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TOM TAT

Hién nay, viéc ing dung GIS (Geographic Information System) trong quan ly gia dét hién nay con it duoc
quan tam; viéc xac dinh gia d4t Nha nudc chi yéu dua vao bang gia dit hang nim do Uy ban nhén dén cip tinh
ban hanh, dan dén viéc truy van thong tin gia dét rit kho khan cho ngudi quan 1y va ngudi dan. Do d6, viéc tmg
dung GIS va nén tang internet truc tuyén dé nguoi dan c6 thé d& dang tiép can duogc thong tin vé gia dat va giup
cho nha quan 1y tim kiém thong tin gi4 d4t nhanh chong, dy 1a mot viée can thiét va thyc tién trong cong tac quan
ly Nha nude vé dat dai trong thoi diém hién nay. Trong nghién ctru nay, di ung dung GIS xay dung co so dir liéu
gia dat cho thanh phd Tuy Hoa, tinh Phi Yén dya vao nén ban do dia chinh theo hé sé gia dét do tinh Pht Yén ban
hanh theo vi tri tuyén duong, sau d6 nghién ciru thuc hién xay dung website tich hop co s dir liéu gia dat 1én nén
tang truc tuyén. Két qua nghién ctru da xay dung dugc trang WebGIS quan ly thong tin gia dat trén dia ban thanh
phé Tuy Hoa, tinh Pht Yén véi cac dir liéu khong gian va thudc tinh, chuong trinh nay giup cho ngudi quan 1y va
ngudi st dung c6 thé tim kiém truc tuyén thong tin gia dét chinh x4c toi timg vi tri thira dat va tao diéu kién thun
loi cho cho cong tac quan ly dir liéu gia dat.
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ABSTRACT

Nowadays, the application of GIS (Geographic Information System) in land price management does not
draw much attention. The determination of the current State land price is based on the annual land price list issued
by the Provincial People's Committee, leading to the fact that the query of land price information is very difficult
for everyone, especially the managers. Therefore, the application of GIS and an online internet platform that
people can easily access the information on land prices, and help the managers find the information about land
prices quickly is a necessary and practical issue in the state management of land. In this study, GIS was applied
to build a land price database for Tuy Hoa City, Phu Yen Province, based on the cadastral map following the land
price. It was coefficient issued by Phu Yen Province according to the route location. Then we researched and built
a website to integrate the land price database on the online platform. The research results have built a WebGIS
program to manage land price information in Tuy Hoa City, Phu Yen Province with the spatial data and attributes.
This program helps the managers and users search online for accurate land price information to each land plot

location and facilitate the management of land price data conveniently.

Keywords: Land price, GIS, Tuy Hoa, WebGIS.

1. INTRODUCTION

In-State management, the application of GIS
technology to build a land price database will be
an effective tool to support the management of
land prices according to each land plot, location
of the land plot, and street name. It is the basis
to serve the specific land valuation in a favorable
way. At the same time, it makes the addition
and adjustment of the land price list and the
construction of the annual land price adjustment
more convenient and consistent with reality.'?
The spatial information management system and
land price attributes integrated into the database
help to look up land price information more
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conveniently, especially information about land
prices such as surface location, area and street
name. In addition, GIS technology also helps
managers easily update annual land price data
for each route if there is an annual land price
adjustment easily and conveniently.?

Researchandapplicationof GIStechnology
in the state management of land and other fields
have been carried out in Vietnam recently. The
subjects have exploited the features and utilities
of software tools for database management,
meeting the needs for information technology
development in the new era. Especially, research
projects on the application of new technologies
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in land price management are interesting and
have been deployed in a number of provinces in
the country such as Dong Nai, Thua Thien Hue,
Quang Binh, etc.

Phu Yen is a coastal province in the
South-Central Coast of Vietnam with a natural
area of 5,045 km? and a coastline of 189 km.
These days, Phu Yen province is promoting
and attracting investment in Tuy Hoa city in
order to build Tuy Hoa city into a modern and
dynamic urban area, and land price is one of
the key factors. The first thing that investors
pay attention to is to choose an investment
location. Therefore, the construction of a land
price map will help investors be more proactive
in collecting information on land prices and
choosing a suitable location, thus facilitating
investment attraction.*

For the above reasons, it is necessary to
apply WebGIS to management of land price
information in Tuy Hoa city, Phu Yen province.
It will solve many economic problems, apply
practical applications in local land price
management, help land price management
in Tuy Hoa city become more effective, and
meet the requirements in the current financial

management of land.

2. RESEARCH PROCEDURES AND
METHODS

2.1. Research process

The development of WebGIS website is based
on the provisions of Circular No. 26/2014/TT-
BTNMT dated May 28, 2014 of the Ministry of
Natural Resources and Environment.?

Collecting software requirements and analyzing
the data information content

Collecting software
| requirements

Analyzing the data information |

content |

_______ 4

—— -

Task modeling

Design

Programming

s1sonbas aSueyd ajepdn pue aSeue

Testting

Deployment

v

delivery

Acceptance and service and product

Land price WebGIS

Software maintenance

Figure 1. Overview of the process of building a WebGIS website for land prices
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2.2. Research methods

To accomplish the above content, the study used
the following methods:

+ Methods of data collection and field
investigation: ~ Collecting  data, including
geographic background data, cadastral maps,
current land use maps, satellite image data and
land price data survey market from the study area.

+ Methods of synthesizing, analyzing and
editing data: Data are collected directly in the
field and collected through secondary information
channels in departments, in-depth research
groups, data related to land price list in Tuy Hoa
city, natural and socio-economic conditions.
From the analysis and processing, the collected
data is the input data for the construction of
WebGIS. The most important and most accurate
document is the cadastral map and land price data
according to different types of land prices along
with routes and each parcel of land.’

+ Methods of applying GIS technology:
The method presented research results and
research contents on graphic space with a unified
mathematical basis and standard spatial and
attribute databases.

This is an important method in building
land price maps. Research and use ArcGIS
technology to build a GIS database of residential
land prices to create a map of residential land
prices in Tuy Hoa city, Phu Yen province
includes the following contents:

+ Organizing a GIS database on residential

land prices and using algorithms to analyze,
synthesize and process data.

T o

+ Setting up traffic system data, residential
area according to the traffic system.

+ Setting detailed residential land prices
according to the State land price bracket
according to the main street route and the
location of alleys in the study area.

+ Building a map of land prices in Tuy
Hoa city, Phu Yen province.

+ Method of application of WebGIS
technology: It allows the design of the WebGIS
structure diagram, design of WebGIS user
interface, test operation of WebGIS system:
installation on the server (Server) and test
operation with the source name address is
installed on the server, the website accesses the
land price system: http://giadattuyhoa.com/. At
the same time, it allows users to view information,
and management agencies can log in to the
database management system and view land price
information for each land parcel, update the map
data system and other information. information
on regulations on land prices.

3. RESEARCH RESULTS AND DISCUSSION
3.1. Introduction of the study area

Tuy Hoa city is the economic and cultural center
of Phu Yen province, with a natural area of about
107.3 km?, a population of over 202 thousand
people (by 2020) with 16 administrative units
(including 12 wards and 4 communes). Tuy Hoa
city is located adjacent to Phu Hoa district, Tuy
An district, Dong Hoa district, Son Hoa district
and to the East by the East Sea.

Figure 2. Map of study area Tuy Hoa city, Phu Yen province
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Tuy Hoa city has a fairly flat topography
with little division. The city has a humid tropical
monsoon climate typical of the South-Central
region. However, because it is located close
to the sea, the climate is quite moderate. The
east of the city borders the sea with a coastline
of more than 30 km extending from Xuan Hai
Bay to Vung Ro. The coast has many beautiful
landscapes and beaches alternating both coastal
and inland, such as Tuy Hoa beach, Nhan tower,
Chop Chai Mountain and nearby scenic spots
such as Long Thuy beach, Ganh Da Dia, O Loan
lagoon, Doi Thom tourist area, etc. These are
very convenient for tourism development and
aquaculture. Tuy Hoa is also the crossroads and
convergence of many important traffic routes,
such as National Highway 1A, Highway 25 to
Gia Lai, Highway 29 to Dak Lak, North-South
railway, Tuy Hoa airport, Vung Ro seaport, etc.

In short, the advantages of natural,
socio-economic conditions and infrastructure
have created favorable conditions for the city
to develop in a variety of fields, especially the
marine economy. This is an outstanding strength
for the city to become a major administrative and
economic center not only of Phu Yen province
but also of the region and a place of East - West
and North - South economic exchanges of the
whole country.

3.2. Building a database of land prices in Tuy
Hoa city, Phu Yen province

3.2.1. Spatial data construction

In order to build a database of land prices for
each location of the land plot, the study proceeds
to build spatial information layers such as Land
plot and traffic objects along routes, which are
divided into main roads associated with the
names of roads and alleys according to levels
affecting land prices. The process of building a
database in accordance with the provisions of
Circular 02/2012/TT-BTNMT dated March 19,
2012, of the Minister of Natural Resources and
Environment on basic geographic information

standards; Circular 17/2010/BTNMT dated
October 4, 2010, providing technical regulations
on cadastral data standards; Official Dispatch
1159/TCQLPD-CDKTK dated September 21,
2011, providing guidance on building cadastral
database.'¢

The spatial land price database is built
on the VN-2000 coordinate system, spatially
normalized data for each parcel of land along with
traffic data for the streets. Then, the topology to
correct spatial errors and build spatial linkages
for land parcels is standardized, meeting the
requirements of current database standards.

3.2.2. Building a database of land price attributes

In this study, we used land price table data issued
by the People's Committee of Phu Yen province
and applied for 5 years for the period 2020 -
2024, which was collected from the Department
of Natural Resources and Environment of Phu
Yen province. The information in the form of
tabular attributes is filtered through the land
price information according to the location of
the routes and arranged to link with spatial data
through the attribute fields by route, in which
the data Traffic has been normalized from the
cadastral map.>®

After obtaining land price information
according to the research routes, we have built
land prices for each location of the land plot
based on the location of the route and the width
of the alley. To do this, we used tools to query
land plot information by the main route to assign
land prices to roads. Then, the land plots in the
alley are queried in turn according to the width
of the alley which is specified in the issued land
price list.

After obtaining land prices for the roads
and alleys, we performed the location of the
frontage to calculate the land value for these
locations increasing by 10%. After that, we used
GIS tools to build a land price map for Tuy Hoa
city in the period of 2020 - 2024.
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Figure 3. State land price database by streets in Tuy Hoa city

3.3. Designing the interface of the WebGIS to
manage land prices in Tuy Hoa city

3.3.1. Setting up the graphical interface

The graphical interface is designed based on the
WebGIS platform, consisting of two contents.

The first is the data content interface, specifically
spatial data (map). The second is the graphical
interface of the WebGlIS, which is designed for
users to control directly on devices connected to
the Internet.

Introduction

information

Map layers
Attribute /spatial

== i =

Data Management
[

>
>

Spatial/Attribute/
Unstructured
A

Add data
Update

Figure 4. WebGIS organization chart Tuy Hoa city land price

WebGIS includes homepage, layers,
search, display, login and assistance:

+ Home page (Menu): Showing general
information.

+ Layers: Representing spatial data layers
related to geographic background data and land
prices.

+ Search: Helping users search for
information on the map by keywords, searching

https://doi.org/10.52111/qnjs.2022.16506

for information related to land prices by location
of routes and each parcel of land.

+ Display function: The area has the function
of displaying spatial information and data. This is
a very important content that represents most of
the information of a WebGIS site.

+ Login: The searcher logs in to his/
her personal account (username, password).
This content is for site administrators.... After
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logging in, and going to the management pages,
the manager can add new information about
land prices and update, including the features
of adding, deleting, and editing information of
geographic background data and land prices...

+ Assistance: WebGIS manual page,
contacting information.

3.3.2. Guidelines for general and detailed
interface design WebGIS

- The general interface of the user page includes
the homepage, search, and introduction pages
(see information designed as shown in Figure 5).

- System login page interface: It helps
managers to log in to the WebGIS system to
serve more users, change login information, etc.

HEADER
MENU

Tool and search Layer
Map
Display information

FOOTER

Figure 5. WebGIS general design interface for land

price management

SO TAI NGUYEN VA MOI TRUGNG PHU YEN

Ban d6 WebGlS gia dat Thanh phé Tuy Hoa

nnnnnn

Lién hé

- Map management interface: Users can
add information to the geographic base database
and land prices to periodically update the data
for WebGIS.

HEADER
MENU
Geodata background group Add data
Save
Land price data group Add data
Save

FOOTER

Figure 6. Map management design interface

3.3.3. Programming WebGIS web page components

The Web uses Leaflet's method of connecting
libraries to display information, mainly by
JavaScript. The
connect the GeoJSON data and display them on
the map, including the map background data and
the attribute data. The detailed code is to develop
the function of displaying the map, searching for

interconnected  JavaScripts

information, moving the map, zooming in, out, etc.
WebGIS are programmed, developed and shared
on the homepage giadattuyhoa.com help people
view GIS-based land price information online.

FRETE EEE SR TR TR TR .
=y M S S z
Y

f TRE

Figure 7. WebGIS interface to manage land prices in Tuy Hoa city

- The main tools of WebGIS, which are
frequently used to meet the main functions of
WebGIS, are displayed by default in the vertical
toolbars on the right: For example, tools to zoom

in and out, move the map, search for land price

information according to the location of the
routes, printing, etc.

- Data layer management framework is a
list of online map data layers that can be added
to help identify and display available landmarks

https://doi.org/10.52111/qnjs.2022.16506
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on Google map, OpenStreet Map and distance
measurement functions directly on the WebGIS
platform.

- The area of legal documents and land
price list is placed on the above horizontal bar so
that users can view legal documents and contact
the land price data management agency in Tuy

3.4. Building tools, utilities and manipulating
functions on the WebGIS program to manage
land prices in Tuy Hoa city

These tools help users customize the display of
information layers used on the display and data
processing frames.

3.4.1. The tool group is displayed on the left in

Hoa city.”!?
- The status bar shows the scale of the map.
- The main area of Web-based GIS data.

the WebGlS interface

The main tools shown above are detailed in the
following table:

Table 1. Tool group on the left side of WebGIS interface

Image Tool name Main function
+ Zoom in Zoom in on the map display area in the selected area by dragging
the mouse.
- Zoom out Minimize the visible area on the main canvas by dragging the mouse.
? Positioning Finding your current location - GPS.

Full screen

Displaying all information layers and data processing frame.

Moving the map information layers that have been opened in the Main

€ Moving Data Processing and Display Frame.
— Printing map, printing according to the selected area, printing the
E Printing whole map area, printing vertically, printing horizontally on the

screen, etc.

J Searching for land

sales

Searching for land price information by the route.

3.4.2. Framework to manage data layers, search,
measure, information menu

Table 2. Main functions on the right of WebGIS

In the upper frame of the WebGIS interface,
there are the following main items:

Illustration Tool name

Main function

(I Ban db gia dat Land price map

Display of the entire land price map of the whole city, helping
users locate the wards

Gidi thiégu Introduction

A brief introduction to the online land price map

Van ban phap quy Legal documents

Legal documents related to the current land price bracket

Bang gia dat Land price list

Land price list for the city in text form

https://doi.org/10.52111/qnjs.2022.16506
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On the right of the WebGIS interface,
there are functional toolbars that measure the

Table 3. Tool group on the right of the WebGIS interface

distance between points on the map, switch on
map data layers, specifically as follows:

Hlustration Tool name Main function
‘ e | Measurements | Measure and calculate distance, area in square meters and hectares.
& Data layers Manage the switch data layers on WebGIS.

