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Father of the Nation Bangabandhu Sheikh Mujibur Rahman
Bangabandhu established the legal entitlements of Bangladesh maritime areas and
marine resources by passing the "Territorial Waters and Maritime Zones Act-1974"





"There is a link between the development of human civilization and ocean.
The nearer a society is to the ocean; the better the life is of its members (14th HACGAM, 2018)"

Honorable Prime Minister Sheikh Hasina at Inani Sea Beach, Cox's Bazar (6 May, 2017)

(Photo : PID)

- Sheikh Hasina





Arch. Yeafesh Osman
Minister

Ministry of Science and Technology
Government of the People's Republic of Bangladesh

(Architect Yeafesh Osman)

I am pleased to learn that Bangladesh Oceanographic Research Institute 
(BORI) will publish its Annual Report for the fiscal year 2021-2022. I hope 
this report reflects all the research and development works undertaken by 
BORI during the year.

Father of the Nation Bangabandhu Sheikh Mujibur Rahman had a dream to 
develop a happy, wealthy and prosperous Bangladesh. To materialize 
Bangabandhu's dream, Honorable Prime Minister Sheikh Hasina declared 
national strategic plan and emphasized on Blue Economy for further social 
progress.

Ocean Economy is an essential development issue in order to make the best 
uses of marine resources for long lasting rapid improvement. Ocean 
resources not only provide food and energy but also a driving force for 
economic system. Government has taken measures to secure sustainable use 
of ocean resources.

I hope BORI will continue to make progress in the field of ocean research to 
fulfill the dream of our Father of the Nation.

Joy Bangla,
Joy Bangabandhu.

MESSAGEMESSAGE





Ziaul Hasan ndc

Senior Secretary
Ministry of Science and Technology

Government of the People's Republic of Bangladesh

(Ziaul Hasan ndc)

Bangladesh Oceanographic Research Institute (BORI) has been publishing 
annual reports since its inception. I am delighted to know that in continuation 
to previous annual reports, BORI will publish its annual report 2022 focusing 
on research achievements including other institutional activities undertaken 
during the fiscal year 2021-2022.

It was the aspiration of the Father of the Nation Bangabandhu Sheikh 
Mujibur Rahman to establish and enjoy sovereign right in our sea area. 
Holding the same spirit and being committed to pursue the said objective, 
his daughter Honorable Prime Minister Sheikh Hasina has settled our 
maritime boundary by dint of her prudent leadership and now we have a 
ownership on vast blue water in the Bay of Bengal.

BORI has the mandates to assess the existing resources in the vast water 
body of the Bay of Bengal and help the concerned agencies to explore 
those resources sustainable for the socioeconomic upliftment of our country. 
The Ministry of Science and Technology (MoST) has been rendering requisite 
policy, financial and administrative supports to BORI from the beginning. 
With due motivation and hard work under the capable leadership, BORI has 
already achieved substantial progress in terms of conducting survey, data 
collection, resource mapping, research and dissemination of research based 
outcomes. The research findings of BORI will potentially help to formulate 
Marine Spatial Planning (MSP) and Blue Economy related policy for 
Bangladesh.

Having perceived some visible progress attained by BORI within its purview, 
I would like to heartily thank the scientists, researchers and concerned 
employees of BORI for their diligence and devotion to responsibilities. I 
believe that their continuous engagement in this process will inevitably bring 
forth enormous beneficial outcomes for the nation.

MESSAGEMESSAGE





Sayeed Mahmood Belal Haider
Director General (Additional Secretary)
Bangladesh Oceanographic Research Institute

Ministry of Science and Technology

Bangladesh Oceanographic Research Institute (BORI), nation's only ocean research organization, 
working endlessly for sustainable ocean resource extraction since its inception.

The Father of the Nation Bangabandhu Sheikh Mujibur Rahman primarily initializes ocean 
governance by passing 'Territorial Waters and Maritime Zones Act' in 1974. His dream is cherished 
through setting up National Ocean Research Institute by Honorable Prime Minister Sheikh Hasina. At 
present, BORI is conducting research on every aspects of oceanography. 

Research activity of BORI not only comprehended to national plans but directed to international also. 
Blue economy as an integral part of socio-economic development globally, BORI consecutively taking 
its research activities to achieve highest benefits from the ocean.     

Last year BORI scientists went through with 08 (Eight) scientific research on the perspective of 
distribution mechanism of physicochemical parameters, coastal blue carbon stock assessment, 
feasibility of coastal aquaculture, abundance & distribution of coastal phytoplankton, micro-plastic 
distribution in water, sediment & fish species, offshore sedimentological & mineralogical classification, 
explore agarophyte and carragenophyte to optimization phycocolloids and status of oil-grease 
pollution along the south eastern coastal waters. In addition to BORI's regular R&D projects, the 
scientists also received special grants for two projects from the Ministry of Science and Technology.

BORI organized both national and international seminars to disseminate acquired oceanographic 
knowledge to related stakeholders for social betterment. Special initiative has been taken to 
conservation & preservation of Horseshoe Crabs of the Bay of Bengal, Bangladesh. Beside that 
BORI responded rapidly in oceanic abnormal incident, such as- beaching of large dead whale, 
turtles, dolphins etc. in Cox's Bazar coast. Both BORI & National Museum of Science and Technology 
(NMST) have been working together to preserve the 'skeletal frame' of the dead whale for further 
research.

BORI is implementing "Bangladesh Oceanographic Research Institute (2nd Phase)" development 
project funded by GoB to acquire a 32-meter Sample Collecting Boat (Small R/V), an Ocean 
Observation System and lots of sampling and analytical equipment. An international hostel cum 
training center and Engineering Workshop for maintenance services and ocean instrumentation will 
be constructed under this project. 

BORI is also engaged in administrative, financial, engineering, ICT, and other activities to help 
scientists do their best research. BORI also celebrates national holidays with due respect and 
reverence.

Like every year, BORI publishes its 2022 Annual Report, pondering the accomplishments of its 
scientific researches and the advancement of associated functions. Thanks to all who have 
successfully prepared this report.

PREFACEPREFACE

(Sayeed Mahmood Belal Haider)
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It is my great pleasure to work in this Annual Report-2022. I would like to thank Mr. Sayeed 
Mahmood Belal Haider, DG, BORI for his innovative inputs to enrich this report. I am grateful to 
all divisional heads & scientists for their resourceful contribution. Special thanks to Board of 
Editors for their timely support. I also thank each and every person who has helped me directly 
or indirectly to complete this report successfully.

Abu Sharif Md. Mahbub-E-Kibria
Executive Editor

Senior Scientific Officer & Head
Environmental Oceanography and Climate

Bangladesh Oceanographic Research Institute
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@ Mahbub Kibria

uture
Planning

Acquisition of a modern oceanographic 
Research Vessel. 
Establishment of art of the state Marine 
Aquarium at Cox's Bazar.
Set up of a modern Oceanographic Data 
Center.
Establishment of a modern Training 
Center cum International Hostel, scientific 
workshop and marine biological culture 
unit.
Procurement of modern equipment for 
effective research. 
Implementation of short-mid-long term 
planning for sustainable Blue Economic 
growth.

20



Bangladesh
Oceanographic

Research Institute (BORI)CHAPTER

@ Shafiqul Islam

Bangladesh Oceanographic Research 
Institute (BORI) is the first and only national 
research institution on marine science in 
Bangladesh, which will be able to play an 
important role in ensuring the development 
of Blue Economy.

After winning the maritime boundary settlement case with Myanmar on March 14, 2012 and 
India on July 7, 2014, Bangladesh achieved sovereign rights to a total of 1,18,813 square 
kilometers of sea area, 200 nautical miles of exclusive economic zone, and all types of 
living and non-living ocean resources. If Bangladesh can ensure the sustainable use of the 
ocean resources, then the economy of Bangladesh will progress faster. The potential for 
setting up an international level ocean research institution, development of integrated 
coastal zone management, mining of mineral resources, and proper utilization of ocean 
resources including development of tourism and mariculture have increased the interest of 
the international community towards the Blue Economy in Bangladesh. The prospect of this 
newly developed sector is unlimited. For this reason, BORI will be able to play an important 
role in oceanographic research and create skilled manpower. The organization will work to 
conduct all the activities as a focal point of Bangladesh at national and international levels 
in the field of oceanography. Besides conducting its own research, BORI will assist in the 
research work of other local or foreign organizations, colleges and universities as well.
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After receiving the recommendation of 
the review committee, the decision of 
establishing the National 
Oceanographic Research Institute was 
acceptedin 2000. In order to ensure 
proper utilization of marine resources, 
a project under the Ministry of Science 
and Technology was adopted in the 
period from June 2000 to July 2005 
for the establishment of National 
Oceanographic Research Institute (1st 
Phase). After a long time in 2009, the 
visible progress of the establishment 
of National Oceanographic Research 
Institute (NORI) was achieved through 
the intensive initiative of Honorable 
Prime Minister Sheikh Hasina. When 
presenting the proposal for 
establishing the institute on 4 acres of 
land in the ECNEC meeting on 
02/07/2009, Honorable Prime 

Minister extended the amount of land 
to 40 acres instead of 4 acres. She 
also ordered to redesign and 
represent the project including 
laboratory, residential building, club 
building, playground, school 
buildingand marine aquarium with 
international quality. Acquisition of 40 
acresof land in Jungle Goalia Palang 
Mouza of Khunia Palang Union of 
Ramu Upazila of Cox's Bazar district 
was completed in 2010. The 
establishment project was 
implemented at a cost of Taka 
102.80 crore. Under the heading of 
"National Oceanographic Research 
Institute Establishment Project (NORIP) 
(1st phase) (2nd Revised)" has been 
constructedwith 13 buildings including 
3-storey Institute building with 
laboratory, 5-storey 3 officer 

quarters & 2 staff quarters, 1 Director 
General's Bungalow, 2-storey 1 
Officer Dormitory & 1 staff 
Dormitory, 3-storey 1 Club Building & 
1 Rest House, 5-storey 1 security 
personnel building, and 2-storey 1 
school-cum- Medical Centre. Initially 
BORI has been purchased about 
1096 nos. of scientific instruments for 
oceanographic research. For the 
implementation of the overall function 
of the project, 14 officials were 
working including 1 senior scientific 
officer, 3 scientific officers, 1 
administrative officer and other 
employees. In addition, under the 
project, there was 1 platoon Ansar & 
VDP members for the safety of the 
Institute and 8 daily-basis manpower 
to keep the Institute premises neat and 
clean.

@
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The Father of the Nation Bangabandhu Sheikh Mujibur Rahman initiated the 
establishment of ocean research institute in 1973 with the aim to enrich the 
country's economy and reducing poverty through exploring, exploiting and 
conserving valuable resources of the Bay of Bengal. But after the brutal 
and tragic killing of Bangabandhu in 1975, that initiative totally stops. In 
1996, Honorable Prime Minister Sheikh Hasina constituted a Review 
Committee for the establishment of National Institute of Ocean Science.

22



The Bangladesh Oceanographic Research Institute (BORI) has emerged as an 
independent organization. It is the first and only national institution in the field of 

marine science. This institution will be able to play an important role in the 
exploration and development of country's marine resources and play a leading 
role in revenue earnings. Multiple research and development programs will be 

conducted in each of the research departments. Successful implementation of 
the current action plan will be possible through the development of sustainable 

technology in the country, achieving poverty alleviation programs and various 
development targets of the United Nations. Future research activities will be 

expanded more widely. If this institute effectively handles the management of the 
sea related research activities, application of research results and management 

of all the related activities, Bangladesh will emerge as a prosperous and 
developed country by using marine resources. We have won the sea under the 

dynamic and visionary leadership of the daughter of Bangabandhu, Prime 
Minister Sheikh Hasina, and there is no doubt that we will soon emerge as a 

developed nation using the sea resources. There are two wings of BORI. One is 
Research wing and another is Admin, Planning & Finance wing.

              Research Wing

1. Physical and Space Oceanography

2. Geological Oceanography

3. Chemical Oceanography

4. Biological Oceanography

5. Environmental Oceanography
    and Climate

6. Oceanographic Data Center 

 Admin, Planning & Finance Wing

1. Administrative Division

2. Accounts & Finance Division

3. Engineering Division

4. Information Management Division
ICT Cell
Library Cell

5. Medical Center

On 5 March 2015, "Bangladesh 
Oceanographic Research Institute Act, 
2015" was passed in the national 
parliament for the keen endeavor of 
the present Honorable Minister Architect 
Yeafesh Osman of the Ministry of 
Science and Technology. It was a great 
achievement for oceanographic 
research. The institute has been 
established on 08/09/2015 with the 
powers given in sub-section (1) of 3 of 

"Bangladesh Oceanographic Research 
Institute Act, 2015" (Act 07 of 2015). 
On 19/05/2017, for the appointment 
of officer and staff the 'employment 
regulatory of Bangladesh 
Oceanographic Research Institute, 
2017' was issued. A total of 223 posts 
have been created for the institute. The 
first meeting of the Board of Governors 
of BORI was held on 25/05/2017. The 
organogram of BORI comprises 2 

wings. Among them one is research 
wing (6 research divisions) and the 
other is administrative wing including 
engineering sector, medical centre, ICT 
and library cell. Considering the seer 
thoughts of Honorable Prime Minister 
Sheikh Hasina, initiatives have already 
been taken to establish a Marine 
Aquarium of international quality in the 
institute premises for ocean research & 
tourism.

@ Mahbub Kibria

BORI
at a Glance
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Mission of
BORI

Vision of
BORI

@ Sultan Al Nahian

Development of mineral, agriculture, fisheries, environment 
and industrial sectors through utilization of sea resources 
and the development of environmentally friendly and 
sustainable technology and research activities to increase 
productivity for the benefits of mankind. 

To improve knowledge related to maritime education, 
research, training and development of knowledge related 
to the research and use of sea resources and to take 
action to protect the environment.

To search all living creatures of the sea and to expedite 
sustainable production of those resources for economic 
welfare.

Identity and research the presence of offshore island, 
coastal areas and ocean bottom minerals, placer deposits, 
coal, oil and other minerals including gas.

Study of hydrography, sedimentation, astrology, 
meteorology, navigation & communication system and the 
development of commercial communications.

Encourage public and private organizations to invest in 
the trade and trade related to the marine and marine 
environment and to serve as consulting organizations.

Providing assistance in respect of the country's maritime 
strategies and policies and proposals for planning 
including maritime law. 

Identify various environmental issues (coastal, deep sea 
circulation, delta formation, water flow, etc.) and 
environmental natural disaster and climate issues.

Undertake coordinated approach to improve international 
relations and linking the oceanography with the local and 
international organizations.

24

To contribute in the economic development of the 
country by adopting maritime research activities, 
applying research results, operating, managing and 
controlling all related activities.
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S · Experts are speculating that there is one of the world's largest fuel (oil or gas) reserves in the Bay of 

Bengal which can control the energy-politics and economy of the day.

· In the Bay of Bengal, Heavy Mineral, such as Ilmenite, Titanium oxide, Rootail, Zircon, Garnet, 
Magnetite, Monazite, cobalt etc. have been found, which can be a huge source of foreign currency.

· There are about 475 species of fishes in the Exclusive Economic Zone (EEZ) of the Bay of Bengal. 
Fishing capacity can be increased to the desired level by reviving modem fishing trawlers and 
training. 

· Salt can be exported abroad by using advanced technology in salt cultivation. 

· Construction of deep sea ports with modern facilities will increase the activities of feeders of 
international commercial vessels.

· Marine shellfish and finfish farming can bring foreign currencies. There are already many 
opportunities of commercially produced PUFA's (Poly Unsaturated Fatty Acids) such as omega-3 and 
omega-6 antioxidants from different seaweed species.

· Development of existing fish resources can be done through the use of marine biotechnology. Organic 
technology also can play a role in preventing oil spillage.

· Use of adequate research and advanced technology is necessary to prevent marine and coastal 
environmental pollution in ship breaking industry. 

· Because of the high wind speed in the offshore areas of the sea, renewable energy can be generated 
by establishing windmills. Electricity can be produced using the wave and tide as well as by applying 
the Ocean Thermal Energy Conversion (OTEC) technology. 

· According to various sources, by the year 2030, l0% of the output the world's cobalt, copper, zinc and 
Rare Earth Element (REE) will be produced from the sea. 

· Construction of marine aquarium, travelling system by cruise ship & by ensuring adequate safety in 
the coastal area can become one of the main sources of national revenue.

· It has managed and financed for 8 R&D projects in FY 2019-20, 6 R&D projects in FY 2018-19 and 5 
R&D projects in FY 2017-18.

· It has taken a Comprehensive Blue Economy Plan and implementing successfully.

· It has taken a Complete & Comprehensive Safety Plan for its employees for the ongoing Pandemic 
COVID-19 response.

· BORI has recently assisted technical support with RT-PCR as a COVID-19 response to Cox’s Bazar 
Medical College to detect SARS-CoV-2 virus in nasal swab  sample.

· A Development Project Proposal (DPP) has been proposed for establishment of marine aquarium on 
10 acres of land in Institute area.

· A Development Project Proposal (DPP) has been proposed for establishment of Bangladesh 
Oceanographic Research Institute (Phase-II).

· 19 scientists, engineers and other officials have attended at a training program at National Institute of 
Oceanography (NIO), Dona Paula, Goa, India.

· In the recent meeting of JSTC with India possibility of mutual co-operation was discussed. 

· A delegation of China's Third Institute of Oceanography recently visited the Institute campus in Cox’s 
Bazar and discussed about joint activities.

· Already 104 persons against 223 posts in the revenue sector has been recruited/posted and 
recruitment process for the remaining posts is in progress.

· Construction works including construction of building, residential building, quarters, dormitory, guest 
house, DG bungalow on 40 acres of land is already completed.

· Eight modern laboratories equipped with latest equipment have been established.

· The Bangladesh Ocean Research Institute Act-2015 is passed by the Jatiya Sangsad in the year 
2017. The rules of the Institute were formulated.
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PHYSICAL
AND SPACE
OCEANOGRAPHY

DIVISION

CHAPTER

27
@ Physical and Space Oceanography @ Physical and Space Oceanography



Physical & Space
Oceanography
deals with

the research and development of remote 
sensing data on the world's oceans, and 
calibrates instruments, verifies the data, 
and creates products to meet the needs of 
users for satellite data and other 
information on the oceans. PSOD also 
focuses on describing and understanding 
the evolving patterns of ocean circulation 
and fluid motion, along with the 
distribution of its properties such as 
temperature, salinity and the concentration 
of dissolved chemical elements and gases. 

Approaches include theory, direct 
observation, and computer simulation. 
Research frequently takes place in the 
context of important multidisciplinary 
issues including the dynamics and 
predictability of global climate and the 
sustainability of human use in coastal and 
estuarine regions. Besides research 
activity, PSOD is giving oceanography 
based analytical service and technical 
support to different government and non-
government institutions.
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BLUE CARBON STOCK ASSESSMENT
IN THE MOHESHKHALI CHANNEL

AND THE NAF RIVER ESTUARY
OF BANGLADESH

Muhammad Shahinur Rahman
Scientific Officer
Physical and Space Oceanography

Md. Zakaria
Senior Scientific Officer
Geological Oceaography

GENERAL DISCUSSION

Blue carbon refers the carbon which related to the 
oceanic biosphere through coastal and marine 
ecosystem. At present, the three key coastal 
ecosystems of Blue carbon: mangrove forests, tidal 
marshes, and seagrass meadows are attracted 
enormous attention by scientific community as a 
nature based counter measure against climate 
change (Laffoley and Grimsditch 2009, Nellemann 
et al., 2009). In these ecosystems, a portion of 
Carbon stored by living plant biomass but 
prominently into soil where they develop (McLeod 
et al., 2011). The salty, low oxygen conditions are 
not supporting for decomposing bacteria which 
leads to slow soil carbon decomposition and with 
the time the soil tend to accrete and become 
deeper (Vanderklift et. al. 2019). The undisturbed 
coastal ecosystem is more efficient for soil carbon 
accumulation, with up to 5 times more than 
terrestrial forest (Donato et al., 2011, Fourqurean 
et al., 2012).

The increasing rate of greenhouse gas emission 
(especially CO2) due to anthropogenic activities is one of the 
major challenges faced by the world at present (IPCC, 2014). It 
is already scientifically established that if the greenhouse gases 
will be emitted at the current rate, the earth will face great 
climatic instability including more frequent severe weather, sea 
level rise and damage to natural resources and wildlife.

The blue carbon ecosystems have significant role to maintain 
sustainable livelihood for coastal community by providing many 
important ecosystem services, such as climate change 
adaptation, water filtration, shoreline stabilization, protect from 
storm and flood, sustaining biodiversity. Blue carbon 
conservation plays a significant role to climate change 
mitigation and adaptation strategies by supporting overall 
resilient ecosystem sustainability. Very few scientific studies have 
conducted on the Blue carbon ecosystems of Bangladesh. These 
ecosystems face various threats from natural and anthropogenic 
activities like agriculture, shrimp cultivation, salt pan, etc. The 
degradation of this ecosystem not only reduces the blue carbon 
storage but also increasing carbon emissions to the atmosphere.

Figure 01: Simple Schematic for Carbon 
sequestration in undisturbed coastal blue 
carbon ecosystem (from left to right: 
mangroves, tidal marshes and 
seagrasses) represents an intact wetland 
where carbon is taken up by 
photosynthesis (green arrows) and 
sequestered long-term as biomass 
(black arrows), into soil (blue arrows) or 
respired (orange arrows). Degradation 
of coastal area by various 
anthropogenic activities is responsible 
for losing and draining the soil of 
coastal blue carbon ecosystems results in 
a reduction of the uptake of CO2 and 
the release of globally important 
greenhouse gasses (orange arrows) and 
taken up by photosynthesis (green 
arrows). (Source: modified from Howard 
et. al., 2017).
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OBJECTIVES

To estimate the soil carbon pool

To estimate the vegetative carbon pool
(above ground and below ground living biomass)

To estimate the ecosystem carbon stock

To determine the geographical extent of
blue carbon ecosystems of Naf River estuary
and Moheshkhali using remote sensing technique

SIGNIFICANCE OF THE STUDY

Carbon sequestration is an important process in 
reducing the greenhouse effect- the threat of 
global warming (BDP2100, 2018) and ocean. 
acidification The blue carbon habitats are 
accumulating rapid sedimentation in an 
equilibrium level along the coast which acts 
against sea level rise (Reed 1995, Kathiresan et 
al., 2003). Blue carbon ecosystems, namely 
mangroves, tidal saltmarshes, and seagrasses, 
remove significant amounts of carbon from the 
atmosphere and store it in their biomass and soil. 
The carbon sequestered in the soil can be stored 
for hundreds to thousands of years, helping to 
mitigate climate change (Pendleton et al., 2012). 
In addition, coastal wetlands provide adaptation 
and coastal protection benefits by absorbing 
incoming wave energy, providing coastal and 
storm surge protection, and preventing erosion 
(Narayan et al., 2016). Bangladesh is one of the 
countries in the world, which is getting numerous 
benefits from coastal ecosystems, not only in 
livelihood options but also as a defensive shield 
to natural disasters.

Bangladesh is one of the most potential 
vulnerable countries for climate change. 
Bangladesh Climate Change Strategy and Action 
Plan (BCCSAP) are the key climate change 
national plan and basis for the climate investment 
in Bangladesh. The Mitigation and Low Carbon 
Development is one of the six thematic areas of 
climate change objectives (General Economics 
Division, 2018).

The significance of blue carbon is not only carbon 
sequestration, but also the protection of the 
coastal ecosystem (relate with SDG goals no. 13- 
climate action and SDG goals no. 14- life below 
water) on which the coastal people livelihood is 
dependable (relate with SDG goals no. 1- No 
Poverty and SDG goals no. 2- Zero Hunger).

This study provides a baseline data for spatial 
extent and carbon storage in the Naf river 
estuary and Moheshkhali channel of Bangladesh 
and helpful for monitoring these ecosystems status 
in future.
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Study Area

The Moheshkhali Island including the Materbari andSonadia lies within 
21°20'N to 21°50'N latitude and 91°45' E to 92°00' E longitude and 
bordered by Chakoria and Cox's Bazar in the north, northeastern 
eastern and southeastern part across the Moheshkhali channel.  
Mangrove forests of Moheskhali, is sparsely distributed throughout the 
Moheskhali. But the major portion is present in the southwestern part 
(Hasher char adjacent area). Scattered Mangrove plantations are seen 
in Koriardiar and Matarbari islands as well as on the southeastern coast 
of Moheshkhali island (Islam et al., 2011). 

The Sonadia sland is separated from the Cox's Bazar mainland by the 
Moheshkhali channel and by the Bara Canal from Moheshkhali Island. 
The varying proportion of admixture of sand and clay in the soil of this 
area. The soil of the North part is clay and frequently inundated by sea 
water due to tidal action. The entire soil condition of the South part is 
mostly sandy. The natural mangroves occupied the major area of the 
island.  The encroachment of mangroves area is becoming a serious 
concern because of the conversion of salt bed and shrimp cultivation 
(Arefin et al., 2017).  

The Bakkhali river estuary has experienced with the semi-diurnal tide 
and the bottom is predominantly consisting of muddy and sandy 
particles (Belaluzzaman, 1995). This estuarine zone is characterized by 
long intertidal mudflat where mangrove vegetations are exists.

Rezu Khal estuary is located (21°17'35.42''N to 21°18'28.34''N and 
longitude 92°2'27.15''E to 92°4'30.90''E) in Cox's Bazar, southeastern 
coast of Bangladesh. The intertidal estuarine mudflat is occupied with 
mangrove and salt marshes. The north side of Reju khal estuary, there 
are some small size mangroves are grown and the soil is predominantly 
sandy.

