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Diversity of Zooplankton Communities in Lotic Water Ecosystem:
A Case Study in The Karnaphuli River Estuary, Chattogram, Bangladesh®

Dr. Mohammed Igbal'*
Abstract

The composition and diversity of zooplankton communities in the Karnaphuli
River estuary were studied for two consecutive years, July 2010 to June 2012
from 4 different sampling stations. Recorded data revealed the availability of a
total of 44 species of zooplankton communities, which included 27 taxa of
Cladocerans, 11 taxa of Calanoids and 6 taxa of Cyclopoids. Within the taxa,
Calanoida was always dominant by 62.96%, 60.54% and 42.98% availability
at station 3, 4, and 1 respectively. The findings of various diversity indices
such as, the Shannon-wiener species diversity index of Cladocera ranged from
2.401 - 2.150 (2.275 + 0.104); Calanoida 1.951 - 1.354 (1.662 + 0.326) and
Cyclopoida 1.503 - 0.899 (1.264 + 0.263). Margalef's richness index of
Cladocera ranged from 11.696 - 8.608 (10.109 + 1.298); Calanoida 4.707 -
2.311 (3.331 £ 1.179) and Cyclopoida 5.323 - 3.506 (4.336 £+ 0.773). Pielou's
evenness index of Cladocera ranged from 0.838 - 0.766 (0.801 + 0.039);
Calanoida 0.847 - 0.756 (0.799 + 0.038) and Cyclopoida from 0.934 - 0.559
(0.785 £ 0.163). Simpson's dominance index of Cladocera ranged from 0.613 -
0.118 (0.250 + 0.242); Calanoida 0.313 - 0.182 (0.239 + 0.066) and
Cyclopoida from 0.401 - 0.273 (0.319 = 0.060). This means, except Margalef's
richness index for the Cladocera, other index values are within the range of
acceptancy. This deviation indicates that the Karnaphuli River estuary and its
environmental conditions are convenient for Cladoceran population.

Key words: Composition, Diversity, Karnaphuli River estuary, Zooplankton

Introduction

Zooplankton being a tiny organism lives and drifts with the water movements and
serves as a principal live foods for most of the fishes feeding, breeding and thriving
either in lotic or in lentic water ecosystems. Moreover, its importance can't be
overlooked in the hatchery rearing of carnivore broods and their larvae up to the
attainment of certain size to take other alternative foods. Thus, its role in transferring
energy in between different food webs in the aquatic ecosystem is innumerous (Rahi
& Sabbir, 2010; Joshi, 2011).

At the same time, the zooplankton also acts as a good indicator of changing water

quality due to their strong affection to environmental conditions and responds
quickly to any changes in quality even that of the phytoplankton (Kumar et al.,
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2012). Besides, the zooplankton also acts as a good purifier against the heavy metals
as well as similar other animal health hazardous components. Therefore, considering
all their economic sides, scientists all over the world are working on different aspects
of zooplankton living in the fresh, brackish and sea waters. In Bangladesh, because
of her diversity in riverine and different wetlands ecosystem, scientists are
influenced to progress their research on planktons with the increasing of research
facilities in late fifties of twentieth century. It was Begum (1958), who first surveyed
the planktonic fauna of five ponds of Dhaka city. Das (1974), Das & Bhuiyan
(1974), Khan et al. (1978) worked on some species of Cladoceran, Calanoid and
Cyclopoid from different ponds, lakes and river of Dhaka city. Whereas, Ali et al.
(1980), Patra & Azadi (1987), Chowdhury et al. (1989), Kabir et al. (1996), Bhuiyan
& Nessa (1998), Chowdhury & Raknuzzaman (2005), Kabir & Naser (2008) and
Mozumder et al. (2010) performed subsequent researches on different aspects of
zooplankton inhabiting in different freshwater habitats in Bangladesh. However, Das
& Das (1980) did some works on the availability of zooplankton in the Karnaphuli
River estuary, but considering the importance of this river and its estuary within
Chattogram, it is very much important to report in details about the zooplankton
communities as well as any of their variation and probable causes of their remedies
should be evaluated in regular basis. As a part of such study, present research work
has planned and continued on the probable composition of zooplankton and their
possible variation in diversity in the Karnaphuli River, Chattogram, Bangladesh.
Hopefully, this kind of research along with other contributor's research findings will
help to give a complete picture about the zooplankton communities in the similar
kind of water bodies in Bangladesh.

Study area

The Karnaphuli River originates from the South Lushai Hills of Assam in India and
enters into the port city of Chattogram from the north-east corner of Rangamati
district between latitude 22°57' N and longitude 92°04" E. The total length of
Karnaphuli River is about 273.7 Km (O'Mallery, 1908).The sampling spots of the
Karnaphuli River and its estuary is extended up to Chowdhury Hatt Ghat from the
mouth of the river. To get representative sampling from the selected study areas, total
four (4) sampling stations were selected within 33 Km stretch of the river and its
estuary at the beginning of this research work. For the convenient of the studies, all
these sampling stations were demarcated as station no. 1, station no. 2, station no. 3
and station no. 4 respectively (Fig. 1) covering uniformity in distance as well as
other possible environmental aspects throughout the study areas. The station no. 1
(Chowdhury hatt ghat) is situated on the lower end of the mid-stream of the
Karnaphuli River far below the Kaptai barrage within the latitude 22°25'19.79"” N
and longitude 91°56'4.00” E .The station no. 2 (Kalurghat) is located at the eastern
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part of Chittagong city town within the latitude 22°23'50.87” N and longitude
91°5321.13" E . The station no. 3 (Marine Academy ghat, Ghat no. 11) is situated in
the lower region of southern side of the Karnaphuli River with the latitude
22°16'5.58" N and longitude 91°49'49.04" E . Station no. 4 (Patenga, Ghat no. 15) is
situated in the southern side of the Karnaphuli River within the latitude 22°14'23.88"
N and longitude 91°49'25.03"E .

Study period and time

Figure showing the position of sampling station within the study area. During the
study periods (July, 2010 to June, 2012) every month sampling was done in between
5:00 to 8:00 pm covering the neap and high tide of lunar and dark phases of
consecutive months.

J '
R
= -
N
W ‘-}c-:;nu BENGAL -
-----

Source: Google Map

Fig. 1. Satellite images of Bangladesh, Karnaphuli River estuary. Sampling stations with respective
number presenting in a circle.

Materials and Methods

For both the qualitative and quantitative studies, samples were collected with the
help of a plankton net (mesh size 64 um) tied at the last part of a 10 m long handy
stick and operated either from a boat or in possible cases from the bank of the river
and its estuary. It is to be mentioned that for determining the volume of water passed
in each haul of the net, first of all the average diameter and length of the net was
measured and its cm? covered area was determined. Then, how much that area could
pass water from each meter haul of the net was analyzed with the help of an
appropriate scientific method prior to study. After the collection of zooplankton from
each haul, they were immediately preserved in a plastic or glass container containing
5% buffered formaldehyde solution and tagged properly for recognition while
worked in the laboratory. After the collection, total samples of a day were brought to
the laboratory for required studies. In the laboratory, the samples were identified
following the taxonomic keys provided by Ward & Whipple (1959), Smirnov &
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Timms (1983), Korovchinsky & Mirabdullayev (1994), Kotov (2009) for
Cladocerans. Ward & Whipple (1959), Pillai (1971), Das (1974), Ranga Reddy &
Radhakrishna (1982), for Calanoida. Ward & Whipple (1959), Van de Velde (1984),
Holynska et al. (2003), for Cyclopoida. In every case, all the available zooplankton
were identified up to species and genus and preserved for documentation.

Enumeration of zooplankton

For enumeration, the quantitative samples were concentrated to 25 mL by
sedimentation processes. A Sedgwick Rafter cell and a micropipette (glass van grade
1) were used to pick up 1 mL sub sample from the concentrated sample. Then, the
sub sample was transferred carefully into a Sedgwick Rafter cell and covered with a
cover slide. The air bubbles were avoided while transferring the sample to the
cell. The cell was then placed on the stage of a binocular compound light microscope
and counted the available various species. To avoid any possibilities of error, three
sub samples were taken and counted in the same technique and the mean number of
each available individual species was recorded for findings. The numbers of
organism per liter of water were calculated from the following formula (Ahsan ef al.,
2012; Adeyemi et al., 2009):

N=AxC+L
Where, A = average number of plankton counted per mL concentrated sample,
C = volume of concentrated sample in mL,

L = volume of original water in liter passed through the plankton net,
N = number of plankton per liter of original water.

Diversity indices analysis

Quantitative data were analyzed for diversity indices studies. For this reason, the
Shannon diversity index, Pielou evenness index, Margalef species richness index and
Simpson's dominance index were used successfully to explain the diversity indices
of recorded zooplankton species.

Shannon diversity index

It's the most preferred index among the other diversity indices. The index values
usually range between 0.0 - 5.0. However, in general the Shannon diversity index
lies between 1.5 - 3.5, but in rare cases it may exceeds the value 4.5.The values
above 3.0 indicate that the condition of habitat is prevailing stable and balanced,
while, the values less than 1.0 reminds about the pollution and degradation of habitat
structure.

H'=-Y [(ni/N) X (In n; / N)]
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Where,

H'= Shannon diversity index,

n; = number of individuals of each species,

N = total number of individuals for the site,

In = the natural log of the total number of individuals for the site.
Pielou evenness index
The ratio of the observed value of Shannon index (H’) to the maximum diversity (H'
max) was taken as a measure of the evenness. The values are between 0 - 1. When
the value is getting closer to 1, it means that the individuals are distributed equally
(Pielou, 1966). To express this index, the following equation is used:

J’'=H'/ H' max
Where, J'=Pielou evenness index,

H'= the observed value of Shannon index,

H’max = InS,

S = total number of species.
Margalef species richness index
This type of index was proposed by Margalef (1958). Here, the index commonly
varies between 1- 5, and larger the index value indicates a more healthy body of
water. When the index value tends towards 1, pollution is thought to increase and
damage maybe apprehended. The Margalef species richness index is expressed by
using the following equation:
d=S-1/InN
Where, d = species richness index,

S = number of species in the sample,

In = natural logarithm,

N = total number of individuals in the sample.
Simpson's dominance index
Simpson's dominance index suggests that within a major community there are
species or groups which largely control the energy flow and strongly affect the
environment of all other species. According to Odum (1971) this phenomena in
species dispersion is known as ecological dominance. The index of dominance
(Simpson, 1949) is the sum total of squares of the proportion of the species in the
community and is expressed as follows:

¢=> (m/N)y
Where, ¢ = index of dominance,
n; = important value of each species (number of individuals),
N = total number of individuals in the sample.

This index varies between 0 and 1.
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Results

The findings of this research works are first summarized and after necessary addition
and dilution of excess data as well as given its scientific explanation and
acceptances, suggested statistical models are used properly and presented here
sequentially.

1. Composition of zooplankton communities

Total 44 species were identified from the Karnaphuli River estuary during the
present study, in which 27 taxa of Cladocerans, 11 taxa of Calanoids and 6 taxa of
Cyclopoids contributed in the zooplankton community. In the stated community, the
genus Psedodiaptomus represented by 4 species, followed by the Simocephalus,
Macrothrix and Mesocyclops genus each with 3 species. The genus Diaphanosoma,
Daphnia, Moina, Acartia and Heliodiaptomus were known by 2 species of each
during the two consecutive years of study. Beside these, the rest of the genera were
represented by one species each. The monthly percentage composition of two
consecutive year's recorded zooplankton species with genus and belonging group are
presenting here under each and individual four sampling station for easy realization.

1.1. Station 1

Station 1 covers all the 3 major groups of zooplankton as commonly available in the
Karnaphuly River estuary throughout the year (Fig. 2). While, these zooplankton
groups were arranged in percentage distribution with the month during the study
period showed variation in availabilities. As a whole, the percentage composition of
Calanoida recorded as highest in percentage composition, which ranged from
18.75% in August 2011 to 84.0% in December 2011. The remaining zooplankton
communities recorded comparatively lower in monthly percentage composition. For
the Cladocera, the maximum percentage composition 63.16% was recorded in
February 2011 and the minimum 12.0% during the month of December 2011.
Consequently, in case of Cyclopoida, the highest percentage composition 32.35%
was recorded in September 2010 and the lowest 3.23% for the month of November
2011 (Fig. 2). Thus, it has been observed that the station 1 was dominated by the
recorded 11 species Calanoida, which covered 42.98% of the observed zooplankton
species. The second dominant group was Cladocera with its 27 species and occupied
41.30% in the whole. But, the lowest group was Cyclopoida with only 6 species and
15.72% within the total species (Fig. 5) during the study period.

1.2. Station 2

Station 2 also have the 3 major zooplankton species within the study period as well
as showed monthly variation in their distribution (Fig. 2). The pattern of distribution
of the available zooplankton species under the respective group were the Cladocera
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here also dominated by the 58.33% in January 2012 and successively represented by
the Calanoida and Cladocera groups and their species as 66.67% in June and 38.10%

in January respectively.

Station 1

120.00%
,100.00% |
80.00% |
60.00%
40.00%
20.00%
0.00%

Percenta:

Cladocera

J] AS ONDJ FMAMI | ASONDI FMAM.
Months of the studied years

Station 2
120.00%
g 100.00% | : _
£ 80.00% Cyclopoida
$ 60.00%
£ 40.00%
B 20.00% Cladocera

0.00%
J ASONDJFMAMIJ J ASONDIJI FMAMI]
Months of the studied years

Fig. 2. Monthly percentage composition of the studied zooplankton communities within stations 1
and 2 of the Karnaphuli River estuary.

At the same time, minimum number of species compositions 14.29% and 3.49% by
the Calanoida and Cladocera respectively were available during the months of April
and July in 2011 as well as January and June 2012, while the group Cyclopoida was
totally absent within the stated months and years. Thus, the overall composition
suggested that the Cladocera including their species dominated with 42.91%
contribution throughout the year at station 2 followed by the Calanoida and their
species contributed 41.14%. The group Cyclopoida with their species was always
very few 15.94% and even totally absent in the above stated months (Fig. 5) from
the station 2 throughout the studied years.

1.3. Station 3

Station 3 showed the maximum percentage composition 55.56% of Cladocera recorded
in June 2012, while there was no Cladoceran species available during December 2010
to April 2011 and again November-December 2011 as well as April and May 2012.
Similar facts happened in the composition of Calanoida group with its species
composition. Which was maximum during the month of December-February 2010
and December 2011, but declined to minimum 25% within June-July 2011. The
Cyclopoida including their recorded species became maximum 38.46% in July 2010
and thereafter none were available during the months of December 2010 and
February 2011 as well as December 2011 and January 2012 in two consecutive years
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of study (Fig. 3). Therefore, here the group wise species composition was dominated
by the Calanoids of 62.96%, then the other available groups were in successive order
by the composition of 21.69% and 15.35% of Cladocerans and Cyclopoids (Fig. 5)
respectively.

Station 3
120.00%
§, 100.00% :
2= 80.00% ) Cyclopoida
E 60.00% 4
A& 40.00%
20.00%
0.00%
1 AS OND 1 FMAM ] 1] A S ONUD I FMAM I
Months of the studied years
Station 4
120.00%
&, 100.00%
.‘;.’: R0.00%
§ 60.00% Calanoida
£ 40.00%
20.00% Cladocera
0.00%
] A S ONDJ FMAMI I ] A SONUD I FMAM ]
Months of the studied years

Fig. 3. Monthly percentage composition of the studied zooplankton communities within stations 3
and 4 of the Karnaphuli River estuary.

120
100 -
e
il i [~ / L
= 80 + 1
£ |1
a
‘g B8 = = Cyclopoida
§ ® Calanoida
1

o
a m Cladocera

1
40 A
1 [ /'\q/
20 -

JASONDIFMAMIJ JASOND JFMAM

Months (2010 - 2012)

Fig. 4. Monthly percentage composition of total species under three groups of zooplankton
communities from 4 sampling stations in the Karnaphuli River estuary.
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1.4. Station 4

However, station 4 depicted by the similar composition in the available zooplankton
groups and their species composition with that of the station 3, but at station 4,
maximum 57.14% Cladocera and their species recorded in January 2012, but totally
absent during December 2010 to May 2011 as well as March and May 2012.
Similarly, the Calanoida with 100% of her species were found during December
2010 to February 2011 and May 2012, while, minimum 23.08% in June 2011. The
Cyclopoida as a group as well as all their species became maximum 41.67% in July
2010 and contrary to this no species were available during December 2010 to
February 2011, November 2011 to February 2012 and May 2012 (Fig.3). Thus, the
station 4 represented by 60.54%, 24.10% and 15.36% of the Calanoids, Cladoceras
and Cyclopoids groups (Fig. 5) respectively.

STATION 1 STATION 3

CyCLOPOIDA

CyCLOPOIDA
16%

STATION 2 STATION 4

CyCLOPOIDA

Fig. 5. Percentage composition of three major groups of zooplankton within 4 sampling stations of
the Karnaphuli River estuary during the study period.

Thus at a glance, the percentage composition of all the 3 groups of zooplankton
within the 4 separate sampling stations suggest that the Calanoida group was always
dominant by 43%, 41%, 63% and 61% respectively (Fig. 5). The second major
group represented by the Cladocera with 41%, 43%, 22% and 24% in the respective
sampling stations. The Cyclopoida group was always fewer in percentage
distribution, such as 16%, 16%, 15% and 15% by the stated sampling stations.
Moreover, in month wise percentage of all these group showed that, the highest
percentage composition of Cladocera was recorded in January 2012 (52.78%) and
the lowest in January 2011 (11.89 %), in Calanoida, the maximum percentage
composition was recorded in December 2011 (82 %), and the minimum in July 2011
(26.23%) and in Cyclopoida, the highest percentage composition was recorded in
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July 2011 (32.79%) and the lowest in January 2012 (2.78 %) (Fig.4).Calanoida were
the most dominant group in the River throughout the study period constituting 50.32
% of the total zooplankton communities. Cladocera were the moderate abundant
group in the River constituting 34.04% of the total zooplankton population.
Cyclopoida were the least abundant group in the River constituting only 15.64% of
the total zooplankton communities.

2. Diversity index analysis of the available zooplankton communities

All the 4 scientifically well accepted diversity indexes are applied on the available
zooplankton communities to evaluate their comparative richness within the sampling
stations as well as throughout the months of studies. The findings are presented
below-

2.1.Cladocera

The Shannon-Wiener species diversity index (H') for the Cladocera community
showed range 2.150 to 2.401 for the stations 1 and 3 respectively, while, at stations 2
and 4 the value was in between of the above. The mean value of this diversity index
at 4 stations was 2.275 +SD 0.104. The Margalef's richness index (d) of Cladocera
community was highest at station 4 (11.696) and lowest at station 2 (8.608). The
mean value of this diversity index at 4 stations was 10.109 £SD 1.298. The Pielou's
evenness index (J") had the highest (0.838) at station 3 and lowest (0.766) at station
1. The mean value of this diversity index at 4 stations was 0.801+ SD 0.039.The
Simpson's dominance index (c) values were lowest (0.118) in station 1 and highest
(0.613) 1in station 3. The mean value of Simpson's dominance index at 4 stations was
0.250 £SD 0.242 (Fig. 6).

2.2. Calanoida

In case of Calanoida communities, the Shannon-Wiener species diversity index (H’)
was computed to analyze the species diversity within the 4 stations to ascertain their
structural features. A perusal of the data showed the maximum index value of species
diversity for station 3 (1.951), followed by station 4(1.938), station 1 (1.407) and
station 2 (1.354) in decreasing order. The mean value of this diversity index in all the
4 stations was 1.662+ SD 0.326. Moreover, the Margalef's richness index (d) was
highest at station 4 (4.707) and lowest in station 2 (2.311) for the Calanoida
community. The mean value of this diversity index within the 4 stations was 3.331
+SD 1.179. The Pielou's evenness index (J') showed lowest value (0.756) at station 2
and highest (0.847) at station 3, while the mean value of this diversity index for all
the 4 stations was 0.799+ SD 0.038. The Simpson's dominance index (c) varied from
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0.182 to 0.313 within the studied stations. The maximum of the ranged value, 0.313
obtained for the station 2 and minimum value 0.182 for the station 3. The rest of the
two stations showed intermediate values of this calculated index. The mean value of
Simpson's dominance index within all studied stations was 0.239 = SD 0.066 for the
obtained Calanoida community (Fig. 6) irrespective of their availabilities and
salinity variations.

Cladocera
# Shannon-wiener species
2 diversity index(H’)
2 m Margalef's richness index (d)
s
E ™ Pielou’s evenness index (1}
R |
® Simpson’sdominance index (c)
Station-1 Station-2 Station-3 Station-4
Studied stations
Calanoida B Shannon-wiener species diversity
15 index(H")
- B Margalef's richness index (d)
=
= 10 g
= u Pielou's evenness index (J')
£ ® Simpson’s dominance index (c }
o
Station-1 Station-2 Station-3 Station-4
Studied stations
Cyclopoida
 Shannon-wiener species
2 15 | diversity index(H")
-E 10 | ¥ Margalef's richness index (d)
- 5
S .
-g 0 . . W Pielousevenness index (')
= Station-1 Station-2 Station-3 Station-4
< . m Simpson's dominance index (¢
Studied stations P fc)
|

Fig. 6. Values of different diversity indexes between the studied zooplankton community recorded
from 4 sampling stations in the Karnaphuli River estuary.
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2.3.Cyclopoida

In the Cyclopoida community, the Shannon-Wiener species diversity index (H') was
calculated to analyze the species diversity within all the 4 stations in the Karnaphuli
River estuary. The index values of these 4 stations suggest that the value ranged
between 1.503 - 0.899, of which the maximum value found for the station 2 and
minimum value calculated for the station 1. The station 3 and station 4 showed
values intermediate between the two values. The mean value of Shannon-Wiener
species diversity index in all the 4 stations was 1.264 £SD 0.263. The Margalef's
richness index (d) was computed to analyze the species diversity for all the 4
different stations for a period of two years to as certain the structural features of the
Cyclopoida community. The index values at different stations also indicated that the
variation exist within the stations. A perusal of the data showed the highest index
value of species diversity 5.323 for station 4, which was followed 3.39 at the 3. The
same values for the station 2 was 3.26 and station 1 calculated as 3.506. Thus, all the
obtained values within the all studied stations were 4.336 =SD 0.773. Moreover, the
highest value calculated for the station 4 and the lowest of that value showed from
the station 2 in the Karnaphuli River estuary as selected for this research works.

In the present investigation the Pielou's evenness index (J') of Cyclopoida
community ranged from 0.559 (station 1) to 0.934 (station 2).The highest Pielou's
evenness index value 0.934 was observed in station 2 and lowest value 0.559 in
station 1 with mean value at 4 stations was 0.785+ SD 0.163. The values of
Simpson's dominance index (c) of Cyclopoida community was ranging from 0.273
in station 1 and station 4 to 0.401 in station 2. The maximum value 0.401 was
recorded for station 2 and minimum value of 0.273 for station 1 and station 4.
Station 3 showed values intermediate between the three extremes. The mean value of
this diversity index within the all studied stations (Fig. 6) was 0.319 £SD 0.060 for
the Cyclopoida community and consequently their distribution pattern and
availabilities.

Discussion

The Karnaphuli River estuary is one of the aquatic resourceful places in Bangladesh.
Beside the freshwater, it is consider an ideal location for inter mixing of all the three
- fresh, brackish and sea salt water ecosystem. Moreover, Karnaphuli or
Khawthlangtuipui, is the only river that origins from the Lushai Hills and flows
about 170 miles (270 Km) south and southeastern arm of Bangladesh to empty into
the Bay of Bengal, 12 miles (19 Km) below the city of Chattogram (Wikipedia).

However, lots of research work on different aspects of zooplankton is being
conducted from several research organizations, but more and more repeating of this
research work, particularly on the zooplankton communities are very much
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important for the river's inter tidal in nature. For this reason, present research work
was selected and continued for two consecutive years. Hopefully, such a long time
research will give comparatively authentic results, more importantly their pattern of
any change in distribution within the studied group keeping pace with the tidal and
environmental conditions. In the present study, only the distribution of the major
zooplankton communities are presented to evaluate and compare their availability
within the mentioned stations in the Karnaphuli River. This will help other scientists
to work on the economic aspects of these species. To give scientific acceptance of all
the findings as presented in the result section are discussing here with necessary
supporting references on the similar but more or less identical researches from
Bangladesh and abroad. In the present studies, obtained ranges of percentage
composition of important zooplankton groups were Cladocera, Calanoida and
Cyclopoida in all through 4 sampling stations throughout the study tenure. Recorded
ranges of the stated species were varied between 12 - 63.16 %, 18.75 - 84% and 3.23
- 32.35% at station 1; 3.49 - 58.33 %, 14.29 - 66.67% and 0 - 38.10% at station 2; O -
55.56 %, 25 - 100% and 0 - 38.46% at station 3 and 0 - 57.14 %, 23.08 - 100% and 0
- 41.67% at station 4 respectively. In term of dominancy among the recorded
zooplankton group, the group Calanoida was dominated by 42.98%, 62.96% and
60.54% in station 1, 3 and 4 respectively. Swadling et al. (2000) identified 41 taxa of
zooplankton under Rotifers, Cladocerans and Copepods from the 30 lakes in the
Yukon and Northwest Territories of Canada. Osore et al. (2004) studied the
zooplankton composition and recorded 27 major taxa of zooplankton in Mida Creek
of Kenya. Yildiz et al. (2007) identified 41 species of zooplankton, consisting of 29
Rotifera (81.99%), 8 Cladocera (12.88%), and 4 Copepoda (5.13%) of an eutrophic
lake in Turkey. Mozumder et al. (2012) identified 35 zooplankton species under 26
genera under 20 families under 8 orders from the Southern Coastal areas in
Bangladesh. Ezekiel ef al. (2011) identified 17 species of zooplankton belong to six
taxonomic groups and Cladocera and Copepoda were represented by five species
each consisting of 29.4% by composition and this was followed by three species of
Protozoa (17.6%), two species of Rotifera (11.8%), Decapod crustacean (5.9%) and
Euphasiacea (5.9%), one species each, Copepoda was the highest, 46.5%, this was
followed by Cladocera (23.3%), the others were Protozoa (11.2%), Euphasiacea
(9.6%), Rotifera (7.9%) and Decapod Crustacean (1.5%) in Sombreiro River in
Niger Delta of Nigeria. Aquino et al. (2008) identified 27 species of zooplankton of
these, 45% belong to Rotifera, 29% to Cladocera and 26% to Copepoda in Paoay
Lake in Luzon Is. of Philippines. Sampaio et al. (2002) identified 76 species of
Rotifera, 26 species of Cladocera and 7 species of Copepoda of seven reservoirs of
the Paranapanema River in Brazil. Vareethiah (1999) identified 54 taxa of
zooplankton of which copepods constituted 38 % in a bar-built estuary in Southwest
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coast of India. Thus, the present study shows a comparatively diverse composition of
zooplankton communities in the Karnaphuli River estuary. Scientists all over the
world working on the plankton communities are deliberately opine that the
authenticity of their availability within the places and seasons would be more
acceptable depending on the values of different richness indexes. In this studies, all
the obtained results are compared with all the 4 scientist suggested richness indexes,
such as - Shannon-Wiener species diversity index (H'), Margalef's richness index
(d), Pielou's evenness index (J') and Simpson's dominance index (c), of zooplankton
community (Cladocera, Calanoida and Cyclopoida) were calculated of the
Karnaphuli River estuary in Bangladesh (Fig. 6). Salve & Hiware (2010) observed
that the zooplankton diversity is one of the most important ecological parameters in
water quality assessment and are good indicators of the changes in water quality
because they are strongly affected by environmental conditions and respond quickly
to changes in water quality of Wan Reservoir in India. Imoobe (2011) reported the
species richness, evenness and diversity of the zooplankton were high in Okhuo
River of Nigeria. Mohan et al. (2013) investigated the diversity of zooplanktons
community and the values of Margalef's index (2.89) and Menhinicks index (0.92)
were found highest at site 6 and site 5 and lowest (2.81 and 0.68) at site 1
respectively; Simpson index (0.30) was found highest at site 5 and lowest (0.14) at
site 1; Shannon-Weiner's index (H') values (2.75) was found highest at site 1 and
lowest (2.29) at site 5 and the maximum species evenness (0.92) was recorded at site
1 while minimum (0.79) at site 5 in Chenani Hydroelectric Reservoir and River Tawi
of India. Negi & Mamgain (2013) observed the zooplankton diversity index ranged
between (H') 0.000 - 0.198 at site I, (H") 0.00 - 0.240 at site II and (H") 0.00 - 0.223
at site III of Tons River in India. Ramesha & Sophia (2013) investigated the diversity
parameters such as species diversity (H’), ranged from 1.2889 (August) to 2.7056
(March), whereas evenness (J") fluctuated between 0.7099 (May) and 0.9163 (July)
of the River Seeta in India. Ahsan ef al. (2012) studied the plankton diversity and the
highest species richness (SR= 45) was observed in Daulotkhan, Bhola and the lowest
(SR = 3) in Charghat and Shannon-Wiener species diversity index (H') ranged from
3.334 in Daulotkhan to 1.5 in Charghat with mean value of 2.717 in Hilsa
migratory rivers of Bangladesh during spawning season. Shah & Pandit (2013)
observed the zooplankton diversity of Shannon-Wiener index (H') values ranged
0.57 - 3.02,Margalef's index (D) values 0.74 - 2.28 and Evenness index (J') values
2.80 - 4.45 in Wular Lake of Kashmir Himalaya in India. More or less similar trend
had also been observed in the present study. Thus, it can be said that present findings
about the diversity and richness index are very much identical in either way to above
authors and could be acceptable for any decision making policies as well as for
sustainable management of these zooplankton groups in the goal of aquaculture
projects in Bangladesh.
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Abstract

Studies on species density of megafauna in the interconected rivers of
Chattogram started during 2004 with the academic works under PhD research.
So far, 141 finfish, 16 shrimps, 2 crabs, 1 turtle and 1 dolphin have been
identified in this ongoing research. The existence of three newly recorded
species of carps with two unidentified allied species (Schismatorhynchos
nukta, Schismatorhynchos sp.-1, Schismatorhynchos sp.-2) in the upper
reaches of the river Sangu is an answer of old zoogeograpical phenomenon of
disjunct distribution as S.nukta (known as horned carp) is considered endemic
in Western Ghats of India and three other congeneric species described from
Indonesia and Malyasia. The existences of four species of resident Mahseer
(Mohashol) are known at this study period. Golden mahseer (7or putitora) and
Red fin mahseer (7or tor) reported earlier from the Someshwari, Kangsa,
Mahananda and Karnaphuli rivers and from Tanguar haor and Kaptai lake are
considered to be migratory fish from the Indian part of these rivers or inlets.
As the Sangu River is a river of native origin, Mahashol and other fishes in
this river are definitely inhabitant and breeds in this river. Other two species of
Mahasol are Copper mahseer (Neolissochilus hexagonolepis) and Wynad
mahseer (Barbodes wynaadensis) has been recorded for the first time during
this work. Species refered as threatened and data deficient on the Red List of
Bangladesh 2015 are described here on the basis of availability and
exploitation rates.

Key words: Copper mahseer, Golden mahseer, Horned carp, Red fin mahseer,
0 Threatened species, Waynad mahseer

Introduction

The number of freshwater fish species in Bangladesh is 253 (IUCN Bangladesh,
2015). In Broad boundaries freshwater habitats of Bangladesh includes canals,
rivers, hilly streams, floodplains, haors, baors, Kaptai lake, natural lakes, ponds,
road side canals and ditches created by excavation for development works, tidal
areas of rivers, low salt areas in estuaries etc. In addition to true freshwater fish,
there are anadromous, catadromus and diadromous migratory fishes. Some marine
fish that suddenly or somehow enters in estuaries or rivers may include in the list of
river fish diversity.
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In 2015, IUCN Bangladesh updated the previous document by publishing a seven-
volume Red List of Bangladesh, including the species profile of each animal,
identifying the environmental threats to mammals, birds, reptiles, amphibians,
freshwater fish, crustaceans and butterflies in Bangladesh. In Volume 5 of the Red
List of Bangladesh (Freshwater Fishes) out of 253 freshwater species, 64 species
were declared as threatened under three categories. IUCN (2015) identifies 9 species
in the most threatened "critically endangered" category, 30 in the next "endangered"
category and 25 species in the low-end "vulnerable" category. According to this
document, no freshwater fish has become extinct or regionally extinct in the
country, but the area of occupancy, extent of occerence, population, etc. have been
greatly reduced.

Megafaunal Biodiversity (Species density) of Halda, Karnaphuli, Shikalbaha,
Chandkhali and Sangu rivers:

The rivers of Chattogram are completely separate from the Padma-Brahmaputra-
Meghna river system with natural barriers. Karnaphuli and Sangu rivers are
interconnected through Shikalbaha-Chandkhali canal and Boalkhali-Chandkhali
canal. Halda River is a tributary of Karnaphuli. The megafaunal biodiversity of
Karnaphuli-Sangu system has so far recorded 141 species of finfish, 18 species of
shellfish (9 species of caridean prawn, 7 species of panaeid shrimp, and 2 species of
crabs), 1 species of freshwater turtle and 1 species of freshwater dolphin.

Eighty three species of finfish and ten species of shell fish were found in the Halda
River (Azadi & Arshad-ul-Alam, 2013, Azadi & Arshad-ul-Alam, 2020); 110
species of finfish and 18 species of shellfish in Karnaphuli river (Azadi & Arshad-
ul-Alam, 2020); 141 species of finfish and 18 species of shell fish in Sangu River
(Arshad-ul-Alam, 2021, Unpublished); 74 species of finfish and 11 species of shell
fish in Shikalbaha khal and 72 species of finfish and 11 species of shell fish were
found in Chandkhali khal (Azadi & Arshad-ul-Alam, 2020). All of these
interconnected rivers include the Ganges softshell turtle (Nilssonia gangetica,
Khalua kachhim) and the Ganges blind river dolphin (Platanista gangetica,
Shushuk) (Table 1). The turtle is listed as endangered, and the dolphin is listed as
vulnerable.

Materials and methods

Availavility and explotation rates of different fish species estimated by analyzing
catch composition of various fishing gears and methods used in the Karnaphuli,
Halda, Shikalbaha, Chandkhali and Sangu river. Regional threatened status was
followed as IUCN Bangladesh 2015.
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Results and discussion

Out of the total 64 threatened native finfish species, 27 species are found in the five
interconnected rivers of Chattogram (Halda, Karnaphuli, Shikalbaha, Chandkhali
and Sangu). Of these, 2 are critically endangered, 11 are endangered and 14 are
valnarable (Table 1 and 2).

Table 1. Species density of megafauna in five interconnected rivers of Chattogram.
Threatened status given according to [UCN Bangladesh 2015, Status code: CR-
Critically endangered. EN- Endengered, VU- Vulnarable.

Studied Finfish Shellfish | Turtle | Dolphin Reference
river [Threatened (Prawns
Species, + Crabs)
CR+EN+VU]
Arshad-ul-Alam 2012,
Halda 83 [15, 0+5+10] 10 (9+1) 1 1 Azadi and
Arshad-ul-Alam 2011, 2013
Karnaphuli 110 [16, 1+5+10] 18 (16+2) 1 1 In press
Shikalbaha 74 [13, 0+5+8] 11 (10+1) 1 1 (Azadi and
Chandkhali 72 [11, 0+3+8§] 11 (10+1) 1 1 Arshad-ul-Alam 2020)
Lower Sangu 109 [20, 1+8+11] 18 (16+2) 1 1 Azadi and Arshad-ul-
Alam 2014
Sangu (from Arshad-ul-Alam
river mouth 141 [26, 2+11+13] | 18 (16+2) 1 1 and Azadi 2017,
to Bara Running
Mowdak) research work
Species 143 [27,2+11+14] | 18 (16+2) 1 1
richness

Critically Endangered Species

IUCN Bangladesh 2015 has identified nine critically endangered species in the
country. Five belong to the Order Cypriniformes, one belongs tothe Order
Perciformes and three belong to the Order Sluriformes. Of these nine critically
endangered species, the Bagarius bagariusis found in the Karnaphuli and Sangu
rivers, while the 7or tor is found only in the upper reaches of the Sangu River.
Bagarius bagarius is not very rare in the hilly upstream of the Sangu River. These
fish are caught in hook and line, seine nets and cast nets. Bagarius bagarius
weighing from 200 grams to about 5 kg were found in the catch of seine nets and
hooks used in Sangu River at Tindu and Remakri areas of Bandarban.
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0 Fig. 1. Critically endengerd
fish species:
a) A fish trader at
Bandarban  Sadar fish
market selling Red fin
mohashol (Tor tor) captured
from Sangu River at
Bandarban.
. b) Baghair (Bagarius
bagarius) caught on line and
hook in Sangu river at
J Bandarban.

Endangered species

Of the 30 native endangered species identified by IUCN 2015, 19 belong to the
Order Cypriniformes, 1 to Osteoglossiformes, 1 to Channiformes, 8 to Siluriformes
and 1 to Synbranchiformes. Amongst 30 endangered species 3 are found in
Chandkhali, 5 in Karnaphuli, Halda and Shikalbaha rivers and 11 in Sangu River.
Tor putitora, Neolissochilus hexagonolepis, Labeo pangusia, Barilius barna,
Barilius bendilisis and Gara gotyla are the six endangered species of fish- found in
Sangu River from Bandarban Sadar to hilly upper reaches of the stream. It should be
noted that the composition of the fish varies in different environments; such as
estuaries, plain land river, hilly land river and fast flowing parts of high hill streams.
Tor putitora and Neolissochilus hexagonolep is weighing upto 2 kg and their
juveniles are seen to be sold in Bandarban district Sadar main fish market and in
Marma Bazar. Labeo pangusia is found in Sangu River at Thanchi and Thanchi
upstream, weighing about 1 kg to 250 grams. Tor putitora and Labeo pangusia are
found in the catch of seine nets, gill nets and cast nets. The small endangered
cyprinid fish Barilius barna, Barilius bendilisis and Gara gotyla are collected with
seine nets, cast nets and push nets. In order to get an idea of the population, it can be
said that in the Tindu-Remakri area of Sangu River, Barilius barna, Barilius
bendilisis and Gara gotyla are found in every haul of seine net; Tor putitora and
Labeo pangusia are found in almost every day catch. Crossocheilus latius, Ompok
pabda and Clupisoma garua are more common in upstream catch, while the
presence of Mastacembelus armatus is common throughout the river, upstream to
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downstream. Mastacembelu sarmatus weighing more than 500 grams were found in
angling and brush shelters. The presence of Pangasius pangasius (river pungus) in
catch is very low and is rarely found in angling.

The Copper mohashol Neolissochilus hexagonolepis was first recorded by this
author from Bangladesh (Hossain, 2015) from Sangu River at Bandarban.

Table 2. Threatened freshwater fish species in five interconnected rivers of Chattogram.

S(l): Thl;::ttssned Scientific name English name Local name % g %s z% gn
T | |»n| 0|«

1 CR Tor tor Tor mohsheer Tor mohashol - - - - | v

2 CR Bagarius bagarius Gangetic goonch Baghair - - | v

3 EN Tor putitora Golden mohashol Sonali mohashool | - - v

4 EN Neolissochilus hexagonolepis Copper mohashol Corrop maal - - - - | v

5 EN Labeo pangusia Pangusia labeo Ghora mukha N N Y

6 EN Crossocheilus latius Stone roller Kala bata Viivi|vY]|-|v

7 EN Barilius barna Barna baril Bony kokosa -l - - -V

8 EN Barilius bendelisis Hill trout Joya -l -l -] -V

9 EN Garra gotyla Sucker head Ghor puiya -l -l - -V

10 EN Ompok pabda Pabda catfish Modhu paboda Vi iviI|v]-|v
11 EN Clupisoma garua Garua bacha Gharua ViivI|v|Vv]v

12 EN Pangasius pangasius Yellow tail catfish Pangus ViivI|v|Iv|v
13 EN Mastacembelus armatus Spiny eel Kata baim ViivI|v|v]v
14 vu Anguilla bengalensis Indian mottled eel Bamosh Viivi]-| -1V
15 VU Gudusia chapra Indian river shad Chapila ViivI|vYI|VvY|v
16 VU Chagunius chagunio Chaguni - - - - | v
17 vu Chela cachius Silver hatchlet barb Chhep chela - - VY-
18 vu Labeo ariza Ariza labeo Raik V|- -1V
19 VU Pethia ticto Two-spot barb Tit puti ViIivIv|Vv
20 vu Lepidocephalichthyes annandalei | Annandale Loach Gutum N N Y
21 A48 Sicamugil cascasia Yellow tail mullet Kachki bata vV v
22 VU Notopterus notopterus Grey feather back Foli vViiv]|VY v
23 vu Awaous grammepomus Stone goby Shil baila N N Y
24 VU Sperata aor Long-whiskered catfish Talla ayre ViivI|vYI|VvY|v
25 VU Sperata seenghala Gaint river catfish Guijja ayre ViivI|vI|VvY |V
26 vu Wallago attu Freshwater shark Boal ViivI|vI|Vviv
27 vu Microphis cuncalus Crocodile tooth pipe fish | Kumrer khil Viivi]-]-1V
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Fig. 2. Endengered fish species

a. Golden mohashol (7or putitora)

b. Copper mohashol (Neolissochilus
hexagonolepis)

c. Pangusia labeo (Labeo pangusia)

d. Stone roller (Crossocheilus latius)

e. Barna baril (Barilius barna)

f. Hill trout (Barilius bendelisis)

g. Sucker head (Garra gotyla)

h. Yellow tail catfish (Pangasius pangasius)
caught on line and hook in Sangu river at

Vulnerable species

The native 25 valnarable species include 1 Anguiliformes, 1 Clupiformes, 10
Cypriniformes, 1 Mugiliformes, 1 Osteoglossiformes, 2 Perciformes, 5 Siluriformes,
2 Synbranchiformes and 2 Syngnathiformes fish. Amongst these 25 native
vulnarable species 10 are found in Halda and Karnaphuli rivers, 6 in Shikalbaha and
Chandkhali and 13 in Sangu River. General presence of 8§ species has been observed
in all of the five interlinked rivers. Catadromous Anguilla bengalensis is very few in
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numbers and a specimen was collected weighing about 4 kg from the river Halda.
The two species of Sperata are more or less common and exploitation rate of
Sperata aor is more higher than Sperata seenghala. Microphis cuncalus, Chela
cachius"and Notopterus notopterus are rarely found. Gudusia chapra, Pethia ticto,
Sicamugil cascasia have been seen common in almost all five rivers. Labeo ariza,
Lepidocephalichthyes annandalei and Awaous grammepomus are found in the
Bandarban and upper reaches of the Sangu River. Large Wallago attu are caught
with spears and from brush shelters.