3.4.3. Working with main features on WebGIS

Users can exploit the main features on WebGIS
to manage land price databases such as View
land price maps online; Displaying attribute

Ban do6 WebGiIS gia dat Thanh phé Tuy Hoa

‘3\ s& TAI NGUYEN VA MOI TRUGNG PHU YEN
QY
.

Van ban phap quy Bang gia dat

Figure 8. Area for managing data layers
Displaying road property information

The purpose is to display detailed
information on the selected data background to
help show data more intuitively. In the WebGIS
interface, the function of displaying street names
by streets has been implemented, helping people
to easily search for the location of the land
plot and land price quickly and conveniently,

information; Looking for information; Print maps
online; Positioning; logging in and updating data
(for managers). Viewing the land price map is
done through the function of zooming in and out
of the map, displaying data layers.

FETE m WEm T pen
= . e

15

Dién tich 100.7

Gia nha nuéc 10 trigu/m® 8

by zooming in to the search area, the road
information will be displayed visually.

Finding information on the map

Purpose: Helping wusers easily find
information about land prices quickly and
intuitively; electing the icon @ then typing the
street name and clicking the search button Q, .
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Figure 9. Illustrated image of searching for information by a parcel of land
Bang gia dat
Nam:  2020-2024 -

Phuang/xi Phudng & V

em hdng gid dat |

Bang gia dat Phudng 8, Thanh pha Tuy Héa DT 1.000 dangfm2
5TT Ten dudng Y11 V12 VT3 VT4
1 Lt Thanh Phuong - Dioan tir duing Tran Phu dén dai 16 Mguydn Tat Thinh 14,000 2000 6000 4000
2 MNguyeén Trung Tnge  Boan tir dudang Tran Mg dén Mguyén Binh Khiém 8.000 5500 4000 2500
3 Mguyén Tat Tranh - floan tir duang Tran Hung Hao 3€n ranh gidi phuwdang & va phuoeng 9 16000 | 11.000 B.OOD  5.000
4 Mguneén Tat Thianh - Dogn L rank gidh phudng 8 va phuting 9 dan ranh gidé ohudng 9 v 13 Binh Kich 13000 10000 7000 5000

Figure 10. Illustrative image of looking up land price information attributes by administrative unit

Attribute information search Printing map online

Not only does design information search It is an operation to extract information
according to spatial data, but the program in an image format for printing. This function is
also designs a window to search for land price intended to help users print data online. To print
information by year and by administrative units, the map, we select the icon s and print.

thereby helping users to easily access information
about desired land prices and can know land
prices according to locations on a route.

https://doi.org/10.52111/qnjs.2022.16506
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Figure 11. Illustration for online map printing

Reallocation locator - GPS

Purpose: Helping the user determine the
current location, this function helps the user in
finding the route conveniently. We select the
positioning function to determine the actual
location. If we use a smartphone, we must turn
on the location function to use it.

3.4.4. Program management and security

The program manager's job is only granted to
the top manager, and this person has the right
to create accounts for other managers. The
authorization on WebGIS is divided into 2 levels
as follows:

Admin  (supreme
WebGIS site: admin has all rights such as login

administrator) of

account, adding, editing account, adding a user
account, changing website blog appearance,
changing status menu, website banner, etc.
Admin is a technical officer involved in the
management of land price information of
agencies Department of Natural Resources and
Environment of Phu Yen province, Department
of Natural Resources and Environment of Tuy
Hoa city.

The administrator is the person who
manages the land price data catalog. He can
exploit the information and has the right to use
other functions of the system provided by the

administrator. Administrators can select “Login”
on the WebGIS Menu to log in to the system.
After entering the username and password,
log in for the following results: In the System
section, the administrator can change the login
information or add a username. Users who
access the system's portal have the right to look
up, share and exploit land price information
of Tuy Hoa city. However, people who are not
administrators are not provided with the system
login name and password.

4. CONCLUSION

The article has built a WebGIS website which
supports the management of land prices in Tuy
Hoa city, Phu Yen province. The results of
the article on building a WebGIS program for
integrating land prices on an online platform
will help people and land managers to quickly
search for land price information at land plot
locations within a specific area and to each
parcel of land. The WebGIS program on land
prices in Tuy Hoa city is built according to the
land price list prescribed by the State. Therefore,
it helps to provide transparent information to
the people, so that people can know information
about the land area and land price according to
regulations easily. On the other hand, the system
supports searching for land price information
by routes through the web environment and
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online base map, which is convenient for people
and managers in using and querying. Research
results are an important tool in land management
and use, creating favorable conditions for people
and managers in querying information about
land prices and the location of land plots in Tuy
Hoa as well as throughout the province in the

years to come.
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TOM TAT

Nghién ctru nay nham danh gia tap tinh an va lugng vi nhya an vao ciia 3 loai ca bong phan bd & dam Thi Nai,
tinh Binh Dinh. Mdi loai dugc thu 30 c thé tir ngu dan dé nghién ctru. Trong d6, 20 ca thé ciia mdi loai dugc giai
phau dé x4c dinh thtc 3n ty nhién va 10 ¢4 thé con lai duoc tach léiy 6ng tiéu hoa va phan tich sy tich tu vi nhya.
Két qua cho thay, mac du tinh an cta 3 loai c4 1a khac nhau nhung tin suat xut hién ctia mun bé hitu co trong da
day ctia cac loai déu cao hon so véi cac loai thirc dn khac. Lugng vi nhya an vao khong khac nhau c6 y nghia thong
ké gitta 3 loai, dao dong tir 6,50 dén 9,20 vi nhua/ca thé; tir 0,58 dén 1,16 vi nhya/g khdi luong co thé; va tir 31,47
dén 57,55 vi nhua/g khdi lugng dng tiéu hoa. Ca 3 loai ca déu an vao phan 16n 1a vi nhua dang soi (75,38 - 82,50%)
¢6 kich thude tir 500-2000 pm (59,09 — 65,75%). Tir nhiing két qua thu dugc c6 thé nhan dinh ring, tap tinh an
khac nhau cua 3 loai ca bng trong nghién ctru nay khong anh huéng dén lwong vi nhya an vao va vi nhya trong
muin ba hitu co 1a ngudn vi nhya tich lily chinh trong hé tiéu hoa ciia 3 loai nay. Can c6 nhiéu nghién ciru thém dé
xac dinh rd hon cac tac dong sinh hoc va sinh thai cua cac vi nhya dbi voi ca.

Tir khéa: Vi nhuea, dam Thi Nai, lodi cd b(fng, tdp tinh an, tich tu vi nhya.

*Tac gia lién hé chinh.
Email: vovanchi@gnu.edu.vn
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ABSTRACT

This study aimed to evaluate feeding habits and microplastic ingestion of three goby species distributed
in Thi Nai lagoon, Binh Dinh province. Thirty individuals of each species from fishermen for study. Twenty
were dissected to identify natural food and the other ten were used to determine microplastic accumulation
in digestive system. The results showed that feeding habits of these three fish species were different, but the
occurrence frequency of organic matter in the digestive system of fish was higher than that of other natural food.
The concentration of ingested microplastics was from 6.50 to 9.20 particles/fish, from 0.58 to 1.16 particles/g
wet body weight and from 31.47 to 57.55 particles/g digestive tract weight and did not significantly differ among
these fish species. These three fish species mostly ingested microplastic fibers (75.38 — 82.50%) with most size of
500-2000 pm (59.09 — 65.75%). Our findings indicate that the different feeding habits of the three goby species in
this study do not affect the amount of ingested microplastics and the microplastics in organic matter are the main
source of microplastics accumulated in the digestive system of these three species. Three studies are needed to
better characterize the biological and ecological impacts of microplastics on fish.

Keywords: Microplastic, Thi Nai lagoon, goby species, feeding habits, microplastic accumulation.

1. INTRODUCTION found microplastics in aquatic animals such as

Plastic pollution has been paid attention to in clam Mytilus galloprovincialis inhabiting

worldwide. Human awareness and concerns about
microplastic pollution are increasing, especially
microplastic pollution in aquatic environment.
Microplastic accumulation in aquatic organisms
has been reported by many researchers around
the world for a long time as well as recently by
scientists in Vietnam. Microplastics has been
found in many organisms at different nutritional
levels such as zooplankton,' invertebrates,'?
fish.* There are many studies conducted and

*Corresponding author.

Email: vovanchi@qnu.edu.vn

https://doi.org/10.52111/qnjs.2022.16507

in estuaries of Tagus, Portugal and Po river,
Italy,> crab Neohelice granulata in estuaries in
Southwest Atlantic Ocean,® or in 24 fish species
in estuaries in Brazil,” oyster Crassostrea
virginica and crab Panopeus herbstii in estuaries
in Florida.® In Vietnam, some researchers
have recorded microplastic contamination in
molluscs such as Anadara granosa, Anadara
subcrenata in Thi Nai lagoon, Binh Dinh
province,™'’ Mactra grandis, Callista lilacina,
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Marcia hiantina in Cu Mong lagoon, Phu Yen
province,''? small fish species in coastal areas
of Binh Dinh province'® or Meretrix lyrata in
Ho Chi Minh city." In general, these authors
mostly focused on determining microplastic
contamination in studied animals, but did not
assess relationships between feeding habits
and microplastics ingestion of these animals.
Therefore, understanding of such relationships
is still limited.

A large amount of plastics and
microplastics discharged from human activities
in both lands and seas are accumulated in coastal
areas in the world.'* In the same situation, coastal
areas or lagoons (including Thi Nai) in Vietnam
are also accumulated microplastics with different
concentrations.”>!?

ThiNaiin Binh Dinh province is the second
largest lagoon in Vietnam after Tam Giang —
Cau Hai, Thua Thien Hue province. Thi Nai has
a diversity of ecosystems such as mangroves,
seagrass, etc., where many organisms including
fish inhabit, feed and reproduce. Fish species
composition in this lagoon recently increase,
but they diverse relatively, with 95 species
including 7 goby species (Vo and Nguyen).'®
Among goby species in Thi Nai lagoon, tropical
sand goby (Acentrogobius caninus), maned goby
(Oxyurichthys microlepis) and redspot arrowfin
goby (Oxyurichthys tentacularis) are 3 species
that commonly appear and are collected to supply
local consumers. This study focused on assessing
feeding habits and microplastic ingestion,
and examined microplastic characteristics
accumulated in the digestive tracts of these 3
goby species to contribute to microplastic source
identification.

2. METHODS
2.1. Fish collection and treatment

Tropical sand goby (Acentrogobius caninus),
maned  goby
and redspot arrowfin goby (Oxyurichthys
tentacularis) were collected from fishermen
in Thi Nai lagoon, with 20 individuals of each

(Oxyurichthys  microlepis)

species to be examined for feeding habits and 10
for microplastic accumulation.

Fish were frozen at the collection sites
and brought to lab. In the laboratory, fish used
for microplastic examination (10 individuals/
species) were treated within the day or frozen in
the fridge for later analysis. Fish for examination
of feeding habits (20 individuals/species) were
treated within the day or fixed in 5% formol for
later analysis.

Figure 1. Sample collection sites in Thi Nai lagoon

2.2. Feeding habit examination

Fishindividuals were dissected to examine natural
food in their digestive tracts. Stereomicroscope
Meiji EMTR-3 and binocular microscope
Olympus CX21 were used to analyse and
identify the food. Based on the analysis results,
occurence frequency of food items (Oi%) in the
digestive tracts of fish was calculated according
to the method of Hyslop.'®

0Oi% = (Number of digestive tracts
containing food item i/Total number of digestive
tracts containing food) x 100.

2.3. Microplastic contamination examination

Each fish individual was weighed, measured
and washed using water filtered through the
glass fiber filters GF/A with pore sizes of 1.6
um, then dissected to remove the digestive tract.
Next, the digestive tract was put into a glass
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beaker containing 20 ml 10% KOH, covered
by aluminum foil and placed in an incubator at
60 °C for 24 hours according to the method of
Alexandre et al.'® The samples after incubated
were filtered through 1 mm mesh sieve to collect
microplastic particles 1- 5 mm on the sieve (if
any). The samples under the sieve were then
filtered through a 250 um mesh sieve, and the
material on the sieve was rinsed into a beaker to
perform the overflow technique using a saturated
NaCl solution with 3 replicates. Finally, the
sample solution was filtered through a 1.6 um
GF/A filters according to the method of Emilie
et al."”® to remove microplastics. The filters were
stored in clean Petri dishes and put in room
condition for later stereoscopic observation.

Put the filters under the Leica S9i
stereomicroscope to observe and identify
LASX
Microplastics were identified with 3 shapes

microplastics using software.
as described by Emilie et al.'® such ase fibers,
fragments and pellets. Microplastics on the
filters were measured and photographed.

Microplastic concentration was considered
as number of microplastics per individual,
number of microplastics per gram of wet body
weight and number of microplastics per gram of
digestive tract weight of fish.

To control microplastic contamination
from the surrounding environment during
sample treatment and observation, we followed
to suggestions of GESAMP' such as cleaning
the working area with alcohol before observating
and treating samples, wearing cotton clothes and
rubber gloves, etc. In addition, at each period of
sample observation and treatment, we placed a
new filter in a Petri dish nearby the place we were
working to check microplastic contamination.
During the steps on sample, we did not find any
microplastics on the control filter papers.

2.4. Data analysis
Microsoft Excel 2013 was used to calculate

the necessary parameters and make diagrams.

https://doi.org/10.52111/qn;js.2022.16507

Anova single factor in Microsoft Excel 2013 was
applied to compare some parameters between
studied fish species.

3. RESULTS AND DISCUSSION
3.1. Results
3.1.1. Feeding habits of fish

Feeding habits of tropical sand goby, maned goby
and redspot arrowfin goby was different (Table 1).
The food spectrum of tropical sand goby was
most diverse, with 6 groups of prey found in
the digestive tracts of fish, of which occurrence
frequency of organic matters, fish, seaweeds and
shrimps was higher than that of others. Natural
food of maned goby only comprised two groups
of prey which are organic matters and fish, with
the dominance of organic matters (92.86% in
occurrence frequency), and natural food of
redspot arrowfin goby included 3 groups which
are organic matters, fish and seaweeds with the
predominance of organic matters. Thus, it can
be seen that organic matters are dominant in the
natural food spectrum of 3 studied goby species.

Table 1. Natural food of three goby species

Kinds of food Occurrence frequency of food
(%0)
Maned Redspot | Tropical
goby arrowfin sand
(n=20) goby goby
(n=20) (n=20)
Organic
matters 92.86 45.00 40.00
Fish 7.14 35.00 26.67
Seaweeds 0.00 20.00 26.67
Snails 0.00 0.00 6.67
Shrimps 0.00 0.00 20.00
Zooplanktons 0.00 0.00 6.67

3.1.2. Microplastic accumulation in fish

Microplastic concentration in 3 goby species
is expressed as number of microplastics per
individual, number of microplastics per gram of
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wet body weight and number of microplastics
per gram of digestive tract weight of fish (Table 2).
The results showed that the concentration of
micropastic ingested by 3 goby species varied
from 6.50 to 9.20 microplastics/individual,

0.58 to 1.16 microplastics/g wet body weight
and 31.47 to 57.55 microplastics/g weight
of digestive tract. There was not significant
difference of microplastic concentration between
three goby species (p > 0,05).