The Naf River, a transboundary river flows through the apex of the Bay 
of Bengal, roughly between latitudes 20°47'N and 92°28'E. This estuary 
has dense mangrove forest in both sides.  The upper portion of Naf river 
mangrove contains predominantly keora (Sonneratia apetala) and middle 
portion has composed of Sonneratia apetala, Avicennia Alba, and 
Avicennia Marina. The lower portion Naf river contains predominantly 
Avicennia Alba, and Avicennia Marina.

Soil sample collection

A PVC core having 100 cm length and 3.8 cm (1.5 inch) radius was used for the collection of soil samples from 
selected plots. The core has brought carefully in the laboratory for further analysis. In the laboratory, the core has 
sectioned to 5cm interval up to 30 cm, after that increment increased to 10 cm for 30 to 60 cm and finally rest part 
divided in 20 cm up to 100 cm.

Bulk density was estimated from the core samples by dividing the dry weight (oven-dried at a temperature of 60 °C 
to a constant weight) of the soil sample by the volume of core. 

Soil Bulk Density (gm/cm3) = dry mass (g)/wet volume (cm3)

Organic Carbon has measured by Walkley and Black method (1934). The following equation has expressed the soil 
carbon estimation.

Carbon content (Mg C/ha) = Soil Bulk Density (gm/cm3) * Carbon content (%) * layer thickness (cm)

MATERIAL & METHOD

Figure 2: Study Area
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RESULTS

Figure 3: Soil Bulk Density of different site in the study area

Estimation of Aboveground and belowground biomass carbon stocks

All vegetation which girth was    10 cm has measured at breast height (GBH, 1.37 m) to the nearest centimeter and 
identified to the species level. By dividing the girth by p (3.1416) has used for calculation of the diameter breast 
height (DBH) (Harishma et al., 2020). The estimation of aboveground biomass (Wtop) and belowground biomass (WR) 
has derived from Komiyama et al. (2005) and expressed as

Wtop = 0.251rD2.46

WR = 0.199r0.899 D2.22

where r is the wood density of the respective species and D represented the DBH.

The wood density of different species was derived from the World Agroforestry Database (Chave et al. 2009). The 
summation of the values of below-ground biomass and aboveground biomass were used to calculate the total 
biomass for all the plots, and this biomass value was averaged to get mean total biomass (Mg/hectare). The 
conversion factor 0.5 has used for the calculation of carbon content of biomass (IPCC 2006). The seedlings and 
herbs were not considered for ecosystem carbon stock estimations.
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Figure 4: Organic Carbon content of different site in the study area

Figure 5: Soil carbon density of different site in the study area
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Figure 7: Above ground biomass of different site in the study area

Figure 8: Below ground biomass of different site in the study area
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Figure 6: Depth based Soil carbon stock of different site in the study area
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Figure 10: Ecosystem carbon stock of different site of the study area

36



The present study reveals that 
the southeastern part of 
Bangladesh (Moheskhali, Reju 
khal and the Naf River estuary) 
store considerable volume of 
blue carbon. The highest 
ecosystem Carbon value has 
found in Mohoshkhali. Naf 
upper part contains high 
ecosystem carbon with large 
spatial deviation in that place. 
Reju North has lowest ecosystem 
carbon because this mangrove 
coverage is very young. It is 
required to be preserved and 
managed this area in sustainable 
manner to retain along with the 
increase in carbon storage. 
Among the different zones of the 
study area has different amount 
of carbon stock because of 
vegetation age, soil 
characteristics, and biometric 
peculiarities (i.e. tree height and 
GBH). Various anthropogenic 
pressure (shrimp culture, salt 
cultivation, fuel wood collection, 
crab collection etc.) activated on 
these regions. This study will be 
used as a baseline information 
for the future research especially 
for the Naf River region. Proper 
management and local people 
participation is necessary for 
protecting this natural resource.

CONCLUSION
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DISTRIBUTION MECHANISM OF
PHYSICOCHEMICAL PARAMETERS
IN MOHESHKHALI ESTUARY
NORTHERN BAY OF BENGAL

Rupak Loodh
Scientific Officer
Physical and Space Oceanography

Northern Bay of Bengal experience very prominent thermal inversion and coastal stratification 
during the winter season. Distribution pattern of physicochemical mainly depends on these process 
as well as tide, wind stress, current pattern. 38 stations CTD sample (vertically profile), pH, DO, 
Turbidity, TDS, Nutrients etc. (vertically 3 layers: surface, 5m depth and bottom) was collected, 
among them 10 stations with stratification and 28 stations are well mixed. Stratified layer found 
south of the study area, 18 km west from the Patuatek and Samlapur shoreline (where depth is 
higher than 25 meters). Sallow coastal water observed well mixed where depth is less than 25 
meters. Influence of Bakhkhali river, Moheshkhali channel are prominent on turbidity. During the 
sampling periods, low or negligible wind stress (mean ~0.014 Nm-2), average total net heat flux -
76 wm-2 over the month of December and maximum net heat loss found ~ -200 wm-2 just before 
the sampling period. Result found that this net heat loss is the main cause of surface mixed water 
low temperature (temperature variation ~2.041°C surface to bottom) at average 5.8732 days 
and salinity will compensate these temperature effect and make the water column density stable. 
Temperature contributes -40% unstable of density column, where salinity contribute 138% to 
compensate the temperature effect on density column make stable. Average ratio thermal 
expansion coefficient and haline expansion constraint (a/b) is 2.31 over the study area.

Keywords: Stratification, CTD data, Physicochemical parameter, Cox's Bazar, Northern Bay of 
Bengal
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The dynamic coastline of Bangladesh has a length of 710 km long. Here, the Lower Meghna River, one of the world's 
greatest rivers, finds its way to the Bay of Bengal. The Bay of Bengal, including the Andaman Sea and Malacca Strait, lies 
roughly between latitudes 5°N to 23°N and longitudes 79.8°E to 102°E. It is bordered by eastern coast of Srilanka and 
India on the west, Bangladesh coast to the north, western coast of Myanmar (formerly known as Burma) and northwestern 
part of Malay Peninsula to the east (Sindhu, M. 2012). 

In general, vertical profile of temperature typically in the upper-ocean water is high due to sunlight and it is decrease with 
increasing depth and the salinity increase with increasing depth. This uniform structure of temperature and salinity 
generally called well mixed 
water column (Fig.1). But the 
real scenario of ocean is 
not always same for all the 
regions. 

In the tropical oceans like 
Northern Bay of Bengal 
(NBoB), have a huge 
freshwater influx (negative 
Evaporation minus 
Precipitation, E-P) from 
lower Meghna conveys the 
combined flows of the 
Brahmaputra, the Ganges 
and the Upper Meghna are 
responsible for different 
structure of temperature and salinity of water column. The hydrodynamic factors such as the enormous volume of river 
water flow, sediment transport, nutrient transport, strong tidal and wind actions, wave, salinity, and cyclonic storm surge are 
playing a dominant role in morphological development along the coastline of Bangladesh (Uddin, M 2014). Masud et al 
2022, he found that thermal inversion occurred in several Conductivity-Temperature-Depth (CTD) profiles in the NBoB. 
These Hydrodynamic conditions also control the physico-
chemical, nutrients even the biology of coastal area (M.T. 
Babu, 2005).  Human Intervention like industrialization, 
overfishing, navigation are also a significant reason in 
some case of changing the coastal ecosystem in Cox's 
Bazar coast and Moheshkhali Channel of Bangladesh. 
With that aim, our present study is to investigate 
oceanographic process and the relationship with the 
condition are favorable for ecological growth. Therefore, 
the objective of the present study is to quantify the tide, 
coastal current, salinity-temperature structure, and nutrients 
condition within the seasonal variation.

Figure 01: Vertical structure of temperature, salinity, and density of ocean.
This figure is directly adapted from the Sprintall, J. 2019

INTRODUCTION

STUDY AREA

Figure 02: Moheshkhali Estuary and Cox's Bazar,
Inani and north of Samlapur coast (Station Point = 38) 

The study area covers Moheshkhali Estuary (including 
Moheshkhali Chennal), Cox's Bazar, Inani and north of 
Samlapur coast. North part of the study area is 
surrounded by the Moheshkhali Island and east part is 
cover by landmass (Cox's Bazar, Himchori, Inani etc.). 
South & west part of the domain is open ocean (Bay 
of Bengal). Geographically the area is bounded by 
21°05" N to 21°36" N latititude and 91°48"E to 
92°02"E longitude in figure 02.
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MATERIALS & METHOD

OBJECTIVES

To collect the baseline data of physicochemical parameters
in MoheshKhali estuary and the coast of Cox's Bazar

To investigate the spatial variation of physicochemical
parameters and their inter relationship in study area

To investigate the mechanism of physicochemical parameters

Data was collected in two different months with two 
different cruises in December, 2021and February 2022 
respectively. 38 stations grided data was collected 
(fig.02). For each station CTD sensor was used to collect 
temperature, salinity, pressure of water column and 
density, and sound velocity data. Along with the CTD, we 
have used multiparameter sensor Aquaread (AP:500, 
USA) for collecting Dissolve Oxygen (DO), pH, Turbidity 
data three different depth (surface, 5m depth and the 
bottom depth). Secchi disk was used to collect the sun light 
penetration in the water depth. Niskin water sampler was 
used to collected water sample in three different depths 
(surface, 5m depth and the bottom depth). After collecting 
water sample, it was immediately covered with fuel paper 
and wrapped in black plastic and keeping in a box 
where sunlight was not present. And within 24 hours, we 
have analyzed for nutrients analysis such as detection of 
inorganic phosphate (PO43- ), nitrite (NO2-N), nitrate 
(NO3- N), Ammonia (NH3-N), and silicate (Si), following 
the standard methods (Grasshoff et al. 1983; APHA 
1995). These ions were measured by the photometric 
methods (UV-1800, Shimadzu, Japan). 1000ml water was 
used to filtered with 2.7µm membrane filter further 
analysis of Chlorophyll-A.

We have perfumed different processes on CTD casts 
before we are calculating Brunt-Väisälä frequency (N2), 

Rr and Tu. Firstly, all the CTD data was stored with high 
resolution (10-12 casts per meter) both upcast and 
downcast. For more accuracy we only consider the 
downcast for avoiding the initial atmospheric effect on 
CTD profile. Secondly, temperature and salinity were 
vertically smooth with by 20 point (0.05m) running mean 
(considering the standard error ± 0.0025, and median 
value). Lastly, vertical gradients were calculated by a 
0.25m least square fit. a and b were calculated by 
differentiating equation of state (UNESCO, 1998) by 
temperature and salinity respectively. This occurrence 
frequencies of Rr values are estimated at each pressure 
interval or at each depth.

The ERA-Interim reanalysis dataset from European Centre 
for Medium-range Weather Forecast (ECMWF) is used in 
this study to reveal the mechanism of stratification and 
physicochemical parameters. Hourly era-5 reanalysis 
wind speed (m/s), zonal and meridian components of 
wind velocity at 10 m above the sea surface, latent heat 
flux (W/m2), sensible heat flux(W/m2), precipitation 
(depth in meters of water equivalent), evaporation (depth 
in meters of water equivalent), 2m air temperature (°C),  
2m dewpoint temperature (°C), shortwave radiation 
(W/m2), and surface net heat flux (W/m2), sea surface 
temperature (°C), sea level pressure are taken from 
ECMWF data.

Distribution mechanism of Physicochemical Parameter (Air-sea interaction):

The ocean and air (atmosphere) influence each other by many physical processes. These processes are happened 
simultaneously and collectively these processes are called air sea interactions. Air-sea interaction is not only important for 
the distribution mechanism but also is very important for the improvement of weather and climate prediction (such as heat 
wave, monsoon etc.) and understanding the physical processes of ocean. 

Overall heat budget of ocean has two major components. They are radiation and turbulence. Sun is considered as the 
main source of energy for the processes that initiative of air-sea interaction. The wavelength of sunlight is very small that 
can penetrate the ocean surface and make the ocean warmer (oceanographer called it shortwave radiation). From the 
atmosphere, air flow over the ocean, which lose the temperature. Ocean emitted energy by the long wave radiation.
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Figure 04: Winter stratification
in norther easter Bay of Bengal.
The dark blue area is stratified

water area and light blue
area is the mixed layer zone.

Figure 05: Stratification profile (a) and mixed profile (b); in both of two figure the red line
indicate temperature, blue is salinity, pink is density and the right red is Brunt Vaisala frequency (N2).

RESULT AND DISCUSSION

Among the 38 stations, 10 
stations show stratification in 
the vertical profile of CTD. In 
the surface water shows low 
temperatures and salinity 
compared to the bottom 
water. The temperature and 
salinity difference between 
surface and bottom 2°C and 
3.5 psu respectively. Whereas 
the density difference is 
about 1.48 kg/m3 maximum 
and 0.33 kg/m3 in the 
stratified zone. From the CTD 
data norther part of the study 
area and sallow water zone 
are found well mixed area.

Average N2 value is 0.002153s-2 and depth of N2 maximum is 10.531m the frequency period is about 2.41 minute, and 
the standard deviation is 0.00096s-2, 5.54 m & 0.52 minute respectively among the 10 stratification stations.
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Figure 06: TS diagram of winter water mass

The "L" shape ts diagram illustrates that the two different water mass found in the study area. Where density of scatter 
figure shows that most of the water are same water mass and stratification is observed here at the 23°C temperature and 
23 psu to 27 psu line.

All the 10 stratified stations represent that temperature contribute the negatively on the stability water (-0.40), where 
salinity compensated the temperature effect and make water column stable (+1.38) when density ratio (Rr) of stable 
water consider the ratio of a/b is 1. 2.28±0.06 for the total study area.

Physicochemical Condition

For physicochemical parameter (temperature & salinity exclusion because these parameter CTD sensor) we used 
multiparameter sensor and spectrophotometer for analysis of data. Different parameters behave differently with respect 
to depth, stratification, and air-sea parameters. For example, in pH, NO2, TDS, Turbidity are maximum in 5m depth 
compared to surface and bottom. On the contrary, DO, NO3, PO4, SiO2, NH4 etc.

Figure 07: Contribution of temperature & salinity on stratification using Brunt Vaisala Frequency
and Ratio of thermal expansion coefficient (a) and haline contraction coefficient (b).
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Figure 08: Vertical
distribution of
Turbidity and
Total Dissolve

Solid (TDS)

A clear influence 
of Moheshkhali 
Channel found on 
spatial distribution 
of turbidity. The 
turbidity path 
observed from the 
north at mouth of 
M o h e s h k h a l i  
Channel to the 
south along the 
coast (along the 
mixed water). TDS 
pattern is almost 
uniform at surface, 
5m depth and the 
bottom spatial 
distribution a the 
surface at south 
(stratified zone).

Figure 09: Vertical
distribution of
pH and
Dissolve
Oxygen (DO)

In the case of dissolve 
oxygen (DO), 
comparatively higher 
found in the bottom 
specially in the 
stratification area and 
the Moheshkhali 
Channel. Again, pH is 
higher in subsurface 
(5m depth) compared 
to surface and bottom. 
In station 9, station 10 
and station 15 (north 
west part of upper 
panel fin.9) have high 
pH in surface than the 
subsurface and lower 
than the bottom.
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Figure10: Spatial distribution of Nutrients (NO3, NO2, SiO2 & NH4) Surface (left panel), 5m (middle panel) and bottom (right panel).
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Figure 13: Total wind stress in the month of December

Figure11: Air-sea parameter for understanding the mechanism of surface low temperature, salinity, and other physio-chemical parameter. Considering
factors are latent heat flux, sensible heat flux wind speed and direction, evaporation, precipitation, net solar radiation, net thermal radiation.

Figure12: Air-sea parameter for understanding the mechanism of surface low temperature, salinity and other physio-chemical parameter. Here considering
air temperature and humidity, wind stress, Sea Surface Temperature (SST), ocean skin temperature, mean sea level pressure and surface pressure.

Wind Stress show that very 
low wind stress north-easterly. 
No precipitation occurred 
during the 12th to 31st 
December (accept little on 
23rd December) and negative 
evaporation found all the 
period. Sensible heat flux is 
around the zero where latent 
heat flux is bit higher that 
indicate that low temperature 
in the water column. These 
phenomena could be main 
mechanism of stratification 
and vertical difference of 
physicochemical parameter.

Air temperature is higher than 
the 2m dew temperature. 
Southeast wind stress found 
over the period that is also 
like the wind direction. Mean 
sea level pressure and surface 
pressure are almost similar in 
fig.12. Sea surface 
temperature and skin 
temperature 26.2°C at 12 
December and became lower 
(23.91°C) at the sampling 
time that also indicate the low 
temperature in the upper 
water. These phenomena may 
be responsible for 
stratification.

Mechanism for physicochemical parameter and stratification:

Spatial & Temporal impact of Total wind stress:

Figure13: Total Heat loss in the month of December

Mean Spatial and Temporal Impact of Net Heat Flux:
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CONCLUSION

Figure 14: Temperature, salinity, density
profile and Brunt Vaisala Frequency depth.

In 2021, a tropical cyclone Jawad appear in the early December which result high wind stress and low net heat flux in the 
early of the month. But in the last of the month, wind strass became minimum (~ 0.015 Wm-2) and net heat flux loss is 
higher. This high net heat flux loss may be the main cause of the low mixed layer depth.

Water column density, stratification and the air-sea interaction parameters are the major driving mechanism for spatial 
distribution of physicochemical parameters and the physical processes of ocean. These physicochemical parameters have 
significant impact of the living organism and ecosystem. So, the study is very important for understanding the behavior and 
pattern of ecosystem. This study will help to understand for zonation of fish ground.

Among the 38 stations 10 stations have stratification observed. The stratification area found south and west part of study 
area where depth is more than ~20m. North part and the sallow coastal part (depth less than 20m) is well mixed due to 
the wind and tidal action. Influence of Moheshkhali Channel is clearly observed in the turbidity distribution. Low sea surface 
temperature, southwest high wind stress, high net heat loss (due to high latent heat flux loss), high evaporation is considered 
the main mechanism for stratification and distribution of physicochemical parameters.
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1D Box Model Mixed Layer Cooling:

From the figure, temperature change from surface 
to Bottom about Dq =1.87°C; Thermocline is 
about H=13.825m; Mean density is about r 
=1020; Cp = 4200kg/m3; mean heat loss = - 
200 w/m2 during the sampling period. Using the 
above values, the equation (dt = dq /(Qnet/pCpH)) 
to predict time to change mixed layer 
temperature 1.87°C, dt = 6.2 days.
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GEOD in Brief
The activity of Geological Oceanography Division (GEOD) 
started by the mandate of BORI Act, 2015 (article 8) with the 
starting of BORI. Research activity has been started on 2017-
2018 FY with taken a R&D project in the nearshore area of 
Saint Martin's Island. In the next FY 2018-2019, another R&D 
project has been taken on the nearshore area of Teknaf to 
Maheshkhali Island. During research and survey, seabed 
sediment sample has been collected in the coastal and 
nearshore area of north-eastern part of Bay of Bengal 
covered about 5000 sq. km. The field activity during 2018-
2019 FY, a cruise has been operated with the help of 
Bangladesh Navy R/V Saibal and the survey area was about 
900 sq. km, distance 50 km seaward from the coastline of 
Cox's Bazar. In 2019-2021, two consecutive R&D project have 
been taken from GEOD for the baseline study of geological 
oceanography parameter of the eastern coastal zone of 
Bangladesh.  

Participated on the 
training programme 
on Study and 
Exploitation of 
Mineral Resources in 
the Ocean from 04 
June 2022 to 20 
June, 2022 at Saint 
Petersburg State 
University under 
Ministry of Natural 
Resources and 
Environment of the 
Russian Federation 
(MNRE) and 
International Seabed 
Authority (ISA)

Observing Poly-metallic Nodules, Ferromanganese Crust,
Poly-metallic Sulphides and Hydrothermal Vent

during training in Russia 
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DETERMINATION OF SEDIMENTOLOGICAL &
MINERALOGICAL DISTRIBUTION TO DELINEATE
SEDIMENTARY PROCESS OF THE NEARSHORE
AREA OF MAHESHKHALI-KUTUBDIA
BANGLADESH

Md. Zakaria
Senior Scientific Officer

Geological Oceaography

GENERAL DISCUSSIONS
The Bengal Basin lies in the eastern part of the Indian 
plate and occupies most of Bangladesh and the Indian 
State of West Bengal as well as part of the Bay of 
Bengal. The Basin had its origin during the collision of 
Indian plate with the Eurasian and Burmese plates, 
building the extensive Himalayan and Indo-Burman 
ranges, and thereby loading the lithosphere to form 
flanking sedimentary basins (Uddin and Lundberg, 
1998a). The Maheshkhali island in the part of the 
eastern folded belt of Bangladesh which is the western 
part of Indo-Burman ranges. The study area lies in the 
eastern coastal region of Bangladesh where the nearest 
tertiary hill Maheshkhali island situated in the south-east 
area. The nearshore zone of Kutubdia and Maheshkhali 
became very important in the recent year. The study is 
very important because of sediment deposition process, 
mineral distribution and depositional environment have 
effective role on sustainability of a development activity. 
The study mainly deals with the determination of 
sediment deposition process, environment based on 
sediment characteristics as well as distribution of heavy 
mineral in the Maheshkhali-Kutubdia nearshore area. 

Grain-size characteristics are widely used by geologists 
to reveal depositional process, hydrodynamic condition 
and depositional environment (Boggs, 2009). Edwards, 
(2001) documented that grain-size analysis is an 
important tool used to texturally characterise sediment 
properties, classify sedimentary rocks and define 

depositional environments. In addition, grain size 
parameters also provide valuable clues to the sediment 
provenance, transportation mechanism and depositional 
conditions (Blott and Pye, 2001). Several researchers 
including Boggs S. Jr., (2009) and other many authors 
have shown that indeed each sedimentary environment 
supposedly exhibits distinctively different grain-size 
characteristics that distinguish them from sediments 
deposited in different environments. However, (Boggs, 
2009, Boogs, 1995, Tucker, 2001) highlighted the 
ambiguity of grain-size analysis in respect of 
depositional environments. Along with the grain-size 
characteristics, heavy minerals are particularly useful in 
studies of sedimentation related to tectonic uplift of 
orogenic belts, as the evolution and unroofing episodes 
are reflected in their foreland sediments (Mange and 
Maurer, 1992). Heavy mineral studies provide useful 
information about the provenance and the nature of the 
source rock complexes, particularly about the specific 
rock types, such as ophiolites and high-pressure rocks 
(Faupl et al., 1998). Morton and Hallsworth (1999) have 
re-evaluated the effects of physical sorting, mechanical 
abrasion and dissolution operating at several stages 
during the sedimentary cycle on heavy mineral 
assemblages that can modify an original provenance 
signal. Also there have economic value of heavy mineral.  

OBJECTIVES
To know the surface sediment composition  of the study area
To identify mineral composition as well as economic mineral assemblage of the nearshore sediment of the study area. 
To know the sedimentary process of the area.
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The study area lies in the nearshore zone of Maheshkhali-Kutubdia area of 
Cox's Bazar district. The Kutubdia Channel is surrounded by Kutubdia island 
and Maheshkhali Island in the east and Bay of Bengal in other three sides. 
The study area is bounded by N 21.33 to N 22.61 latitudes and E 91.54 to 
E 91.90 longitudes in the nearshore marine area.

STUDY AREA

Field Investigation

The field investigation and sample collections will be carried out in the 
nearshore area of Maheshkhali-Kutubdia. For systematic study of the area, 
GPS as well as traversing and spot location methods were used. The sample 
has been collected along according to grid pattern with approximately 5 
km of distance between the points. Sampling has been be done using Van 
Veen Grab through local fishing boat. One day the grab sampler needs to 
be escaped because of very high current speed where it cannot be handled. 
A buoy tied on the other end of the rope of the grab sampler during 
escaped and found the sampler after two hours. During this time some injury 
has occurred. Surface and near bottom water samples has been collected 
using Niskin bottle for investigations of hydrographic parameters such as 
temperature, total suspended sediments (TSS), salinity etc. Secchi depth has 
been measured using Secchi disk in the area.

MATERIALS AND METHODS

Figure 1.1: Sampling location in the
Maheshkhali-Kutubdia nearshore area. 

Sedimentary Texture

At first sedimentary texture has been delineated using laboratory measurement. After field investigation, grain size 
distribution measured by sieve methods. The remaining sediment sampled dried in oven to perform sieve analysis. To 
perform sieve analysis 100 gm samples are taken. All the samples are falls in lower than 2mm size. So 10, 18, 35, 60, 
120, and 230 US Standard sieve mesh used to perform sieve analysis. The statistical parameters of grain-size 
distribution were calculated using equation proposed by (Folk & Ward, 1957). The parameters employed to describe 
the grain size distribution are categorised into four main groups that include, the mean, standard deviation, skewness, 
and kurtosis. Graphic mean, Standard Deviation, graphical Skewness and graphical Kurtosis calculated from cumulative 
graph value (f10, f25, f60, f75, f99) using equation stated below-

Bivariate scatter plots were 
employed to discriminate 
between depositional settings 
based on the textural 
variations of sediment. 
Bivariate plot of Graphic mean 
vs. Skewness, Graphic mean vs. 
Kurtosis and Skewness vs. 
Kurtosis has been done using 
MS Excel. The Sahu's [1962, 
1964] linear discriminant function (LDF) used to determine and distinguish processes and environments of deposition. 
Also, multigroup discriminant function (MDF) has used to discriminate the environment as per Sahu's (1983) method.

