sample as described in the sub-
section 2.3.2. The sample volume and sample pH were kept
to 100 ml and 2.5, respectively.

2.4 Apparatus

Uranium concentration determination was carried out by
using Princeton Applied Research (PAR) model 174A
polarographic analyzer. PAR 303 hanging mercury drop
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electrode (HMDE) was used as the working electrode, i.e.,
electrode for adsorption and desorption of uranium,
Ag/AgCI as the reference electrode and a platinum wire as
the counter electrode. An XY recorder of model RE0089
was used for sketching the voltammograms [current (i) vs.
potential relationships (c)] of the reduction of U(VI)-CA
complex. A magnetic stirrer of Model 305 was used for the
mixing of the sample and added uranium standard with the
electrolyte solutions in the cell sample cup. A Metrohom
692 digital pH meter was used for the pH measurement.

2.5 Analytical Procedure

2.5.1 Understanding the feature of U(VI)-CA complex
reduction peak current (i) vs. uranium concentration (c) for
blank solution and uranium standards

At first 25 ml 0.02 M KNO; electrolyte solution was
prepared from 0.2 M KNOj; solution by dilution. Then 0.5
ml CA and 50 ul EDTA solutions were added with it and
mixed. The pH value of this mixture was adjusted to 2.5 by
adding 1M HNO; drop wise and stirring. As a result, a
mixture of volume around 25.6 ml became ready. In the
mixture, the concentrations of CA and EDTA downed to
1.95 x 10 M and 1.95 x 10®° M, respectively. Then 10 ml
mixture was pipetted into the cell cup and set it to the three-
electrode cell system of the voltammetric analyzer. The
mixture was then deaerated with nitrogen for 10 minutes
under stirring. The stirrer was then switched off and for
stripping analysis deposition potential was set to + 90 mV.
After then on a fresh mercury drop, the accumulation of
CA, and concurrently U(VI)-CA complex if any trace
uranium is present in the mixture, was continued for 120 s
under stirring condition. Following the accumulation step,
stirring was stopped and after a quiescent period of 30 s a
negative potential scan i.e., cathodic stripping was made
using differential pulse modulation at a scan rate of 2 mV/s
with pulse amplitude of 25 mV in the scanning potential
range from-35 mV t0-150 mV. As a result, a
voltammogram (current vs. potential curve) for the blank
mixture is obtained through the XY recorder. Then 10 pl
uranium standard solution of concentration 10 ppm was
added to the cell cup. This standard was made from 1000
ppm uranium standard solution by dilution. So, the uranium
standard addition became to 10 ppb. The mixture was then
stirred for 5 minutes and stopped. Thereafter, successively
setting up the deposition potential, by producing a fresh
mercury drop, completing of accumulation, setting up
scanning potential range and starting scanning a
voltammogram for the U(VI)-CA complex reduction peak
current (i) vs. uranium concentration (c) for the first
standard addition was obtained. In such a way five
consecutive uranium standard additions (10, 20, 30, 40 and
50 ppb) were carried out with a view to obtain i vs. ¢ feature
of U(VI)-CA complex.

2.5.2 Behavior of U(VI)-CA complex reduction peak
current (i) vs. uranium concentration (c) for the water
samples

In case of water samples, 10 ml water was pipetted into the
cell cup and set it to the three-electrode cell system of the
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voltammetric analyzer. After then 0.2 ml CA and 20 ul
EDTA solutions were added with it. After that all the
successive steps starting from deaeriation to sketching
voltammogram as carried out for the blank solution were
followed and the U(VI)-CA reduction peak for the
unknown uranium present in the water sample was
obtained. Thereafter, uranium standard addition was
continued for three times (10 ppb, 15 ppb and 20 ppb).
From the i vs. ¢ relationships of the U(VI)-CA reduction
peaks, the amount of uranium present in the water in ppb
level was obtained. Using this value, uranium contained in
10.22 ml mixture present in the cell cup, at the zero
addition level, was found out. This amount of uranium is
the uranium present in the 10 ml water sample. From it
uranium present per liter water was calculated.

2.5.3 Behavior of U(VI)-CA complex reduction peak
current (i) vs. uranium concentration (c) for soil samples

In case of soil samples, 10 ml 0.02 M KNO; electrolyte
solution of pH 2.5 was taken in the cell cup and set to the
cell of the analyzer. Then 0.2 ml CA, 20 ul EDTA and 200
ul soil sample solutions were added with it. After that by
adopting earlier procedure, voltammograms of U(VI)-CA
reduction peak for the unknown uranium and three
successive uranium standard additions (10 ppb, 20 ppb and
30 ppb) were obtained. The i vs. ¢ relationships of the
U(VI)-CA reduction peaks cleared about the amount of
uranium present in the added sample in ppb level. Using
this value, uranium contained in 10.42 ml solution present
in the cell cup, at the zero addition level, was found out.
This amount of uranium is the uranium present in the 200 ul
soil sample. From this value uranium present in 100 ml
sample was calculated. This amount of uranium is present
in the digested amount of soil. Using this value, the amount
of uranium present per Kg soil was obtained.

2.5.4 Behavior of U(VI)-CA complex reduction peak
current (i) vs. uranium concentration (c) for stone samples

In case of stone samples, 10 ml 0.02 M KNOj; electrolyte
solution of pH 2.5 was taken in the cell cup and set to the
cell of the analyzer. Then 0.2 ml CA, 20 ul EDTA and 100
ul stone sample solutions were added with it
Voltammograms for the unknown sample and three
successive uranium standard additions (10 ppb, 20 ppb and
30 ppb) were sketched. From the i vs. ¢ relationships of the
U(VI)-CA reduction peaks, the amount of uranium in ppb
level was obtained. Using this value uranium contained in
10.32 ml solution present in the cell cup, at the zero
addition level, was found out. This amount of uranium is
the uranium present in the 100 pl stone digested solution.
By using this value, the amount of uranium present in the
digested amount of stone and then uranium present per Kg
stone was obtained.