Table 2. Concentration of ingested microplastic in three goby species

Fish species Number of microplastics/ Number of Number of
individual microplastics/g wet | microplastics/g digestive
body weight tract weight
Maned goby (n=10) 9.20 +3.44° 0.87 £0.38° 57.55+29.45°
Redspot arrowfin goby
(n=10) 6.50 £ 3.12° 1.16 £0.58° 46.76 £ 27.77*
Tropical sand goby (n=10) 8.00 £+ 4.06° 0.58 +£0.29° 31.47 £22.50°

Note: The different letters indicate significant differences for each parameter (p < 0.05).

The weight of tropical sand goby was
highest (13.79 g/fish), followed by maned
goby (10.81 g/fish) and redspot arrowfin goby
(5.70 g/fish) (p < 0,05) (Table 3). However, the
amount of ingested microplastics per gram of
wet body weight was not significantly different
between three studied species (Table 2). Similarly,
the weight of digestive tracts of tropical sand
goby was different from others, but the amount
of ingested microplastics per gram of weight of
digestive tracts was not significantly different
between three goby species. Therefore, it can be
said that fish size and weight of digestive tract of
fish are not the main factors governing amount

of microplastics ingested by fish. This is clearly
indicated through the correlation between the
number of microplastics ingested and wet body
weight or digestive tract weight of fish (Table 3).
Specifically, the correlation between the number
of microplastics and wet body weight of fish was
negative for maned goby and redspot arrowfin
goby with the coefficient from -0.49 to -0.24
while there was no correlation between these
two parameters for tropical sand goby (r = 0.08);
the negative correlation was recorded between
number of microplastics and weight of digestive
tract of fish (coefficient from -0.40 to -0.27).

Table 3. The correlation between wet body weight, digestive tract weight of fish and amount of microplastics

ingested in three goby species

Fish species Wet body Digestive tract Correlation Correlation
weight of fish | weight of fish | between number between number
(2) (2) of microplastics of microplastics
and wet body and digestive tract

weight of fish (1) weight of fish ()
Maned goby (n=10) 10.81 + 1.59* 0.18+£0.07° -0.49 -0.27
Redspot arrowfin goby (n=10) | 5.70 + 0.74¢ 0.15 £ 0.04° -0.24 -0.40
Tropical sand goby (n=10) 13.79 + 1.86° 0.28 £0.117 0.08 -0.33

Note: The different letters indicate significant differences for each parameter (p < 0.05).
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The shape data of microplastics were
pooled for 10 fish of each species. The
results showed that there were two shapes of
microplastics found in the digestive tracts of
three studied fish species, that were fibers and
fragments, of which fibers were dominant
in all goby species (Figure 2). Specifically,
microplastic fibers accounted for from 79.03% to
82.50% while the ratio of microplastic fragments
was from 17.50% to 20.97%.

® Fibers ® Fragments
100.00

90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

Distribution ratio

Maned goby  Redspot arrowfin ~ Tropical sand
goby goby

Figure 2. Shapes of microplastics found in three
goby species

The fibers found in the digestive tracts of
three studied fish species mostly had the length of
300 to 2500 um, especially the size range of 500
to 2000um, excepting a high ratio of fibers with
the length of 2500-3000 um (13,64%) observed
in tropical sand goby (Figure 3). Specifically,
fibers with the length of 500-2000 pm accounted
for 65.75% in maned goby, 63.27% in redspot
arrowfin goby and 59.09% in tropical sand goby
while other fibers only accounted for 34.25%,
36.73% and 40.49% in these three goby species,
respectively (Figure 4). Fragments observed in
the digestive tracts of three goby species had
the area of 45000 to 600000 pm? but dominant
in range of 45000 - 200000 um?, with 77.78%,
69.23% and 71.43% in total in maned goby,
redspot arrowfin goby and tropical sand goby,
respectively (Figure 5). Thus, it can be seen that
the studied fish species ingested microplastics in
small size rather than big size range.
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Figure 3. The length distribution of microplastic
fibers
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Figure 4. Percentage of microplastic fibers with

length of 500-2000pum compared to others
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Figure 5. The area distribution of microplastic
fragments

3.2. DISCUSSION

3.2.1. Feeding habits and microplastic ingestion
of fish

Although the average microplastic concentration
in each fish species is different, perhaps this
difference is notlarge enough to lead to significant
difference. Natural food spectrum of three studied
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goby species is different, but organic matters
are the dominant food of these species. Hence,
it can be speculated that the main source of
microplastics accumulated in the digestive tract
of these goby species is from organic matters. It
can be seen that occurrence frequency of organic
matters in the digestive tracts of maned goby is
highest (92,86%) and microplastic concentration
in this species is high (9.20 microplastics/
individual) while occurrence frequency of
organic matters in the digestive tracts of tropical
sand goby is just 40% but weight of digestive
tract of this species 1.5 times significant higher
than that maned goby, so the amount of organic
matters ingested by tropical sand goby may be
nearly similar to maned goby and results in a
relatively high microplastic intake in tropical
sand goby (8.0 microplastics/individual).
The amount of microplastics accumulated in
redspot arowfin goby is low (6.5 microplastics/
individual) because occurrence frequency of
organic matters in this species is just 45% while
its digestive tract weight is not different from
maned goby, that means the amount of organic
matters ingested by redspot arowfin goby is less
than maned goby. In addition to main source of
microplastics from organic matters, fish can also
indirectly ingest microplastics accumulated in
their other foods such as fish, shrimps, snails,
seaweeds. Walkinshaw et al.?! suggested that fish
species having a narrow food spectrum would
be more likely to directly ingest microplastics
from environment than indirectly through prey
such as in fish species with large food spectrum.
This is somewhat reasonable with our results
when comparing the food spectrum of maned
goby and other 2 species in consideration of
the corresponding amount of microplastic
ingested. However, redspot arrowfin goby also
has a natural food spectrum narrower than that
of tropical sand goby, but the concentration of
microplastics ingested by this species is lower
than that of maned goby. This may be due to the
dominance of organic matters in the diet of fish
as mentioned above.

3.2.2.  Characteristics  of
accumulated in the digestive tracts of fish

microplastics

Concentration of microplastics accumulated
in fish species in our study varied from 6.50
to 9.20 microplastics/individual, 0.58 to 1.16
microplastics/g wet body weight and 31.47 to
57.55 microplastics/g digestive tract weight,
that is much higher than records of Gopal et
al.?? in 10 marine fish species in Bengal bay -
Bangladesh (1.0-3.8 microplastics/individual,
0.02-0.15 microplastics/g wet body weight and
0.63-6.45 microplastics/g digestive tract weight)
or the study results of Vendel et al.® in 69 fish
species in estuaries in Northeast Brazil (vary 1 to
4 and 1.06 microplastics/individual in average),
Wanlada and Suwaree?* in 7 fish species in
coastal areas of Thailand Gulf and Adaman
sea (0 — 0.4 microplastics/individual), Sukree
et al.® in Rastrelliger brachysoma in Thailand
Gulf (2.70 £ 16.62 microplastics/individual).
However, microplastic concentration in our study
is lower than that reported by Ayu et al.*® in 9 fish
species in coastal areas of Pantai Indah Kapuk,
Indonesia (varies from 4.9 to 20 and average
of 12.21 microplastics/individual). Therefore,
microplastic accumulation level in fish species
mentioned in different studies is not similar and
that can be due to different characteristics of
these fish species but may be also governed by
environment at study locations.

The dominance of fibers compared to
fragments is also observed in our study. The
similar results are reported by Gopal et al.??
(fibers accounted for 53.4%), Vendel et al.”
(fibers accounted for 90%), Ayu et al.** (89.63%
of fibers in total), or Wanlada and Suwaree?
(fibers accounted for 57.14% in pelagic fish and
82.76% in benthic fish). Likewise, such tendency
is also found in molluscs.?*?® Fish or aquatic
animals ingesting amount of fibers higher than
other shapes can be due to dominance of fibers
in their environment compared to others. This is
supported by the study results of Vo? and Le!
with predominance of fibers in surface waters
and benthic sediments.
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In this study, we found that the studied
fish species mostly ingested microplastics in the
small size range (500-2000 pm for fibers and
45000 - 200000 pm? fro fragments). Similar
results are also recorded by Vo and Vo'® in blood
cockle distributed in Thi Nai lagoon, with most
fibers long from 500 to 2100 um. However, the
area of fragments observed by these authors
is bigger than that in our study. Gopal et al.??
found that 85% of microplastics obtained from
10 studied fish species had the size of less than
500 um while ones from 500 — 5000 um were
found with low percentage. Thus, it can be
seen that aquatic creatures often ingest a large
proportion of microplastics in small size range.
This may be due to accumulation concentration
of small-sized microplastics in their habitats is
higher than that of large-sized microplastics. The
evidences of this can be found in the study results
of Vo’ and Le'. However, despite ingesting
small-sized microplastics, size range together
with corresponding percentage of microplastics
accumulated in different fish species differ,
which can be governed by their feeding habits.

4. CONCLUSION

Feeding habits of maned goby, redspot arrowfin
goby and tropical sand goby are different but
occurrence frequency of organic matters is
higher than that of other food in the diets of these
species.

The concentration of microplastics
accumulated in three studied goby species is
not significantly different and vary from 6.50
to 9.20 microplastics/individual, 0.58 to 1.16
microplastics/g wet body weight, and 31.47 to

57.55 microplastics/g digestive tract weight.

Three studied goby fish species ingest a
large amount of 500 - 2000 pm fibers.

Feeding habits does not affect amount of
ingested microplastics and the main source of
microplastics accumulated in three studied goby
species is mostly from organic matters.

https://doi.org/10.52111/qn;js.2022.16507
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TOM TAT

Trong bai bao nay, chiing t6i xem xét mot 16p ham 16i manh mé rong lién quan dén mot cap tia trung
binh s6 hoc, dude goi 1a ham (Mg, M,,)-16i manh tit d6 thiét 1ap mot sé bat dang thite kidu Fejér cho 16p ham
16i manh nay. Céc bat ding thic mai nay 1a sy mé rong thuc su ciia cac bat ding thitc Hermite-Hadamard
va bat déng thitc Fejér duge thiét lap gan day doéi véi ham 16i manh va mot sé6 dang mdé rong ciia 16p ham

161 manh. Hon nita, céc bt dang thifc méi con dac trung cho 16p ham (Mg, My)-16i manh.

T khéa: Ham (Mg, My)-16i manh, tua trung binh sé hoc, ham 164, bat ding thic Hermite-Hadamard, bat
ddng thic Fejér.
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ABSTRACT

In this paper, we propose and study a class of generalized convex functions, which are defined

according to a pair of quasi-arithmetic means and called (Mg, M, )-convex functions, and establish various

Fejér type inequalities for such a function class. These inequalities not merely provide a natural and intrinsic

characterization of the (Mg, My )-convex functions, but actually offer a generalization and refinement of

some Hermite-Hadamard and Fejér type inequalities obtained in earlier studies for different kinds of strong

convexity.

Keywords: Strongly (Mg, My )-conves functions, quasi-arithmetic mean, convexity, Hermite-Hadamard

inequality, Fejér inequality.

1. INTRODUCTION

In the field of mathematical inequalities, the well-
known Hermite-Hadamard inequality for convex
functions was first discovered by Hermite! in 1883
and independently discovered 10 years later by
Hadamard.? This inequality says that if f : [a,b] —
R is a convex function then

A weighted generalization of Hermite-Hadamard in-
equality was developed by Fejér:® If f : [a,b] — R is
a convex function, g : [a,b] — [0, 00) is an integrable
function with f: g(x)dz > 0 and it is symmetric to

atb j.e. g(z)=gla+b—x) for all = € [a,b], then

a+b\ _ [ f@)g(x)de _ f(a)+ f(b)
f( 2 )S f:g(x)dx : 2

Since then, the inequalities (1) and (2) have been

)

generalized, extended and improved in various ways
and found interesting applications to convex analy-
sis, optimization theory and nonlinear analysis. One
of such ways is to establish new inequalities for
various generalized convex functions (see e.g.,7).
Among them, an important subclass of convex func-
tions in the optimization theory is strongly convex
functions. This class was developed by Polyak® in
1966 for dealing with some related issues arisen from

optimization theory.

*Corresponding author.

Email: nnhue@ttn.edu.vn
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Let ¢ be a positive number. A function f :
[a,b] — R is called strongly convex with modulus
c if

ftz+(1=t)y) < tf(@)+(1—t)f(y)—ct(1—t)(z—y)?

for all z,y € [a,b]. One says that f is strongly mid-
convex with modulus c¢ if

2 2 4 )

; (xﬂ/) <@+ 1) Gl
for all z,y € [a,b].

In 2010, Merentes and Nikodem? established a
generalized version of Hermite-Hadamard inequal-
ity for strongly convex functions as follows: Let
f i [a,b] = R be a strongly convex function with
modulus c. Then, the following inequality holds

() oot 1o
SVIOES 0N

I
N
o

(4)

In 2012, Azocar!'® et al. proposed a Fejér type
inequality for strongly convex functions: Let f :
[a,b] — R be a strongly convex function with modu-
lus cand g : [a,b] — [0, 00) be an integrable function
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with fab g(z)dz = 1 and symmetric to %F2. Then,

f(a;_b> +c /abeg(x)dar— (a;—b)2
b

s[;ﬂmguwx (5)
I

a (12 2 b

< —c
In recent years, some generalizations of inequal-

2

ity (5) have been established for strongly log-
convex functions and strongly harmonic convex
functions. 2 Motivated by the achievements, we
continue the research direction. Our contributions
in this paper are that we first deeply investigate
the class of generalized strongly convex functions re-
garding to a pair of quasi-arithmetic means and then
derive some new Fejér-type inequalities. The derived
inequalities are not only characterizations for gen-
eralized strongly convex continuous functions, but
they also generalize inequalities that were recently
derived in the papers. 112

The rest of this paper is organized as follows. In
Section 2, we will introduce (Mg, M, )-convex func-
tions, strongly (Mg, My )-convex functions with
positive modulus and refer related particular cases.
The main results of this paper will be presented in
Section 3. Finally, the paper closes with the conclu-
sions in Section 4.

2. STRONGLY (M, My) - CONVEX FUNC-
TIONS

Let I and J be the intervals of real num-
bers. Let ¢ I — R and v J — R be
continuous and strictly monotone functions. Using
a pair of quasi-arithmetic means M, and My,
with Mg(a,b;a) = ¢~ (ag(a) + (1 — a)¢(b)) Au-
mann'® proposed the concept of (Mg, M )-convex

functions that is stated as follows.
Definition 1. ' A function f : I — .J is said to be
(Mg, My )-convex if

fMg(a, b)) < My(f(a), f(b);a)  (6)
for all a,b € I and « € [0, 1].

In the case that f fulfills the inequality (6) with
¢(x) = x, [ is called My -convex. If f satisfies the
inequality (6) with ¢(z) = 2 and ¢(z) = =z, then
the (Mg, My, )-convexity of f reduces to the usual
convexity in the literature of convex analysis.

For a pair of quasi-arithmetic means Mg and
My, we define a class of generalized strongly con-
vex functions as follows.