Heavy Mineral distribution: 

Heavy Mineral concentration has been measured with heavy liquid separation method using Bromoform (BrH3). To 
separate heavy mineral 25gm of samples has been taken and Bromoform taken three times higher (1:3). Then heavy 
and light mineral has been weighted and calculated the percentage. A total of 8 samples has been investigated for the 
heavy mineral study. Following the procedure mentioned in Faupl et al. (1998), heavy minerals were separated from 
both loose sand samples. 25 g has been taken from each sample for heavy mineral analysis. Carbonate minerals will 
be dissolved in acetic acid or wet chemistry method will be applied for carbonate remove. Gravitational heavy liquid 
separation of the sieve fraction 0.5-0.063 mm (500µm-63µm) was carried out using Bromoform as heavy liquid 
(density 2.89 g/cm3). After mounting the grains in Canada balsam, the grains will be examined under the polarizing 
microscope. More than 450 translucent grains of each sample have been counted with the ribbon count method.
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3. Grain-size parameters 

Mean Grain Size: This depicts the average particle size or the central tendency of particles. The mean size of the sediment 
of the study area belongs to very fine sand. Some of the samples belong to fine sand & coarse silt size (Fig. 3.3). 

Standard deviation: This measures the sorting or uniformity of the grains indicating energy conditions that prevailed during 
transport and deposition. Sorting is varies between poorly sorted to well sorted but both well sorting and poor sorting are 
dominant in the study area indicate high energy condition of deposition (Fig. 3.4). 

Skewness: Skewness is a measure of symmetrical distribution, i.e. the proportion of coarse or fine fractions. A symmetrical 
curve with excess fine material shows a positive value, whereas one with excess coarse material shows a negative value; a 
zero value is indicated by a symmetrical curve. Sediments of the study area show the strongly fine skewed to strongly coarse 
skewed sediment (Fig. 3.5). But most of the samples belong to near symmetrical and coarse skewed in nature. It indicates fine 
dominated and well distributed of fine and coarse size of sediments (Fig. 3.5). 

Kurtosis: The kurtosis expresses the packedness of the grain size distribution. The study area sediments show dominant of 
mesokurtic and platykurtic nature (Fig. 3.6)

RESULTS 
Graphic classification of sediment 

1. Frequency curve

Figure 3.1: Frequency curve based on
sediment size and individual weight percentage 

Figure 3.3: Graphical plot of mean size of the sediment

Figure 3.2: Cumulative weight percentage
logarithmic curve based on grain size 

Figure 3.4: Graphical plot of standard deviation (sorting) of the sediment

57



The linear discriminant functions were modified and used to discriminate between the different processes and 
depositional environments of Y1 (shallow agitated water and beach), Y2 (beach and shallow marine), Y3 (shallow 
marine and deltaic or lacustrine) and Y4 (turbidity and deltaic).

ENVIRONMENTAL CONDITION

Figure 3.5: Graphical plot of skewness of the sediment

Figure 3.6: Graphical plot of kurtosis of the sediment 

Table 3.4: Calculation of linear discriminant functions and associate depositional environment of area
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Tucker and Vacher (1980) 
questioned about the effectiveness 
of liner discrimination function. As 
LDF yield result for two 
environments conjugate, so Sahu 
(1983) employed Multigroup 
Discrimination Function (MDF) to 
find out distinguished environment 
for the sediment deposition. In this 
case of MDF, discriminating Eigen's 
vector V1 and V2 are used.  The 
value obtained for V1 and V2 has 
been plotted in the diagram after 
Sahu (1983). The position of the 
point falls in the shallow marine 
and river in the diagram (Fig. 3.7).

Figure 3.7: Discrimination of depositional environment of the
study area using V1-V2 plot after Sahu (1983). 
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C-M Plot: 

According to Passega (1957, 
1964), C-M diagram can be used 
as analysis of depositional 
environment. In this study, C-M 
diagram plotted based on C and 
M parameter where C represents 
one percentile (f1), and M 
represents fifty percentile (f50) 
diameter (in microns). Most of the 
sample of the study area fall in 
the 2 and VI segment indicates 
turbidity current deposts with 
suspended and rolled sediment 
(<1 mm size) area transported in 
the study area (Fig. 3.8). 

Heavy Mineral Concentration

Heavy mineral has been separated using gravity 
separation (Bromoform). Among the samples of the 
study area, 55 samples have sufficient sand with 
greater than 63 µm size. Most of the sample shows 
(Table 3.5) prominent amount of heavy mineral (4 to 
10%) where some samples shows low percentage 
(<2%). Among the 78 samples of the study area 
sediments, 55 samples found sufficient sand to perform 
heavy liquid separation process. The sediment shows 
(Fig. 3.9 & 3.10) less variation of heavy mineral 
percentage. 

Figure 3.8: CM plot of sediments of the study area.

Figure 3.9: Heavy mineral and light mineral percentage graph. Figure 3.10: Heavy mineral distribution map of the study area.
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The study area is lies in the complex and unique geological system on the eastern 
coast of Bangladesh. The depositional system of the study area also may controlled 
by the geological system. Fluvial and estuarine system can be the dominated in the 
study area. The study deals with the delineation of depositional process, 
environment and distribution of heavy mineral of the nearshore zone of 
Maheshkhali-Kutubdia of Bangladesh. 

The study area is carries unimodal very fine sand mostly. Also the sorting is poorly 
sorted to well sorted indicate reworking process as well as high energy conditions. 
Cumulative curve shape indicates high kinetic energy and velocity during sediment 
deposition. Mean size of sediment indicate uniform distribution of energy along the 
study area. The CM plot indicates turbidity current deposit with suspended and 
rolled sediment transportation. The environmental condition indicates shallow 
marine and turbidity deposits in the area. Heavy mineral concentration is very high 
in the northern and southern part of the study area where middle part shows low 
concentration. Most of the area is covered by 4-12 percent of heavy mineral.C
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INFLUENCE OF PHYSICO-CHEMICAL PARAMETERS
ON ABUNDANCE & DISTRIBUTION OF PHYTOPLANKTON
COMPOSITION ALONG THE COASTAL WATERS OF
COX’S BAZAR, BANGLADESH

Md. Tarikul Islam
Senior Scientific Officer
Chemical Oceaography

ABSTRACT

Physico-chemical parameters play a vital role in figuring 
out the abundance, distribution and composition of 
phytoplankton in coastal waters. This study was carried 
out to evaluate the co-relationship between physico-
chemical parameters (e.g., temperature, water 
transparency, water depth, dissolved oxygen, pH, total 
dissolved solids, conductivity, ammonia, phosphate, 
nitrate, silicate) and phytoplankton assemblages from 8 
stations along the Coastal waters of Cox's Bazar, 
Bangladesh. Samples were collected on a monthly basis 
from July 2021 to June 2022 from the study area. This 
experiment showed the seasonal variation between 
physico-chemical parameters and phytoplankton 
diversity, community structure and abundance. The 
average seasonal variations of physico-chemical 
properties among the stations were salinity (27.09±2.27 
PSU); water temperature (27.22±0.40ºC); DO 
(4.88±0.15 mg/l); TDS (22.33±1.93 g/l); Conductivity 
(42.40±3.49 mS/cm); Water Transparency (3.09±2.02 
ft.); Rainfall (87±0.00 mm); NO3-N (0.38±0.07 mg/l); 
NO2-N (0.08±0.01 mg/l) PO4-P (0.07±0.01 mg/l); 
SiO2 (0.06±0.01 mg/l) respectively. A total of 117 
phytoplankton species were identified, belonging to 5 

different classes, Coscinodiscophyceae (65%), 
Bacillariophyceae (17%), Fragilariophyceae (8%), 
Dinophyceae (8%) and Cyanophyceae (2%) respectively. 
Throughout the study period, the occurrence of most 
dominant species was observed from class 
Coscinodiscophyceae and Bacillariophyceae. From all 
groups, diatoms have been the maximum considerable at 
each station and blue green algae were the least 
considerable. During statistical evaluation on 
phytoplankton species, the Shannon & Wiener diversity 
index became discovered to be higher throughout post-
monsoon and lower during monsoon season. Karl 
Pearson's coefficient of correlation calculated between 
physicochemical parameters and density of 
phytoplankton revealed that as sediment load increases 
within the study area, the expansion of phytoplankton 
decreases. The Canonical Correspondence Analysis 
(CCA) became used, to seek out the seasonal relationship 
between phytoplankton and physicochemical properties. 
Consequently, the executed CCA comes about uncovered 
that temperature, salinity, silicate, DO and phosphate 
have a better impact on phytoplankton wealth.

INTRODUCTION

Marine phytoplankton are mostly microscopic and 
unicellular floating flora, which are the primary 
producers that support the pelagic food chain. 
Microalgae known as phytoplankton are crucial for 
photosynthesis in the marine food web (Sandaa et al. 
2022). The two most prominent group of phytoplankton 
are diatoms (Bacillariophyceae) and dinoflagellates 
(Dinophyceae) (Manal Al-Kandari et al. 2009). 
According to D'Silva (2011), this micro-plant typically 
ranges in size from 0.2 microns to several millimeters and 
it includes diatoms, dinoflagellates, cyanobacteria, and 
other types of algae. Many studies showed that the 

phytoplankton communities in marine water environment 
were dominated by diatoms rather than the 
dinoflagellates (Enomoto, 1971; Al-Kaisi, 1976; Jacob et 
al., 1980; Dorgham et al., 1987; Dorgham and Moftah, 
1989; Jacob and Al-Muzaini,1990; Al-Yamani et al., 
1997a; Al-Yamani et al., 1997b; Subba Rao and Al-
Yamani, 1998; Thompson, 1998; Subba Rao and Al-
Yamani 1999; Ismail et al., 1999; Al-Yamani et al., 
2004). Many studies were conducted on the 
phytoplankton species composition, biomass, and 
abundance (Hendey, 1970; Enomoto, 1971; Jacob et al., 
1979; Jamal and Pavlov, 1979; Halim, 1984; Dorgham

Keywords: Physico-chemical parameters, Phytoplankton, Abundance, Diversity, Correlation, Shannon & Wiener diversity
index, Canonical Correspondence Analysis (CCA)
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et al., 1987; Dorgham and Moftah, 1989; Jacob and 
Al-Muzaini, 1990; El-Gindy and Dorgham, 1992; Buo-
Olayan and Subrahmanyam, 1996; Al-Yamani et al., 
1997a; Al-Yamani et al., 1997b; Subba Rao and Al-
Yamani, 1998; Subba Rao and Al-Yamani, 1999; Ismail 
et al., 1999; Buo-Olayan et al., 2001).

Phytoplankton is extremely sensitive to changes in the 
marine environment's chemical composition (Hunter et al. 
2021). The environment's physical, chemical, and 
biological state make the abundance of phytoplankton 
reasonable (Villaescusa et al. 2016). The growth rate of 
microalgae is influenced by dissolved oxygen, pH, 
salinity, temperature, and other variables (Lage et al. 
2021). The number of phytoplankton has a significant 
impact on the primary production of the ocean 
environment (Tréguer et al. 2018; Sigman and Hain 
2012). Distribution, abundance, and variety of 
phytoplankton are indicators of the nutrients that 
improve the status of the marine ecosystem (Miloslavich 
et al. 2018). The aquatic food chain places a high 
emphasis on phytoplankton because of its high nutritional 
content. In their juvenile or adult stages, all aquatic 
species rely on phytoplankton for sustenance, either 
directly or indirectly (Guedes and Malcata, 2012).

The specific nutrient, such as nitrogen, phosphorus, and 
iron, is an essential component of the marine ecosystem's 
control over the phytoplankton community (Mousing et al. 
2018). The structure of the microalgae may alter as a 
result of variations in nutrition supply. Strong nutrient 
depletion in the euphotic zone may have an impact on 
species composition and vertical phytoplankton 

distribution, which causes a discontinuity between 
primary and secondary production (Bordet et al. 2017). 
Phytoplankton community structure, composition, and 
species diversity in aquatic ecosystems are determined 
by several physicochemical parameters (Sin et al., 
1999). Spatial and temporal variations in phytoplankton 
distribution are widely affected by hydro-chemical and 
physical factors such as temperature, salinity, pH, nitrate, 
nitrite, ammonia, silicate, and inorganic phosphate. The 
influence of these factors on the phytoplankton 
community alters species composition and their diversity 
in the marine ecosystem (Durate et al., 2006; Madhu et 
al., 2007). The relationship between phytoplankton and 
nutrients is highly dynamic and has always been the 
major focus among researchers in explicating 
experimental ecology (Chattopadhyay et al., 2003). 
Recently, various anthropogenic activities have increased, 
which in turn enhance the nutrient concentration thus, 
leads to high productivity in the coastal environment 
(Rakhesh et al., 2013). 

Seasonal changes, Shrimp Hatchery Operation and 
anthropogenic activities significantly contribute to 
changes in the coastal ecosystem of Cox's Bazar. 
Understanding dynamic environmental variables and 
their impact on phytoplankton productivity are critical 
since it affects the food web and coastal productivity. 
This will also aid in assessing the water quality in the 
future. Hence, the present study aims to determine the 
seasonal variation in phytoplankton diversity, 
composition, and abundance in response to various 
environmental parameters.
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MATERIAL AND METHODS

Figure 01: Study Area

Table 01: Location of Phytoplankton Sampling
Stations in Cox's Bazar Coastal Waters.

Study area

The present investigation was carried out from July 2021 to 
June 2022 in Cox's Bazar coastal area of Bangladesh. The 
freshwater influence is high due to fluctuations in tide and 
incursion of freshwater during monsoon because of 
Moheshkhali, Bakkhali, Matamuhuri, Rezukhal, and Naf 
estuary debouching in the Bay of Bengal. There are eight 
sampling sites selected, shown in Fig. 1 and monthly 
sampling was carried out. Four seasons viz: i. monsoon (June- 
August), ii. Post-monsoon (September -November) iii. Winter 
(December-February) and iii. Pre-monsoon (March-May) is 
observed in this area. About 80% of the total rainfall occurs 
during the monsoon period.

Physico-chemical Parameters Sampling and Analysis

Monthly samples were collected at different depths using a 
Niskin water sampler. Physical parameters such as 
temperature, pH, and salinity were measured on the site 
itself by using standard instruments Hanna Marine 
Multiparameter (HI981940). Nutrients such as nitrite (NO2), 
nitrate (NO3), ammonia (NH4), inorganic phosphate (PO4), 
and reactive silicate (SiO2) were analyzed following the 
standard methodology described by Strickland and Parsons (1972). Chlorophyll-a concentration was estimated by the 
pigment extraction method using 90% acetone. In order to estimate the total suspended solids (TSS) in seawater, glass 
filter paper (Whatmann GF/C, 0.45 mm) was weighed before filtration; the filtered paper was kept in an oven for 24 h 
at 75°C and weighed again to find out the TSS.

Phytoplankton Collection and Preservation Methods

A total of 30 seawater samples and 35 oblique net samples were collected from different locations in Cox's Bazar 
coastal waters for phytoplankton examination and identification. Phytoplankton was collected monthly on surface water 
by towing plankton net (mouth diameter 1.5 ft.) made of bolting silk cloth of 20 mm. The flow meter (Hydro-bios, 
Germany) was attached to the net's center to calculate the seawater volume passed through the net. The samples were 
preserved in either a mixture of Paraformaldehyde and Gultraldehyde or in Lugol's iodine (Throndsen, 1978 and 
Clesceri et al., 1989 for methods). Generally, the phytoplankton samples were preserved in 4% buffered formalin for 
further analysis. Qualitative and quantitative phytoplankton analyses were executed using an inverted and compound 
microscope. Quantification of phytoplankton was carried out using the Sedgwick rafter counting chamber, and 
phytoplankton species were identified by following standard manuals of Subramanyan (1946), Taylor (1976), Al-
Kandari et al. (2009), Venkataraman (1939), Perumal et al. (1998), Santhanam et al. (1987) and Smith (1977), Newell, 
G.E., and R.C. Newell. 1977.

Statistical Analysis

Phytoplankton was examined for its association with 
environmental parameters using Canonical 
Correspondence Analysis. Shannon and Wiener's 
(1949) and Pielou's (1966) equation was used to 
calculate biological diversity and richness, 
respectively. One-way ANOVA was performed on 
Tukey's test to detect seasonal variations in nutrients 
using R (Oksanen et al., 2016). Physico-chemical 
parameters were depicted with a box plot. The R 
language (R core Team, 2016) was used to run CCA 
and Shannon diversity index analysis. Box and line 
diagrams were drawn using the ggplot2 package (Wickham, 2009) in R (Oksanen et al., 2016) to produce them.
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Physico-chemical characteristics of water

The seasonal changes in environmental parameters (DO, 
salinity, temperature, nitrate, IP, silicate) were mainly 
influenced by phytoplankton distribution and abundance. 
It is paramount to study the hydro-chemical parameters 
to distinguish the difference in phytoplankton diversity on 
a seasonal scale in marine ecosystems (Chang, 2008). 
Physico-chemical parameters showed significant 
differences among seasons. Salinity reached a maximum 
of 34.33 ppt (May 2022) during Pre-monsoon, and the 
minimum was recorded as 16.11 ppt (July 2021). 
Salinity showed significant difference among seasons. 

Dissolved oxygen is a major component in an aquatic 
ecosystem that determines water quality and supports 
aquatic life. Dissolved oxygen in water ranged between 
4.23 mg/l and 5.5 mg/l registering the maximum value 
during winter (January 2022) and the minimum in pre-
monsoon (April 2022). Analysis of variance showed 
significance difference between seasons. Dissolved 
oxygen showed marked seasonal variation throughout 
the study period. During pre-monsoon, the less dissolved 
oxygen content was recorded. Temperature is an 
important factor in the marine environment as it 
influences the life of organisms and physicochemical 
parameters (Sukumaran et al., 2013). Temperature 
showed significant variations between seasons and 
varied from 22.15°C (January 2022; winter) to 32.48°C 
(May 2022; pre-monsoon). Seasonal temperature 
variations may be attributed to wind force, freshwater 
influx, and atmospheric temperature. 

Hydrogen ion concentration varied from 7.5 to 8.2. 
Maximum pH was observed during April 2022, and the 
minimum was recorded in July 2021. pH was alkaline 
during pre-monsoon, showed a downward pattern up to 
the monsoon, and remained alkaline post-monsoon. A 
significant difference was observed between seasons. 
Chlorophyll-a, the most principal pigment, is responsible 
for primary production in marine water. The elevated 
concentration of chlorophyll-a in post-monsoon might be 
due to the availability of a sufficient amount of UV 
radiation, pristine water conditions, and consumption of 
silicate and phosphate by primary producers, which were 
brought up by river runoff during monsoon. 

Nutrient Dynamics

Nutrients such as nitrate, nitrite, IP, and silicate in the 
coastal environment would exhibit substantial seasonal 
variations depending on the rainfall, freshwater input, 
tidal ingress and consumption of nutrients by autotrophs. 
The higher concentration of nitrate during monsoon could 
be due to fresh water inflow, terrestrial runoff, and high 
rate of biological production, oxidation of ammonia, 
reduction of nitrate by recycling of nitrogen and also by 
biodegradation of planktonic detritus present in the 
environment. The registered lower concentration of 

nitrate during non-monsoon period might be due to high 
consumption of nitrate by photosynthetic organisms and 
the incursion of neritic water which constitute only the 
smaller amount of nitrate. 

Phosphate plays a major role in primary productivity in 
an aquatic ecosystem as it promotes growth for 
organisms and limits the phytoplankton production. 
Higher concentration of inorganic phosphate might be 
attributed to the monsoonal intrusion due to rainfall 
along with terrestrial runoff and the low value in summer 
might be due to utilization of phosphate by 
photoautotrophs and buffering process of sediment 
under varying environmental conditions. Variation in 
silicate concentration is driven by physical mixing of 
seawater with a freshwater addition, adsorption and 
sediment particles, interaction between chemicals and 
minerals, co- precipitation with humic components, and 
biological removal by phytoplankton, particularly 
diatoms and silicoflagellates. Increased concentration of 
silicate in pre-monsoon was due to the intermittent 
rainfall which might have brought up the terrestrial 
runoff to the coast. High consumption of silicate by 
silicoflagellates and diatoms might have contributed to 
the less availability of silicate concentration during post-
monsoon. Increased concentration of ammonia during 
monsoon season was due to the incursion of terrestrial 
runoff and decomposition of phytoplankton. Decreased 
ammonia concentration during summer and premonsoon, 
may be attributed to quick utilization of specific 
phytoplankton community as they prefer ammonia more 
than nitrate at certain environment. 

Phytoplankton composition, population density, and 
diversity

Phytoplankton Species Composition

Many samples from different locations in coastal waters 
of Cox's Bazar were examined for phytoplankton 
identification. From the collected samples, more than 117 
phytoplankton species were identified based on the 
specific morphological characteristics, based on variety 
of bibliographic sources. The phytoplankton were 
classified into two main groups: diatoms and 
diniflagellates, which were the focus of this study. Other 
groups, such as the silicoflagellates, naked-flagellates 
and cyanobacteria (blue-green algae) were also 
classified and identified under the microscope. 

Diatoms: Most of the observed phytoplankton specimens 
were diatoms, representing 44 genera belonging to 24 
families. A total of 85 different species were identified, 
some were identified at the genus level and others at the 
species level (Table-2). Specimens which were identified 
only to the genus level (and not to the species level) were 
temporarily given a species number in order to 
differentiate them at a later time.

RESULTS AND DISCUSSION
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Dinoflagellates: A total of 15 dinoflagellates species 
were identified, which represented 8 genera belonging 
to 4 families (Table-2). The unidentified dinoflagellates 
species were numbered according to their different 
morphological characteristics. 

Other Marine Phytoplankton Groups: Three other 
phytoplankton groups were identified from the examined 
samples, namely, the Chromophyta, Chlorophyta and 
Cyanophyta. Two species belonging to 2 genera in 
Chromophyta, 3 species belonging to 2 genera in 
Chlorophyta and two species belonging to two genera in 
Cyanophyta were identified in this study (Table-2). 

Physio-chemical parameters of that particular 
environment majorly influence phytoplankton species 
composition, development, proliferation, and 
quantification. The abundant and common species 
recorded during the study period are presented in Table 
2. Totally 117 species of phytoplankton were identified 
in the present study belonging to five different classes, 
Coscinodiscophyceae (65%), Bacillariophyceae (17%), 

Fragilariophyceae (8%), Dinophyceae (8%), 
Cyanophyceae (2%). Chaetoceros atlanticus, Chaetoceros 
curvisetum, Coscinodiscus granii, Coscinodiscus wailesii, 
Coreus marginatus and Guinardia flaccida of 
Coscinodiscophyceae, Nitzschia longissima, Nitzschia 
seriata (pseudo nitzschia seriata group) of 
Bacillariophyceae, Asterionellopsis glacialis of 
Fragellariophycea and Ceratium tripos, Ceratium furca 
of Dinophyceae were most common group observed 
throughout the study period. The species composition of 
phytoplankton was more diverse during the post-
monsoon period, especially diatoms found to be a more 
dominant group than the others. This could be because 
the terrestrial runoff during the monsoon season might 
have brought up a sufficient amount of silicate, which 
enhanced the species composition. It has been reported 
that suitable environmental conditions and late 
monsoonal effects such as land runoff and upwelling 
favor the growth and proliferation of diatoms 
(Dehradrai and Bhargava, 1972; Dupuis and Hann, 
2009).

Table 1: Checklist of dominant phytoplankton species surveyed during the study period
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Noticeable seasonal and spatial differences in 
population density were observed among phytoplankton 
communities, and the density of phytoplankton ranged 
between 3447 cells/L (August 2021) and 23,253 cells/L 
(November 2021). In the present study, the 
phytoplankton population density was observed in the 
order of post-monsoon > winter > pre-monsoon > 
monsoon. The investigated high population density during 
post-monsoon was due to the prevalence of N. seriata 
(Pseudo-nitzschia seriata group) and Skeletonema 
costatum.  However, species composition was 
comparatively higher in post-monsoon and pre-monsoon 
than in winter and monsoon. Phytoplankton abundance 
was low during the monsoon season, and this could be 
due to heavy rainfall, decreased salinity, temperature, 
pH, and high turbidity (Babu et al., 2013; Rajasekar et 
al., 2010).

The highest values of phytoplankton diversity index and 
species richness values were found post-monsoon, and 
the lowest were observed during the monsoon season. 
The highest value post-monsoon was due to the high 
species composition observed during the study. Desirable 
environmental conditions promote diatoms' growth during 
the post-monsoon season. Low species richness and 
diversity indices on monsoon might have been associated 
with lower salinity and temperature. 

However, temperature, pH, and salinity exhibited the 
maximum relationship with phytoplankton species 
indicating that light and salinity are the significant 
sources of supporting the phytoplankton species 
positively during summer. This result confirms Rajkumar et 
al. (2012) observation of the presence of similar species 
in abundance during post-monsoon. He also reported 
that high nutrient input caused by northeast monsoon 
rainfall might have contributed to their abundance. 
Several authors also reported the same observation 
during the post-monsoon season. Both diatom and 
dinoflagellates showed a positive and negative 
relationship with different environmental variables. 
Inorganic Phosphate and salinity play a vital role in 

phytoplankton abundance and composition. On the 
contrary, the dinoflagellate species (C. breve, C. furca, C. 
fusus, C. tripos, C. trichoceros) had a high positive 
relationship in pre-monsoon. The shift in Physico-chemical 
parameters can dramatically change the species 
composition and abundance.

This pattern shows less temperature and salinity results in 
scarce phytoplankton diversity and abundance. The 
results coincide with the earlier investigation as the 
monsoon season causes dramatic changes in 
environmental parameters due to heavy freshwater 
discharges and high turbidity, thereby reducing the 
phytoplankton diversity and abundance. Similarly, a high 
positive association with DO and ammonia indicates the 
freshwater influence and high organic matters.