3. Results and Discussion

Fig. 2 shows the adsorptive cathodic stripping (ACS)
voltammograms obtained for the U(VI)-CA complex
reduction at different uranium concentrations. It can be seen
that a well defined U(VI)-CA complex reduction peak is
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appeared in between the potential range of — 55 mV to —
125 mV. Reduction peak current value (i) gradually
increased with increasing the concentrations of uranium (c).
The inset Fig. 2(a) shows the i vs. c relationships of the
U(VI)-CA complex reduction. It can be seen that the
relationships show linearity up to 42 ppb added uranium
with R? value of 0.996 beyond which a clear non-linearity
is appeared. This is a long linearity range and seems will
allow the method to be used to measure unknown sample
having appreciable amount of uranium in trace level.

Linearity up to 30 ppb uranium with R? value of 0.99 and
up to 50 ppb uranium with R? value of 0.89 was reported by
the authors [15]. The method was used to quantify uranium
in the lichen sample. Nevertheless, present study informs
that 42 ppb is the limiting uranium concentration to be
present in the investigated solution to avoid experimental
inaccuracy. This value is equal to the value of the total
uranium present in an unknown sample plus added uranium
standard. The inset Fig. 2(b) shows the enlarge version of
the fraction of the (i) vs. (potential, mV) relationships
obtained for the blank solution. The appearance of a very
small peak hump is indicating that the used water,
electrolyte, reagents and ligands are almost free from
uranium contamination. It is signifying that without any
major interruption effect, the mixture of the set electrolyte,
reagents and ligands to be applied to quantify uranium
concentrations in the targeted samples in trace level.

Fig. 3 shows the ACS voltammograms of the U(VI)-CA
complex for a water sample with 10 ppb, 15 ppb and 20 ppb
uranium standard additions. It may be seen that a smooth
and a well defined voltammogram with a reduction peak is
appeared for the water sample. The peak appeared at the
potential of — 90 mV as that obtained for the reduction peak
of uranium(VI)-CA complex when 10 ppb uranium
standard was added in the mixture solution as shown in
Figure 2. It indicates that the water sample consists of
uranium.

The inset Fig. 3 shows the i vs. ¢ relationships of the U(VI)-
CA complex reduction. It may be seen that i vs. ¢ shows a
linear relationship which passes through the i line (Y-axis)
and touches the c¢ line (X-axis) at the concentration of 10.3
ppb. It means that 10 ml water sample consists of 105.27 ng
uranium (solution volume in the cell cup was 10.22 ml).
Therefore, 10.53 pg of uranium is present in one liter of
water. In such a way, uranium concentrations in 36 water
samples were determined. The obtained uranium
concentration values are presented in the Table 1. It may be
seen that the values lies in between 8.9-16.4 ppb. For
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drinking water, the permissible intake level of uranium is
very low. As for example, United States Environmental
Protection Agency (EPA) suggests maximum uranium
contaminant level of 30 ppb [18] and the World Health
Organization (WHO) harshly recommended the level of 15
ppb only [19]. At around 20% cases, the presently obtained
values are higher than the recommended value of WHO
[19]. The peoples living in this area are directly drinking
this water and using it for their cooking and daily works. It
seems that uranium concentrations in water of those areas
are not so alarming yet.

Fig. 4 shows the ACS voltammograms of the U(VI)-CA
complex for a soil digested sample of volume 200 pl with
10 ppb, 20 ppb and 30 ppb uranium standard additions. The
amount of soil sample taken for the microwave digestions is
listed in the Table 1. It is notable that the amounts were
fixed up by carrying out a series of ACS analysis on the
reduction behavior of the U(VI)-CA complex. It can be
seen that a smooth and a well defined voltammogram with a
reduction peak is appeared for the sample. The appearance
of such a smooth peak is obviously the positive effect of
appropriate dilution of the sample (1:52 fold) and the use of
masking agent EDTA. However, the appearance of the
U(VI)-CA reduction peak informs that the added soil
digested sample consists of uranium. With increasing
uranium concentration, increase in peak current behavior is
analogous to that observed for the blank sample (Fig. 2) and
water sample (Fig. 3).

The inset Fig. 4 shows the i vs. ¢ relationships of the U(VI)-
CA complex. The linear line of the i vs. ¢ touches the
uranium concentration line (X-axis) at the concentration of
3.8 ppb. It means that 200 ul soil digested sample consists
of 39.59 ng uranium (volume in the cell cup is 10.42 ml).
Amount of uranium in 100 ml prepared sample is 19.79 ug.
This amount of uranium is present in 0.9016 g of soil which
corresponds to 21.95 mg uranium/Kg soil i.e. 21.96 ppm
uranium in the soil. Table 1 summarizes the uranium
content found in the soil samples collected from different
locations. It may be seen that the obtained values lie in
between 16.3-31.7 ppm. At around 5% cases, the presently
obtained values are higher than 30 ppm. Actually, there are
no guidelines of EPA or WHO for the safe level of uranium
in soil as that provided for water. Canadian Council of
Ministers of the Environment (CCME) has a published
guideline on the safe level of uranium in soil [20].
According to this guide line, it seems that uranium
concentrations present in the soils of the investigated areas
are not so alarming.

Table 1: Data for the amount of digested soils and stones, volumes of sample prepared, volumes of sample taken and added
and the concentrations of uranium obtained in water, soil and stones collected from the different locations of Sherpur District,

Bangladesh
Sample Number of Weight of digested Sample volume Added sample Uranium concentration  Uranium concentration
name samples studied sample (g) made (ml) volume (ul) Hg/L (ppb) mg/Kg (ppm)
Water 36 - 25.0 10 x 10° 8.9-16.4
Soil 30 0.9016 - 1.0013 100 200 - 16.3-31.7
Stone 30 0.5026 - 0.5221 100 100 - 19.2 - 161.6
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Fig. 2. ACS voltammograms of the U(VI)-CA reduction during
uranium standard additions (0, 10, 20, 30, 40, 50 and 60 ppb) [pH
2.5,0.02 M KNOj electrolyte, 1.95 x 10* M CA and 1.95 x 10°
M EDTA]. Inset Figures: (a) U(VI)-CA reduction peak current (i)
and uranium concentration (c) relationships and (b) (i) vs.
(potential) relationships for the blank solution
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Fig. 3 ACS voltammograms of the U(VI)-CA reduction for a
water sample with 10, 15 and 20 ppb uranium standard additions
[pH 2.5, 0.02 M KNO; electrolyte, 1.96 x 10* M CA and 1.96 x
10° M EDTAY. Inset Fig.: Relationships between the U(VI)-CA
reduction peak current (i) and concentration of uranium (c)