Chagunius chagunio was found in upstream of Thanchi. The presence of Chagunius
chagunio in the Sangu River is conceived by a single obscure image. Although all
the fish species samples of Sangu River are in the collection of myself, no sample of
this fish has been preserved and no clear picture has been taken. The picture was
taken while a housewife was dressing fish in Tindu, she did not agree to sell or hand
over the fish in her collection. No specimens of this species were found on any
previous or subsequent visit.

Monopterus cuchia, described as endangered, is not found in the Sangu River fish
catch, but is found to be sold at the Marma Bazaar in Bandarban district
headquarters.

Fig. 3. Valnarable fish species.
a. Indian mottled eel (Anguilla bengalensis)

b. Chaguni (Chagunius chagunio)

c. Stone goby (Awaous grammepomus)

d. Crocodile tooth pipe fish (Microphis cuncalus).
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Species categorized as "data deficient"

Due to insufficient data, 40 freshwater fish species have been placed in the category
of "data deficient" in IUCN Red list of Bangladesh (IUCN Bangladesh, 2015).
Assessment about the habitat, population, extent, etc. of these fishes were not found
to be useful or the relevant determinants did not have adequate data or seemed
inadequate.

Bangana dero is found in upstream of the Sangu River at Thanchi in catch of gill net
and seine net. Eleotris lutea is more or less found in all five rivers. Barilius barila is
found in upstream of Sangu at Bandarban, and Balitora brucei and Glyptothorax
indicus observed in the catch of electrofishing at Tindu-Remakri region. With an
effort of electofishing for an hour, 200-250 grams of Balitora brucei and
Glyptothorax indicus can be easily collected from under the rocks and boulders
along with some other small fish species.

Oryzias dancena is found in all rivers of Chittagong. This fish with a transparent
body is smaller than a glass fish or Ganges River sprat, this fish can be seen in large
numbers gilled in small mesh nets (fence net and seine net of 2-4 mm mesh). This
author was the first to set a new record for this fish in the country from the Halda
River (Arshad-ul-Alam, 2011, Azad & Arshad-ul-Alam, 2013). There is no mention
of this fish in any of the local taxonomic publications (Rahman, 1989, 2nd edition,
2005; Shafi & Quddus, 1982, 2nd edition, 2004; Siddiqui ef al., 2007). This fish was
not mentioned in the previous version of the Red List (IUCN Bangladesh 2000).

Fig. 4. Data deficient fishes:

a. Kalabans (Bangana dero)!] O d. Indian rice fish (Oryzias dancena)
b. Barred barila (Barilius barila)[] [] e. Lutea sleeper (Eleotris lutea)

c. Stone loach (Balitora brucei)[] ] f. Sylhethara (Glyptothorax indicus)
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Table 3. Species categorized as data deficient

SI. Scientific English Local = I =
2122
No. name name name S g S %: gﬂ
< < = = <
T N n O n
1 Bangana dero Kalabans Kursha - v
2 Barilius barila Barred barila Cedra Kokosa - v
3 Balitora brucei Stone loach Balitora - - - - v
4 Oryzias dancena Indian rice fish Kagoji gura v v v v v
5 Eleotris lutea Lutea sleeper Bhoot baila v v v v v
6 Glyptothorax indicus Sylhet hara Tel citta - - - - v

New records of Horned Carp and Mahseer carp

Schismatorhynchos nukta (Horned carp), considered an endemic species of the
Western Ghats Biodiversity Hotspot in India, is new to the list of native fish. This
fish with two other allied species (unidentified) was collected for the first time from
the hilly part of the Sangu River by me. It is endangered on the Global Red List, and
is extinct from type locality and some upstream tributries of the Krishna River
(Yazdani & Mahabal, 1976; Dahanukar et al., 2012; Kharat et al., 2012). A total of 4
species of Schismatorhynchos are known, the other 3 species are native in Indonesia
and Malaysia. The isolated population of this and some other fish is astonishing to
paleontologists and biogeologists. This new information about occurrence of this
endemic species of Western Ghats of India in Bangladesh will add a new dimension
to an old wonder. (Arshad-ul-Alam & Azadi, 2017)

There was no clear previous record of 7or tor (Red fin Mahseer) and 7or putitora
(Golden Mahseer) being found in the Sangu river. Since Sangu is a purely
indigenous river, it can be said these fish are resident fish of this river, and breed in
this river.

Mahseer carps are Asian endemic fish (Giri, 2017). Large-scaled Asian carp species
are called Mahseer (Desai, 2003) (Local name Mahashol). More then one speies of
Mahseer carp are found in India, Pakistan, Bangladesh, Sri Lanka, Nepal, Bhutan,
Malaysia, Indonesia, China, Myanmar, Thailand, and Vietnam. (Desai, 2003;
Rahman, 2005; Ahmed, 2015; Hossain, 2015; Giri, 2017). Within Bangladesh, there
are records of occurrence of one or more species of Mahseer carp in Sangu river at
Bandarban, Someswari river at Netrokona, Upper Karnaphuli River, Mahananda
River at Dinajpur, Kaptai lake of Rangamati, Para river at Sunamganj and Tanguar
haor. (Azadi & Arshad-ul-Alam, 2014; Hossain, 2015; Ahmed, 2015; Arshad-Ul-
Alam, 2015; Giri, 2017).
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Mohashol in Someshwari, Kanga and Mahananda rivers are thought to be migratory
fish, and their breeding grounds are widely believed to be towards river sources
outside the country. It is the first report about the resident and indigenus Mohashol
(Tor tor and Tor putitora) in Bangladesh. Barbodes wynaadensis (wynad mahseer)
is also a new record in Bangladesh and first reported by me collected from remakri
area of Sangu River. The local name of this fish is unknown. It is also known as
endemic species of Wyanad Plateau in the Western Ghats of India.

Fig. 5. New records of freshwater fish from
Sangu river.

a, b. Horned carp (Schismatorhynchos nukta)
a. fresh specimen

b. preserved specimen

¢. Unidentified Schismatorhynchos sp.-1

d. Unidentified Schismatorhynchos sp.-2

e. Wynad mahseer (Barbodes wynaadensis).

Threatened freshwater dolphins and turtles

The threatened (vulnerable) freshwater dolphin Platanista gangetica (Ganges blind
river dolphin) is at high risk for degraded habitat due to various man-made changes
in these rivers. This environmental biodiversity is at high risk due to shortening of
river course, installation of dams and sluice gates on tributaries, construction of
embankments in floodplains, construction of dams in mainstream, high rate of water
withdrawal, industrial and municipal pollution, non-target hunting by illegal carp
brood remover gill nets, etc.

Threatened (endangered) freshwater turtles Nilssonia gangetica (Ganges shoftshell
turtle) are trafficked due to their high cost. Professional turtle hunters are people
from different districts and have special skills in turtle hunting. Long submerged
bait less hook-line called Hazari borshi is used for turtle hunting.
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Fig. 6. Turtle angling hook line Hazari borshi and Ganges shoftshell turtle (Nilssoniagangetica).

Conclusion and Recomendations

The Sangu River is home to a number of globally and regionally threatened fish,
including mohashol. They need to be protected. Due to the locals as well as BGB
and tourists, fishing pressure is higher in the hilly areas in comparisons to fish
population and fish habitat. It may be difficult to conserve due to inaccessibility. It
is important to find ways to save these threatened fish in their natural habitat.
Distribution of pictorial guide books, posters illustrated with threatened fish species
and harmful nets among the locals including local people's representatives, local
administration, boatmen, BGB men, fishermen, law enforcers can be the initial steps
to create initial awareness.

Being a hilly river, it is more silted. Allowing small scale dredging on private
initiative maintains the navigability of the river, keeps the flow of water
concentrated to the main flow and does not interfere with the movement of fish due
to algae accumulation. During the dry season uncountable small fishes die in traped
algae pulled by seine nets, fishermen only collect large fishes. Large scale dredging
protects against huge government costs and environmental damages.
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Growth Response of Some Leguminous Tree Seedlings
to AM Fungal Inoculation in Nursery Condition

Partha Pratim Dhar!* and Md. Amin Uddin Mridha?

Abstract

Effect of Arbuscular mycorrhizal (AM) fungal inoculation on the growth of
some leguminous tropical trees such as Acacia auriculiformis, A. catechu,
Albizia lebbeck, A. procera, Cassia nodosa, C. siamea, Gliricidia sepium,
Pongamia pinnata, Samanea saman and Tamarindus indica were studied in
nursery conditions. Seedlings of these leguminous tree species were grown in
polybags and inoculated with the mixed inocula of arbuscular mycorrhizal
fungi. Data were recorded after 90 days. AM root colonization varied from
37% to 95%. The highest percent root colonization was recorded in the roots
of A. auriculiformis and the lowest was in the roots of P. pinnata (37%).
Vesicular colonization was recorded 11% to 92%. The highest was recorded in
C. siamea (92%) and the lowest was in A. procera (2%). Arbuscular
colonization was recorded 45-93%. The highest arbuscular colonization was
recorded in A. auriculiformis (93%) and the lowest was in S. saman (45%).
Different parameters of the seedlings were increased. Percentage of increased
parameters were varied. Differential efficiency of arbuscular mycorrhizal
colonization and stimulation of the host to a significant growth response to the
inoculation of AM fungi were observed.

Keywords: AM fungi, Growth response, Inoculation, Leguminous tree seedlings

Introduction

Arbuscular mycorrhizal symbiosis was evolved simultaneously with the
evolution of terrestrial plants (Pirozynski & Malloch, 1975). Since the very
beginning, most of the terrestrial plants could form mycorrhizal association with the
specific soil inhabiting fungal community. Mycorrhizal fungi are the most beneficial
to the forests and reforested ecosystems where high and nutritional scarcity poses
challenges to plant growth (Mosse, 1973; Janos, 1975; Jasper, 1992). Arbuscular
mycorrhizal fungi are important for the nutrition in relation to soil-nutrient balance
and ecosystem sustainability. They are also suitable for inoculation to the forest tree
species in less fertile soils (Perry et al, 1987, Saggin-Junior & Siqueira, 1995,
Siqueira et al., 1998; Holste & Kobe, 2017). Mycorrhizal association fixes up the
collaborative efficiency of fungus and host plants. Growth performance of the host
plant is reflected as the combined effect of environment (Brundrett, 1991) and
mutual relationship betweenplant and fungi (Kumar et al., 2017a; Kumar et al.,
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2 Department of Botany, University of Chittagong, Chattogram, Bangladesh
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2017b). Plants' performance or responsiveness is directly related to the growth rate

of the host plants and internal P-consumption (Koide, 1991; Diagne et al., 2020).
Application of mycorrhizal fungi has also been proved to be supportive to the
survival of the micropropagated plantlets overcoming the stresses in field condition
(Gaur & Adholeya, 1999; Agustini ef al., 2020)). As they were reported to be good
enough in the forest ecosystem to support increased acquisition of phosphorus and
other mineral nutrients (Clark & Zeto, 2000), decreasing soil borne diseases (Singh
et al., 2000), upgrading water relations (Auge, 2001) and inducing stress-tolerance
(Bethlenfalvay, 1992; Begum et al., 2019; Malhi et al., 2021), mycorrhizal fungi can
be applied in the plantation.

Expansion of forestry with the long-rotation plantations suggests that substantial
gains can be achieved through improved forestry practices. Mycorrhizal fungi can
make important contribution to the success of plantation forestry by enhancing
establishment and growth of plants by increasing potential of mycorrhizal host-
plants to compete for resources, contributing to nutrient-recycling and thus to long
term stability of the soils (Jasper, 1992; Birhane et al., 2012; Diagne et al., 2020;
Song et al., 2020). Different forest tree species grown in nurseries have shown
positive response to the mycorrhizal utilization in nurseries (Thapar & Uniyal, 1996;
Mehrotra et al., 1999; Khan et al., 2001; Ibafiez & McCarthy-Neumann, 2015).
Although arbuscular mycorrhizal fungi are present widely in the forest-soils of
Bangladesh (Dhar et al., 2005a, 2005b; Dhar & Mridha, 2006a, 2006b, 2007a,
2007b, 2012), no definite research was carried out on the growth performance of the
leguminous tree species regarding mycorrhizal application in nurseries of
Bangladesh. This research study was designed to observe the growth response of
some leguminous tree seedlings to the inoculation of AM fungi in nursery
conditions.

Materials and Methods

The present study was conducted in the nursery of IFESCU (Institute of Forestry
and Environmental Sciences, Chittagong University) and seedlings were grown in
polybags of lkg capacity (6"x4") which were filled in with sandy loam soils
collected from denuded hills of Chittagong University area. The soils were pre-
examined to determine the presence of AM fungi and found free from mycorrhizal
fungi. Gravels and other particles were removed from the soils by passing through
2mm sieve and were dried in sunlight for seven days. Organic fertilizers (made up
of composts and manures) were mixed with the soils (1% of the soil volume) and
filled in the polybags leaving 2cm blank of the polybags. Roots of Acacia
auriculiformis were used as the source of inoculum. Collected acacia-roots were
tested earlier to confirm the AM colonization. Roots were chopped into 1cm pieces
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and 5g of chopped roots were applied on the top of the bags. Three replications were
prepared for each species which were treated as inoculated. Similar amount of
sterilized roots were applied in another ten replications and they were treated as
non-mycorrhizal. Thus, a total of 60 replications (30 mycorrhizal and 30 non-
mycorrhizal) were maintained for ten leguminous plant species. Similar amount of
root-inocula were washed with distilled water to make a suspension of microbes of
rhizosphere of 4. auriculiformis roots and after sieving with 18um sieve (to make
free from AM fungal spores) it was added to the non-mycorrhizal replications to
maintain the microbial balance. Seeds of different forest tree species namely Acacia
auriculiformis A. Cunn. exBenth; A. catechu (L.f.) Willd., Benth; Albizia lebbeck
(L.) Benth.; A. procera (Roxb.) Benth; C. nodosa (Buch. -Ham. ex Roxb.) K. Larsen
& S. S. Larsen; C. siamea Lam.; Gliricidia sepium (Jacq.) Walp.; Pongamia pinnata
(L.) Pierre; Samanea saman (Jacq.) Merr. and Tamarindus indica L. were collected.
For rapid germination seeds of A. auriculiformis were treated in boiled water for
20sec and soaked in normal water overnight at room temperature. One to five
presoaked seeds, according to seed size, were sown in prepared polybags and after
germination only one seedling was maintained in each polybag. Soil moisture was
maintained by irrigation if needed. Precautionary measures were taken to avoid any
contamination by external AM fungal inoculum and pots were placed on a higher
table apart from the ground surface. No extra fertilizer was applied.

Plants were harvested after 90 days. Different growth parameters like percent of
arbuscular mycorrhizal colonization, shoot height, collar diameter, fresh weight of
roots and shoots, dry weight of roots and shootswere recorded. Dry weight was
measure after drying the materials in the woven at 65°+2° C for 48 hrs. Percent root
colonization of AM fungi was calculated (Dhar & Mridha, 2003). The percent of
increase in shoot height, root length, biomass (fresh weight and dry weight) and
collar diameter were calculated by using following formula (Srivastava et al., 2001):

% increased = Inoculated - Uninoculated % 100
Inoculated

Statistical analyses were carried out using SPSS (V-20). Data on total AM
colonization and AM structural colonization were analyzed byOne-way ANOVA for
Duncan's Multiple Range Test (DMRT) program and the 't-test' was carried out to
test the significance of the effect of AM inoculation on different parameters of
leguminous tree seedlings.
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Results

Arbuscular mycorrhizal colonization:

Table 1 represents the AM structural colonization in the leguminous tree seedlings
under study. Mycelium, vesicles and arbuscules are the different structures of AM
fungi in the rhizosphere soil and roots of host plants. Mycelial colonization varied
from 37-96%. The highest mycelial colonization was recorded in the roots of G.
sepium (96%) followed by A. auriculiformis (95%) and T indica (90%); the lowest
was in the roots of P. pinnata (37%). A. catechu and C. nodosa showed more than
85% and S. saman showed 75% AM colonization. The highest vesicular
colonization was recorded in C. siamea (92%) followed by C. nodosa (84%). The
lowest vesicular colonization was in 4. procera (11%). No vesicular colonization
was observed in A. lebbeck and S. saman. Arbuscular colonization was recorded in
all tree seedlings. Arbuscular colonization was recorded 45-93%. The highest
arbuscular occurrence was recorded in the A. auriculiformis (93%) followed by G.
sepium (91%) and C. siamea (88%). The lowest arbuscular colonization was
recorded in S. saman (45%). A. lebbeck and S. saman produced less than 60%
arbuscular colonization.

Table 1. Structural colonization of arbuscular mycorrhizal fungi in the roots of
different leguminous tree seedlings inoculated with arbuscular mycorrhizal fungi.

Leguminous Total AM structural colonization (%)

tree species Mycelium | Vesicles | Arbuscules
A. auriculiformis 95a* 2l g 93 a
A. catechu 89bc 39d 85d
A. lebbeck 56¢ 00 i 541
A. procera 49 £ I1h 77 e
C. nodosa 88 ¢ 84 b 59¢g
C. siamea 44 g 92a 88 ¢
G. sepium 96 a 35e 91b
P. pinnata 37h 28 f 56 h
S. saman 75d 001 45]
T indica 90 b 59¢ 67 f

*Different letters show significant variation as indicated by the DMRT (p<0.05)

Growth response of root parameters:

Data of growth response of different root parameters of AM inoculated, and
uninoculated leguminous tree seedlings were recorded. Fresh weights of AM
inoculated tree seedlings were greater than that of uninoculated seedlings. Due to
AM fungal inoculation, increased (%) fresh weight were demonstrated in the Fig.1.
The highest was in C. nodosa (87.19%) followed by 4. auriculiformis (85.45%). A.
procera and P. pinnata exhibited almost similar growth (68.24 & 69.88%).The
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lowest was calculated for C. siamea (12.79%). Fig.2 enumerates the data on the dry
root weight of AM inoculated and uninoculated tree seedlings. It is evident that dry
root weight of AM treated seedlings were increased in comparison with
uninoculated tree seedlings. G. sepium showed the maximum (>2.5g) dry root
weight which was followed by 7. indica (>2.00 <2.5g). A. lebbeck, C. nodosa and C.
siamea showed almost similar growth trend of dry root-weight. The lowest dry root-
weight-growth was recorded for A. catechu (~ 0.5g). Data on percent growth of dry
root weight are presented in the Fig.3. The highest percent was observed for C.
siamea (>35%) followed by A. catechu, C. nodosa, P. pinnata, and T. indica. The
lowest was for A. lebbeck (~15%).

a0 | 8545 4719 B %increased

O Inoculated O Uninoculated
G824 69.88
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Growth response of shoot parameters:

The data in the Fig.4 showed increased collar diameter in all AM inoculated tree
seedlings. The highest collar diameter in AM inoculated seedlings was recorded in
G. sepium and it was followed by P. pinnata, S. saman and A. lebbeck. The lowest
was recorded in A. auriculiformis. Data on percent growth of collar diameter were
presented in the Fig. 5. Percent increased collar diameter was the highest for S.
saman and it was followed by A4. auriculiformis. The lowest was for 7. indica. Fig. 6
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described the shoot height of the AM inoculated tree seedlings were ted in observed
in the experiment. Shoot height of the AM inoculated tree seedlings were higher
than uninoculated and varied independently. The highest shoot height of AM
inoculated seedlings was recorded in P. pinnata and it was followed by A. catechu,
S. saman and T. indica. The lowest shoot height was in C. siamea. Percent increased
shoot height was maximum for S. saman and it was followed by A. lebbeck.
Minimum percent increased shoot height was for C. nodosa (Fig.7).
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Shoot fresh weight of AM inoculated tree seedlings increased and varied in
comparison with uninoculated tree seedlings (Fig.8). The highest fresh shoot weight
was recorded in G. sepium and it was followed by P. pinnata and A. lebbeck. The
lowest fresh shoot weight was recorded in A. auriculiformis. Percent increase was
the highest for A. catechu and it was followed by A. auriculiformis (Fig.9). The
lowest was for C. siamea. Dry weight of shoots of AM inoculated tree seedlings was
increased (Fig.10) due to AM fungal inoculation and varied independently in
different tree species. The highest dry weight of shoots was recorded in P. pinnata
and it was followed by S. saman, A. lebbeck and T. indica. The lowest shoot dry
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weight was recorded in A. auriculiformis. Fig.11 enumerates the data on the percent
increase in the dry shoot weight of AM treated tree seedlings. The highest
percentage was for 7. indica. A. auriculiformis, A. procera and C. nodosa showed

almost similar response to AM fungal inoculation. The minimum was for A.
lebbeck.
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Discussion

In the present study all the tree seedlings showed arbuscular mycorrhizal
colonization and increased biomass production in comparison with those of the
uninoculated. Response of the AM inoculated legume tree seedlings were
significantly greater than uninoculated seedlings and our findings corroborate with
the reports of Xian-Gui & Wen-Yin (1988), Husna et al. (2017), Kumar et al.
(2017a) and Scoriza & Correia (2019). AM fungal inoculation enhanced the
flowering of China rose and terminal bud growth of pomegranate (Xian-Gui &
Wen-Yin, 1988). Accordingly, AM fungal inoculation triggered the growth of
legume plants in the report of Scoriza & Correia (2019) and hereafter, authors
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advocated that AM fungal inoculation encouraged helpful and suitable edaphic
conditions to the plant growth. The result of our study upholds the view and
observation made by Mosse (1977), Mosse & Hayman (1971) and Srinivash et al.
(1988) in other crop plants that plants inoculated with efficient AM fungal strains
recorded higher dry weight and nutrient content. Increased plant height and dry
matter in AM inoculated plants were noticed by many workers (see Srinivash et al.
1988, Kumar et al. 2017a, Diagne et al. 2020).

All the selected plant species responded positively to the inoculation of AM fungi in
nursery condition. In this experiment percent root colonization varied in different
tree seedlings which might be due to the variation in different tree species and AM
fungal species (Wang & Jiang 2015, Pepe et al., 2018, Melo et al., 2019). Even
there might exist intraspecific differences in the same hosts. Khalil et a/. (1994) and
Wang & Jiang (2015) reported the intraspecific variation in the growth and AM
colonization of AM inoculated soybean cultivars. Root colonization patterns
exhibited by the AM fungal members indicated variable life system and individual
approach. Besides, specific environmental and climatic elements, edaphic factors
and plant phenology might be considerable (Melo et al., 2019).

Inoculation of tree seedlings with AM fungi significantly increased shoot and root
parameters. Application of an inoculum mixture of different AM fungi enhanced
height growth, collar diameter, fresh weight, dry weight and percent colonization.
Therefore, it might be concluded that mixed inoculum of AM fungi is more effective
to boost the growth and biomass production of the forest trees seedlings. The data
indicated the potential role of AM fungi in the growth of the host plants tested as
mycorrhizal plants are efficient in the acquisition of phosphorus and other mineral
nutrition. Though study on phosphorus was not conducted in our study, literature
indicated higher phosphorus inflow in mycorrhizal plants (Gianinazzi-Pearson &
Gianinazzi, 1983; Jakobson, 1986; Behie & Bidochka, 2014; Wang et al., 2017,
Ingraffia et al., 2019) due to easy access to insoluble phosphorus pool by
mycorrhizal fungal hyphae which can grow far beyond the P-'depleting zone' (Cress
et al., 1979; Lambers et al., 2018; Alewell et al., 2020) in the rhizosphere and thus
increasing 'phosphorus absorbing area'. This better growth and increased biomass
production might be the outcome of increased chlorophyll production of the host
plants and increased photosynthesis, increased P uptake (Gaur & Adholeya, 1999;
Birhane ef al., 2012; Ingraffia et al., 2019).

The extent of the AM occurrence in the host-root and the degree of host response
were observed to vary according to host plant species. Host responsiveness is
related to the matching between fungi and plant and degree of mycorrhizal
occurrence in the host roots (Hetrick et al., 1996; Smith & Read, 1997,
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Soudzilovskaia et al., 2015; Neuenkamp et al., 2018). Our results are in accordance
with the reports of Mukerji & Jagpal (1987), Soudzilovskaia et al. (2015), and
Neuenkamp et al. (2018) who mentioned the better growth and well establishment
of AM-applied-plants in the reforestation. Rajan et al. (2020) studied the better
performance of AM inoculated tree seedlings in the abiotically stressed condition.

Host response had also been explained as the function of efficiency of AM fungal
inoculum in the soils (Habte & Fox 1989; Siqueira & Saggin-Junior, 2001; Kumar et
al., 2017a). They observed the varied response of the host plant in different soils
with different types of initial AM fungal inoculum. They concluded that the
effectiveness of the inoculum was positively correlated to the initial inoculum
abundance. Habte & Fox (1989) and Kumar ef al. (2017a) suggested that host
species would respond positively if the indigenous inoculum is lower than that of
the inoculum. In our experiment indigenous inoculum was absent in the soils and the
inoculation of AM fungi was proved to be effective to the host response. Quantity of
labile nutrients in the rhizosphere soil of the mycorrhiza-treated plants influenced
the host performance in the forest plantations. The efficiency of the AM fungal
inoculum is reversely related to the concentration of immobile nutrients (Sharma et
al., 1996; Behie & Bidochka, 2014; Wang et al.,, 2017). Increased host response
indicated the high concentration of immobile nutrients or the soil might be poor in
quantity of the available nutrients. In nutrient poor environments and in ecosystems
like tropical forest where nutrients (e.g., Phosphorus) are hardly accessible which, in
turn, obstacles the biomass growth (Jayachandran & Shetty, 2003; Azcon-Aguilar &
Barea, 2015; Buba & Muhammad, 2020) and AM treated plants, therefore, would
have anextra opportunity under these extreme conditions (Rajan et al., 2020).

In might be concluded that application of mycorrhizal fungi and success
establishment of mycorrhizal association in the nursery condition exaggerates
improved development and healthy growth of leguminous tree seedlings. Thus,
application of mycorrhizal fungi during seed sowing in the nursery would
considerably enhance the survival, successful establishment and development of the
leguminous tree seedlings in the plantations thereafter.
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A Short Review on Synthesis, Characterization and
Chemical Modification of Chitin Nanomaterials

Dr. Ajoy Kumar Dutta!*

Abstract

Chitin is biodegradable, renewable and naturally abundant biopolymer on earth. Its
unique nanofibrillar structure attract researchers and thus several methods have been
develop so far for chitin isolation. Star Burst (SB) system based on water-jet technology
is unique for the production of nanomaterials due to chemical hazard free processing,
high volume production rate and low cost. In recent years, number of researchers
successfully employed this novel technology to synthesise chitin nanomaterials from crab
shell powder. Scanning Electron Microscopy (SEM) shows fascinating morphology of
manufactured nanofibers. Besides, FT-IR Spectroscopy and X-ray diffraction (XRD)
analysis revealed the structural and crystal authenticity of the chitin materials.
Consequently chitosan, the most popular derivative of chitin, were fibrillated effectively
through the SB system. In addition, chitin nanocrystals from o-variant were isolated by
SB process and characterised. Chitin is superior to its natural counterpart cellulose for
chemical modification due to the acetamide group (-CONH,) in the second carbon.
Isolated chitinnanomaterial, therefore, was exposed to chemical reactions for its better
utilization. Partially deacetylated chitin was treated with 1,2-naphthalinicanhydride in
water for surface naphthaloylation. Elemental analysis and FT-IR spectral data reveal the
presence of napthanoyl moieties to chitin. Naphthaloylated chitinnanofibers slurry
exhibits impressive bluish-green colour while strike with particular wavelength of light.
Furthermore, chitin was chlorinated in sodium hypochlorite solution to produce N-
halamine at room temperature that showed strong antibacterial and antifungal efficacies
against selected pathogens without affecting structural identity and fibres morphology of
chitin.

Keywords: Chitin, Chitosan, Fluorescence, Nanofiber, Nanocrystal, N-halamine, Star Burst

Introduction

Chitin is a polysaccharide of major importance and found in the exoskeleton of
crustaceans and molluscs, the backbone of the squids and the cuticle of insects
(Rinaudo, 2006). It is the second most abundant biopolymer, after cellulose,
representing its huge availability throughout the world. Chitin belongs fascinating
biodegradability, renewability and non-toxicity in addition to unique biological
activities. And thus it has attracted much attention to scientific community over the
past decades and found applications in biomedicine, food and cosmetics,
nanocomposite and electrochemical biosensors (Mourya & Inamdar, 2008).
Depending on its biological origin, it has been found in three polymorphic forms: o,
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Fig. 1. SEM micrograph of chitin nanofibril embedded into the matrix of crab shell

B, and y-chitin (Jayakumar et. al., 2010). Fascinating nanofibrillar chitin has been
observed within the matrix of minerals and proteins in crustaceans' shells (Fig. 1).

Nanomaterials, having dimensions less than 100 nm, possess larger surface area,
greater mechanical, optical and electrical properties; and enhanced chemical
reactivity. Several methods, thus, have been developed for years to isolate
nanochitin. In recent years, Ifuku et. al. has been reported successful chitin
nanofibrills preparation from crab shell dried powder (2009) and mushroom's cell
walls (2011) in acidic media. A specially designed grinder was used for the
mechanical disintegration of aggregate complex chitin structure. The most
interesting phenomenon was the homogeneous dispersibility of chitin nanofibrills in
water, which was long standing unresolved issue.

Kose & Kondo (2011) prepared chitin nanofibers introducing a novel high pressure
waterjet system known as Star Bust (SB) for the first time The sample in the form of
slurry was fed from the tank, as soon compressed by a hydraulic piston, and ejected
at high pressure from a pair of nozzles. Atomization of chitin occurred due to the
collisions of ejected pairs of jets into the chamber. Moreover, chitin nanofibers from
the SB system are more advantageous in high-volume production, maintaining the
product quality, and allowing less contamination compared with the disintegration
by a grinder.

Dutta et al., (2013) is inspired with the SB systemand thus desired to synthesise
chitin nanofiber from crab shell powder using 1 to 100 mechanical cycles/ passes
and thus to discover a suitable cycle for the disintegration without compromising
with chitin's structural and chemical identity. Furthermore, the group studied
effective fabrication of B-chitin (2013) and chitosan nanofiber (2013) and chitin
nanocrystal (2014) with the help of specified technique.

Biopolymer cellulose and chitin have structural similarity, but chitin has dissimilar
acetamide (-CONH,) group in the second carbon (Fig. 2). This group is natural gift
to chitin showing its more superiority over cellulose as the group is easily
convertible to more reactive amino (-NH,) group. Thus, polymeric backbone of
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chitin nanofibrills is more exposed to chemical modification and can be studied for
versatile applications. Consequently, Dutta et al.,, incorporated advance
antimicrobial (2015) and effective fluorescent properties to the chitin (2014)
nanofibers spines by simple chemical treatments.

{2) Cellulose {(b) Chitin

Fig. 2. Chemical structure of (a) cellulose and (b) chitin

Here a short review on the synthetic process of chitin nanofibers from o~ and f3-
variants of chitin, as well as chitin nanocrystals, based on the SB system is
discussed. Besides, isolation of chitosan (the most productive derivative of chitin)
nanofibersis mentioned. Chemical modification of chitin nanofibers are reported
limitedly to justify chitin as potential future biomaterial. Experimental results are
described to each sections for overall justifications.

Isolation of Chitin Nanomaterials

Chitin nanomaterials are isolated in various forms such as nanofiber and
nanocrystal. Their synthetic methods and experimental protocols are stated in
different peer reviewed Journals.

1. Preparation of o-Chitin Nanofibers

Nanomaterials are prepared either by 'top down' or 'bottom up' approach. Reported
mechanical process, employed for the chitin nanofiber synthesis, uses a pair of
specially designed grinding stones to downsize chitin (Ifuku et al., 2009). Slight
acidic condition enhance atomisation process and therefore little amount of acetic
acid (pH = 3) is added to the chitin slurry. Recently a new system known as Star
Burst (SB), applying water-jet technology, is employed to prepare chitin
nanofiberfrom commercially available dry chitin powder from crab (Kose & Kondo,
2011 and Ifuku et al., 2011). It was examined beautiful chitin nanofibers'
morphology and novel chemical and crystalline structure of chitin at the end of
treatment. In addition, SB method is more advantageous in high-volume production
and maintaining product quality with less environmental contamination compared to
grinding system. Also, the system can run slurry from 1 to 100 cycles/ passes.
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But, no concrete report of the effect of number of cycles on nanofibers morphology,
chemical, crystal line and other properties of chitin was available. Thus, a project
was developed to find out effects of multiple cycles in nanofibrillaiton system and
to ensure a suitable cycle for the nanomaterial isolation.

1.1 Results and Discussion

Dry chitin powder was dispersed in water at 1 wt%. Acetic acid was added to adjust
the pH to 3 approx. The chitin was crushed roughly with a domestic blender. The
slurry was stirred for 1 h under vacuum to remove air bubbles and then was passed
through the SB system equipped with a ball-collision chamber. The suspension was
passed through 1, 5, 10, 30, 50, and 100 mechanical treatments and the result is the
formation of o-chitin slurry (Fig.3.)

Fig. 3. o-chitin slurry formed by SB
system and SEM micrographs of
nanofibers

After detail characterization, it was observed that properties like morphology,
viscosity, transparency etc. of chitin nanofibers were affected highly by the SB
system. Scanning Electron Microscopic (SEM) observation and light transmittance
of a-chitin nanofibers slurry indicated that nanofibers got thinner and shorter as the
number of passes of mechanical treatments increased. Viscosity results postulated
nanofibers superb entanglement that match with the SEM observations (Fig.3).
Chemical structure analysed by FT-IR spectroscopy (Fig.4). and crystalline data
analysed by X-ray diffraction spectroscopy (Table 1) of chitin revealed that these
characters remain as original through all cycles of treatments.Moreover, tensile
strength of chitin nanofber increased gradually to 30 cycles of treatments and then
remained steady (Fig. 5). After all sorts of analyse, 30 mechanical cycles/ passes of
SB system was observed as appropriate for the effective preparation of chitin
nanofibers (Dutta et. al., 2013).
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Table 1. Degree of relative crystallinity of a-chitin nanofber

Number of Cycles Original 1 5 10 30 50 100
Relative Crystallinity (%) 83.7 833 | 843 | 843 | 842 | 844 | 844
80

I Fig.5. Tensile strength of o-chitin nanofiber
+ sheets as a function of number of passes
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2. Preparation of B-Chitin Nanofibers

After effective synthesis of o-chitin nanofibers by SB process, we became interested
to apply this method for the nanofibrillation of chitin obtained from other marine
sources. The difference between the variants of chitin is in the formation of
polymeric chain of chitin i.e. parallel in -chitin and antiparallel in o-chain. B-chitin
nanofibers have less rigid H-bonding among the fibrillar molecular chains (Rinaudo,
2006). Dry squid pan powder was introduced this time to isolate B-chitin nanofibers
by SB method.

2.1. Results and Discussion

-chitin nanofibers were isolated by following the similar stated protocol of c-chitin
in our group. Scanning Probe Microscopic (SPM) observations (Fig. 6) and
viscosity data discovered fascinating morphology. Although, SPM results and light
transmittance of B-chitin nanofibers slurryrevealed that size and thickness of chitin
nanofibers are affected by the number of treatment of cycles. X-ray diffraction data
shows the crystalline structure of chitin nanofibers remain as original as o-chain,
although crystallinity is of the two variants differ strictly form one another (Fig.7).



A Short Review on Synthesis, Characterization and Chemical Modification 52

Experimental analysis, therefore, discovered that just 10 cycles treatment of the
chitin slurry by water-jet pressure was as suitable for fibrillating B-chitin materials
(Dutta et al., 2013).

Fig. 6.

SPM images of
B-chitin
nanofibers after
various passes
treatments of

chitin slurry
3. Preparation of Chitin Fig.7. X-ray
Nanocrystals diffraction
Acid hydrolysis is popular method to patterns of two
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Chitin from crab and shrimp has been known to from microfibrillar arrangements
and consists of alternative amorphous and crystalline domains. Through acid
hydrolysis disorder parts of crystalline structure are dissolved and only the highly
crystalline domains remain as residue. Some research groups reported chitin
nanocrystal preparation from multiple sources such as crab shell, shrimp, and squid
pan by conventional HCI hydrolysis (Paillet ez al., 2001). In our study relatively
strong acids like H,SO, and H;PO, are used to find the hydrolysed nanocrystals.
Besides, earlier reported SB system are introduced to accelerate disintegration
process.

3.1. Results and Discussion

In brief, chitin powder (5g) was treated in 3N HCI (100 mL) under vigorous stirring,
at 100°C for 90 minutes. The suspension was immediately diluted with cold
deionized water to stop reaction, followed by centrifugation at 10,000 rpm to
obtained chitin solid fractions. The suspension was dialyzed against a large excess of
deionized water until the pH of the suspension stabilized to 7. Finally, the dispersion
was passed through 10 cycle's treatment of the SB system. We followed similar
above stated procedures for the isolation of nanocrystals from H,SO, and H;PO, in
different reaction conditions. Eventually chitin naonocrystals were synthesised
effectively with newly introduced acidic mediums (Dutta et al., 2014).
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Fig. 8. Digital images of HCIl, H,SO4and H;PO,
treated nanocrystals dispersions (0.1 wt. %
concentration)

Displayed digital images have shown the transparency differ from one chemical
treatment method to other (Fig. 8).The difference in dispersibility of nanocrystals is
due to the matchless size and shape of the isolated nanocrystals that relate to various
acidic media and reaction conditions. SPM images postulate that such assumptions
are correct definitely (Fig. 9). Analytical results of SPM imaged marked isolated
nanocrystals sizes in between 7.3-9.3 nmandcrystallinityranges from 70% to 93.4%
based on HCl to H,PO, hydrolysis respectively (Table 2). Crystallinity of H,SO, and
H,PO, acid hydrolysed nanocrystals arefound similar, but thermal stability of H,PO,
acid treated crystals are more stable compared to other acidic media. SB system thus
establish as an effective process in isolation of chitin nanocrystal.

Fig. 9. SPM image of chitin nanocrystals (from left to right) hydrolysed by
HCI, H,SO4 and H3PO4 respectively

Table 2. Comparative data of chitin nanocrystalsin acidic media at different reaction

conditions
Hydrolysis Conditions % of yield | Crystallinity | Size (nm)

100 mL of | Temperature Time
95% HCl (100°C) (90 min) 87 70.0 93
15 mL of | Temperature Time

95% H,S0, (50°C) (90 min) 85 93.4 8.0
30 mL of | Temperature Time

85% H;PO, (80°C) (90 min) 80 92.6 7.3
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4. Preparation of Chitosan Nanofibers

The superiority of chitin's chemical structure is well known, although acetamide
(-CONH,) group is at the focus of most chemical treatments. Thus, most
common and popular derivative of chitin is chitosan. Controlled deacetylation of
chitin developed various percentage of amino (-NH,) moieties to chitin structure
ranging from 70% to 100% (complete deacetylation).

Basically, electrospinning process is the common 'bottom up' technique to isolate
chitosan nanomaterial. However, several drawbacks of this process was discovered
by many research groups. Hence, top-down modelwas introduced to prepare
chitosan nanofibers successfully through SB process for the first time.

Fig. 10. SEM micrograph
of chitosan flakes

4.1. Results and Discussion

Chitosan nanofibers were prepared from chitosan flakes following the method of
preparing o-chitin nanofibers by Dutta er al. (2013). SEM image presented
disintegration of chitosan flakes to nanofibers (Fig. 10 & 11). Chitosan's chemical
structure was assured by FT-IR test and crystallinity by XRD technique. Chitosan
is low crystalline material and its crystallinity is reduced by excessive cycles of SB
system (Fig.12). Among other properties regular light transmittances of fibrillated
chitosan nanofiber slurry (0.1 wt.%) at a 600 nm wave length and viscosity (1.0
wt.%) were measured. Both these properties are closely linked and enhanced till 10
cycles of treatments of slurry. Because, chitosan nanofibers entanglement to one
another increases up to 10 passes associated to fibres' thickness and length, that
damage gradually to later cases.These observations reproduce in Young's modulus,
tensile strength and coefficient thermal expansion (CTE) tests. Fine nanofibers
networks improved tensile property and distributed heat throughout chitosan
nanofiber sheet to 10 passes and so, mechanical strengthand CTE extended.
Eventually, 10 cycles of treatments set offers as a new dynamic route to research
community forchitosan atomization by Dutta ef al. (2013).
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Fig. 11. SEM image of chitosan nanofibers from Fig. 12. Degree of relative crystallinity
the synthesized slurry by SB System of chitosan nanofibers as a function

of number of passes
5. Characterization
Most of the characterizations, which are common to all naomateirals, were carried
out by similar instruments and techniques. All the Figures and Tables are not
addressed in this paper and avoidedc autiously to ensure easy access to readers.
Chitin is used as an exemplary substance to illustrate characterization procedures.

5.1. Examination of Morphological Changes

For field emission scanning electron microscopic (FE-SEM) observation, chitin
powder was dried in a vacuum drying oven. The sample was coated with an
approximately 2 nm layer of Pt by an ion sputter coater and observed by FE-SEM
(JSM-6700F; JEOL) operating at 2.0 k'V.

Scanning probe microscopic (SPM) observations were performed with a nanocute
model SPM apparatus (Seiko Instruments Inc., Japan). Samples for SPM
measurements were prepared by applying one drop of an aqueous chitin dispersion
(0.1mgmL-1) on a freshly cleaved mica round disk followed by oven drying.

5.2. Determination of Chemical and Crystalline Structure

Chemical structure of chitin nanofibers were determined by the FT-IR
Spectroscopy. Infrared spectra of the samples were recorded with an FT-IR
spectrophotometer (Spectrum 65, Perkin-Elmer Japan Co., Ltd.,) equipped with an
ATR attachment.

X-ray diffraction (XRD) studies were carried out to investigate the crystalline
structure of the chitin and its nanoifbers. The profiles of the nanofibers were
obtained with Ni-filtered CuKo from an X-ray generator (Ultima IV, Rigaku)
operating at 40 kV and 30 mA. The diffraction profile was detected using X-ray
goniometer scanning from 5° to 35°.
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5.3. Measurements of Light Transmittance and Viscosity

The light transmittances of chitin nanofiber dispersions (0.1 wt. %) and the
composites were measured using a UV-Vis spectrophotometer (V550; JASCO,
Tokyo, Japan).

The viscosity of the chitin nanofibers dispersions with 1.0 wt. % was measured
using a Brookfield digital viscometer DV-E using spindle no. LV-4 (Brookfield
Engineering Laboratories, Middleboro, MA).