The phytoplankton data in the present study revealed 
that the abundance of phytoplankton was dynamic and 
was controlled mainly by temperature, DO, salinity, 
inorganic phosphate, and silicate. Several phytoplankton 
species showed a significant positive relationship with 
environmental parameters irrespective of season 
specifically centric diatoms such as A. glacialis, B. 
delicatulum, B. hyalinum, C. decipiens, C. diversus, and S. 
costatum implying their persistent nature and high 
tolerance to wide variation in environmental parameters. 
In the present investigation, phytoplankton showed a 
positive correlation with salinity during summer and had 
a negative correlation in pre-monsoon and monsoon, 
implying that the estuarine regions are subjected to 
considerable fluctuations in environmental parameters, 
which enable phytoplankton to adapt to such dynamic 
environment. Phosphate and nitrogen are crucial 
chemical elements for phytoplankton survival. However, 
certain species restricted their abundance to a particular 
season. For example, pseudo nitzschia seriata species 
proliferated abundantly during the pre-monsoon season, 
which implies suitable nutrient availability for their 
growth in pre-monsoon.

Similarly, dinoflagellate species showed a positive and

74



W
OR

K
LA

B

75

@
 A

bu
 S

ay
ee

d 
M

uh
am

m
ad

 S
ha

rif



negative correlation in pre-monsoon and post-monsoon 
season, implying that the seasonal shift of Physico-
chemical parameters influences their occurrence and 
abundance. A similar scenario was observed in the Bay 
of Bengal with particular species as it appeared to be 
seasonally dominant. (Paul et al., 2008). In addition, it 
had a high tolerance to significant variation in 

environmental parameters (Bonilla et al., 2005). It is 
evidenced from CCA results that the environmental 
parameters played a vital role in phytoplankton 
abundance and species composition and influenced the 
occurrence of phytoplankton species for seasonal 
changes in physicochemical parameters.

The present investigation summarizes seasonally the seasonal fluctuations in Physico-chemical parameters and 
phytoplankton diversity at Cox's Bazar coastal waters. These areas are highly subjective to riverine freshwater 
influence as the Moheshkhali, Bakkhali, Matamuhuri, Rezukhal, and Naf estuary debouches in the Bay of Bengal. 
Adding nutrients such as nitrate and silicate to the coastal waters is mainly during the monsoon season. The high organic 
load during the monsoon season containing phosphate, silicate, and nitrate plays a substantial role in phytoplankton 
growth in the forthcoming seasons, which helps the phytoplankton to avail the nutrients and proliferate. It is evidenced 
from ANOVA that the nutrients significantly vary between seasons and substantially influence the phytoplankton 
diversity and abundance. Phytoplankton diversity is highly dynamic depending on the nutrient availability, which 
Canonical Correspondence Analysis clearly explains in the present study. From the CCA biplot, it is clear that 
temperature, salinity, silicate, DO, and IP played a tremendous role in phytoplankton growth and abundance. The 
comprehensive study gives a good outline of the seasonal dynamic relationship between phytoplankton and 
environmental parameters.
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ABSTRACT
Seaweed has been part of the common diet of many 
South East Asian countries since ancient times. While the 
discovery of hydrocolloids, exclusively agar and 
carrageenan, added new dimensions to a wide range of 
industrial sectors because of their unique gelling, 
thickening, and stabilising properties in aqueous solutions. 
Primarily, the commercial agar is extracted from the 
Gracilaria, Gracilariopsis, Gelidium, on the other hand, 
carrageenans from Eucheuma, Kappaphycus, Gigartina, 
Chondrus, and Hypnea in different parts of the world. In 
Bangladesh, Saint Martin's Island is the hotspot for 
diverse natural seaweed growth from 
November/December to April/May. But still, the 
phycocolloid seaweeds are unexplored in Bangladesh. In 
this investigation, the targeted potential agarophyte and 
carragenophyte samples were collected from natural 
habitats and pre-set seaweed attaching materials (rope, 
and net) from the low intertidal and Subtidal zones of 
different locations. The occurrence and distribution of the 
phycocolloids were not similar around the island. The 
Agar and carrageenan were extracted from the 
processed samples at the Bangladesh Oceanographic 
Research Institute (BORI) laboratory to explore 
commercial seaweeds for sustainable Blue Economy 

development extension. The maximum agar yields from 
the dry biomass were Gracilariopsis lemaneiformis 
24.51±0.33%, Gracilaria gracilis 36.26±0.89%, 
Gracilaria canaliculated 22.45±0.24%, Gracilaria 
blodgettii 29.03±0.22%, and Gracilaria textorii 
51.43±0.26%. While the carrageenan yields from the 
dry biomass from Hypnea cervicornis was 
40.28±0.43%, Hypnea valentia 48.2±0.31%, Chondrus 
crispus 51.31±0.22%, Halymenia floresii 31.20±0.18%, 
and Halymenia Dilatata 25.17±0.85 %. During the 
expedition from January to March/April, the physico-
chemical parameters were recorded for each sampling 
site to understand the environmental requirements 
contributing to future seaweed cultivation site selection. 
The recorded seawater parameters ranged for 
temperature 21-28.9°C, salinity 29.3-35.2‰, pH 6.5-
8.6, DO 5.1-6.9 mg/L, FNU 3.7-12.4, Phosphate-
phosphorus (PO4-P) 0.0-2.7mg/L, Nitrate-nitrogen (NO3-
N) 0.0-2.4mg/L, Nitrite-nitrogen (NO2-N) 0.0-4.5mg/L, 
Silicate (SiO3) 0.0-3.0mg/L, and Ammonia (NH3) 0.6-
11.0mg/L; while the bottom sediment Temperature and 
pH were 20.2-29.2 and 5.7-7.8 respectively around the 
island during the period.
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Seaweed or macroalgae refers to the macroscopic, 
multicellular, marine algae that have no true roots, stems, 
or leaves (Apaydin et al., 2010) and grow on substratum 
in their suitable environment. To attach to the substrate, 
seaweed usually have a holdfast rather than the root 
system. The term includes three types Rhodophyta, 
Phaeophyta, and Chlorophyta. Seaweed is photosynthetic 
and needs sunlight for its growth. Seaweed is widely 
distributed in the coastal seas; attached to substrates 
such as sand, mud, rocks, shells, coral inter alia, shells, 
and on other plants like mangroves (Venkatesan. & Kim, 
2017; Apaydin. et al., 2010). Some seaweeds grow 
floats, or air-filled pockets, that positioned them upright 
to be closer to the surface for increasing photosynthesis.  
All the parts of a seaweed touch the water, so it doesn't 
need an internal nutrition transport tissue system as 
terrestrial plants do; they absorb what they need directly 
from the water through surface tissues. The web, tide, and 
current makes continuous water flow- transports fresh 
supplies of nutrient and gas for them. Algae base is the 
most popular web portal for seaweed taxonomic guides 
and information which, is updated on a regular basis.  
According to Guiry & Guiry, (2022) there are About 
12,000 seaweeds have been identified (described till to 
date- August 2022), of which more than 7,000 red 
algae over 2,000 brown; some 1,500 green; and 1,500 
blue-green algae. Among the seaweeds, 221 species (32 
Chlorophytes, 125 Rhodophyta and 64 Phaeophyta) are 
recognized as commercial species globally (Zemke-White 
& Ohno, 1999).

Seaweeds are used extensively as food in many coastal 
cuisines around the world but it has been a part of the 
regular diet in China, Japan and Korea since prehistoric 
times (Critchley, et al., 2006). They are also consumed in 
many traditional coastal societies for rich potential 
nutrition and are becoming popular in many European, 
Africana and American countries treated as "superfoods" 
in the last few decades. Further, the discovery of 
hydrocolloids especially agar and carrageenan opened 
new windows in pharmaceuticals, cosmetics, and toiletries 
as we as food and beverage industry sectors. The 
growing demand for (hydrocolloids) agar and 
carrageenan promote seaweeds to be a prospective 
candidate in the blue economy for their multidimensional 
uses in many different industries in recent years. 
Phycocolloids are certain Hydrocolloid (a colloid system 
wherein the colloid particles are hydrophilic polymers 
dispersed in water) polysaccharides (heterogeneous 
group of long-chain polymers of polycarbohydrates) that 
are derived from some red seaweeds.

Discovery of hydrocolloid (agar) is an interesting 
incident in 1658 when, a Japanese innkeeper named 

Minoya Tarazaemon, noticed that some unused remains of 
a seaweed soup gelled, during a cold winter night after 
being thrown away (Matsuhashi, 1990). In the recent 
world, the development and application of agar is 
multidimensional in different sectors. It was first described 
for use in microbiology in 1882 by the German 
microbiologist Walther Hesse, Robert Koch's laboratory 
assistant, at the suggestion of his wife Fanny Hesse. 
Armisen & Galatas (2009) reported that agar is used in 
the human food industry for its hydrophilic colloid 
property, 80% of its consumption while the remaining 
20% is used for biotechnological applications. The agar 
gel in strengths greater than 700 g/cm2 (1.5% solution) is 
referred to as the best quality agar and is most 
demanded in the international market (Armisen R, 1995). 
The use of agar in different industrial products depends 
on its chemical composition (sugar, methoxyl sulphate etc. 
contents) which is significantly subjected to the extraction 
control in processing (Pereira-Pacheco, et al., 2007). The 
Gracilaria are the major agar source worldwide 
(McHugh, 2002) and numerous studies have been 
conducted on the agar yield quality from different 
geographical areas (Freile-Pelegrin & Murano, 2005; 
Marinho-Soriano, 2001; Falshaw, et al., 1999; Marinho-
Soriano, et al., 1999; Doty, Santos, & Sin, 1983). While 
carrageenans were introduced in food and beverage 
manufacturing industries on large scale in the early 
ninety's but they were known to be used in China since 
around 600 BCE (Pérez-Lloréns, et al., 2020) and in 
Ireland around 400 CE (Loureiro, et al., 2017; Mitchell & 
Guiry 1983. Although the application of Irish moss 
(carrageenans) extract was reported in 1837, its formal 
production was initiated only in the 1930s in the United 
States (FAO1). A total of 101phycocolloid species are 
identified for industrial hydrocolloid production (Zemke-
White & Ohno, 1999).

Agar (agar-agar) is a jelly-like, semi-solid gelatinous 
(hydrocolloid) substance generally used as a solidifying 
agent and/or media. Agar is a hot water soluble gel-
forming structure at 32-40 °C and does not melt below 
85 °C (Bixler & Porse, 2011; Meena et al., 2008; 
Marinho and Bourret, 2003; Freile and Murano, 2005; 
and Sousa et al., 2010). It originated from certain red 
seaweed to support the cell wall, which can be released 
from the cell wall, extracted through processing and 
commercially available in the form of flakes, powders, 
sheets bars and threads. The commercially extracted 
agar is a mixture of the linear polysaccharide agarose 
and a heterogeneous mixture of smaller agaropectin 
molecules. The agar-yielding seaweed is commonly known 
as agarophyte. Agar is a polysaccharide mixture 
consisting of two basic structures, (I) high-gelling natural
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82



83
@ Abu Sayeed Muhammad Sharif

RED ALGAE
(Halymenia dilatata)
A macroscopic red algae that is 
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polymer agarose (70%) and low-gelling sulfated 
polysaccharide agaropectin (30%). Natural Agarose, is a 
linear repeating disaccharide agarobiose (d-galactose 
and 3,6-anhydro-lgalactopyranose) unit.

Carrageenans or carrageenins are natural semi-solid 
hydrocolloid agents extracted from edible red seaweeds 
(commonly known as Irish Moss). Carrageenan forms in 
several red seaweeds (like Hypnea, Chondrus, 
Kappaphycus, Eucheuma, Gigartina, and Sarcothalia, 
etc.) to support the cell walls structure that can be 
released and extracted commercially. Carrageenans are 
widely used as additives to thicken, emulsify, and 
preserve foods and drinks in many food and beverage 
manufacturing industries. In recent years, scientists 
discovered native glycosaminoglycans (GAGs)in 
carrageenans as a prospective component that can 
widely be used in tissue engineering, drug delivery, 
wound coverage regenerative medicine, and 
biotechnological applications. On the basis of chemical 
structure, Carrageenan is a hot water soluble linear, 
sulphated galactan. It is composed of alternating 3-
linked b-D -galactopyranose and 4-linked a-D -galacto- 
pyranose or 4-linked 3,6-anhydro-a- D-galactopyranose, 
thus forming their disaccharide repeating unit (Usman et 
al., 2017; and Knutsen et al., 1994 & Knutsen et al., 
1995). The galactose and sulphate groups, other 
carbohydrate residues (Viz., uronic acids glucose, or 
xylose,) and substituents (viz., pyruvate groups, and 
methyl ethers) may also be present (Van De Velde et al., 
2002).  On the basis of the number and position of 
sulphate groups, and the presence of 3,6-anhydro-bridge 
in galactose residues, the polysaccharides are typically 
classified into ten basic forms but the most known are 
these six groups, namely iota-(t), kappa-(k), lambda-(l), 
mu-(m), nu-(n), and theta-(q) carrageenan (Knutsen et al., 
1994 & 1995; Cardozo et al., 2007; Kraan, 2012; 
Lahaye, 2001; Cunha, & Grenha, 2016; and Li, & Shao, 
2014). Commercial carrageenans are 3 types iota-(t), 
kappa-(k) and lambda-(l) carrageenan. In general, the 
Carrageenan-yielding seaweed is commonly known as 
Carragenophyte (Carrageenan containing red seaweed).

Extraction of hydrocolloid, involves the leaching content 
from seaweed seaweeds, in boiling water, sieving of the 
extract, and separating the content by freezing and 
thawing to remove the water (Armisen & Galatas, 1987). 
These general steps of agar/ carrageenans extraction 

process are common in process (Andriamananatonio, 
Chambat, & Rinaudo, 2007; Arvizu Higuera, et al., 
2008; Freile-Pelegrin & Murano, 2005; Li et al., 2009; 
Marinho-Soriano, 2001; Orduña-Rojas et al., 20081; 
Pereira-Pacheco et al., 2007; Tako, et al., 1999), where 
the extraction variables differ even for the same species 
in different geographical locations. Therefore, it is 
essential to standardize the extraction process to 
optimize the agar yield and quality. It is notable that the 
change in extraction variables frequently affects agar 
yield as well as gel strength (Arvizu-Higuera et al., 
2008; Hurtado-Ponce, 1992; Pereira-Pacheco et al., 
2007). The impact of extraction temperature and 
extraction time on agar properties have been evaluated 
for different agarophyte and carragenophyte species 
(Arvizu-Higuera et al., 2008; Hurtado-Ponce, 1992; 
Pereira-Pacheco et al., 2007; Duckworth, Hong, & Yaphe, 
1971; Freile-Pelegrin & Murano, 2005; Freile-Pelegrin & 
Robledo, 2011; Orduña-Rojas et al., 20082).

Bangladesh Oceanographic Research Institute (BORI) is 
working on seaweed to explore commercial seaweeds for 
sustainable uses since 2018. Under this research BORI so 
far explored a total of 139 seaweeds of which 35 
Chlorophyta (green seaweed), 70 Rhodophyta (red 
seaweed) and 34 Phaeophyta (brown seaweed) Species. 
The recorded seaweeds from Saint Martin's Island show 
that there are a good number of species recognized as 
commercial species in many countries as food, fodder, 
additives, fertilizer, source of herbal and pharmaceutical 
raw composition, bio-fuel, toiletries, and cosmetics 
manufacturing industries. Again, among the seaweeds, 
agarophyte and carragenophyte have a wide range of 
multidimensional industrial uses in toiletries, cosmetics, 
pharmaceutical, microbiology, tissue engineering as well 
as in manufacturing many food and beverage industries. 

The present study is designed to explore Agarophyte and 
Carragenophyte considering their commercial 
importance. The increasing demand for agar and 
carrageenan encouraged the exploration of agarophyte 
and carragenophyte around Saint Martin's Island. this 
investigation would play a significant role in developing 
the blue economy and reaching the target of SDG for 
Bangladesh. Next, the hydrocolloid extraction process 
would be optimized for future industrial development 
and the experimental cultivation would be designed for 
coastal aquaculture extension for commercial seaweed.

OBJECTIVES

The present investigation was carried out with the following objectives

To discover potential Agarophyte and Carragenophyte through experimental hydrocolloid extraction

Continuation of seaweed taxonomic baseline study
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Study area

Geographically Saint Martin's Island is the most suitable 
habitat for seaweed natural growth in Bangladesh. These 
occur naturally surrounding intertidal, subtidal, and 
shallow neritic areas on rocks and corals from October/ 
November to May/June when the environment becomes 
favourable (Islam, 1970; 1974, and 1976; Aziz and 
Islam, 2009). The present study aims to explore 
hydrocolloid-containing seaweed available around Saint 
Martin's Island. The targeted agarophyte and 
carragenophyte were recorded in certain confined 
locations but their availability was poor or. Considering 
the previous experiences, the study was designed to visit 
the place and find the target samples (Map 1). At the 
same time, three different types of seaweed attaching 
materials are placed in the same locality to observe and 
collect the target specimen for the study in early January 
2022.

Sample collection

Sampling from natural habitat: Seaweed samples were collected from 5 sites by diving and snorkeling and 2 sites of 
intertidal shore sample collection were conducted by direct visit. The samples were collected from each of the sites every 
month from January to April. The target samples were collected and initially kept in a separate net or Ziploc Polly beg. 
The in-situ target seaweed images were captured from underwater and intertidal sampling locations.

Sampling from artificial pre-set material: Four types of seaweed attaching material were placed in the selected lower 
intertidal and sublittoral zone at a depth of 2-3 meters. These are (1) Marine, Commercial, Utility Rope 2m long and 
120mm dia each, (2) Used Old fishing net, about 30-50 cm and (3) Thin nylon rope 2m long and 5/6mm dia, (4) Thick 
nylon rope 2m long and 10-15mm dia and (5) The Gudda (anchoring material) were placed in the site for attaching 
samples (Fig 1-6).  The locally available fishing net weight material called Gudda was tied at one end of the rope and 
keep it in the soil for about 8-12 inches and the rest remain on the bottom surface to attach the seaweed naturally. 
These artificial materials were checked every month and the target samples were harvested and the rest were cleaned 
during the investigation.

MATERIALS AND METHODS

Map 01: Map showing sampling sites at Saint Martin

Figure 01: Rope, Old Fishing Net and Thin Nylon Figure 02: Thick Nylon and Gudda (anchoring material) Figure 03: Rope attaching Gudda

Figure 04: Thick Nylon attaching Gudda Figure 05: Net on Gudda Figure 06: Thin nylon on Gudda
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RESULTS AND DISCUSSION

Sample processing at Saint Martin: The collected samples were immediately transferred to the temporary lab at the 
hotel (Saint Martin). The samples were washed and sorted further to remove unwanted species and other materials 
carefully. Finally, they have washed again and transferred to the dryer, labelled/tagged with code and placed in the 
shed. Some small part of the same samples was kept in three different vail for scaled photography (detailed and scaled 
image were captured at the hotel lab), preserved in 5-6% formalin and preserved in 70% alcohol (ethanol) with the 
same sample ID code and label/tag. All the samples were finally transferred to the BORI laboratory for further analysis.

Sample processing at BORI:

The dry samples were soaked for 4 to 6 hours, carefully sorted, cleaned and washed under running tap water for 3 to 4 
hours to remove all the salts and sand particles. Then samples are placed in a dryer for air drying for 4 to 6 hours and 
placed in an oven for further drying at 60 C temperature for 6 to 8 hours. The oven dry samples are kept in Ziploc and 
stored for further analysis of agar and carrageenan extraction.  

Seaweed morphometric identification:

The formalin preserved samples were washed and observed under a microscope (and stored again in the same label 
vail) and identified following the algaebase.org, marinespecies.org, Macro-algal Herbarium Consortium Portal, high-
impact journal articles and identification manuals and corresponding scientists around the globe.

Experimental Phycocolloids extraction:s

o Agar Extraction after (Armisen and Galatas, 1987 recommended by FAO) Method: [Hot Water Extraction Method] 
o Carrageenan Extraction after (McHugh, 1987) recommended by FAO) Method: [Alkali Precipitation method]

Seaweed is an immerging sector of the blue economy around the globe. As a part of commercial importance, seaweed is 
classified into edible seaweed and industrial seaweed. Seaweed as food is popular in many South, South East Asian, 
some European, Africana and American countries. In Bangladesh, only a few Rakhine and Chittagong hill tracts ethnic 
tribal hill tracts of Bandarban district take seaweed as food in a different form. Recently, different government and non-
government organizations are working to make it popular as food. The Bangladesh Oceanographic Research Institute 
(BORI) is investigating exploring commercial seaweed and its biochemical compositions for commercial and industrial uses. 
BORI biological division took some short, mid and long-term initiatives (Fig: 8) to play a significant role in blue economy 
perspectives since 2018. In Bangladesh, Saint Martin's Island is the hotspot for diverse natural seaweed growth from 
November/December to April/May.

In the present study, the sampling cruises were conducted from January to March/April for 8-10 days each month. From 
January to March the team travelled by tourist ships, while on the last trip from 28th March to 9th April by hiring a local 
passenger boat. A small team also visited Saint Martin in early January to set target seaweed attachment material in 
three different places. The study was designed to collect agarophyte and carragenophyte seaweed samples from 
different locations of low intertidal and subtidal zone by snorkeling and spot visit. During the sampling representatives of 
all other seaweeds were also collected as a part of the taxonomic baseline survey. It was observed that agarophyte and 
carragenophyte seaweed abundance was relatively poor for Gracilaria, Chondrus, Hypnea and Acanthophora in 
January. It is important to note that excessive tourists somehow disturbance for seaweed growth in the lower intertidal 
areas. Again some curious tourists removed the pre-set rope materials that were placed in early January. 

Analysis of water parameters:

In-situ water temperature "(°C), salinity (ppt.), pH, DO (%) and FNU was 
determined by using YSI ProDSS Multiparameter Digital Water Quality 
Meter (Fig 7). The water nutrient samples were analyzed on field using 
Hach Colorimeter DR 900 and Hach kit reagents.

Photography:

Underwater still images were captured by OLYMPUS TG-6 and Sony a7II 
Camera using respective housing; while underwater video shoots were 
captured by GoPro Hero 10 Action Camera and OLYMPUS Tough TG-6. 
In the laboratory, the scaled sample images were captured by Sony 
Cyber-shot DSC-RX10 Digital Camera. The Sony a7II Mirrorless camera.

Figure 07:  YSI ProDSS Multiparameter
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oceans worldwide and common in the 
waters of the Saint Martin's Island.



The physical-chemical parameters of water and bottom sediment are recorded regularly to understand the seaweed 
habitat and ecosystem. The morphometric identification of seaweeds is continued as part of the seaweed baseline study. 
Under this activity, a total of 143 seaweed specimens are recorded from BORI the waters of Saint Martin's Island of 
which 38 Chlorophyta, 71 Rhodophyta and 34 Phaeophyta. It was observed that the shallow intertidal and subtidal 
zone is suitable for Chlorophyta growth; Rhodophyta occurs most in the subtidal zone up to 14m depth and Phaeophyta 
was mostly available at a depth from 0 to 8m depth zone around the island. The distribution pattern of seaweed is not 
similar in each side of the island. There are 165 species (38 Chlorophyta, 5 Chrysophyta, 46 Phaeophyta, 49 
Rhodophyta and 27 Cyanophyta) recorded along the coastal waters of Bangladesh (Islam, 1976). In next, Aziz, Towhidy, 
& Alfasane (2015) recorded 200 species under 77 genera (47 Chlorophyta, 49 Phaeophyta and 94 Rhodophyta). 
Further, Aftab et al., 2019 reported 150 species (29 Chlorophyta, 43 Phaeophyta and 78 Rhodophyta) from the 
Bangladesh coast and Islam et al., 2019 reported 132 species (28 Chlorophyta, 35 Phaeophyta and 69 Rhodophyta) 
from Cox's Bazar coast of Bangladesh. Oza and Zaidi (2001) updated the Indian seaweed checklist and reported a 
total of 844 species (216 Chlorophyta, 194 Phaeophyta and 434 Rhodophyta) occur in India.  In the case of Myanmar, 
a total of 307 species under 122 genera of seaweeds were recorded (Soe-Htun, Kyaw, & Wai. 2021) and a total of 
440 taxa, belonging to 148 genera were recorded from Sri Lanka (Baldwin ed., 1991; Silva et al., electronic version). 

In recent years BARI, BFRI, Coast Trust, Falcon International; and some NGOs like Eco-fish, and World Fish project 
extended some pilot seaweed cultivation at Nuarchora- Mohesh Khali channel and Raju Khal with the local species 
available in the locality (Fig 9). Seaweed cultivation is becoming popular in this area. Focusing on the extension of 
commercial seaweed cultivation, some agarophyte, carragenophyte and alginophyte were brought from saint martin's 
island in small quantities in addition for cultivation trial. In these experimental cultivation 3 commercial seaweeds namely 
Gracilaria lemaneiformis, Hypnea Valentia and Sargassum aquifolium were set on a rope in the flowing water at Raju 
Khal to observe survival and growth response. While 5 commercial seaweeds namely Sargassum aquifolium, Gracilaria 
gracilis, Gracilaria textorii, Hypnea valentia and Chondrus crispus were cultivated on a pilot basis in an intertidal ditch 
linked to Raju Khal from January to April. It was observed that all the species did not respond well initially as it was 
taking time to attach with the rope materials in the experiment. But it was noted that they grew almost double in the 
second month while more than double in the next month.