Fig. 5 shows the ACS voltammograms of the U(VI)-CA
complex for 100 pl stone digested sample with three
successive uranium standard addition (10, 20 and 30 ppb).
The amounts of stone powder taken for the microwave
digestions are enclosed in the Table 1. These amounts were
fixed up by carrying out a series of ACS analysis on the
reduction behavior of the U(VI)-CA complex. The purpose
of series of analysis was to optimize the least volume of
digested sample need to be added to 10 ml mixture of
electrolyte and ligand to obtain around 10 ppb uranium
concentration i.e. trace level uranium. The second purpose
was to minimize as possible as the unwanted effect of other
metal ions present in the sample on the desired U(VI)-CA
complex. It was observed that the optimized condition (pH
2.5, CA concentration 1.95 x 10* M and EDTA of
concentration 1.95 x 10> M) was enabled in suppressing the
side effect of foreign materials on the U(VI)-CA complex.
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Such a benefit was also achieved by the authors [8, 9] to
inactivate unwanted metal ions such as Cu(ll), Fe(lll),
Mn(11), Zn(I1) and Pb(Il) present in digested sample.
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Fig. 4 ACS voltammograms of the U(VI)-CA reduction for a soil
sample with 10, 20 and 30 ppb uranium standard additions [pH
2.5, 0.02 M KNOjs electrolyte, 1.92 x 10* M CA and 1.92 x 107
M EDTA]. Inset Fig.: Relationships between the U(VI)-CA
reduction peak current (i) and concentration of uranium (c)
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Fig. 5 ACS voltammograms of the U(VI)-CA reduction for a
stone digested sample with three successive uranium standard
additions (10, 20 and 30 ppb) [pH 2.5, 0.02M KNO; electrolyte,
1.94 x 10* M CA and 1.94 x 10° M EDTA]. Inset Fig.:
Relationships between the U(V1)-CA reduction peak current (i)
and concentration of uranium (c)

From the Fig. 5, it can be seen that a well defined
voltammogram with a reduction peak is appeared for the
unknown stone digested sample. The appearance of smooth
peak is obviously the positive effect of appropriate dilution
(1:103 fold) of the digested sample solution and the use of
EDTA [8, 9]. The peak appeared at the potential of — 89
mV which can be taken equal to the potential — 90 mV
obtained for the reduction peak of uranium(VI)-CA
complex when 10 ppb uranium standard was added with the
blank solution as shown in Fig. 2. It may be taken as an
indication that the stone digested sample consists of
uranium.
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The inset Fig. 5 shows the i vs. ¢ relationships of the U(VI)-
CA complex. Linear line of the i vs. ¢ touches the uranium
concentration axis (X-axis) at the concentration of 5.3 ppb.
It means that 100 ul stone digested sample consists of 54.69
ng uranium (volume in the cell cup is 10.32 ml). So,
amount of uranium in 100 ml prepared sample is 54.69 ng.
This amount of uranium is present in 0.5221 g of stone
which corresponds to 104.75 mg uranium/Kg stone i.e.
104.75 ppm.

Table 1 summarizes the uranium content found in the stone
samples collected from different locations. It may be seen
that the obtained values lie in between 19.2 - 161.6 ppm. At
around 9% cases, the presently obtained values are higher
than 150 ppm. Although, this concentration is not
economically viable to extract uranium from these stones
but it requires an extensive study to find out the uranium
crust layer if any to understand the leaching property and to
estimate uranium abundances. It is noteworthy to mention
here that the long-term retention of the high content of
uranium as observed in the soil and stone of some
investigated areas may experience a radiation risk in the
human health living in those areas in near future [2].
Therefore, monitoring, i.e., uranium quantification,
radiation dose estimation and activity regarding radioactive
remediation seems to be essential.

4. Conclusion

The present study demonstrates that CAS voltammetric
determination of uranium based on accumulation of the
U(VI)-CA complex can be used to quantify uranium
concentrations in water, soil and uranium rich stones by
measuring uranium in trace level as selected. It seems that
the adopted experimental optimum conditions are quite
suitable to minimize the interferences of other metal-ions
present in water and especially soil and stones during
uranium determination. The method is not complex and
highly selective. Success of this study seems to be opened a
new scope to enhance the uranium exploration and
quantification studies at various geographical locations of
Bangladesh. However, more investigations are needed to be
carried out because soil and stones of different locations of
Bangladesh may contain different elemental compositions
and may impart different complexities in the measurements.
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Abstract

The present study investigates the distribution and contamination of trace elements in core sediments collected from 3 locations of the
Karnaphuli river. Total concentrations of 15 major and trace elements (Na, Al, K, Sc, Ti, V, Cr, Mn, Fe, Co, Zn, As, Rb, Th and U) were
determined in sediments of the Karnaphuli river by neutron activation analysis (NAA) method. When compared with upper continental
crustal (UCC) values, it is observed that mean concentrations of Al, Ti, V, Zn, Rb and that most of the cores show elevated values. In this
study, pollution level of pollutants in core sediments evaluated by different pollution indices suggests that recent pollution level of the
sediments is higher than the previous levels. This study will be helpful to quantify levels of trace elements pollution, to identify their

tentative sources as well as to mitigate future pollution risks of the river.

Keywords: Trace element, core sediments, neutron activation analysis, Karnaphuli river

1. Introduction

Sediments are important carriers of trace elements in the
hydrological cycle. Since trace elements are partitioned
with the surrounding waters, they reflect the quality of an
aquatic system. Moreover, sediments play a major role in
determining pollution pattern of aquatic systems [1, 2],
reflecting the history of pollutants deposition and providing
a record of catchment inputs into aquatic ecosystems [3, 4].
Therefore, by analyzing sediments, it is possible to
determine the provenance, distribution and possible hazards
of element contaminations in the river system [5-7]. The
concentration of trace elements in sediments are varied
according to the rate of particle sedimentation, the rate of
heavy metals deposition, the particle size and the presence
or absence of organic matter in the sediments.