5.4. Determinations of Mechanical Properties

The Young's modulus and tensile strength analysis of sheets were evaluated using a
universal testing instrument (AG-X, Shimadzu, Tokyo, Japan) for samples 50 mm
long and 10 mm wide. At least five specimens were tested for their nanofiber
sheets.

The coefficients of thermal expansion (CTE) of the sheets were measured with a
thermo-mechanical analyzer (Q400, TA Instruments, Newcastle, DE). Specimens
were 30 mm long and 3 mm wide, with a 20 mm span. The measurements were
carried out from 30 to 165°C by elevating the temperature at a rate of 5° min™' in a
nitrogen atmosphere in tensile mode under a load of 0.05 N. The CTE values were
determined in the second run in order to dry the sample completely in the first run.

6. Chemical modification of Chitin Nanofibers

Only two chemical reactions, applied by the author, is described in this short
overview article.

6.1. Modification of Chitin to Fluorescent Chitin derivative

Studies on chemical reactivity, owing to the functionality and large surface area of the
chitin nanofibers, become a significant role to find out potential applications of the
novel nanomaterial. For this reason, N-based functionalities (-CONH,) is used to
develop imido linkage in chitin through N-phthaloylation in recent time by Ifuku et al.
(2014). Accordingly, chitin nanofibers have been made fluorescent by surface
naphthaloylation in environmentally friendly aqueous media for further development
to sensing, imaging, trace metal detecting etc.
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Fig. 13. Preparation scheme for the surface 1,2-napththaloylation of chitin nanofiber
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The reaction process to fabricate napthanoyal moieties are shown in Fig. 13. Chitin
nanofibers are first deacetylated partially with 20 % (w/w) of NaOH in argon
atmosphere for 6 hours. At the end of deacetylation, the supernatant was removed
by decantation. The pH neutralization was carried by washing the precipitate
thoroughly with distilled water through repeated centrifugation. Surface-
deacetylated chitin nanofiber was refluxed with 1, 2-naphthalic anhydride (three
equivalents to the amino groups of surfacedeacetylated chitin) at 120° C for 4 - 48
h in aqueous media. The mixture was cooled to room temperature at the end of
naphthaloylation and centrifuged. The precipitate was then filtered, followed by
washing with deionized water and methanol. The wet sample was stored in a
refrigerator before use.

In FT-IR measurement three characteristic bands, at 1705, 1768, and 768 cm™,
were observed for the naphthaloyl moieties (Fig.14). This indicated that
naphthaloylation successfully occurred with deacetylated chitin. SEM photographs,
elemental analysis, XRD; and UV-Vis. and Fluorescence Emissions
Spectraexperimental results showed the fruitful surface napthaloylation of chitin.
Naphthaloylated chitin nanofiber dispersion (Fig. 15) and the nanocomposite film
with acrylic resinexhibited fluorescence when excited with a particular wavelength
and displayed an impressive bluish colour under UV light (Dutta ef al., 2015). The
stable linkage of naphthloyl moieties with chitin nanofiber holds high potential for
biosensing and pollutant screening applications.

b\
a
F T T
2000 1500 1000 500
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Fig. 14. FT-IR spectra of Fig. 15. UV-illuminated digital photograph
(a) surface-deacetylated chitin nanofiber and ~ (excited at 365 nm) of 1,2-naphthaloylated
(b) the naphthaloyl derivative with degree chitinnanofibers dispersion (0.55 mM) in DMSO

of substitution of 0.23.
Arrows: naphthaloyl moiety



A Short Review on Synthesis, Characterization and Chemical Modification 58

6.2. Preparation of Surface N-halamine Chitin Nanofiber

N-halamine has received much attention owing to its attractive functions, such as
its efficacy against microorganisms as well as its stability, rechargeability, and
nontoxicity to humans (Worley et al., 2003 & Kocer et al., 2011). A covalent bond
forms between nitrogen and halogen atoms (N-X) in N-halamine-based material. In
halamine, chlorine has generally been used to connect with amine, amide, or imide
groups due to the ease of modifying chlorine as well as for its safety, easy reaction
in water, and low cost as a reagent (Lauten et al., 1992; Worley ef al., 1998 & Cao
et al., 2009). Diluted sodium hypochlorite solution, common household bleach, can
be used for N-chlorination. The antimicrobial properties of N-chlorine are the result
of the direct transfer of chlorine ions (CI") to receptors in the cells of
microorganisms. Thus, N-halamine can kill microorganisms without the release of
free chlorine (Barnes et al., 2006).

Some researchers have applied N-chlorination to chitosan, which is produced by
the deacetylation of chitin to obtain antimicrobial chitosan, although chitosan itself
has antimicrobial activity in nature (Cao et al, 2008 & Hu et al, 2012). On the
other hand, there has been no report about N-halamine-based chitin, although the
acetamide group in chitin could be used for N-chlorination. This is because chitin is
an insoluble powder and difficult to handle as a biomaterial. As chitin nanofibers
are homogeneously dispersible in water, according to our recent observations and
reports, they can be useful for the reaction. Thus, Dutta et al., (2015) demonstrated
N-halaminechitin nanofibers for the first time and used them to endow with
antibacterial and antifungal properties.

HCIOQ

\j

Chlorination

Fig.16. Represents the synthetic route to prepare N-halamine chitin nanofibers.

Furthermore, effect of sodium hypochlorite concentration on active chlorine
content loaded on chitin nanofiber at 30 min. are shown in Figure 17.
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It is observed that amount of active chlorine
content reacher to 2.5% just at a
concentration of 0.75 sodium hypochlorite
(NaClO) solution. SEM image exhibited
z that the chitin nanofibers' surface is
unaffected by the harsh chemical treatments
15 - with NaClO (Fig. 18). FT-IR spectra showed
that position of amide II band shift to 1558
1 S cm! from 1555 cm-l. This is obviously due
o1 03 05 o7 09 11 13 tothe partial substitution of the N-H bond to
e the N-CI bond. UV-Vis spectra and XRD
analysis also in favour of formation on N-Cl
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Fig. 17. Effect of sodium hypochlorite . ..
concentration onactive chlorinecontent bon in chitin nanofiber.

loaded on chitin nanofiber at 30 min.

Some researchers have applied N-chlorination to chitosan, which is produced by
the deacetylation of chitin to obtain antimicrobial chitosan, although chitosan itself
has antimicrobial activity in nature (Cao et al., 2008 & Hu et al., 2012). On the
other hand, there has been no report about N-halamine-based chitin, although the
acetamide group in chitin could be used for N-chlorination. This is because chitin is
an insoluble powder and difficult to handle as a biomaterial. As chitin nanofibers
are homogeneously dispersible in water, according to our recent observations and
reports, they canbe useful for the reaction. Thus, Dutta et al. (2015) demonstrated
N-halaminechitin nanofibers for the first time and used them to endow with
antibacterial and antifungal properties.

. Fig. 18.

SEM images of chitin
nanofiber film and
the chlorinated
derivative

(from left to right)

Table 3 presents the biocidal efficacy results of unchlorinated and chlorinated
chitin nanofiber (CNF) films against Gram-negative E. coli and Gram-positive S.
aureus. CNF films containing 2.69% of active chlorine were challenged with 103-
10° CFU/mL each of S. aureus and E. coli, respectively. Data showed that the
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efficacy of the films increased as the contact time increased, and about a 100% kill
rate for E. coli was achieved within just 10 min of contact time. On the other hand,
the unchlorinated CNF film did not show any antimicrobial activity against these
pathogens, even after 60 min of contact time. The antifungal activity of chlorinated
CNF films was assessed by the percentage inhibition of spore germination (Fig. 19)
of an individual fungus, where the original spore concentration was 107 spores/mL.
The most striking finding was that the chlorinated CNF film inhibited the growth of
A. alternata spores by almost 100% compared with the controls. In contrast, the
germination of P. digitatum spores was more difficult to stop, 80% of the spores
were inhibited. Dutta et al. (2015) observed that the spores were sandwiched
between CNF films for 24 h and that the accuracy of the results was verified by
Tukey's Test (P < 0.05).

Table 3. Percentage reduction of E. coli and S. aureus.

Contact E. coli® (%) S. aureus® (%)

Tlr‘ne Unchlorinated Chlorinated Unchlorinated Chlorinated
(min) CNF film CNE filmP CNF film CNF filmb
5 0 86.4 0 46.7
10 0 99.9 0 87.8
30 0 Total killed 0 Total killed
60 0c Total killed 0°¢ Total killed

& E. coli and S. aureus concentration were 10%-10° CFU/mL.

5 The chlorinated CNF film contained 2.69 % of active chlorine.

“ Compared with the antibacterial result of cellulose membrane, which
was used as the negative control in the antimicrobial study.

Percentage of inhibition of
spore germination (%)

[

CNF

N-halamine

100 I:I A. alternata Fig. 19. Antifungal effect of chlorinated chitin
20 - =N o nanofiber (CNF) films with 2.69% active

P. digitatum chlorine content. Spores were sandwiched
&5 between CNF film for 24 h. Spores were

harvested and placed on cellulose membrane
for microscopic observation. Data represent

(P<0.05).

40 the mean of three independent experiments
and error bars. Asterisks indicate significant
20 differences with Tukey's test between films
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Conclusion

Demand of green material in processing industrial products are enhancing greatly
owing to global environmental concern. Biogenic nanomaterials are possibly be the
best alternative. As per the discussion of this article it clear that isolationof this type
of materials from the natural origin is possible. Likewise, more research are
expected to cultivate sustainable product for the betterment of the society.
However, scientists are working hard in their respective grounds to find versatile
applications of bionaomaterials over the decades.
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Abstract

The present study is an attempt to find out the relationship between Job
satisfaction and organizational commitment among non-government officials
and have any effect on the job satisfaction and organizational commitment
between male and female. The sample of the study consists of 100 non-
government officers - 70 males and 30 females purposively selected from
different non-government institutes. The institutions were located at
Chittagong City Corporation. Brayfield and Rothe job satisfaction scale
(1951) Bangla version was administered to collect the data for job satisfaction
and Mowday, Steers & Porter (1979) organizational commitment
questionnaire Bangla version for organizational commitment. The result
showed the positive correlation between Job satisfaction and organizational
commitment among non-government officials. Non-government officials are
very satisfied with their job for many facilities such as salary, promotion, work
environment, incentives, transport facilities etc. and as a result they have more
organizational commitment. This relationship is significant (t = 3.75, p<.05).
The result also showed that there is significant difference between male and
female on organizational commitment (t = 2.64, p<.05). In non-government
institutes, both male and female are satisfied with their job and also have
organizational commitment.

Keywords: Job Satisfaction, Organizational commitment, Work environment

Introduction

According to Vroom (1964), Job satisfaction is generally considered to be an
individual's perceptual/emotional reaction to important facts of work. Job
satisfaction is a positive attitude resulting from the perception of one's job as
fulfilling one's needs. It is also called a pleasurable emotional state arising from the
appraisal of one's job as fulfilling one's important job values, providing these values
are compatible with one's needs (Locke, 1976). In general, job satisfaction is the
positive attitude towards the job as a whole. It is a function of satisfaction with
different aspects of the job (supervision, pay, benefits, work environment, education
etc.) and of the particular weighting or importance one attaches to those respective
components (Organ & Bateman, 1976; Organ & Near, 1985). Herzberg et al. (1957),
in their review study, showed a consistent trend in job satisfaction according to age
and length of service. Herzberg found that when people begin to work, they appear
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to do so with a considerable degree of enthusiasm. But this enthusiasm soon waned,
however, giving way to a steady decline in job satisfaction, which reached its lowest
depths when the job holder reached the age of 30 years or so, after that age job
satisfaction again began to show positive correlation with age at least up to the
fifties.

Clark (1997) found pay, age and gender as important contributing factors in job
satisfaction. Worker's relative pay was positively correlated with their job
satisfaction and women's satisfaction levels were higher than those of the male
employees (Clark, 1997; Sanz de Galdeano, 2001; Blanchflower & Oswald, 2001).
Clark (1997) and Sanz de Galdeano (2001) explained the existence of positive
relationship between being a female and job satisfaction as reflecting women's lower
expectations from their job, which arise from the poor position in the labour market
that women have traditionally held (Clark, 1997). Sloane & Williams (2000),
however, explained the phenomenon of women's higher job satisfaction interms of
improvement of women's job relative to their expectations.

In addition to wages, being a public or a private sector employee is also a significant
variable in explaining individual differences in job satisfaction. Public sector
employees were found to be more satisfied than the employees of the private sector
and the employees working on a temporary contract basis (Centers & Bugenthal,
1966; Gurin et al., 1960; Locke & Whiting, 1974).

A numbers of studies have examined the relationship between education and job
satisfaction. Although the results of these studies are somewhat mixed (Gordon &
Arvey, 1975), it appears that when job characteristics are adequately controlled,
education does have a negative effect on job satisfaction (Arvey, Carter & Buerkly,
1991; Burris, 1983; Tsang, Rumberger & Levin, 1991). Glenn & Weaver (1982)
such an effect when occupational prestige, job autonomy, job authority and earnings
were controlled.

Shaffer (1987), in his study on job satisfaction, found significant relationship
between job experience and perceived job satisfaction of the employees. Initially,
employees can be satisfied with high starting salaries. But after a few years of work
experience, most employees recognize the importance of job security (Gurin et al.,
1960; Khaleque & Chowdhury, 1983; Rahman, Rahman & Khaleque, 1995;
Blanchflower & Oswald, 1999). Thus, salary is an important determinant of job
satisfaction in the initial years while job security becomes a dominant variable in the
later years.

Organizational commitment is defined as a view of an organization's member's
psychology towards his/her attachment to the organization that he/she is working for
organizational commitment plays a pivotal role in determining whether an employee
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will stay with the organization for a longer period of time and work passionately
towards achieving the organization's goal.

If an organizational commitment is determined it helps predict employee
satisfaction, employee engagement, distribution of leadership, job performance, job
insecurity, and similar such attributes. An employee's level of commitment towards
his/her work is important to know from a management's point of view to be able to
know their dedication to the tasks assigned to them on a daily basis.

Organizational commitment is variously defined but based on the works of
Mowday, Steers & Porter (1979), it is described in terms of three components (1) a
strong belief in and acceptance of the organization's goal and values, (2) a
willingness to exert considerable effort on behalf of the organization and (3) a
strong desire to maintain membership in the organization. Organizational
commitment is strongly related to job satisfaction but it is distinctly different (Tett &
Meyer, 1993).

According to Mathieu & Zajac (1990), Morrow (2011) it refers to one's
identification with and involvement in organization. As an attitude it is global and
more stable since day to day events at work are unlikely to change. Organizational
commitment has also been found to be associated with many organizational and
personal variables. Organizational commitment has been taken into consideration in
the present study as more committed a non-government official is the better off the
non-government official will be.

Organizational commitment refers to individual's identification with and
involvement in an organization (Newstrom & Keith Davis, 1990). According to S. P.
Robbin (1991) organizational commitment is the high level of identifying an
employee with specific organizations and goals and maintaining the membership of
the organization. Meyer & Allen (1997), In the book of 'Human Research
Management Review' describes the level of organizational commitment are (1)
Affective commitment, (2) Continuous commitment, and (3) Normative
commitment.

Organizational commitment represents the degree to which the employees identify
when the organization in which they work, how engaged they are in the organization
and whether they are ready to leave it (Greenberg & Baron, 2008). Several studies
have demonstrated that there is a strong connection between organizational
commitment, job satisfaction and fluctuation (Porter et al., 1974), as well as that
people who are more committed to as organization are less likely to leave their job.

Affective commitment is to work while maintaining the emotional balance of the
employees in the workplace. Continuous commitment is to work continuously for a
long time in any organization. Normative commitment is to work in adopting with
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organization and not leaving the organization. In this context, Meyer & Allen (1991)
says organizational commitment involves the employees feelings of obligation to
stay with the organization. S.P. Robbin (2005) describes in his book as
'Organizational Behaviour (11th) "Committed employees had have lower turnover".
As a result the employees are attracted to work and it is easier to achieve factory
goals.

Person's job satisfaction and organizational commitment are the two variables that
particularly affect a person's performance. When an employee is committed to his
organization, he makes sincere efforts to achieve the goals of the organization. As a
results the individual develops a positive attitude towards the work and organization
and job satisfaction is seen in the employee. So, job satisfaction and organizational
commitment complement each other and has positive correlation with them
(Robbin, 1979; Starch, 1980; Walks, 1979).

Rationale of the study

Employees who are involved in their job, for example, are likely to be satisfied with
the job, become committed to their organization and it deals with the positive
attitude that an employee has not toward her own job, but toward the organization.
In Bangladesh, now-a-days, many persons are more interested to serve in Non-
government officials than Government officials, even many persons joined Non-
government officials by leaving the government officials. What is the reasons of it?
To inquiry these, we are encouraging to study the relationship between job
satisfaction and job involvement of Non-government officials.

Hypothesis

The hypothesis of our study, there is a relationship between job satisfaction and job
involvement of Non-government officials.

Method
Sample

A total of 100 non-government officials- 70 males and 30 females were purposively
selected from non-government institutions. The institutions are located at
Chittagong City Corporation. A total institution is 14, such as Chattogram
Laboratory School & College, Chattogram Science College, Chattogram Modern
School & College, Group Nawtika, Tower Feight Logistics Ltd, Shoore to Shoore,
Kentpark, Radiant Shipping Pvt. Co. Ltd, M/S Ship Builders, Eastern Bank, One
Bank, AB Bank, SIBL, Hotel Saint Martin. Among 100 non-government officials-
70 were male and 30 were female. The male- female ratio among the non-
government officials was 7:3. Educational qualifications of the non-government
officials ranged from Graduate to Masters. The age range of the non-government
officials was from 25 to 60 years and socio-economic status was middle and higher.
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Table 1. Information of the samples

Sample Size Age range Educational Socio-economic
Qualification Status
Non-Govt. Male- 70 25-60 Graduate and Middle and
Officials Female-30 Post- graduate Higher class

Instruments used: Two scales were used to collect data-

a) Brayfield and Rothe Job Satisfaction Scale (1951): This scale was constructed
by Brayfield & Rothe (1951). The Bangla version of the scale used and translated
by Professor Dr. Abdul Khaleque, Department of Psychology, Dhaka University.
This scale consists of 18 statements to measure overall job satisfaction.The
validity and reliability of the scale were already well established (Khaleque &
Chowdhury, 1983). Each and every respondent was served a questionnaire and
asked to express his/her opinion regarding his/her job.

b) Organizational Commitment Questionnaire: This scale was constructed by
Mowday, Steers & Porter (1979). Bangla version of the scale was used and
translated by S.T. Rahman (2003), Associate Professor, Department of
Psychology, Dhaka University. This scale consists of 15 items to measure
organizational commitment and with varied number of response choices in
Likert format. The validity and reliability of the scale were already well
established (S.T. Rahman, 2003). Each and every respondent was served a
questionnaire and asked to express his/her opinion regarding his/her job.

Scoring:

a) Brayfield and Rothe Job Satisfaction Scale (1951): This scale is composed of
18 items of which nine are positive (1, 2, 5, 7, 9, 12, 13, 15, 17) and nine are
negative (3, 4, 6, 8, 10, 11, 14, 16, 18) items. A 5-points response format is used
- strongly agree, agree, uncertain, disagree and strongly disagree. For the
positive items, a score of 5 is assigned to strongly agree and for strongly
disagree a weight of 1 is assigned. A reverse order is followed for negative items.
In this scale the individual can achieve lowest score 18 and highest score 90. The
neutral point of this scale is 54.

b) Organizational Commitment Questionnaire: The Organizational Commitment
scale is composed of 15 items of which nine are positive (1, 2, 4, 5, 6, 8, 10, 13,
14) and six (3, 7, 9, 11, 12, 15) are negative items. A 7- point response format is
used- strongly disagree, moderately disagree, slightly disagree, neither disagree
nor agree, slightly agree, moderately agree and strongly agree. For the positive
items, a score of 7 is assigned to strongly agree and for strongly disagree a
weight of 1 is assigned. A reverse order is followed for negative items. The
scores are added and divided by 15 (the number of items) resulting a composite
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composite score, which is used as the index of organizational commitment. The
highest and lowest total scores are accordingly 105 and 15 and 60 is the
midpoint. Higher score represents higher commitment toward one's organization.

Procedures:

For collecting relevant data the Bangla version of the "Brayfield and Rothe Job
Satisfaction Scale" and "Organizational Commitment Questionnaire" were
administered to the selected respondents individually. The participants were
motivated to answer all the questions sincerely and honestly by assuring that their
responses would be kept confidential and used only for research purpose. All
possible clarifications regarding instructions and questions were made. The
respondents were also requested to record their sociodemographic information (e.g.
sex, age, education, service length, income) in the spaces provided on the
questionnaire.

Results

In order to see the relationship between job satisfaction and organizational
commitment, Pearson-product moment correlation is computed and t-test is applied
to test the significant of correlation. And also t- test is applied to test the significance
difference male and female on job satisfaction and organizational commitment. The
results are shown in Tables 2 to 4.

Table 2. Relationship between job satisfaction and organizational
commitment of non-government officials and t values of correlation.

Variables N X r df t
job satisfaction 100 60.28 0.72 N-2
organizational 100 74.74 100-2= 98 3.75
commitment

*p<.05

The result in Table-2 showed that higher level of positive correlation between job
satisfaction and organizational commitment of non-government officials (r = 0.72).
And also shown in the Table the correlation between job satisfaction and
organizational commitment of non-government officials is significant.

Table 3. The differences in job satisfaction between the male and female of
non-government officials.

Type of employee N X SD df t
Male 70 66.11 8.83 98 0.88
Female 30 68.67 10.26

*p>.05
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The results in Table-3 showed that there is not significant difference between male
and female of non-government officials on job satisfaction. The female non-
government officers were more satisfied with their job than male officers.

Table 4. The differences in organizational commitment between the male
and female of non-government officials.

Type of employee N X SD df t
Male 70 86.34 12.13 98 2.64
Female 30 75.80 13.77

*p<.05

The results in Table-4 showed that there is significant difference between male and
female of non-government officials on organizational commitment. The male non-
government officials are more organizational commitment with their job than the
female officers.

Discussion

The purpose of the present study was attempt to find out the relationship between
job satisfaction and organizational commitment of non-government officials and
have any effect on job satisfaction and organizational commitment between male
and female. It has been found that higher level of positive correlation between job
satisfaction and organizational commitment (r = 0.72) and this correlation is
significant (t = 3.75, o = 0.05, df = 98). This finding is very much consistent with
previous researchers (Robbin, 1979; Starch, 1980; Walks, 1979). It has been stated
earlier that person's job satisfaction and organizational commitment are the two
variables that particularly effect a person's performance when an employee is
committed to his organization, he makes sincere efforts to achieve the goals of the
organization. As a result the individual develops a positive attitude towards the work
and organization and job satisfaction is seen in the employee. So job satisfaction and
organizational commitment each other and has positive correlation with them. There
is a higher positive correlation between job satisfaction and organizational
commitment of non-government officials because the employees of non-government
officials get high salary, good working environment, in time promotion, incentive,
well job status, transparent, good relation with co-workers, time to time audit,
accountability, positive attitude, committed. These all are the elements of job
satisfaction. As the employees get desire opportunity from the organization, so they
are very much committed to the organization.

In our study it is also observed that the female non-government officials were more

satisfied than their male counterparts (X,M = 66.11, X,F = 68.67). Similar results
were also reported by a number of previous researchers (Sloane & Williams, 2000;
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Groot & Brink, 2000; Chapman & Lowther, 1982; Ma & MacMillan, 1999;
Blanchflower & Oswald, 2001). It was explained that the female non-government
officers higher job satisfaction was a reflection to woman's lower expectation from
their jobs because of the pole position in the job market that women have
traditionally held (Clark, 1997; Sanz de Galdeano, 2001). We also found that there
was no significant difference between male and female non-government officials on
job satisfaction (t = 0.88, oo = 0.05) that is expected because in non-government
offices both male and female enjoy same facilities and opportunities. As a result,
there is not remarkable difference between male and female on job satisfaction
which is not significant difference.

In our study another findings are that there is significant difference between male
and female of non-government officials on organizational commitment (t = 2.64, o
= 0.05). We also found that the male non-government officials are more
organizational committed than their female counterparts (X,M = 86.34, X,F = 75.80).
From this result we can explain that as the male non-government officials are
satisfied with their job, so they are very committed to the work and organization.
This result is consistent with some previous researchers (Robbins, 1979;
Starch,1980).

It was suggested that if we can ensure woman's job satisfaction as well as
commitment to the organization, the improvement of the organization will go one
step further.

Limitations and Recommendations

In our study, we have some limitations:

® Number of samples are very poor. If we could select a large number of sample,
the result would be more scientific.

e Samples are selected purposively, if we could select random sample, the result
would be more scientific.

® [f we could select equal number of Male and Female, the result would be
different.

As we conclude that in very officials, there should have good environment, facilities
which will keep ensure to the involvement of the organization.
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Abstract

This quantitative study attempts to explore the effectiveness of infusing
scaffolding, zone of proximal development (ZPD), and formative assessment
in teaching Chemistry at Chittagong College of Bangladesh. Students were
taught by scaffolding technique considering their ZPD. Formative assessment
of the students' learning was conducted by think-pair-share method. A survey
was conducted on ten participants for assessing the effectiveness of these
methods in teaching Chemistry. A questionnaire containing ten questions was
administered for conducting the survey. Responses were assessed by the Likert
scale and were analyzed by a statistical method of analysis. From the results it
is seen that scaffolding has a role in engaging students in learning process and
thus learners' ZPD increases.

Keywords: Engagement, Formative assessment, Scaffolding, ZPD

Introduction

Scaffolding is the gradually decreasing support from a peer to the learners. A learner
has the potential to progress from their actual developmental level to their potential
developmental level known as scaffolding that occurs during interaction with
superior others and thus learning takes place (Vygotsky, 1978). Learning is not an
activity of the individual but it is a social process (Wilson, 2014). As applied in
learning situations the word scaffolding came from the work of Wood, Bruner, and
Ross (1976). They described this process as enabling a learner or inexperienced one
to answer a problem or reach a goal that is out of reach of him/her when he/she is
not supported by a more knowledgeable person. In this process, teachers support
students temporarily so that they can reach an upper level of understanding and
acquire skills, without peers' support that was not possible to achieve by them.
However, when there is no more need for support it is gradually withdrawn and thus
students become capable of taking responsibility on their own. As an example of
scaffolding in the classroom practice teacher can engage the students by showing
images or video on a topic. Then students may be asked to express their view on the
topic. If they are correct a teacher should proceed for teaching further. If they fail to
understand the particular topic then the teacher clarifies the matter to them.
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ZPD is the difference between what a learner can do independently and what he or
she can do with help from others (Vygotsky, 1978). The concept of ZPD in
education has evolved from the work of Lev Semenovich Vygotsky. He expressed
that a child imitates an adult's instance and consistently expands the ability to do
certain tasks independently. The main feature of Vygotsky's theory is that
prospective for cognitive progress relies upon the ZPD and the extent of this
progress can be achieved when learners engage themselves in a social activity (Fani
& Ghaemi, 2011). Vygotsky further added that entire progress of ZPD relies on
complete social synergy and the level of expertise can be achieved with the help of
experts' or teachers' or peers' which supersedes the level that can be achieved of his
own.

On the other hand, formative assessment is important for everyday teaching when
used to adapting instructional methods to meet students' necessity and to monitor
students' development in attaining learning targets. Moreover, through formative
assessment the teachers scaffold the learning process considering the feedback they
get from the results of the assessment of the students and make them aware of the
learning progress (Voinea, 2018). Therefore, this method of assessment helps
students scan their development as they get a response from a more knowledgeable
person. Moreover, it allows the option to review and rectify their reasoning since, it
is an effective tool for assessment and can be used to scrutinize, identify, oversee,
and assess how students are learning as they go through a process of learning or
study. Therefore, it is a planned classroom practice to extract proof of learning and it
happens while the lesson is still being taught and it can inform teachers about
students' current level of understanding and help them perceive what to be learned
next. Thus teachers can revise their lesson plans according to the need of the
students. Yorke (2003) mentioned two types of formative assessment, for instance,
formal type works within the curriculum frame work and the informal type is not
guided by the curriculum but works during the event is taking place. Assessment can
be done as informal observation, worksheets, pop quizzes, journals and diagnostic
tests that permit the peer to ascertain students' level of understanding and wheather
the taught lesson plan is suitable or not. Some teachers like to use formative
assessment as feedback for designing a lesson plan.

From the above discussion, it can be concluded that since in Chittagong College
meritorious students are admitted and traditional teacher-centred method of teaching
is not effective for them, therefore, by scaffolding method their ZPD can be
increased. With support from the teachers, they will be able to understand Chemistry
lessons. In this way, they will be more engaged in TL activities. Therefore, I think
that the scaffolding method of teaching is going to benefit the students of my
institution. Sometimes, not always, I use this teaching technique in my chemistry
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classes. The students of my College have a good level of understanding. Since the
students of Chittagong College are meritorious their ZPD can be further increased
through proper guidance. In my lessons, I always use formative assessment
techniques. It helps me to assess students' level of understanding of the lessons and
also revise my lesson plan as required. After the introduction of this article in this
section theoretical ideas will be discussed in more detail in the section below.

Literature Review

In the previous section introduction of the article has been presented and moving to
this section literature review has been presented. Literature review has been done
according to the theoretical ideas mentioned above.

Scaffolding
Definition and overview

The first theoretical idea selected for this article is scaffolding. Scaffolding can be
used in Chemistry teaching and a better understanding of the subject, which will
ultimately lead the students' to greater independence in their learning.

The term scaffolding can be defined as the temporary support a teacher or peer
exerts to assist students in accomplishing new tasks and concepts they could not
typically achieve on their own (Unanimous). When students become competent and
could finish the task of their own, scaffolding is gradually removed and the
responsibility of learning shifts from the teacher to the students (Ibid). Moreover,
scaffolding is to be used to reflect the way teachers' support is modified as the
learners acquire knowledge and which is finally eliminated when the learner
becomes capable of doing the task alone (Wood et al., 1976). Therefore, the
significant feature of scaffolding directive is that the scaffolds are not permanent,
since the learner's capabilities are enhanced through the scaffolding given by the
teacher is gradually removed. At the end of scaffolding, the learners become
capable of completing the task solely or learn the ideas of his own.

There is an agreement that the concept of the ZPD and socio-cultural theory of mind
based on Vygotsky's ideas are the prime concept of scaffolding and the learners can
be engaged by scaffolding in a dynamic process of learning (Shabani et al., 2010).
They further argued that teachers improve the perception the learner has of a
selected task and scaffolding can be treated like a research endeavor in which the
learner is engaged to find the solution to an unsolved problem. In addition, this
inspires the learner and provides them a desire to learn more (Ibid). Therefore,
scaffolding minimizes the learner's level of frustration (Harraqi, 2017). Moreover,
students with a low level of confidence and who have learning difficulties can be
engaged by the scaffolding process and thus the level of frustration of the learner
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can be minimized (Ibid). Therefore, the students with special needs must overcome
de-motivation because of the frustration and anxiety as argued by him.

Scaffolds are tools, strategies, and guides that can be designed to support students in
regulating their learning with hypermedia and scaffolds can be provided by human
and computer tutors, teachers, peers, and animated pedagogical agents suppor
students' during learning to enable them to develop understandings beyond their
immediate grasp (Azevedo et al, 2005). Therefore, to improve students'
engagement in the learning process and to minimize their frustration level,
scaffolding method of teaching should be followed in the teaching process.
Moreover, one way to scaffold the students is by using technology. Since,
technology can be used to scaffold students' it is easier to scaffold students' now
than before. Besides, scaffolding in the teaching process is also necessary to make
the students competent as supports are removed when the learner is capable of doing
the task of his own.

Rationale for choosing this idea
There are several reasons behind selecting scaffolding for this article-

First, it is easy to understand method. As teachers, we must be aware that we have to
adopt the best and easiest method to support our students so that they can acquire
knowledge easily. Since, the concept relating to scaffolding is that a particular
person learns best when he works jointly with others, and it is through such
collaborative endeavors with more knowledgeable persons that learners learn and
internalize new concepts, psychological tools, and skills (Shabani ef al, 2010).
Therefore, if we can implement this method in our TL activities learning will be
more effective.

Second, learning will be more fruitful if all learners become actively involved in the
learning process through engagement with the TL activity. Moreover, students'
engagement in the learning process is essential for a better understanding of the
contents and scaffolding is going to engage students with the TL activities. This is
also supported by Harraqi (2017) who argued that one of the benefits of applying
instructional scaffolding in teaching is that it helps the learners to become engaged
in the learning process.

Finally, scaffolding minimizes the learner's level of frustrations and the teacher can
minimize failure and decrease frustration (Harraqi, 2017) of the students. By
decreasing the level of frustration students will be motivated to learn contents
willingly and they will try to increase their ZPD.

Therefore, for an easy way to learning and better engagement of the learners in the
learning process and to minimize their level of frustration scaffolding method can be
followed and these reasons inspired me to write on scaffolding.



Infusing Scaffolding, Zone of Proximal Development, and Formative Assessment 79
Critical discussion of the idea and its impact on TL experience

Research has shown that scaffolding is useful in the learning process but it has some
challenges also. For scaffolding the nature of support is important and support must
lead to progress and finally to greater independence of the learner (Wilson, 2014).
As part of scaffolding embedded group work is imperative, i.e., ample scope of
interaction among the more knowledgeable persons and learners helps to achieve
the learning goal (Ibid). Therefore, more time has to be given for classroom
activities. Scaffold lessons pose extra challenges to teachers, since developing the
supports and scaffold lessons to meet the different needs of each individual would
be extremely time-consuming (Harraqi, 2017). Moreover, it is a challenge to
ascertain what to scaffold and the answer relates not only to the theoretical approach
but also learner characteristics such as the learner's level of prior knowledge,
developmental level, and domain expertise (Azevedo et al., 2005).

Therefore, from the literature review presented above, it can be summarized that if a
student is given support by a more knowledgeable person it would be easier for
him/her to understand new lessons and ideas. Moreover, teachers can use activities
like group work for the engagement of the students in the learning process.
However, teachers must know the current level of knowledge of the students.
Besides, scaffolding lessons may take a longer time to teach. Since the outcome is
of better quality and the experiences are much more rewarding for all involved, this
method should be followed by the teachers. On the other hand, scaffolding may also
be unfavorable for teachers, because it compels teachers to give some control to
empower learners to learn at their own pace. Therefore, teachers may not have
sufficient time to finish his entire scaffolding lesson. On some occasions, he may be
compelled to shorten the time allotted for an individual student to make room for
every student. This also leads to frustration for the students' and their desire to learn
may gradually disappear.

7ZPD
Definition and overview

ZPD can be defined as the difference between the real progress level as ascertained
by the accomplishment of a task independently and the level of potential
development as ascertained via the accomplishment of a task with the help of a
more knowledgeable person. ZPD comprises lessons that the learner has learned yet
but he/she is ready for its learning (Amiripour et al., 2012). According to the
concept of ZPD there are two parts of a learners' progress level (Vygotsky, 1978),
for instance, actual progress level and the prospective progress level. ZPD
accelerates several internal processes for progress and this can be achieved by the
interaction of the learner with the persons of his environment (Ibid). Moreover, ZPD
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also can be viewed through the approach of dynamic assessment by offering an
operational view of the learners' real level of development and it is a means of
assessment of prominent and forthcoming progress (Shabani et al., 2010).

Vygotsky's idea concerning the ZPD to the field of education has gifted immensely
and it can be used in the development of curriculum suitable for a particular age and
teaching methods. Moreover, ZPD has become a fundamental component of the
learning and education research (Pea, 2004). Therefore, familiar idea of ZPD can be
seen as an interaction with a person of greater knowledge and a person of minimal
knowledge on an assignment and as a result of interaction the person of minimal
knowledge acquires the ability to do the task of his own though at the beginning that
was a collaborative work (Chaiklin, 2003). However, there are several procedures to
describe and represent the methods by which experienced or more knowledgeable
others may help beginner learners within their ZPD. Since, the main target of
education from Vygotskian point of view is to retain learners in their own ZPDs as
frequently as possible by assigning and engaging them in intellectually significant
learning and problem-solving works those are somewhat more challenging than
what they can accomplish without others help (Roosevelt, 2008). Therefore, to
achieve the accomplishment there is a need to work together either with fellow
learners, more competent peers or with a teacher or an adult to finish the task.

From the literature review presented above, it can be concluded that to attain the
target of education, a teacher can increase the level of understanding of the learners
if he knows current ZPD of them, and their engagement in the learning process also
helps to increase their ZPD. Moreover, interaction with the environment or with a
more knowledgeable person helps to achieve the target of education.

Rationale for choosing this idea
In the present study, ZPD has been chosen for several reasons

First, every student of my institution has some level of understanding of their
subjects. They may be able to acquire content knowledge of those subjects reading
related books of their own. However, their ZPD level can be increased with the help
of their teachers.

Second, ZPD of the students can be increased gradually to a higher level with the
help of their teachers, because when she/he solves a problem with the help of a more
knowledgeable person she/he builds a potential in her/him and when she/he solves a
problem of her/his own, her/his potential reaches to a higher level. Thus a gradual
increase in ZPD is achieved (Amiripour ef al., 2012).

Third, when a learner and a teacher interact with each other through cooperation
then enhancement in ZPD takes place among the students (Khaliliagdam, 2014).
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Finally, the situation that exists in educational institutions like Chittagong College is
favorable for enhancing the ZPD of the students. Therefore, to enhance ZPD of the
students I have the opportunity to support them in my institution and for that reason;
I have chosen this theoretical aspect of education for my study.

Critical discussion of the idea and its impact on teaching-learning experience

Research has shown that teaching the students considering their ZPD is helpful in
the learning process, however, some issues must be considered before applying it in
TL activities.

Since, the idea of ZPD gives an appealing analogy to design a lesson plan and
analyze the learning process it poses a real challenge when we are going to
implement the method (Shabani et al., 2010). Moreover, for increasing ZPD it is
necessary to structure the task and environment appropriate to the students' level
and it is also important to constantly adjust the amount of teachers' interaction to the
students' current needs and abilities (Ibid). However, teachers must have the
knowledge that each student has his level of ZPD and it is necessary to design a
lesson plan according to the need of each of the students. Therefore, in designing a
lesson plan, as they argued, we should be aware that it does not make students bored
or frustrated and it is also necessary that the instructor should assess ZPD as
frequently as possible, which is also time-consuming.

Moreover, limited knowledge and lack of commitment hinder the application of
ZPD in the learning process (Siyepu, 2013). Therefore, as the author argued,
learners' performance has been impacted due to limited teacher knowledge.
Moreover, a low level of accountability is also another reason for the poor
performance of the learners' (Ibid).

Therefore, this is a big challenge in infusing ZPD in learning in my institution. This
is also true for a developing country like Bangladesh. Because almost all teachers of
the Colleges of Bangladesh have to be engaged with extracurricular and co-
curricular activities for much of their office hours. Moreover, teachers' have to
perform invigilation in the examination hall and examine answer scripts frequently.
Therefore, they do not get enough time to prepare lesson plans infusing theoretical
ideas of the TL process.

Therefore, to meet the challenge of the versatility of every student's need and for
applying the concept of ZPD in learning teachers must know students' current
knowledge level on a particular problem. Moreover, for most effective teaching by
using the ZPD a teacher should teach in small steps according to the problem a
student is capable of solving it of his own. Therefore, the teacher also needs to help
and serve the student until he or she can accomplish most of the steps of his own so
that he/she does not become bored.
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Formative Assessment
Definition and overview

Formative assessment can be defined as a process of on-going reflection and quick
adjustment while TL activity is going on. It is the pursuit shouldered by the teachers
on TL activity and from which assessment can be made as feedback to rectify the
lesson plan and this is a method not to be used for grading a student, rather refine
instruction and lesson plan (Dunn & Mulvenon, 2009). Over the last two decades,
there has been a shift in the way teachers and researchers write about student
learning in higher education and despite this shift in conceptions of teaching and
learning, a parallel shift concerning formative assessment and feedback has been
slower to emerge (Nicol & Macfarlane-Dickb, 2006). According to them an almost
unchallenged belief in education, which research has conclusively demonstrated, is
that the use of formative assessment facilitates improvement in instructional
practices, identifies gaps in the curriculum, and contributes to increased student
performance. Formative assessment is captured well by Wood (1987) who, in
discussing a students' maximum performance in the light of Vygotsky's (1978) ZPD
puts forward the idea that the teacher and student collaborate actively to produce the
best performance (Yorke, 2003). Therefore, the principal target of formative
assessment is to assist students in learning (Ibid).

From the literature review presented above it can be concluded that for critical
reflection of the lesson plan and refinement of it, formative assessment is the best
way. Since, this assessment is not used for grading students will be more
cooperative in this assessment process. Further, quicker feedback from the students
drives the teacher to adjust the lesson plan as soon as possible. Therefore, due to the
collaboration among the teachers and students classroom would be livelier.

Rationale for choosing this idea
Formative assessment has been selected for this study for several reasons

First, formative assessment is effective in a range of educational institutions
including higher educational institutions and measuring the effectiveness in the
quality of the feedback received by learners (Yorke, 2003).

Second, formative assessment can be used as an assessment means for low
performing students (Dunn et al., 2009). Therefore, this method can be used as a
measure of improvement for low performing students.

Third, for students' academic achievement the use of formative assessment is
helpful and this assessment process can be used as another way of the worthwhile
directive and this is going to increase educational quality (Arrafii & Sumarni, 2018).
Citing the instance of Indonesia he, however, commented that the formative
assessment appears to be an outlying guideline for assessing the students' progress.
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Fourth, this assessment method is used to monitor and update classroom
instructions. Since this is an on-going assessment process teachers can improve
from the feedback he/she gets from the assessment and it has a direct impact on the
students' and teachers' as well.

Finally, it is a process to assess students' progress in learning since in this process
students are assessed while they are still in their course; it is easy to assess them
how far they are progressing in their studies. Therefore, this process allows learners
to demonstrate knowledge in multiple ways and it is a reflective process both for
teachers and students' and it has the power to transform students' learning through
instruction. It is also a part of the instruction of a teacher.

Therefore, for all the reasons mentioned above I have chosen this theoretical aspect
of assessment for my study.

Critical discussion of the idea and its impact on teaching-learning experience

Research has shown that formative assessment is useful in the assessment process
but it poses some challenges also.