Definition 2. Let ¢ be a positive number. A func-
tion f: I — J is called strongly (Mg, My )-convex
with modulus ¢ if

FMola,bia) < v (avo f(a@) + (1= a)v o £(b)
—ca(l - a)(@(a) - 6(b))*)
(7

for all a,b € I and « € [0,1]. If the inequality (7
is reversed, we call that f is strongly (Mg, My)-
concave with modulus c.

~— ~—

Note that if 1 is increasing then f : I — J is
strongly (Mg, My )-convex with modulus ¢ if and
only if 1) o f o ¢! is strongly convex function with
modulus ¢ on ¢(I). If ¢ is decreasing then f: I — J
is strongly (M, My)-convex with modulus ¢ iff
o fog ! is strongly concave with modulus ¢ on

o(1).

We say that a function f is strongly M.,-convex
with modulus ¢ if f satisfies the inequality (7) for
¢(x) = x. For particular forms of ¢ and 1), we obtain
the following concepts:

* strongly convex functions if we take ¢(x) = x

and Y(x) = x:
flaa+(1—a)b)

< af(a)+ (1 - a)f(b) — call — a)(a — b)?
for all a,b eI and o € [0,1].

* Strongly log-convex functions™ if we take

¢(z) =z and Y(x) = Inz:
In f(aa + (1 — a)b)

<alnf(a)+ (1 —a)ln f(b) — ca(l — a)(a — b)?
for all a,b € I and o € [0, 1].

* Strongly exponentially convex functions!® if
we take ¢p(x) = x and P(x) = e*:
of (aat(1=a)b)
<aef@ 4 (1-a)ef® —ca(l —a)(a—b)?
for all a,b eI and a € [0,1].

* Strongly harmonic conver functions'! if we

take ¢(x) = 1/x and p(x) = x:
. ab
/ (aa +(1- a)b)

2
< afl@+ (1= a)f(o) - cat - ) (“2°)

for all a,b eI and o € [0,1].

* Strongly harmonic log-convex functions'® if
we take ¢p(x) = 1/x and Y(x) = Inz:

fﬁaig%zﬁ)

< H@r 00 —eatt -~ ()

for all a,b eI and o € [0,1].
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® Strongly p-convex functions if ¢(x) = xP and

P(x) = a:

f(laa? + (1 = a)p?)'/7)
< af(a) + (1 - a)f(b) — ca(l - a)(a” - b¥)?

for alla,be I and o € [0,1].

¢ Strongly geometrically convex functions if we
take ¢(x) =lnx and P(x) =lna:

f(a17)) < f(a)* (1)1~ —ca(1—a) In* ()

for all a,b €I and o € [0, 1].
Lemma 3. ¢

1. A function f : I — J is strongly convex
with modulus ¢ if and only if the function
g(z) = f(x) — ca? is convex.

2. A function f : I — J is strongly midconvex
with modulus c if and only if g(x) = f(z)—ca?
is midconvew.

Due to Lemma 3 and Jensen’s inequality !, one
can verify that if f is continuous on I and strongly
midconvex with modulus ¢ then f is a strongly con-
vex function with modulus ¢ on I.

Lemma 4. A function f is strongly (Mg, My)-
convez with modulus ¢ if and only if g(x) := 1 o
foo~Yx) — cx? is strongly convex on ¢(I).

Proof. We have f is strongly (Mg, M, )-convex
with modulus ¢ if and only if 1o f o ¢! is strongly
convex with modulus ¢ on ¢(I). This achievement
together with Lemma 3 yield f : I — J is strongly

(Mg, My)-convex with modulus ¢ if and only if
g(z) == o fop~l(x) — cx? is convex on ¢(I). O

3. FEJER TYPE INEQUALITIES FOR
STRONGLY (Mg, M,;)-CONVEX FUNCTIONS

Throughout this paper, we assume that f: [ —
J is a strongly (Mg, My)-convex function with
modulus ¢ (¢ > 0); a,b € I, a < b; a € (0,1);
wy,wsy : [0,1] — [0,00) are integrable functions and
satisfy the condition [ w1 (t)dt > 0 for all s € (0, 1].
and jsl wa(t)dt > 0 for all s € [0,1). Denote

L(t) = My(a, My(a,b; a);t)

and

R(t) = My (b, My(a, b;@);t)
for ¢t € 10, 1].

Theorem 5. Let F,G:[0,1] = R be two functions
defined as

fu>:w*1Quwofocu>chozun%

4%1*MWwfoR®4wWoR@P0

https://doi.org/10.52111/qnjs.2022.16508

and
g(t) = tF(1) + (1 = t)F(0).
Then,
(1) F and G are My-convez, increasing on [0, 1]
and
F(0) =6(0)
F(t) <G(t), telo,1], 8)
F(1)=g6(1).
(2) Fors e (0,1], let
) — ot [ o ¥ o F@ui(t)dt
ne=r ( Jo wi(t)dt )
and
o) = o ten(t)dt
Bl( ) fos wl(t)dt .

Then, F o 1, I1 and G o 1 are increasing on
(0,1] and satisfy

lim Fof(s) = Slir& Ii(s) = Slil(r}+ GofBi(s) = G(0),

s—0t
FoBi(s) <Ii(s) < GopBi(s), s€(0,1]. (9)

(3) Similarly, for s €[0,1), we define

To(s) =" <fs Yo F <f>'wz(t)dt>

[Hwa(t)dt
and

[ twa(tyat

M)t

Then, F o Ba, Iy and G o B2 are increasing on
[0,1) and satisfy

Ba(s)

FofBa(s) <Iy(s) < GopPa(s), se€][0,1), (10)

lim FopBsy(s) = lir{{ Io(s) = hI{lﬁ Gofa(s) = G(1).

s—1—
Moreover, if wy = wy then Z;(1) = Z5(0).

In order to prove Theorem 5, we need to intro-
duce the following auxiliary result.

Lemma 6. ° Let P : [0,1] — R be increasing and
continuous.

(1) For s e (0,1], define
Jo P(tywy(t)dt
Jo wi(t)dt

Then, Py is increasing on (0,1] and

P1 (8) =

lim Pi(s) = P(0) < Py(s) < P(s), s € (0,1].

s—0F

90 | Quy Nhon University Journal of Science, 2022, 16(5), 87-95
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(2) Similarly, for s € [0,1), define

[ P(tyws(t)dt
[Hwa(t)dt

Then, Py is increasing on [0,1) and

P(s) < Py(s) < P(1) = lim Py(s), s €[0,1).

s—1—

P2(S) =

We are now in a position to provide the proof of
Theorem 5.

Proof of Theorem 5. Since v is strictly monotone,
we consider two possible cases of 1): strictly increas-
ing and strictly decreasing.

First, suppose that v is strictly increasing on J.
Since ® is continuous on J, the function ¥~ is con-
tinuous and strictly increasing on ¢(J).

1. In order to prove that F is My-convex on
[0,1], it suffices to show that ¢) o F is convex
on [0, 1]. Indeed,

Yo F(t)
=a (Yo fod  (A)) - c(A(t)?)
+(1—a) (Yo fos ™ (B(t) —c(B(1)?),

where
A(t) = te(a) + (1 = t)(ag(a) + (1 — a)¢(b))
(11)
and
B(t) =tg(b) + (1 — t)(ad(a) + (1 — a)é(b)).
(12)

By Lemma 4, ¢ o f o ¢~ (x) — ca? is convex

on ¢([a,b]). Moreover, since A(t) and B(t) are
linear on [0, 1], the function ¢ o F is convex on
[0,1]. The M -convexity of G on [0, 1] imme-
diately follows from the definition of G.

By simple computations, one can verify that

F(0) =G(0)
:w—l(wof~(M¢(a,b;a)) (13)
 ced(a) + (1~ a)o(0)?)
and
F(1)=6(1)

o (avo f@+ - f0)
~ cfag?(a)+ (1 a>¢2<b>>).

Now, due to the convexity of 1o f o ¢~ (z) —

cz?, one gets

o fop (A1) — c(A(t)?

<t(wo fla) - c(¢(a))?)
+ (=)o f(My(a,b;a))
— c(ag(a) + (1 - a)p(b))?)

and

Yo fod ! (B(t)) — c(B(t))?
< t(eo f(b) — c(p(b)))
+ (1 =1)(¢ o f(Myl(a,b; )
— c(ag(a) + (1 — a)p(b))?).

Thus,

b0 F(t) <ty (aw o f(@)+ (1 - a)bo f(b)
- clad?(@) + (1~ 2)*0) )
=05 (Ve f(Mofabie)

- clasla) + (1 - a)o0))
=1o g(t)
Since 9~ is increasing on ¢(.J),
F(t) <6), te1,

the claims (8) hold.
Next, we prove that F is increasing. Suppose
that 0 < ¢t < r < 1. Due to the strongly
(Mg, My)-convexity of f and aA(t) + (1 —
a)B(t) = ag(a) + (1 — a)o(b), one has
¥ o F(0)
=10 fo¢ ! (ag(a) + (1 a)d(b)
— c(ag(a) + (1 - a)p(b))?
=10 fo¢™" (aA(t) + (1 - a)B(1))
—c(aA(t)) + (1 - )B(1)))”
<a(pofop H(A®R) — c(A1)?)
+(1—a)(¥ofop  (B(t) —c(B(t))?)
=1 o F(t).

On the other hand, since 1 o F is convex,

YoF(r) —voF(t) _ Yo F(t)—1voF(0)
r—t - t—0 '

Thus,

YoF(r) —yoF(t) _ Yo F(t)—1voF(0)
r—t - t—0

>0

i.e. ¢ o F is increasing on [0, 1]. Since ¢! is
increasing on ¢(.J), F is increasing on [0, 1].
Since
Yo G(t) = t[F(1) — F(0)] + F7(0)
and
F(1) = F(0) =0,

one gets ¥ o G is increasing on [0, 1] and then
G is increasing on [0, 1].

https://doi.org/10.52111/qnjs.2022.16508
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2. Applying Lemma 6 where P = 1o F, the func-
tion ¢ o Z; is increasing on (0, 1] and

HI?(()lJr P oZy(s) =1 o F(0).

Since ¢! is strictly increasing and it is con-
tinuous on v (J), the function Z; is increasing
on (0,1] and

lim Z;(s) =1 o F(0).

s—0t
Also, due to Lemma 6, the function (7 is in-
creasing on (0, 1] and

,h%lJr B1(s) =0<pBi(s) <s, se(0,1].

Therfore, F o 51 and G o 1 are well-defined,
increasing on (0, 1] and

lim Fo Bi(s) = Slirél+ G o p1(s) = G(0).

s—0+

Next, we prove the inequalities in (9). Let us
fix s € (0, 1]. Applying Jensen’s inequality 7 to
the convex function 1o F on the interval [0, s],
we obtain

Jo twr(t)dt\  [5 ¢o F(tyws (t)dt
WJT(fswl(t)dt)S BRI

It follows

FoBi1(s) <Iy(s).

Since F(t) < G(t), t € [0, 1], we have

Jo o F(t)wi(t)dt - Jo ¥ o G(t)wi(t)dt
Jo wi(t)dt - Jo wi(t)dt
=1 oGofB(s).
Since 1! is increasing, one gets
Ti(s) < GoBi(s).
3. Applying Lemma 6 with P = ¢ o F, we have

that the function ¢ o Z is increasing on [0, 1)
and

lim ¢ oZy(s) = o F(1).

s—1-
Since ¢! is strictly increasing and continuous
on ¢(J), Iy is increasing on [0,1) and

lim Zy(s) = F(1).

s—1-

Due to Lemma 6, 82 is increasing [0, 1) and

im Ba(s) =1> Ba(s) > s, s€(0,1).

s—1—

Thus, F oy and Go 3y is well-defined, increas-
ing on [0,1) and
lim Fo f(s) = lir? GoBa(s) =G(1).
s—1—

s—1—

https://doi.org/10.52111/qnjs.2022.16508

Now, we prove the inequalities (10). Fixing
s € [0,1) and applying Jensen’s inequality”
to convex function v o F on [s, 1], we obtain

boF (fslth(t)dt> < RvoF@ua
J, wa(t)dt [, wa(t)dt

and hence

Fo 52(8) < IQ(S).
Since F(t) < G(t), t € [0,1], it implies that

[H o F(tyws(t)dt _ [0 Gtyws(t)dt
[fwsyat = [lwa(t)dt

=1 o0Go fas)
Since 1! is increasing, one has
T5(s) < GoBa(s).

Moreover, if w; = ws, due to the definitions
of Z; and Zy, one gets Z; (1) = Z,(0).

The proof is similar for the case that v is de-
creasing. [

Note that Theorem 5 is not only a consequence of
strong (M, My,)-convexity, but it is also a charac-
terization of strongly (Mg, My )-convex continuous
functions with modulus c.

Corollary 7. Let f: 1 — J be a continuous func-
tion. The following statements are equivalent:

(1) f is a strongly (Mg, My)-convex function
with modulus c.

(2) F is increasing on [0,1] for all a,b € I,a < b
and o = 1/2.

(3) Iy is increasing on (0,1] for all a,b € I,a <
b,a=1/2 and wy = 1.
(4) For all a,b € I and a < b, we have
o f(My(a,b;a)) — c(ag(a) + (1 - a)d(b))*
1 b )
< m /a (w o f(x) —co (x)) do(z).

(5) Iy is increasing on [0,1) for all a,b € I,a <
b,a=1/2 and wy = 1.

(6) For all a,b € I and a < b, we have

b
ST [, (o 1@ = e @) doa)
<atpo fla)+ (1 —a)po f(b)
—c(ag?(a) + (1 — a)¢*(b)).

(7) G is increasing on [0,1] for all a,b € I,a <b
and o = 1/2.

In order to prove Corollary 7, we need the fol-
lowing lemma.
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Lemma 8 (? Theorem 6). Let I C R be an interval
and f : I — R is a continuous function. Then, the
following statements are equivalent.

(1) f is strongly convex with modulus c.

(2) For all z,y € I,z <y, we have

xr+y c
f( : )+E<y 2oL e

(3) For all z,y € I,z <y, we have

/ f dt< )+f() g(l/_x)2~

y—x

Proof of Corollary 7. Due to Theorem 5, the impli-
cations (1) = (2) = (3) = (4), (1) = (5) = (6) va
(1) = (7) hold. For the rest of proof, we prove the
implications (4) = (1), (6) = (1) and (7) = (1).
Without loss of generality, we assume that ¢ is in-
creasing. We need to prove that o fog™! is strongly
convex on ¢(I) provided that one of conditions (4),
(6) va (7) holds. Since ¢ is continuous and strictly
monotone on I, ¢~ is continuous and strictly mono-
tone on ¢(I). Now, the continuity of +, f and ¢!
imply that 1o fog~! is continuous on ¢(I). Clearly,
(7) implies that ¢ o fo¢~! is strongly midconvex on
@(I). Thus, 1o fop~! is strongly convex on ¢(1). Fi-
nally, due to Corollary 8, if one of conditions (4) and
(6) holds for the continuous function ¢ o f o ¢~* on
@(I) then ¥o fog~! is strongly convex on ¢(I). O

As a result of Theorem 5, one can derive new Fe-
jér type inequalities for strongly (Mg, My )-convex
functions with modulus ¢ by different choices of w;
and wsy. For examples, we take

w;(t) = (1 —a)gj o L(t) + ag; o R(t), te[0,1],

where g; : [a,b] — [0,00), for j = 1,2, is chosen such

that
1‘0‘gloc(t):1f‘aglon(t), te,s] (15)
and
1’agzoc(t):1fa9207z(t), te s 1]. (16)

Note that for « = 1/2 and ¢(z) = z, the assump-
tions (15) and (16) hold if g1 and go are symmetric
about (a + b)/2.