Environmental research using nuclear techniques for the
determination of trace and ultra-trace element pollutions
has a great potential in relation to human health. Generally,
different analytical techniques have been extensively
employed for elemental pollution monitoring of sediments
like atomic absorption spectrometry, inductively coupled
plasma optical emission spectrometry, and inductively
coupled plasma mass spectrometry. These chemical
methods involve digestion of the samples. There are also
some other methods that use only finely grinded
homogenized powder samples without further chemical
treatments [8]. Neutron activation analysis (NAA) is one of
them. NAA is a specific and accurate analytical technique
due to its high sensitivity and multi-element determination
nature [9, 10], recently classified as a primary ratio method
by metrology [11].

The increasing urbanization and industrialization of
Bangladesh have negative implications in river sediment
and water quality. The Karnaphuli is the principal river of
the Chattogram region. A water treatment plant has been set
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up by Chattogram Port Authority to source water from the
Karnaphuli river for its uses. The plant will make the port
self-reliant in its water needs. Like many rivers in
Bangladesh, Karnaphuli is heavily polluted by agricultural
runoff and industrial effluents. Although some studies on
spatial metal distributions of the Karnaphuli river have been
carried out [12, 13], but core sediment analysis of this river
is rare. Therefore, in this study an attempt has been taken to
investigate the concentration and distribution of major and
trace elements in core sediments of the Karnaphuli river
using NAA technique. This study also assesses the depth-
wise elemental pollution status of the river by calculating
different environmental pollution indices.

2. Experimental Details
2.1 Study area and sample collection

The Karnaphuli river is located (22 ©12 33" N to
91°48 '54°'E) in the southeastern region of Bangladesh.
Karnaphuli river is the major watercourse of the
Chattogram region of Bangladesh. Rising in the Mizo Hills
of Mizoram state, northeastern India, flows about 270 km
south and southwest through the southeastern arm of
Bangladesh to empty into the Bay of Bengal, 19 km below
the city of Chittagong. Three core sediment samples were
collected from 3 locations of the Karnaphuli river (Core-1:
22°371"'N and 91°88°'6"'E, Core-2: 22°35'3"’N and
91°87 '8"'E, Core-3:22°352"N and 91°86'9 "'E). The
sediment samples were collected using an acrylic pipe
sampler during ebbs. Each core sample was sliced into 5 cm
interval (for example, K-1.1=surface (0-5cm), K-1.2=5-10
cm, K-1.3=10-15 cm etc.) to study depth-wise distribution
of trace elements in the cores and each sediment slice was
stored in cleaned polyethylene bag. The length of core-1
was 60 cm whereas core-2 and core-3 were 70 cm.

2.2 Sample preparation

The aggregates and organic species from the sediment
samples were removed and dried at about 50°C in an
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electric oven in the laboratory to obtain constant weight.
The dried samples were then ground into small grain size
and homogeneously mixed using anagate mortar and pestle.
The homogenous powdered samples were sieved and stored
in labeled glass bottles as stock samples for elemental
analyses.

2.3 Sample irradiation and analysis

Approximately 50 mg of each dried powder sample was
weighed in polyethylene bag and heat sealed. For relative
standardization approach of instrumental neutron activation
analysis (INAA), two certified reference materials (CRMs)
from International Atomic Energy Agency (IAEA): IAEA-
Soil-7 and IAEA-SL-1 (Lake Sediment) and one standard
reference material NIST-1633b along with the sediment
samples were analyzed in this study. IAEA-Soil-7 was used
as the standard, while IAEA-SL-1 and NIST-1633b were
used as the control samples. Two types of neutron
irradiation (short and long) were performed at 3 MW
TRIGA MARK Il research reactor of Bangladesh Atomic
Energy commission. Short irradiation was perform to
investigate the short-lived radionuclidesof the elements Na,
K, Al, Mn,Ti, V which was performed separately for each
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sample with the thermal neutrons (flux:~5.28x10* cm™ s™)
for 1min. at 250 kW reactor power. The dead time of the
counting system was kept within 10%.

Long irradiation was perform to investigate medium and
long lived radionuclidesof the elements which was
performed simultaneously with all the samples and
standards with the thermal neutrons (flux: ~2.11x10" cm
s™) for 7 minutes at 2.4 MW power of the reactor. In that
irradiation tube, three Al-0.1% Au (0.1 mm foil) were also
stacked at the top, middle and bottom of the samples and
standards for monitoring neutron flux variation in the tube.
After long irradiation, two timesgamma ray countingswith
different decay intervals were performed for medium and
long-lived radionuclides with a high purity germanium
(HPGe) detector (40% relative efficiency, 1.8 keV
resolution at 1332.5 keV of ®Co source) coupled with a
gamma spectrometer (ORTEC, DSPEC JrTM). Peak counts
were calculated using Hypermet PC software. For the
calculation of trace element concentrations, the considered
product radionuclides with their half-lives and gamma-ray
energies are given in Table 1.

Table 1. Radionuclides with their half-lives and gamma ray energies for NAA determination of the elements [22]

Elements Product nuclide Half-life Gamma-ray energy (keV)
Na® *Na 14.7 h 1369
Al Bp| 2.24 min 1779
K? 2K 12.4h 1525
Sc ¢ 83.8d 889, 1121
Ti® SITj 5.76 min 320
Ve 52y 3.75 min. 1434
Cr ol 27.7d 320
Mn2 Mn 258h 847, 1811
Fe Fe 445d 1099,1292
Co 8co 527y 1173, 1332
Zn 7n 244 d 116
As ®As 26.3h 559
Rb %Rb 18.7d 1077
Th 28py 27d 312
U 2Np 2.36d 106 , 278

Elements are determined by short irradiation

2.4 Quantification of sediment pollution
2.4.1 Enrichment factor (EF)

Metal contamination in the studied sediments can be
evaluated in more comprehensive way by using enrichment
factor (EF), which can be calculated by using the following
equation [14].