The significance of formative assessment can be understood from the work of Wood
(1987) who commented that learners’ maximum achievement, according to
Vygotsky's (1978) ZPD, can be achieved through cooperation between teachers' and
learners' (Yorke, 2003). Wiliam et al., (2004) explored the effect of 24 teachers on
using formative assessment after a training period of six months and they
commented that the results are promising. However, they also cautioned that it can't
be generalized from their findings. Though there is a beneficial effect in students'
learning, inconsistency among parts of tasks will add to the trouble to fortify that the
formative assessment applications are used for a better outcome, which is the main
challenge of formative assessment (Asghar, 2013).

Therefore, from the review of literatures presented above it can be summarized that
formative assessment is a useful method for assessing how far the students were
able to acquire knowledge taught by the teacher. It is also essential that the teacher
gets feedback from the learners on his lesson plan to rectify himself. However, it is
also difficult to generalize the idea. Therefore, these reasons inspired me to study on
formative assessment as a means of the assessment process. In this section, literature

review has been discussed in detail and moving to the next section methodology has
been presented.
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Methodology

In the previous section, literature review has been presented. In this section,
methodology of the present study has been presented.

This research study is quantitative in nature. Since this study aims at improving
Chemistry teaching through infusing scaffolding, ZPD and formative assessment in
teaching method quantitative method of data collection has been chosen. Due to
time constrain I had to depend on a single method and quantitative method is easier
to implement (Kabir, 2016). Participants were selected randomly. To remain bias
free it is necessary to select samples randomly and thus errors have been minimized
or controlled. To ensure the validity of quantitative data it is necessary to select
sample carefully and appropriate instrumentation and appropriate statistical
treatments of the data are administered (Cohen et al., 2007). Therefore, the sample
was selected ensuring the validity and ethical guidelines, by seeking prior
permission of the participants for taking part in the research. Moreover, they were
ensured that their participation is voluntary, any time during the research they can
withdraw from the research and the result will be published unanimously. In
addition, established method for data analysis was used.

Sampling

Sampling is an important part of any research study. The sample was so selected that
it represents the population and objective of the study. Out of 46 4th year students of
the Department of Chemistry, Chittagong College, Chattogram ten participants were
selected randomly according to the desire of them to participate in this research.
These participants are among the students who take part in the classes almost
regularly. All of the participants have the same educational background and they are
in the same age group.

Instruments

For collecting quantitative data a survey was administered on ten participants with a
questionnaire containing ten questions. Responses were measured by Likert scale.
This method is applied to have a better understanding of infusing scaffolding, ZPD,
and formative assessment to improve teaching of some topics of Chemistry at
Chittagong College. A written questionnaire was supplied to the participants.
Questions were so selected that from the responses I get a clear picture of the
participants learning. Moreover, the literature review presented above helped me to
formulate the questionnaire.

Methods of Data Analysis

Responses to the questionnaire were collected from the participants. Responses
were analyzed statistically. The percentage of the level of agreement or
disagreement was calculated and interpreted.
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In the section presented above methodology of this quantitative study has been
presented, moving to the next section critical reflection on the teaching of the
lessons has been presented.

Critical Reflection on Teaching the Lessons

In the previous section methodology of the study has been presented. Moving to this
section critical reflection on the teaching of the lessons will be discussed.

I prepared three lessons infusing the above-mentioned theories of teaching-learning
and assessment in my Chemistry classes at Chittagong College, Bangladesh. A
survey on ten participant students was conducted. There were ten questions put for
the students to answer their level of agreement or disagreement. Result of the
survey, as the percentage on their agreement and disagreement, are presented in
table 1.

Table 1. Percentage of the agreement and disagreement

SI. Questions Strongly | Agreed | Neutral Dis- Strongly
no agreed (%) (%) agreed | disagreed
(%) (%) (%)
1 Students are supported 50 40 10 0 0
in their learning
2 Teaching method adequately 40 40 20 0 0
covered the subject
3 I understood the topic 30 50 10 10 0
discussed
4 The teaching method is different 90 10 0 0 0
from the previous one
5 The teaching method is 50 10 40 0 0
more student cantered
6 Teaching method engaged 50 40 0 0 10
the students
7 Exams and quizzes reflected 40 60 0 0 0
important course aspects
8 Teacher's method helped to 50 30 10 10 0
simplify the lesson
9 The teacher should continue 70 20 0 10 0
teaching by this method
10 Assessments are useful 60 30 0 0 10
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I noticed that as I taught the students by new methods they were more attentive than
my previous classes. They noted important aspects of my lessons. Most of the
students answered positively that they were supported in the learning activity. From
the survey, I got a clear picture of their engagement in my lessons. These were new
methods of teaching for them so, they took it positively. Which was supported by
the answer to the fourth question as 90% of them strongly agreed or agreed to the
question of whether the method is different from the previous one?

This is also supported by the answer to the second question, as 80% of them
strongly agreed or agreed that the teaching method had covered all matters to be
learned from the lessons. They were also able to understand the topics discussed.
This was proved from their answer to the third question, since, 80% of them
strongly agreed or agreed; only 20% were either neutral or disagreed. Neither of
them strongly disagreed.

For the question of whether the teaching method was more student-centered or not,
though most of them strongly agreed or agreed on, however, a large portion of the
students were neutral. This indicates that there may be a lack of understanding about
student-centered learning among the students. Because, most of them answered that
they were supported and engaged. It is only possible when the teaching is student-
centered. From the answer to the sixth question I also got a positive notion of their
engagement, since, 90% of the students strongly agreed or agreed that they were
engaged in the learning process. Only 10% of them strongly disagreed with this
question.

For the seventh question of examinations and quizzes reflected important course
aspects, 100% of the students strongly agreed or agreed. Neither of them remained
neutral, disagreed, and strongly disagreed with this question. This is also proof that
students understood the topics discussed in my lessons. This can be further proved
from the answer of the students to the eighth question of whether the teacher's
method helped to simplify the lesson. 80% of the students strongly agreed or agreed
to this question. Only 10% remained neutral and 10% of them disagreed with this
question. Whether to continue the lessons in a new method, 90% strongly agreed or
agreed to this question. Only 10% of them disagreed. This is a proof that they liked
the teaching in new methods. For the tenth question whether the assessments were
useful, 90% strongly agreed or agreed and only 10% strongly disagreed. From this
result, I can conclude that formative assessment helped the students in achieving the
goal of learning.

In this section critical reflection on teaching the lessons has been presented and in
the following section conclusion of this study has been presented.
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Conclusion

In the previous section, a critical reflection on teaching the lessons was discussed in
this section conclusion of this study has been presented.

The purpose of the study was to assess whether the inclusion of scaffolding, ZPD,
and formative assessment has improved Chemistry teaching in my classes at
Chittagong College, Bangladesh. As can be concluded from the survey, I got a clear
picture of their engagement in my lessons. Their participation in classes was higher
than before. I prepared my lessons infusing scaffolding and ZPD. From the result, I
found from the answer to the questions it can be concluded that it helped the
students to understand the subject matter more easily than before. The most
important criteria of scaffolding and ZPD instructions are that it engages the
students in the learning process (Shabani ef al., 2010). The answer I got about their
level of engagement indicated that learners were engaged in the process of learning.
The activities I have given to them scaffold them as the learners were allowed to
finish the task through group discussion.

The main disadvantage of scaffolding I found is that it is extremely difficult to meet
the needs of every individual learner and the process is time-consuming (Harraqi,
2017). It is difficult to implement these teaching methods in large classes like ours
in Chittagong College, Bangladesh. 1 think that these methods could have been
more fruitful if the class size were small. Moreover, to teach students in scaffolding
methods, teachers must have extensive professional training. I prepared the lessons
after getting training for a short period. It is difficult to prepare appropriate lesson
plans with this little knowledge.

For applying the concept of ZPD in learning, I taught the students in small steps
according to the ability to solve a problem by a student of his own. I helped the
student until he or she could accomplish most of the steps of his own (Wilson,
2014). For this to happen it is necessary to know students' current knowledge level
of a particular problem for most effective teaching by using the ZPD. I tried to guess
their level of knowledge by assigning activities before starting a lesson. This also
helped me to accomplish my task to increase their ZPD.

The most useful method I have found to evaluate the students' participation is the
inclusion of formative assessment techniques in my classes. Formative assessment
activities that provide us with students' feedback on their progress in course can be
used to create a reflective culture of assessment that is focused on learning rather
than solely on grades (Dunn & Mulvenon, 2009). The formative assessment is my
regular assignments policies, but for this to happen students must be present in
classes and participate in the activities. The formative assessment I provided was
helpful for them in getting a clear picture of the topics I taught them. The feedback I
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got from the formative assessment was also helpful for me for improving my lesson
plan. Though preparing lessons according to the selected methods is time-
consuming as these are helpful for the students I should continue teaching them
incorporating the methods.

Although this research indicated a positive impact of scaffolding, ZPD, and
formative assessment in TL process, there may have some procedural matters that
must be considered. First and foremost of all is that for a small sample size it is hard
to conclude and reach in a precise hypothesis. Moreover, research bias may have
been occurred in the evaluation from a researcher using his students, i.e., there
maybe bias pertinent to an insider researcher. Therefore, there is a need for further
study with a larger sample size by an outsider researcher.
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Appendix 1

Linked Lessons

Lesson 1

Haque

Lesson Outline

Subject: Topic: Free radicalpolymerisation Course / Class:

Polymer Undergraduate

Chemistry

Learning Objectives:

0 1) To understand the process of initiation

l 2) To understand the technique of propagation

O 3) To understand the techniques of termination.
Lesson Steps
Beginning I asked the students following questions:

O 1) What is a polymer?
* St O 2) What do you mean by addition reaction?
arter L
activity to O 3) What do you mean by an 1p1t1at0r?
engage O 4) What do you mean by chain reaction?
Then, I showed them power point slide of the

students following picture
* inform ’
students of the Initiation
learning R—0-0-R — 2R-0e
objective

* stimulate
recall of prior
learning

-0 P — no-ob

o4O P — ottt
rodtid 3 — nodtfiBet

TR IS Do
o Dt
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Development

* explanation of
the content

* modelling and
demonstrating

* practise
opportunities

* guidance and
feedback

* on-going
guidance and
feedback
(Assessment for
Learning)

Explanation of the content:

Mechanism of free radical polymerization:

There are three steps such as initiation, propagation and termination in
free radical polymerization process.

In polymerization process two commonly used reactions for producing
free radicals for are the thermal or photochemical decomposition of
benzoyl peroxide:

(C4H CO0),—>2CH,COO® —>52CH; +2C0;
and azobisisobutyronitrile:

C,H . CN(CN) = NC(CN)(CH ), — CH,CN(CN) = 2(CH),C*(CN) + N,
(1) Initiation: After generation of free radicals in presence of a vinyl

monomer, the radical adds to the double bond and another radical is
regenerated. If we designate the initiator as I radicle as R® we can write-

H
R +CH,=CHX——RCH, C*
X

I—2FK’;

Radical is regenerated which is a characteristic of a chain reaction.
(i1) Propagation: The chain radical formed in the initiation step adds
successive monomers and propagates the chain:

H H
R—(CH,=CHX-),CH,C" + CH,CHX —»R—(CH, = CHX-) ,,CH, C"
X X

(iii) Termination: As long as supply of monomer is available propagation
would continue. There are two ways to terminate a chain reaction:
One of them is combination or coupling, when tow two radicals combine.

H H H H
- CH, C*+C"CH, —-CH,C -C CH, -
X X X X

Another is disproportionation in which hydrogen transfer results in the
formation of two molecules.
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H H H H
~CH,C"+C'CH,-—>—-CH,C ~-H+-C =CH-
X X X X

Modelling and demonstrating:

Power point slides were presented formodelling and demonstrating of the
content. From the starter activities students were scafolded. Thus their level
of ZPD was ascertained. So, for increasing students' level of ZPD they were
asked to devise the mechanism of each step of free radical polymerization
discussing within the group of four students in each group. Then students
were asked to present their group work.

Ending Activity: For formative assessment feedback from the students is crucial. So,
Looking Back: after teaching the lesson I divided the class in ten groups of four students in
review and each group and asked them to answer the following questions:
assessment of 0 1) What do you mean by free radical regeneration?
learning [ 2) What is the difference between two processes of
Looking 0 termination?
Forward: [ 3) How a chain is propagated?
identify next 0 4) Why termination is needed for free radical polymerization?
steps for
learning
Lesson 2
Lesson Outline
Subject: Topic: Course / Class:
Polymer Techniques of different Undergraduate
Chemistry polymerization process

Learning Objectives:

O 1) To understand bulk polymerization process
0 2) To understand solutionpolymerization process
0 3) To understand suspensionpolymerization process.

Lesson Steps

Beginning
* Starter
activity to
engage
students

I asked the students following questions

0 1) What do you mean by solution?
0 2) What is a suspension?
0 3) What do you mean by viscosity?

Then I showed them power point slides of the following pictures.
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* inform
students of the
learning
objective

* stimulate
recall of prior
learning

Suspension polymerization

............

Development
* explanation
of the content
* modelling
and demonstra-
ting

* practise
opportunities

* guidance and
feedback

* on-going
guidance and
feedback
(Assessment
for Learning)

Explanation of the content:

Bulk Polymerization process:

Monomer in the liquid form is taken and the initiator is retained in
monomer in dissolved form. To control the molecular weight If there in
a necessity of using chain transfer agent it is also dissolved in the
monomer. The whole system thus becomes a homogeneous phase. If
heat is applied to the mass or it is exposed to a radiation source and
properly agitated polymerization takes place. Agitation is necessary for
proper mass and heat transfer.

Solution polymerization process:

In this process a suitable inert solvent is used to dissolve monomer and
chain transfer agent, whenever used. A solvent medium is used to
dissolve free radical initiator and catalysts ionic or coordination can
either be dissolved or suspended in the solvent. Viscosity can be
controlled as inert solvent medium present. Viscosity can't increase
much due to the presence of inert solvent and it helps to proper heat
transfer.

Suspension polymerization process:

In the process water is used to keep monomers in suspended form,
which exists as fine droplets in water. By using water soluble protective
colloids or surface active agents and by stirring coalescing is prevented
and the system is stabilized. The size of the monomer droplets formed
depends on the monomer-to-water ratio, the type and concentration of
the stabilizing agents and type and speed of agitation employed.

Modelling and demonstrating:

Power point slides were presented formodelling and demonstrating of
the content. From the starter activities students were scafolded. Thus
their level of ZPD was ascertained. So, for increasing students' level of
ZPD they were asked to explain different polymerization processes
discussing within the group. Then students were asked to present their
group work.
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Ending Activity:
Looking Back: ) o o
review and After teaching the lesson I divided the class in eight groups of four
assessment of students in each group and asked them to answer the following
learning questions:
Looking 0 1) Why products of bulk polymerisation are pure?
Forward: l 2) Why it is difficult to get very high molecular products by
identify next 0 solution polymerization process?
steps for 0 3) Why suspension polymerization is economical?
learning
Lesson 3

Lesson Outline

Subject:
Polymer
Chemistry

Topic: Emulsion polymerization Course / Class:
Undergraduate

Learning Objectives:
O 1) To understand emulsionpolymerization process
0 2) To understand mechanism of emulsionpolymerization process.

Lesson Steps

Beginning
* Starter
activity to
engage
students

* inform

students of the

learning
objective

* stimulate
recall of prior
learning

I asked the students following questions

1) What do you mean by emulsion?

2) What is a micelle?

3) What are surfactants?

Then I showed them power point slide of a video of
emulsion polymerization process.

_—-® Surfactant Malecule |
@ Initiator Molecule
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Development
* explana-
tion of the
content

* modelling
and
demonstr-
ating

* practise
opportuni-
ties

* guidance
and feedback
0 on-going
guidance and
feedback
(Assessm-ent
for Learning)

Explanation of the content:

Emulsion polymerization:

In emulsion polymerization process monomer is dispersed in the aqueous
medium as uniform emulsion and surfactants are used to stabilize the emulsion.
Surfactants aid emulsification of the monomer in water. Due to the low
solubility in water surfactants dissolve or molecularly disperse only at lower
concentrations. Beyond a certain concentration, the excess amount does not get
molecularly dispersed, but forms a molecular aggregate known as micelles.
Thus equilibrium is established between the dissolved surfactant molecules and
the aggregate ones. The highest concentration, wherein all molecules are in a
dispersed state, or the concentration below which micelle formation is not
possible, is known as the critical micelle concentration (CMC), Gowariker,
Viswanathan and Sreedhar (1986). Emulsion system generally utilizes water
soluble initiator, such as per-sulfates or hydrogen peroxide. Redox initiators are
also widely used.

Mechanism:

In this technique monomer is present as suspended droplets as well as
solubilized at the interior of the micelle. When the interior is water soluble and
monomer insoluble, there is hardly any initiator in the monomer droplet and
hence no appreciable polymerisation occurs inside the monomer droplet. At the
micelle, however, we have a very favourable condition for polymerization to
occur. The surface layer of the micelle formed by polar ends of the emulsifier
molecules is highly hydrophilic and hence, an appreciable concentration of
initiator is found at this place. At the same time, the interior of micelle is filled
with the solubilized monomer. Polymerization therefore starts at the surface of
the micelle and proceeds onwards.

Modelling and demonstrating:

Power point slides were presented formodelling and demonstrating of the
content. From the starter activities students were scafolded. Thus their level of
ZPD was ascertained. So, for increasing students' level of ZPD they were
asked to explain emulsion polymerization process and it's mechanism
discussing within the group. Then students were asked to present their group
work.

Ending
Looking
Back:
review and
assessment
of learning
Looking
Forward:
identify next
steps for
learning

Activity
After teaching the lesson I asked the students to answer the following questions
and then working in pairs to verify the answers.
1) What is the similarity between suspension polymerisation
and emulsion polymerisation?
2) What are the materials used to stabilize emulsion?
3) What is a micelle?
4) What do you mean by CMC?

I oy o A
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Appendix 2

Questionnaire

Dear Participant,
Thank you for taking time to fill in this questionnaire and agreeing to be part of this
research study.

This questionnaire consists of two sections. Section One asks you information about
yourself and Section Two asks you to respond to items related to your learning experience
in my chemistry classes. There are two pages in total. It should take about 10-15 minutes to
complete this questionnaire.

Directions: Please indicate your level of agreement or disagreement with each of these
statements regarding Scaffolding, ZPD and formative assessment. Place an "X" mark in the
box of your answer.

. Students are supported in their learning

. Teaching method adequately covered the subject

. I understood the topic discussed

. Teaching method is different from the previous one

. Teaching method is more student-centered

. Teaching method engaged the students

. Exams and quizzes reflected important course aspects
. Teacher's method helped to simplify the lesson

. Teacher should continue teaching by this method

10. Assessments are useful

O 01NN W~

Data collection

For the first question of Students are supported in their learning,

50% strongly agreed, 40% agreed and 10% neutral

For the second question of Teaching method adequately covered the subject,
40% strongly agreed, 40% agreed and 20% neutral

For the third question of I understood the topic discussed,

30% strongly agreed, 50% agreed and 10% neutral, 10% disagreed

For the fourth question of teaching method is different from the previous one,
90% strongly agreed and 10% agreed

For the fifth question of Teaching method is more student-centered,

50% strongly agreed, 10% agreed and 40% neutral

For the sixth question of Teaching method engaged the students,

50% strongly agreed, 40% agreed and 10% strongly disagreed

For the seventh question of Exams and quizzes reflected important course aspects,
40% strongly agreed and 60% agreed

For the eighth question of Teacher's method helped to simplify the lesson,
50% strongly agreed, 30% agreed and 10% did not answer

For the ninth question of Teacher should continue teaching by this method,
70% strongly agreed, 20% agreed and 10% disagreed

For the tenth question of Assessments are useful,

60% strongly agreed, 30% agreed and 10% strongly disagreed.

(Manuscript received on 01 March, 2021; revised on 20 April, 2021)
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Physico-Chemical Assessment of Water Quality Parameters
of The Karnafuli River, Chattogram, Bangladesh

Dr. M. Edris Ali'", Sulthana Yeasmin?, M. Rashed” and Nasrin Akter?
Abstract

With the increase of developmental activities as well as human intervention,
environmental degradation is becoming a burning question in global arena as
well as in Bangladesh. An extensive study was carried out to elucidate the
distribution and occurrence of different parameters of water quality of the
Karnafuli River. To study the different physicochemical parameters, water
samples were collected from different points and at different seasons for
continuous monitoring during the hydrological years 2017-2018. Collected
samples were analyzed for the following parameters:- Temperature, DO, TDS,
TSS, TS, Conductivity, pH, Percentage of NaCl, transparency, BOD, COD,
total hardness, Ca-Hardness, Mg-hardness, total alkalinity, chloride, CO,,
Acidity, Coliform, Pb, Cd, Co, Mn, Cu, Ni, and nutrients nitrate-N, nitrite-N,
phosphate-P using the procedure outlined by standard methods. The maximum
and minimum values of physicochemical parameters such as water
temperature, 31.25 to 22.3°C ; DO, 6.15 to 3.3 mgL'l; TDS, 21785 to 69.95
mgL™'; TSS, 1900 to 135.65 mgL™'; TS, 22675 to 1049.6 mgL™'; Conductivity,
42400 to 119.6 pScm'l; Percentage of NaCl, 0.83 to 0.2; pH, 8.6 to 5.1;
Transparency, 42 to 14.5 cm; BOD, 4.5 to 1.1 mgL'l; COD, 99 to 17 mgL'l;
Total Hardness, 800 to 102.5 mgL™'; Ca-Hardness, 520 to 30 mgL'; Mg-
Hardness, 290 to 20 mgL™'; total alkalinity, 280 to 110 mgL™'; Chloride,
579.09 to 11.84 mgL™'; CO,, 6.4 to 266.2 mgL™'; Acidity, 332.75 to 8.79 mgL’
" and coliform (>1500/100mL) were noted. Nutrient concentration in water
ranged Nitrate-N, 2.1 to 0.025 mgL™', Nitrite-N, 0.75 to 0.02 mgL™' and
Phosphate-P, 3.45 to 0.5 mgL"'. The results also provided data to understand
and quantify the threat of the environmental impact of climate change of this
region. Result also provided data for water quality of river to match national
and international standard for agricultural, industrial and livestock
requirements.

Keywords: Climate change, Hardness, Physicochemical parameter, TDS

Introduction

Bangladesh is a riverine country. The rivers of Bangladesh mark both the
physiography of the nation and the life of the people. About 700 in number, these
rivers generally flow south. Major water control projects have been developed by
the national government to provide irrigation, flood control, drainage facilities, aids
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to river navigation and road construction and hydroelectric power. Chittagong is the
main international maritime gateway of the country (Uddin et al., 2020). Chittagong
is not only the second largest city but also the commercial capital of Bangladesh and
is expanding rapidly as well. MR Uddin et al also stated that the port city accounts
for 12% of the national economy generating 40% of heavy industrial output, 85% of
foreign trade and 60% of revenue earning (Ibid) as experiencing experiencing
environmental pressures like other cities in Bangladesh (Majumder et al., 2007).
Karnafuli River with its tributaries is the biggest and the most important river
system in Bangladesh (Alam et al., 2006).

Karnafuli River is flowing through the region of Chittagong Hill regions, rising in the
Mizo Hills of Mizoram state, northeastern region of India (Uddin ef al, 2019) is a
major water course of Chittagong. It cuts across the hills and runs rapidly downhill to
the west and southwest and then to the sea. Majority of the industries on the bank of
the river have no arrangement for treatment of their wastes. Management of these
industrial enterprises is either unaware of modern treatment procedures or is unwilling
to adopt necessary treatment arrangements. They discharge their liquid and semi
liquid effluents into adjacent rivers, lakes, canals, ponds, swamps, land etc. The
consequence of this is the high fish mortality in the region and failing health among
residents of adjoining areas who use the contaminated water for drinking, washing,
bathing etcetra (GoB, 1994). It has become a great threat for the climate and
environment. Besides, the aim of establishment of the industries is to remove
unemployment from the country because the economic growth is slow and our land is
limited than its overloaded population. There are many waste products of industries
which is potentially dangerous to the environment (Chhatwal, 1998). Usually these
waters do not remain fit for human consumption and for the life of plants and animals
(Islam et al., 2008). Organic wastes such as domestic and industrial waste are the
most abandoned waste water that mixed up with the surface water, causing dissolved
oxygen depletion affecting and damaging aquatic lives. Karnafuli is heavily polluted
by industrial discharge and agricultural runoff, studied by Ahmed et al. (2020). Uddin
et al. (2019) also stated such observation. So, organic pollutant could have a long
term effect through food chain. Therefore water quality of the river was assessed to
know the pollution level and aware the people and authority of its danger.

Materials and Methods

Nine sampling points were selected of the Karnafuli River. Samples were collected
at the time of lowest low tide and at different seasons to study the seasonal variation
of the results. The surface water samples were collected in the boat if possible in the
middle of the flow. The water samples were collected within 3-9 inches from the
surface of the water. Humidity and climate data were also measured at sample
collection period.
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Table 1. Sampling Station and map of the

study area

Sample | Name of the Longitude | Latitude
ID Sampling

points

SP-1 Kalurghat 22°22'29"N | 91°49"26"E
SP-2 Chondaria 22°23'26"N | 91°53"20"E
SP-3 Amir Chor 22°21'47"N | 91°52"22"E
SP-4 Raikhali Khal | 22°21'14"N | 91°53'11"E
SP-5 | Fish Garden Ltd | 22°21'49"N | 91°53'32"E
SP-6 Rajakhali 22°19'39"N | 91°50'47"E
SP-7 Chaktai 22°19'38"N | 91°50'59"E
SP-8 Fishery Ghat 22°19'43"N | 91°51'19"E
SP-9 Jute Rally Ghat | 22°19'22"N | 91°49'39"E

Preservation of Sample

Once a sample is taken, the constituents of the sample should be maintained
properly as when collected. For proper measurement of the water quality parameters
and make the sample representative in natural pH, temperature, and dissolved
oxygen were measured at the spot immediately after collection. The samples were
carefully transferred to the place of analysis with minimal and acceptable chemical
changes that is recommended for better result. The analysis to be made was fixed,
prior to collection of samples. The collected samples were tested in the institution
laboratory. The samples were mixed well and a sample of 1.0-1.5L was transferred
to amber colored clean plastic bottle for analysis in the laboratory. Transparency
was measured by Sacchi disc. pH, Conductivity and TDS were measured at the
sampling site by Hanna combo water (Model- HI98129). TS, TSS were done by
drying-weighing method (Sultana et al, 2018). Samples were preserved using
suitable preservation technique.

Table 2. Methods of Analysis of Water Quality Parameters

Parameters Method of analysis Parameters Method of analysis
Temperature DO meter COD Titrimetric method
DO DO meter Alkalinity Titrimetric method
TDS Conductivity meter Total Hardness Titrimetric method
TSS Conductivity meter Ca Hardness Titrimetric method
TS Whatman filter paper, APHA | Mg Hardness | -—-———---—--
Conductivity Conductivity meter Chloride Titrimetric method
pH pH meter CO, Titrimetric method
Percentage of NaCl | Conductivity meter Acidity Titrimetric method
Transparency Secchi disk Nutrients (Nitrate-N, AAS

BOD DO meter Nitrite-N, Phosphate-P)
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After analysis of water samples collected from different sampling points of different
seasons results are presented in tabulated form. Average conentrations of
physicochemical parameters in pre-monsoon, monsoon, post-monsoon season are
presented in table 3, table 4, table 5 respectively. National and International
standards for different parameters are presented in table 6. Correlation between
physical and chemical parameters are presented in table 7 and table 8. After
presenting results in this section, discussion of the article has been presented in
following section.

Table 3. Average concentrations of physicochemical parameters in pre-monsoon

Locations Kalurghat | Chondaria | Amirchor | Raikhali | Fish | Rajakhali | Chaktai | Fishery | Jute Rally
(SP1) (SP2) (SP3) Khal Garden Khal Khal Ghat Ghat
(SP4) | Ltd. (SPS) | (SP6) (SP7) | (SP8) | (SP9)
Temp(°C) 217.75 28.05 28.3 28.35 28.45 27.95 27.7 28.1 28.4
DO (mgL") 4.9 4.8 42 4.4 4.0 4.6 33 4.7 5.0
TDS (mgL") | 45053 202,15 | 599545 | 48585 10089.5 5234.6 48943 | 49105 | 430475
TSS(mgL") | 252.81 | 249.69 | 25320 | 562.81 | 665.50 | 108281 | 1183.5 | 159043 | 1292.15
TS (mgL™") 4848.11 2501.84 | 6047.65 | 542131 10755 631741 | 6077.8 | 650093 | 5596.9
pH 7.7 7.7 7.3 7.8 7.6 7.7 7.6 7.7 7.8
Conductivity | 9219.45 44396 | 10229.75 | 9713 20281.5 10464.5 9836 | 9799.5 | 10124.5
(uSem’)
% of NaCl 0.37 0.49 0.44 0.48 0.58 0.51 0.68 0.48 0.56
Transparency(em) | 17.5 17.12 16.125 14.5 28.5 21 20.5 21.75 19.5
BOD(mgL™") 1.9 2.9 2.9 3.0 2.8 2.7 1.1 34 2.7
COD(mgL™) 64 58 64 42 54 50 56 58 47
Alkalinity 280 155 135 145 150 150 150 140 142
(mgL™)
Total-hardness 140 150 240 135 115 245 220 110 140
(mgL™)
Ca-hardness 75 95 30 90 40 115 105 30 70
(mgL™)
Mg-hardness 65 55 210 45 75 130 115 80 70
(mgL™)
Chloride 43249 | 43249 | 122.53 | 173.01 64.84 579.09 | 454.61 | 129.744 | 130.57
(mgL™)
CO, 104.13 266.2 55.73 64.53 44 51.33 61.6 46.93 56.08
(mgL™)
Acidity (mgL™) | 130.16 | 332.75 | 69.66 80.66 55 64.16 77 58.66 70.1
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Table 4. Average concentrations of physicochemical parameters in monsoon
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Locations Kalurghat | Chondaria | Amirchor | Raikhali | Fish | Rajakhali | Chaktai | Fishery | Jute Rally
(SP1) (SP2) (SP3) Khal | Garden Khal Khal Ghat Ghat
(SP4) | Ltd.(SPS) | (SP6) (SP7) | (SP8) | (SP9)
Temp(°C) 31.25 30.55 30.3 31.1 31.2 31.05 31.05 30.5 30.6
DO (mgL™") 5.2 4.4 4.8 4.8 5.0 4.5 43 42 43
TDS (mgL") 80.8 85.4 156.4 | 7245 12035 | 169.95 | 69.95 | 73.35 75.5
TSS (mgL") | 1245.6 | 1252.8 | 1255.9 | 1382.10 | 1465.95 | 889.2 | 979.65 |1072.61 | 988.34
TS (mgL") 13264 | 13382 | 14123 | 1454.55 | 1586.3 | 1059.15 | 1049.6 | 1145.96 | 1063.84
pH 5.7 6.2 5.8 6.2 6.1 6.2 55 5.1 6.1
Conductivity | 119.6 166.65 | 317.25 | 161.1 | 232.85 | 140.15 | 129.45 | 133.15 | 1325
(uSem™)
% of NaCl 0.2 0.3 0.6 0.25 0.45 0.3 0.25 0.3 0.3
Transparency(cm) 25 24 25.5 27 25 19 22 24.5 22
BOD(mgL") 3.8 2.5 2.9 22 3.05 3.35 2.9 235 32
COD(mgL") 88 62.4 98.8 93.7 96.9 99 87.4 719 91.5
Alkalinity 153 168 153 157 151 132 154 152 137
(mgL™)
Total-hardness 600 365 725 185 255 280 225 190 290
(mgL™)
Ca-hardness 520 210 460 65 195 135 155 85 160
(mgL™)
Mg-hardness 80 155 265 120 60 145 35 105 130
(mgL™)
Chloride 150.41 100.05 | 202.96 | 175.16 | 200.14 | 125.14 | 112.59 | 112.52 | 110.18
(mgL™)
Co, 12.185 | 12.185 | 7.035 | 9.385 14.48 6.435 | 15.835 | 12.885 | 11.92
(mgL™)
Acidity (mgL") 15.23 15.23 8.79 11.73 18.1 8.04 19.79 | 16.11 14.9
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Table 5. Average concentrations of physicochemical parameters in post-monsoon

Locations Kalurghat | Chondaria | Amirchor | Raikhali | Fish | Rajakhali | Chaktai | Fishery | Jute Rally
(SP1) (SP2) (SP3) Khal | Garden Khal Khal Ghat Ghat
(SP4) | Ltd.(SPS) | (SP6) (SP7) | (SP8) | (SP9)
Temp(°C) 223 229 258 24.9 25.1 25.6 25.3 24.8 233
DO (mgL™") 6.15 5.9 5.7 5.3 5.5 4.8 5.4 5.5 5.5
TDS (mgL") | 13185 12200 | 12280 | 16840 12320 18950 | 17285 | 17340 | 21785
TSS (mgL™") | 150.85 | 135.65 | 178.28 | 165.5 1160 1900 1360 1530 | 890.23
TS (mgL") 13335.85 | 12335.85 | 12458.28 | 17000.5 | 13480 | 20850 | 18645 | 18870 | 22675.23
pH 8.5 8.6 8.3 8.3 8.3 8.3 8.4 8.2 8.5
Conductivity | 22885 24950 | 25425 | 21235 | 24550 | 38000 | 34550 | 34485 | 42400

(uSem™)

% of NaCl 0.41 0.48 0.68 0.62 0.48 0.73 0.67 0.81 0.83
Transparency(cm) 36 42 28.5 29.5 26.5 20 23 27.5 21.5
BOD(mgL") 3.0 3.35 3.8 4.5 42 32 2.8 3.9 32
COD(mgL") 48 54 60 42 62 42 52 17 36
Alkalinity 140 165 175 155 165 165 135 125 110
(mgL™)

Total-hardness 147.5 102.5 2375 | 2575 140 800 282.5 235 465
(mgL™)

Ca-hardness 80 82.5 41 115 46 510 120 67.5 307.5
(mgL™)

Mg-hardness 67.5 20 196.5 71.5 94 290 162.5 167.5 157.5
(mgL™)

Chloride 11.84 2295 | 23025 | 21553 | 141.58 | 175.68 | 401.78 | 398.45 | 139.09
(mgL™)

Co, 13.49 13.49 10.68 | 22.88 37.26 46.13 | 61.195 | 31.52 | 4323
(mgL™)

Acidity (mgL") 16.86 16.86 13.35 28.6 46.57 57.66 76.49 39.4 54.03
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Table 6. Comparison Data with National and International Standard
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Water quality | Unit Present Bangla- | WHO Permissible | European | Inter-
parameters study desh stan- USPH Standard | national
Standard | dard Level Level Standard
Temperature °C 22.3-31.25 20-30 --- --- --- 20-30
DO mgL! 3.3-6.15 6 4-6 4.0 - 6.0
Electrical (uSem™) | 119.6-42,400 800-1000 | 300
conductivity
TDS mgL! 69.95-21,785 1000 1000 1000 1000
TSS mgL! 135.65-1900 10 10
TS mgL! 1049.6-22675.23 | -
Transparency | cm 14.5-42 --- --- --- --- -
pH -- 5.1-8.6 6.5-8.5 6.5-8.5 6.0~8.5 ]6.5~8.5 6.5~8.5
% of NaCl -- 0.2-0.83
BOD mgL! 1.1-4.5 0.2 6 5.0 0.2
COD mgL! 17-99 4 NYS 4.0 5.0 4.0
Alkalinity mgL-! 110-280 - - - - -
Ca-hardness mgL-! 30-520 - - - - -
Mg-hardness | mgL! 20-265 - - - - -
Total hardness | mgL! 102.5-800 200-500 | 500 --- - 200~500
Chloride mgL! 11.84-579.09 150-600 | 250 250 25 150~600
Co, mgL! 6.345-266.2 6
Acidity mgL! 8.04-332.75
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Table 7. Correlation between physical and chemical parameters
Correlations
Temp |DO BOD |COD | alkalinity | Total- | Ca- Mg-
Hard Hard Hard
Temp Pearson Correlation | 1 -704(*%) |.369 |.090 383 350 128 .654
Sig. (2-tailed) 034 329 | .818 |.308 356 743 056
N 9 9 9 9 9 9 9 9
DO Pearson Correlation | -.704(*) | 1 -.147 | .246 -.076 -.804(**) | -.709(*) | -.720(*)
Sig. (2-tailed) |.034 706 |.524 | .845 .009 033 .029
N 9 9 9 9 9 9 9 9
BOD Pearson Correlation | .369 -.147 1 -037 |.341 -278 -.366 -.206
Sig. (2-tailed)  |.329 706 925 1.369 469 333 595
N 9 9 9 9 9 9 9 9
COD Pearson Correlation | .090 246 -037 |1 677(%) |-.294 -262 -249
Sig. (2-tailed) | .818 524 925 .045 443 496 518
N 9 9 9 9 9 9 9 9
Alkalinity | Pearson Correlation | .383 -.076 341 [.677(%) | 1 -.075 -.114 -013
Sig. (2-tailed)  |.308 845 369 |.045 .848 770 974
N 9 9 9 9 9 9 9 9
Total-hardness | Pearson Correlation | .350 -.804(**)|-.278 -294 |-.075 1 964(**) | .829(**)
Sig. (2-tailed)  |.356 .009 469 |.443 | .848 .000 .006
N 9 9 9 9 9 9 9 9
Ca-hardness | Pearson Correlation | .128 -709(*%) |-.366 |-262 |-.114 964(**) | 1 .668(%)
Sig. (2-tailed)  |.743 .033 333 149 |.770 .000 .049
N 9 9 9 9 9 9 9 9
Mg-hardness | Pearson Correlation | .654 -720(*%) |-.206 |-.249 |-.013 .829(**) .668(*) |1
Sig. (2-tailed) | .056 .029 595 | 518 |.974 .006 .049
N 9 9 9 9 9 9 9 9

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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Table 8. Correlation Between Different physical and chemical parameters
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Correlations
TDS | TSS TS pH Conduct | % CO, | chloride | Trans
NaCl
TDS Pearson Correlation | 1 539 | .989** | -170 | .836** | .795% |.658 |.365 -712%
Sig. (2-tailed) 1341 .000 |.663 |.005 010 |.054 |.334 031
N 9 9 9 9 9 9 9 9 9
TSS Pearson Correlation | .539 | 1 660 | -412 | T17* 535 | .810%* | 541 -742%
Sig. (2-tailed) | .134 053 [.270 |.030 138 1.008 | .132 022
N 9 9 9 9 9 9 9 9 9
TS Pearson Correlation | .989** | .660 | 1 =225 | 875%F | .805%* | .732% | .423 -.768*
Sig. (2-tailed) |.000 |.053 .560 | .002 009 |.025 |.257 016
N 9 9 9 9 9 9 9 9 9
pH Pearson Correlation | -.170 | -412 |-225 |1 -219 -461 |-031 |-597 .103
Sig. (2-tailed) |.663 |.270 | .560 S 212 1936  |.090 793
N 9 9 9 9 9 9 9 9 9
Conduc- | Pearson Correlation | .836** | .717* | 875%* | -219 |1 J98%* | [ 714* | 369 S0
tivity Sig. (2-tailed) |.005 |.030 [.002 |.571 010 |.031 ].328 032
N 9 9 9 9 9 9 9 9 9
% of Pearson Correlation | .795% | .535 | .805%* | -.461 | .798** |1 473 | .644 -715%
NaCl Sig. (2-tailed) |.010 |.138 |.009 |.212 |.010 199 |.061 031
N 9 9 9 9 9 9 9 9 9
Co, Pearson Correlation | .658 | .810%* | .732% | -.031 | .714* 473 |1 535 -.786*
Sig. (2-tailed) |.054 |.008 |.025 |.936 |.031 199 137 012
N 9 9 9 9 9 9 9 9 9
Chloride | Pearson Correlation | .365 | .541 | .423 | -.597 | .369 644 | 535 |1 -.557
Sig. (2-tailed) |.334 |.132 |.257 |.090 |.328 061 | .137 119
N 9 9 9 9 9 9 9 9 9
Trans- | Pearson Correlation | -.712% | -.742* | -768* | .103 | -711* -T715% | -786% | -.557 1
parency | Sig. (2-tailed) |.031 |.022 |.016 |.793 |.032 031 |.012 |.119
N 9 9 9 9 9 9 9 9 9

**_Correlation is significant at the 0.01 level (2-tailed).
*_ Correlation is significant at the 0.05 level (2-tailed)
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Discussion

Water Temperature: Temperature is one of the most vital among the peripheral
factors that influence the aquatic ecology (Huet, 1986). The seasonal variation of
water temperature varied from 22.3°C to 31°C. During the period of investigation, the
maximum and minimum temperature of the Karnafuli River water were recorded as
27.7°C to 28.45°C, 30.3°C and 31.25°C, 22.3°C and 25.8°C in pre monsoon, monsoon
and post monsoon period respectively. Among them maximum and minimum
temperature were found 31.25°C and 22.3°C, both are at Kalurghat area. According to
Bangladesh and WHO standard, the permissible value of temperature is 20-30°C. In
the case of temperature, standard for sustaining aquatic life is 20-30°C and as it was
pre monsoon and post monsoon all the samples complies with the national standard.
But during the monsoon, the temperature was slightly high. Temperature is one of the
vital peripheral factors that impact the aquatic ecology. The amount of dissolved
oxygen decreases with rising temperature while the rate of biochemical activity often
doubles for every 10°C rise in temperature at lower temperature up to certain level.
Temperature has negative correlation with DO but positive correlation with other
parameters. From the above mentioned information mean value was higher at
Rajakhali.

Dissolved Oxygen (DO): DO is a very important parameter of water quality and an
index of physical and biological process going on in water. In the present study, the
maximum concentration of dissolved oxygen was observed in post monsoon. The
highest concentration (6.15 mgL!) was recorded on Kalurghat site and lowest
concentration was recorded 3.3 mgL-! on Chaktai site but the range was not narrow
for other sites. A definite trend in DO concentration was observed on all the sites, in
the case of dissolved oxygen (DO), standard for sustaining aquatic life is 4 mgL-!,
whereas for drinking purposes it is 6 mgL-!. DO value for Karnafuli river, along our
particular reach lies in between 10 mgL! to 3 mgL! (winter). Sultana et al. (2018)
pointed that in the ocean, coastal fish begin to avoid areas where DO is below 3.7
mgL!, with specific species abandoning an area completely when levels fall below
3.5 mgL-!. According to WHO and USPH standard, the acceptable limit of DO is
4.0 mgL-!. The low concentration of DO refers the high pollution of water which is
harmful for aquatic life. According to Gasim et al DO concentration of the Bebar
River, Pahang, Malaysia was low ranged from 0.54 to 1.76mgL"! (Gasim et al,
2007). Lower DO level may be due to presence of chemical oxidized, biodegradable
organic compounds in effluents, industrial and domestic sewage, and human wastes.
DO is of great importance to all living organisms.