Due to (15) and £(0) = R(0), one can verify that

/Oswl(t)dt: (1704)/05glo£(t)dt+a./osgl o R(L)dt

1 R(s)
= 50— 9@ /qs) 91(z)d()

and
/0 "o F(tyw ()t
=(-a) [ (6o o L)~ oo L) g1 o L)
0
o [ e oR) oo ROP) g1 Ret)i

1 R(s)
~ o) —d(a) /,3( | (Vo f(x) = cd*(2)) g1 (w)de(x)

and hence
R(s)
o \Wo
Il(S) :1/)_1 (fﬁ( ) (

Similarly, since (16), £(1) = a and R(1) = b,

f(2) = cd?(x)) g1 (x)d ()
S5 g (2)do(a) '

IQ (8)

- ( JED (o fla) — e(@)) go(x)de(x)
- L(s) :
fa ( )d¢ +f7z(s) 92 )d(b(I)

N ffz(s) (Vo f(x) = c¢?(x)) g2 (r)dq&(m)).
JE© ga()de(@) + [, 92 (x)de(x)

Together with Theorem 5, we obtain the following
result.

Corollary 9. Let g1,9> : [a,b] — [0,00) be inte-
grable functions, where fos g1 0 L(t)dt > 0 for all

s € (0,1] and fsl g2 0o R(t)dt > 0 for all s € [0,1)
and satisfy (15), (16). Then,

(i) For all s € (0,1], we have
07t (o FMy(abia)) ~ clad(a) + (1 - 2)o0) )
- F (f(f tg1 o £(t)dt>

f; g1 0 L(t)dt

(JLJ) (o flx) - C¢2( ) gl<x>d¢<x>)
< o)
fg(s) 91(z)do(x)

IS tg1 o L(t)dt
<9 ( ﬁos g1 0 [:(t)dt)
<yt <% o f(a)+ (1 —a)po f(b)

~ cfad?(a) + (1 - a)¢2(b>>).
a7)
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(ii) For all s € 0,1), we have
07 (o F(Molaie)) = cladla) + (1 - o(0)?
F(f%moﬁmﬁ>
f g2 0 L(t)dt
L EY W f@) — (@) gala)d(x)
=9 £( ) b :
fa g2(z)do(z) + fn(s) g2(z)do(x)

Jr (o f(@) = e () 92(x)d¢(w)>
faL',(S) gg(ﬁ)dd)(m) + fg(s) gz(x)d¢(x)

Sg(@mwﬁwﬁ>

fs g2 0 L(t)dt

<yl (aw o f(a)+ (1— ) o f(b)
~ o (a) + (1 a>¢2<b>>).

(18)

Remark 10. Corollary 9 actually generalizes some
Hermite-Hadamard type inequalities that was re-
cently established for strongly convex functions and
generalized ones. We can list as below.

1. For @ = 1/2 and ¢(z) = ¢(z) = z, due to (17)
we obtain an inequality that is sharper than
Fejér (5) type inequality establised by Azocar
et al.19 Theorem 5 for strongly convex func-
tions.

2. Let @« = 1/2, g1 = 1 and ¢(x) = ¢(z) =
Then, the inequality (17) implies

(452) + G-

f (5(1;317) =+ f (3a§5b) 13¢ )

3a+tb

2 [TT
“b—a Jatsb
4

F) + 7 (45
2

b
< bia/a flz)dx

L G |

f(z)dx + 16(b—a)

C a2
+48(b a)

IN

=2 2 2
fla) + f(b)
2

where f : [a,b] — R is strongly convex with
modulus ¢. This is a refinement of inequality

(4).
3. Let a=1/2, g1 =1 and ¢(z) =1/z,¢(z) = =.
Then, (17) reduces to the following inequality.*!

S 7%(1770‘)27

https://doi.org/10.52111/qnjs.2022.16508

2ab c [(b—a
f<a+b>+ 2< ab )
- f(sSi%b)Jrf(%) +& (ba)2

- 2 192 ab

<(3a+b)(a+3b)/‘”&“ (1) 4 ¢ (b=a 2
- 8(b—a) sats 2 Y16\ ab
- f(;fﬁb) +f<3icfb) L (b—a)2

= 2 48
ab_ [ f@)

“b—a a2

L(1(28) 105 10) 5 (5
_f@ S0 e (b-a)’
<SR- ()

The above inequality is a refinement of the
inequality in'! that was established by Noor
et al. for strongly harmonic convex functions
with modulus c.

4. Due to (17), we obtain a refinement of
Hermite-Hadamard inequality for strongly
log-convex functions'? if @ = %, g1 = 1 and

o(z) = x,¢(r) =Ina:

exp <h1f (‘ib) + é(b - a)Z)

hlf 5a+36 + lIl f (3a+5b) 136
S ( + @(b — CL)2
se p(b2 /+ n f(2 )dx+16(b_“)2)

I GO ey )

<exp<b /mf() )

<1/2exp (mf( +b> + T(;(b—aﬁ)

+1/2exp (lnf(a)—?&—lnf(b) B %(b— a)2>
< exp (lnf(a)—2|—lnf(b) B (é(b—a)2> ‘

4. CONCLUSIONS

In the paper, we studied a class of generalized
convex functions, which are defined according to a
pair of quasi-arithmetic means, called (Mg, My)-
convex functions, and derived various Fejér type in-
equalities. These not merely provide a natural and
intrinsic characterization of the (Mg, My, )-convex
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Panh gia tong quan té& bao nhién liéu vi sinh:
Nhiing tién bd gan day vé co chat
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TOM TAT

Trong hai thap ky qua, pin nhién li€u vi sinh vat (Microbial fuel cells - MFCs) da dugc cht y vi chiung c6
thé chuyén ddi truc tiép nang lugng hoa hoc tir cac hop chét hitu co dé tao ra dién sinh hoc. Vi viéce sit dung MFC,
nang lugng sinh khéi c6 thé dugc thu truc tiép dudi dang dién nang, day la nang luong sach, phé bién va tién loi
nhit. Do d6, MFC dugc xem 1a mot phuong phap ddy htra hen khac dé khai thac ning luong bén viing trong sinh
khdi. C6 nhiéu co chit da duoc nghién ctru dé sir dung lam ngudn cép nguyén lidu sir dung trong MFC. Ching bao
gdm nhiéu loai nudc thai nhan tao, nude thai thyc va sinh khéi lignocellulosic. Trong s cac yéu td anh huong dén
hiéu suit cuia MFCs: thiét ké, vat liéu dién cuc, co chat, mang trao ddi, vi sinh vat hoat dong dién, pH, nhiét d6 van
hanh,... Co chét 1a thach thirc quan trong nhat trong cong nghé MFCs, doi hoi sy on dinh l4u dai. Viéc sir dung co
chat khong On dinh anh hudng truc tiép dén hidu suat cia MFC. Tuong tu, anh hudng clia cac chat 1én cong dong
vi sinh vat ciing dugc thao luan. Bai tdng quan ndy cip nhat nhimg tién bo gan déy trong viéc cai tién cong nghé
MFC d¢é tang cudng hiéu sudt phat dién, dic biét 1a cac co chét khac nhau duge ding trong MFC cho dén nay ciing
nhu cac co chit tiém ning trong tuong lai.

Tir khoa: Co chat, mdt dp ning heong, pin nhién liéu vi sinh, xi Iy medc thdi.

*Tac gia lién hé chinh.
Email: lildk93@gmail.com
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ABSTRACT

Over the past two decades, microbial fuel cells (MFCs) have gained attention because they can directly
convert chemical energy from organic compounds to bioelectricity. Using MFCs, biomass energy can be directly
harvested in the form of electricity, which is the most convenient, widely available, and clean energy. Therefore,
MFCs are considered to be another promising way to harness sustainable energy in biomass and add a new
dimension to the biomass energy industry. Many substrates have been studied for microbial nourishment. These
include a variety of artificial and natural wastewater and lignocellulosic biomass. Among factors essential for long-
term stability in MFCs, the substrate is the most challenging. Studies have shown that an unstable substrate directly
harms the performance of MFCs. This review discusses the effect of substrates on the microbial community.
Furthermore, it provides updates on recent advances in improving MFC technology, particularly the different

substrates discovered in MFCs to date, power generation efficiency, and potential substrates in the future.

Keywords: Microbial fuel cell, substrate, wastewater treatment, power density.

1. INTRODUCTION

Due to the unsustainable nature and harmful
environmental impacts of fossil fuels, attention
to renewable energy has increased.' Renewable
energy has become an important alternative to
fossil fuels since it produces useful energy without
being depleted. In addition, water shortage is one
of the critical global issues. According to climate
change forecasts, this problem will be even
more severe in the future.? The increase in water
demand has led to an increase in the amount of
wastewater generated. At the same time, there
is an urgent need for renewable energy due to
the rapid depletion of fossil fuels and growing
concern about climate change.> Many countries
worldwide are looking for alternative resources

*Corresponding author.
Email: lildk93@gmail.com

https://doi.org/10.52111/qnjs.2022.16509

such as biomass as a more reliable, sustainable,
and environmentally beneficial resource to
reduce the need for fossil fuels. To date, biomass
can be converted into different types of energy
products such as heat, gas, fuel, and electricity.’
MFCs are a type of power generation device
that uses bacteria as biological catalysts to
generate electricity by oxidizing organic matter
from the wastewater through respiration.* It
has considerable potential for applications in
wastewater treatment,’ electrical equipment,’
and biosensors.” Recently, reactors with a scale
of several hundred liters have been designed.®
The move to bring this technology from the
laboratory scale to the current pilot scale brought
it closer to practical application.
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MFCs  function
activities, resulting in electron production
from these substrates. To produce power, these
electrons are transferred from the negative anode
to the positive cathode through a conductive
material and a load or resistor (Figure 1).

through  bacterial

For a system to be categorized as an MFC,
its substrate must be replenished continuously or
intermittently; otherwise, it is considered a bio-
battery. Electron mediators or shuttles transfer
electrons to the anode’ through electron transfers

Wastewater

O Proton

Enhancing
Electricity =-===T
Generation

Extracting P
High-quality =-={
Water

directly associated with the membrane or through
nanowires formed by bacteria,'® or possibly
through some other unexplored ways. Chemical
mediators, such as neutral red or anthraquinone-
2,6-disulfonate can be used in MFCs to facilitate
electricity generation by bacteria that cannot use
the electrode without aid.!' Suppose the system
has no added exogenous mediators. In that
case, the MFC is considered “mediator-less”
even if the electron transfer mechanism may be
unknown.'?

Draw solution
recovery

Pure water

Recocentrated
saline water

FO membrane

Figure 1. Structure diagram of a microbial fuel cell."

Research is increasing on MFCs constructed
with various materials and configurations. The
operating conditions also differ in temperature,
pH, electron acceptor, operating time, surface
areas of electrodes, and reactor size. Studies
report potentials using different reference states
and occasionally only using a single resistor
(load). These and sometimes the lack of essential
data, such as resistance internal to the system,
or power densities obtained from polarization
curves using differing methods, have created a
challenge in interpreting and comparing results
among studies.'

MFC has been an interesting topic for
more than 20 years now not only because of its
electricity generation but also because it is an
environmentally friendly wastewater treatment
technology.'> Many types of wastewater today

contain various toxic wastes, making them
expensive to treat before being discharged
into the environment. Previous studies have
demonstrated the ability of MFCs to treat
contaminated wastewater containing metals,
food, and urine, even producing drinking water
post-treatment.'*!” MFCs have coexisted with
biological filter tanks in wastewater treatment
to enhance pollution control and improve
treatment capacity.'® Most treatment methods
aim to remove organic compounds that reduce
chemical oxygen demand (COD), azo dyes,"”
and heavy metal waste.? The aeration system
in wastewater treatment is reported to consume
more than 54% of the electricity required in the
treatment process, while the MFCs use anaerobic
bacteria for the wastewater treatment process,
which indicates a potential for energy saving of

https://doi.org/10.52111/qnjs.2022.16509
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MFCs.! In addition, MFCs used as biosensors
are expected to be one of the promising
applications of MFC-derived technology. Such
biosensors have been studied to measure various
parameters, including COD, volatile fatty acids,
dissolved oxygen (DO), biochemical oxygen
demand (BOD), toxic substances and microbial
activity.?! This helps to reduce the time and cost
required to measure toxicity in water.

Recent advancement in the application
of power generation capabilities includes
using MFCs to power a small computer
(158 mW) directly and continuously without
any management equipment or power source.?
The performance enhancement of MFC is
accomplished through many aspects, such as
electrode material and surface, electrochemically
active bacteria (EAB), substrate, and load
resistance.

2. DESIGN OF MFCs REACTOR

Many types of MFC designs have been
researched and developed. Each design has its
advantages and disadvantages and is suitable
for specific uses. Various factors are considered
in designing MFCs. The size, shape, and
configuration of reactors widely differ and are
wholly decided upon by the designer. There is
no existing recommended standard design yet.
The MFC’s overall performance is significantly
affected by reactor configurations, including the
volume, oxygen supply, area of the membrane,
and spacing between electrodes. Among the
studied structures, double chamber H-type MFC
is typically used because of its ion exchange
membrane, facilitating proton diffusion and
limiting the crossover of substrate and oxygen.
It is up to the designer to decide the project’s
aims and plan the design accordingly. Presently,
the available reactor designs are horseshoe-
shaped, cylindrical, cubed, dual- and single-
chamber, and H-type. Some are made of glass,
while others are made up of a variety of plastic
materials.

https://doi.org/10.52111/qnjs.2022.16509

Also, sizes range widely, with reactor
volumes of a few square millimeters and others
of up to a square meter, ranging from microliters
to thousands of liters. The fuel cell design is
an important element in the MFC/microbial
electrolysis cell (MEC). Single-chamber cells
have been created from a two-chamber design to
eliminate the membrane.?* Furthermore, single-
chamber MFCs have shown promising results;
however, dual-chamber is still widely studied.
Dual-chamber cells are easier to construct than
single-chamber reactors. A simple MFC device
can either be dual- or single-chambered, based
on the anode and cathode chamber assembly.
Several MFC design and structure adaptations
have been made from these two typical designs.'®

H-shaped fuel cells commonly consist
of two bottles connected by a tube containing a
separator, usually a cation exchange membrane
(CEM) such as Nafion," or Ultrex,> or a plain
salt bridge (Figure 2).2° The vital consideration
for this design is selecting a membrane that
allows proton transfer between the chambers
but hinders the cathode chamber’s substrate
or electron acceptor (usually oxygen) from
crossing. Using a glass tube heated and bent to
a U-shape is a cost-effective method to connect
the bottles. Agar and salt are used as a CEM in
the U-shaped glass tube and are inserted through
the bottles’ lids (Figure 2). However, it was
observed that MFCs using salt bridge generates
low power because of high internal resistance.

H-shaped MFC devices are generally
accepted for basic parameter research. An
example is testing the power produced using new
materials or new microbes developing from some
compound decomposition. However, this MFC
type typically generates low power densities.
The relative surface area of the cathode to that
of anode?” and the membrane surface? affect the

power generation.
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Figure 2. MFC types device with a salt bridge (pointed by arrow) which is easily assembled.”