(Metal

— Al
EF = (Metal
al )Backg‘round

)sample

In this study, Al was used as reference element for
geochemical normalization and upper continental crustal

(UCC) average values from literature [15] were used as the
geochemical background concentration. EF values 1.5-3.0,
3.0-5.0, 5.0-10 and > 10 are the evidence of minor,
moderate, severe and very severe enrichment of the
elements in sediments, respectively.

2.4.2 Geo-accumulation index (g )
Geo-accumulation index (lge,) can be defined by the
following equation [14]:

C.
Igeo = Lng (T;Bx)

Where, C, is the measured concentration of the metal x, By
is the geochemical background concentration of metal x.
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Factor 1.5 is the background matrix correction factor due to
lithospheric effects. The lg, consists of seven classes. Class
0 (practically uncontaminated): lg<0; Class 1
(uncontaminated to moderately contaminated): 0 < lgeo<1;
Class 2 (moderately contaminated): 1 < lg,< 2; Class 3
(moderately to heavily contaminated): 2 < lgo< 3; Class 4
(heavily contaminated): 3 < lg,< 4; Class 5 (heavily to
extremely contaminated): 4 < lg,< 5; Class 6 (extremely
contaminated): 5 <lg.

2.4.3 Pollution load index (PLI) and modified degree of
contamination (mCy)

Pollution load index (PLI) is calculated from the
contamination factors (CF) of the studied elements for a
specific sampling site, which can be defined as follows
[16]:

(Metal concentration) sample

CF=

(Metal concentration) packground

Then, PLI is represented by the following equation [16]
PLI=(CF,X CF,X CF3 X ... ... ... CE)Y"

Where, CF; to CF, represents the contamination factors for
the studied elements and n is the total number of
contamination factors considered.

The modified degree of contamination (mC,) index can be
calculated as follows [14]:

mCqy :% i=1 CF;

Where, n is the total number of contaminants; CF is the
contamination factor of each element at a point. The
mCqconsists of following gradation: mCy<1.5 is nil to a
very low degree of contamination; 1.5<mCy< 2 is a low
degree of contamination; 2<mCy<4 is a moderate degree of
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contamination; 4<mCy<8 is a high degree of contamination;
8<mCy<16 is a very high degree of contamination;
16<mCy4<32 is an extremely high degree of contamination;
mC4<32 is an ultra-high degree of contamination.

3. Results and Discussion
3.1 Elemental concentration in sediments

In this study, total concentrations of 15 major and trace
elements (Na, Al, K, Sc, Ti, V, Cr, Mn, Fe, Co, Zn, As, Rb,
Th and U) in core sediments of the Karnaphuli river are
determined by NAA. To ensure quality of the analytical
data, comparisons of trace element analyses results for
single measurement in this study to the certified/
information values of the reference materials are given in
Table 2. It is observed that concentrations for most of the
studied elements obtained in this study are within 10%
deviation from their certified/information values which
assures accuracy of the analysis. The elemental
concentrations, their descriptive statistics, PLI values as
well as the literature data of UCC [15] for the respective
elements in core sediments of the Karnaphuli river are
given in Table 3-5. If we observe the concentration
variations of the elements in different cores, it is observed
that for core-1, most of the element contents do not vary
over a long range (RSD: 6.8-46.7%), whereas Al and Rb
contents vary widely(RSD: 61.4% and 69.4%
respectively,Table 3); for core-2 all element contents
varywith RSD: 4.3-39.4% except Al and Rb contents (RSD:
42.4% and 45.1%, respectively, Table 4) whereas for core-3
element contents vary with RSD: 10-36.8% except Al
contents (RSD: 46.9%, Table 5) varies over a relatively
long range.

Table 2. Comparison of results (mg kg™) of the element analyses in this study to the certified values of those elements in the

reference materials

Element IAEA-CRM-SL-1 NIST-SRM-1633b

Study value certified value ratio study value certified value ratio

Na 1707 + 60.1 1700 (1600-1800) 1.00 2159 + 253 2010 1.07
Al 96625 =+ 3091 89000 1.09 151478 =+ 4821 150500 1.01
K 12623 + 675 14500 (12400-16600) 0.87 20861 =+ 1065 19500 1.07
Sc 149 + 0.48 17.3 (16.2-18.4) 0.86 39.0 + 1.26 41.0 0.95
Ti 5937 + 413 5170 (4740-5600) 1.15 7799 £ 459 7910 0.99
\% 186 =+ 8.78 170 1.09 237 £ 107 296 0.80
Cr 926 = 424 104 (95-113) 0.89 183 + 7.82 198 0.92
Mn 3529 + 121 3460 1.02 145 + 6.26 132 1.09
Fe 58649 + 2119 67400 0.87 74252 + 2649 77800 0.95
Co 195 + 1.03 19.8 (18.3-21.3) 0.99 498 + 2.6 50 1.00
Zn 2079 + 14.88 223 0.93 2002 + 15.1 210 0.95
As 292 = 120 27.6 (24.7-30.5) 1.06 9 £ 03 136 0.07
Rb 96 =+ 8.0 113 (102-124) 0.85 145 + 11 140 1.04
Th 124 + 05 14 (13-15) 0.89 261 = 1.0 25.7 1.02
U 413 + 0.3 4.02 (3.69-4.35) 1.03 9.01 + 041 8.79 1.03

ratio = study value/certified value
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Table 3. Concentrations of the elements (mg kg™*) in sediments of core-1 of the Karnaphuli river