It may be present in water due to direct diffusion from air and photosynthetic
activity of autotrophs. Concentration of DO is one of the most important parameters
to indicate water purity and to determine the distribution and abundance of various
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algal. Decreasing trend of DO of the Karnafuli river water was observed by the
study of Ahmed et al. (2010). They concluded that minimum value of DO was as
low as 0 mgL-!. This indicates that the critical condition of the river. Conclusion of
present study is like this. According to Alam et al. (1996). subsequent
decomposition of vegetation gives rise to anoxic condition seriously depleting the
dissolved oxygen in water bodies.

DO has negative correlation with all of the parameters (Table 7). From the above-
mentioned information mean value was lower at Chaktai.

Total Dissolved Solids (TDS): The seasonal variation of TDS varied from (69.95
mgL-! to 21,785 mgL!). The minimum TDS was recorded 69.95 mgL-! at Chaktai
during the period of monsoon. The maximum TDS was recorded 21,785 mgL! at
Jute Rally Ghat during the post-monsoon. TDS indicates the nature of water quality
for salinity. According to WHO specification, TDS up to 500 mgL-! is highest
desirable and up to 1000 mgL! is under maximum permissible category. Thus,
based on the concentration of TDS, groundwater can be classified as follows: up to
500 mgL! as desirable for drinking, up to 1000 mgL-!' as permissible for drinking
and up to 3000 mgL-! as useful for irrigation. Those selected 9 sampling points were
not maintained standard value during the pre-monsoon and post-monsoon periods
(Table 3, 4, 5). The physiological effects directly related to TDS include laxative
effects principally from Sodium sulfate and magnesium sulfate and the adverse
effect of Na on certain patients afflicted with cardiac disease and women with
toxemia associated with pregnancy (EPA). TDS has negative correlation with pH
and transparency but positive correlation with other parameters (Table 8). From the
above mentioned information mean value was higher at Jute Rally Ghat.

Total Suspended Solids (TSS): The seasonal variation of TSS varied from (135.65
mgL! to 1900 mgL!). The maximum and minimum TSS was recorded at Rajakhali
and Chondaria, both are during the period of post-monsoon. Bangladesh Standard
for TSS in terms of inland surface water is 150 mgL-!. The mean total suspended
solids concentrations in the Karnafuli River was found to be 792.59 mgL"!, 1169.90,
and 830.05 which are ranges from 249.69 to 1590 mgL-!, 889.2 mgL! to 1586.3
mgL!, and 135.65 to 1900 in pre-monsoon, monsoon and post-monsoon (Table 3, 4,
5). Those nine sampling stations out of SP5, SP6, SP7, SP8, and SP9 were not
maintained standard value in all seasons, but in monsoon all of the values of
different stations were not out of the limiting value. In case of TDS Bangladesh
Standard in terms of inland surface water is 1000 mgL-!. Higher values of total
solids are mainly due to the presence of silt and clay particles in the river water. TSS
has negative correlation with pH and transparency but positive correlation with
other parameters (Table 8). From the above mentioned information mean value was
higher at Fish Garden (Table 4).
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Total Solids (TS): The maximum and minimum TS were recorded 22675.23 mgL-!
and 1049.6 mgL™! at Jute Rally Ghat and Rajakhali Khal at the time of post-
monsoon and monsoon period. The standard value for discharging TS is 2250 mgL-
I During the pre-monsoon and post-monsoon, all of the TS values of nine sampling
points were not the tolerable limit but in monsoon remained tolerable limit (Table
4). Higher values of total solids are mainly due to the presence of silt and clay
particles in the river water. Islam (1993) also found higher values in the effluents of
KPRC than the effluent discharged area and the controlled area. TS has negative
correlation with pH and transparency but positive correlation with other parameters
(Table 8). From the above mentioned information, mean value was higher at Jute
Rally Ghat (Table 5).

Conductivity: The range of values of electrical conductivity was 4439.6 to
20,281.5uScm!, 119.6 to 317.25uSem ! and 21,235 to 42,400],tScm'l during the
period of pre-monsoon, monsoon and post-monsoon. Highest concentration was
found at Jute Rally Ghat in post-monsoon (Table 5) and lowest concentration was
found at Kalurghat in monsoon (Table 4). The mean value of electrical conductivity
(EC) of Karnafuli River was found to be 13961 mgL"! which is ranges 552(uScm™)
to 31340 (uScm™!') whereas Bangladesh Standard for EC in terms of inland surface

water is 1200uscm’!.

Othman et al. (2007) reported that the water quality in Chini Lake, Pahang, West
Malaysia varied temporarily and statically and the most affected water quality
parameters were TSS, turbidity, chlorophyll-a, sulfate, DO, ammonia-N, pH and
conductivity. Conductivity has negative correlation with pH and transparency but
positive correlation with others (Table 8). From the above mentioned information
mean value was higher at Jute Rally Ghat (Table 5).

pH: pH is an important factor that determines the suitability of water for various
purpose including toxicity to animals and plants. The values of pH are acidic in nature
probably due to the use of different chemicals like HCI, HySO4, Ca(OCl) Cl etc. The
pH range suitable for the existence of most biological life is quite narrow and critical
and is typically 6-8.5 (Pescod, 1992). pH is the indicator of acidic or alkaline
condition of water status. The standard for any purpose in-terms of pH is 6.5-8.5; in
that respect the value Karnafuli River water are 7.3 to 7.8, 5.1 to 6.2 and 8.2 to 8.6
during the pre-monsoon, monsoon and post-monsoon period (Table 3, 4, 5).

Highest value was found at Chondaria and lowest value was found at Fishery Ghat
area. It can be observed from the present study, the overall results indicate slightly
acidic in monsoon and slight alkaline in pre-monsoon and post-monsoon (Table 3, 4,
5). pH has positive correlation with transparency but negative correlation with all of
the parameters (Table 8). From the above mentioned information, mean value was
higher at Chondaria (Table 5).
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Percentage of NaCl: Percentages of NaCl were varied from 0.37 to 0.68, 0.2 to 0.6,
and 0.41 to 0.83 during the period of pre-monsoon, monsoon, and post-monsoon
respectively. Highest values of NaCl were recorded as 0.58, 0.68, 0.56 at fish garden
Ltd, Chaktai, and Jute Rally Ghat respectively in pre-monsoon, 0.6 at Amirchor in
monsoon and all the values were slightly high in every sampling point during post-
monsoon (Table 5). Percentage of NaCl has positive correlation with all of the
parameters but negative correlation with pH and conductivity (table 8).The mean
value was higher at Jute Rally Ghat (Table 5).

Transparency: Transparency of water relates to the depth that light will penetrate
water. Standard condition for secchi disk measurements include a clear sky, sun
directly over headed, and minimum waves or ripples. The secchi disk provides a
measure of the amount of suspended inorganic and organic matter in the water. In
the present study, the transparency of water samples ranged from 14.5 to 28.5cm, 19
to 25.5cm, and 20 to 42cm in pre-monsoon, monsoon, and post-monsoon.
Maximum value was recorded at station Chondaria and minimum was recorded at
station Raikhali. In pre-monsoon period the values of transparency were always
lower than the other seasons (Table 3). It may be total amount of solids such as
organic and inorganic matter remain high in the surface and sub surface water.
Transparency has negative correlation with all of the parameters but positive
correlation with pH (Table 8). Mean value was higher at Chondaria (Table 4).

Bio-chemical Oxygen Demand (BOD): BOD is another important parameter to
determine the organic pollution. The maximum and minimum concentrations of
BOD were recorded as 1.1 to 3.4 mgL!, 2.2 to 3.8 mgL!, and 2.8 to 4.5 mgL"!
during pre-monsoon, monsoon, and post-monsoon respectively. The maximum
concentration of BOD was found 4.5 mgL-! at Raikhali Khal (Table 5). While in the
case of biochemical oxygen demand (BOD), standard for drinking purpose is
0.2mgL-!, sewage effluent 20 mgL-! which is exceeded to a great extent as shown
by the mean values of 247 mgL-!.

Except the Meghna other rivers of this region may be considered clean (Chhatwal,
1998). Higher BOD level indicates more bacterial activities and in these case
bacteria rob the available dissolved oxygen necessary for survival by other aquatic
organisms like fishes. Higher concentrations of BOD indicate high pollution in the
river water. Ahmed et al. (2020) found BOD highest 4.1 mgL! and lowest 1.3 mgL-
I, Uddin et al. (2019) stated that a standard of BOD value for drinking purposes is 4
mgL-!, which are is acceptable in terms of Karnafuli river water.

Many organic chemicals may be used by micro-organisms in watercourse as sources
for energy and chemicals for necessary growth which may cause breakdown of
organic constituents to simpler compounds and often ultimately to inorganic ashes
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and gases. Biney has classified the pollution level into three categories on the basis
of BOD levels as follows: Unpolluted (BOD < 4 mgL!), moderately polluted
(BOD, 4 to 12 mgL™") and grossly polluted (BOD>12 mgL-!) (Banjerji, 1997). BOD
has positive correlation with alkalinity but negative correlation with all of the
parameters (Table 8). The mean value was higher at Amir Chor and Raikhali Khal
(Table 5).

Chemical Oxygen Demand (COD): Chemical oxygen demand (COD) is other
important parameter of water quality assessment. COD is a measure of pollution in
aquatic ecosystems (Biney, 1982). The higher COD value indicates the higher
organic pollution as stated by Uddin et al. (2020). Ahmed et al. (2020) mentioned
that COD is widely used as a means of measuring pollution strength of industrial
effluents. It estimates carbonaceous factor of organic matter. The range of values of
COD found in the present study were 42 to 64 mgL™!, 62.4 to 99 mgL-!, and 17 to
62 mgL! in pre-monsoon, monsoon and post monsoon period respectively. Higher
COD value indicates the higher organic pollution, stated by Uddin et al. (2019) and
Islam et al. (2015). Higher concentration of COD was found 99 mgL! at Rajakhali
at lowest low tide (Table 4).

Urban wastes, on the other hand, cause organic enhancement and spread pathogens
of devastating and serious sickness. The study was conducted between the
Kalurghat Bridge and Jute Rally Ghat. These areas are most polluted due to the
presence of many chemical fertilizers, iron, leather and pharmaceutical industries.
All these industries discharge their untreated toxic waste water directly into the river
Karnafuli whics causes high COD. High COD level imply toxic condition and the
presence of biological resistant organic substances.

COD has negative correlation with BOD, total hardness, and Ca-hardness but
positive correlation with others parameters (Table 7). Mean value was higher at
Amir Chor (Table 4).

Total Hardness (TH): In the present study, the hardness of water samples ranged
from 110 to 245 mgL-!, 185 to 725 mgL! and 102.5 to 800 mgL-! during the pre-
monsoon, monsoon and post-monsoon period respectively. Total hardness of the
Karnafuli river water found in the variation of 50.1 to 2308.4 mgL-! by Uddin et al.
(2019). According to International and WHO standard, the considerable limit of
total hardness is 200-500mgL!. The highest concentrations were found 800 mgL"!
at Rajakhali in post-monsoon, 600mgL-!, 725 mgL-! at Kalurghat and Amirchor in
monsoon which was not in the considerable limit (Table 4).

According to Ray et al. (2000) distributed data for the total hardness shows that
81.3% of the observations fall within the allowable standards of 500 mgL-!, the
highest being 1610 mgL-!. Total hardness has negative correlation with DO, BOD,
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COD, and alkalinity but positive correlation with other parameters (Table 7). The
mean value was higher at Rajakhali. Maximum and maximum values of Ca
hardness are 115 to 30 mgL! in the pre monsoon, 520 to 65 mgL™! in the monsoon
and 307.5 to 41 mgL! in the post monsoon (Table 3, 4, 5). Maximum concentration
was found at Kalurghat and minimum concentration was found at Fishery Ghat
(Table 4, 3). Ca-hardness has positive correlation with temperature, total hardness
and Mg hardness but negative correlation with other parameters (Table 7). Mean
value was higher at Rajakhali.

Mg-Hardness: Maximum and minimum values of Mg hardness were found 210 to
45 mgL! in the pre monsoon, 265 to 30 mgL™! in the monsoon and 290 to 20 mgL"!
in the post monsoon. Higher concentration of Mg-hardness was found at Rajakhali
Khal, lower concentration of Mg hardness was found at Chondaria (Table 5). Mg-
hardness has positive correlation with temperature, Ca-hardness and total hardness
but negative correlation with other parameters (Table 7), mean value was higher at
Amir Chor (table 4).

Total Alkalinity (TA): The groundwater contains sustained amounts of dissolved
carbon dioxide, bicarbonates and hydroxides. These are main sources of alkalinity,
which can be conveniently evaluated by acid titration. In the present study,
alkalinity ranged between 135-280 mgL™!, 132-168 mgL!, and 110-175 mgL! in
pre-monsoon, monsoon and post-monsoon period. Maximum concentration was
recorded at Kalurghat area and minimum was recorded at Jute Rally Ghat (Table 3,
5). According to WHO guideline, the permissible limit for total alkalinity is 800
mgL-!. Higher alkalinity levels (> 20 mgL!) in surface waters will buffer acid rain
and other acid wastes and prevents rapid pH changes that are harmful to fish and
aquatic life (Anonymous, 2008). According to Gupta et al. (2009) in the city of Taz,
India, total alkalinity of the groundwater samples ranged from 200-600 mgLl.
Uddin et al. (2020) found alkalinity of the Karnafuli river water in a variation from
10 to 650 mgL-!. Total alkalinity has negative correlation with DO, total hardness,
Ca hardness and Mg hardness and positive correlation with other parameters (Table
7). The mean value was higher at Kalurghat (Table 3).

Chloride: Chloride is the form of chloride (CI") ions is one of the major inorganic
anions in water and waste water. Excessive chloride gives a salty taste to water and
people, who are not accustomed to high chlorides, may be subjected to lenitive
effects. Chloride content of all the rivers were found within the acceptable limit of
criterion continuous concentration (CCC) (230 mgL!) and criterion maximum
concentration (CMC) (860 mgL™!) limit' (Uddin, 2020).

The chloride content in the study area ranged between 11.84 to 579.09 mgL!. The
BIS permissible limit of chloride for drinking water is 250 mgL-!. The range of
higher concentration was found 579.09 to 454.61 mgL-! at Rajakhali and Chaktai in
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pre-monsoon, 202.96 at Amir Chor in monsoon and 230.25, 215.53, 401.78, 398.45
mgL! at Amir Chor, Raikhali, Chaktai and fishery Ghat respectively during post-
monsoon (Table 5) which were out of the permissible value but others remained
within standard limit. Chloride content of the Feni (131.16 mgL-!), Dakatia (29.08
mgL!), Muhuri (11.84 mgL™') and Noakhali canal (157.40 mgL-") is within the
acceptable limit for fresh water but the Meghna River chloride content (780 mgL™!)
exceeded CCC limit (EPA). Chloride has negative correlation with pH and
transparency but positive correlation with other parameters (Table 8). The mean
value was higher at Rajakhali (Table 3).

CO,: The maximum concentration of CO, was found 266.2 mgL-! at Chondaria in
pre-monsoon and minimum concentration was found 6.435 at Rajakhali in
monsoon. According to WHO standard the tolerable limit for CO, is 10-20 mgL™!
but all the values of different sampling stations were always high in pre monsoon. In
post-monsoon, the last 4 out of 9 sampling points were higher but all the values
were permissible limit in monsoon. Chemical industries, dyeing industries use
carbonate and bicarbonate which are respectively for increasing CO,. Higher values
of CO, are harmful for aquatic life. Carbon dioxide has negative correlation with pH
and transparency but positive correlation with other parameters (Table 8) Mean
value was higher at Chandaria (Table 3).

Acidity: Maximum and minimum concentrations of acidity were recorded 332.75 to
55mgL! in the pre monsoon, 19.79 to 8.79 mgL! in the post-monsoon and 76.49 to
13.35 mgL-!. Highest concentration was found at Chondaria and lowest
concentration was found at Amirchor (Table 3, 4). Mean value was higher at
Chodaria (Table 3). value was higher at Kalurghat (Table 3).

Nitrate-N: Unlike temperature and dissolved oxygen, the presence of nitrates
usually does not have a direct effect on aquatic insects or fish. However, excess
levels of nitrates in water can create conditions that make it difficult for aquatic
insects or fish to survive. Different values of nitrate-N were found, 0.04-2.1 mgL-!,
0.025-1.9 mgL!, and 0.03-1.81 mgL! in pre-monsoon, monsoon respectively, and
post-monsoon. Highest concentration of nitrate was found 2.1 mgL! at Jute Rally
Ghat and lowest concentration was found at 0.025 at Kalurghat. According to
Bangladesh and WHO standard the limiting value of nitrate-N is 10 mgL™'.
However, level of nitrate of all categories of sampling points remained within the
standard value. Nitrate-N is the most prevalent from of nitrogen compound in
groundwater and (1.1-1.8) mgL™! in Maddhagapara Granite mine area of Dinajpur
district (Bashar et al., 2008). Nitrate-N has negative correlation with some metals
like Cd, Co, Mn but positive correlation with other parameters. The mean value was
higher at Chaktai.
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Nitrite-N: Maximum and minimum concentrations of nitrite-N were recorded in
three seasons. They are respectively 0.02-0.26 mgL!, 0.03-0.32 mgL™!, and 0.05-
0.75 mgL-! during the period of pre-monsoon, monsoon and post-monsoon
respectively. Highest concentration was found at Amirchor and lowest concentration
was found at Amirchor and Fish garden Ltd. The standard value for nitrite-N is less
than 1mgL-!. According to Majid et al. (1999) in-water samples, nitrite usually
predominates and nitrate, though toxic, remains in very small amount. Nitrite-N has
negative correlation with metals like Pb, Cd, and Ni but positive correlation with
other parameters. The mean value was higher at Amirchor.

Phosphate-P: Rainfall can cause varying amounts of phosphates to wash from farm
soils into nearby water ways. Total O-Phosphate-P concentrations in excess of 1.00
mgL-! may interface with coagulation in water treatment plants according to EPA
(GoB, 1994). Phosphate will stimulate the growth of plankton and aquatic plants
which provide food for fish. However, if an excess of phosphate enters the water
way, algae and aquatic plants will wildly, choke up the water way and use up large
amounts of oxygen. This process is known as eutrophication.This process in turn
causes the death of aquatic life because of lowering the dissolved oxygen levels.
Maximum concentration was recorded 2.9 mgL-! at Fishery Ghat during the
monsoon period, and minimum concentration was found 0.5 at Amirchor during the
post-monsoon period (Table 5). The standard value for discharging of dissolved
phosphorus is 8 mgL!. Rashed et al. (2018) mentioned that about there are 730
factories along the 88km stretch of the Karnafuli River from the Kaptai Dam to the
estuary and its 17 industrial zones. All the wastes of these mills, factories and
industries as well as the municipal wastes of Chittagong city are flowing through
the Karnafuli River without any treatment and which are deposited on the river bed.
As a result, water quality of the river is decreasing rapidly and gradually with
different types of harmful chemicals.

From the result of physicochemical assessment of water quality parameters, it can
be said easily some parameters are going to serious contamination and some
parameters are in tolerable limit. If we don't try to lessen pollution, Karnafuli can be
degraded in next several decades.

Conclusion
From the above discussion, conclusions can be drawn as-

a) The values of DO were always lower at Chaktai confluence and gradually increased
towards Kalurghat. DO is important for the microbial break down of waste in water
and for chemical reactions. GoB (1997) suggested to content of 4-6 mgL™! for water
used in irrigation, recreation and fisheries purposes. So the industries, mills, slum
dwellers have to abide by the rules and regulations by the authority.
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b) BOD of the station Raikhali khal is much morehigher than other stations. Similar
observation was also made by Islam, 1983 & Bhouyain, 1979.

¢) The values of COD at station Amirchor found higher (98.8 mgL!) in comparison
with the other stations. It is one of the causes of pollution which is amiable for
devasting water pollution.

d) Maximum Value of TDS was found at Jute Rally (21785.00 mgL-!) during pre-
monsoon and minimum value was found at Chaktai Khal confluence (69 mgL™!)
during monsoon. pH was found higher at Jute Rally Ghat and Ispahani jute Khal
area. Industries which are not using ETP should be identified by DoE first and
they enforced to establish ETP.

e) The values of Chloride were always higher at Rajakhali Khal confluence (579.09
mgL!) in pre-monsoon than other stations.

f) The values of CO, were found higher at Chondaria (266.2 mgL-!) during pre-
monsoon and lower at Rajakhali Khal confluence (6.435mgL"!) during monsoon.

g) Leakage of oil from the ships should be monitored and stopped.
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Morphometric Study of Setipinna phasa (Ham.)
from The River Halda, Chattogram, Bangladesh

Mohammad Arshad-Ul-Alam!+
Abstract

Morphometric study of Gangetic hairfin anchovy Setipinna phasa from the
River Halda was made on the basis of fifteen morphometric characters. A total
of 62 specimens from the River Halda ranging from 9 to 30 cm in total length
were collected for this study during 2008 to detect the genetically and
environmentally controlled characters. Environmentally controlled
morphometric characters were plastic characters and defined as wide and
medium range of difference of body proportions. Genetically controlled
characters were non-plastic characters had narrow range of difference of body
proportions. Wide range morphometric characters varied within the range of
12.35% to 17.76% while the medium range characters varied within the range
of 5.12% to 6.81% and less then 5% range characters were designated as
narrow range. All the relationship among the morphometric measurements
was linear, positive and highly significant at 0.001 level. Study indicated
allometric growth and high degree of homogeneity with in population.

Keywords: Halda river, Morphometry, Setipinna phasa

Introduction

Morphometric measurement of the fishes and the statistical relationship among them
provides essential information for fishery biology and taxonomic work (Lagler,
1956; Mc Connel, 1978). Identification of subspecies from different ecological and
geographical region was greatly done using morphometric information (Pivinicka &
Hensel, 1978).

A large number of works have been done on morphometry of different species of
fishes from a variety of water bodies by various authors (Pillay, 1957; Ganguly et
al., 1959; Royce, 1963; Chondar, 1977; Bhuiyan & Biswas, 1982; Hoque &
Rahman, 1985; Johal ef al., 1989; Azadi et al., 1990; Tandon ef al., 1993; Azadi &
Naser, 1996; Yasmin et al., 1996; Jahan et al., 1998 and Azadi & Rahman, 2008) but
no works on the morphometry of Setipinna phasa were found from the River Halda.

So the present investigation was undertaken to study the morphometry of Setipinna
phasa (Ham. 1822) from the River Halda.

! Associate Professor, Department of Zoology, Sunamgonj Govt. College, Sunamgonj
Corresponding author: arshadul001967@yahoo.com
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Materials And Methods

For the study of morphomertry a total of 62 specimens of Setpinna phasa with total
length ranging from 9 to 30 cm were collected from the River Halda, during 2008.
After collection the fishes were preserved in 75% alcohol and kept straight to avoid
any distortion. Measurements were recorded to the nearest millimeters with the help
of measuring tape and Vernier slide calipers. Morphometric measurements were
taken following criteria laid down by Holden and Raitt (1974) and Jayaram (1981).
For statistical analysis the fish samples were divided in to 2 cm length group.
Statistical analysis (co-efficient of correlation 't', regression coefficient 'b', intercepts
'a', standard deviation 'SD', and 't' test of significant) were done with the help of
Microsoft Excel program.

For explain the relationship between the measurements, the equation used for the
regression line is y = a + bx, where x stands for the independent variable and y for
the dependent variables. The mormhometric characters which were taken as
independent variables were total length (TL) and head length (HL). Dependent
variables were forked length (FL), standard length (SL), pre-orbital head length
(PreOHL), eye diameter (ED), post orbital head length (PtOHL), length of mouth
cleft (MCL), pre-dorsal length (PreDL), length of dorsal fin (LDF), length of dorsal
fin base (DFBL), pectoral fin length (PecFL), pelvic fin length (PelFL), length of
anal fin base (AFBL), body depth at dorsal fin (dBD). Values of two constant i.e.
regression coefficient 'b' and intercepts 'a' were calculated by least square method.
The graphs were plotted between x (independent variables) along abscissa and y
(dependent variables) along ordinate.

Fig. Setipinna phasa (Gangetic hairfin anchovy) from the River Halda.
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Results and Discussion

The regression equations, correlation co-efficient, values of 't' and significance level
calculated to find morphometric relationship between different body parts with total
length and head length (TL/FL, TL/SL, TL/HL, TL/PreOHL, TL/PtOHL, TL/MCL,
TL/ED, TL/PreDL, TL/DFL, TL/DFBL, TL/PecFL, TL/PelFL, TL/AFBL, TL/dBD,
HL/PreOHL, HL/PtOHL, HL/MCL, HL/ED, HL/PreDL, HL/DFL, HL/PecFL,
HL/AFBL, HL/dBD) of Setipinna phasa are given in Table 1. The relationships for
all the measurements are found to fit a straight line equation: y = a + bx.

It can be seen from Table 2 that low range of variation in the proportion of total
length showed by pre-orbital head length, pelvic fin length, head length, dorsal fin
base length, eye diameter, post-orbital head length, length of mouth cleft, and
standard length. Medium range of variation showed by pre-dorsal length, length of
dorsal fin, fork length and body depth. The length of anal fin base and the length of
pectoral fin showed high range of variation.

Vladykov (1934) classify morphometric and meristic character of fish into three
categories on the basis of plasticity and range of difference of body proportions.
First category includes those characters which do not appear to be modified by the
environment having very low range of difference of body proportions are
genetically controlled. Second includes those characters which show moderate range
of variation and slightly modified by the environment. Third is the wide range of
category which appears to be strongly modified by the environment.

Considering Vladykov (1934) assumption pre-orbital head length, pelvic fin length,
head length, dorsal fin base length, eye diameter, post-orbital head length, length of
mouth cleft, and standard length are genetically controlled and included in the first
category. Pre-dorsal length, length of dorsal fin, fork length and body depth are
partially controlled by environment and rest of the characters length of anal fin base
and length of pectoral fin are strongly controlled by hydro-biological condition.
Characters of first category are species specific (genetically controlled) where those
of second category can be employed for racial differentiation. Vladykov (1934)
reported that species inhibiting different ecological conditions or a geographical
region does show variations in its morphological characters. As no works on
Setipinna phasa regarding morphological characters and measurements are available
so comparison was not made.

The morphometric length of different body parts increases in relation to total length
which indicates that high degree of positive correlation. Relationship among
morphometric characters were established with two independent variables (total
length and head length). The calculated values for the different dependent variables
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plotted against the independent variables. Relations were found to be linear and did not
reveal any marked deviations. This relationship between the dependent variables and
independent variables were also highly correlated and significant (p<0.01). High
correlation in various body measurements in other fishes were also observed by Ganguly
et al. (1959); Chondar (1977); Mehta & Bapat (1977); Prakash & Verma (1982);
Bhuiyan & Biswas (1982); Hoque & Rahman (1985); Johal et al. (1989); Azadi et al.
(1990); Tandon et al. (1993); Azadi & Naser (1996) and Yasmin et al. (1996). As no
reports on morphometry of Setipinna phasa were found so comparison can not be made.
This work might be useful to the future workers of different geographical regions.

Table 1. Correlation co-efficient, values of 't', significance level and regression
equation of the morphometric characters of S. phasa. (TL/FL, TL/SL, TL/HL,
TL/PreOHL, TL/PtOHL, TL/MCL, TL/ED, TL/PreDL, TL/DFL, TL/DBFL,
TL/PtDL, TL/PecFL, TL/PelFL, TL/AFBL, TL/BDd) with regression equation

Coefficient Level Regression
Para et .
meters of t of equation
correlation (r) significance Log Y=a +bx.
In relation to total length (TL)
FL 0.9978 45.429 | P<0.01 Log FL =-0.03069 + 0.98974 Log TL
SL 0.9993 79.113 | P<0.01 Log SL =-0.08555 +1.01190 Log TL
HL 0.9987 58.342 | P<0.01 LogHL =-0.85049 + 0.97483 Log TL
PreOHL 0.9946 28.817 | P<0.01 Log PreOHL = -1.71388 +1.05582 Log TL
PtOHL 0.9959 33.061 | P<0.01 Log PtOHL = -0.80000 + 0.78616 Log TL
MCL 0.9738 12.851 | P<0.01 Log MCL =-0.75591 + 0.78510 Log TL
ED 0.8987 6.149 P<0.01 Log ED =-2.53207 + 1.74621 Log TL
PreDL 0.9942 27.766 | P<0.01 Log PreDL =-0.43670 + 0.99571 Log TL
DFL 0.9765 13.598 | P<0.01 Log DFL =-1.07958 +1.19250 Log TL
DFBL 0.9684 11.655 | P<0.01 Log DFBL =-1.38767 + 1.11144 Log TL
PecFL 0.8998 6.185 P<0.01 Log PecFL =-0.29689 + 0.92375 Log TL
PelFL 0.9932 25.660 | P<0.01 Log PelFL =-1.27448 + 1.02989 Log TL
AFBL 0.9817 15.464 | P<0.01 Log AFBL =-0.31228 + 0.97768 Log TL
dBD 0.9654 11.100 | P<0.01 Log dBD =-0.66406 + 0.99963 Log TL
In relation to head length (HL)
PreOHL 0.9929 25.139 | P<0.01 Log PreOHL =-0.79153 + 1.07983 Log HL
PtOHL 0.9962 34.387 | P<0.01 Log PtOHL =-0.11381 + 0.80565 Log HL
MCL 0.9707 12.112 | P<0.01 Log MCL =-0.06959 + 0.80171 Log HL
ED 0.9096 6.566 P<0.01 Log ED =-1.01575+ 1.81047 Log HL
PreDL 0.9924 24.169 | P<0.01 Log PreDL = 0.43321 + 1.01820 Log HL
DFL 0.9810 15.166 | P<0.01 Log DFL =-0.04068 + 1.22727 Log HL
PecFL 0.9101 6.588 P<0.01 Log PecFL =0.50544 + 0.95723 Log HL
AFBL 0.9778 14.010 | P<0.01 Log AFBL = 0.54266 + 0.99766 Log HL
dBD 0.9562 9.796 P<0.01 LogdBD =0.21221 + 1.01433 Log HL
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Table 2. Classification of morphometric characters expressed in percentage of total
length with range, mean and range difference, arranged in ascending order of range

difference.

Range

Morpho Range

metric Measurements (Growth Mean=SD (growth Category

(cm) rate)
characters rate) .
difference
PreOHL 0.20-0.70 2.11-2.42 2.27 +0.1050 0.30
PelFL 0.50-1.80 5.29-6.21 5.80 + 0.2686 0.93
HL 1.25-3.80 12.75-13.79 | 13.12+0.2804 1.03 Narrow
DFBL 0.40-1.80 423 -6.45 5.69 +0.6122 2.22 range
Genetically
ED 0.10-0.80 1.06 - 3.40 2.71+0.8312 2.34 controlled
PtOHL 0.95-2.30 7.55-10.04 8.57 +0.7385 2.50
MCL 1.12-2.50 8.37-11.84 9.48 + 1.0658 3.47
SL 8.16-26.00 83.11-87.25 | 85.00+ 1.2925 4.14
PreDL 3.48-11.00 32.67-37.79 | 36.16 + 1.4275 5.12 Medium
DFL 1.00-4.00 10.57-16.47 | 14.62 +1.6432 5.90 range
Partially
FL 8.94-28.00 88.16 -94.50 | 90.48 +2.2776 6.35 controlled by
BDd 2.24-7.70 19.03-25.84 | 21.76 +2.2841 6.81 environment
AFBL 4.28-14.00 38.80-51.15 | 45.78 +3.2069 12.35 Wide range
Strongly controlled
PeCFL 326'900 3020 - 4796 41 02 + 66851 1776 by environment
Acknowledgement

I am grateful to Ministry of Education and Directorate of Secondary and Higher
Education, Bangladesh for administrative support, University Grants Commission of
Bangladesh for partial support and University of Chittagong for technical laboratory
support. I express my gratitude to my Ph.D. supervisor Prof. Dr. M. A. Azadi, Pro
Vice-Chancellor, International Islamic University Chittagong, Kumira, Chattogram,
Bangladesh (former Professor, Department of Zoology, University of Chittagong).
Finally I thank my wife Dr. Ferdous Akhter for her generous support.

Reference

Azadi, M.A., Islam M.A., & Gopal, J. (1990). Relationship between body measurements and
some internal organs of the Cat fish Mystus aor (Hamilton), J. Asiat. Soc. Bangladesh
Sci. 16 (1), 5-9.

Azadi, M.A., & Naser, A. (1996). Morphometry of Labeo bata (Hamilton) from Kaptai
reservoir, Bangladesh, Chittagong University Stud. part- 1I, Sci. 20 (2), 133-136.



122 Arshad-ul-Alam

Azadi, M.A., & Rahman, A.S.M.S. (2008). Morphometric and meristic study of Gudusia
chapra (Ham. 1822) and Ganialosa manmina (Ham. 1822) (Clupeidae) from the
Kaptai lake, Bangladesh. The Chittagong Univ. J. B. Sci., 3(1&2), 21-31.

Bhuiyan, A.S., & Biswas, B. 1982. Studies on the morphometry of Puntius chola (Hamilton-
Buchanan) (Cyprinidae: Cypriniformes). Univ. J. Zool. Rajshahi Univ. 1, 29-34.

Chondar, S.L. (1977). Morphometric characters and their relationship in Gudusia chapra
(Ham.) Proc. Ind. Acad. Sec. B. 80, 57-67.

Ganguly, D.N., Mitra, B., & Bhattacharya, N. (1959). On the interrelationship between the
total length, standard length, depth and weight of Lates calcarifer. Proc. Nat. Inst. Sci.
India. 25, 175-185.

Holden, M.J., & Raitt, D.F.S. (1974). Manual of fishery science Part 2. Methods of resource
investigation and their application (p. 214). FAO Fish. Tech. Pap. 115.

Hoque, B., & Rahman, K.M. (1985). Morphometric characters and their relationship in
Gudusia chapra (Ham.). (Clupeiformes: Clupeidae) Chittagong univ. Stud. Part II.
Science, 9(2), 85-88.

Jahan, S.S., Muslemuddin, M., Rubbi, S.F., Haque, M.S., & Gomes, B. (1998).
Morphometric variations in Hilsha fish of Bangladesh. J. Asiat, Soc. Bangladesh, Sci.,
24(1), 109-118.

Jayaram, K.C. (1981). The fresh water fishes of India, Pakistan, Bangladesh, Burma, and Sri
Lanka - A Handbook. Zoological Survey of India, Calcutta: (XXII + p. 475, 13 PIs).

Johal, M.S., Chahal, J.S., & Joir, R.S. (1989). On the morphometry of Colisa fasciata from
Punjab, India. (Perciformes: Anabantidae) Vest. c¢s. Spolec. Zool. 53, 188-194.

Lagler, K.F. (1956). Freshwater Fishery Biology, (p. 421). WM.C., Dubuque, lowa: Brown
Company.

Mc Connel, RH.L. (1978). Identification of freshwater fishes. In Methods for Assessment of
fish production in Fresh waters (ed. Begenal, T, pp. 48 - 83). London: Blackwell
Scientific Publications.

Metha, D.P., & Bapet, S.S. (1977). Statistical relationship between body measurements of
Ophiocephalus gachua (Hamilton). Marthwada Univ. J. Sci. 16(9), 74-77.

Pillay, T.V.R. (1957). A Morphometric study of the population of Hilsha ilisha (Ham) of the
river Hoogly and of the Chilka Lake. Indian J. fish, 4, 244-386.

Pivnicka, K., & Hensel, K. (1978). Morphological variation in the genus Thymallus Cuvier,
1829 and recognition of the species and subspecies. Acta Univ. Carol. Biologica, 1975
- 1976, 37-67.

Prakash, M., & Verma, B.R. (1982). Morphometric characaters and their relationship in
Notopterus notopterus (Pallas). Bangladesh J. Zool. 10(1), 14-21.

Royce, W.F. (1963). A morphometric study of Yellow fin tuna, Thunnus albaeore (Bonnaterr)
U. S. fish and wild life service. Fishery Bull., 63, 395-443.

Tandon, K.K., Johal, M.S. & Mahajan, M. (1993). Morphometry, length-weight relationship,
age and growth of Gudusia Chapra (Hamilton, 1822) from two different localities of
Rajastan State, India, Res. Bull. Panjab Univ. 43(1-1V), 87-104.

Vladykov, V.D. (1934). Environmental and taxonomic characters of fishes. Tran Roy.
Canadian Inst. 20 (1), 99-140.

Yasmin, F. Ali, M.S., & Naser, N. (1996). Morphometric relations among various body
parameters of Macobrachium lamarrei (H. Milne-Edwards) from a seasonal beel in
Bangladesh. Bangladesh J. Zool. 24 (2), 109-113.

(Manuscript received on 24 February, 2021; revised on 06 May, 2021)



Journal of Chittagong College, Vol. 1: 123-141, 2020 ISSN 2788-8711 (Print)
AT DG ST RTACLR O Al

T, T e
HHFA

T IR M2 AfTSE IF (AT @M T o oifte Gife AB TR
SRR Lo TS SR 2l O [ReAi- e @ T o ey |

Ty gFerty el ¢ Ted SRSy WA GBI Ao | St
PR SRfotee Sfe9ts Sruq BB Tea AMow A a8 syray &Bw
i wF =7 TY-fRfve fward | oo’ dodo BB spife Aol gt wifkeaicey
RIS 27 | fFE S»0q BB v Pl e oy 79w e sifogee, sima
TG are 20 femifoorgs AR e @3k TR g d589 BB ©ie
ReTes T e JTIE SiRred S J0A AF, AT Aerd A wegea e
TT9IW OAd FISIF AP ~RFEAITT ToF ST THSRTS b T
TG oF 07 | g Aelfere fodt TRAOR TGP TS I WIS TR |
O, TR 20 €T AET-BHI SISTF AeAo [ | I3 AeiAfes [
A GF ANES [eaige Wy @R T ol TG AT oS (AFE- T
Sfeqre ST RS JAfowiTe 27 Aew *retd TRVE ARFER FI7 932 FR
TS Subry REMT ToR IHHE ave TR S[ge dfeterd o dfedqm
2T | T@S, SR REANed @ FHRRE TS ©2f T @ Siee f[rewer w4t
TRCR G ST |

T TF, ONge Weter, AR, e, qgort

OIS RS IR * AT #IF d58q B T4y W1IEE ©ie @ AT Few 9’
A3 AfSPIR RO Apifie! g I3 0+ TR T O SHS-SAM Offe FF &4
A Sreferrge wigsicas fefere AR Saee e 57 AT L
AT Tege o AR AE 12 F€ g INER NG AT LTH AT NS
TSR e AEE e ST AR T3 THE TSR FAF AT QAT S 20 T
e 79w i TFIOF S SR 0T AL ACHH A €W A7 A
AHSR TI; 3589 REBIHA S¢ ETHTT oW Nafer F9 IS AT qForr

@ 7 87 A5e ey Iire ‘qBer 8 AW O e 270w I (eRE
@ ©IF CFITSF AN 0,

> STREIIET Ko, A ol S TG Y2 TR e, ST

* Corresponding author: ileas2020ilu@gmail.com



124 gferaer

“THE @ orat, T o T AW SIET AT SETRIT (GBI WKy (S bRy SR ©f
S B AN | e Sl S YfEeaw siferre A wusiie Ifmm i sEfers
GG | IR R AT TS BIGA! A0S 20 THIRCH I O NG I 4@
A T Q@ITST e F0e T(F | IO I AER (S SYLF et fRAg-PrerieTa
THR AFOR FA SR (BB =Y AN SR F-AFE TRCE SR & J ST
AR 170

CFICST QI RTFRS A& 06 TP AW, Y2 PIers (GIYET, T e 2R
3z fmeh @T4F-Ia&I T oS |8

AT ATy I NI O T @3 ALHFCS T & @ JE ARSI
TSR N@T, T AT G1.99. 4, 8 (F93IW | 589 KB ¢ TR AFOAN AR
wIfTe F& e @O Torifory bl Rfvyes o 2 Pl 2o fEerse
GRS 47 NI NTCT ST OF TSR L G e, I fFAel 157 Cee, A4
MG FEELS FEAN, TGS A ey, AIRSIF A PR, FAMS g &
=PI @YCLT L AETCF AFSAT Feol Qeed (Afewor effory w6 Ie A0k 57
AFBIT TSI AT A AN QN G« S FIANT *Fffwes ¢ 8y SR 77, AT
R WIS qF3 BT S VORI OH7 Fefer/-aF SITe SHe TR Srard T 4%
AFBT TAHIER (AR TR TG 7l A GR Aoifoy T TV FRF@R
IR ¢ TS JIEE AT (QFNF W Sfey sq Teeww @y IS, Frwifm,
Aifefers, MRME ¢ TFR FAFSMR *® TR THFRE @ TG QWi 41 =7
aqiaEl e AT aCE, SIte AHT I A7 ANECT PAery wr qAefere G
IZIAE NG AFA <, HIFE Wold N9« TS AR I, TRBIE Ty
TG NN AR IF P »@T UGS 17 Wegd IWEs |+ Wb @ IS
AR S T ARSI SWieel 19 T0owd FAIDre SqPe il Fewere e 2
THE A T @ QIR s RRETd a2red e @ A 1~

W3 Afeqrm o ferma sl R sgfde o3 ga-ster ¢ R[owre e srogaa oy
fCor Aite 0T 5o 7 MUF @11 TPes ARV qBoE Fa= nikiee e cs
fte @ FE A R ¢ SRR Fere 2@RRT P g3 TOTE AN WL G
Afsfoe W FIgwT-2-074-2-87, JET-2-WZFT A9 TSN (RTSTAWA AN 1°°
T AE 358b BTHT 0 @F AR wgfre AfF@T aroifqqera e SR e
e Aagad we Tee TLIfFre TF ¢ Fafen A ALTRS e Sy e
o PR 27l aBiEE REifs! 73 3¢ @Al et aaawar ¢ fk@m @Tof
[BRIECACIIICE (GO



GO AT Ty R ST A 125

“ 9T TR W (@I e mifkred sifewieTe 2z @ w @It
TR ©IF 2% ©F | NS @36 AT 15, JodR Ty wifeq oz 3
BT O 26T o |73
TR AT (TONE @ @ A *roor fpoael Ad & 97 ARSI dia=ar
“oif ARBITTR FIC IREPTE 98 AR @, GFI@ TYH2E AFORT T azet
A ARCS A 172
93 o ARSI 2y @R (AE yawa [(fey wf qfEe o oRa-Sig e
IR St Wb VAT T TCHTT TR SATeife] (MRTeHmE QNeI° =7
AFBITT Sq (ST YW S &l 23 Wb GIFR GESDt Wit ewg S
AR 8 O ACAFTFIRMR &S TOTE FIF VAR a3 TS (el G,

“ oSV AT 20T Y S (FIF SN T | @ T (&6 W FAiond [
AR (BB P O JITO (I (T JR AE *Iep |78
Thfre ToaRATe TEaT 20T € AN 98 2fedia T = oW R AFer vy
I T, e f2 = e ReAy |
QLT SR T o797 20R 93, [REAd T (SR ©f THiF I Q3R @ [T 73-
T qoaIRe (A Cofd T T b1 T 2y et viEsie 9 T TG AeiRT
@I IS s | ff S et Tigeie ey, T @Y o, i o A
I ST JCeT PRI (GBR T (T A6 TRy SLNH SR S K 5 | FIeniare
il SIF YfRCE SifeTare A SRS Il (Sl SRS $EE 9117 QI SEie
@2 e sherare 3 warsfre afmier cordia sr=fir s QueR Janie 77 FE?

fSires ~AfFE 9B AfSHT B MERS T ANEL T 2q ORI FAMBCS (@ T ATy
TGP = e o7 ~NFWIT 30 Iadiar Frwifm, Tifors ¢ Mafmemes @ifes 7T
QU8 32 VO GIF TEIA 26 PACTH 20 SAPIaE o ewe 98 A Faaeaa
(TN AR W& 7Jeee AT “oF AfFSICTa ARKAAT THR T =T &y (F8
oI B IS WR, ™ ¢ HFWaEl RGER AR “IW AT ©EE o7 Afeies
ATO Fel A7 FA A Y O G2 AR WIHIE @fe v Regeraresel w4l
23E,™ 9FA IS GRS ORF JF AR e<ewar Aot e ene 95
NI AT @y Fq2fere FNHoT NZAXE AT SFA <, FFBE T . 9.9
G SRS AR, G I Tl 8 FIPIT Wlls B AeAG a7 797 Joifarsr
T 0 RIS T SPCT AT AEG FIF1 @ @RI M RO Qe d@i<e @
AR -@F T 1 fofe (e




126 gferaer

ToIe: oS AT ey Jradrar, Frwifam, AfRfere, A, st el TR
T& ¢ A T ¢ TSI T (Fegevd By B facaifiet, wrenpifaren rweE ¢
FAIfoa T STeeTe ojRre Fraices afed vre fefmier veprer ¢ Rewre fifee 4=
@ So8b KB Yo (FFA eRiaa [uaifeer eresr “s[F NI AFerar wel &= F1
BT A" =% AT e<iar Qe qfergmicad et e iyt e FEe {62

vede: AFE seifam g M 48[ AT A AFOA ST Alfce o
TEBC BE AR A4S TG FCIT WA AW 8 T ACARTTRIATT S
SNl (MRTEEmE AR A8 S_nelfer SHeRl PEwEmE Afe [@el Saread Rt
e Gt FF AT WP Sowesy baw 2RI SHIFe I BIwR @
W gwe Sre “IfFeias ol (i@ @M e gl @ 9, AT
AT A TF; T (@I S AT | @ [N @C AW AN [RE® A9 6B I
SRS JACS A (T ROR G *e - TS G (F?