Limitations to the power densities
generated in these systems are typically due
to considerable internal resistance and losses
from the electrodes. Therefore, to compare
systems’ power production, it is logical to
evaluate using equally sized anodes, cathodes,
and membranes.” Ferricyanide, the cathodic
electron acceptor, improves power generation
because of the high concentrations of electron
acceptors. In an H-shaped reactor using Nafion
as CEM, compared to a Pt-catalyst and dissolved
oxygen in the cathode, ferricyanide increased
the power produced by 1.5 to 1.8 times.”® MFCs
with the highest power densities and low internal
resistances that have been published so far
reported the use of ferricyanide in the cathode

chamber.’ Even though this chemical is excellent
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as a catholyte for system performance, it is not
sustainable to use since it is not chemically
regenerated. Therefore, ferricyanide use is
restricted to basic laboratory research only.
Several studies have also explored using cathode
directly in contact with air (Figure 3A, B), either
with or without a membrane.** In one study, a
separator based on kaolin clay and a cathode
made of graphite were connected to combine the
separator and cathode structure.*’ MFCs using air
cathodes improved power densities significantly
compared to MFCs with aqueous cathodes. The
most straightforward configuration involves
placing the anode and cathode on either side of
a tube, sealing the anode against a flat plate, and

exposing the cathode to air on one side and water
on the other (Figure 3A).

B

Ceramic Support

Urine level ~g

Acrylic Support

Figure 3. MFC types in studies: (A) single-chamber, simple “tube” arrangement of air-cathode®?; (B) stacked

MFC, with one out of two ceramic supports removed.**
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Figure 4. MFC operated continuously: (A) upward flowing, tubular type MFC with inner graphite bed anode and

outer cathode;* (B) flat plate design where a serpentine pattern for fluid flow.*

A membrane’s purpose in an air-cathode
device is to prevent water leakage through the
cathode. However, it also decreases oxygen
diffusion into the anode chamber. The bacterial
oxygen demand in the anode chamber can lower
Coulombic efficiency, which is the fraction of
electrons recovered over the maximum number
of electrons that can possibly be recovered.*
Although hydrostatic pressure on the cathode
will cause water leaks, this can be minimized

https://doi.org/10.52111/qn;js.2022.16509

using coatings, such as polytetrafluoroethylene
(PTFE), outside the cathode. These coatings
allow the diffusion of oxygen but limit the bulk
loss of water.*

The systems mentioned so far are batch-
operated devices. Several other basic designs
also exist that provide continuous flow through
the anode chamber. Some designs include an
outer cylindrical reactor and a concentric inner
cathode tube.’” Some are the other way around
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having an internal cylindrical anode filled with
granular media and an outer cathode (Figure
4A).3* Another design variation is an upward-
flowing fixed-bed biofilm reactor, with fluid
flowing continuously through permeable anodes
to a membrane that separates the anode from the
cathode chamber.*® System designs resembling
hydrogen fuel cells have been employed, where
a CEM is placed between the cathode and anode
(Figure 4B). Stacking systems as a series of flat
plates or linking together in series can increase
overall system voltage (Figure 3B).*

Sediment MFCs have been developed.
These are created by putting an electrode inside
marine sediment abundant in sulfides and
organic substances, and the other electrode is
placed in the overlying oxic water. With these,
electricity is produced sufficiently to provide
power to some marine devices.** Graphite disks'!
and platinum mesh electrodes® have been used
as electrodes. “Bottlebrush” cathodes have a
high surface area and are corrosive-resistant.
Therefore, these find applications for seawater
batteries and are promising for long-term
operation.** H-tube dual-chamber systems have
also been applied to sediment MFCs to study
bacterial communities.!! Modifications have also
been done to produce hydrogen. Using a slight
external potential in the MFC, the potential
produced at the anode by the bacteria was assisted,
making cathodic hydrogen generation possible.*
These are called bioelectrochemical assisted
microbial reactors (BEAMRS) or bio-catalyzed
electrolysis systems and are not considered as
real fuel cells since they are operated to generate
not electricity, but hydrogen. Having a second
chamber for hydrogen gas capture would make it
possible to develop various designs for hydrogen
generation.

3. ELECTROACTIVE BIOFILMS

Electroactive biofilms (EAB) have been
identified in many natural ecosystems such as
soils, sediments, seawater, or freshwater and in
samples collected from a wide range of different
microbially-rich environments (sewage sludge,

activated sludge, or industrial and domestic
effluents). The microbes transfer the electrons
to the electrode through various electron transfer
mechanisms. However, the electron transfer
mechanism plays a vital role in maximizing
the microbe to electrode interaction and helps
provide an understanding of how such systems
operate in the MFC.* Researchers have proposed
three extracellular electron transfer (EET)
mechanisms.* Depending on the mechanisms
involved, the distances of EET may vary greatly,
from the nanometer-scale in the case of electron
transfer across the cell envelope to lengths
exceeding one centimeter for cable bacteria.*

3.1. Direct electron transfer

The first transfer mechanism uses direct electron
transfer (DET) between electron carriers in the
bacteria and the solid electron acceptors.*® The
mechanism is carried out by the presence of outer
membrane cytochromes that can interact directly
with the solid surface to carry out respiration.*
DET can occur through direct physical contact
between the cell and an electrode without the
involvement of any diffusible redox compounds.
This is achieved if the microbe contains redox-
active proteins on the outer surface of the cell
membrane or cell envelope, e.g., cytochromes,*’
flavoproteins,”® or multi-copper proteins,*
which allow transport of electrons between the
inside of the cell and an external environment.
According to studies reported so far, three
different mechanisms accomplishing this type of
electrical connection have been proposed™: (i)
ET through electrically conductive pili,*' (ii) ET
between redox proteins bound to the outer cell
surfaces,*? or (iii) ET through abiotic conductive
materials.>

3.2. Mediated electron transfer

The second transfer mechanism employs an
electron shuttle between bacteria and electrodes.
The mediated electron transfer (MET) has
redox mediators involved in shuttling electrons
between bacteria and electrodes.* MET takes
place by the presence of redox-active mediating
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compounds, which shuttle electrons between an
external donor/acceptor and a microorganism.
Some compounds shown to be effective electron
shuttles including both inorganic and organic
compounds have been identified potassium
ferricyanide,>* flavin mononucleotide,> neutral
red,’® phenazines, phenoxazines, phenothiazines,
and  quinones,”’”  9,10-anthraquinone-2,6-
disulfonic acid disodium salt, safranine
O, resazurin, methylene blue, and humic
acids.”® As multiple prior studies have
proven that bacteria excrete various primary
and secondary metabolites, which may be
involved in EET as diffusible mediators.*
Thus, these disadvantages lead to the general
relinquishment of this approach. Because
MET uses natural electron shuttles and DET
mechanisms, it is generally established that
artificial mediators are no longer significant.®

3.3. Indirect electron transfer

The third type of mechanism is indirect
electron transfer (IET), which is based on the
electrochemical synthesis of a wide range of
microbial electron donors and acceptors. Here,
the compounds used as electron donors or
acceptorsundergo irreversible redox processes,
creating new compounds such as hydrogen
or formic acid. Additionally, electroactive
(metabolic) substances can be secreted
by microorganisms and transfer electrons
between the microbes and electrodes.*

4. FACTORS AFFECTING THE ACTIVITY
OF MFCs

4.1. Electrode materials

An important goal of the anode chamber in
the MFC is to serve as an electron receiver for
the electric current generation. An effective
anode material is electrically conductive,
biocompatible, free from corrosion and fouling
over time, inexpensive, and with a high surface
area.’! The electrode materials greatly influence
the performance of the MFC.%> Carbon materials
are used as electrodes in MFC because they
are non-corrosive, highly biocompatible, and
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exhibit some distinctive surface characteristics of
electrode materials. Modification of the electrode
material has been shown to be an effective way to
improve the performance of the MFC.%

Many studies have shown that electrodes
with nanoparticle modification are more
efficient than simple electrodes. This change
in the physical and chemical properties of the
electrode helps the microorganism better bind
and transfer electrons. The efficiency of MFC
can be increased through the improvement of
bacterial adhesion and electron transfer with
the modification of the electrode surface.® The
biofilm attached to the electrode is an essential
element of electrochemical bioreaction.®® The
growth and development of biofilms on the MFC
electrodes, especially on the anode electrode,
will help organic matter oxidation and transfer
electrons to the cathode.*® The anode electrode of
the MFC must contain a stable and homogeneous
bioreactor for enhanced energy generation.®’

In summary, the electrode properties and
the correlation between electrode, substrate,
and bacteria are the main factors affecting the
performance of MFC. It can be seen that the
development of MFC technology is a diverse
combination of specialties such as biochemistry,
electrochemistry, mechanical engineering, and
materials science.

4.2. Proton exchange system

In a dual-chamber design, the anode and the
cathode compartments are separated by an ion-
selective membrane, allowing proton transfer
from the anode to the cathode and preventing
oxygen diffusion in the anode chamber from
the cathode compartment. The membrane in
the MFCs plays an important role in MFC
performance. The most commonly used
materials for PEM affect the internal resistance
and concentration of the polarisation loss of the
system and influences the power output of the
MFCs. There are several significant types of ion
exchange membranes used in MFC systems:
anion exchange membranes (AEM), cation
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exchange membranes (CEM), and polarized
membranes (PBM).®

The bioreactor architecture, material type,
and reactor geometry determine the device’s
performance and cost. Studies aim to find the
optimal combination of materials and design
that will result in high performance, low cost,
and multiple functions to establish a standard for
convenient and economically feasible scaling
up. One such effort is using CEM such as Nafion
derived from the existing technology on hydrogen
PEMFC® or treatment systems on water using
membranes.*® Since Nafion is expensive, most
research is concentrated on possible alternatives,
including investigations on materials such as
nylon and glass fibers, j-cloth, biodegradable

® Several waste

plastic bags, and ceramics.
materials, such as laboratory gloves and natural
rubber, have also been tested.”” Results show
that these materials offer benefits in terms of

membrane fouling.

MFC operation was studied using similar
metals in different solutions or different metals
in similar solutions when liquid electrolytes are
employed in the anode and cathode, as long as
the cathode is not exposed to open air. lons are
contained in liquid solutions, which creates the
need for an ion-exchange membrane. Therefore,
in theory, a membrane is not a necessity for
MFCs,* given that the anode and cathode are
either dissimilar (electrochemically separated)
or identical but placed at a distance apart to
avoid short-circuit.

Membrane-less MFC was therefore
developed.” While this eliminates the need for
high-cost membranes and fouling problems,
the downside involves oxygen diffusion, which
creates adverse competition with the anode
on the available electrons. Most MFCs have
been designed to have rigid, inert structural
materials for housing anode and cathode half-
cells, regardless of the presence of membranes.
Currently, studies have emerged using 3-D

printing in the fabrication of MFCs.”> 3-D
printing of MFC bioreactors also has the
advantage of creating complete reactors. As a
result, these products can be employed in various
applications and environments.”

The challenge of electrode spacing can be
addressed by material type. Porosity, strength,
chemical inertness, and longevity are the factors
that may address this challenge while hindering
oxygen penetration. The materials that have been
studied so far are canvas,”’ photocopy paper,’
microporous filtration membranes,” and nylon
infused membrane.”

4.3. pH

MFCs are very susceptible to the influence of
external pH on their ability to generate renewable
energy and remove contaminants. When the
external pH changes, many physiological changes
occur, including changes in ion concentration,
proton shutdown, microbial cell pH, and biofilm
formation at the anode electrode. pH value plays
a vital role in the growth of microorganisms, and
it is necessary to consider the right pH conditions
for the microorganisms to achieve maximum
performance. The bacteria responsible for
generating electricity in the MFC were more
active at pH 6 to 8 in the anode chamber and
at neutral or slightly higher pH in the cathode
chamber. The activities of the bacteria decrease
due to the low pH in the anolyte, which has a
tremendous effect on the biofilm formation
and power output of the MFC. The main effect
of pH on the electrolyte influences bacterial
metabolism and the cathodic oxygen reduction
reaction rate.”’

4.4. Temperature

Temperature affects microbial metabolism, mass
displacement, and thermodynamics, leading
to an effect on MFC performance. Orellana
et al.”® reports that MFCs operate stability at
the temperature range of 25°C to 30°C. MFCs
operating at higher temperatures have an
advantageous performance and better substrate
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removal. This is because the temperature
contributes to the initial biofilm formation,
augmentation of the bacterial metabolism,
and membrane permeability.” The optimum
temperature for mesophilic microbes ranges
from 35°C to 40°C. Warmer temperatures
generally positively affect power generation,
CE, and COD removal.®® MFCs operating
at higher temperatures have a performance
advantage and substrate removal. This is because
of the temperature contributes to the initial
biofilm formation, augmentation of the bacterial
metabolism, and membrane permeability.’!
These results indicate that temperature plays an
important role in shaping microbial communities
of the anode biofilms and the cell’s internal
resistance in MFCs through changes in species
evenness.*

4.5. Substrate

The substrate is considered one of the essential
biological factors related to the power efficiency
in MFCs.® Organic substrates range from simple
to complex, and their mixtures can be used as
a nutrient source by electrically active bacteria
for power generation in MFCs. Studies reported
that substrates for MFCs range from simple (i.e.,
glucose, acetate, sucrose, etc.) to complex (i.e.,
amino proteins, acids, etc.).*** Aside from those,
some wastewater such as seafood industrial
wastewater,® petroleum recycling wastewater,’
bamboo fermentation effluent,’® were used as a
complex substrate in MFC. In most cases, the
ultimate purpose of wastewater use is to remove
the pollutants present in the wastewater before
releasing them into the environment. Different
researchers used varying units to represent
MEFC performance. A unit most often used is
called power density, which can signify an
amount of power (time rate of energy transfer)
per unit area of the anode electrode surface
(mW/m?) or the power density per volume
of the cell (mW/m?®). This review discusses
the most commonly used substrates with the
corresponding MFC performance.
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5. RESEARCH ON SUBSTRATES AND THEIR
EFFECT ON MFCs PERFORMANCES

5.1. Acetate

In most of the research on MFC, acetate has been
the most widely used substrate type for electricity
generation. As a simple substrate, acetate is rich
in carbon which electroactive microorganisms
can easily metabolize. lons are present in acetic
acid that tends to prompt electroactive microbes.
Notably, acetate is the final product of various
metabolic pathways for higher-order carbon
sources.® As a simple compound, acetate is easier
to degrade in MFCs.” Liu et al.”' observed that
the acetate-fed single-chamber MFC obtained
a power generation of 506 mW/m?, 800 mg/L,
which was approximately 66% higher than the
power produced by an MFC with butyrate (305
mW/m?, 1000 mg/L). Liu et al.3¥ observed that
the MFC fed by acetate substrate and acetate-
acclimatized microbial consortia obtained more
than twice higher power generation with half
optimal external load resistance compared to
MEFC with protein-rich wastewater as substrate.
However, a wide range of microbial community
compositions was observed in the anode biofilm
for the protein-enriched wastewater compared to
the acetate substrate. Chae et al.”? evaluated the
power generation of four diverse substrates where
the acetate-fed MFC obtained the maximum
power generation with CE of 72.3% while the
other substrate-operated MFC achieved the
lower power generation with butyrate (43.0%),
propionate (36.0%) and glucose (15.0%).
Dinh et al.”® reported that a power density of
593.4 mW/m? was produced from acetate at
the concentration of 10 mM. An MFC using
a mixture of acetate and lactate substrates at
30 mM yielded a power density 0of 956.75 mW/m?.