Sample Na Al K Sc Ti \Y Cr Mn Fe Co Zn As Rb Th U PLI
K-1.1 7933 166622 25615 18.2 7257 168 165 749 61307 19.1 116 109 393 31.9 425 152
K-1.2 8581 192687 21742 155 7379 190 161 877 53723 162 96.6 7.17 318 30.6 265 146
K-1.3 6915 223716 24719 157 7844 208 102 883 46034 19.9 102 9.05 153 204 395 132
K-1.4 7935 215763 25267 16.7 7409 198 101 816 48235 21.6 113 825 155 191 353 134
K-1.5 8580 177954 22578 129 6064 156 824 647 37018 17.0 110 535 119 157 405 112
K-1.6 8597 217343 23400 124 9051 181 782 663 34923 156 976 436 111 149 333 115
K-1.7 8608 281713 22975 120 7230 189 775 635 33808 158 80.8 481 111 157 297 113
K-1.8 7714 157548 22210 119 6317 140 625 665 31247 17.0 829 594 827 116 252 1.00
K-1.9 7558 156169 22395 134 6345 147 688 699 35034 18.8 101 546 96.6 128 248 1.05
K-1.10 7647 257490 22954 13.1 9300 216 68.8 720 34972 18.6 110 411 731 125 196 114
K-1.11 7525 268285 24383 135 7205 207 66.2 796 34828 183 89.7 462 777 115 262 111
K-1.12 8151 238502 24384 11.7 7928 177 60.7 718 30862 17.6 873 3.64 64.6 10.7 3.03 1.04
Min 6915 156169 21742 11.7 6064 140 60.7 635 30862 156 80.8 3.6 64.6 10.7 1.96 1.00
Max 8607 281713 25615 18.2 9300 216 165 883 61307 21.6 116 109 393 31.9 425 152
uccC 24300 81500 23200 14 3800 97 92 775 39200 17.3 67 48 84 105 2.7

Mean 7979 125617 22664 12 4896 116 74 722 32159 17 88 4 98 14 3 1.20
SD 542 43322 1280 2 997 25 36 86 9798 2 12 2 103 7 1

RSD,% 6.8 61.4 11.1 209 43.7 448 373 127 274 11.7 183 46.7 69.4 383 28.5

UCC= Upper continental crustal average; SD= Standard deviation; RSD= Relative standard deviation; PLI = Pollution load index

Uncertainties associated with elemental concentrations due to estimated uncertainty budget of NAA are: Na, Al, K, Sc, Mn, Fe, As, Th and U = 3-4%; V, Cr
and Co = 4-5%; Ti, Zn and Rb = 6-7%

Table 4. Concentrations of the elements (mg kg™*) in sediments of core-2 of the Karnaphuli river

Sample Na Al K Sc Ti V Cr Mn Fe Co Zn As Rb Th U PLI
K-2.1 6744 155864 18596 7.87 5361 114 539 631 21746 138 732 205 475 828 186 0.78
K-2.2 6993 197654 21454 890 6720 151 458 653 23266 155 80.9 320 494 733 160 085
K-2.3 7339 178303 19178 7.47 6727 143 394 616 19459 131 729 206 332 747 153 0.76
K-2.4 896 216092 19837 7.18 6616 146 35.0 553 18881 129 724 217 346 746 199 0.65
K-2.5 7123 178695 19922 9.40 7251 143 349 697 23871 157 804 230 495 805 197 084
K-2.6 7561 84990 20417 8.27 4657 935 40.7 650 20644 141 733 222 331 688 192 0.70
K-2.7 6588 99547 19651 109 3703 844 874 654 33694 16.7 626 6.32 122 168 3.04 090
K-2.8 7167 121251 21598 125 3933 102 105 777 36435 176 912 6.00 136 171 3.03 1.03
K-2.9 7458 85828 20645 10.8 3464 769 88.0 635 30932 151 608 4.91 100 149 249 086
K-2.10 7105 92211 20708 11.3 3237 856 783 729 31206 166 843 389 966 129 265 0.88
K-2.11 5919 112242 20997 11.8 3676 94.0 86.6 739 33511 176 896 388 953 150 275 093
K-2.12 7782 57853 20970 11.2 2549 59.2 86.3 657 30413 164 844 470 901 135 249 081
K-2.13 6730 44317 20754 11.6 2322 50.1 788 655 31994 180 806 379 990 137 259 0.78
K-2.14 7355 120437 21318 11.1 3768 942 76.3 793 30878 173 732 357 921 130 279 091
Min 896 44317 18596 7.18 2322 50.1 34.9 553 18881 129 608 2.05 331 6.88 153 0.65
Max 7782 216092 21597 12,5 7251 151 105 793 36435 18.0 91.2 6.32 136 171 3.04 1.03
ucc 24300 81500 23200 14 3800 97 92 775 39200 17.3 67 4.8 84 10.5 2.7

Mean 6626 124663 20432 10 4570 103 67 674 27638 16 77 4 77 12 2 0.84
SD 1714 52861 885 2 1664 33 24 66 6012 2 9 1 35 4 1

RSD,% 259 424 43 178 364 31.8 36.0 9.7 218 109 117 394 451 33.0 21.9
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Table 5. Concentrations of the elements (mg kg'l) in sediments of core-3 of the Karnaphuli river

Sample Na Al K Sc Ti \Y Cr Mn Fe Co Zn As Rb Th U PLI
K-3.1 8049 39087 25858 138 4039 105 84.1 1015 37558 193 104 430 101 150 3.63 0.97
K-3.2 8071 40148 22829 13.0 3086 763 77.8 745 35785 187 112 422 102 148 280 0.89
K-3.3 8260 48162 22977 127 2764 625 788 651 33983 166 979 487 969 152 295 0.85
K-3.4 7995 38935 22267 127 3775 916 766 725 33988 187 834 498 881 142 3.05 0.87
K-3.5 8393 4153 23139 120 3420 656 678 801 3135 17.7 99.0 <0.82 87.4 127 <15 0.84
K-3.6 8390 40331 25434 127 3133 804 695 793 33525 193 104 388 969 131 262 0.88
K-3.7 8768 39894 2658 119 2783 694 729 764 31510 17.8 988 383 886 127 265 0.84
K-3.8 9523 43410 24289 105 2407 56.8 593 718 26095 164 854 345 59.1 111 269 0.74
K-3.9 8636 40087 27099 127 2390 594 633 860 31292 199 911 371 738 121 293 081
K-3.10 9803 31662 26623 115 2618 46.6 634 750 28478 17.7 103 403 669 106 272 0.76
K-3.11 8899 51095 25371 104 2412 608 583 796 27123 173 962 334 58.0 144 381 0.79
K-3.12 9282 116318 26313 110 3766 104 541 724 26808 176 722 352 579 105 3.06 0.86
K-3.13 647 96584 15934 7.70 3173 79.8 434 662 20386 140 469 260 448 857 223 0.66
K-3.14 7525 58343 23184 7.99 2758 58.6 425 569 19537 134 600 196 46.4 9.01 255 0.64
Min 6477.3 31662 15934 7.70 2390 46.6 425 569 19537 134 469 <0.82 44.8 8,57 <1.5 0.64
Max 9803.1 116318 27099 13.8 4039 105 84.1 1015 37558 19.9 1122 5.0 1024 152 3.8 0.97
ucc 24300 81500 23200 14 3800 97 92 775 39200 17.3 67 4.8 84 105 2.7
Mean 8434 51828 24136 11 3037 73 65 755 29816 17 89 3 76 12 3 0.82
SD 846 24305 2877 2 545 18 13 104 5392 2 18 1 21 2 1
RSD,% 10.0 46.9 119 158 179 246 196 13.8 181 10.7 206 36.8 269 17.7 32.6