The present experiment was more focused on agar and carrageenan extraction from targeted potential agarophyte and 
carragenophyte seaweeds. It was reported that there are 221 commercial seaweeds of which 32 Chlorophyta, 125 
Rhodophyta and 64 Phaeophyta. Between the seaweeds145 species (i.e. 66%) are directly consumed as the food of 
which 28 Chlorophyta, 79 Rhodophyta, and 38 Phaeophyceae; again, 101 species are used in the phycocolloid industry 
of which 33 agarophytes, 27 carrageenophytes and 41 alginophytes; further, 25 species in animal feed, fertilizer and 
agriculture; 24 species in traditional medicine; 12 species in marine another agronomy (Pereira, et al. 2009; Zemke-
White and Ohno, 1999). Further, it was reported that globally 291 species are used in 43 countries (Tiwari, & Troy

Figure 08: Short, mid and long-term initiatives from BORI to explore commercial seaweeds for sustainable blue-economy
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2015) and 95% of industrial seaweed (used in food & beverages, pharmaceuticals, and cosmetics, toiletries animal feed 
additives, personal care, and agricultural fertilizers) comes from farming (FAO. 2018). It is clearly observed that 
commercial seaweed especially agarophyte and carragenophyte has a wide market and is increasing rapidly. The price 
of hydrocolloid always depends on its quality. And again the hydrocolloid extracted from the same species differs in 
geographical locations as well as extraction conditions. In the present study, the agar and carrageenan-containing 
seaweeds are explored from targeted species collected from Saint Martin's island and Nuarchora Cox's Bazar.

Agar yield

In the case of agar extraction Gracilariopsis lemaneiformis, Gracilaria gracilis, Gracilaria canaliculated, Gracilaria 
blodgettii, and Gracilaria textorii were considered following FAO recommended standard hot water extraction method 
/boiling method (Armisen and Galatas, 1987). More than half of the world's agarophyte tonnage consists of Gracilaria 
(McHugh, 1991). The extracted agar was dried and milled according and preserved in air tied falcon tube for further 
study Fig 10. The extraction yield for each samples are detailed bellow

Gracilariopsis lemaneiformis: It was observed that the agar yield within Gracilariopsis lemaneiformis differs from 
geographical locations as well as extraction conditions. In the present experiment, the agar yield from dry biomass from 
Gracilariopsis lemaneiformis one-year-old and fresh samples were 16.05 ± 0.65% to 24.51 ± 0.33% respectively. 
While agar in Gracilariopsis lemaneiformis was extracted 16.08% (Chen et al., 2020) from Chain, 22.4-28.4 % (Pei 
etal., 2012) from China, 25.8% (González-Leija et al., 2009a) from the Gulf of California, 25-29% (H. Li, Yu, et al., 
2008) from China, 12-15% (Qiong Xiao et al., 2018 & 2019) from China, 21-35% (Chirapart, Katou, et al., 1995) 
from Japan,  9.9% (Chirapart, Ohno, et al., 1995) from Japan, 8.1-15.4% in autumnand 35.5 to 47.8% in winter 
(Fausto Arellano-Carbajal et al., 1999) from Mexico. In this investigation, Gracilariopsis lemaneiformis agar yield 
percentage showed competition among the records of other countries. 

Gracilaria gracilis: The Gracilaria gracilis samples in the investigation were collected from Saint Martin's island low 
intertidal zone. It does not occur frequently. Considering the three types of materials (soft rope, nylon rope and used old 
fishing net) were set in of sample low intertidal zone where they usually grow. Within the materials only used the old

Figure 09: Seaweed Cultivation sites on google map (Right); locality at Raju Khal and intertidal Ditch (Left)

Figure 10: figure showing extracted agar (Left), Dried agar (Middle) and Powdered agar (Left)
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fishing net and soft rope responded to their growth. In the present experiment, the agar yield from dry biomass from 
Gracilaria gracilis was 36.05 ± 0.65% in the trial. It was also clearly observed that Gracilaria gracilis agar yield varies 
with the geographical distribution. The agar yield from Argentina was 27- 34% (Rodríguez et al., 2009), from Brazil 30 
- 34.8% (Marinho-Soriano, 2001), from Russia 36.8-46.6% (Skriptsova & Nabivailo, 2009), from Portugal 13% (Silva-
Brito et al., 2021), 20.5% and from Morocco coast 15.6% (Belattmania. et al. 2021). Importantly the agar extraction 
control parameter is not the same for all the experiments in different countries.

Gracilaria canaliculata: The Gracilaria canaliculata samples in the investigation were collected from the upper subtidal 
zone of Saint Martin's island this species is available only in March and April. In the present experiment, agar yield 
percentages from Gracilaria canaliculata dry biomass were 22.45 ± 0.24. It was observed that the agar yield from 
Gracilaria canaliculata dry biomass was extracted at 31.07% from Hawaii (Santos & Doty, 1983) and 22.9%-27.1% 
from the India (Selvavinayagam & Dharmar, 2018). 

Gracilaria blodgettii: In the next, experimental agar yield from the Gracilaria blodgettii was 29.03±0.22 at BORI, and 
was collected from the subtidal zone from a depth of 6 to 15 feet while it was extracted from Mexico (Freile-Pelegrín & 
Murano, 2005 canaliculate); 15-21% and from Philippines (Hurtado-Ponce, 1992), and 14.75% from Hawaii (Santos & 
Doty, 1983). 

Gracilaria textorii: The Gracilaria textorii can be a potential agarophyte for Bangladesh because of its higher 
percentage of agar yield collected from Saint Martin's natural bed and pre-set material of rope and net. The 
experiment results 51.43±0.26% agar yield from Gracilaria textorii dry biomass, Whereas, whereas dry biomass agar 
yield was 36.3% yield from china (Minghou. et al., 1988); 10.3±0.3 to 8.8±0.3% from India (Oza M D et al., 2011)

Carrageenan yield

In the case of carrageenan extraction from Hypnea cervicornis, Hypnea valentiae, Chondrus crispus, Halymenia floresii, 
and Halymenia Dilatata were considered following FAO recommended standard extraction method after (McHugh, 
1987).

Hypnea cervicornis: The Hypnea cervicornis samples in the investigation were collected from the lower subtidal zone of 
Saint Martin's island this species is available only in February and April. In the present experiment, the carrageenan 
yield percentage from Hypnea cervicornis dry biomass was 40.28±0.43. It was observed that the agar yield from 
Hypnea cervicornis dry biomass were 36.0±1.3 to 61.8±1.1 from china (Han, J. et al., 2021)

Hypnea valentiae: The Hypnea valentiae samples in the investigation were collected from Saint Martin's island low 
intertidal zone. It does not occur frequently. Considering the three types of materials (soft rope, nylon rope and used old 
fishing net) were set in of sample low intertidal zone where they usually grow. Within the materials only used the old 
fishing net and soft rope responded to their growth. In the present experiment, the carrageenan yield from dry biomass 
from Hypnea valentiae was 48.24±0.31% in the trial. It was also clearly observed that Hypnea valentiae carrageenan 
yield varies with the geographical distribution. The carrageenan yield from India was 34.5±1.35% (Ushakiran et al. 
2021), from Pakistan 18-46.93% (Qari R. et al., 2018), from Mexico and 43.0% (Freile-Pelegrín, Azamar & Robledo 
2011). Importantly the carrageenan extraction control parameter is not the same for all the experiments in different 
countries.

Chondrus crispus: The Chondrus crispus can be a potential carragenophyte because of its higher percentage of 
carrageenan yield; collected from Saint Martin's natural. The experiment results 51.31±0.22% carrageenan yield from 
Chondrus crispus dry biomass, Whereas, whereas dry biomass carrageenan yield was 23.3±0.6 to 24.2±0.5% yield 
from Portugal (Pereira, 2013); 37.4±1.68 to 29.13±0.76% from Spain (Oza M D et al., 2011).

Halymenia floresii: In the next, experimental carrageenan yield from the Halymenia floresii was 31.20 ± 0.18% at BORI 
and was collected from the subtidal zone from a depth of 6 to 15 feet. While it was extracted from 28.9±0.5 to 
26.8±0.7% from Mexico (Freile-Pelegrin et al. 2011).

Halymenia Dilatata: The Halymenia Dilatata was collected from Saint Martin's natural bed from a depth of 2-8m. The 
experiment results 25.17±0.85% carrageenan yield from Halymenia Dilatata dry biomass, Whereas, whereas dry 
biomass carrageenan yield was 9.74±0.93% yield from Philippines (Minghou. et al., 1988) and 10.3±0.3 to 8.8±0.3% 
from India (Oza M D et al., 2011).

Physico-chemical parameter: The water and bottom sediment physico-chemical parameters of sampling sights were 
recorded to understand environmental conditions suitable for seaweed growth. During the sampling period of 
temperature ranged 21-28.9°C; salinity 29.3-35.2ppt; pH 6.5-8.6; DO 5.1-6.9mg/L; FNU 3.7-12.4; and the water
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nutrient content Phosphate-phosphorus (PO4-P) was 0-2.7mg/L; Nitrate-nitrogen (NO3-N) 0-2.4mg/L; Nitrite-nitrogen 
(NO2-N) was 0-4.5 mg/L; Silicate (SiO3) was 0-3.0mg/L; and Ammonia (NH3) was 0.6-11.6. the bottom sediment 
temperature ranged 20.2-29.2°C, and pH 5.7-7.8 from mid-January to early April. The monthly recorded range of 
parameters during the period is tabulated bellow Table 1:

The average monthly recorded parameters around water and bottom sediment of Saint Martin's Island are shown in the 
graphs bellow fig 10-21.

Table 01: Monthly maximum and minimum record of the parameter around Saint Martin

Figure 10: Mean seawater Temperature °C Figure 11: Mean seawater Salinity ‰ Figure 12: Mean seawater pH

Figure 13: Mean seawater DO Figure 14: Mean seawater Figure 15: Mean seawater PO4-P

Figure 16: Mean seawater NO3-N Figure 17: Mean seawater NO2-N Figure 18: Mean seawater SiO3

Figure 19: Mean seawater NH3 Figure 20: Mean Bottom Sediment Temperature Figure 21: Mean Bottom Sediment pH
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CONCLUSION
Several investigations have been carried out around the world to explore suitable agarophyte and carragenophyte to 
extract agar and carrageenan respectively for their multi-dimensional industrial increasing commercial demand. In this 
investigations, a total of 5 agarophyte and 5 carragenophyte have been explored for respective hydrocolloid 
extraction. Experimental cultivation for 6 commercial specimens were observed at Raju Khal and adjacent intertidal ditch 
to observe survival and growth responses. As a continues baseline data so far a total of 139 seaweeds are identified. 
The study on Exploring commercial seaweeds for sustainable blue-economy need to be continued. 
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GENERAL DISCUSSION
Coastal zone of Bangladesh is geomorphologically and 
hydrologically dominated by the Ganges Brahmaputra 
Meghna (GBM) river system; their tributaries and Bay of 
Bengal [1]. The Eastern Coastal Zone extends from 
Teknaf upazila to Mirsarai upazila along the estuary of 
the Feni river and it is the most stable part of 
Bangladesh coast [2]. This zone has become an 
aggregate of many rivers and dozens of tributaries that 
are considerably polluted. The massive anthropogenic 
activities and dispose of waste to the riverine, 
decreasing environmental quality [3]. In recent decades, 
almost an average of 50% of the total oil production 
was transport of oil in the marine worldwide [4], 
including south eastern coast as fishing boat activity, 
shipping line and cargo activities both domestic or 
international. Oil and grease (OG) are one of the most 
widespread contaminants in the sea [5], estimated that 1 
to 10 metric tons of oil came into the sea from various 
sources and accumulated in the coastal significantly [6]. 

OG consists of volatile hydrocarbons or oil released from 
the engine's incomplete combustion emissions, found 
higher than oil that directly into the sea [7]. From the 
eco-toxicological perspective, Tam et al. [8] reported 
that 100% mortality of Flounder fry occurred at an oil 
content of 1,000 mgL-1 (1 ppm), abnormal growth 
occurred at an oil level of 10 mgL-1 (0.01 ppm). The 
source of OG pollution can be due to the oil spilled from 
leakage of tanker shipping, river runoff, domestic 

pollution, sea transportation, or fishing boat activities in 
south eastern coastal waters and its surrounding [9]. 

This case always attracted great attention from the 
broader community because of adverse effects around 
the coast and has significant damage to organisms in 
aquatic environments [10]. Furthermore, oil pollution can 
degrade the quality of seawater physically, chemically, 
and biologically such as disruption of photosynthesis and 
respiration process in marine organisms [11,12]. This 
pollutant can also be harmful to the living biota because 
it is affected by organisms' fertilization [13]. Therefore, it 
is necessary to assess the contamination level and oil 
distribution pattern in these seawaters. Besides, the study 
of OG level in seawater is still limited data in these 
regions.

This study aims to determine the pollution level and 
spatial distribution of OG in seawaters in south eastern 
coast of Bangladesh, especially in Saint Martin's Jetty 
area, Teknaf Jetty area, Shaplapur fishery ghat area, 
Cox's Bazar fishery ghat area, Kutubdia fishery ghat 
area, Karnafuli fishery ghat area, Chittagong port area 
and Shitakundu ship breaking area. Due to part of the 
Bay of Bengal ecosystem, these locations were chosen, 
densely anthropogenic activities, particularly industrial 
and shipping activities. Providing information about OG 
concentration and distribution can be a guideline for 
local governments to manage marine ecosystems' 
sustainability.

OBJECTIVES
The objectives of the study are-
To know the status of Oil-Grease and BTEX pollution
To analyze the pollution level of these coastal waters
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STUDY AREA

MATERIALS AND METHODS

The study sites and 
locations lies in the 
south eastern coast of 
Bangladesh, 
especially in Saint 
Martin's Jetty area, 
Teknaf Jetty area, 
Shaplapur fishery 
ghat area, Cox's 
Bazar fishery ghat 
area, Kutubdia 
fishery ghat area, 
Karnafuli fishery ghat 
area, Chittagong port 
area and Shitakundu 
ship breaking area 
(Figure 1).

Sample Collection

This study was conducted from November to March of 2022 in 8 (eight) locations presented in Figure 1. A total of 40 
(forty) samples for seawater were retrieved. In particular, every location distributes to 5 (five) selected points. One 
litter of surface seawater were collected and stored in a pre-cleaned amber glass bottle wrapped with aluminum foil. 
Seawater samples were kept in cool boxes (4°C) prior to analysis in the laboratory.

Sample Analysis

All glassware was treated by washing it with detergent (common trademark) non-perfume, soaking in hot water, and 
rinsing with distilled water to eliminate contaminant. The analysis was based on the APHA 5520 B method applied as 
Liquid-Liquid, Partition-Gravimetric Method. Briefly, seawater samples were filtered through 0,45 ?m glass fiber filters 
(Whatman GF/C), and 2 L filtrate water was extracted by n-Hexane solvent (emsure grade, Merck) with 60 mL, 30 mL 
and 30 mL using a separator funnel, respectively. Water residue was removed by sodium sulphate anhydrous from 
organic. Then the seawater organic phase was evaporated in a rotary evaporator for 60 minutes at 40°C until 1 mL. 
The last sample was added by tetrachloroethylene solvent to 4 mL. The concentration of OG was measured by 
calculating equation mentioned in the analysis method.

Data Analysis:

The data presented here were calculated using Microsoft Office Excel 2016 for OG, and the graph was generated 
using the Golden Software. Maps showing the sampling location were produced using ArcMap10.1, Environmental 
Systems Research Institute, ESRI®.

RESULT AND DISCUSSION

Spatial distribution of OG extent for seawater measured from 40 sampling stations showed similar special pattern 
among three locations, Saint Martin Jetty Ghat, Cox's Bazar Fishery Ghat, and Shitakundu Ship Breaking Area (Figure 
2). Average OG concentration of seawaters from three areas are 1.72 ug/l, 1.18 ug/l and 1.15 ug/l respectively 
(Figure 3). On the other hand, three locations of Teknaf Jetty Ghat, Shaplapur Fishery Ghat and Kutubdia Fishery Ghat 
(Figure 2) almost have alike spatial distribution with average OG concentration of 0.56 ug/l, 0.52 ug/l and 0.66 ug/l 
respectively (Figure 3). Similar distribution pattern also found between Kornofuli Fishery Ghat and Chittagong Port 
Area (Figure 2) with average OG level of 0.92 ug/l and 0.82 ug/l respectively (Figure 3).

Figure 1:
Study area
and station
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Figure 2: Spatial distribution of Oil & Grease extent in 
eight sampling sites: (a) Saint Martin's Jetty Ghat, (b) 
Cox's Bazar Fishery Ghat, (c) Shitakundu Ship Breaking 
Area, (d) Teknaf Jetty Ghat, (e) Shaplapur Fishery 
Ghat, (f) Kutubdia Fishery Ghat, (g) Kornofuli Fishery 
Ghat, and (h) Chittagong Port Area.
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In general, the OG concentration of seawater in one of 
the sampling stations of Cox's Bazar Fishery Ghat was the 
highest followed by Saint Martin's Jetty Ghat and 
Shitakundu Ship Breaking Area whereas the lowest 
among the maximums is in one of the sites of Teknaf Jetty 
Ghat. (Figure 4). The lowest concentration of OG among 
the minimums is in one of the sampling sites of Shaplapur 
Fishery Ghat (Figure 4).

The correlation matrix shows that there is positive relationship between OG concentration and with the parameters of 
Temperature, Salinity, TDS, Transparency and Conductivity (Figure 5). On the contrary, there is negative relationship 
between OG concentration and some parameters; such as DO and Density. This indicates high physical and microbial 
activity which reduce OG compound from terrestrial area [14]. Overall, the OG content in seawater does not surpass the 
standards of Decree No. 51 of the Environment Ministry on seawater quality standards [15].

Oil content in either the eight locations does not intensely affect oceanographic parameters such as salinity, temperature, 
and pH (Table 1). However, this contradicts the composition of physical chemistry in oil. High salinity will affect the 
solubility of one oil fraction, namely the structure of polycyclic aromatic hydrocarbons (PAH) in seawater [16], which will 
impact marine organisms.

The hydrodynamic condition and organic matter contents could be affected by the spreading of oil contaminants in 
seawater and sinking processed oil contaminant particulates in sediment. Even more, Saint martin's Island was located in 
the open sea that was affected by the monsoon regime. In coastal waters, the source of oil contaminants was dominated 
come from riverine input, and its spreading was affected by the current and tidal regime [17].

Figure 3: Average Oil & Grease concentration
at each of eight sampling sites

Figure 4: (a) Maximum and (b) Minimum concentration of OG in various sampling sites of eight sampling locations

Figure 5: Correlation Matrix between Oil & Grease and Physico-chemical parameters of different sampling locations.

(a) (b)
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Table 01: Physico-chemical parameters of seawater in each sampling station

Note: SM-Saint Martin, TF-Teknaf, SP-Shaplapur, CB-Cox's Bazar, KD-Kutubdia, KF-Kornofuli, CP-Chittagong Port, SK-Shitakundu
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High levels of oil in seawater will reduce the absorption of oxygen, so that will cause an environmental hypoxic condition. 
Also, the performance of oil-breaking microbes is disrupted by the reduction in dissolved oxygen levels [18]. According 
to Zobell and Hittle [19], for complete oxidation of one gallon of crude oil, dissolved oxygen is needed from 320,000 
gallons of seawater saturated with air. The natural remediation process by these microbes will break the fraction of 
regular paraffin crude oil. In contrast, oils with a more toxic aromatic ring will be solved longer (degradation) [20]. 
Disturbance to the life of marine biota against oil pollution generally occurs around estuarine and beaches because the 
frequent oil pollution usually occurs [21]. However, when the ability to recover from the environment has exceeded, then 
marine biota damage could happen very quickly. As the recovery of this damage in marine biota takes a long time [22], 
this scenario could pose a serious danger to the marine ecosystem where the contamination occurs.

The literature study shows that when the OG fraction enters waters, it will reduce by a natural evaporation process [23]. 
However, this is a complicated process in oil accumulation of sediments and biota [24]. The bioaccumulation process will 
bind to fat tissue and naturally concentrated following the food chain pathway to a higher consumer level [25]. Fish and 
other seafood as an essential protein intake for humans will have a high risk to human health if they accumulate 
compounds from highly toxic and persistent oil fractions such as PAH [26]. Therefore, it needs circumspection and 
vigilance to benefit from fish and other marine biotas as a daily consumption due to oil contaminants content.

The average concentration of oil and grease in south eastern coastal water and its surroundings is 0.985 ug/l or 0.985 
ppb. OG contaminants were detected and distributed in each sampling station with a variety of concentrations. The 
results indicated that the level of OG obtained in most of these waters are lower than the threshold value for normal 
marine animations based on the US EPA water quality criteria guidelines. It is necessary to monitor and evaluate the 
environmental quality of this coastal zone through analyzing seawater and sediment samples frequently. In case of an oil 
spills incident both from the off-shore incidents or tanker shipping, environmental baseline data has been provided. Strict 
supervision is needed for all ships and boats across these waters, including ships docking process and oil dumping waste.

Limitations of the Study

Sample collection and analysis of BTEX could not be pursued due to delay of analytical chemical standard arrival at 
BORI from abroad. The main reason explained as the haphazard shipping management system in export-import 
resulting COVID 19. According to international sampling protocol, BTEX samples are needed to be analyzed within 14 
days' after collection. So, long-term preserved samples are not to be accepted for analysis in the laboratory. Upon 
arrival of the BTEX standards in May'2022 at BORI, it was not possible to collect samples from the sea because of unrest 
weather and oceanic condition.
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ABSTRACT
The Naf Estuary, Rejukhal Estuary, and Moheskhali 
Channel are significant estuaries in Bangladesh's south-
eastern region. These three estuaries are situated in the 
Cox's Bazar district in Bangladesh. They are also 
connected with the Bay of Bengal. The estuaries are 
economically, politically, ecologically, and 
environmentally very important for the country. The Naf 
River is a transboundary river that is divided the two 
countries e.g., Bangladesh and Myanmar. The present 
study attempted to assess the biogeochemical process 
especially water quality parameters for the feasibility 
study of the aquaculture in two seasons e.g., end of 
winter (January 2021) and summer (April 2021) during 
high and low tide conditions from the three estuaries.  
Sample water collected from the surface layer (0 to 50 
cm) at eleven locations e.g. station 01 to 05 from the 
Naf Eastuary and station 06 to 08 from the Rejukhal 
Estuary, and station 09 to 11 from the Moheshkhali 
Channel during high and low tides was analyzed for the 
physical parameters (temperature, salinity, total 
dissolved solids (TDS), total suspended solids (TSS) and 
transparency) biochemical properties (pH, dissolved 
oxygen (DO)), and ecological parameters (nitrate (NO3-
), ammonia (NH3), phosphate (PO4

3-), silicate (SiO2) and 
chlorophyll-a) of the estuaries water. The study revealed 
that physical, biochemical, and ecological parameters 
were influenced by seasonal changes. Mean of the 
following parameters in the Naf Estuary, Rejukhal 
Estuary, and Moheskhali Channel for the winter and 
summer seasons, respectively, were in the following 
ranges: water temperature (23.60 ± 0.30°C & 30.04 ± 
0.08°C, 22.74 ± 0.05°C & 32.56 ± 0.06°C, and 23.02 
± 0.07°C & 30.90 ± 0.44°C respectively);  salinity 
(26.04 ± 1.6 & 30.60 ± 1.15 ppt, 31.81 ± 0.87 & 
29.13 ± 0.5 ppt, and 28.73 ± 2.2 & 30.64 ± 0.70 ppt 
respectively); pH (7.37 ± 0.09 and 6.50 ± 0.18 in the 
winter and summer, 7.50 ± 0.04 and 6.68 ± 0.33; and, 
7.78 ± 0.18 and 7.82 ± 0.12, respectively); DO (7.11 

± 0.07 mg/L & 5.7 ± 0.19 mg/L, 7.25 ± 0.02 mg/L & 
6.9 ± 0.44 mg/L, and 7.12 ± 0.08 mg/L & 6.29 ± 0.09 
mg/L respectively); TDS (26.48 ×103 ± 1.5×103 mg/L 
& 32.80 ×103 ± 0.48×103 mg/L, 31.76 103 ± 0.664 
×103 mg/L & 29.47 ×103 ± 0.48×103 mg/L, and 
28.87 ×103 ± 2.05×103 mg/L and 30.44 ×103 ± 
0.807×103 mg/L respectively); TSS (12.02 ± 0.68 
mg/L & 22.2 ± 3.52 mg/L, 13.56 ± 2.7 mg/L & 5.8 ± 
1.08 mg/L, and 37 ± 18.64 mg/L & 13.6 ± 0.58 mg/L, 
respectively); COD (5926.6 ± 791.4 mg/L and 4941.2 
± 24.57 mg/L, 11352 ± 4684 mg/L and 5125.6 ± 
75.5 mg/L, and 10863.3 ± 3217.5 mg/L and 8453 ± 
3567.1 mg/L respectively), ammonium (0.30 ± 0.015 
mg/L and 0.39 ± 0.01 mg/L, 0.36 ± 0.008 mg/L and 
0.36 ± 0.02 mg/L, and 0.36 ± 0.02 mg/L and 0.4 ± 
0.01 mg/L respectively); nitrite (0.028 ± 0.004 mg/L 
and 0.066 ± 0.018 mg/L, 0.037 ± 0.009 mg/L and 
0.07 ± 0.009 mg/L, and 0.12 ± 0.04 mg/L and 0.15 ± 
0.05 mg/L respectively); nitrate (was 0.48 ± 0.07 mg/L 
and 0.5 ± 0.03 mg/L, 2.3 ± 1.9 mg/L and 1 ± 0.06 
mg/L, and 0.53 ± 0.08 mg/L and 0.68 ± 0.04 mg/L 
respectively); phosphate (0.05 ± 0.009 mg/L and 0.041 
± 0.004 mg/L, 0.075 ± 0.05 mg/L and 0.073 ± 0.015 
mg/L, and 0.11 ± 0.007 mg/L and 0.045 ± 0.003 
mg/L respectively), silicate (1.008 ± 0.2 mg/L and 1.47 
± 0.19 mg/L, 0.64 ± 0.35 mg/L and 0.89 ± 0.26 mg/L,  
2.37 ± 0.68 mg/L and 2.45 ± 0.68 mg/L respectively) 
and  chlorophyll-a (4.4 ± 1.2 mg/m3 and 8.6 ± 4.03 
mg/m3, 1.1 ± 1 mg/m3 and 9 ± 4.16 mg/m3, and 3.33 
± 0.88 mg/m3 and 5.5 ± 3.75 mg/m3 respectively). The 
Rejukhal Estuary had the highest concentration of Chl-a 
during the summer, whereas the Naf Estuary had the 
lowest concentration during the winter. Aquaculture is 
shown to be possible in these estuaries throughout the 
summer and the winter, respectively, with the water being 
suitable and moderately suitable.