5.2. Glucose

Another common substrate used in MFC is
glucose. The presence of glucose in wastewater
sludge enhances the conductivity property of
the MFC.
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Generally, MFC wusing glucose as
substrate achieves low power generation by
lower electron transfer (CE) efficiency between
electroactive bacteria and electrode. This is due
to methanogenic and fermentative bacteria that
are unrelated to electricity production in the
MFC system that readily consume glucose.”
Therefore, a combination of simple and complex
substrates is recommended to be used in MFCs.*?

5.3. Synthetic wastewater

Various synthetic or chemical wastewater with
known compositions have been used in MFCs
as the conductivity, pH, and other parameters
are casily controlled. Mohan et al.** operated
MFCs fed with various loadings of synthetic
wastewater to obtain an ideal loading rate.

A few media used during bacterial growth
contain large quantities of redox mediators,
including high-intensity wastewater composed
of reduced species of sulfur and cysteine that
can serve as an abiotic donor of electrons and
improve power output for a brief period.”
However, this does not adequately reflect the
system’s performance. One solution utilizes
a minimum salt solution containing only one
electron donor, like glucose or acetate. Sun et
al.” used synthetic wastewater prepared fresh by
dissolving glucose in tap water until the COD
concentration was about 300 mg/L. The power
density was 112.36 mW/m?. The COD removal
efficiency was about 60%, and the effluent COD
was about 100 mg/L. Rodrigo et al.”” studied the
production of electricity and the oxidation of the
pollutants contained in a synthetic wastewater
fed with glucose and peptone of soybean as
carbon sources. Waste-fed MFC that is slowly
biodegradable generates higher energy. It is most
likely because of the formation of intermediates
that favor the production of electricity.

5.4. Brewery effluent

Brewery effluent is generally nontoxic and
characterized by high COD and total nitrogen
content in the presence of higher organic

contents, mainly consisting of protein and starch
components.”® Wang et al.”” reported the power
generation efficiency from brewery wastewater
in the non-diaphragm MFC with a maximum
power density of 483 mW/m? at 20°C. The test
results show that MFC can generate electricity
from high-intensity wastewater with COD
concentrations ranging from 400 to 1,400 mg/L.
Brewery wastewater is a preferred substrate
in MFC because the strength is low and also
because the organic matter is derived from
food, thus resulting in low inhibitory compound
concentrations, such as ammonia contained in

animal wastewater.'®

5.5. Dye wastewater

Azo dyes are abundant in the textile and dyeing
industries. The presence of high concentrations
of dyes will have severe environmental effects,
such as blocking the passage of oxygen and
light into the water, which will seriously affect
aquatic  life.!® Therefore, removing dyes
from these effluents before discharge into the
environment is necessary. Some processing
technology, such as physical, chemical,
and electrochemical treatments, are being
effectuated before discharging into the land.'®?
Recently, MFC technologies have converted
chemical energy directly to electricity through
a biological pathway.'”® Qiu et al.'™ used a
novel combined process of constructed wetland-
microbial fuel cell and three dimensional biofilm
electrode reactor to treat reactive brilliant red
X-3B dye wastewater. The results showed
that the decolorization rate of the combination
process was over 96%, and the COD removal
rates ranging from 78.9% to 90.8% were
achieved. Fatima et al.'® designed and
optimized for efficient treatment of recalcitrant
textile wastewater. A maximum power density
of 120 mW/m? was obtained under optimized
conditions. As a result, the MFC’s color removal
and COD reduction were up to 81 and 58%.
Consequently, treating wastewater containing
azo dye and wastewater containing organic
matter that is easily bio-degraded simultaneously
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can be performed by combining the two different
types of wastewater in MFC that can improve
both cost and energy.' The downside of this is
that significant development is still needed in
finding a dense bacterial community suitable
for dyes mixed with simple carbon sources to
provide a realistic solution in the wastewater
treatment of MFCs.

5.6. Lignocellulosic biomass

Lignocellulosic biomass is abundantly available
in nature, mainly generated from agricultural
waste, and considered a promising and cost-
effective feedstock for energy production.'””

Due to their new availability and

reproducibility, lignocellulosic ~ compounds
derived from agricultural by-products are
favorable raw materials for low-cost electricity
generation.'”® However, microorganisms in the
MFC cannot use its lignocellulosic biomass for
energy production. It must be broken down into

monosaccharides or other reducing agents.*

Until now, much biomass, including
forest detritus in a forested wetland,'” kitchen
waste,''? chitin, ' 12

cow dung,'"? orange peel waste

biomass,'"* wheat straw,''* algae grown,'”® rice

straw, 16

potato wastes,''” hydrothermal liquefied
cornstalk biomass,'® food waste,'" lemon peel
biomass,” has been exploited as fuel sources for

bioenergy production in MFCs.

Dai et al.®® wused wastewater from
biohydrogen fermentation as a potential
substrate. The wastewater used is reported to
contain end-product metatabs (acetic acid, lactic
acid, and butyric acid), which constitute a rich
source of substrates for bacteria. This is a type
of wastewater with a stable composition, rich in
nutrients and low in toxic components. Hou et
al.""“ reported that anaerobically digested kitchen
waste produced a power density of 6255 mW/m?,
biomass concentration which was 325 mg/L,
and COD removal efficiency of 43.59% when
Golenkinia SDEC-16 was cultivated in the single
chamber MFC. Miran et al.'® demonstrated
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bioelectricity production from orange peel
waste without chemical pretreatment or adding
extra mediators. The maximum power density
was 358.8 + 15.6 mW/m? Liu et al.'"® has
shown the continuous production of electricity
from cornstalk biomass after hydrothermal
liquefaction treatment. A maximum power
density of 680 mW/m?. About 80% of COD and
TOC were effectively removed. In the study of
Li et al.,' electricity recovery was achieved
with efficient organic biodegradation in the MFC
using canteen-based food waste as substrates. A
maximum power density of 5.6 W/m® and an
average output voltage of 0.51V was obtained.

Biomass quality is often determined by
its inherent properties such as moisture content,
bulk density, yield, size and shape, which affect
its bioconversion and ability to bioelectricity
production in MFC.'?° Most of the raw biomass
or biomass derived from organic waste can be
used as a substrate for MFC, implying that MFC
is widely adaptable for energy harvesting from
biomass.

6. APPLICATIONS OF MFC

Using MFC technology 1is very attractive
because waste can be reduced and converted
into energy, reducing waste disposal costs and
increasing economic efficiency. This technology
has led to many important applications, such
as  bioelectricity  production, wastewater
treatment, metal removal/recovery, biohydrogen

production, biosensors, etc.

6.1. Wastewater treatment with bioelectricity
production

Wastewater  treatment and  bioelectricity
generation have become MFC’s most heavily
researched areas. Food processing wastewater,
domestic wastewater, sewage sludge, and
many other types of wastewater are rich in
organic matter and can provide a wide range
of microorganisms used in MFC. Furthermore,
wastewater containing heavy metals and other

harmful pollutants has also been used as a

108 | Quy Nhon University Journal of Science, 2022, 16(5), 97-117



QUY NHON UNIVERSITY
JOURNAL OF

SCIENCE

substrate in MFC to reduce pollution.'?! They
can remove COD up to 90% and Coulumbic
efficiency up to 80%.'* Mehmood et al. reported
that this is an effective and highly cost-effective
method to remove nitrogen and organic matter
from leachate, biological treatment.'” The
traditional wastewater treatment methods have
many limitations, such as energy consumption
for the aeration of wastewater and generation
of harmful emissions to the environment.'?*
MFC technology is used to treat wastewater
with a completely different method because
of its ability to capture energy.'” Also, MFC
could be an efficient method of electricity
generation. Du Z. and et al. reported that MFC
has potential applications for waste treatment
and energy generation in spaceships.'?* Wang
et al. reported a maximum power of 6.0 W/m’,
with the current being 1.9 £ 0.4 mA and high

biomass retention.'?

Rojas-Flores et al. reported
having a peak voltage and current of 1.127 £
0.096 V and (1.130 £ 0.018 mA). The maximum
power density was 3.155 = 0.24 W/cm? at 374.4
mA/cm? current density was achieved using

blueberry waste as substrate.'?’

6.2. Biosensors

MFCs wused as biosensors have attracted
increasing attention because of their simplicity
and robustness in various applications. One
such sensor measures the amount of hydrogen
peroxide produced and the lack of oxygen, having
the advantages of being easily fabricated and
assembling small-sized systems.'”® MFC-based
biosensors are reported to be much more stable
and durable than traditional BOD biosensors.!?
MFC-based biosensors are alternative dissolved
oxygen (DO) measurement strategy. They
are based on the fundamental principle that is
based on cathode behavior. Wang et al. used a
mini autonomous MFC-based for monitoring
hexavalent chromium in wastewater."*® Also,
the potential of remediating toxicants, such
as phenols, formaldehyde, and petroleum
compounds, is another application of MFC.!3!132

6.3. Biohydrogen production

Hydrogen may be produced in MFCs, such
as secondary fuels, instead of electricity. To
generate hydrogen gas in a typical MFC, the
anodic potential must be increased with a
supplemental voltage of about 0.23V or more
to overcome this thermodynamic barrier. The
oxygen in the cathode chamber should also
be enhanced.'”® MFCs provide simultaneous
wastewater remediation along with hydrogen
generation has proven to be a sustainable
process for energy production.' Chae et
al. demonstrated a solar-powered microbial
electrolysis cell for hydrogen production. Their
work demonstrated that solar energy could
be coupled into an MFC device and provide a
critical driving force for the bioelectrochemical
reaction.'3* The production of hydrogen by MFC
is an environmentally friendly method compared
to glucose fermentation.'?

7. CONCLUSION

Power generation through an MFC using quality
substrates oxidized by bacterial species offers a
promising technology for the future. In previous
studies, simple substrates such as lactate and
acetate were widely used; however, in recent
years, many available substrates have been used
as anode chamber nutrients to utilize waste
biomass and their treatment. The production
of electricity from renewable waste biomass
using MFC techniques has been considered a
major development compared to traditional non-
renewable biofuels. It is expected that the MFC
technology will be designed to adapt a variety
of substrates to make it a sustainable source of
bioenergy.

The power generation efficiency of
the systems is still very low, which prevents
them from being widely used and limits their
practical applications. It has been discovered
that power density and combined efficiency can
be increased through the appropriate selection
of microorganisms, modes of operation, suitable
materials for construction, and improved design
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of MFCs. In addition, the large-scale application
of MFCs is limited by its high cost and low
wastewater buffering capacity. Therefore, more
technological advances are needed, especially
in the design of low-cost materials. The use
of available substrates, especially wastewater,
creates complexity in MFCs due to their high
organic loads and inhibitory agents. Establishing
a diverse and efficient microbial community is
necessary to utilize the wastewater substrates
efficiently and improve system performance.
Combining MFC with conventional wastewater
treatment technologies may be the best possible
alternative for this technology.

This review discusses substrates such as
acetate, brewery water, bamboo fermentation
wastewater, inorganic substances, and azo
coolants, which are harmful to the environment
and organisms. New functions can be explored
through power generation through MFC as
substrate. Until now, a variety of substrates
have been used in MFC for high efficiency/
performance. Even so, the important factors
that limits the practical use of MFCs need to
be worked out and addressed, such as power
output reduction, in order to expand regulation.
These factors contribute to the difficulty of
commercializing MFC, so more efforts are
needed to provide a viable technology that can
be effectively applied to commercialize MFC
technology.

Optimal and cost-effective  design
for scaled-up versions of laboratory-scale
reactors is one of the most challenging issues
in commercializing MFCs. In the case of COD
removal and power generation, laboratory-scale
MFCs have shown outstanding results. However,
many aspects must be addressed in order for it to
be scalable for practical applications, including
the separator configuration, mechanical strength,
electrode cost, and its low output power. Since
most microbial electrochemical processes are
based on redox reactions, various elements, such
as electrodes, could be improved to enhance their

performance. Using well-surfaced electrodes
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that promote microbial affinity can improve the
performance of MFCs.

MFC performance has been illustrated
when it comes to removing contaminants. The
key to fully implementing MFCs in the field is
to improve long-term operational stability. Most
of the current MFC research was performed in
the laboratory. Therefore, more scaled-up MFC
research is needed to better understand how
large-scale MFC systems operate and to enhance
power production while maintaining economic
feasibility. This is essential in the commercial
adoption of this technology.
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Nghién ctu tinh chat truong nudc cua vat liéu siéu hap thu
trén co sé poly(vinyl alcohol)/lignin/chitosan
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TOM TAT

Mang hydrogel trén co s poly(vinyl alcohol), lignin va chitosan (PLCG) duoc tong hop vai chét tao lién
két ngang glyoxal. Hon hgp PLCG dugc chuan bi bang phuong phap d6 khuon, sau d6 hydrogel hinh thanh bang
phan tmg déng rin & nhiét d6 80 °C trén khuon petri trong mot khoang thoi gian nhit dinh. Mau hydrogel sau d6
dugc phan tich va khao st tinh chat bang kinh hién vi dién tir quét (SEM), quang phd hong ngoai Fourier (FTIR),
nhiéu xa tia X, va thi nghiém truong ng. Két qua do do truong nd cho thdy mang PLCG hydrogel c6 kha nang
truong nude vuot troi 1én dén 797% sau 24 gio thir nghiém ngdm trong nude cat & 25 °C va dat do truong nudc i
da dén 826% khi so vai khoi lugng kho cia mau. Quan sat anh SEM cho thay, bé mat hydrogel c6 nhiéu cau tric
x6p 1am ting kha ning hip thu. Véi nhitng dic tinh ndi bat, mang PLCG hydrogel dugc coi 1a vat liéu tong hop
than thién moi truong, khong ddc hai, co tinh truong nudce tdt.

Tir khéa: Mang hydrogel, hap thu nude, chitosan, lignin, poly(vinyl alcohol).
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Study on swelling properties of the super-absorbent
hydrogel film based on poly(vinyl alcohol)/lignin/chitosan
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ABSTRACT

The composite hydrogel film based on poly(vinyl alcohol), lignin, and chitosan (PLCG) was synthesized
with glyoxal crosslinker. PLCG mixture was prepared by hydrothermal method, then the film was formed by
casting method on a petri dish and crosslinked at 80 °C within some periods. Well-prepared samples were analyzed
with Scanning Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR), X-Ray Diffraction
(XRD), and swelling behavior. The obtained results of the water swelling measurements show that the PLCG
hydrogel film had outstanding water swelling ability up to 797% after 24 hours of immersion test in neutral
distilled water at 25 °C and obtained maximum swelling ratio to 826% compared to the dried sample. The surface
has many porous structures that increase the adsorption capacity as revealed by SEM images. With outstanding
properties, PLCG hydrogel film is considered as environmentally friendly and non-toxic material with good water-
swelling materials.