When compared with UCC values, it is observed that mean
concentrations of Al, Ti, V, Zn, Rb and Th (core-1), mean
concentration of Al, Ti, V, Zn and Th (core-2) and mean
concentration of K, Co, Zn and Th (core-3) show elevated
values. Recently, distributions of trace elements in surface
sediments of the Buriganga and Poshur rivers have been
reported [5, 9]. The elevated concentration levels of Ti, V,
Th and U are also reported in those studies. The overall
mean elemental concentrations for rest of the studied
elements in this study are comparable to that of their
concentrations in surface sediments of the Bangladeshi
rivers [17, 18].

For core-1, the concentration of Al varied from 156169 (K-
1.9) to 281713mg kg (K-1.7), with a mean concentration
of 125617 mg kg . The concentration of Ti varied from
6064(K-1.5) to 9300mg kg™ (K-1.10), with a mean
concentration of 4896mg kg '. The concentration of V
varied from 140 (K-1.8) to 216mg kg * (K-1.10), with a
mean concentration of 116mg kg *. The concentration of Zn
varied from 80.8 (K-1.7) to 116mg kg * (K-1.1), with a
mean concentration of 88mg kg . The concentration of Rb
varied from 64.6 (K-1.12) to 393mgkg(K-1.1), with a
mean concentration of 98 mg kg™. The concentration of Th
varied from 10.7 (K-1.12) to 31.9 (K-1.1) mg kg'1, with a
mean concentration of 14mg kg™. For core-1, relatively
higher concentrations of trace elements were found in K-1.1
(surface, 0-5 cm), whereas K-1.12 (55-60 cm depth) shows
the overall lowest concentrations of the studied trace

elements. The higher concentrations of the trace elements in
surface sediments of core-1 indicate more contamination in
the present time than previous periods in the Karnaphuli
river. In core-2, the concentration of Al varied from
44317(K-2.13) to 216092 mg kg™ (K-2.4), with a mean
concentration of 124663 mg kg™. The concentration of Ti
varied from 2322 (K-2.13) to 7251 mg kg™ (K-2.5), with a
mean concentration of 4570 mg kg™. The concentration of
V varied from 50.1 (K-2.13) to 151 mg kg™ (K-2.2), with a
mean concentration of 103 mg kg™. The concentration of
Zn varied from 60.8 (K-2.9) to 91.2mg kg * (K-2.8), with a
mean concentration of 77 mg kg . The concentration of Th
varied from 6.88 (K-2.6) to 17.1mg kg (K-2.8), with a
mean concentration of 12mg kg '. For core-2, relatively
higher concentrations of the studied elements were found in
K-2.8 (35-40 cm), whereas lowest concentrations were
found in K-13 (60-65 cm). In the case of core-3, the
concentration of K varied from 15934 (K-3.13) to 27099mg
kg * (K-3.9), with a mean concentration of 24136 mg kg ™.
The concentration of Co varied from 13.4 (K-3.14) to 19.9
mg kg * (K-3.9), with a mean concentration of 17 mg kg .
The concentration of Zn varied from 46.9 (K-3.13) to 112
mg kg * (K-3.2), with a mean concentration of 89 mg kg .
The concentration of Th varied from 8.57 (K-3.13) to 15.2
mg kg * (K-3.3), with a mean concentration of 12 mg kg .
For core-3, the relatively higher concentrations of the
studied trace elements were found in K-3.9 (40-45 cm) and
lower concentrations were found in K-3.13 (60-65 cm).
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3.2 Assessment of elemental contamination

Various pollution indices have been developed to assess the
environmental contamination and risk of trace elements in
sediments based on their total contents. Among the
contamination indices, the enrichment factors (EFs) of trace
elements have been commonly used to assess human-made
contamination. In general, EF values of 0.5-1.5 reflect
regional rock compositions, whereas EF>1.5 indicates non-
crustal contributions and/or anthropogenic influences.
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Fig. 1 The average enrichment factor values of the studied
elements for sediments core-1, core-2 and core-3 of the
Karnaphuli river

In this study, for core-1, the range of EF value for the
studied elements are as follows: Na, 0.09-0.16; K, 0.29-
0.54; Sc, 0.25-0.64; Ti, 0.55-0.93; V, 0.56-0.85; Cr, 0.22-
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0.88; Mn, 0.24-0.48; Fe, 0.25-0.76; Co, 0.26-0.57; Zn, 0.35-
0.85; As, 0.26-1.12; Rb, 0.26-2.29; Th, 0.33-1.49 and U,
0.23-0.77. The average EF values along with standard
deviations of the studied elements for core-1, core-2 and
core-3 of the Karnaphuli river are shown in Fig. 1. The
average and standard deviation values were calculated for
core-1, n=12 and for core-2 and core-3, n=14. For core-1,
the average EF values of all elements are below 1.5
indicates no pollution by these elements.