IE© U SRY TOAIF- 5. TYLP M ST I SRR RN ) QAT @S/
TH TrE Wifierey [ IR oA, . Fiba #E Arwee TYe qiEa R e
AT ™ T azred ikt @ Foiifeea fefe o, o, “nfesie ot sifaaor e
e Fe qPerEr Eww 57 AR Sfeaiezs L wfers ST 3 8. B
IR e @ THLF3 IV AT TSR (AN IR Reeees w4y Fews -
T eI A BT R g 0T WA 77 4T | FICeE &F8 1A AT GI 16
facecar-

5. T AT orar e SR SRS A QHeE @S/ e Tua wifkey
R TR P -

&5~ orTe P g Sweed T Shr: RBITw SRR FBRGE 4T 0 (@ 9T
I fde 27, 12 ST Itz SHET AETR AT AN (6! T TR 1o
G I A (O (@, T ¢ Tfie wdie wfewre Arelfer prEmwme Ao 8«3k Ny
cifere wefie wfesTe Melfer PrETwms TreeEl I ©ie YR um e 71, W
FIff-BY e @ e Ree e o

QLT FSIRFSIF 2% T, 97 e dAfe A9 Afas a7 Tlmeg, [ e e
QIFCSH 0 S AR FCET A T THE RICH O PSR! (Sbr-A0) FoF T
FE TS FEF T Alfered ARoe SG@eI SIS (@18 WG Ao aF= Y-
Alfs @ At effs e emea W@ T 727 57

ZPTIS O T, IHCACH AT *1foTe TLYCa & K -F R JeToiar SICeT A ot
ACFT S IS IO ©f fXe FRCE SRl G LR TG AN SfFoq
AT QeI P e oo @ SEE dfe [ SRy 12 GUereT S
ST AR S T 607 SON@R SARR- AT #{2 W 7AW Tl *7-3-farer




GO AT Ty R ST A 127

TRV QA TP (I YOS [FIRgeT o7y 2efe By 13 (ot SeeTa C<rafc
% SIREeE Ry F0a srew TIOR (Ol @IS I3 IR WARwE 2w | g
AR ®iwe o wie =ffe THE @ ere i R WRAT /PR FRE G
fadfw 7 wifer 1/or ot fRmyt R S T @ /e o o @ R AR v g
2AFSTITHT SO TSR G TegreT w2b S exB Z0 F3CT | SN WMCE 9T SO
A o ACEnd e v aiey e I TN (e ARIT @ R [A_QqA
AT f ST 96 O AR IFMRM AMBTEE 20 ST TEI ©IFS 8 TN (ATF A T
8 TS o SRreife Premias [xier Jifiey cFq ¢ ffRrm Swy @9 12° IR
SATelfer THIEE g WReey S4FdR AEH Al @ AT g 93 IS 8-
20O AP FECHCE SIHIeFS e 18 qames satelfer =ea wifds ¢ waf MeesEe
SCE S O @ HFOT ATHE AP AT Ao Peraieens et Moy
PO A (RIS (T ST GF (@RS [itzge! | aaet #fafFfers ¢ ed
AT @ FEAF DA SPIT Qel-ZNST- TSI FO#T PIAT (I 7S
TR AT < e 0T e A AfRrer YedEr [Qpre SRfa-wift-y- kg
ggfe o v e e eraiifen @3 Faeq iR Teaaie A wfelke &7
TSRl Sffe SIfSYIR 13¢ FAFOR *BT RIARET (AF Y0© T @ HIF IR TN FFo
apie =T W3 e Agtes s Fyiktes 77 s ¢ fawg il PrmeR s
QT (@ THATONE O T | Sree BT AF (T e TRG-TI -8R W-gfF
SR *(R FoF ferste “93 SRt PrRINE Ol ¢ «3 SRR Ioe I AT
I Ry Jeet wfefRe T2 @R (72 L I “ @ Ol IfA-TEe N2 ebfers,
@ TN O g g obE 20 173 AR (ST e IS O3 PR S|’ w1t
Tfafe qger firdere Ko Sfifer @3 Ty 561 SIOTCET *ISt@ S (AR =51ze
A AN Sl *[oFe 12

SRS TS AN AT S AR BTl e FAeTs AT o Fh @3
ot efsoreT St ¢ Sfven sTifes wmiR wifdfde feat SiRfR-wifferar | e s
Ted SRR PENHMA AT T ALNT 8 SF QO@ UTHF@ I& = A8 G35
Ifeqere o O | @ e A wed e Rewd Tt e @l ST
PENTA & Sbo B 2fedT I TH-FIf fRrpers Feare! THPT | 991 Sboo
BT (5 T2 teTer Afofre 2ot EraTs (AT 7 TY-wif e w3t e wfae
Qe wo TTAS WfEE YA 1P Sy q REw afefe g7 & g e sviv
e afsos Fnaanr %7 cereneha fve sbree 8 & F@ @6 =6 & W1y
fRreTe e 1 Sfafie afslt afsdim fge e Premiee w5 e SE-wiffa Spee
Y ¢ FIff ST 9% 4R 8 AEIHS R AR SEFE RE SQnelfer SAiGRe,
O @anT; el e Faarery efsfe wfiier e e a3z Fedrer
THPTR S Frwdhe 12 @3 @3 NS MU SOl SQNelfe PRI gotd @l



128 gferaer

CFE AT G AT FFS eifeT P TR0 I ATT SIHRE AT A orar
fqafers, areifeTgrarade |

TSl NGETE Prer e §119 Sege wfew ket e @ qreg aves efeffy | fefy
GFce (AT I SRTed A FersTerd ffFe melfer wramelfer wRl qeeTw Sy~
SR | G @3 TH-FIff SrRI2 20l Premiama [T 8 6 TSts Trow S g
@3 A AT TAME (IredS | T SY-FifeR Smelfet Premsems FIerem
THre 26T @ ANE T #1Ced SfSaR Aeifer Prmare TE-FIfE 567 I IO
T (92 SAE ST FAET, FAFTSIF XS @ T AR (A6 IS LT
WE oite oery (oR FeForR FEme QAR (e [ro TeifFe ¢ ar efsem«y
oo Arelfe] PN T4 Ave WHR-FIH-8Sy-fr-gfeerr fiffre s e e
SR FR-TATIT | (FI5 TN FCew oK (AT B A Ol @ AT AR
AT eI PPN WeifEfe e wuwe offE Z@ 3 die: el Zes
sefe | T wfosre g relfer prmiee dfefafy T sge afetea oo
feIGIeafa TP (Shrbo) FRGECT TLIEH A TY-FIFISRT IETOT IRT® ZCENS I
B (AT T AACET, WY GRS T MOFIed [(ivzgea [t 9foem
I AT LRI @y e Preve AR orema Kom e SER qve [ wiwwe
@I (Sh-8b-5553) THTST (Sbrbd), PTBEIA (Sb-a®), (T Jer FeT ¢ o7g
(Sb-Q9), TAHT 749 (Sb-a9), 4T TANT F (Sb-ay); FRCHRWR (Sb-e-d5¢d) [azf@mr
(Sb-90), FIFFAT (Sb-A9); GG AIA (SbYo-3500) FHWE T (Sbbrd); WY
RO Torermzal (Sbrae), FIIF AR (T2 T (S ); SIRGH ZF e
(Srav); THTwIA RN PROINET (Shav) 2fe a5te &g SRPy wF I
GG FRHET IR QM T #[0d-Sfae 1 | fog oot @ Sieie reifer
TN SR ST O3 AT A= IR, ST PR e S Sbrqo YBITH
FRERIE 5T TOP Ia T (THREE (RO O TS FACTS GTHCE  JECE,
“EEA PN (] ©IE] | ST A | NS AR WF A T A 7R (7
IES T AW QA (ATF2 F T AEN-8YF 2o [ |

3. TAIfF Fret e SYce AB Pt 8 @I R TN ReTd a7 8T 8
FAifRTeR fofe epr:

GELEF IOFEE PR G WR_YE dfor gqwe elfel Pt o e A<
AT 778 IeET-Tua erer R by T TREE (RICH TSR AZl BT
FCA W QG TN IICNS ARG ST Woag ™ [5G TSN TY(P ST B Tj[o
20O B3N SOE® PN | @ 0 Ol Shvd BT (ATF IR NI F0o AE
GGIFHFIT BT T GF6 ACHET (¢ T, PRGe IR S| “@ AW ofs
IRFE G0 2B YRS Frel G W @, PEINICER ©Al TF 3R PN A e
T FA G T FeES [(g {97 o7 aefI-wiff-Srerar e Fre 207 17




GO AT Ty R ST A 129

ag T AfEFre, dvod BT dFifre ‘NeerEl ¢ wrom Tyfs’ AEF Ach O7mM

“TTgorAl R OIS AT PRINEMER TREE IR TG Wil fTeores yet
g | g fFeoee 739 ¢ “ffeiteR [Rag @ Foa MiffFs P it @ SZTey
U Fee T NS RICOCRAT | WA SR IR Gy Tfed WA e IS
TAI A= 170

TOIT OF 2_ACH A ST B Tl 0T,

“areiRe ol SrmEee! e wifver [fRTEe- SNl T2 SEdr AP, 8 93
BTRGICS AATES 22 1 (... T ST IR NCABAR IA~7F 71 239 ... SO
N S Tyfod ST 1 fNore? 6ol | NS AT TGOS Sl Sraie
JAfee 22 7RG @Tea GieTe Txfo 22Te 2ZC® - F€ eeiy Tgfe A
SSr T RICS AT =1 17
fog A Sowey Frrde @ oy of Rmwias sima Reavar g =i | sRe Srgerar
I ST W<y e Iifer Prerites sreiy Sgfs Ry Sima aewa Wedy foet =7,
AN TR T ST THE OGeT= F IS SAoeme @frs Teqel | T dvo BT
PSSR (@PICCHT MITRCHE HIREER W AT S ©f2 FeThrolg IS (M
I SR Terifery Tgpe a3 fr TR ToR a4 & FaFe! TGP JTF T,
QTEIT (T T T I,

“TeTd TY SR R (ReAT 2303, (AN e SN T Mte IpreTsIieaR Sre et
SCEF I8 2307 I AFE O PRI <Y ST (@I 700

O O P Re R TR AT | g AR @ Fraics e dw w0 [T @
FHFT-« SIS FASSR PRI 4w e’ A e T& ToRk S TF Ie
B
“SIRMF AR IACET AT A Premie; fof e Two e fifirs 2331 8 Swatm
AR 22 ORA I ISt et Ffoer gz arer e Tgfe s
TR AN |... PTG AT 2306 (@ T T TGP FE SRS O
Fi¢ REfTe, SRITS IR PRANFAET SHAFEE A= fFgHg 17 178
TE© QTSI AT PRI WOSAN JFCE ST e Ferprorg S fifswe qrerfer
TR A AL ad S Aot $Yes e M4 e exemy @ Fefewr
UF T Suod B eRfST g AIE FAFIES 4 I ¥ oFe (RRIRRFeR A 5ig
e AS ~IfFSH AF afod Tafes 3 sv8q JBITw 2a Foww 777 /@
Soiey FAifbre woe R T A MATEY GRS NSl IR
SO A TARITIR R 7 TS AT PP @ @I T RO aIR0eld e
8 AT |




130 gferaer

. AfRBIT eI We Ty F9e AP Rw 7 e wfRkasime R
HfoTe BT eE:

e Aifeapae AF s damwar | AfcsE A8 dfevr 47 e se8y {BEE 20
TR AT 1HARTTR & WA wFq 7 78 =g 77 [ [Ber e
e wifice o sfifesitas ey Jaaar Frefm Tffors ¢ Aameme wfikee
AFH (e oRAIbed, T@-JPmted [RUFRe (Fe-ReFe «a @ wifite &
TfETeR v, AW AT @ FAFI T (9IS G A1 ALETS! Of Serieyr AT
T T; THATE OICT eI I JEARE AETCE AFOAT (AR W0 S W sAferam
AR 8 TP AT (O FAFIR *© AP Y@ A ALFAAE | qOvge
Al G epie fofd g e 57 ~Nifeeieas wigamsiore S @3 e
Sfewe T, “oF NPV ST TR TEOR @3 @, GFAG TYH2 TS
A &R 1 ARCS 21 17~ G DI (62 7K “AfIera 97 Sifgapie) Sfz<rng a1 S

TS A T Tl ARG (T A& Ll BIFEET ZTe AL 7 | ©f 7S
AT fore oAt I @ 27 Tgla @Bt | sae B Fivg =it el Siesesie
SRl S (@ G @R G eIt @it feifers & vrrer Tesifn 53T |
JIT 2ge ¢ TSR ~4 St TR efont Faa et s | ¥ whme Afa
AT A e AR oife I AFCE e TR AN Wy cw S Fe T
Toiify 15> doe et foeT- SR @ frgice FM; TR Ao 2w o A sfren T
ool Rt 999 F6 TY ©IFT IR GRIT T S &P g ©fl ©iens SRS @
AT ST NGET IS SR Face AT OF (A 0o ANTe Trel SRred
fifeq =z Tyod! i1 Afeforaans 12 I@e Qeid sr8w JBiTw JFwRm w1 afsfafy
BIPIRT FIECE F ARRIEE IO0a 27 (A G 8 SR 2P W3 Qe #AfRa=e
T ST AL BTART | AT d»8q REIW AT AF 2o 1 @ops 747 7
T TY O AT PACTT A (FoTT- TN WY Y2 W« gyl T fgre
feee Sl 9, WF e oS o SNy GI6T Y IR (T2 I[M SANelfe
et e wfifte TEw fofi et sgite oF -nfssiee aaewar A, e
GTREIIE qORIECT AT Ot AR I wifeTe ¢ Aifete TUoRTs 34
APV ABSTT THre FT (T 0T 90 O3 IR |

Ty @, 35849 BT S W1PG GIFR FIS FEF AN SPe F NI qear
2T <o Mferpa o wferms SpicT AR Sfeame aze FE @6 * @
R (T IR fof Tgel (M TF SR 1°° 3589 BT 14 TowA (AT Ao® FIMDA
AT WA T ACF R0 eRRAT 8 FARET era v feoms vl Reifmyecs
TigeTel 8@ [RewTe MiRE™ #[F 5> fCrma qite 0T 7ie @ 77 MF ETF TYE ARSI
ApeE T Wik i it rre A= e ¢ Bferifir Fee R@RIGT S
FEfEE, 2 Trma faem aaifte T @PaG CmaE ‘ST fes e
T A TETS 3T et @ e AR A @ETwe 156 Fres qmd GFol SRE




GO AT Ty R ST A 131

M Qe Sl ta (@ [T ofvdl- o=t a1 s feame et sirer g
VTSI T THIRE FT A | 8 F 0122 S58b RBICWR 2= e Yo (IRITezeel (i
“fere viom efodl T FgNA-2-o79-8-87, JEV-2-ARTT A9l TAIT- A
wIfTe2 Bl (TR (9 (AF T RS 20 AF T SR 7@m 18 Af@ered anelfer
Ay, AR A 8 AR WS (O SN SN ST AT GBI Sfel Qzeela
7 SRl S[nelfer ediaar Qe Fifermit [Redy @i TrEifTel-TwdT rete a© og
T T THOIT (NRTHICET ATF BIFIT G AANE TGN A '8 qABT b
AT ST LS St 78 62

FCGR @ AW @, e AfETqwlT o 92 G ZhRl FF0T AT WS QPO AT
vifite 57 ifesias Iy Jaaen, TMiEfos, fFrefim ¢ ARirems skae gFmm
AT AT ¢ AT AT ((FOIC FLATSN R EACE AP RGN (qrEelg mif<ce
AR T @TFem 8 TR (RIS G ¢ TR B T NG
AT |

8. BIPIT GRTCRIA TTMIT ST WITHITRINAR AfS APV T4 (SIcaea 52w Feore!
2T 8 TYF ARVITT GG AFOAT (AFART T

@ K SRS AT A (Tory AT B afolve o7 S &4 SrieT 2T w9
THIfELIRT TR e ARSI T Qe AlTIER | ©FE St Svoy BB wo ferites
BIFI *IEJN0 O3 7 SRS PN &t 20e(e AGIS AGAfSS AR TS 717
SFF-CA-EF I ST (A TSRO 8¢ 3R 93 R SRces [y e
(@AF @S QT =5 e efsfafg weay Temaifad forem St Tem) e Grydr
YL FEFTH FOI® T AFCAZ (R0 ©F ST &SR G | T R AN N
s»d0 BT frgice SIgfoe AR wor AT ST Sbuq /B 2 Teq-7Fox e
8 sray B (I RRw 8 SR Rt @ @, OF R pifer e west
AT I T T T TY(F SRR OHCOF ATOR I A 18> ogod @ A AT
fAfvesae ag e Sfoars el PR TR AER S[@relfer EifersEr o
T GF, U o167 FCae Aelfe PR qody e o effs ket Ao gt
8 T Ol ebeICR G TP BT &F F(F; O &bF Fa0o ATSH, “TF SRR NIe
Aeife] PR T 4 ¢ AeFhon Ao AfDe 0 Al | A O WA ©f
FYAE T T | AP PV O A SO ARG 41 (TG T | Oftned « 0o8T
LTS 355y B oifFe 72 reri MiZer A @ yodo BT Afde wegm-2-Sra-
F-JreaTa ool IR IR WL IR A BISICA- WGt S ARy {xiem,
TV *RIVER, (S SReW &rdd @1e) AfSTaeye? q3g exe Ielfer Premsia easicem
IR ST A FRCT IR QARG WA IR O “oiiee w9 A Wi




132 gferaer

fAwer’ee Trere fQUeim (W O SRl Ffeom Jelfe spreTSiE-oNiern T Niewees e
TTNRMI, IHFS @, Gl ST «f, (AW eqtem el e Twdaes g
AR I TP “IE AR FeT Tl Al &g It T o e e
ﬁmﬂammmww&r—r%mzaWQchm|

oA Spov RBICH PAfer aAcs v wFerRgess 2@ so0q JBitwa v smas!

AT &9 A0 TG 2PTS FARIT LBIAETRIC AGIfeT PRI T Sreifer

AT (eI TF &bew 2RI FAI T 909 &R (@ @R SR STACEAD I 5589
“TY M @B @1 1 w0 S eiefer AEss I o7 o ager ¢
O OF! T QFe I, O AT LTS ACH AN PAIN e ifrs semm
freaiE o7 i A, e, frwrs, wdtafes ¢ fgere Feme s fire
AT | wifed @ O, *f&, T @ TN 8 A9 7T (A ©f AW ST e,
sifgrey Feifere sfi o1 57 AfFENee SwEl ey SRre w3, TN eited 93+ & ol
TR @ W SIS Fh0S AR 17

W 4T3 B GIF! ATz e 2o femrse gy 97 s s femmg-ad
2RIY IS AT AW ST AL A4S GV AHM (ZPTINS 0,

“57 AAifeeiea AifRrera =T G SR 7T @ &Y I2EE pesed ANrhTe =0
(TR | @S 2T7 SY-JIET AT LI I AGET 8 TPNF 013 [[EADS 2(A ...
T IFAR PENER MCST IR I (SRR ASEF Jhgerel W | 7
IS AFILT PN FCE ©F [P S TG (... SHIRE- T &1
THEE THOE!, e WHE R TR FE (@, G OE AL SN AL
BICEERICE

A6 G2 S T S, RV AW (RPTR &[[¥E S 97 AN G G
8 7 AN ARy FoTH N M@ ST Sear wAted el S fkre|
(TATeIST =) I e Afzrerm LR [y @ Afes@am fker JEq o (e
GO OIS oo WRR-FItl-8F v [Ryeh IEs A9 S A A
SR (ToT™ ¢ ARSI O =Pt AfFem A1g efovm wmfestdR =7 R
e NPT T ot T AT 20 Tro Afkmod THpS (v° Il AT O T 39

T 58 BT MR SgFe Y el PAfersr aitel (el (GrgSr AfergessieT
AT (A “ APV ST SRl T TY7*F GeAie M (d589) Weg fmyeiczm
SIE W ©, e Siiesw Sifewe @, “Tv3 HfFsitad aBerr 29w e "«

TOoF (FF G Pra® vl 7 AR d<war Qe Ffewpaa dse s ©ofF
ST ATDICT ST AW FACE ©F ST | @R S A d58b B o @iy
Foroifaaer qicam I wied eI [eRifier F@ ¢ @l dfiw (et ¢ e
AYENAT FIFS AT AT O (SRR AL S, “Tomgmes v (@IS Prersies
WIfTeE AfFST 98 2@z 93 W @I Prmwiees o[y 8y |7




GO AT Ty R ST A 133

ABOR TT TF; N (@I O 77 ” a2 9T (el G (T2 A AFORT R qreEma
TIRCS SAHATTRTR &S 5T FITST ¥ @ I B ¥ 0T ASXOFAET T
W2 (T AT AFO! (73; O IO Spob WBIT TFF *NRJC ediae S@reier Sqorar
PN (TOCy f0® 74 SIS Pra alrv-a7 A 8 IR TfR® T 2R 93
POIS Sfeyfe e |
T AOIRTFOIRL e TIeol- AT Ao A ((TICWa CHORR GF & ~F 2>
@b FE Fl? G [ 4 A 4 ey oo Ry @ oot ferariet feer? AfeicTa
TS (ST W & &gl, A4iaNal free Se, (RS 8 7K™ &l e
Sl eE O fF8 ©IR *Fe 2 | T @ ARSI AFeR 23 of ARWIE [Roeae
0T S8y WBILAT 28 WB B! [ARMIETC Tt 20T @M8 NS TGO AT
“FrolfiFeias TR 20 TY T 93 AN % 7% PRI 214! %2 TECE,
T ARV 9T AT (AF = &S @ FHCeA2. @I GIR AR TR M0y & @
(@ AT A (AF SN AFre Gk foxy I Fol 71 AR GIR & O
Sy SIS (THGfECS TIFe SR TR IRl 17
OIS Wt ¢ FFANE AT e TR AT dqiNEl TS A=A Awe «
2 A0,

9T THATRACR W (1D I Aifdeeg AP i qeAr @R N (SIT
TN Ol IR B I... AP 456 T 9F Toar Tiw wifes oz a3
BT O e Tfow 7o

YR (NRITEE @ AN & TGP WAl I,

“TY (I QTR Ol W, ©f FoR AT AF T Sl | 43R THSAIE =0 AT

AFh 7>
FRRSITS (I T ZFAIN S BT eFfos CGafaela A AT Qg T47
ftne S Sitae @bita Jot = SAwelfsr SYoiar e @it MY (Togm ¢ AT
*AFI |
G| e AFe (@, THOEE T qH SRS PN A0 IoA #td- g M vl
- | Wb RAF T ACO O GF (¥, FETOl @ (T = SWETF g &
e *SRPe SAfRPIE YR (FAe FAE! ACOTE TAWI &S FE@M- GIqF < o/
THG AT MR GRS ARG T Iore o) (FIF FeToid F@T @I FJoa
ST “BARTSIS e FE | 9y ©F 7, &Y o ey 4fow Tepme wh 9¥
EIfv B ¥t FpITe (F15 TSI FENTR T FILIZEEa2 e AE- @F WA @
o B Imbe Iomay @ Su v wiw B emE e w9 sifecst S
(A2 | MNART 29 TEd SRCS RW AW 8 G TSI @I T4, IEm
T S, SENT 33 q30e] T SR Bft @ et *reta gemieda gifew &'ee



134 gferaer

fefers | Sy M @ IFAE QT T SR i Re wfelze Fare | @
R F SRR Afbe AfRrerd «fawre T o Abe Afred G (FIF SHE I 77 |
FICSE AT (LTS AT HeTol ST (A3 el @ TR ORICe T ST R TYa efbera
P FAS (ORI W @ TepeAeTor A2 foe FfA ¢ e o | Wi wwww
o TR ST A el IR Tege T4l AweTe @ = O oE,* wiF
Tl @ el *rorHa Ao @R IFAITS TR ©AT FJ& 8 A ATOI G A4 e
o FEAE, *7e f0E forem T SRS | @RIehs TYrel FUCAT K SRS PRIN«ma
T Ol et - foet 1 «ferars; ©f foet T Mgl ¢ Ted SrRred TR qRICeEE
T O | [oAR T ORIR TR TN AFS, “THANKIOCR W (@I PRI orEt
TR T, Tl AFBI @F &I (AF T A AL AR, (@A - I (FHA 7S]
(ST (73- SIFRWE (FIF TGS (73; SR (FIE «qF V@it | Sfiy «qeore Sege 'y,
AT el A (Teg™m e Tex wrRTen ST, w@rels gz TF Oidl | e ot
fasrarcda eed wdie svvq JBICH e #IFoT e et «R svray JEw e
awA s TR (onaifed iR w4 M S “te o Treriema e 8-
f&fvr ey | ©192 9@ 4@ dvdo RBIH Sfde Fferw Ao gt sifaaie o Rz
i Reed e ffee st Tifre =a {io= «miye it F18 Sree Sues a@erdr
T Wi | foE o9 w1fe sp8q RBICwa f[ereny SRere (@ 79 w0 Aroer TF of
5T TR ANPIICTR A1ER- ©fFce | o FAFIfens Tee e Sewieas SyeE Ay
wogeTa Wiy e Toef (At Reme Fare =7 #0ee AR Aens, s | «iw
SRS R ABeR T T AHeRce K ve [ReRice SHie Ao 9 9 A_SHE
SR (@ 77 foet oitel o ARA TRE oo WoeN T SRR (FHE ed ©ikre
Sheme ofiae @ ¢ FAEwa gmete T ote Afewrer oy W @fite weyw
BT GIIRART TG TR A & A0 FS(gIod Tegel A Ol @
eifer Acghon THfgfore mfens e ofrorderm ory ©RT za ey we Tfey |
OTSRZR 6T OF® (AT Roaeaial AT ST ATy wQrelfer Sora My
S GO 6 IPRES AFoA 29 IETF | R A8 YRECF (Ao ¢ FHATSTFSICI
AR FCE (SR AFOHTOR ATBT THO A ([9IW- SN (ST, AL,
(RIS 8 I Nl SHOAE SoFIo I SRS GremRTe 4F [{ei¥ GoaR
ST | 78 eRe SNy Swifre Jreifea Sfire ~iffe Tepta (¥ S[fy Sitnd (13
vt R T AR G3R (12 AN PO 7 #1167 IE-8a Qe Sy [y |

T, QLI JFFEeed 3 e Tomre 26w I @, IAE-8Y oRifuiced arifis
TR W6 S Sfoere ¢ SHfose (IRl TRMICAT TNEs FFARY (AF @R ©f
DUIE S Al ¢ AP AT Sgod Sreifer g wfysrey Reeies et ¢ reifer
FEANGS AN TR Q@ AFOFT Q-0 AfeqTe | @2 €3 [y
TSI [edl 27 JiE ot 8 Meifel- @ e Tyegel s, [ew a3 99 e
JIET ©IFIES A KO AT ST |




GO AT Ty R ST A 135
w2aife 8 AWGI

5. 39¢q RBTWE 20 GF TIF PRIe Srwiee Afetwd »[ M9 Siwd 7919 2eers e fof ferem &bram
SR * PN AR ©F T Feol A 0O 20O FIFO 6 (FIHAME Wiy FAFSE TR
Sr-fcg | &R ade SemEEmS Aoy fyrew qre o wifefie w zr@feE ‘Fidted e
o4y | W3 ~IfiefFre Qe oiRce &b SRR IpawE (7T 2R saeq RBTw 20 §F A=
RIS “[StTa 219 TU0F @R 3589 REBIHA 38 W2 oFe fTofe 1 wrre &b« e«f el s
*[AF-THTICIT TG TP WG IFS K2 I=F GFAMT 2 e | oW, Fore FACI G2 I617
32 ebfere 8 TG efSfbe ‘Rt v IRraR I e FIf renrre w0 Trad T T AoF
T OFHE T2 27 | Sy W, S *Tq [N G2 TS SAE@ - G+ [l
TR W@ | I SF T, AW AAE QT TRICETT Ao1 (TR Save KRBT 53 S9P% 5 =R
e (fash) S 5 &fen w@wrifae e, e e Sfow wea «e ite (@, ‘et AlfRrea
SYR-FCoR 2 oF2A; AW T @ SFE IS THfore Szwm *151F Foa19er-5 &2 eFe (@gaifa
2000 TP ST BIF, 7. 0¢; 4R CFIee fermifvm FrRge TEme o fA-93s.fe.
TFSAWCS TECH, “3qbe A e, 2R, Sfoaya Reasr wited W Seferf aeafes we e
e SRS 0 93 @F X HORE Mo 4G AR Aeeited, J@cte &F &b @efafis
NS | (@, BRIGE 3, 1T 2oz Sofaraldie e SO, SuT S (REHE Sobe8, e
GHICET, BIFT 7,09

2. feifers w84y, Siresw S “FqToR N0 2E e, Frger T sriifire e 32T 5 908-
5595 @I ¥, TSI e, AT TFA, FFRR 000, IAETH AR RIGF GRS, 7. von-83v |

©. Tofe, I T, 47 AT O SCHITT G CSFT Aer©; T Y, AL LT3 TS S50,
“AfCI, Tre=TT qMIA, BT, 51, 34 |

8. B3y, YV 79 Tef S Tiifre oywg GProF a9F AN &g FAME 003, AE GFCGH, G,
o1, TAGECA- 390, S5-3, 58-50Y @ S |

. BB, O WICHIEC IOZPT: TR AT, AU S WG Sobo, A GHCC, B, 5. 0e-
U |

Y. BB, TN TR, ©F AICHICTE IO, e s WA Sobre, JET GG, B, 51, Sbr8 |

. BB, O FICHITCAT O FCHAC AleTeT, AT, 7. 09-0b |

Y. BERT. T, O WICHTAT EORPT: R AT, RS, 7. 88-8¢, 4. IMFW O, AT JGAT O
ST @ AN ACHA©, AL U AT, 7. 230 |

>, RBF, T, TP ©NF, 97 IRGAT G SITHITT @ ST A G, 2T 48 AEIE, o, 28-3¢; 4. O
TR ZORIT: PCARID Alore, TS, . 0-80 |

So. BT, T, Frage T, I it Aegfore Tu-ara ed uat afsefe sfiaman, tnfae avee,
el fRPod @ S Qe e AR, A R0 |

5. TN SACTRENE, O AW FORIT, TS, 7. I33-39 |

SR, P TN, FF G ST WAL 8 O erife, TS, 5. @R |

5O, IFWIT T, A, 7. 58-5¢ |

58. IRPWI T, 2T, 7. S0V |

3¢. IR ST, T FCHTCT 20T, A, 2. Sv8 |

Y. TR SACTREANT, A, 20, Sv-8 |

59. BB, ., IPwl SR, o s, bod A fCrTHas Sov8, NSLRT BIF, 5. Lo-us;, . Gl
W, S et I TN [bwl-tbenF (A, faeiw d&, oy g fErTEs svbe, A
GFCC,” BIFL. 5. SOb-d0bs, . Tl S=am, FN® “fe ©fFy Ay & (A o] AT ri:




136 gferaer

AR Sons, IRE GITCG, i1, o, T Bf¥; (73, 7. O, &, AN, /T FoFT1077 20T Svea-
558,712 J@°l; Wb 200 ATV AR JSH B, 21, 529 |
Sbr. BB, S O™, Bfy*f *1SC<e RGN FPTeTNICR [DBI-I5OIT A7, 2= <, 2T 21 Gf2e yovo,
T GG, DI, 7. Sob |
5. B34, S Siwsm, Bfas ece eifer yomericTs fowr-rveag «ar, faeiy we, &aw o frma
Sabro, JIE GFTGH, I, 21, 28R |
0. FTO & FIACAE AGITF S ¥R I T 8 THRECE el FI0o = e (FHetre ©fay-
. “Docd iy g ToMIF F9 |
A% &7 g =Ter 75 Bl | |
T Ry FAT 0T A 90l |
TR L &G NI I T | |
T (e oI Al W0 ©F Al |
IR e o6 32 Gl @ | |
wferr mafde) wiifh 3% % frgl |
N T O R = FA A |
wfeafe Tree Fre T2 |
T SIS LT 64 T < | |
o4 o il To AT |
TN FOT QA SRy oI | 1"
[ 2w A, TOFF e, Tgfe, YRIM GNIN 26, AN AE-Rey, RO e qrowd S,
NG WY, BIFT, 7. 8V 1]
<, “SFE O I F I B |
TSI IRITS LR T | |
T I JCETE TS R o1 |
O[T OIF Y0V T § AT @ A& | |
3o 1% TreTifCe sreeifer =W |
I oA eIy bR e I | 17
(eI, Ffexaarer, Tofe: Tam GAINE &, A, 7. @ ]
2. V3 SRROR g fqe fmzmers
3, “FAMIC 0TS A TIAT |
T I I A N[ I | |

OO0 a0 /s

s [ s I s s

T AT ST @ #ATed IR |
“Arelfer AMbere I SRy AIRTS | |
TIICEP 0o IR [Feitae #Ify |
freitaa il e femgare f 1 |
TR W9 Ol St FHoId |
AT VA FAT IRy IR |17
[rw FeTo, *7-2-13arer, Tgfe: TR QI 2F, AT 5. Soq-dob 1]
<, “TeZI 1% M@ 7 6 [Fol7 |
7 3R 7 o) ey e =it |
TS SIS T I o6 Iba |
ST W #{T el g 7 wifere |

OO0/ /. /s

[ s I s I s



GO AT Ty R ST A 137

ST TICRIE A g SIrim |

TEE AW AfeT e | |

o AEd ST 7 QR S |

AfberR “elfersl iR TR 1”7

AR A, TP 207, TFfe: JZI A TP, ACES | 7. 5¢-5W 1]
Il o, “FATS FFCT « I ST T4 |

I TS ST AN OICE AfoeT &9 | |

I RS =T ¥ I 0 |

Il I TE T e e |

I g @ ST = TS |
I

0

I

R T R FHE S | |
TN SRR 20T 23T |
S S Sl #AT T 1 )7

[Freifer, fewifig-a-Fiae, T5fe: T2am qaITe &%, 2w, S0o-30) |]

3R, TFfe, T2 G TP, AR, 7. 39¢ |

0. BB, N9, AR, JRETIT FATHAAT SO, T J@, Wb 00%, AW ARG T, GIF, 7. 5-
5

8. B33y, PRIGE S9Em, qretafes SfeZor =5, Sarge 57w srwifers, qreammg 2fo2rT 5 08-
5593 AN W, SR e, JIE FH, (G 000, AT AFATH FIENRS, B, 71 b 8 du-
51

3¢, REifae g2qy, <. W FA9 @ AT IPErS FNfrs, qrgww W9 FHAIEr-s, e aF; @i
2000 ST SFAT 7. €¢-90, 8 Ob8-Ob¢; Y. T QAR X2 8 (R S SR, & MR
3foge, T AFIS AT Sobd, W AR Z[CH, BT, 51, 0-00; *f. WifFesA, FAET T
I RS, A SO AHF WA Sovp, ATSPT, FAFTS!, 51, $05-38Y |

Q. AR O, IS @ Rer 17 o fTorm qaels fTror sood, FoTae qey 2@® 7 | 71, ava-
vuq; TFfs, SR, IR AT ¢ e AlfRey, e efewnT AeFads WA Sovs, efewT,
FEPMI, 7. S0 |

4. A, 5. 509 |

b, WEFY, WEIW A1, TSR Al ol @ ‘oY Fferers Sfowal,” wiram $A @ WIFe 2P Trifre
I I oG-S AL g TERIAIN 000, WA T, BT, 7. ¢o-U |

5. Thomas Roebuck (edited),—'The Annals of the college of Fort William,' Hindoostans
Press, Calcutta, Sb55, 5. 89-8% (Appendix)-« Sr@fie @3 JaalI-Gefdl Z0e, 5. F9 0T, 2.
SRTA AW, 0. T A6, 8. (<14 AW, ¢ IRGH ST, b, @CW &, 9. T S, b, A Tk,
5. &l T8 S, So. NN IFA, 35, SIRDT G, S, FEIAW @, do, Fw =, 38, et 2P
S, €. (TR FICEH ST, db, FI© ST, 59, AW ST, Sbr, FA ST, S, MF IFOT AN Q0.
TZAW SAIfem, 23, TEET A, 23, ITHF ST, 20, ARGH AW, 8. TEGPFHZ ¢, SATEEHT, Q.
wZam I, Q9. IRTHR, . AR Twid, 5. TEFS A, wo. MF WS RITH, 0. G S,
ox. T T A+ 6 0o, T TRW Al | &, ST wizam, TS ST 48, 7. 98-9¢ |

vo. A.F Salahuddin Ahmed, 'Social Ideas and Social changes in Bengal (1818-1885)
Calcutta (2nd Edition) 1976, P.24—G St@f® G37q 5wy Fie-

S. F TP CIAIRGR 5wty 5. GIiEls S, (@r=ifem Sfwer, sva meRife, 2. Ga 34 &0,

TR 8 WEE #AfTe, . GIa w[ye e3ifen, EIETEGT T, 8. G g 2 w;




138 gferaer

3. T FoT IR0 Aow: >, et FIRTT SIEt <, SHE GG SfFe™ Tl F i, Q.
@S O, TEho, FAFTS! FIF0, ©. TR G, @EEER A S, 8. T2egdl, ANAEE
e Tfe | [, efeeT wam, 2tdies s 48 | 7oc]

0. BBIY, S W, Bfey *Sc NGl TN [5BI-5OIF 7T, 2T e, &2 a1 @feeT Sobro,
T GITTI, BT, 5. 985 IR S e, &y &F: fCEMT Sobo, I GFTE, B, 7. H08-
SO | AR W AFS, I Wl o7 8 TeF o, AW A IZEET 00%, AT B,
BIFT, 9. QW |

O3, REFS- T, IPWI O, FFoF 5, bpd e fCrTaa Sov8, TSL[I, BIF, 2. vo; 4. (Iewe
Im, ‘THOT ¢ IHR P, TR W TR A I/ FrreTd Ok ¢ Alfer fowf, ey
P13 TCSHA Sobd, AFT GFICCH, B, o1, do-20; . G wam, G =ecs e/ JrreTa
fowT-tromra 4137, faSa Qe 2w aFe fErra dabro, IREN GFICC, BIF, 2. 380-585 | G & K8,
A e GfeRT Sabro, JRF GHTTI, BT, 2. 385 |

0o, ST ARSFT O3 AFT MR = Svbo KB fsfde st yomma sz sifer-z iy forer e
YBCE AT BII, T, (TR, TAALIRR, FoTTOT 2Pl FI AT AR WA T
SR TYCT AW T AT T Aol AT @, ST wam, Bf= 7ocss e/eT Joraied 5e]-
TSI 4T, QAN X8, AN A GfeET Sobo, A GHICE, BIF, 7. daal; Shbk REBCH T SR
IR O fRg-carera (Feraifa tept, Seiarel, o1, 59) &ty e, “SoHE (SRmEae) @7 R
FING FIAG T A SN W7 1S A1 woana=ies SNwns I Rwgie S, s
& qer formr Sface #i1f; IwET A TWE WS S 7 AR SAE AN TN
iR ForTe IRTSTR STee ARF IR 2fs Fere” [, e wmm 2dE, Bl e, ey
o O Sobo, IE GFICC, BIFT, 2. 583 8 Svbd REH FHFF-9F SIBAE T8 T
TrEre T T, AR ST I, ST 90 AN |7 @, ST S, 240, A 2498 1]