Keywords: Naf Estuary, Rejukhal Estuary, Moheshkhali Channel, Water Nutrients, DO, and Chlorophyll-a
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Bangladesh is a small and low-lying riverine country 
situated in South Asian with a mostly small size and 
mangrove forest with the coastline of 710 Km (441 
miles) on the northern littoral of the Bay of Bengal. Abu 
Hena et al (2006) reported that sprawling estuaries, salt 
marsh, mangroves and few islands characterized the 
coastline of Bangladesh. The estuarine ecosystems like 
channel, brackish water rivers, mangroves, salt marsh, 
and seagrass habitats are denoted to as being nutrient 
traps, which eventually maintaining food chain functions. 
Nixon et al. (1986) also mentioned that these nutrients 
backing high primary productivity later on, which in turn 
promote high levels of secondary production i.e., 
zooplankton as a part of ecosystem functions. 

This is well known that the richest fisheries of the world 
are closely related to the plankton assembly because the 
fish organisms are directly or indirectly reliant on 
plankton for their nourishment. Hence, for the 
development and estimation of potential fishery 
resources, the knowledge on plankton is essential. Thus, 
variations in their composition are a key indication of 
ecological succession, breeding periodicity as well as 
environmental condition. The relation between total 
number of phytoplankton, zooplankton and the observed 
physiochemical parameters (water temperature, salinity, 
TDS, TSS, turbidity, transparency, pH), ecological 
parameters (DO, nitrate (NO3-), ammonia (NH3), 
phosphate (PO43-), silicate, chlorophyll-a and primary 
productivity) directly related seasonal influences (Zafar, 
2007). All consumer levels such as fisheries depend on 
zooplanktons for food during their larval phases, and 

some fishes continue to eat zooplankton in their whole 
lives. The peak plenty of copepods is normally observed 
during winter and pre-monsoon season when the water 
transparency range between 66cm to 77.5cm in 
Bangladesh. Comparatively the lower abundance is 
observed during the monsoon period, when the water 
transparency ranges between 17.5cm and 38 cm (Zafar 
1986). From the economical and geographical view of 
point, Moheshkhali channel is found to have great 
contribution as nursery grounds, providing abundant food 
and relative safety to many commercially important 
species. 

The shallow coastal habitats such as estuaries are 
considered as physical and biological transition among 
land, freshwaters and the sea that support abundant life 
forms (Billah et al. 2016). According to research, 
estuaries are highly complex, dynamic and productive 
habitat mainly because of continual tidal mixing of 
fresh- and saline-waters (Day et al. 1989). However, 
ecological integrity of the estuarine systems has been a 
major concern in recent times due to human intervention 
and global environmental changes (Cloern et al. 2016). 
Iqbal and Haider (2014) noted that the Rejukhal estuary 
on the south eastern coast of Bangladesh signifies typical 
subtropical estuaries and is one of the major estuarine 
systems in Bangladesh. It is considered as an important 
estuarine system both ecologically and economically. The 
rejukhal estuarine is categorized with semi-diurnal type 
tides (two high tides and two low tides during 24 hrs and 
52 minutes) and is mostly influenced by the monsoon 
wind.

Study Area

Moheshkhali Channel: Moheshkhali Channel in Cox's Bazar district is located geographically 21° 44' 41.78"N to 21° 
27' 54.11" N and 91° 56' 20.88" E to 91° 55' 51.4" E in the southeastern part of Bangladesh. The Source of the 
Moheshkhali channel lies in the mouth of the Bay of Bengal on the south side and on the north side different net type 
flow channels of Matamuhuri River and flow over the north western part of Moheshkhali Thana and then finally it flows 
over the Bay of Bengal. The starting part of the channel near Kariardiar is adjacent to the Baradkhali Union. It also 
separated the mainland Moheshkhali Island and Cox's Bazar Sadar and represented as a Maritime open channel for 
transportation of the community of Cox's Bazar and Moheshkhali.  

Rejukhal Estuary: Rezu Khal estuary is situated (21°17'35.42''N to 21°18'28.34''N and longitude 92°2'27.15''E to 
92°4'30.90''E) in Cox's Bazar, southeastern coast of Bangladesh. The Rezu Khal is originated from the north Arkan 
Mountain and flows over the Bandarban district before flowing into the Bay of Bengal. The intertidal estuarine mudflat

OBJECTIVES

INTRODUCTION 

METHOD AND MATERIALS

To determine the physical parameters (temperature, salinity, conductivity, TDS, TSS, turbidity, and transparency) 
biochemical properties (pH, DO, BOD and COD), and ecological parameters (nitrate (NO3

-), ammonia (NH3), 
phosphate (PO4

3-), silicate, and, chlorophyll-a) of the channel water for a feasibility study of aquaculture 
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Methods

Seawater samples were collected by systematic ways. 
The Channel and Estuaries surface water and near 
bottom Channel water sample were collected from 11 
sites within Naf Estuary, Rejukhal estuary, and 
Moheshkhali Channel. At the same time, soil and sediment 
samples will be collected from different areas of the 
Channel and Estuaries especially tidal flat, saltmarsh and 
mangroves areas. All water samples were collected by 
Niskin Water Sampler and Bottom sediment 
werecollected by Ekman Grabber. 

 The physical and biochemical properties of the surface 
water (0-0.5m) and near-bottom water samples were 
collected by a Niskin water sampler and analyzed 
directly in the field at each sampling site are 
temperature, salinity, pH, conductivity, and dissolved 
oxygen (DO) by using a YSI EXO2 (water quality 
analyzer, made in the USA) and transparency of 
seawater were measured by Secchi Disk. When doing 
the measurements, the probe was submerged fully into 
the water at least around 30 cm from the coastal water 
surface, and collecting seawater samples. From each 
sampling site, 1 L of water was collected by PVC water 
sample bottles. Before sampling, the bottles were 
cleaned and washed with the detergent solution and 
rinsed 3 to 4 times with the water to be sampled. 
Hydrochloric acid was used as a preservative in these 
sample bottles and containing samples are sealed 
immediately to avoid exposure to air and placed in a 
safe place. A total of three replicates were taken for 

each parameter at every sampling site. The sample 
bottles were screwed carefully and marked with the 
respective identification number. Surface water (0-0.5m) 
and near-bottom water samples were collected for 
analysis of Chemical Oxygen Demand (COD) and 
nutrients analysis. Three replicates of samples for each 
sampling site were collected. The samples were filtered 
through what man No. 1 filter papers and they was 
preserved (pH<2.0) with a few drops of concentrated 
HCl for each replicate. Water samples were kept in 
acid-washed polyethylene pillboxes and later put into an 
icebox to prevent sample deterioration during 
transportation to the laboratory. In the laboratory, the 
water samples were stored at 4ºC until further analysis. 

Water samples for Chlorophyll a (hereinafter Chl a) 
were obtained by filtering a known volume of surface 
water on glass fiber filters (0.7 mm, Whatman GF/F) 
and was then stored at -200C. Pigments were extracted 
for approximately 12 hours in 15 mL of 90% acetone at 
40 C and analyzed with a Photolab Spectrophotometer 
7600. The accuracy of Chl an analysis was estimated to 
be ±4%. Water sample for nutrient analysis was 
measured in two systematic ways: firstly, onboard 
analysis by colorimetric analysis using water nutrients kit 
and secondly, for more accuracy, water sample was 
obtained by filtering a known volume of surface water 
on glass fiber filters (0.7 mm, Whatman GF/F) and then 
was stored at 40 C in the refrigerator for further nutrient 
analysis with a Photolab Spectrophotometer 7600.

is occupied with mangrove and salt 
marshes. This estuary has two 
streams that join together near the 
Jaliapalong and finally reach to 
the Bay of Bengal. The entire 
sampling was carried out near 
Jaliapalong Bridge of the Reju Khal 
estuary.

Naf Estuary: Naf estuary is a 
transboundary river marking the 
border of Bangladesh and 
Myanmar. The Naf estuary is an 
elongated estuary located in the 
extreme southeast of Cox's Bazar 
district dividing the district from 
Arakan (Myanmar). It rises in the 
Arakan hills on the southeastern 
borders of the district and falls into 
the Bay of Benal. The estuary width varies from 1.61 km to 3.22 km. The Naf River's average depth is 128 feet (39 m) 
and maximum depth is 400 feet (120 m). The left bank of the estuary is in Akyab in Myanmar and Teknaf Upazila of 
Cox's Bazar district is on the right bank of the river. The river is influenced by tidal activity. Shrimp cultivation is broadly 
practiced on the floodplains of the estuary.

Figure 01: (a) Naf Estuary, (b) Rejukhal Estuary and (c) Moheshkhali Channel
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Data Processing and Analysis

The relevant data was processed and analyzed through manually and for computer-based analysis MS Excel of Office 
2013 version was used. For graphical & data displaying, Arc GIS, R programing, Matlab, Surfer & Grapher are used.

Assessment of biogeochemical parameters of the Naf Estuary, Rejukhal Estuary and Moheshkhali Channel 
Physicochemical properties of Estuaries water Evaluation of water quality involves identifying the chemical, physical, 
and biological features of water bodies, as well as potential sites for aquaculture development in the estuaries and 
coastal areas and it also helps to identifying the sources of water pollutions. Here, we'll focus on the water 
characteristics that are used to assess the water quality for the expansion of aquaculture in Bangladesh's estuaries: Naf 
Estuary, Rejukhal Estuary and Moheshkhali Channel.

Figure 3: (a) & (b) Niskin 
water sampler, (c) EXO-2 
(Multiparameter), (d) 
Labelling the sample 
bottles (e) Collecting the 
phytoplankton and 
zooplankton by plankton 
net (f) Collecting the 
phytoplankton and 
zooplankton into the 
sample bottles and (g) 
Sampling area of 
mangrove and salt marshes 
in the Naf River.

Figure 04: (a) 
Sampling area of 

mangrove and salt 
marshes in the Naf 
River (b) Sampling 

the soil for soil 
organic carbon 

from salt marshes 
in the bank of Naf 

River, and (c) 
Sampling area of 

mangrove and salt 
marshes in the Naf 

River

RESULTS AND DISCUSSION

Figure 02: Sample collection equipments and materials in on boat

(a)

(a)

(b)

(b)

(c)

(e)

(f)

(g)

(d)

(c)
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Water Temperature (oC) 

Physical, chemical, and biological 
activities in water and air-water 
interactions are controlled by water 
temperature. It affects the solubility and 
consequent availability of different 
chemical components in water. The 
surface water temperature ranges were 
recorded 22.9 to 24.7 ± 0.30°C and 
29.9 to 30.3 ± 0.08°C (Naf Estuary); 
22.7 to 22.8 ± 0.05 °C and 32.4 to 
32.7 ± 0.06°C (Rejukhal Estuary); 22.9 
to 23.2 ± 0.07°C and 30 to 31.4 ± 
0.44°C (Moheshkhali Channel) in the 
season of winter and summer respectively 
(Table 1). In winter & summer seasons, the 
average water temperatures of Naf 
Estuary, Rejukhal Estuary and Moheskhali 
Channel were 23.60 ± 0.30°C & 30.04 
± 0.08°C, 22.74 ± 0.05°C & 32.56 ± 
0.06°C, and 23.02 ± 0.07°C & 30.90 ± 
0.44°C respectively. Comparatively, 
water temperature was higher than in 
summer season than the winter season. 
The maximum and minimum water 
temperature were observed in the 
Rejukhal Estuary among the three 
estuaries (Figure 7a & 05). 

Figure 05: Seasonal variation and temporal distribution
(winter and summer 2022) of water temperature in the Naf Estuary,

Rejukhal Estuary and Moheshkhali Channel.

Figure 06: Seasonal variation and temporal distribution
(winter and summer 2022) of salinity in the Naf Estuary,

Rejukhal Estuary and Moheshkhali Channel.

Water Salinity (WS) 

Salinity is the amount of dissolved salts in a 
body of water. Salinity is important for 
determining the global water balance, 
productivity forecast models, and 
evaporation rates because of the 
significant role that ocean currents play in 
regulating the climate (M. H. Gholizadeh, 
A. M. Melesse, and L. Reddi, 2016). The 
surface water salinity ranges were 
observed as 21.2 to 30.6 ± 1.6 ppt and 
27.20 to 33.64 ± 1.15 ppt for Naf 
Estuary, 24.7 to 32.5 ± 0.87 ppt and 28.1 
to 29.7± 0.5 ppt for Rejukhal Estuary, 24.7 
to 32.5 ± 2.2 and 29.7 to 32 ± 0.7 ppt 
for Moheshkhali Channel in the season of 
winter and summer respectively (Table 1). 
The average water salinity in the Naf 
Estuary, Rejukhal Estuary, and Moheskhali 
Channel for the winter and summer seasons 
was 26.04 ± 1.6 & 30.60 ± 1.15 ppt, 
31.81 ± 0.87 & 29.13 ± 0.5 ppt, and 
28.73 ± 2.2 & 30.64 ± 0.70 ppt 
respectively. Of the three estuaries, the 
Naf Estuary had the highest and lowest 
water salinities (Figure 7b & 06).
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Figure 07:  Seasonal variation (winter and summer 2022) of water temperature (a), salinity (b), DO
(c) and pH (d) in the Naf Estuary, Rejukhal Estuary and Moheshkhali Channel respectively.

Figure 08: Seasonal variation and temporal distribution
(winter and summer 2022) of DO in the Naf Estuary

Rejukhal Estuary and Moheshkhali Channel.

Dissolved Oxygen (DO)

Every aquatic organism that needs oxygen 
depends on the presence of dissolved 
oxygen (DO), which is a critical indicator of 
water quality. Both human activity and 
natural events have the potential to impact 
the amount of DO in water bodies. There 
tends to be a lot of DO in water that is 
moving quickly, like in mountain streams or 
major rivers (E. V. Hatzikos et al., 2008). 
The DO values were observed 6.9 to 7.3 ± 
0.07 mg/L and 5.12 to 6.12 ± 0.19 mg/L 
(Naf Estuary); 7.2 to 7.3 ± 0.02 mg/L and 
6.41 to 7.78 ± 0.44 mg/L (Rejukhal 
Estuary); and 7 to 7.3 ± 0.08 mg/L and 
6.2 to 6.5 ± 0.09 mg/L (Moheshkhali 
Channel) in the season of winter and 
summer respectively (Table 1). The 
average DO in the Naf Estuary, Rejukhal 
Estuary, and Moheskhali Channel for the 
winter and summer seasons were 7.11 ± 
0.07 mg/L & 5.7 ± 0.19 mg/L, 7.25 ± 
0.02 mg/L & 6.9 ± 0.44 mg/L, and 7.12 
± 0.08 mg/L & 6.29 ± 0.09 mg/L 
respectively, whereby the highest mean 
value was recorded in Rejukhal Estuary 
during winter season. In contrast, the lowest 
mean value was recorded in Naf Estuary 
during the summer season (Figure 7c & 08).
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pH

The pH scale measures how much free hydrogen and hydroxyl ions are present in water. While water with more free 
hydroxyl ions is basic, water with more free hydrogen ions is acidic. The pH of the water is impacted by the presence of 
pollutants, which can harm living things rivers (E. V. Hatzikos et al., 2008). Because any change in pH may result in the 
extinction of aquatic creatures, it is crucial to keep the aquatic resource within a pH range of 6.5-8. In the winter and 
summer seasons, pH ranges were 7.16 to 7.62 ± 0.09 and 6.13 to 7.08 ± 0.18 (Naf Estuary), 7.4 to 7.6 ± 0.04 and 
6.27 to 7.35 ± 0.33 (Rejukhal Estuary), and 7.5 to 8.1 ± 0.18 and 7.7 to 7.9 ± 0.12 (Mohesh (Table 1). The Naf 
Estuary, Rejukhal Estuary, and Moheskhali Channel had average pH of 7.37 ± 0.09 and 6.50 ± 0.18 in the winter and 
summer, 7.50 ± 0.04 and 6.68 ± 0.33; and, 7.78 ± 0.18 and 7.82 ± 0.12, respectively. The Moheshkhali Channel 
recorded the highest mean value during the summer season. The Naf Estuary, in contrast, reported the lowest mean 
value during the summer season due to the mixing of freshwater with rainfall (Figure 7d).

Total Dissolved Solids (TDS)

The TDS ranges were observed as 21.9 to 30.6 ×103 ± 1.5×103 mg/L and 31.3 to 33.7×103 ± 0.48×103 mg/L for 
Naf Estuary; 30.4 to 32.5 ×103 ± 0.664 ×103 mg/L and 28.5 to 29.9 ×103 ± 0.48×103 mg/L for Rejukhal Estuary; 
25.2 to 32.3 ×103 ± 2.05×103 mg/L and 29.4 to 32 ×103 ± 0.807×103 mg/L for Moheshkhali Channel in the 
season of winter and summer respectively (Table 1). The mean TDS in the Naf Estuary, Rejukhal Estuary, and Moheskhali 
Channel for the winter and summer seasons was 26.48 ×103 ± 1.5×103 mg/L & 32.80 ×103 ± 0.48×103 mg/L, 
31.76 103 ± 0.664 ×103 mg/L & 29.47 ×103 ± 0.48×103 mg/L, and 28.87 ×103 ± 2.05×103 mg/L and 30.44 
×103 ± 0.807×103 mg/L respectively, where the Naf Estuary had the highest mean value throughout the summer 
because of the rain, which helped to increase the amount of solid particles carried into the estuary by river runoff. At 
contrast, the winter season in Naf Estuary saw the lowest mean value ever recorded (Figure 9a).

Total Suspended Solids (TSS)

The quantity of soil flowing through a water stream is known as suspended sediments. It heavily depends on the water 
flow's speed because more soil can be picked up and suspended by water that moves more quickly. A stream's water 
quality can be harmed by too much sediment (E. V. Hatzikos et al., 2008). The Naf Estuary had TSS values of 10.3 to 
14.5 ± 0.68 mg/L and 13.3 to 30.9 ± 3.52 mg/L in the winter and summer, respectively; the Rejukhal Estuary had 9.1 
to 18.4 ± 2.7 mg/L and 4.3 to 7.9 ± 1.08 mg/L; while the Moheshkhali Channel had 12.9 to 73 ± 18.64 mg/L and 
12.7 to 14.7 ± 0.58 mg/L (Table 1). The mean TSS for the winter and summer seasons in the Naf Estuary, Rejukhal 
Estuary, and Moheskhali Channel were 12.02 ± 0.68 mg/L & 22.2 ± 3.52 mg/L, 13.56 ± 2.7 mg/L & 5.8 ± 1.08 
mg/L, and 37 ± 18.64 mg/L & 13.6 ± 0.58 mg/L, respectively. The highest mean value was found at St. 02 in the 
Moheshkhali Channel during winter season. The Rejukhal Estuary, in contrast, reported the lowest mean value during the 
summer (Figure 9b).

Chemically Oxygen Demand (COD)

An important indicator of the water quality for aquaculture is chemical oxygen demand (COD), which has a significant 
impact on the safety of aquaculture. COD values in the winter and summer for the Naf Estuary were 4430 to 7880 ± 
791.4 mg/L and 4890 to 5000 ± 24.57 mg/L, respectively. For the Rejukhal Estuary, they were 5100 to 20520 ± 
4684 mg/L and 5000 to 5261 ± 75.5 mg/L, respectively. Finally, the Moheshkhali Channel had values of 5080 to 
16200 ± 3217.5 mg/L and 4769 to 15590 ± 3567.1 mg/L (Table 1). In the Naf Estuary, Rejukhal Estuary, and 
Moheskhali Channel, the mean COD for the winter and summer seasons was 5926.6 ± 791.4 mg/L and 4941.2 ±

Figure 09: Seasonal variation (winter and summer 2022) of TDS (a), and TSS (b) in the Naf Estuary, Rejukhal Estuary
and Moheshkhali Channel respectively.
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Figure 10: Seasonal variation (winter and summer 2022)
of COD in the Naf Estuary, Rejukhal Estuary and

Moheshkhali Channel.

Figure 11:  Seasonal variation (winter and summer 2022) of nitrite (a), nitrate (b), ammonium (c) and phosphate
(d) in the Naf Estuary, Rejukhal Estuary and Moheshkhali Channel respectively. The highest concentration of

nitrite was found in the Moheshkhali Channel during the summer season and lowest concentration
of nitrite was found in the Naf Estuary during winter season.

24.57 mg/, respectively; for the summer season, it was 
5125.6 ± 75.5 mg/L, and 8453 ± 3567.1 mg/L; and 
for the winter season, it was 11352 ± 4684 mg/L and 
10863.3 ± 3217.5 mg/L. At St. 03 in the Rejukhal 
Estuary during the winter months, the greatest mean 
value was recorded. In contrast, the Naf Estuary 
recorded the summertime mean value that was the 
lowest. Comparatively, the higher COD values were 
found in winter season than summer season (Figure 10).

Water nutrients 

The availability of water nutrients is influenced by the 
local climate, anthropogenic activity, and environmental 
factors. One of the nutrients that is limited during 
photosynthesis is nitrogen. Rainfall, in-situ N2 fixation, river run-off, diffusion from sediments, drainage systems, 
industrial waste and sewage, etc. are some of the ways it enters the estuary and aquaculture system. Redox processes 
mediated by phytoplankton and bacteria are mostly responsible for controlling nitrogen levels. Remineralization, 
ammonification, nitrification, denitrification, and fixation are some of the processes (Phiminaq, 2006).

Nitrite (NO2-N)

In winter and summer seasons, nitrite levels were found to be between 0.02 to 0.04 ± 0.004 mg/L and 0.05 to 0.09 ± 
0.018 mg/L for the Naf Estuary, 0.02 to 0.05 ± 0.009 mg/L and 0.06 to 0.09 ± 0.009 mg/L for the Rejukhal Estuary, 
and 0.03 to 0.16 ± 0.04 mg/L and 0.05 to 0.2 ± 0.05 mg/L for Moheskhali Channel (Table 1). The mean 
concentration of NO2 in the Naf Estuary, Rejukhal Estuary, and Moheskhali Channel over the winter and summer seasons 
was 0.028 ± 0.004 mg/L and 0.066 ± 0.018 mg/L, 0.037 ± 0.009 mg/L and 0.07 ± 0.009 mg/L, and 0.12 ± 0.04 
mg/L and 0.15 ± 0.05 mg/L (Figure 11a).
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Nitrate (NO3-N)

The concentration of nitrate was observed to be between 0.3 to 0.7± 0.07 mg/L and 0.4 to 0.6 ± 0.03 mg/L for the 
Naf Estuary, 0.4 to 6.1 ± 1.9 mg/L and 0.9 to 1.1 ± 0.06 mg/L for the Rejukhal Estuary, and 0.4 to 0.7 ± 0.08 mg/L 
and 0.6 to 0.75 ± 0.04 mg/L for Moheskhali Channel in the season of winter and summer respectively (Table 1). The 
mean concentration of NO3 in the Naf Estuary, Rejukhal Estuary, and Moheskhali Channel over the winter and summer 
seasons was 0.48 ± 0.07 mg/L and 0.5 ± 0.03 mg/L, 2.3 ± 1.9 mg/L and 1 ± 0.06 mg/L, and 0.53 ± 0.08 mg/L and 
0.68 ± 0.04 mg/L (Figure 11b).  The Rejukhal Estuary had the highest nitrate content throughout the winter, whilst the 
Naf Estuary had the lowest nitrite concentration.

Ammonium (NH4-N)

Ammonium concentrations in the winter and summer were found to range from 0.26 to 0.35 ± 0.015 mg/L and 0.37 to 
0.43 ± 0.01 mg/L for the Naf Estuary, 0.35 to 0.38 ± 0.008 mg/L and 0.35 to 0.42 ± 0.02 mg/L for the Rejukhal 
Estuary, and 0.32 to 0.39 ± 0.02 mg/L and 0.4 to 0.5 ± 0.01 mg/L for Moheskhali Channel (Table 1). The mean 
concentration of NH4-N in the Naf Estuary, Rejukhal Estuary, and Moheskhali Channel over the winter and summer 
seasons was 0.30 ± 0.015 mg/L and 0.39 ± 0.01 mg/L, 0.36 ± 0.008 mg/L and 0.36 ± 0.02 mg/L, and 0.36 ± 0.02 
mg/L and 0.4 ± 0.01 mg/L (Figure 11c). The Moheshkhali Channel had the highest concentration of nitrite during the 
summer, whereas the Naf Estuary had the lowest concentration during the winter. 