15 T T T T T T T T T T T T T T T

o
o
o
T
o
—o—

Iy
=]
T

Geo-accumulation index
S o
o o
T
[TY]
—e—f
e
o
———
[ -
e
e
=
P
—e—
1

-1.5 | -1

2.0 F -

] Core-1
25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Na Al K Sc Ti V Cr Mn Fe Co Zn As Rb Th U
1 1 1 1 1 1 1 1 1 1 T 1 T 1 T
10 | -
é 0.0 [ T
£ I ¢
5 . 74 {
® 10 { .
=}
£
=}
S 20 | .
g 2
o
o)
(O]
3.0 | -1
Core-2
-4.0 1 1 L 1 L 1 1 1 1 1 L 1 L 1 1
Na Al K Sc Ti V Cr Mn Fe Co Zn As Rb Th U
0.50 I T 1 1 1 1 I 1 1 1 1 1 T 1 T
0.0 T
: j
[3)
°
£ -0.50 | { -1
c
2
ke
s -1.0 | -
€
>
3
S 15| R
o
o)
]
20 F E -~
Core 3
25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Na Al K Sc Ti V Cr Mn Fe Co Zn As Rb Th U

Fig. 2 Theaverage geo-accumulation index values of the
studied elements forsediments core-1, core-2 and core-3 of
the Karnaphuli river

For core-2, the range of EF value for the studied elements
are as follows: Na, 0.01-0.51; K, 0.32-1.65; Sc, 0.19-1.53;
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Ti, 0.66-1.18; V, 0.57-0.95; Cr, 0.14-1.58; Mn, 0.27-1.55;
Fe, 0.18-1.50; Co, 0.28-1.91; Zn, 0.41-2.21; As, 0.17-1.45;
Rb, 0.16-2.17; Th, 0.27-2.41 and U, 0.24-1.77. From EF
values, it is observed that Co, Zn, Rb, Th and U at some
layers, especially at K-2.13 layer, are minorly enriched.

For core-3, the range of EF value for the studied elements
are as follows: Na, 0.22-1.04; K, 0.58-2.95; Sc, 0.46-2.12;
Ti, 0.69-2.22; V, 0.69-2.27; Cr, 0.4-1.91; Mn, 0.65-2.73; Fe,
0.44-2.00; Co, 0.68-2.63; Zn, 0.59-3.95; As, 0.0-2.17; Rb,
0.45-2.50; Th, 0.69-2.98 and U, 0.0-2.80. For core-3, at
most of the layers K, Sc, Mn, Co, Zn, Rb, Th and U are
above 1.5 which indicates contamination of the sediments
at this area of the Karnaphuli river by these elements. The
depth-wise trace elemental distribution at core-3 indicates
that this area is contaminated by these elements from
previous time to still now. This study also indicates that rest
of the elements Na, Ti, V, Cr, Fe, As are not a major
concern for the contamination of the sediments of the river
at this area. From Fig.1, it is also observed that the EF
values of Na is significantly lower than unity, which
indicate elemental mobilization of this element in sediments
of this river. The highest EF value is observed for Zn (EF =
3.95) and ranges from 0.59 to 3.95. The high contents of Zn
in the sediments of the Karnaphuli river may be due to the
precipitation of Zn in the river system from effluents of
battery, paints and different chemical industries like
fertilizer and tannery [19]. The higher level of Th and U in
the sediments may be due to the contamination of these
elements from chemical fertilizer used in the agricultural
fields of that area [20]. The degree of contamination with
studied elements as indicated by EF was: Zn>Th> K>Co>
U>Mn>Rb>Sc>Ti>Fe>As>V>Cr>Al>Na (high to low).

The calculated average geo-accumulation index (lge,) values
along with standard deviation of each core for the studied
elements are shown in Fig. 2. According to lg,
classification, the average lgovalues (0<lg,<1.0)of core-1
indicate that sediments of the core-1 are uncontaminated to
moderately contaminated by Al, Ti, V and Th. For core-2
and core-3 sediments are practically uncontaminated.

PLI values at all layers of core-1 are >1.0, ranging from
1.00 to 1.52 withaverage PLI = 1.20. The highest PLI value
is observed in the sampling point K-1.1 (PLI = 1.5). PLI
values in all layers of core-2 are<1.0, except at K-2.8 (PLI
= 1.03), ranging from 0.65 to 1.03 with average PLI = 0.84.
PLI values at all layers for core-3 are <1.0. According to
the classification adopted by Tomlinson et al. (1980) [21],
PLI> 1.0 indicates deterioration of the sediment quality.
From this study, estimated PLI values indicate the
deterioration of the sediment quality at all layers of the
core-1 (Table 3). For core-2 and core-3, there is no
pollution in the sediment layers (except at K-2.8). The
range of calculated modified degree of contamination
(mCy) for core-1, 1.1 to 1.8 with mean 1.3; for core-2, 0.73
to 1.12 with mean 0.91 and for core-3, 0.67 to 1.05 with
mean 0.87. According to the gradation of mC,, sediments at
top three layers (K-1.1=1.81, K-1.2=1.63 and K-1.3=1.51)
of core-1 represent low degree of contamination, whereas
other deeper layers of this core represent nil to very low
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degree of contamination. For core-2 and core-3, all layers
of sediments represent nil to very low degree of
contamination. In this study, the PLI and mCy values
indicate that contamination of surface sediments at core-1
and core-3 is relatively higher than the deeper layers
indicating that recent pollution level of the sediments is
higher than the past in the Karnaphuli river.

4. Conclusion

In this study, 15 major and trace elements are determined in
core sediments of the Karnaphuli river by NAA. It is
observed that mean concentrations of Al, Ti, V, Zn, Rb and
Th (core-1), mean concentration of Al, Ti, V, Zn and Th
(core-2), mean concentration of K, Co, Zn and Th (core-3)
show elevated values with respect to UCC. Among the
studied 15 elements, the highest EF value is observed for
the Zn (EF = 3.95) and ranges from 0.59 to 3.95 (core-3).
The degree of contamination with studiedtrace elements as
indicated by EF was: Zn>Th> K>Co > U>Mn>Rb>Sc>
Ti>Fe>As>V>Cr>Al>Na (high to low). The calculated
PLI and mCy values indicate that sediments at core-1 are
deteriorated. This study recommends that continuous
monitoring of trace elements in sediment and other
aquatic biota of Karnaphuli river should be directed to
assess the risk of these elements to safe ecology of
this river.
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