©8. Tafe, e Srwm, % ¥ereE el T BE-rseaT 43, Felw v, 4w aw: T
S5bro, JET GFICTIT, B 71, 589 |

oe. B2y, FrRIgE T, I i egfere Sy-arEr fied « 3t afsifi e, oA s,
e Fod @ S G0 e AT Y, . 20 |

ou. Tgfe, A |

04, T, T SE-FIFF TS, IS RN S @ TRy 58], AT AF™: T dodd, A<
GBS BIF, o1, R |

o, TFfe, A |

op. Tgfe, S SEmm, B orE e NS BuI-veqd 471, AAT 4G, AT I qfeE
S5bro, AET GHITTIT, BT, 5. 00 |

8o. @‘ﬁ%, AR |

8. BBy, «W.«, IR, JIeATT PTANAAT SfOZPT (3¢ A-3589), 1T [Ge3 A 2003, W ARl
T[T, BIFT, o1, 85-8% |

82, WBYy. %. PRIGE I, ‘I fer eglore TH-Areen e ol @fszifr e, «dre; <.
AT IR, R F By nifRey,” Frrger e e e 3o 3908-3593; faei
I, IE IFFH WA 2000, 7. 820 |

80. BETY. AP TN, GPTIT TP Sobd: “FObF, G GPICCA TS, o= e FgAlf,
Sobrd, AT GPICE, BIFT, 7. 59|

88. MBI, O WICHITCTA 2O FCIPIG AfeTeT, eI &AFI18 TGN Sobro, AT GFICE, BIFT, 7. 0 |

8¢. MBI, ©f. FEA JRMA, GFCIF T obd: “Fob/Fe, I@ GICTH TH(re, 2R P wwgaifa
Sobrd, I AT, BT, 7. 83-89 |




GO AT Ty R ST A 139

8V, BBy, FRIGET TTT, ‘I TeFfore TR-E [os @3 @fe=ifie i, =die |

89. BBy, O« XA, AT PIETNTHT FETT (5A¢q-5589),7R6T TWelg AG 008, AW ARfefHie
RIS, BIF, 71, 3¢ |

8. MBI, W ZAI-CA-TF, SF00F PRI/ @ FAITO! FCHIET (5909-5589), 2RI &F: TG S50,
AT GRS, BIFT, 7. 9e-94.

85. TBY. CXTETH I ICWIIN4IIT, forgy: “Nifesr Fg7 o7t faom ~fawifers ¢ «ifiefds wewae, sraw
SopY, i@ @ ca “ARfer=If ers fore, TeTarel, 1. svu |

€o. BB, NCTY T, T/ BT 8 FEGT 2T, LU A3 T S5%, TG AP, FfeTwre!, o1, 53 |

5. Tghe. TR W, A |

@R, BETY. %, TRVE S (e fiam), I i gy Arwets sreydar Affeq Ferifer sfeeme,’
TR T ARy SAfaR, s I, vgd AN, AT S0%¢, . Wwd; X O @ AfXSy I IHA
T q-@ey, 8¢ I, W¥ e, KT So¢- AFSw wmm, ANFEAE ©F Rer @
frFifber, 2uw e TR Sobd, I I, BIF, 2. »o; 4. FTW «2yax, ‘faSw IHw
T ANfST AT Torifox TSR, I T ARey “AfqF!, ST I, ST AL, (ML 30¢,
o1, 8-59; 7. CGIFEH, AW, “THOMA ¢ TR A, FT-GaT, oF I8, 8¢ 7RI, ¥R H028-
TR ST-FER AT G AT O™ @ ey 687, A, 7. 55-38 |

@o. TR TP G IR, “IAHET PR Ol ¢ ARy, Tm, e FieRl Tl reifar
PTICE O 6 FRey 58], 2tdie, 7. 39 |

@8. B3y, I, NPV SHAMQMAL, I TN 8 BY TN, ST-GTe/y, R d038- T4W S
TR, T PN ©RF @ MRey bel, AES, 5. :¢-90; U IS WA, T I, -
@7y, 8¢ T b T WA d0¢’ ARFC e S=AW, FANIEH@ O, Aoy @ v, A,
o1, Qp-bo; °f. (XM TN 4l "GO IR FrTI MRSy AT Ferifeon oo, 777 TP
ARy A, s I 84 A, AT S03¢, 7. 0S| q. (VR GATEW W&, MG A ¢ TN
ARy, I/ JoTH ST G, SN T4, 84 A, AT 503¢, 7. 0R |

ee. FrrgE T, I P gfere S-arE Rod 3 afsgfe /e, e e, Sve
fFee ¢ w0 RO F=AT S, 7. 0 |

@Y, So0u KB HET AHCIBR [@IE TS Qe 31T AR w7 FRIb SIHSEd (F3E0) aaiF
TR SRt for qFIN- TreE ¢ of FE TS Wi 8 of & | [®Ey. RN FE
AT, fergyl: NfPEIT T Sl AT, . 50 1]

@q. doo¢ RIEBI 46T SRS P W AESF TS dp0q RBTHA FEm wenree Ao Te<s
T AR T e I 9F REeda AfRfE | B FEivem w4y Mo s @ ‘asm@f emem
AEBTe GFFS FIFIA N I, TP Ao PRAC- ©I8 FLATPR TICTHT A @I
SETRST FIRC- FIF e AG AT AT G TR A0 @I AT #1iee 7Y = | 9%
THAR ~RERR P T I AT TRACS AR A ITHE AT A WOV DRI B
W AT ARTET | dp80 RBIHF 28 WF AN AJO® AR AT SRR TS 98 107
TS TC BT T T- U, G e GreR AH TrE T (F, SO AAE dvoe KBwH
TSR ARTFEN TR ATF QTFANTS TLARN @2 O TPIETT SRS ATHF QZOTAF 77 | . @2
2RI FE T NN SRS AT AT [Ce @ Xl g @3mee Fiwar g, afn a ot
e oiifers Sifs e 3, 720, orifes e tiee e SefRbef faer e oiF &y erremit
e T B SASCT N PRSI WA O FACO F(A TS BTSN T&-AMGY G 7,
R TP ARFATD- T G A B 0T THI IR I3 AT MBI ASYE 3Sbfer
I TS @ AR |7 [RE. SNGTY ™, AP/ ST 6 FEqT &, AT 2. 85-¢o ]

@b BTERT T & ST I QLT 217 e 2 Sneifer SHerr yoifers afrst tret <et wifertd |




140 gferaer

€. THfo, CNEPT ST, S FICH/er: FAobla (e N, QAN B3 RN Sobrq, IS -
ARG g CITEG &3 51w, 71, v 1

Yo, VR TEEH FEN (FHS), NEWT WewET 8 FArT ey, AAT LJH: AG Sdub, S
GPICE: IETT TS BIFT, 7. 509-308 |

LY. BEIY, TRV FEEE SN (TS, AP AT @ JoATH FARST, AT 21, 509-5%0 |

L2, 97 R 7 @ TFA-

I T, “RIRITS S FETAR S, TIEH T, T T

Il TF T G2TE 19, T 0 qIee o7y |

(CONEAIST TSR, S R oI, ©IF11-2- 1P, S58b-)

I <, “TAN AR S of TRt gfesa

I AR A eI S sAifese”

(CONETIST TR, Q 7R A1, ©147-2- NI, S58b)

0 o, “TIBCR G T ey, ToeT 7 oI,

0 AR SRR W AR T,

I ST TSRS TGS 07 AW bifvd ofe,

I AT FoT¥ (6O I S ! AR T

Il Tod Aifre w9 WI[F, @ e Prwm |7

(FFPL oW, ‘FrRm,’ e ST FR, S588)

I 9. “GRAIR W g We Refafeee w2 gee;

I &R T4l Toaz W[ S erer e |

(TP S, IR AR, FIoRe Cai=ramt, W, doeo0)

. “TRITH! NS SAC-SIGIF Toiw ST |
Il VAIG- o 105 (79 12 MEE 25"

(TR SHEAN, AT SIGIR 37 NI, FI7F Tt (59, S0¢s)
I b, T QNI S T

0 fRratR S I e e
I T ST T T
I eneAl vfE e wrRifa ST et faca 1
(TIPS S, T S G T, JIfore CI2ray, (i, S0ed)
[ 7, “qe AFF TFHRIT 12 TZ« =gz
I T TImME TR BN TN 2w 4t 17
(R TTWIN, FIAW™ SN, NE g, TS, does)
[Cofe. o2 AT, e W ¢ G Fol, AN S G Sovo, ST GICT, B, .
TG, -br0; QY5 S8Y; Sbrb; Sbrq; d5©; S0o; 39 1]
T, “FIN (2R A AR, T 60 A F |
OIS *I *\SFST-
2T T, ST RRew # T JEIfeTr TeTea |
(A AT | R JCF ST A |7
ST T, ARSI Svey)
A, “TRE TR, CITATN S S e 7

s s I s Y s

s ) s g



GO AT Ty R ST A 141

I THIRAT T T TR bre S &rs 4 |7

(TR ST A, TR FCd T, Mz-7e soey)

[Cqfe. T Sem, OrF-ewrEas Mo AN ¢ W@, A, S, Wit TR A, o7y
SRR S -IEE Ao, Sy Hewae (9FUG) 2000, TSI 1207 FfNEE, B 1]

Yo, G YA TR T TWCS AT AGIS TR G0 SI-“TPTTA! I AT ST AF Q6T eI
Afgeara e @FitT AR "88y “SEe ST, ARSI TR Tud R, T TRrm 3541
TS AT A OoF CEaGPI, FaST AHTs Sy, ANEE AR, BIFI, o1, 3¢ |

L8, SifTesTE, AEE 2Gefl; Sl SR efers T Crfas e=T ST, SN QR e I27,-
TRT* 31T 25 (G 200, BT |

ve. JE |
LY. G T QLI S TIE T, “ 350y REBIT I S T AT FACHT W@ SHE SRS
TR O RO AGfed ey G e o0 1 = | 9 eeneeia efefwiea are e wivife

TOIE | fomres dor® VORI BT R[S IPIta aze F41 27 | AR 90 T, T 8Y
G5 ST O PTRITT Tra i S @ R IT ARFCT IR A O &4 Ol 73, T
@ftes o e B fRrFmited Siay T0eE 598! Qe FE0e T 17 (@, T2V EE 72, o gy
AL, oI @ TR, @-T Fizar o= 9= AT 0 @AM 000 7. 59-3b 1)

va. Tgfes IrFme 3R, 99 IMGEAT ORI ST @ O AGAI S, LT U6, AES . 505-550 |

Ubr, BEFT. 5 R AW BT |

Up. Tog Ml TXE, AT, 7. € |

Q0. B, W F4I9 8 SFE IPTS THfore, Fzww *<1%F F519e, 2N A3 TRGRI Q000, ST
SPTAT, BIFT, 7. Ob |

Q). BB, RYE SR, OISR SANICc FAAETT AP, faor Hewaers @Sy wwels qSwA dobrbr, T
GHICT BIFT, . OVb-0Us |

(Manuscript received on 10 February, 2021; revised on 07 April, 2021)



142



Journal of Chittagong College, Vol. 1: 143-158, 2020 ISSN 2788-8711 (Print)

T YEIN TATT 9Forer
(IR IR ifersr*

SRCFA

Jreifer wifesTer woR T 14 YogE I=W | I, @32 @AW, @ 7% =3
TREC YT TS IR, AL 33 I L R (TS G2 G
I ATTS | g, IF, IFTEE, B, WY @ T G SRS o7 6
TR T O eered fof fetee swioeem | @7 =it Jreiferm wafe
8 TAGF e Tare fof Taend SITwiee Tl FE0A | @ ToNF Goefa I
DS e[0T IFA 916y Gied @fogitie Taiens foa «d @ FeaitE o
T ARSI IRFOCR AT 9@ FTFR ¢ e e [iva TRk
IR 4T ST AETT AT Ied TS AT FE0z G138 TgIE
NG (AT 3oy CNIBTAR (B3T A |

TR SRR, W4, 909, (TR e, VY&, Aeiaros

wifed forel QIR IRIRZR (GTarRd I TEd 4@ | [erwe seem, s, e
SIS Mot G 16 TR TR[F @ T @99 | TAF Ty (oL ifes I&
FACS AT R FANGFO! (ACF | WF QNN GF TARLE @y oy [ &
ASTIGAIE Tl FCACRH BTSN W | T (o9 oy FUT 77, FIeere emifers | 2 fefe
AT FACe ©f Fof TS AT | (T IT (ACF IHIF AN DS A ARPCS | AR
Tl foet ST SI@seie | @ T S B [ IS Zree | TGRS AT WioiTe |
AR AfeqM FICT | IIRET AT ITLAF FAIE AE F I 14 ZOET
[GISTE
ST TRE T W[CAF T AOJ@ AREGeN(F (o] e | (RIGIIET (AT AO/@ ZWaI
fRreTe | SXFFR M (WA ISR (ox J et 71 | S ffeg difece st (A
AR F© | BIF-5 W2 212 (06 ST e Z0oT | FHIE OIS (AT FE APTS | A
TR TPS SRER NF 77 (06 S 0o 20! | (AR WNrR ST et qpiess ATor,
AT (IAF) STHAE [ SAPCS | FeT (AF Fa g-Ore Ak T ot «qe FAFes
foff 4R (dte Mrew | wifmg St ©aly, AT & TET FEHH el [Fare 2rel | Fiad
I g 7, @A (=G IR, vl Rewes #{ed =1, qEE 2R, @ A IBre I8 7@ A SiE
el MTee | @S 2T 72 8 T WY W SPTees | (e T, <o e imne foret”,
TIfeE [foar, su PG dopv)
AT 4G (AT TaRe TGEd 73 @@aE Tvd e Sed Fh0ed | RIK Bamd
ey Yo 1, TS IR (AR 4 [ ot Miged oy @2 feet s faesfiea
LT |
> TR ST, A ST, (AT FBI FCTeR, AT

+ Corresponding author: msazim80@gmail.com




144 R

o4 RIFIRT CBIT-
.. TR QTG FoT TFBIR (RIT AF5T TG 90T 90T MG AT T 41, I, BT @G e
fRT TR (AR NIRRT FACO | TN AT BT RO FS ST AT Fler FAcOT €92
SR TR MTOT | @ATAR @A SR (Ared FRIEe fof efeqam Face | (e,
TeifeE [foar, su =PE dopv)

G, S, SN qAF | MG G NG ARG [ow &y AT FCACR |
TR0 TTT (FUBCR I AT FLFHS 56 | O G WM SR T ATeael SAFLe
“TTeIT AITRER &y 95 PR vBie | fof ferrates-

... ST FCR O B Pl 0T & e | 2y (eremma e N 39 aqe @ |
QFAMCY M1 IS, (AT, ([FGF-198 5T | (SIS Q&I 2052:53)

QIR LT, SR, S, (R, GFHiere, TR Ol G I2T Jfep g <14
YT 2T | T@ G (AF T (<ire Spaeer A | O g ATHIST AAl SIS
SR FCT& ({03 | e gama S (Toy Mt | SO0 oo za-ziam
e wdtarewt Fw 1 @Rl fom Regw Bl | o YEheR adifeie eRaR
AT fotet, O Hrad Wil JeFd TR | WEPd yArToced & 4t @3 q%
Mot | S, TSR, s, rfeiefs ik Too! TR AT NSRS AT
R (FOE | IHIHA “YrovIel-
... rare Rifees Jie @ & ARA | R AME GNF GI60 FA AR, “IRAA
Femite 9 wolfe Fa7 71, ~fFVCTT Gy AT IR QTS 0IF T, O @TRIATT I
ofere | TSl 7 R W Tee A[E AN, Wi GR6T FA AR, 'Sincerity of
purpose and honesty of purpose' RFE &R ~Rifers ZAMT 17 @A (@I =i
BfeT WE | (TS, 2052:33)

SFOWS], WS, AbSl, (O, PR FACE IqF GO FACO | AFISCH VAT e
TR B, e, Sgel, Sifewdw, T, TFel, THRSE @ o'W F0eT | S

FE 8 WENFe [UPTE Areife ged RET & Fare | @ &« el wife «ae
eI PRI @ FOBT el SR *REAFTed qR RyPTareFs! (AF TEF 8 ARG AT
TR SIZJI SRS FE AGOT ©F A o-

O3, SIREF Tgfe (TAteT ¥ =T 91 | 9B T2 Anelfer wifed e I @l A ACES FATod
AR SIBIF LY FACS RCACE | TSI, FFe JIEA 7 OfS | GN &I &l 7 47
T (AR SR | ©Fe AT iR | IR, T Pr @ @ (e 2o e @i | e
Q3T (BT T, S TS o0 T Q32 AR SO qTrR & PR =1 | (T, 2052:8b)

wifed G @ AR em @@ e s ok fBR E (Tered
AfSBR 0B €Tz | ©1F FAT TSR ANLS Al qeifea Sfoe awmmena wre e
*ovl [ReE = 2@ 07 190 ([ T SRFI (AT ST AT | Srmifes et qorag ey
aifere vifafgs @HEr | e, aNeitgEel @ P MR @ ekl | [ ST




TRF: YFer TRl q3Tel 145

EfaTe gt forete | 4 Sva oee I9gd @ [iew afseam wibor | fsfy et
-
“CITCT TG AT, *@P IR prhcr, Feas ey Sieeerg 2 F409, oo F< | 9%
ey ey Prme, dmelfe, J9 el TR wite SRl SNmE O, Sivd TR Wi
AR ST, ST @ W1 91 =¥ |7 (Sifed &ae aorag (4 Jiega a=ie eesifzaeT
GO QAT I T (AT MRIRS)
TFAG T GAMIT I 0O TN et | Tl Tt fofy afsfaariier «ae soaawst
MERIME A TS ey SIS e T zre «ikres | 58 fofv o i,
fofa corares WiqrEs wigaE, 1R MqEs JoE T, o9 e T I | a@me
THID (RN IR (O T~
iy, Sfy @y 51 7 | WA AR WGEd SR 513 | .. 9KI&E A0S 8 1 7T,
(TS AT TG I8 qf FCI (T2 & NS 1) (SGTe SR CITER 2Fole el (AF
BEICR T 1.... R, CAIOIITEY 5101, (R BeCq, #1268 BeTd | (2T T-205R)
TAIFHA ST (AN A IHFS 8 WA | Ao egaess e e fofr e sreaw
AR | (T AT ol et 6@ ZqeItema Mo R e Feeid 7o wfeomfas
T G (T FAET OF W ST T Qe 2o 27 77 | FSE I9HHA v
SN (TR (R WA O Ao foet BT SINITre Aeifs Mo et Coltet beTed =1 |
IHAE O AT TH! TICF FPTAAR 18 SFEeT 0 IR
ST NCRT T 7 | e 4 W I#0eT8 S0 I T | ACHAAET G ANv AFCo
| IS B TS 7 | ST T eEd S ACS 7h | O A i | Wi
SR SR HeTqT 8 AT AN AF TSI | (Sb T 583 SIS fa-ifew
PG A=, T
q R T TCST GFBT Go@ Mof (F, INAFA AN, TN, TG GBI,
wRI-wIfEey, T, STowl, TR, ITel, FFal OIS e I=2Ed @ el Reng afsfie
ICACR | O @ AT (et @35 T Tl (o Koo ofirel (@eete | STt gfemas
IR N 2B AT | @ 2P 0T A6 - AT T N, Jfecs
[FETS (T AP T | TWT 359 GBI TS A0S 201 | (W TMH, 3593 @OF 8
Gferfexit wfea Srmeey ©raer)
e M ATe TgEa 38 Yo g F@ gece! | [ 7 Aere ke 1
EFATTS T I | 3589 AR fOF AT NPT QI 9T FCH AT |
FHFA LECE | Ao AN IR0 TTRERT Jo [ | SoTie Srgéieice fofT
feTcaTe-
I 8 VT G TEBRA (A0 Py AR FOHIG F0= | ... 0TS, 57 (4re whe, W&
CoT ColeTI, SR M1 97 | 93F (9 Wi | ST 6 T99? (OB Al [ 720 € A0S JFTR
IR o I M3, [T 5 =0 9Te? (002:5)




146 IR

fTe" @aeE ST g SwRdd eI todr 41 976 A 77 | IRF 2CF O 7K
ROACR, I ol AT Tiegaess e I (veane @ SITRPIes | i WgaT 731
oIt feafmrere vt @ifde FOIRoE Ry SfEE ST TR IHET TS
AR U PR DI =iay T | @ ICH IHRFHA SALIID -
fefqmyer SfMESITT oy I S0 & | .18 JQU2 ol TPl Te @R TSR CAFel] Fal
2o, B Of1%) R R Al | ... G051 F FT ZRAE, TG G G0 FS T4 J(F | AV
B YA BT 9T AR 1 BCI | ... AR IS (LA, AR AR IHSTHE A
fRfRpIeTs (It IR FCECR | (SPTIIE SITGTEFAT 2052:559, $38)
wifen T WaEd FARAN® oot S, A1 FoRCH e T SR | &< oy
FEFAHI T T Ao TR TR AR | I Ieed Ao Jeq oy fofH
CATET AR -
SR SR 20 TR ed @ fadifes @ift ¥k Sive wgR Sgfed oy SR
Tt @G oI Sr2 Sind forete feaifere Face 203 | (I Treiy Ao, 3¢ TR
$59¢)
TFA i (72 foet peaefRe | S@ @ MW foe e e 9Uh0z S50 AN “RT=R
@S T SPTORT | @ 0T ‘IoRT (1 Yo, ATIT (F14F ©, TQIFE A SOy
q@ﬂ‘_
.21 T8 o1t Boteter | Wiy f{if¥re 2o | fiaeg SRl ek 57 A0E (=5
&1 (REATCS (X1 (iea Gl face fes sifiea ey At g3 Sitne g3 TifETe 4 3T #It
(TR | (X1 TR T 9T SITETH O (@ (@5 Mibre #1tg foicafee e fofy 30 wfew
40 IR AWF FACO A | ... O AFF AAR 7® IR Moo @3 (TRICRIMI
TR IR M IHIAT A @ &R B (@ A FLA€S 1 F40 &7 | (IFAF <
e, e QHITSH, $598:5090)
G @ AP fie Aifeq ARgem oie AEnmerE weiw e ke Swaee | wifed
TACRE S (5Q WH) WIS e ey @i A v FA0R |
IIRET VIR RIS S @i srew sl fie 2o vHife Reaify s
TSI | AT FRIST =T (s Fof Ieea Toet I @Iten | @ ePe S Ao
Tl AFTI-
TR AR IR FIFAT I T | AR S I TS I AT | FAPT AT
RfFS S | T SIS emd B O @Tierer Sl (T SO oMW, 3¢ S
$59¢)
SRR, S TR IHE GoAlTS TN P AT IR A IR | LR e
oRI-eT gIfed AT Tl 9T wace R o JeeTees-
‘(TR IPBTT BTAIZET QToI3T05 SR | “ARfers sfoifee ferses a1 water ey =n3s e
AT T TG AT | (Y B 359¢, IFHSIT; I (FHIT SR Q2T (IIF)
GOIF TIfed T IfeT Tfoq TTa-NETE ARKTSE ST (B8 IR | ©OF @ ATH3 T
TR el TS a1oe Reew Twsies RReTa Fier S0 | T, M Lo ZE, AEOT




TRF: YFer TRl q3Tel 147

T, TR0T Sotet SN {607 SsioteT | (37 SIS (A A2 T It Gl W Sl Sicwiere
(AT TSR AT 7@ =S e 72y T8 AFREOI Y& T 78 2002w |

qs.

JIEMCR TRTOF o MANSIE AG 7 WO WA AT AR FEBAN 26
IYET | IHIF @ WY ¢ IRF G0 M0 A1 (@ wFeid e Y16 @ FETe! STwiee
o MRS | @ T Sl (AT Ol Siewierey e fReaassa el | e
%WWWGW&W@WWK@W-W,W,&WWWQW
R waiR AL €0 GPTR | G0 QR FFETS] QIR Sl S YoREd I
PP GR TF T BER W | AN Ager Rewa afewt waw ov@ @i
EIFBs «Ffs I8 e 7@ wifbrafee | fagr el w6, T2 '@ =% et
AT RF @ A TS Afeqm TR, TS ¢ Kewerer Wy | fefy
JCETCRA -
of (feriR) T4 TYE AFOMAT T2 O TYR (A | W O &feqm a1 Igo! FARe,
I8 AT @3 AF6T FAT TCF AN | N IR, “ (&I (To! AW A FIS FACS A0,
O Afeqm 1 @2 SIE IR T AL ToIeld A | (N TS SIS (A1) ATl
TR e FeaeE, o I8 S AEReEs I | ISR ol RIEHe @R
Tgoral | e AeifEs 18, FRAIET AT Ve =6 | AFeE! e 7 e oS
SN A@T BT 9| ©ite AB @F A (@, AN qFS Ay |7 (PTG A&
203:500)
Ielfer TOTORM (GeqF [KF™ THEE SR AVEANE FF 6@ | @ GO qFeB
SFCFR T | qF STy et spIferw, f2vg, oM, (W wifesrer Mifes sttt
T I wLeAfes, ANGS G TMFfow wfzwm AFoe w0 | 9T GFMIT IR
SHEXT ST STHIET | (@A I TR GwrceT *roT i @Y Meifer aog <4 Ifea
TR | G T G, S9, RO YFCE HPAH] TG ZeT-
S5ER AT S AR ABYATS RS FL AL ST ALFF AW WA 2SS
Aelfer AFfon ST SITHE | O GFE AN NG TotT AASHH W AT
AT @I HIN AL RAFR ST N GFSEH Y7 | 72 GF9[0q A1l | FA8 JeT
(Tt I (<X G TR AGIfeT SO *(fe. .. | (S T 2058:589)
S AT GO O I AT T G @2 OF @E=—IT | 3586’7 ST
VIR ST 3 Wb IHAHCE (AT Tl 1T |
T AT 5T ISTE O AW o e ™ (e | oo (At R ol Fiwa
AT | oIfSRNeT T fSHT BT Toimes fTifow 23 (QRelT ST TRGHIIE-
SHER I RS (FPAMRT TN (FOL W1 AR | NN OIOTSIG *Pog T G e
FACS SAMEN | 5F JIETH FRSPCAR W G (AT TGl GR JIEAE Srow FGerar
(TG 9T SR (AT *PTod ! | (ST GG 2053:389)




148 IR

B394 IRTA W0 AN G (AN (@I (o T TS e #Meaafey | vy oeea
W6Te QIR e @TL AE SRR & AT ICACRA IFAF N 73, AR I3RS *MMfE
TR F AfeeiTa efefify zear Mge 7 I Teafem RIS AT Ige! I fofd |
T R SEife v FfeRieT fawe | fofe e rees-
*ifg MW & 26 | foq=e Breq &= 7o M@l (7 (AF @M IR ... [{feg
(T (TS TF©T FACO GF FACE | ... 7K MBI (AF AroISq FRA < ¢ Wiy Ty
TN | WA T TP FLAN | .. ST T T 2 .. IS =@ G
CaTE TSR & | AT~ TRGleF @ o | .. =i Eafere e Fre
1 | ©F AR TSR I FS7 | (TS 052:33)
SIRE YRIRIRFOR IHFH NS Tal (<X FPTR ATNSTa ATHBR SIS 9T RPN
xifen et | wieEifes seerr et fReTa Twaif e =0 |
3o AT, H59Y AN IRE GI0 ISR T G5 FEF AL A0S &y JF
AR AT fREeT | GowItgs 559 AR 0 (TP MArTe Ao 52 BT FfeE (29
FFRR) o > efe dmigh SN, Simd ©=d NHrare SEEE @ere
FACE | AT TSI (AN T I AT IS Tife QI [T | @, =, Fa
[GRICTE
@ ToA1 (A2 A=A 20 @FFAMR WMATe Ao 3351 » [E «fen Wiz s «er
TSI (TSI EAIGfT SRR KAROT @SANH Afer® ZRCZ | (LS T 2058:50)
el AEIoF I Ao T (T SF FACET JIGO ANS FHT G-40TF | F1
R S STV WIST b1 T (5B SRS AT | I (oL &R e
593’7 TR Jfeqrad [ew w6 #48 |

=

AN (O *NIT ASTE ST T 3589 (ATF $5Qd T AT TG AFBICAT ST
IR e e s e TiteR Boi (@ SR SiRp TerbE FEfe,
o Rrrm SR @rd T (1 AT TN Re W G F9w | A st
Tl NErerE O/ (43T Mtz | doet IR TG4 (A6 WS IGIETma A |
TFRF Q@ efSfmm e g8 biad odr Srifoe @ fmeares #ifesd Sitwem seaie
TLIC |

BT #AToT TBITT MR (AATS AR, IHA (18 AT TeF N7F sl | 43/<5,
firwTe, Twor, S[E, e Wbe, Frwee, T, a7, 2D W, 55 WFl, L 0,
T, IGRE, 1a9e, PR e, Sk Tifer IETE FG T @ @
ARl foetel T fofq gz S | 9fSq (orgentas seet fof wifkuig fere |

Y58 IIFTCR SFIEA i “Afama 7o sgfpe =7 | dwE ag«t v fefere
TEFT TS IR AR IRF JEFCOA 2P NATOR SN @l RO @i FE |
o€ MR fold FIE GRS S G d5¢ AER IR (FRIT TG AW (AT




TRF: YFer TRl q3Tel 149

ATSI BEF | SCh HCE (S WN2IF ARSI A Srgrlia 9o @ [y
ISR TPRYE (@FOF 4T = | (bl I 9% IR 717 fofq (& 21171 vy
AR (FFARCE QR @FOR 2T 1 dovo A *RW CILANAMET ToIF 27 997
SIS M oJFFeaqe BT G IHIFA (0P SNSAA Al Melfera HfHBE ST
fTaelfEs AQM ©F T | Svpby A ATIIET AT T APe §F qSared
AT 99T O AfoxFre 2l O (o F@EF | @ Fegfore fef reetmem s
TG T T | g S I W I AN (6 TR 0 €W (F,
> Arelfer Yfestam T PO T @IS G ST S FA | SoLY AT b
ST AR IHIHCE AT (PO FA T @R dpvb’d 59 G ©IF [eeea ©rces
FRCANCH AGTHE R TR SIS NS S =F- I ST “Soioet [l T
ARD® | Soud TR CNMTIF Wi JIETACHT &7 TNy g Y& 1S B | 0T
SHUS AT 3¢ W6 SFI ¥ FTOl (T M ¥ 3T ANRE &S Fwely a7
NI reToifEs =7 sl afexsfe Erenes spao AT M e fFive
APIEF T FE | 50 I97a e g MAifes! Sew 36 | 9 2 o
ZEIGT  FAIT DGIS | (NFFIT (SIYAT ‘I, € 5 (FTFAM 030, Sy, Wiiw e, efssr
RIS
SIoiEe 3oz g @, 55ay’T T@ie WE, e 6t e AR g el
TIGE YEY0ad T | GOITF ITRT S5E8-559d I 7 YR FSATHIE (T (ST |
AT FCA MG (SN ACARTN TGN IO Gifod &9 S0 J=F & T (el
CATBTZAR | §'AR AFWGIRSR Mers FIF Sy fegers | i@ Sieomst s seaasiams
ST | AT TS i v @ (HReFeRT | @ &0 OF, K. SILSIF e o0t -
S589-8b I (AT UF I ST IV FA0Ha AT Taeardia Sfqaa AmIE acwy
WS (BC A TS GIBI o AT ASLAGS ST o5 ZCACR | G Ao N
ATFF AT OF S ZE MG e W AT SR, (T A G T, T &F, S
@I CIRANSTMIR ! Aeiafod TGTed | G AL SO J (I | ST LGHR AT
*PE @ (TS (AT ST AGBIET (R B I3 vy @F qFrorey ol
e I9F <Y YEFT TN | (SO YT 2058 :)
A (o GlEE IR o ARRIGE G [T 20e 5t | @ e IHgT SR
TG SPTAE S(S-
G FHICT S 8 (& RN 07 15 TN | Fp @ FIN 5 (Xeifeet | ]Iy T T
(AT CFCET SN FCR A AT AT, AR 6T TICF | FINE (OCT ACF | QI[N Sfsle]
DI FET0E, QY A, TR A, (SN AAICE N GFp AR AT | .6 (@I o
TN, ‘N (oS IR | L AeE (Ee S M 9 (RN o AR L Ao d
IR GFECS [T KB I S A A ST SAGAACH (R R (AP IR [
@ TS IC TN IE O (F QE? M@ TR T OF ¥ AW | (SO S
2053:209)




150 REv]
o5

3590 9T fARIGCT ST Arer AAefRTe! e F0F | T @t 0 WE sy WEEIfve
T AR 0% T | [FE (GEe IR @F T Q0 @ @0 TS IE |
Ty, @3 FEI6EE AR kg AU EmE 2 SHkd 3w | (Sifed T,
Gifeq Te Ioag (1 Wega TR NIRRT G5, O &M, b 2050:33Y) | S Wb
I wereifEaeid trelfEs Bel-tveam o “fiame (o< Jfre e | afsanm
SRIAT TOFHSSICI © b RFST 2N1feT® 27 | o = STREAM WICHITeTe fof |

V32 RIFIRRFOT Q B S5, TN @I T FATSIBIAT T & WA Sy
IRF q NF SO S emie F0E | A @Y A @Y ST | @ S IR
e Ifegrad W MUl T PIGFR T67 A0 | @ OIEeS Jerad s
T BT | SA I SRR Y& Teawd @fEFe! G Sy Sifed Tee 9o 4IE |
ST (el FHE, ¢ QAT AT R Y& T, GAIF T FATOR A, T
JIE | OF @3 (AR e A T eifer vz e Yfograd I8 o e agd F
Teras TF A Fho Fre wF Fee |

SR ST IE JACS A, BIR AEEH A TSI *7s (oD Soret mof
T T AN T @ | Ff wier S0 (el FAE- WS {5 SAIGS A T
AR AN e 2R | AR T ST G932 @R | . SN SERH A0S A
e 2@CR | SIS AEH TG IS b, G NG 6o bR, IER TF O SLFH B |
..foE norew fraw, S eda T qE0e 7W Q0 IPNRT Feel B0, ARG SIIbICH,
JETH AT A0S O | R0 I Sfog, [T T e 2ferm, AreEa
3oz, ameNE MR 9@ e e e waw 3oz | (wifew T w1 feE
TR (AR GIEGT AT “Tifeq T (AT TRoYR©)

Sfe o7 @3 Sfefie e qiErT IS TR o 4T @ A2 N | fersE
e IEMCR 216 &F- q Wb | “Ig 0e® T Nemme T et @7 Tew
fofe ot v M7 R [Eqrad <42 ToF AEI AZT AfoNer = @ 1" (iR
Y, (13 q B, (FOIF G A, 2000:58%) | (I3 Wa Ty Areifed @
(Few 3% Tpfeca o Poet of Poletics) a3 7l I3 (96l S0, T 14T,
T& T My, IF @ @RI 93 @R NGEE T 6@ TOEI- STIER | (IHF:
(TCERT TWIE, QB 559) |

q BT T@E PN I | IRFT ATHAT IGFDT AT RN SHR, A
VR AREE AR | S ersrsie SR qifve fof 9, ... 9@ w07 vof =it
CSIeT | T [ PR A7 ©I2 I *@q (I FA0e 203 |7 F (STaMIE SHIReT ! 0T 2
@, IFqT TS IOl AJFE TR | QAT T YIoaT @ IFBA S AN
e FRT AR-" (TorS qer TE- K@ T, e 7 gre, w17 83 fie 3T
FroT! |



T G IR GFT8! 151

FAFHT A WHT O SRAT SO P FLE AT OE | 9 Wt e
SR | AT foeT STCve T | et AR, ererw, eres wEmfE | fef @ eraed cifee
Jrad AR TS &fire ey fofy Ife ¢ wiiaer 3201 @00 | o2 o @13 Sfyss
AfATETe IATT *THAE GIF O T, I39 AT ERIRIRAT GRIH T Fesre] I
TS ARCS | T JEiie Aelfer TomRT fafters zrel | aemy JeatoiferR REsar
AR TSORT THIFE ST AN oo e ¢olftoranst S e eeaeena
CSINTMR A1 PR SCE ©IR I 1@ (NHREA FACO 7(F, G QI ©CF A61-916 A1 AT AR
Rfeg wifar 3 oo R At #AifF, (SIRT I I CE, W SIS R, S AAfers
AR | .S (@I TG RN ARCS ARG | SN T TG (H0ifg ©24F (F8 A
VTS ARG | (IF: @OH T, 9 T 3593)
IHFA T© NG, T© WCAE HIE GUACT TN Foniel @ Iqface Weame | o
BreAr e fort A Ifes W Sk dfowr o | fof o2 i wifsse sme
CAIlT TR -
“afr, ST ENEE FIEA, NG QTR eEd S5 512 | w1 ameir e
O TR (BB I T- AN JCA ST IS FAE | LTSIF AT, TSI TZFT SSART
AT (TOCP AT AR (g (S G (ST A 6 Wley, ©IR ffea ege A’ |
(IF: GETCHIT T, Q TB S59D)
ot T SR wRfes TR el FR@E ST @R wfE R |
TR G2 S AL i WiEre Sraeel Iy AR NG I AR Feace
SRS RO AT | ATa o sgiie g *f@vieng Jam i anea® &1
2fSTary | (F 2fSTard FFMRS SING CAT &7 e | =4I [RE9w 2@, T @ Afsnfe
q WA ST ¥ Gifosy o “fy ey @fegy” |

175
o ST, (egm wE TR @l e Qe (GONIEd | WF G (GO
S2ife, JAGNE VAT SRR o qifed Gae g (I Jfege T=0 | [
AN TIF, S HENFROE IO Gced W ¥, 3, WiFeac ard » w91 swg
Yegrm el 2 QI A0 [RITIR e FCACR, #ET FGT AP | I9H4F Q=R
TGS | FU-ARATE CIHR AT TCR AN AT M0 SR AT FEACRT @ TR
Tfey | /T wwe 2, s g wifs ot ageg aFe it el | @ s fofy
faqi@ fors el e (oftares-
G IR SICARPIR foniee SE (iR 6 718 | 9@ &l face #Aif, T 4 3=
T RO S IR | (IAAF: I TS, (ASASIR, & TP 9593)
fafeq ffa e, IoREa QR W3 @e«wF= Toi6I2 IV [ ¢ | (T Jreifera T
PR foraewitr horaRy w3 wifers ke we | @ [Ew g Fow 930!