Phosphate (PO4)

The Naf Estuary's phosphate concentrations in the winter and summer were found to be between 0.04 and 0.09 ± 
0.009 mg/L and 0.03 to 0.05 ± 0.004 mg/L, the Rejukhal Estuary's between 0.005 and 0.17 ± 0.05 mg/L and 0.05 
to 0.1 ± 0.015 mg/L, and the Moheskhali Channel's between 0.1 and 0.12 ± 0.007 mg/L and 0.04 to 0.05 ± 0.003 
mg/L (Table 1). The Naf Estuary, Rejukhal Estuary, and Moheskhali Channel had mean phosphate concentrations of 0.05 
± 0.009 mg/L and 0.041 ± 0.004 mg/L, 0.075 ± 0.05 mg/L and 0.073 ± 0.015 mg/L, and 0.11 ± 0.007 mg/L and 
0.045 ± 0.003 mg/L, respectively, across the winter and summer seasons (Figure 11d). The Naf Estuary had the lowest 
concentration of phosphate during the summer, while the Moheshkhali Channel had the highest during the winter. 

Silicate 

The silicate concentration in the winter and summer for the Naf Estuary were 0.58 to 1.52 ± 0.2 mg/L and 1.13 to 2.1 
± 0.19 mg/L, respectively. For the Rejukhal Estuary, they were 0.23 to 1.36 ± 0.35 mg/L and 0.51 to 1.38 ± 0.26 
mg/L, respectively. Finally, the Moheshkhali Channel had values of 1.06 to 3.38 ± 0.68 mg/L and 1.6 to 3.85 ± 0.70 
mg/L (Table 1). In the Naf Estuary, Rejukhal Estuary, and Moheskhali Channel, the mean silicate for the winter and 
summer seasons was 1.008 ± 0.2 mg/L and 1.47 ± 0.19 mg/L, respectively; for the summer season, it was 0.89 ± 0.26 
mg/L, and 2.45 ± 0.68 mg/L; and for the winter season, it was 0.64 ± 0.35 mg/L and 2.37 ± 0.68 mg/L. 
Comparatively higher silicate was found in summer than the winter in all three estuaries (Figure 12a).

Chlorophyll-a 

Chlorophyll-a concentrations in the winter and summer were found to range from 1 to 8 ± 1.2 mg/m3 and 2 to 23 ± 
4.03 mg/m3 for the Naf Estuary, 0.01 to 3 ± 1 mg/m3 and 1 to 15 ± 4.16 mg/m3 for the Rejukhal Estuary, and 2 to 5 
± 0.88 mg/m3 and 1.5 to 13 ± 3.75 mg/m3 for Moheskhali Channel (Table 1). The mean concentration of Chl-a in the 
Naf Estuary, Rejukhal Estuary, and Moheskhali Channel over the winter and summer seasons was 4.4 ± 1.2 mg/m3 and 
8.6 ± 4.03 mg/m3, 1.1 ± 1 mg/m3 and 9 ± 4.16 mg/m3, and 3.33 ± 0.88 mg/m3 and 5.5 ± 3.75 mg/m3 (Figure Xb). 
The Rejukhal Estuary had the highest concentration of Chl-a during the summer, whereas the Naf Estuary had the lowest 
concentration during the winter (Figure 12b & 13).

Figure 12: Figure X: Seasonal variation (winter and summer 2022) of silicate (a), and chlorophyll -a (b) in the Naf Estuary,
Rejukhal Estuary and Moheshkhali Channel respectively.
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Comparing the estuaries' water's 
physical, biochemical, and ecological 
properties to the national and 
international standards for aquaculture

From the observation of the two seasons 
data (winter and summer 2022), physical 
parameters values of the surface water 
e. g., water temperature, salinity, and TSS 
were favorable within the standard value 
except TDS. The TDS value was exceeded 
the standard values' tolerance level, 
especially during the summer season. The 
surface water's biochemical parameter 
values, such as pH, DO and COD, were 
all favorable and within the acceptable 
range and ecological parameter values 
of the surface water, including nitrite, 
nitrate, ammonium, phosphate, silicate 
and Chl-a, were all favorable and 
acceptable range for the aquaculture 
(Table 1 & 2).

Figure 13: Seasonal variation and temporal
distribution (winter and summer 2022) of

DO in the Naf Estuary, Rejukhal Estuary
and Moheshkhali Channel.

Table 1: Comparing water quality parameters of the Moheshkhali Channel and Matamuhuri River with national standard
and international standard for aquaculture
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Important estuaries not just in Cox's Bazar but also throughout Bangladesh include the Naf Estuary, Rejukhal Estuary, and 
Moheshkhali Channel. These estuaries are crucial to the nation's economy, politics, ecology, and environment. They also 
provide an excellent ecosystem with a thriving biodiversity. Based on the physical, biochemical, and ecological 
parameters of these estuary's water, it is depicted that these estuary's water is suitable and moderately suitable for 
aquaculture during winter and summer seasons respectively but is also important to collect data during the monsoon 
season for the better development of aquaculture. At least three years with complete months of data will be required 
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ABSTRACT

INTRODUCTION

The present study, considered as one of the pioneering microplastics (MPs) particles (particles size < 5mm) research, 
measured the abundance and spatial distribution of microplastic pollution in the coastal area of Cox's Bazar. Surface 
water and bottom sediments samples were collected from (12 bottom sediments and 12 surface water) 12 different 
locations. The fish sample were collected from local fishing boat to ensure the fish sample must be same area where 
sediment and water sample were collected. The sampling was conducted during December 2021. During the study 
period, a total 293 microplastics (Bottom sediment MPs-47, Surface water MPs-235 and Fish MPs-11) particles were 
recorded from the study area. The MPs pollution levels in the surface water, bottom sediment, and fish sample of the 
Cox's Bazar coastal area decreased in the following order: surface water>sediment>fish.  Results shows that 
microplastics were present ubiquitously along the study area may due to anthropogenic activity and local marine 
ecosystem is in serious threat. Present study can concern towards MPs pollution and provide a valuable reference for a 
better understanding for MPs contamination in coastal areas of Bangladesh.

Marine plastic litters is a rising environmental problem 
worldwide (NOAA, 2014). According to National 
Academy of Sciences, USA marine plastic litters is 
defined as ''solid materials of human origin that are 
discarded at sea or reach the sea through waterways or 
domestic and industrial outfall''. Basically, there are two 
sources of marine litter: sea-borne and land based such 
as industrial wastes and litter originating from human 
activity on the beach (UNEP, 2005). Department of 
Commerce (US) and the US Navy reported that, 
approximately 80% of litter is washed off the land, 
blown by winds, or intentionally dumped from shore (The 
Ocean Conservancy, 2005). Market demand for plastic 
products is expected to continue to increase and 
projections indicate production levels may reach around 
600 million tonnes by 2025 and to exceed one billion 
tonnes by 2050 (Lusher et al. 2017). According to 
Cheshire et al., depending on their size variation, plastic 
debris is classified as macro (>25 mm), meso (25-5 mm), 
and microplastics (<5 mm) (Cheshire et al., 2009). The 
term macroplastics are plastic debris that is >25 mm in 
size; they are the most visible and noticeable form of 
the debris available on almost every shoreline and are 
easy to clear away, on the other hand, another 
increasingly abundant smallest form (<5 mm) of plastic 
litter is s microplastic. Due to ultraviolet (UV) radiation, 
oxidation and mechanical forces, plastic items break 
down into increasingly smaller micro-plastic fragments, 
below 5 mm in diameter (Barnes et at. 2009 & Cole et 
at. 2011). Because of their size, micro-plastics are 
available and ingested by a broad range of organisms 
(Lusher et al. 2015), possibly threatening ecosystems 
and even human health (Vethaak et at. 2016). 
Bangladesh has experiencing prompt development over 
the last few decades, but environmental awareness and 
waste management is very poor. 710 km long coastline 

of Bangladesh includes the 120 km uninterrupted 
natural sandy beach, Cox's Bazar, which located in the 
north-eastern region of the Bay of Bengal (Hossain et 
at. 2018). The coastal area of Cox's bazar if suitable 
for fishing and shrimp hatching & cultivation because 
south and south of south patch fishing ground is few km 
away from the coastline. The quality of Cox's Bazar 
coastal area has declined significantly over the last 
decade as a result of heavy tourist activity, heavy 
marine vehicle transportation, over fishing and over 
population. According to BORI annual report 2020, 
fishing related items was most abundant types of plastic 
debris in the beach area of Cox's Bazar (Nahian, 
2020). Due to Extensive usage of plastic fishing gears, 
microplastic contamination might occurs and seriously 
affecting the coastal ecosystems and possibly 
threatening the marine organisms and humans over the 
transfer of plastic pollutants through the food chain 
(Zhang, et at. 2020). Recently few research has been 
done on microplastic contamination in the coastal region 
of Bangladesh where results documented the presence, 
distribution and concentration of micro plastics in the 
shore sediments as well as marine fish organs (Hossain 
et at. 2019; Nahian, 2020; Rahman et at. 2020; 
Tasnim, 2021). But no research has been done so far 
addressing the marine bottom sediment, surface water 
and associated fish species in the coastal region of 
Cox's Bazar. Therefore, it is essential to investigate the 
microplastic contamination in the Cox's Bazar coastal 
area and the study were first attempt to investigate the 
presence, quantity, shape, color, polymer type and 
distribution of microplastics in the marine bottom 
sediments, surface water and accumulation in the 
gastrointestinal tracts and gills of fish associated with 
the coastal region.

120



MATERIALS AND METHODS
Study Area

To identify the spatial distribution, types, and 
characteristics (color, shape and size) of 
microplastic plastics in surface water and 
bottom sediments 12 selective area were 
surveyed along the120 km Cox's bazar 
coastline (figure 01). Bottom sediment samples 
were collected from 12 different location 
along the coast line, every bottom sediment 
sample location was perpendicular to the shore 
line and 1.5 to 2 km far away from the land. 
Surface water sample were collected at the 
same location area of bottom sediment 
sampling location, meanwhile fish sample were 
collected from local fishing boat to ensure the 
fish sample must be same location where 
sediment and water sample were collected.

Figure 01: Sampling location (blue marked) along the
Cox's Bazar Coastal area

Figure 02: Custom made Manta Net (Designed by Sultan Al Nahian, SO, BORI)

Surface water collection and microplastic 
examination

In this study coastal surface water sample were 
collected using Manta Net. A 3-meter long 
180 mm net with a 0.125 m2 rectangular 
opening custom-made light weight Manta net 
(Figure 02) were deployed side or back of a 
wooden boat and trawl 30-45 minutes with a 
minimum speed of 2-3 knot, sample were 
concentrated in the end of net bucket. During 
water sample collection net were towed in a 
linier course, the initial and end reading of 
GPS and flow meter were recorded in a data 
sheet. After each sampling, outside of the net 
were ringed carefully with sea water and 
sample were collected in a 1L pre-cleaned 
plastic bottle. Every water sample preserved 
with formalin and stored in laboratory 
refrigerator in 4 °C. In laboratory every 
sample were concentrated with 63 mm stainless 
steel sieve and digested in 1000ml beaker 
with 30% hydrogen peroxide. To enhance the 
digestion, process all sample were kept in oven 
at 65 °C overnight to remove natural organic 
material. After cooling the sample at room 
temperature plastic particles were extracted 
through density separation in zinc chloride 
solution (1.5 g/cm3). Possible plastic particles 
that accumulated at the surface of the zinc chloride solution were collected in a pre-clean 500ml beaker and sieved 
through a 63 mm stainless steel sieve (Hermsen et al., 2017). The residue on the sieve were backwashed into a pre-
clean petri-dish and examined microplastics under a stereo microscope (Kolandhasamy et al., 2018).

Bottom sediment sampling and microplastics extraction

Due to unavailability of research vessel marine bottom sediment were collected using local fishing boat. In this study 
marine bottom sediment samples were collected using van veen grab sampler. During sample collection boat were
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Figure 03: Van Veen grab sampler (0.25 m2

sampling surface)

Figure 04: Microplastic analysis from fish sample.

anchored and geographical location were recorded. All 
sampling location were 2 km away from the land or water line. 
Approximately 1 kg of sediment were collected with a grab 
sampler (0.25 m2 sampling surface) (figure 03), stored in a pre-
cleaned zipped lock plastic bag and then preserved at 4 °C 
before analysis. For the extraction of microplastics sediment 
sample were dried at 65 °C for 24 h, after cooling sample 
treated with 30% hydrogen peroxide overnight to remove 
natural organic material. Plastic particles were extracted 
through density separation in zinc chloride solution (1.5 g/cm3) 
in a 1000 ml glass beaker. Possible plastic particles that 
accumulated at the surface of the zinc chloride solution were 
collected in a pre-clean 500ml beaker and sieved through a 63 
mm stainless steel sieve (Hermsen et al., 2017). The residue on 
the sieve were backwashed into a pre-clean petri-dish and 
examined microplastics under a stereo microscope 
(Kolandhasamy et al., 2018).

Fish sample collection and extraction of microplastics

To investigate the presence of microplastic in the fish organ ten species (n=54) of fish were collected from local fishing 
boat. Approximately five specimens of each species and similar size fish were selected and examined for microplastics 
in guts and gills (Su, et at. 2019). Collected fishes were preserved in icebox and immediately transferred to the 
laboratory of Environmental Oceanography and Climate Division, BORI and stored in -20 °C freezer for further 
analysis (Hossain et al. 2019). During the analysis the basic measurement like weight and length of the fish were 
recorded, then the guts and the whole gill raker and films were removed and weighed in an electronic scale (Su, et al. 
2019; Hossain et at.2019). The individual fish guts and gills were digested separately in 500ml beaker. 
Approximately 200 ml of H2O2 (30%, V/V) were used to digest guts and gills tissue. To avoid the contamination al the 
beakers enclosed with aluminum foil paper and placed in incubator at 65 °C for 24 h and then kept at room 
temperature for 24 - 48 h depending on the digestion effect of the sample (Avio, et al. 2015; Su, et al. 2019; Hossain 
et al. 2019). After cooling the sample, 6 g of ZnCl2 were added per 20 ml of sample and the sample were 
transferred to a density separator and allowed to settle overnight. Floating sample were collected in a pre-clean 
500ml beaker and sieved through a 63 mm stainless steel sieve (Hermsen et. al., 2017). The residue on the sieve were 
backwashed into a pre-clean petri-dish and examined microplastics under a stereo microscope (Kolandhasamy et. al., 
2018). The microplastics extraction procedure showed in figure 04.
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RESULT AND DISCUSSIONS

Figure 05: Photograph of plastics retrieved from study area (a-e) Surface water (f-j) Bottom Sediments and (k-o) Fish sample.

Abundance and distribution of microplastics (MPs)

Bottom sediments

Microplastics are a complex group of universal environmental contaminants of emerging concern. Plastic particles 
degrade very slowly, release harmful plasticizers, and can be transferred between trophic levels. In aquatic systems, 
they have been recognized suspended in the water column, along shorelines, and within bottom sediment. The collected 
microplastics (MPs) were categorized according to size, shape, and color. Virgin resin pellets (preproduction resin 
pellets) in samples could be easily discerned as white, transparent or light-yellow spherical pellets and were easily 
identifiable. After sample collection, potential microplastics were examined using naked eye and microscope. 
According to their geometrical shape microplastics were also classified into following five classes: (1) Expanded 
polystyrene (EPS), (2) Foams, (3) Fragments, (4) Films, (5) Line/Fiber (figure 05).

This morphometric information from the microplastic samples can be used to designate their possible origins. For 
example, primary microplastics usually resin plastics which comes from industrial effluent or unintentional leakage from 
vessel. Lines/fibers usually originates from fishing lines, clothing, or other textiles, while films mainly originate from 
plastic bags or wrapping materials. EPS and Foams type plastic comes from fishing related activity because fishermen 
extensively use EPS and Foams type materials to float their fishing nets. In this study microplastics were found in every 
bottom sediment sample in all the sampling locations. The concentration of microplastics in bottom sediments of Cox's 
Bazar coastal asea registered 1 to 12 plastics particles/kg of dry sediments. During sampling all together as many as 
47 pieces of microplastic debris were collected through 12 number of samplings. The microplastic particles were 
divided into five classes: fragments (13%), EPS (19%), foams (28%), lines (23%), and films (17%).

Abundance and percentage of plastic Items in every grab sample and distribution of plastic items (e.g. fragments, 
lines/fibers, films, foams and EPS) from all bottom sediments is shown in (Figure 6 a & b). Because of infrequent and 
unpredictable occurrences, other microplastic shapes like beads, micro beads, scrubbers were not included. Color-wise 
mean abundance of plastics on all sampling station of the study area followed the order, transparent - white (45%), 
blue-light blue (06%), green-light green (08%), red-pink (11%), yellow-pale yellow (19%) and grey-black (11%). The 
color of the collected plastic particles from the studied sediments varied greatly (Figure 6 c & d).
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Figure 06: Abundance and proportion of various shape (fragments, films, lines, EPS and foams) of microplastics along the shore
sediment (a,b) and (c,d) color distribution of microplastics collected from bottom sediments of the study area.

Surface water

Cox's Bazar coastal area plays significant role in wildlife migration, providing spawning, feeding and nursing grounds 
for millions of fish and bird species, with physical and toxicological effects of ingested microplastics posing a serious

Figure 07: Abundance and proportion of various shape (fragments, films, lines, EPS and foams) of microplastics in the surface water
samples (a,b) and (c,d) color distribution of microplastics collected from Cox's Bazar coastal water.
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threat to the coastal ecosystem. This is the first study to report presence of microplastics in the surface water of the 
Cox's Bazar coastal area. In this study, 12 surface water samples were obtained, in which all the surface water 
samples were found contaminated by microplastic debris. The microplastic abundance in the surface water ranged from 
0 to ~1 items/m3 of water. Total 235 items of microplastics particles were recorded from 12 surface water samples. 
Generally, the microplastic abundance in the surface water were higher in the mouth of the tributaries and estuary. 
Deferent concentrations of plastic debris can be attributed to a several of factors, such as hydrological conditions, 
surroundings around the water body and the properties of deferent plastics (Horton et al. 2017). Sorted plastic pieces 
collected from the field into five different categories (fragments, films, foams, lines/fibers and EPS) and counted their 
abundance. Most of the retrieved plastic particles were films which accounted for 23%. The others plastic particles 
were: fragments (18%), expanded polystyrene (17%), foams 21%), lines (21%). Data on size-wise abundance and 
percentage of plastic Items in every surface water sample and distribution of plastic items (e.g. fragments, lines/fibers, 
films, foams and EPS) from all water sample is shown in (Figure 7 a & b). The color of the collected microplastic 
particles from the studied surface water samples varied greatly (Figure 7 c & d). Color-wise mean abundance of 
plastics on all sampling station of coastal surface water followed the order, transparent - white (32%), blue-light blue 
(11%), green-light green (11%), red-pink (14%), yellow-pale yellow (23%) and grey-black (9%).

According to the results most dominant microplastics found films, lines and Foams plastic particles which usually comes 
from fishing related items. Films usually comes from polythene sheet, single use poly bags, food wrappers etc. from the 
field observations and results shows white color films comes from cement bags, were most popular and widely used in 
fish market, local bazar, and dry fish processing area. Fibres were coming from garments and cloths. Main source of 
lines is plastic ropes, fishing nets and fishing line.

Microplastics in Fish samples

This study reported presence of microplastics in 08 species of marine fish in the study area. Overall, 62 fish sample 
were collected fish belonging to 10 species and microplastics were detected in the gills rack (GR) and gastrointestinal 
tract (GIT) of 08 species. Total as many as 11 micro plastic particles were recovered from the gills rack (GR) and 
gastrointestinal tract (GIT) of all fish species. Four type/shapes of microplastics were found in fish samples, including 
fragments, films, lines/fibers, and foams. The foams and lines/fibers were the most abundant forms of microplastic 
observed in fish species.

Figure 08: Abundance and proportion of various shape (fragments, films, lines, and foams) and color distribution of microplastics in the
fish samples (a,b) and (c,d) were retrieved from Cox's Bazar coastal area.
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CONCLUSION

The proportions of microplastics were foams (46%) and the others plastic particles were: fragments (18%), lines (27%) 
and films (09%). The color of the retrieved microplastics were classified into four categories: transparent - white 
(46%), blue-light blue (09%), yellow-pale yellow (27%) and grey-black (18%). The abundance and proportion of 
various shape (fragments, films, lines and foams) and color distribution of microplastics in the fish samples were showed 
in figure 08 retrieved from Cox's Bazar coastal area. More microplastics were detected in gastrointestinal tract than in 
gills rack. Based on polymer characteristics microplastic tend to float in surface water and submerged in water column 
or sink into bottom sediments (Andrady, 2011). The concentration of microplastics in the gastrointestinal tracts and gill 
rack of fish may be closely related to their habitats and surroundings (Baalkhuyur et al., 2018). Van Cauwenberghe et 
al., 2015 and Wang et al., 2019a reported that sediments are considered as microplastic sink, even though low-
density microplastics, which become denser than seawater through biofilm formation, the biofouling process, or by 
wrapping with the feces of marine animals, significantly increasing the contact and ingestion risk for demersal species. 
Significantly high concentration of microplastics were found in demersal species compared to pelagic species (Zhu et 
al., 2019). In this study Cynoglossus arel and Harpadon squamosus showed the higher abundance of microplastics, 
possibly due to their demersal habitat (sandy or muddy seafloor) and predatory habits.

The morphology of the microplastic particles were well matched among the surface water, bottom sediment and fish 
samples. The results shows that microplastics pollution levels in the surface water, bottom sediment, and fish sample of 
the Cox's Bazar coastal area varied greatly and decreased in the following order: surface water > sediment > fish. 
The relationships of microplastic distribution with environmental and source-related factors were investigated. The 
characteristics of micro-plastics differed according to their size, polymer type and density.  microplastic distribution 
fully govern by geological location of the area, pollution load form different tributaries and estuaries, wind direction, 
surface current, tidal influence and sedimentary budget. The most common microplastics were lines/fibers and foams 
(fish, surface water and bottom sediment sample), transparent-white in color and thin and bendable particles.  The 
purposes of this baseline research to understanding the microplastic pollution in study area to bring a primary outline 
for future actions to address such issues in the country as well as add to global marine debris studies. The study 
indicates that the marine biodiversity of Cox's Bazar area itself is at risk from plastic pollution and long-term study 
should be carried out on monitoring the spatiotemporal distribution of plastic particles in the Cox's Bazar coastal area. 
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PREFACE
With the establishment of Bangladesh Oceanographic Research Institute (BORI), Oceanographic Data Centre (ODC) has 
been established as a countries first Oceanographic data centre. Oceanographic Data Centre of BORI is serving as a 
``data-primer'' for students and those in other fields of research who are interested in carrying out research involving the 
analyses of data in the oceanographic sciences. The datasets include observations from conventional oceanographic 
sources such as stations and ships, from satellites, and analyzed grids produced at operational weather forecast centers. 
Rather, the focus is upon the broad characteristics of the data sources and the datasets. The characteristics of ODC are not 
only including the observed variables and their spatial and temporal extent but also common problems, data limitations 
and sources of error of oceanographic data.

DATA CENTER

A data center is a facility composed of networked computers and storage that businesses or other organizations use to 
organize process, store and disseminate large amounts of data.In case of Oceanography "Data" in general refer to digital 
or analogue records of marine environmental observations; and “information" refers to inventories, catalogues, data 
products, analyses, selected bibliographies, reports and publications of the data centre or to similar products of other 
centers or organizations. 

Advances in marine sciences and technology depend to a significant degree upon the effective flow of data/information 
from the collectors to various types of users. The principal purpose of an Oceanographic Data Centre is to provide on a 
long-term continuing basis data/information in a usable form to the so-called "secondary user" community, i.e. to 
individuals or organizations in the nation which have or will in the future need for data, after the primary purposes for 
which the data were collected have been satisfied.

OCEANOGRAPHIC DATA

There is a broad range of oceanographic data types. Oceanographic data are collected using both in situ methods and 
remote sensing. The most obvious remote sensing platforms are satellites, but scientific aircraft, some special buoys, and 
even some ships use instruments (e.g., radiometers) to remotely sample the ocean surface. Useful in situ ocean observations 
come from different sources, with varying degrees of quality. The highest quality data are collected during 
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Figure 01: Generalized Marine Data Flow for Oceanographic Data Center

Source: Guide for establishing
a national oceanographic data
centre, IOC, UNESCO, 1975

scientific research programs, by instrumented buoys (both moored and free drifting), by ships specifically designed to 
collect environmental data, and by coastal or island stations that function in a manner similar to standard land stations. 
Lower quality data, but nevertheless quite valuable, are regularly collected aboard merchant ships as they traverse 
shipping routes, and by fishing fleet vessels during commercial fishing operations.

Scientific research programs collect the widest variety of in situ data. Typical ship board activities will collect sea surface 
data (SST, salinity, wave height, wave direction, etc.), near-surface meteorological conditions (air temperature, wind 
speed, wind direction, dew point temperature, barometric pressure, cloudiness, etc.) and, often, subsurface sea water 
characteristics (e.g., vertical profiles of temperature, salinity, dissolved nutrients, dissolved gases, anthropogenic tracers, 
ocean currents, and ocean bottom depth). Some research programs also deploy surface drifting buoys whose locations 
are monitored by satellite. These provide buoy trajectories (that approximate surface ocean circulation), and usually a 
few other geophysical variables (e.g., SST, barometric pressure, etc.). To a lesser extent, some free drifting buoys are 
located below the ocean surface. These buoys are tracked acoustically or they periodically rise to the surface for satellite 
tracking. Buoys of this type are used to monitor subsurface oceanic flow as well as subsurface sea water properties. 
Moored surface buoys with subsurface instruments below are also used by science programs. The surface instrumentation 
collects many types of data relevant to ocean-atmosphere boundary layer processes, while the subsurface instruments 
normally focus on water temperature, salinity, pressure, and ocean currents.