152 REv]

SR OIF TG ATF O THFOS Al (EHIferd AT Fa0= | ©F SR Tl
A e R AR fofy 7 qreTeT-
SNCA AeIeTa [0y 7261 WS SR | GF6T 2o ST PRIV, S G067 BeT, Sar qreffer” |
AEFreTSl W2 FRPYPTareFe! SMME I0eF N4 I | .64, (7T 75 SEEs N,
e wifed W2 R B Wiy, & weifEme o Wi seEieredel, O3, SI3Ee e
CTATET 4 2 (ST &R 2052:89-8b)
3¢ Wb IFRG IAETWCET TR @Rl Teeta | Qv T S > G 2[R 47 @fosrs
CAIRelT FE- “Yferq 37 @ GI5T T T T, 9 BIEN R 3T 75 (ol iAo | It
8 ©fF TG | $5ad R Wb (AF S5 AT SRIE- @ A Wiy I97g f=ee
APV FRNE FIPE IR 207 | @F TR HEETCR el 4t oo | o 2
e Ifegs | va «fte YR SR AT o kg AT I o @ew
A@fRe wifs T Jfegra M 0T @ fCrme e AR A0 MR TS
T | 592 AT do T BT FRINT (AF J& 0T Wex g qBoifoq «w w0
WG IR AR LTI T Q7o FCE |
AR F T TN FYT GG | FEAREE (P AP sAfegar | e afe =@
TerAifoe fdifae 2o | R @ wLfon b1t be FACe &R FAET AN AfTwHA! | O
TRfeRs Tk foet, Jier G e WA AH-ShewF HL-750dd [ | fofy sreary
FECR (AT AR A 0 | SI2 SIF FF Tl MG SR CTOIE | @ &0 ©,
JET @ NIAGHS IAFS NG Q6T 7Y AWz v frcafee, faw fcafes o wege
THAGN | (IAAFI Wz IR SIS, Al AT, > (TP 20%0:8)
FIA TEE O NGIF FCHT AN 2feZpIs A5F Mt AfsEer T4 wwfa | olF, @3
TEIB! TFIT ANFE FAT SO AN Yfograd 3o W Jfowa w1y I
3foznT | fsfF e NIRRT &= ol “fiaes Fate Grtes; F4l, niw @@ Ife e
(BTACRS | I AT FOF A G S T (04 sAffgroens sAfwifers 27| e
QI o Teoel cafeeem Aeifer Srifoq e w10y | S5y AT ©f2 Il qFa@ TL=ia
g faifbe afsfafy ferias fof w&imer e e | Jfea T3 97 0T oFe ([(9ry S
e SEN (BT *PYS A | AECE TGVEE T o 2ret siifoq et |
FIGE I99F 8 W G 8 SRS TGl T 8 I AL |

(117

fares, e @ geePTeaa A o | I, (o N[ e i st Tigg
SISO SR ©eTCR | e, A, difestel, foar emfias Semi oifear
T T T (TSI | (IR (AT, ST e oifeqer @ sorewifae
oY, ClANSAa JrefEs SR IABE Fol 76T | W@ A TREW, daE «few




T G IR GFT8! 153

(TG | (P 4 @ & 29 | 68 reld IudE S_iRe f2e | [Reast svmsB +i7ifere vt
BfOROR GRS eIy PGB T | S¢ WD Spa¢ IEA HB AFCI SRR ST,
T2 ZoIfs Sfire @ AB qeErw afedrer aog o Yfoge T2 AR Ton
T | JOPIS AN GG AT T | ©RTR B0 (T R0 Aeiron @ g fowrost v
TG FCIF AN | AT SR TR -
(T2 AT SOTTGIRe SR 6 AR T $59¢ 97 3¢ 05 T I Mz | @36 s
QN B 0 W0 | AN (T, G, I, qreieas, el a5, aew @, (=T
JC I @E TR 217 QT @fer s wifvw e Wi g | S fee 3 ez |
SR SRR FRET (O SF | ORI FST $CoT IR | (% BT AR | I SO IR S SR
T AR | (Fhg SRS T T, ST ORI, - AT (<1 YT 200R:¢Y)
58 YT I TV TF I qCF 9T | AFEF IT@! * Mo AR WSS | (7 O=0F
20 S IR QIR AT RO 0T | ST S FI< TSI, TFN S T&AN (A
T SO TAMICT | IR T FEO! ACE | W @F FRT e Bies M | F1 Trars,
SHIG® AT HACS ATF IE0O AITF, (TATS AT | G (3T IGFCD (el FCH-

TS AR NCO SAXNG (AT e
9 IR |

GRTCPI AR =0 (TS (T8 A AT
Q> (AT |

TOFIST AACF IR, W (T SO

e fercad M |
T S1F AT T GAfR |
~(fsfeerg @, itay-=itay (4 &R, 052:¢b)

IHAEA WY AEIoR QA (FRRNS RETOR @@ (7l AW 7 | ARSI 2=
fPra S W AT TGEd Gl 960e 2 @l 77m {98 20e 99+ (@Ier
FABCSH T AN I A1 | O (& AT G TIPS TOIAT 29?2 9T TG Sy
IHAFA e (<Y R TR TR
IGT IIER N ‘WaGh | 3307 Torw 9 Torr 29| 307 (T aF = wEe g}
GFE YR, I SIS 336 Fo-fwe | Ifermas fkifoa g Tom o, 55 se
5 S5¢ T @3 ATCS (@ @I T O ZoT $5q) AR AAEES Afereity azer | 3367
M ST @ 1 HAREE ZF A | (T G Oy F] IAIHCP? N TF (T 2RISR
ety e | (o9 =IFTT, gfoma MeteT, sty Aty o9 Jfer: 205%:598)
(P AVHF OIS AT N A I 77 | (Fl, S 1S AT Goaid 10
L ACF | A (AR L AW §E @ 6 | AT, NI ¥ AMCHT AT S
QR (58 IR | AT IR TG, ieTollas, Taawis =R oitnd *Ife Sws 77, (o= | 2t
Y2re3 W T AR N0l | @R, QT3 AW, AR, FHAAT Yo7 5@ |




154 REv]
®

3¢ ST S5 ¢ IHIHCP AT IR 0T T (1 7eAfeeT | g, PRSI Ty (72 |
O (VYUY ST AT AT gy AT Keeoa g el S @ Aol
T fRf e et TR ARSI A AT SRR | T € | Sy T yay, T
T Te 27 “IoIR &1 IE, A (FEITMT O A 9 | A0S AGS QT ASIHIF el S
TE R | @R’T O HEW, bs-aF T ST (2w, Cqd T [egrad \em a3
‘qQe-ITCEE QT FRE ATGMICTT AT Gaced T MG 29 (AT OR el S[Ce! 7S
T | IR WA (0], AN A oA (ol ot @R Witz g 9% R TSl
Fe I, (TSR 0O (N8 AT | IFIFHA V0o U3 *[S[HITS T (FICAT (Fo! (73 | FF
SRR-

“.... O (FC 78, 0T @71, € IEACHT NGIEXS Tl 0T,
Of @ TR AT, TR TGS ARG
BT @ SR AN, B @B e o,
0 &7, O (€ 78, € (S AT *I7
(6 \STF 7T Bfem;
B (FC T8, 0T &1, T8 IHAIAT N K TSPCed [y dfel T,
Of AIECHT 2 17
(TR T, ‘93 T TCSIAIS)
TG MG T IS TS I3 W elfefamarerons gl feet, fewaa s, o=
o, vt forreta fee A1ta | g (@ ST sTeam Femie foe @1 e A coffda 77
©f TR TG R | O, A GONE YGRCF T Qe Iz Feeld geet
AR | IBRE e AT G, TegE Toived Yrore SRR AR ANH 2@ RO
THFIo FACe AR | TSAET 734 8 @I (ATF AR NACE Y& Mo BIRceT Trore
W S, Y, SRER (A0F TRl fFre 2 | [ 0@ e Srer [ma ey
R ares =@aT Foe Q@ @Y MeifeT IFRET G @ T (1T T9H ATACE A
VSR | (@ TRAT D | T SR e fwm e Seeifre wemife, afdes, wadt
TR W4T @SB vF AT | T @I 8 LTl-TTOred T |3 AW | G&wy @+t
@ FE SR AR T ST LTS | 8 N NGFAT T, Tl ST O ASrod
2P T | O A ALAAA Yol SeAbe = (@ wipiea oo e ey |



T G IR GFT8! 155
wfarae @ St

S, SR PN AR T @9 A6 AT e RO, Waed o $8 GTena z@ie | Ao
I BT, 9F AR (TOT =TT */1R NG T=H {77 S (F9ry (R (*¥ ErgF T=A |
T g SIS AR TAR AER GTTE IRAGF MG BT O P (AT IS A 2 |
MR AT 58y A 8 W DA T ZoTe eifs zia dfevm o wdi emifeRta
Q@A AN AT @ RPN LR TV LG NG | (S ST (A T, @,
T, SIS T, 2058:58Y, $89) | TSR I RGN T I SNSTIRGAICH ST G2
JEICET oY =0 T |
3. FRFA (GG W@ GBI RECATH T{fre T0o AR | QAT SFSMTHC OF (TG a6
ATPIRAT 9T 411 = |
F. AT AT (G0 T Sp0b Wb/ QFRITe, CIRIGET IR CIRANSHAR (AT ST SoRTeF Ifersy
T G @oifEeee SEeE ) are e 7@ T @E @R e I 93 @
TS VL 0 | 49 2feqm Fa0o F0H 78 T THFHCE (@FolT vl 7 G Fofe sfreiney
(T QAMCH | (SPTNIS SR, 2052:59,58) |

<, 358 ITER 5 Wb S STHIECR G SHAZENR Ty (AFOR T, 3¢ T Y& |

%, S58b AR 5> CIbT AT FFIF IHIFHCE TRMAF (AT (@TFOR FET AR d58d A 2
A Y& AT |

9. o et vedl ifem F(bIRIeas w31y RISt ST STHIeTs A 3585 TR S5 «felte 7
TSR TR IS AT Y& 211 |

6. SGEE $21 ffewt (A0 5585 AT 58 SFRE (TSR & IR A TIRF A5 IFT 7 35¢2
TR Y FFAE & AT |

b. 558 AT wo (3 IHF ST AEASH T | T (AT HIPI A0 (@Fela = ¥R 0 e
& I |

7. S5¢h AER 32 FBRA ANGE TP OF (TR ICAF QIR AR 38 T (ST 37 (A& q
Crmea IfE A |

. oL AR b (PR i Tl WL (@FoR 27 IR Sb G Y[ &1 I |

.S58 A AZATS BT AR @FOF T IR Sdue AT $iF [(Fra AFWIRS! 8 e
IS AVITHR ST (TS R 0 ITF FRMS (Sl IR I (FHI SRR (ATF (& 21T |

@B, SHYY AN IE AfSTOE B Wl (o7 I | 43R BT VI HoATF Mead (g s e s
@G | SIF2 (RRIRFSR TRRee (20 M F GFR (A A0 b G T4 IS (@F Ol 5 |

B, Soub ICER Sb TR T IAEHEE AP TGJG AW > 799 AN T Tl GrifeRiet
I FCE AR 3R A FRACSOR 77 ST SRS BT Y0 doud A 3 T I e
FE |

T, 559 AT 3¢ TE (¥ S @R Y BT AT 2RT IFAHE (ATATT REeaest s onfsie
T ST =T | ETATE RS FRAMITE OitF I I A4 2 | S5y AT [ (ATF S5 AT
SiegEfe- @ A v AT e feeee sttt s FEE e g | fofy &ifve 71 yo wte o
(THRPT ST | $9 SIF (@@ AGIS wife T fegra AT «ited qa IIE TamRES
2 | [P, <14 e T2, PR @IEIABT: 2059, S Sl (@74, (<14 QBT 9: ¢-a]



156 REv]

©. IFAFF q WHF SFe A 2oL, TR FeTE 9F AR 8 SRS ST [ SA@w b7

A | (AR TRSERA G Y IR Q9 WA SRe ARRel ket et R[fwm (35

Instructions) et @ | @ wefs Mo ForF [fy Jegran vifere *fe e it =71 f

©f S ST T

3. TTQN 8 AIWHF AT, T 8 FYPRHIE ARFTZ, FZCH0 IR (AR ST AAACS o
AT FACI | O WS ATAGHIT 8 WTwelcad A [e S, veq ¢ A eqoited gel Iy
RISISH

<, JIEACIT A R AfSHI % A

o, SIZTee T (TS S, T el ST SreArSEr A b A @y =
R SAZ O T ¢ Ty FAID WY 2T T | 2feT! WZTSeT 5] T4

T, IVTIZ S TG0 (T HeAbeT SRIES ARFCF | SF T TS FACEAT | IWCIA IS 5o

8. ST, AAITFS A AT LART TS I | TRAPES 0L (Y TR (A &1 e =67 73

5. (T B | O (35 BEIBET 8 SIHF W 92 A0S 2AAE;

7. ARG IT HeTIbe FACS;

., SSFBAT TR FIS B

. TIF @ Gl ISR 0 IS F903 | ReAesr (1391 e ¢ G F41 e =I1t;

@6, (BTN JIETCH KT BIe] AR

5. o, GRS ©32 MR@M@ QT B AR G THACIT NTHIACET HeIW BT FA0S;

. ZPTTSIERTIZ B AR

T, Ry TR SRS APE;

D, I AR AGIRS AR5

of, Alfe 7T FRIRAIR BT AP

©, 4y AR SRS AFCE | AW AW S_FRS AFS;

o, 4 @ G e, T FBAHF SH T@T 8 T AGIRS A | ST AT 8 TS TR Bl
QI | FII ALCF T bl A5

w. IT e 8 *2F ATHNR Bl SJIRS AFL;

o, e @ Tyt et 5eTes;

7. gffpefe et e fsfier @ e FIepTz SJf_pTae ST 5e103;

o1, freIrefEhn, o g @ 71 IR b AFCS;

T, A RS 8 AR AR IO @ AT (o Fafiresia ane F4e 201;

3. fafieei i (@R TR FIERNWT (AT TS T0;

. «fS 8 Guifd ([@oTere! AW Ty e ey FAGI Fer ifeTed A

W, WK FGIF TR 5 5T 200 FIF 0T =G el Fer FAC7 | 26T ~A1fFSITF AL @GTHwe 5o 1 |
e A 5= ey 5e1c7 | T51 NFBIRe WieE 8 o el Fesficaiaes g wifrg
(GIEIGH

T, (BT JIF I FILHT T IS FA;

7. S 8 I FCGER Sl @i [Pve T3 @3z F1e SIfeTe AM;

. JIToH qTers 8 Al IR=est bl AF;

[, TR ST BT AFC;

g, (TPTeR I BT AFCS;




THAF: YR AT GFTS 157

1, S e MR I AR | 9 8 SINF FF WM 20 A1 | IS AW 5 AT | GRIGT AT
T AWM TE I JIENTH FTIFIE GF60s &l e 2@ | (@7 79 IR o7 39, [y 39

AMIT I (FAR TIES A0S Sl T ey 3951 ICF513e A1 39519 Aptefare. TR0 ot s

EGH

7, AT A FACAIE, (o1 AIEF T ble] A

T, 97 T @ gl erami afie i A<e;

T. AT AITF 87 FIE “ISIF TLeg;

. A 2/ TR SR IS Bl AT @2 @77 it TSI IWIRT ¢ AE | (T, P
e T[N, L A AP 2OZT; 2055 Vob-©30)

TRIT AT
14 ST T2 (205%) | SPINIS Sreer. TSIt @ ffese, qrermme, v
(205%) | TG SR 3SR (2 Ffide, qenm, vt
(205%) | SPTIE SIgEIRET. TEFSIHG (2o FifGe, rem=!, v
(R05%) | NG SIGEIRAT, ST (@7 M, e, v
(R05%) | SINIE SIGEIRAT, ST (@7 M, e, v
T, YRR TN (3598) | T (14 (e, JE G, GIt
(14 ST TR (R05R) | SANE SATG&IT, TSSIAG (297 AT, e, G
O, SRS TF (2058) | S NCHET (ATF RidTe!, Pt a1, Giet
oI ST TZTT (205) | TN AT, STIRHT (207 NG, e, vt
(R05%) | NG SIGEIRAT, TBCIHG (@7 M, e, v
QT S ST T (2058) | S SATHIET (ATF FAToT, T e Fm=r, Gist
oI R FZ (2052) | SOTIE SIrq&iaar, TSIl (ept ffitse, e, s
O .S TF (2052) | S AT (AT FIRTT!, R AF=I, 1T
JTSIR W (000) | TIZ A W' | 47) (T2 5[, (TSI I TN, (IO ST 0T, O N,
BT
I T TZ (2052) | PTG A&, ST (opt fficse, e, s
T SEFMR (03R) | ‘g IROR GaRal’- -7t < e [ T, Weeire [ 8 @),
T, It
o R (R05%) | Yo et | Io-Atay () Yferd [Freil, =rRezis [Faf @ Seies], Jiees,
BT
I e TRAI (R059) | SRR @SN | AET GPICL, BT
T, A XA TSN (05b) | FET N TPMER 2foz, eff e A= 2w, vt

Afqat @ exTle

14 AT T e SR feret”, e Rivar, (sv SeEE-seeu)

‘oo fera s et Teifes f&fbar, (o Ses-sebu)

Gife G qorg I Y TRAT (AT JIOTT AT (05%) “Wfeq T, (AF AT
GIfeq &F (05%) | T T o7 (12 Y T=AT (AT GG T (TP AT



158 REv)

SRIE AFE BT (020) | IIRE WS Yo AfSDT AR 727, (5 @R S) T

TIfeq & F (R050) | TfeT TFF 99T (<14 AT T2 I GG, TORT 21, 71220

GIfST &S (205%) | TfeT GG g (14 ferga T=A NI GG, B, BIF |

T, wifeEd TZA (2020) | IRFT WM AW S, wfe gorew afedr Ak d e, (o
FFA:8) BIT

IR @ Il
S (58 T 3598) | ST #AeeF fa-ifE wfxea=, viwet
S (U D 359R) | TR 8 G wifeq Srme=y, Biw
TGO (¢ TR 559¢) | IHTF: TOIF 7™ | B!
TIPS (Y TG 359¢) | THAST: TR (FUR ST LA T5F, B
SIF (Q B 559)) | @CH W, BIFT
(4 ST5 3593 | IR T, BT
FIE TS (5 FFE 554)) | Cererrens, Fiet

(Manuscript received on 10 February, 2021; revised on 07 April, 2021)



Journal of Chittagong College, Vol. 1: 159-169, 2020 ISSN 2788-8711 (Print)
7
G S ARy : eifeTe g SreIar
(NI SR RIS >+

AL

TR S AT AT T A0 T Mz | MgerEe &=y e fores
T el forE TR (TREE ARE | G5 (GOAE AR @0 (& NCHET
S AT AR, S (Nl 7 zeace e Aifzrera aifefs =i |
el oIft, FAPTRTST 8 e_eHF YRR &SR I | 9 = AlfRers W
‘agt e ifEes: Aeifer Tg SfSai@r AN &=t toft TR | AT @3 e[ew
O 77 AfeeT ST STy (oA | (BB IR ARST FH SATH ISCT
T g e wre | W A waw, e, Afes ¢ e afema f[fey
RIS AT A2 e | ewflb @ @ Siter SeaeE S FeEeed | o) Sy
TN T FEF TgeId ©f e agt e Aifzer e wieers= @l | age
MFey AT TeEAe 0, WA W, @9 @M | WG (NAENy A
3fozpt TR CFEs a9 NifRer g Wi S Koo SR SAe e
BCSTCR 0T S 19T | @ e[ea g ©=y WREAM! G7 [T Qe 419 (b8l
IR |

T SIS P, 9T (TN, GF0e 15, Pce WA, Sral-siefsre,

T Il R GF @A M SO R @F (Maaww @fszt e | @a o
(FOACE AT I AT IET AT AT GIe O IR0 GF% JCARCE | Ngorar
T G TAMF T0F BrF AP QT 047 79a @(forg WgE fifere 2rfest @sfo @@ iee |
G2 (TS TN T S¢S AT G0 PRI Swd SEfar I @ Aqrwm
T Tl | SR SfeSia Afodr Sar Tgw 6 ST oA FRE | a3 T
AR 2T TS, 2T AGRASCTT GF GIEr A | GF 17 (A0F < Aed &
W R AT e YA iz | A, Aghes ¢ Aretafos wikwE efosr
FACS (AR |
i@ AfSPia #19 P G2 MG WA (FY I IS R T 57 AR |
FS!, M, 5, TAWIT @ &7 ALy G G 7wy GfSIST Al FCACR | GFC AR
R O %2 S0 T A | GO v Soe &2 AT 06 SR FIoT |
BRI (AT A W2gd T e iR Abe Fmee T e wifk fw aefy
G L2 FST (T2 AR ATHA YfETS qF T bl 38 IR |
‘G T e et
I ST el STol

> SRR SggIo, A ool BB FCeTe, ST

+ Corresponding author: msalambangla72@gmail.com



160 T

G T GeT0R ST S =1
CTII WY Fce i
"R SR SRS SILAMCE TS| FACR
ST G SIZCICE TSI AR
oifi it @t Wil e a7

SHER AT 20 (TP HVACTH FARTIT W 97 elfeqm o F[ o oI
GFR = TReW ARy MF fow 2P qifvgm w=ue e ‘g rEr
(55¢9) | IAET O AW 77 a6 feeT oy Fifke oD | s e s
=P e o e 9 AfRferama @R Wik afedionn =9 o iRy avee ey
T (AF F S | A A WG S, A AR Qe O || 93 (@ S
T YTer AT T | ©1F ST TGy 20T SLIRCET | TP, SOOI o
I AfS e TIPS (S0l STofeeT |

AR wferre «fam zear s, =Iferss, STEN, SRIET I& 0@ el AT 26T *fE
A | G T it TR T 2@ o[ea @i S I 20w Srofert | wee et
< fforedr as Tz Afzey fEq M @ SereEer (TR |

S A @R SRS O (Sl | TR IR e SRl (oMt gafaqe =0
ceteel iR | oftiae e ZRTW Zifre a5 | fofT ey it feee efsam saeem =11, @&
A A (AT R 92 A SIMAT e |

S6¢© AER M6 T dfb aFIMe 27 | U8 TFaAE 5 Qo & F Q@i sk,
Ioe G dTF | ARG NFFE GIYE 8 (SIFeeaT (RO @R G o7 «F FRF Sforey
AR G 20T AF G0 751 |

3 AR Afels @ e wrer | Sifesiv WS TerE afSw @t
wiEeId el e W I | afes sfaer wmradite wfeare wwafee | e o3
AP TFF AT AT IR | I Fwe! Feaferee siovra sfver oSt
TR T [{ew = ¢ T Iz | IR IBRST @12 QiRe IR =0 *R
S BT, S S SIRVER, SNEwe, Soieq IgAW, RM O &F 8 ZPT
Qe T | Fferetes [ for @hb12 AT 8 Al (2 | Semr (I R
e = |



O feq AifRey : Areifer T Sifea@r 161

SE SARE AT T FAE NI O A AW A e[H0A Sies Feh!
TR fow, S\ o Toef FAre AR widee ©ifte zre =@ fof frte wce
grese wifs el ¢ FfBre K e T T ©F &y AR ST T {1 freg
(A | YroOTF Sifod SIEE WK OIF s SITolfEd SLHIaa Syos Jorwal 1’2
T IR SEIO A*8T ZCEA- QAT & IRA IO QNCd FFead wif Sifore
TECR | T A A TSt SRR XY 9 CHG TIPS Teeife SR |

>.0 0 I T T @R R Y eI TaN-tTifer ge,
A T S AR SR (BT, SF (A TS =19 1"
fera Y Acey AAftere FA0e F QAT TR |

2.0 0 1 1 “STRETIF TEICAT OIS AT
Foq(2 farfeeT;
JoF @il e gaers e,
TGS (BT ST, NPT ACICo e g e ('8
GIC I O A AL Gaeei eFfocs N Mees |
o.0 O I I ‘et YT @R =,
SFITHT (FICT IS
QN8 (S0 AR (VT |
FE- © A
9% (ICT I TG
g (09 T A
ST QIR |'¢
T G O AfSHIT CFq FOOT AR e GTFAR G SR |
8. T (N TY (ACATZ AS[(3-
‘R MR S 4 fpea =IPTeae Afaeicd, gioa oI |
PR T© SR SAECF O FF A9 (N2 FACE |
SR T SP PR *2 ewg 17
9T ETS (AT IMAFANE *FFCABIT TS TAE T FACS T NEQ WIN (RCTal
FTOGE M P AR #ATCH O &fero TR |
¢. T BT OF GETS GoTHRC (MCATR O -
(FRTETT AP TTANCS FeTes
AOIS(F 7,
TS TR 11
I G B eiferd “Af5T GreT qC=r |



162 T

b, T SN W ©FF T2 FAT IECS (GRS GOII-
W 4 P G I
9 mne, e A1l vl |
TS T ATIBT (N
S AFF T& P |
COI, N FAIIK NG |’
B ORI T 20O Tge LA 2o ST SIfCaees |

q, (W *SLET 2 ACE0RA-
T T (AT SRR R
AR AR AL
0T ToeT (T2 0 |

(T2 T JCET (1 Ss7eT |’
TeTe! TCe NSOAF [T (78, (TF e PI F AITOIGS AT |
IeE Afeqml FROR (TorRe TNFTFT U Afeqm fee | o foritae @12 owg st |
Tl <[ Arelfer eifers Teaifae wwafee |
SRSIRICET TN AT (T T Yo%’ | FiTore Tefeate et qaa-

b “gfeq R (orerR COMIR? O3 5 I, SN QA 5 (I HAf
QIoT AR (ST | (@ FER FACA (@A IS AE Srets
I Y T AT (AT ST
Yo AT g e (@-omelies
TR I 4T
& Bife, S gfer Ffoqa =Iof BIeTiR
TR TS AT GS! (78 ST |
3059 NI TotetR OieF | OF fF I, (7Y AT AN SOOI SRS A7 100

~gfoq e e Areifera Ft 7o effoela feet o 2fere qr € Ffe |

. I THT SIRVERT FoR efE et I0& (oot o7 Srys |
“STCIT @ 90,
TR FA (FCY (FF
(S (FICT ST
NG WS AT 1 |
BGIRIMC ER TN




O feq AifRey : Areifer T Sifea@r 163

I LT I SIRATTT o] ST DAAGTEN! 28T AN S G LFif*e “Are FaIq
T (S569) IIRFATY “NCalT @1 Ice1” FTIIeT Feif Fie 117 |

0. IATSIS TR JECO (HTACR ATTOII-
TSR G = ©18 TSI (B O (alfelT,
G-I IR SR IPT-">2
PR IR T A GTS QLT GTATRA S TAN |

5. BT Qg TRA et
CONT ST 7P AP T O TTOR TSI J07 QAR >

I 4T IR O IO GO AT AL GHFET T (AR (BB FCACR |
AL BI ANSHN @I RO APl AGTH WA QOIS I WGy @ ANLS
AT ISR (@Rl TeITe 2007 | IR SreITeRMT (GO, (TN ANEr el e
wifsaTar 13w @ 4G FAT AF afedr s from ferm |

‘OF (FFTRT NFAEE elf S A SpTeEe | WeFe eINAd ‘(W W%, AEkm
reERd =T, fEEeT g, FreE S ARG @3k ST F=NEE
‘i feigeTEe (@B RE @13 T @ Sefoe Tfee | afsfs oy agem s
foca qfow | ofew o, 2ol g sl @ swe =% ot iy paesiReiT 0 Seotg |
(AT (IO T8 O el FffBre [Rew il @z | Afgeem wfve vfe’ o
G g6 Fo1F &0 o AT B R S AP T T61 TR AP IegeT
B QEICO HRMIAOT AR |

*GFS SR ‘Gl 9 56 (T (Goa ooy 4F Bena [{eafoe | aft seirgze
I GG (R | S AT (T AN GF T PO (NFRR ettt Frered fomreeet
(B (FOOZ @A ©F3 7 0 | 5TS OFfo I, IR Nexy ez [feg a@r | v,
@I, GiEON, FO7 A2 @ Y03 SN R (FETCR | I TG A7 oo 07
MR I

TEF @R BT T AR SR | ACIER TS WS O SO N A
OISR AW (@IBIT T TGN S T2 (AF LI TS FO @A A=y e | =25
GT T3 W& A77 | Ry R 74128 S | 07 veicz g 19y w@ial | 9F AN g
BB I0T AFCS (Y Jw GBIN GICE SSAM FCE T, X X FIANE I (O
TSR Triwret | 6 (AT AR SR (=02 ST (@ ©IeE @fe] B T8

Joad G e O ST AR QW JACH ol fcafeet |

oo T O ‘GI6 @SR TR FEH0 Aol TN @IS Soe AR a7
SISl @ #It7 906 ST IR ToaF K7 Y7 ST AN Qe LT |




164 T

@I SITT T TR (14F *% W0 TR 2R (SR (53 FCACH | 93 AN B
NG R SNFFIF (GIYRT AMb-
IR SR IS AGICAT QK (P
iyt & gfercs onfa
(RCAZAT *I® 0T OEF GT @ (TP
it & gferce onfa
oifyy i gferce onfa 175¢

«fs e Fe! RO Ab© | ARASITe QA ARGE #AoF @ TAeTorF M FAETH
TN | ST AT GG Aot 49 N9 RENT drere qrelfem qned =isl e 20
o MTe F9t o7T© T |
93 A faory MG FIrdtes (SrFess @Ie-
‘T WY AT TS ST T IR
G IR
7T V2 T[T IS “ISiF $ra ger 4f
G RIS
(OIS e i 750

SRR I LT (AL T, A G GFCR oTS (FRTe Mo zre |

Q3 AFEER AT @RI o1 g Sy stz | 2formt ferace Py fsfy feziom
AT AFHACE QT AN | G Teaifes 2o e «iawes SNl Sewecas S
OIS |

‘G CFFIAT QAT AT AN (13 AN ST IO Iy wewet R Ao
A QYT QIGEA TR R | ST A0 AW R @F el A Aot Feaces
TYTHIR O FI FAI I TR |

G TSI T GO (FFTE AFCE (@ P o7 dvey A GFeeF e
GF AT @9 AR | [T 14T T AENNEE @A “ QIO HFaT - A0
7Ete ARSI NS SAPTYE WICHT ML G AFeqera vl [Kifroei siwes #f1f | 9%
e Tl fof ToaTe (AT T IR I O @RI T IR0 | ST Tt
IR fE. @ AW 8 TTRIT T | AFTF BT FIEE ST | 08, *IQ ¢¢ (@T
(AT P | A oot G B! A6 AT | I2HBTS AT (7R W02 - 79 #{fe@ @ ATz
AT 2R EIE IS | Fd AT AL A0 - I8/ oo 98 TR (@, 9FHTH
I @ FEH0 @A @2 Aty GFIRe 2R | A ATIE! TN KR BT @
IR | TG AR RATS “ GG 5 S FAFea STELCRINT @TATTET N A |
G NH TTF O (WCHETT 2 | ARG, ©F A (74T W0er 108 ooy 55w | b1 =4
el S O RIFCRIGE (N0 “AFOIAT A 51T (FFE qee (el | e efee
EIfe 9 WoTe o #teiee FHAET TRLFR (T e T @@ | @12 o @



O feq AifRey : Areifer T Sifea@r 165

GRS FICR NG T8 20 | FAE o1 o9 42 30 (25 @36 s Biasfegen
M0 SR FHIE AE I IFAT | T ST G0 AT Sy AT I 935 ("5 e |

O3 STYRE F0 TR S 0T AT AR (GOAICE (I I (B3 FTo | ol
RS T W3 G ACHT AT W | AT T 6 IS IR | A6 00y orar
A oy AL (Tol MECT 27 AT ANL AR AFe07 LIHF TP
CIGITTET | RIS (TR (GG @ WRemia Sz o g «de 59 Jerornag asfo
3fozrT IS g% AR | AT TG AFLNT & et AT @I =G T e Srar
SR SfPIESICTT A ¢ ©APTa G o< | e_eRe R oo ‘ageed wraidt @
NI AR eF (ol | fofi 4B e ARl IR “IEE ST W afeve
WRIE QTR 24l SISATe T8 G (@FI2T ASeAres, ANfes, wdafes ¢ AFfes
ST AT G FICA AT FAAT 1 S & [0 ST 0 9F0T @ ar
SICHI ST A ANACE [T FACS IR 7Y

O3 I (A8 o SRl AT (SIFTeEeT (RITIAR G5 QRO A FINF T67 | (T3
ToAIT PR MeE el GFPaT-

fAr 47 I e
A IO (0
TG SR (Sl
(S0 YR T e
@3 iR = e
IR [ R GESARCACI RIS
T YOO (MG 1°3P

2RI ZIRFEE T=AT TS GF PR, 27 NS ANRLOTRRIRN N PR G
TFET AT O3 B SR AT AMCoF RO HeFee | Lol Py ARFIT
TSR PICR 1261 T 0T 24T 2Bl AR |

GTHCE T SRS TN AT e ARy I A0® IR | FIITAR W04 PF™ig =g
T b “ToRRIfes” FIET ‘a0 (TR FRSIT NGRS AL |
(TN 1T 6 e/ e 2eafee,
JFafFes e 8 (oH¥ice
o et e e
IV @IS @32 s g el
TR @ (e 2foqe
o At o Sfearar
T SR ENEE IFG AT 2°




166 T

TR MR GFCAR AT FITSI MR-
‘G TR SPICR, T2 APTCR SRR PR

G T TSTS T, ST
97 7, &
G T =LA AT =7
QFH T G, ST, S 172
e TCOT MW @M T ZETe A J AF AT O A IS @aF

of e qOCR | Tied AN WEE FFA (Sdbh) U@ [T =HAT | 93
AT R AT “ o1 Fe N6 fog fawd 27" TATIER N@ICE SOILRe F0q
QR | S W Ao Ao Gt Seam’ (Sob¢), Gl @EITR Afhe Ge’
(55b)) @ “faea TRl (Sob-q) Reraea Sy |

‘Tifre T TAMITT G @ 3989 AE (WX TSIt 2RTST NT (ATF S5
AT S SACHET S WOl (IAE IBAGISNT Fow QETTRT | @3 NG Srofe
3fozT 8 Tifore SR T @ I T ACE |

fReT TR TO (T4 SOy WS AASECE QT TR | TASE (@ g Tead
NS T TATICT QT TR AT AR OFF | SftMd L G 59, T eed,
A IR @R #Ifzfo® TAetet TREifbe stad s ST [Rbae FEee |

JET QIS (AF AW AR TS GFR NG WO GF0 e Sob-8 AT
AFIS =T | (T2 T O ACHENE (T I @1 57 @borg abe 2@z | Fme sz
Tt S, AT AL @AY I, Gfeq IR A=A 8 ICAF(G A,
e SR ‘T W 3o, TPeT AR GIIER FoFRT SIgL@ | GRSl GAferat
Aiferr A <M (T 39 QR e 1M GRCIR IR S ARG Rt
QAT AT ZACH [T BI AT 0 AR | A7 (RIGICH ST ATHIEC (@196 Te
8 Iy Tyife ST uF «3fb T @ Afes Ga fox FweE ToFIfre 2mee |

G T Ab® O ATHEET e Fiqe! TS RET Mo @R | S/ Aforwa
fare AN1iG @ @ofest el S | R ol e (e reifera AT efeqima
G SHIR |

"] NI YO ST
el face ory
G T AR 1T 2

I ZCS AT 'R
GO (TN BT O AN W e AifRey fFifie e e | 92! afsfrre
feT0 AR W2 AR (LIS @R | @ffo Iuq el qIitey a3 e [feg @@=
oRF A FCE APTE | QTG NG 2F A0© O ACHEES AW SZH (@ 2o
AR AL | (O ST ekFw TWeTe W3 Q3 SRl SR Serew e fReE @




O feq AifRey : Areifer T Sifea@r 167

S R | [ e Iy ACAfTeas e’ @ Jiee oral Raws @%iR =ik 240
A 8 O ATV BN AT IR AT N ¢ S (GOAE AT
e FCT 0T SR KT |

THRY ] e TN AT SN AR GFF ARCO O wfers | Srat
e 36 facs P fsfT IeTtes- < 358Y AN Tadis UFFed JIE SRE wilka
Gy T FCARE | O SN RT oe, Swsiel Gfeieg ST | FRe S A0S O
mm,mmwammwwwmwwmm|
TGO AT (ST TS T FACS AN T | ST SToICel vl QIlley & e
SIS’ TR BYN@ JEE AZOR MR FACe BIF T2 | SR (G ISR A
THS AT T4 (T, ©te TG 712 | 7€ Arelferd u2 TWRIGIR S gaero! A
&0 B TR 1720

S ST T IoFE @2 TSR NG SRR AL A9 A SRS o
T |

O N IIET TFF FRI FIO], RET 8 AW JRCR | I AT W 70© G GF0
T A AR T TG |

‘(TP 9P eIy
TR @K S
BERIC A EXSRIEY
R0 99 |
grere (o e e
QOIS TS I
framafe 3R =it
foeicas Fal '8

TR |

S SACHECER (FI2I0E Cofd g o7t M50 AT 47 F | CIUHCE JAF IR
(55¢®) RTITeIE SEREPT SNF @At= | F99 0% A To0Ea 44w efoqmr
TN | 92 FI5CT WG AT *Peea [eera Swifie 2 Afeame o2 o= | @l
e vififas yrer S 2V I90E 91 ASTR LS FEAT 9T ABCF MHEe TR
Melfer @F7 *fex wrome | 2w siab e gamE AfkTw aors | et reifer
wifex efedmr rea 4T SF (o b AR vt e bl itz | =
T Tiecaa sl 2w Seotz Ol TN Tiew QYiF TS | JH| Fea T3 HeF w
0T TT: ‘(ORI (@A (afer? I g Wiwr T W | erereife w0 @ | A St w
Ty o | wfeT! wfer 2! S wea T WY 9! 99 AT T T i e




168 T

T T T @ ST K AN Sed G (T 8 QfcEd f[erm w0l mield |
SRAGTER e @6 [ e w14z 3fre wifimfrs 23 | wfa faedr 21w “ameifer
fEred fofe 8 ST S AfeTe @en @ 'Y gfeqms avF @ E Afer2
e | @ g I (@7 TG GIRIT @RI T8 | Aol Swaie eaw qve R@re
(35bbr) TBFH ST A AT SNSRI AOT WieTel FF AT N0 [ FI
TS WRITS! FRACZ | GRIGT G Tef A PlosT =R O &, (R > =0T
‘AT S ZE FI6F Y08 IRET IFHE W AMDe A A | @7 Fo0e
G ST (GO T A TSI T GOICR |

QIR RSy AR LT @ T Sfyes wowg BT Fie IR | G0 SPAr=mizes
TG @ ABASTTT NFIEHT AT &l [oreiey fcaces, ©ima F9eE sl w19 et
OFI TR ETLFT 93 TR ATy T4 IR | G o7 Afeey vy @ TeEd FA
TR ALFRCE AT FCACR ©F - FGo! TG ST 28 (2FelT AR | ol
N, TOATHA-TBCE @ IF ANMCST GFIT AT (GOl ™IBONI T ATIR | ARG G
freq TfRers TGy wa ATel TMfReres wgNen WCWENAe oA FCACR | A
T F AT ATIS! AN o7 FCAR S5 AN | I GFCR RSy WiAwacs
Teelfqe 07, AW (A, (@R @I | SR I AAT T G FCF AN AL 5ere
FRRST I | ST SATHIECES (TETT A5 SF6ZPT I A T W | S GO
O I AROIF 7 FACR | (ADENT A QLACR AN Sy SIGIRCE | OISl
OFF [ oK ) e afe I=F JAE GFICEN GFHTE [ T I veemer [feg
AfReTF | JET GIFICCT AT I SACAF I2CAT | 98 ISR T4 AT 9o iRy
ST 6T 8 Y J0 ¢ WA o |

i S 8 wripife:

>. WRR CoT ST BT 5 FHCe i FIAF AT 3T G, SR (@, BB, Soebr, - S0
00y, - W

o, *R ARA, G0 P, AR, -

8. RRRA Sfwe 41 SR, 90 A, A, 7- 03

€. Re oAl RIS, 9o P, S, - 00

Y, TGO ERIA, GFC A, &S, 7- 0u

q. ST OIYET, e P, A, - 85

b, SN, G0 @A, RS, - 8¢

5. BTV *IPJT &, G0+ (R, IS, 7- 89

So. SETISTwa ST @MW, G PR, A, 7- 04



5. WY G SIRVER, GFC* (A, TS, - 83

SR, STSTSH FRAN, 0+ PRI, S, - 8

9. TP RIRFGH T, GFCT @A, A, 7- 86

38. XGF© G, ‘GIIF ', GFC* P!, IS, 7- bd

5¢. STRGA SFER G, 9P FFAR, A, - do¢

Y, (OIS RITT, G (P, A, 7- d0q

4. Arts. bdnews24.com, 25 TR 00

S, FETE

5. e

0. Fd®

2. e

R, SR S{OF: ST AN (FIF A, A GFCSH, BIF, Sobe, - 55-53

0. (¥ YfEIA TRA: FoTNIE FQIGIT, ESNSIAG (@ fot:, BT, 2059, #1-, S5a-dobr
8. SE AW &P FT, FGAMIF S, BIF, 205, FI- 200

2. YR COIYRT: 647 TV, (AT NS, IET GICE, BIF, Sodb, 7- 839
Q. SIRGM INGETT: ST FICATTes RSy, 2REI AR, BT -d000, 059, - b0

(Manuscript received on 14 March, 2021; revised on 15 April, 2021)

169



170



171

INSTRUCTIONS TO CONTRIBUTORS

JOURNAL OF CHITTAGONG COLLEGE is a bi-lingual (Bangla & English) multi-disciplinary and peer-
reviewed research journal. Each volume of journal is published in December every year.

Preparation of manuscripts

The following instructions should be followed strictly during the preparation of the manuscript:
Paper size should be A4

Text should be typed in Times New Roman (font size 12) for English articles

Bengali articles should be typed in NikoshBAN (font size 14)

Margins should be one inch (1) from all sides

Text double - spaced, not single spaced

No page numbers or headers within the manuscript

Figures placed within the text, not attached at the end of the manuscript

Manuscript should be printed on one side of the paper

Manuscript text should be in MS Word (.doc or .docx)

It is better to avoid use of abbreviation(s) within the text

Scientific names should be in italics

Plagiarism must be checked before submission

Article should not be exceeding more than 20 journal pages including tables, figures, graphs
and/or references

el e el el el el el el el e e el el

Layout of the Manuscript: The manuscript should contain the following sub-titles in sequence: Title,
Author(s) Name and address, Abstract, Keywords, Introduction, Materials and Methods, Results,
Discussion, (or Results and Discussion together), Conclusion (if any), Acknowledgements (if any) and
References.

Title: The title of the paper must be brief and specific.

Author(s) Name and address: Below the title, names of all authors should be written and their
mailing addresses, e-mail address of corresponding author should be mentioned below the text. The
corresponding author is the one to whom all the correspondences (queries, revisions, etc.) are sent by
the Journal site.

Abstract: A concise and factual abstract is necessary (maximum length of 250 words). The abstract
should indicate the objective and exact results of the study.

Keywords: Maximum eight keywords representing the main content of the article. Keywords must be
started with capital form and arranged alphabetically. Each keyword must be separated from others by
using a coma.

Introduction: The Introduction should contain a precise statement of the aim and novelty of the
study; a brief revelation of previous relevant works with references.

Materials and methods: Describe the materials and procedures with special reference to
experimental design and statistical analysis.

Results: Results clearly outline the visible outcomes of the study. This section should be stated
concisely without comment. There should not be any repetition of your table and figure.

Discussion: Author(s) should discuss their findings comparing with those of the others and always
highlight their own findings clearly. A combined Result and Discussion section is often appropriate.

Conclusions (if any): Must be in conformity with the objectives mentioned in the Introduction.

Acknowledgement (if any): Individuals, institution, sponsor, organization or bodies can be
acknowledged in the article for their contribution or financial or any form of assistance to the work.
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Tables, Graphs and Figures: The article should have least number of tables, graphs, and figures. All
tables, graphs, figures, including charts, plates and photographs should be mentioned in the text and
numbered consecutively with Arabic numerals (1, 2, 3). Table title should be placed above the table.
The same data should not be used for the tables, graphs and figures. Single spaces should be
maintained throughout the lines of the table.

References: The reference list is not usually checked by the editorial board or reviewer. It is the sole
responsibility of author to provide correct information. References should be arranged alphabetically
and then further arranged chronologically if necessary. The letters "a", "b", "c¢", etc. should be placed
after the year of publication, in case of identifying more than one reference from the same author(s)
in the same year. Author uses the APA style citation system (American Psychological Association).
Please ensure the references both in text and in the reference list. You are referred to the "Publication
Manual of the American Psychological Association", and you may get relevant information at
Www.apa.org

Information concerning the APA-style citation system can also be found at
http://linguistics.byu.edu/faculty/henrichsenl/apa/apa01.html

Examples:

Reference of a journal

Steckler, A., McLeroy, K. R., Goodman, R. M., Bird, S. T., & McCormick, L. (1992). Toward
integrating qualitative and quantitative methods: An introduction. Health Education Quarterly, 19(1),
1-8.

Reference of a book
Denzin, N., & Lincoln, Y. S. (2000). Handbook of qualitative research (2nd ed.). Thousand Oaks,
CA: Sage.

Reference of a book's chapter
Creswell, J. W., & Maietta, R. C. (2002). Qualitative research. In N. J. Salkind (Ed.), Handbook of
social research (2nd ed., pp. 143-184). Thousand Oaks, CA: Sage.

Reference of a Magazine
Peterzell, J. (1990, April). Better late than never. Time, 135(17), 20-21.

Appendices: Please be sparing in the use of appendices unless they are absolutely necessary, the
appendixes should be numbered as, Appendix A, Appendix B, etc.

Proofs: Proofs will be sent to the corresponding author and should be returned to the Executive
Editor within 5 days after receiving. Alterations in proofs other than the correction of misprints are
discouraged.

Publication fee: There is no article processing fee or publication fee. It is completely free.

Declaration: The author(s) must sign a declaration certifying that the work was carried out by
him/her (them) and the contents of the paper were not published before or submitted for publication
in any referred scientific journal.

Submission: Two hard copies of the manuscript can be sent to The Executive Editor, Journal of
Chittagong College, Chittagong College, Chattogram, Bangladesh. Mobile: 01715149080, E-mail:
reaz705@ yahoo.com. Articles will be reviewed by one or more experts in the relevant subject and
evaluated by the Editorial Board for publication. Any articles considered of inadequate quality or
inappropriate format for the Journal may be returned to author(s) without review. The cover letter
needs to be signed by all authors in case of multiple authorship.
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