DATA TYPE

· Ocean-Atmosphere Boundary Layer Data

· Subsurface Observations Data 

· Sea Level, Topography Data

· Research Project Datasets 

· Ancillary Datasets 

· Analyzed and Model Data

· Reanalysis Datasets 

DATA FORMAT
Atmospheric and oceanographic data may be archived in several different computer forms: character format, native 
format, packed binary or in one of several “standard” scientific data formats. Users of datasets must be aware of how 
the data are stored. There are different methods for storing both character and numeric values. Normally, detailed 
descriptions of data formats are provided and, often, software to access the data is readily available. 
There are a number of “standard” scientific data formats. Documentation and software necessary to implement these 
formats are generally available via computer networks. Architecture independent standard formats commonly used for 
atmospheric and oceanographic datasets include:

1. GRIB (GRId in Binary) 
2. CDF (Common Data Format) 
3. netCDF (network CDF) 
4. HDF (Hierarchical Data Format)
5. BUFR (Binary Universal Format Representation)

MARINE
DATA
FLOW
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DATA CENTER OF BORI

With the establishment of Bangladesh Oceanographic Research Institute (BORI), Oceanographic Data Centre has been 
established as a countries first Oceanographic data centre. Oceanographic Data Centre of BORI (ODC-BORI) is serve as 
a "data-primer'' for students and those in other fields of research who are interested in carrying out research involving 
the analyses of data in the oceanographic sciences. This ODC-BORI will describe, in very general terms, the datasets most 
commonly used to study the ocean system and the formats used for archival. The datasets include observations from 
conventional oceanographic sources such as stations and ships, from satellites, and analyzed grids produced at 
operational weather forecast centers. Rather, the focus is upon the broad characteristics of the data sources and the 
datasets. The characteristics of ODCOB are not only including the observed variables and their spatial and temporal 
extent but also common problems, data limitations and sources of error of oceanographic data.

KEY ACTIVITY OF THE ODC 
Its primary activity is to manage the data collected from Ocean.

· Collecting Oceanographic Data from National, Regional & International programs

· Verifying the quality of the Data 

· Ensuring the long term preservation of the Data & associated information required for correct interpretation of the 
Data

· Making Data available nationally & internationally according to govt. rules & regulations

TARGETED FUNCTION OF THE ODC
National

· Receiving data from researchers, performing quality control, and archiving.

· Receiving data from buoys, ships and satellites on a daily basis, processing the data in a timely way, and providing 
outputs to various researches and/or to other centers according to the govt. rules & regulations. 

· Reporting the results of quality control directly to data collectors as part of the quality assurance module for the 
system.

· Participating in the development of data management plans and establishing systems to support major experiments, 
monitoring systems etc.

· Disseminating data on the Internet and through other means (and on CD-ROM, DVD, etc) according to the govt. rules & 
regulations.

· Publishing statistical studies and atlases of oceanographic variables.
International

· Participating in the development of international standards and methods for data management through international 
body (such as IODE and JCOMM);

· Participating in international oceanographic data and information exchange through international body (such as IODE 
and JCOMM); 

· Assisting with data management aspects of global or regional programmes or pilot projects; 

· Operating as a data assembly and quality control centre for part of an international science experiment;
Goal of ODC

· Achieve capability to provide Marine Information and Advisory Service (MIAS) nationally & internationally.

· Develop the archive of marine data & National Oceanographic Database (NODB).

· Creating and publishing the General Bathymetric Chart of the Oceans (Bay of Bengal). 

· Become the country’s apex center for Database Management, Data Capacity, Data Analysis and Maintenance.

· Collect Super Computer to develop vast size international standard Data management system & Analysis.

134

@ Oceanographic Data Center



D
AT

A
C
O
LL

EC
T
IO

N

135 @ Oceanographic Data Center



B.Sc. (Statistics)
M.S. (Statistics)

Research Interest:
Data Analysis & Management
Ocean Modeling, Monitoring
& Forecasting, Statistical
Analysis, RS & GIS
Data science: Machine Learning.

Phone : +88-01309701850
E-mail : tania@bori.gov.bd

Mst. Tania Islam
Scientific OfficerSC
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Bangladesh Oceanographic Research 
Institute (BORI) is working to conduct all the 
activities as a focal point of Bangladesh at 
national and international levels in the 
field of oceanography and Blue Economy 
in the context of research and 
development. BORI developed different 
types future plan based on Election 
Manifesto, 2018 (Chapter 3.22), Short-
mid-long term plan based on Blue 
Economy and future plan based on the 
year of 2021, 2030 and 2041.

Plans of BORI
for Blue Economy
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Potential Research Sector for Blue 
Economy Support of Bangladesh

There are six major research field in 
oceanography can be revealed in 
Bangladesh for Blue Economy development is 
summarized below- 

Physical and space oceanography 
branches have very potentiality to monitor 
physical parameter such as sea surface 
temperature, tide, wave, current, nutrition, 
chlorophyll etc. to find out potential resource 
of fisheries and renewable energy from 
ocean sources. Space oceanography can be 
applied to measure potential fishing zone 
identification in Bay of Bengal. 

Geological oceanography research 
activity can done to find out marine mineral 
resources as well as source of industrial 
materials such Bay of Bengal have the 
potential zone for Phosphorite and Yttrium 
deposit which is very important source of 
Rare Earth Element (REE), the coastal and 
nearshore area have potentiality of heavy 
mineral deposit. Besides Lime Mud, 
Carbonated sand and construction sand can 
be collected form Bay of Bengal. There have 
possible source of Gas Hydrate in the Bay of 
Bengal (assumed 300 TCF reserve present in 
the continental shelf and continental slope 
zone of Bay of Bengal. 

Chemical oceanography branch is very 
potential sector for the development of ocean 
based medicine, cosmetics and minerals in 
Bay of Bengal. Besides several service such 
as oil spill management, chemical pollution 
and ocean acidification measurement and 
monitoring can be done in this field. 

Biological oceanography is most potential 
sector in the oceanography field of 
Bangladesh. Because of river discharge lots 
of nutrition comes with the sediment in the 
Bay of Bengal, which can be used for the 
potential development of mericulture in the 
coastal and nearshore area. Besides 
biochemical composition of marine organism, 
fisheries development, seaweed culture 
(marine algae) field have very potentiality in 
this area. 

Environmental measurement and 
monitoring of ocean, plastic and microplastic 
pollution monitoring, EIA support etc. can be 
taken under controlled by environmental 
oceanography research. Besides 
Oceanographic data management, 
application, dissemination and ensure the 
information of ocean baseline data can be 
arranges. Ocean observation system (data 
buoy) and monitoring of ocean can give us 
surveillance opportunity of ocean parameter 
and change. 
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Administration

Planning

Finance

marine dirve
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Title of the training Participants Date Country 

China-Bangladesh cooperation training workshop   04 Apr, 2018 China 

Training program co-ordinate with CSIR-NIO 12 Aug, 2018 India 

Techniques for coastal mapping and monitoring using QGIS 01 Nov, 2018 India  

Training program co-ordinate with CSIR-NIO 08 Mar, 2019 India 

@ Shafiqul Islam

ADMINISTRATIVE
DIVISION

HUMAN RESOURCE

The administrative division is involved in managing 
overall activities of the organization and also makes 
plans through comprehensive strategies. It incorporates 
national policies that substantiate the purposes and 
objectives of the establishment of this research institute. 
Since from its origin, it strives for blue economy through 
its own time-bound organizational plan (Short Term, Mid 
Term and Long Term Plan for Blue Economy). The 
Election Manifesto-2018 that mostly strives for blue 
economy of the incumbent government is going to be 
accomplished through our plan. The administrative 
division implement and co-ordinate the overall activities 
of this institute. Its activities include:

TRAININGS
To motivate and build up skillful human resources Bangladesh Oceanographic Research Institute (BORI) emphasizes on 
customized training programs and developed different training modules.

Foreign Trainings: BORI arranged some foreign training to get hands on experience.

R&D project management
Document management
Correspondence management
Procurement activities 
Controlling inventory

Ensuring security
Human resource management & recruitment 
Conducts meetings, workshops, seminars etc.
Communicating with different government, non-government
and international bodies.

                 
Sl 

Approved Post Appointed Manpower Total Progress 

1st Class 2nd Class 3rd Class Outsourcing 

1 1st phase =137 
(2015-2017 fiscal years) 

18 24 12 49 103 Completed 

2 2nd phase =31 (2017-
2019 fiscal years) 

17 17  4  14 52 Completed-31 
Ongoing-21 

3 3rd phase =55 (2019-
2021 fiscal years) 

20 - - - 20 Ongoing 
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ACCOUNTS AND FINANCE
DIVISION

Local Training: The employees of BORI are participating to different training program to enhance their skill at 
particular subject. They are being trained as per the Annual Performance Plan, Annual Innovation Plan and National 
Integrity Plan activities.  BORI regularly arranges and manages training for its employees different types of training 
programs: 

(a) General/Technical Trainings

Office Management, Public Service Innovation, Internal Audit, EIA and DPP, PPM, APAMS, iBAS+, ADP/RADP, CompTIA 
A+ Hardware maintenance and Trouble shooting, Welding Technology (Level-II) Training, Plumbing Technology and 
Marine Robotics.

(b) Scientific Training

Research Methodology, Marine Spatial Planning, Observational Physical Oceanography, Laboratory Safety 
Measurement, heavy mineral separation, CTD Operation, HPLC operation, Goggle Earth Engine Operation, Weather & 
Research Forecasting (WRF), Remote Sensing, GNSS, Drone Technology, Sub-soil investigation, UV-Vis 
Spectrophotometer Operational Training, HPLC Operational Training, Training on Microscope etc.

(c) Software Training

It also arranges regular training programs for researchers and engineers like basic software: FORTRAN, Java, C/C++, 
MATLAB and Pythons etc., analytical & application software: R, SPSS, Python, GIS Basics, GIS Advance and some other 
customized software designed for laboratory equipment.

BORI's Accounts and Finance Division 
maintained its accounts following standard 
accounting system. It has kept a well-
printed Cash Book, General Ledger, Trial 
balance, Bank reconciliation, Advance 
Register, Budget Control Register, iBAS++ 
software posting (Budget and Expenditure), 
and other related books to record all 
transaction during the year accurately.

BUDGET

The overall outline of the financial costs of 
BORI for the last 2021-2022 fiscal's year's 
is given below.

AUDIT

Bangladesh Oceanographic Research 
Institute has an internal auditing system. 
The auditor all kind of purchases to ensure 
transparency and accountability. Besides 
auditors from Comptroller and Auditor 
General Office periodically conducts 
auditing of BORI accounts in each year.

Budget Allocation (2021-2022 Fiscal Year)
Total: BDT 12.24 Crore

Salary
9.97%

Allowances
6.87%

Research,
Engineering,

ICT Goods &
Services 75%
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@ Engineering Division

ENGINEERING
DIVISION
Engineering Division has been established along with 
other divisions at BORI realizing the importance of 
scientific research through instrumentation, managing 
research vessels, development works and 
maintenance service purposes. Engineering division is 
responsible for valuable utility services, development 
planning, maintenance of buildings and vessels, 
renovation and construction works for various tasks to 
the scientific efforts for strengthening and expanding 
research and development activities in BORI.  

Development Planning 
Design and planning for 32-meter research vessel & self-
sustained pontoon for ship mooring.

Design and planning for 200 m long jetty for berthing 
research vessel and speed boats

Plan for six storied 100 seat international hostel cum 
training center.

Plan for three storied Engineering Workshop building cum 
transport pool.

Plan for vertical extension of two storied officers and staff 
building up to three storied building.

Design for biological culture unit.

Plan for a 100m research vessel in near future.

Develop an uninterrupted freshwater supply system.

Construct a mosque in the BORI campus.

General Services/Maintenance Works
Civil Works

Plumbing Works

New Construction of Buildings

Hill protection & Guide Wall Maintenance

Electrical & Electronic Repair/Maintenance

Sub-station Maintenance inside Institute Campus.

Electric power management and solar system.

Other Responsibilities
Annual procurement management along with the 
administrative division.

Supporting scientists for acquiring required research 
equipment along with the administrative division.

Enhancing the Marine Instrumentation capacity.

Planning to develop underwater marine robots.

Engineering Workshop to assist scientists and for other 
domestic engineering services.

Assisting Administrative division to arrange 
training/seminar/workshop. 

Assisting Information Management Division with proper co-
ordination.

Recent Activities  
Implement BORI (2nd Phase) Project approved in April 
2022 by ECNEC.

Preparation of Development Project Proposal (DPP) along 
with the administrative division.

Assisting administration through procurement activities, 
quality assurance and other necessary activities. 

Utilities like uninterrupted electricity, water supply and 
sewerage management etc. and liable for repairing of 
pumps, valves, generators, machineries and lab equipment. 

Establishes of dedicated feeder line from REB to reduce 
load shedding. 

Manages solar energy to lessen load shedding problem. 

Assists scientists regarding their electronic equipment.

Research Fleet Services (In Near Future)
Assess and execute all the necessary works of repairing 
and maintenance for ship, boats, jetty/mooring facilities.

Estimate the annual budget for ship, boats and jetty 
repairing and maintenance, voyages & fleet staffs.

Co-ordinate the vessel operation team, BORI scientists and 
administration during voyages. 

Plan for voyages with BORI R&D Wing.

Prepare vessel for voyages ensuring fuel, freshwater, 
fooding and other requirements.
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INFORMATION MANAGEMENT
DIVISION (IMD)
The goal of the cell is to offer a centralized computer facility that includes hardware maintenance, software 
installation, networking, computer troubleshooting, and internet service. The cell also looks after the Institute's e-nothi, 
email service, social media, and website management. In order to ensure alignment with the organization's overarching 
goal, the ICT Cell manages IT and communication development activities at all levels. 

In order to support the Institute's aims for research, education, and administration, the ICT cell's mission is to give value 
via leadership in the creation and implementation of cutting-edge computing and information technology solutions.

CCTV Surveillance System: The whole area of the Institute campus has been brought under CCTV coverage system by 
installing 44 cameras in different areas of the campus. 

PABX System: A central PABX system has been established to smooth communication to accelerate research and 
administrative work. It has 120 active lines.   

Video Conferencing System: There is a Video Conferencing System in the conference room of BORI. This facility is 
used to conduct sessions remotely. 

Computer Training Lab: BORI has a computer training lab with a accomodation of ten computers at once, each of 
which has LAN network connection. Throughout the year, several sorts of IT-related trainings are conducted in the lab.

Core Activities Done by ICT Cell in FY 2021-22: In 
the last fiscal year, Operating systems have been 
installed 38 times, utility software has been installed 
49 times, printers & scanners have been worked 19 
times, hardware and software troubleshoots have 
been done 27 times, CCTV cameras have were done 
52 times, and PABX/T&T work has been done 31 
times. More than 27 seminars, workshops, training and 
meetings have been given direct support from ICT, 
Photography and photographs of more than 84 
programs have been saved. In addition, fingerprints, 
social media, and websites have been regularly 
updated and managed, and numerous internet-
related works have been done.

Activities of ICT

Develop Ideas to digitalize the manual system and 
regulate proper monitoring.

Providing internet services and quick maintenance in the 
BORI campus.

Software and Hardware installation & troubleshooting 
including operating system.

Arrange and manage all types of online/offline seminars, 
workshops, training, and meeting.

Capture and collection photos from different activities.

Monitor and ensure round-the-clock Internet and Telephone 
facility. 

Monitor, Maintain, and Troubleshoot Servers, Workstations, 
Routers, Network switches, and all other IT accessories.

Needful IT support for CCTV system maintenance.

Provide support for the PABX system. 

Assist scientific officers to process data using programming 
language, big data set analysis, etc. 

Monitor e-filing activities on a regular basis. Organize in-
house training on e-filing.

Prepare tender documents for procurement, publish the 
tender on the E-GP website.

Maintaining E-Haziaa for all employees of the institute, 
taking the report on a daily basis.

ICT CELL
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MEDICAL CENTER

@ Shafiqul Islam

@ Shafiqul Islam

@ Shafiqul Islam

Future Plan of ICT

Design and develop a central LAN for the whole 
institute.

Launching an attendant service with a punch card 
system.  

Implement Active directory, Applaud action, and File 
server by creating a domain network to monitor and 
provide any types of IT support to any workstation 
centrally. 

User-friendly and efficient web/Desktop application for 
office's day-to-day activities depends on users' 
requirement to reduce bulk use of paper.

The Library is an important organ in supporting 
develop high-quality quality research, research and, 
outreach programs. Keeping up with modern 
technology, Bangladesh Oceanographic Research 
Institute (BORI) has a Library with rich a collection of 
books and, journals. Every year more than hundreds of 
new books are added to the library depending on the 
needs of various research purposes. Network, BORI 
library has more than 800 hundreds of books of 
different categories including Physical, Chemical, 
Biological, Geological, and Environmental 
Oceanography. It is accessible to Scientists, officers, 
staff, and other personnel associated with the Institute. 
The transactions of books, Internet facilities & 
photocopy service are available in the library.

LIBRARY CELL

Bangladesh Oceanographic Research Institute 
has a Medical Center with preliminary 
treatment facilities for all the employees of 
the organization. The clinic has Ultra 
Sonogram, ECG and other equipment as well. 
At present, there are one medical technician 
and one medical attendant giving services. 
The recruitment of Medical Officer is under 
process. 

• Complete & Comprehensive Safety Plan for 
its employees for the ongoing Pandemic 
COVID-19 response.

• Distribute Corona safety items such as 
handrub, surgical mask and hand gloves etc.

• Manage Corona Quarantine and Isolation 
Area for internal patients.

• Technical support with RT-PCR as a COVID-19 response to Cox’s Bazar Medical College.
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SB.Com. (Accounting)
M.Com. (Accounting)

Sectoral Interest:
Office Management
Accounting System
MIS, Budgeting

Phone : +88-01713415052
E-mail : ad.admin@bori.gov.bd

Md. Roni Abbas Hawlader
Assistant Director (Admin)

Md. Abdur Rouf Talokder
Assistant Engineer

B.Sc. (Computer Science & Telecommunication Engineering)
M.Sc. (Computer Science & Telecommunication Engineering)

Sectoral Interest:
Machine learning
Pattern Analysis
Image analysis

Phone : +88-01811870571
E-mail : sonet@bori.gov.bd

MBBS (International Medical College & Hospital, DU)
PGF (Doctor's world wide, England)

Research Interest:
Passionate to discover the
wonders of aquatic world
with local diving
Mammals in Sea

Phone : +88-01956092990
E-mail : fatema@bori.gov.bd

Sonet Barua Emon
Assistant Programmer

Dr. Fatema Rahman
Medical Officer

B.Sc. (Naval Architecture & Marine Engineering)
M. Eng. (Naval Architecture & Marine Engineering)

Sectoral Interest:
Offshore Structure
Research Vessel
Underwater Robotics
Marine Instrumentation

Phone : +88-01966-732209
E-mail : abdurrouf@bori.gov.bd
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BEACH
CLEAN UP

2022

Environmental Oceanography and 
Climate Division of BORI has been 
conducting "Beach Clean up Program" 
along the costal area of Bangladesh, as 
a regular activity. Mr. Sayeed Mahmood 
Belal Haider, DG, BORI and other 
officials carried out beach cleaning 
activity in the Inani Beach Area.
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WORLD
OCEAN DAY

2022

Honorable guests and the participants 
were in a beach cleaning program on 
June 8 at Cox's Bazar to celebrate 
world ocean day 2022. Mr. Sayeed 
Mahmood Belal Haider, DG, BORI was 
also present at the event.
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Architect Yeafesh Osman, Hon'ble Minister, Ministry of Science & Technology visited HSC breeding
ground at Sonadia island, Cox's Bazar on 3 November 2021.

Honorable Minister visited laboratories at BORI

Honorable Minister in a Seminar at BORI

Honorable Minister visited seaweed project of BORI

Honorable Minister planting trees at BORI
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On 4 December 2021, a 
seminar on presenting the 
research activities and results 
of the FY 2020-21 was 
organized by BORI under the 
chairmanship of Mr. Sayeed 
Mahmood Belal Haider, DG 
(Additional Secretary) of 
BORI. Mr. Ziaul Hasan ndc, 
Honorable Senior Secretary, 
Ministry of Science & 
Technology was present as 
the Chief Guest while Prof. 
Dr. Md. Kawser Ahmed, 
Member (Secretary), GED, 
Planning Commission was 
present as special guest.

Mr. Ziaul Hasan ndc, Senior 
Secretary, Ministry of Science 
and Technology, Mr. Pradeep 
Ranjan Chakraborty, 
Secretary, Planning Division, 
Planning Commission, Dr. Md. 
Kawser Ahmed, Member 
(Secretary), GED, Planning 
Commission, and Mr. Sayeed 
Mahmood Belal Haider, DG, 
BORI was present at the 
consultation workshop on the 
project titled "Establishment of 
Marine Aquariums" at BORI on 
16-17 April 2022. Later, they 
visited proposed aquarium 
sites.
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NOTABLES AT BORI
A three-day training and workshop on "Implementation of e-
Governance and Innovation Action Plan" was organized by the Ministry 
of Liberation War on May 21-23, 2022 at the seminar room of BORI. 
Mr. AKM Mozammel Haque, MP, Hon'ble Minister, Ministry of Liberation 
War Affairs, was present as the Chief Guest & Mr. Shaimum Sarwar 
Kamal, Member of Parliament; Cox's Bazar-3 was present as the 
special guest in the concluding session. Mr. Ranjit Kumar Das, Hon'ble 
Secretary, Ministry of Liberation War Affairs presided over the session 
while Mr. Sayeed Mahmood Belal Haider, DG (Additional Secretary) of 
BORI delivered his speech on e-Governance and Innovation System.

A seminar on "Bangabandhu, The Bay of Bengal and Blue Economy" was held at 
BORI on June 8 to mark World Ocean Day. Mr. Sajjadul Hassan, Senior Secretary 
(Retd.), Prime Minister's Office and Chairman, Board of Directors, Biman 
Bangladesh Airlines, Rear Admiral (Retd.) Md. Khurshed Alam, Secretary (MAU), 
Ministry of Foreign Affairs, Dr. Md. Kawser Ahmed, Member (Secretary), GED, 
Planning Commission and Commodore Abu Jafar Md. Jalal Uddin, DG, Department 
of Shipping was present as special guests. Mr. Sayeed Mahmood Belal Haider, DG 
(Additional Secretary), BORI presided over the seminar.

Mr. Md. Towhid Hasanat Khan, Additional Secretary (Admin), Ministry of 
Science & Technology visited BORI laboratories and discussed about Blue 
Economy & marine resources. Scientists from different divisions of BORI were 
present with Mr. Khan.

On 14 December 2021, Dr. Shahnaz Arefin ndc, Secretary of SID, Planning 
Ministry and Dr. Kawser Ahmed, Member (Secretary) of GED, Planning 
Commission visited BORI. Mr. Sayeed Mahmood Belal Haider, DG (Additional 
Secretary), BORI was also present there.

Dr. Thomas Vanagt, MD & Senior Scientific Advisor, and Mr. M Royhanur Islam, 
Researcher, MGR Lead, MGR Unit, ABSint, The Netherlands visited BORI on 
15th December 2021 . They attended in a scientific discussion with BORI 
scientists. Honorable DG, Sayeed Mahmood Belal Haider was also there.

A research discussion on seaweed cultivation and commercialization was held 
between BORI Scientists and JICA Team on June 02, 2022.
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NATIONAL
DAYS

BORI observed the great 
victory day by arranging 
different programs, a discussion 
meeting was organized in the 
seminar room of BORI on 16 
December 2021.

BORI organized rally to pay a 
humble tribute to all language 
martyrs and celebrates the 
International Mother Language 
day early in the morning of 21 
Feb 2022.

Father of the Nation 
Bangabandhu Sheikh Mujibur 
Rahman's birthday and 
National Children's Day 
celebrated on 17 March 2022 
at BORI.

On the occasion of the 
celebration of the Great 
Independence and National 
Day 2022 on March 26, a 
discussion meeting was 
organized by the BORI.

BORI observed 46th martyrdom anniversary of Father of 
the Nation Bangabandhu Sheikh Mujibur Rahman and the 
National Mourning Day on 15 August 2021.

A discussion program & prize-giving ceremony was 
organized by BORI on Sheikh Russel Day on 18 October 
2021. DG, BORI was present as the chief guest.
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Training on "Lab Accreditation" "Learning Session" on ocean awareness Training on GR & GRS Software

Training on "e-Governance and Innovation Action Plan"Training on GIS 

Training on "SDC"

Seminar on "Ocean Literacy"Training on "Integrity & Good-governance"

Training on 'Right to Information"

Workshop on "Epidemic & Emergency Response"

Workshop on "4th Industrial Revolution"

International seminar on "World Horseshoe Crab Day 2022"

TRAIN ING, SEMINAR, WORKSHOP
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GOC of Ramu Cantonment, Major General Md Fakhrul Ahsan, BSP, ndu, psc visited BORI

NAVY Hydrography & Oceanography Division at BORI

A teachers' group of BSMMU visited BORI

A team of NAVY from Chittagong visited BORI

A team of Khulna University visited BORI

A team of BCCDF visited BORI

Maritime University Genetic Engineering Dept. visited BORI

A team of Ramu School visited BORI

Teachers and students of BSMRMU Visited BORI

BORI
VISIT
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 1st Class Officers of BORI- 16 January, 2018 (1st Recruitment of BORI)

evsjv‡`k Ikv‡bvMÖvwdK wimvP© Bbw÷wUDUweÁvb I cÖhyw³ gš¿Yvjq

 1st Class Officers of BORI- 29 August, 2022 (2nd Recruitment of BORI)
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Contact Address
Bangladesh Oceanographic Research Institute

Cox's Bazar-4730, Bangladesh. www.bori.gov.bd