Keywords: Hydrogel film, chitosan, lignin, poly(vinyl alcohol), water swelling.
1. INTRODUCTION synthesis with excellent properties such as
water swelling capacity, high hydrophilicity,
and biocompatibility of PVA?? along with
superior properties such as antioxidant character,

Nowadays, hydrogels attract the interests
of most scientists due to their biomedical
application with remarkable characteristics.
Hydrogel biomaterial therapy containing active
ingredients that promote regeneration is a new

antibacterial, good biocompatibility of chitosan
and lignin.**

trend for effective prevention and treatment of
wounds. They can create an environment with
appropriate conditions to support the regeneration
cells and promote skin regeneration, such as
absorbing purulent drainage from the wound to
reduce infection, functioning as a barrier against
microbial invasion and easily removed without
causing pain.' They could be applied as wound
dressing, wound healing agent, scaffolds, contact
lenses and drug-releasing.

In the present studies, PVA, chitosan
and lignin are typical substances for hydrogel

*Corresponding author.

Email: btnguyen@hcmut.edu.vn

https://doi.org/10.52111/qnjs.2022.16510

Some studies have shown that hydrogel
from PVA-chitosan has a broad potential in
biomedical applications. Liang Quan Peng et
al. have synthesized hydrogels with a ratio of
PVA/Chitosan by freeze-thaw cycles method.
The film has good mechanical properties, and
it also shows stable physical and chemical
properties with porosity and over 90% water
content, no cytotoxicity and was able to promote
cell proliferation. The research achieved the
best cartilage healing.” Hitesh Chopra et al.
have prepared chitosan/polyvinyl alcohol
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(PVA)-based honey hydrogel films which were
developed by a solvent-casting method for
potential wound healing application. Membrane
with excellent swelling, absorbency, and
mechanical properties are ideal for therapeutic
and wound healing applications.®

Despite the outstanding biocompatibility
and antibacterial properties of PVA-chitosan
composite hydrogel, its applicability as a wound
dressing is constrained by its lack of mechanical
strength. Lignin is being considered as a solution
to add to PVA-Chitosan composite to improve
the product's mechanical properties. In addition,
lignin also possesses some additional properties,
such as antioxidant, adsorbent UV receptor, and
nanoscale antibacterial agent,”!° which improves
the wound protection effect.

This research focuses on studying the
properties of PLCG hydrogel films based
on polyvinyl alcohol, chitosan, and lignin
with glyoxal crosslinker, utilizing numerous
analytical methods including Scanning Electron
Microscopy (SEM), Fourier Transform Infrared
Spectroscopy (FTIR) and conducting swelling
test to measure water absorbing ability.

2. MATERIALS AND METHODS
2.1. Materials

PVA - (CH,CH-OH)_ has Mw ~ 205000g/mol
was purchased from Sigma Aldrich, Germany.
Chitosan has Mw ~ 5000 g/mol was purchased
from China. Lignin has Mw ~ 2330 + 21500 g/
mol from Nacalai Tesque. Deionized water is
used for all the formulations that were prepared
in the lab.

2.2. Methods

2.2.1. Preparation of PVA/lignin/chitosan
mixture (PLC mixture)

PVA solution: 1 g of PVA is dissolved in 40 mL
of distilled water, the solution was stirred
continuously for 2 hours at room temperature.
After the PVA was dissolved, the solution was
heated to 80°C and remained stable for about

15 min.

PVA/lignin mixture: Weigh 0,2 g of lignin
and add lignin into PVA solution. After the lignin
was used up, continue stirring the solution for 2
hours at 80 °C to homogenize the mixture.

Chitosan solution: Use 0,5 g Chitosan to
dissolve with 25 mL of 2% acetic acid solution,
let the mixture soak in the acetic acid 2% at room
temperature for 24 hours, then use stirring device
to stir the solution at 60 °C for 1 hour.

Mix the PVA/lignin mixture and chitosan
solution, using a stirring device to speed up the
homogenization process, stirring at 40 °C for
2 hours, then increase the solution temperature
to 60 °C and keep stirring to obtain a PLC
homogenized mixture. After that, the PLC
mixture will be crosslinked by glyoxal.

2.2.2. Crosslinking PLCG hydrogel film

Slowly add 1,4 g glyoxal (drop by drop) to the
PLC mixture, stirring for 30 minutes at 60 °C.
Pour the mixture into the mold to heat at 80 °C
to form the crosslinking between the chemicals
with the timelines: 30, 60 and 90 minutes. The
samples were labelled as PLCG_ 30, PLCG_60,
PLCG_90, shown in Table 1.

Table 1. Notation of the samples

Crosslinked
Glyoxal/PVA rosstnke
Sample i reaction time
ratio i
(minutes)
PLCG_30 1,4/1 30
PLCG 60 1,4/1 60
PLCG 90 1,4/1 90

2.2.3. Swelling behavior of PVA/lignin/chitosan/
glyoxal (PLCG) hydrogels

Prepare a 10 mm x 10 mm PVA/lignin/
chitosan hydrogel film. Then, the residual
glyoxal and lignin components in the sample
were removed by immersing the film in distilled
water until the film reached constant weight.
Finally, the film was again dried to constant
weight W, W_is used in the calculation of gel
fraction and swelling ratio.®
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» Swelling ratio (SR%): Measuring the
ability to absorb solution (usually water) by
immersing. The formula is shown below:

SR% = 2= % 100 ()
We

After soaking the analytical sample for

a specific period, remove the sample from the

water and weigh the analyzed sample to get W..

When the sample reaches the equilibrium
point (cannot absorb more water), the ESR%
saturation point is obtained. The calculation
formula for ESR% is similar to SR%.

* Gel fraction (GF%): Measuring the
efficiency of the crosslinking reaction by
immersing, usually the better the gel ratio results,
the lower the water swelling results. The formula
is shown below:

GFY% =

Wai

X 100 )

For the gel fraction measurement, the
sample will be soaked for 48 hours, then the
weight of the sample will be weighed and noted
as W,,. W, is the mass of the sample that was
dried before testing.

2.2.4. FTIR

FTIR spectra of PLCG hydrogel samples
was measured in transmittance mode at room
temperature by Frontier FT-IR/NIR instrument
model at Center of Scientific Equipment &
Biological, Chemical and Physical Analysis -
Institute of Applied Materials Science, Ho Chi
Minh City, Vietnam. The number of scans is 20
and the resolution is 4 cm™'. The scan range is
4000 - 450 cm !, the scan speed is 0,2 mm/s.

2.2.5. SEM

Sample surface structure was observed with
Hitachi S-4800 High Resolution SEM system

https://doi.org/10.52111/qnjs.2022.16510

at SHTPLAB, Research Laboratories of Saigon
HI-TECH Park, HCM City, Vietnam. Hydrogel
film samples after drying at 60 °C for 2 h under
normal conditions were kept in a desiccator
for 12 h, then taken for SEM, FTIR and other
analytical methods.

3. RESULTS AND DISCUSSION
3.1. FTIR spectra

In the FTIR spectrum of chitosan (Figure 1a),
it could be seen that the absorption peak at
3607 cm™ was specific for -OH group.'' The
peak at 3075 cm-' was characterized for - NH,
vibration. The peak 281 cm™ reflected for the
—CH, group of stretching oscillations caused by
the pyranose ring.!? The absorption peak 1679
cm’! referred for the prolonged C=0O group
(amides). The 1005 cm peak was associated
with the C-H bond."

The peaks of PVA at 3282, 2922, 1716,
1374, 1085, and 833 cm™' (Fig. 1d) were
associated with O-H, -CH, , C=0, C-H, C-O
and C-C groups vibration.'* In the PVA/lignin/
glyoxal (Fig. lc), because of the interaction
between PVA and lignin, a redshift appeared
from 3282 cm' to 3311 cm! for hydroxyl group. '

In the Figure 1b, the peak at 3458 cm'
was for the O-H group, which was contributed
from PVA, chitosan and lignin components
of the PLCG hydrogel.'*!"” The appearance
1060 cm™ peak, as previously reported,” was
associated with vibration of C-O-C-O-C
linkage, demonstrating that there was a cross-
linking between chitosan and glyoxal.!® The
hydrogel became a network because of the
reaction between glyoxal and -OH groups in
chitosan,'” PVA,' and lignin.'®
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Figure 1. FTIR of Chitosan (a), PLCG 30 sample (b), PLG (c) and PVA (d).

3.2. SEM Image

Figure 2. SEM images (a, b) of PLCG_30 hydrogel sample.

From the SEM image (Figure 6), the
surface of the sample had many pores, and the
density of holes is dense. In order to create
porous screen materials, it was necessary to
have additional curing agents, specifically
glyoxal here.

The cross-linking between polymers
in 3-dimensional space help them connect
to each other to form a continuous network
and appeared porous holes distributed from
the inside to the outside of the material. This
was consistent with the good water swelling
properties of the sample.

3.3. XRD

10 20 30 40 50 60 70
Position [28 ] ((Copper(Cu))

Figure 3. XRD of PVA (a) and PLCG_30 (b).
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It could be seen on the XRD pattern of
the PVA sample (Figure 3a) that there were two
characteristic diffraction peaks located in the
20 region at 19 - 20° and 40 - 41°, which were
typical for the semi-crystalline nature of the PVA
film." This semi-crystalline structure of PVA
was caused by intramolecular and intermolecular
hydrogen bonds. The XRD image of PLCG_30
(Figure 3b) still showed the characteristic crystal
peaks of PVA, but somewhat weaker with blunted
and less sharp peaks. This indicated that the
polar groups in lignin and chitosan linked with
the hydroxyl groups of PVA and combined with
glyoxal, resulting in an increased amorphous
structure of the polymer complex compared to
PVA sample.

3.4 Swelling behavior investigation

......

.......

e | L*L ——t

t}:m:f 1 casaahi) he1

Figure 4. The size of the film before and after
swelling test.

After the hydrogel test, the hydrogel films tended
to absorb water and expanded the film structure,
as seen in Figure 4 (a, b). The film got more
translucent and changed color from dark brown
to light brown. Additionally, the films' entire
dimensions had increased.

Based on Figures 5 and 6, the hydrogel
films had excellent water absorption speed and
capacity. During the first six hours, the PLCG
films absorbed a lot of water, about 80% of the
water absorption compared to the equilibrium
point. The sample PLCG 30 obtained about
797% after 24 hours of soaking in neutral
distilled water at 25 °C and up to maximum
value about 826%, a rise of about 8-9 times
the initial weight, which possessed the highest
water absorbing ability. It could be seen that the
equilibrium points of water swelling generally

https://doi.org/10.52111/qn;js.2022.16510

decreased with increasing crosslinking time,
which was 677% for PLCG_60 and 530% for
PLCG 90.

The hydrogel films absorbed less water as
the crosslinking time increased, which could be
explained that the -OH group of PVA structure,
one of the water-absorbing components of the
film, reacted with the crosslinking agent during
the crosslinking agent - glyoxal. The crosslinking
reaction strengthened the film structure and
made it more difficult to expand when absorbing
water, which reduced water absorption.

According to Figure 7, the gel ratio
gradually increased from sample PLCG 30 to
PLCG_90, and overall, all samples produced gel
fraction more than 80%, a good result which was
drawn from the excellent crosslinking reaction
forming hydrogel network in investigated
samples, PLCG 30, PLCG_60, and PLCG_90.
The gel fraction referred to the number of cross-
links connecting the polymers in the hydrogel.?
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600% ]"’ .
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Figure 5. Swelling Ratio test of the hydrogel PLCG
films.
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Figure 6. Equilibrium swelling ratio (ESR%) of 3
hydrogel samples.

124 | Quy Nhon University Journal of Science, 2022, 16(5), 119-126



QUY NHON UNIVERSITY

LIV SCIENCE
I e Fraction %] 3. G.Crini & P. M. Badot. Application of chitosan,
100% o a natural amino polysaccharide, for dye removal
- from aqueous solutions by adsorption processes
B0% using batch studies: A review of recent literature,
Bé Progress in Polymer Science, 2008, 33(4),
3 399-447.
=
& 40% - 4. M. N. V. Ravi Kumar. A review of chitin and
chitosan applications, Reactive & Functional
20% 4 Polymers, 2000, 46, 1-27.
0% - 5. M. Rinaudo. Chitin and chitosan: Properties
PLCG_30 PLCG_B0 PLCG_S90 . . . .
- Sam;Ie - and applications, Progress in Polymer Science,
2006, 31(7), 603-632.
Figure 7. Gel fraction (GF%) of hydrogel samples
g ( o) yarog P 6. J. Chedly, S. Soares, A. Montembault, Y. V.
4. CONCLUSION Boxberg, M. V. Ravaille, C. Mouffle, M. N.
Benassy, J. Taxi, L. David & F. Nothias. Physical
PLCG hydrogel films were prepared, and chitosan microhydrogels as scaffolds for spinal
their characteristics were inVeStigated using cord injury restoration and axon regeneration’
techniques including FTIR, SEM, XRD and Biomaterials, 2017, 138, 91-107.
swelling measurement. The swelling results 7. L. Peng, Y. Zhou, W. Lu, W. Zhu, Y. Li, K.
showed thaj[ the hydr'ogel film sample had a very Chen, G. Zhang, J. Xu, Z. Deng & D. Wang.
good swelhn.g cap aClt}., and PLCG_30 hydrog.el Characterization of a novel polyvinyl alcohol/
sample obtained maximum value to 826% in chitosan porous hydrogel combined with
distilled water (pH = 7) at room temperature. bone marrow mesenchymal stem cells and its
In addition, the gel ratios of hydrogel samples application in articular cartilage repair, BMC
gave good results about 80%, showing very Muscoloskelet Disord, 2019, 20(1), 257-265.
good. effectlv'en.ess of crosslinking reactions in 8. H. Chopra, S. Bibi. S. Kumar, M. S. Khan, P,
creating matrix in h}./drogel. The FTIR and S}?M Kumar & I. Singh. Preparation and evaluation
res.u'lts could eXplam. the good water swelling of Chitosan/PVA based Hydrogel films loaded
ability of the composite hydrogel films through with honey for wound healing application, Gels,
the existence of the -OH groups of the composite 2022, 8(2), 111-120.
and the surface pore structures of the hydrogel .
.. 9. D. Kai, M. J. Tan, P. L. Chee, Y. K. Chua, Y.
films. The measurements' results indicated that o
. L. Yap & X. J. Loh. Towards lignin-based
PLCG hydrogel films with remarkable water . S .

) . ) functional materials in a sustainable world,
swelling h?d t.he potential for a wide range of Green Chemistry, 2016, 18(5), 11751200,
actual application.

10. V.K. Thakur, M. K. Thakur, P. Raghavan & M. R.

Kessler. Progress in green polymer composites

REFERENCES from lignin for multifunctional applications:

1. P.N.Le, C.K.Huynh & N. Q. Tran. Advances in A review, ACS Sustainable Chemistry &
thermosensitive polymer-grafted platforms for Engineering, 2014, 2(5), 1072-1092.

biomedical applications, Materials Science and 11. B. Krishnaveni & R. Ragunathan. Extraction

Engineering: C, 2018, 92, 1016-1030.

2. S.Kubo & J. F. Kadla. The Formation of strong
intermolecular interactions in immiscible
blends of poly(vinyl alcohol) (PVA) and lignin,
Biomacromolecules, 2003, 4, 561-567.

and characterization of chitin and chitosan
from F.solani CBNR BKRR, synthesis of their
Bionanocomposites and study of their productive
application, Journal of Pharmaceutical Sciences
and Research, 2015, 7(4), 197-205.

https://doi.org/10.52111/qnjs.2022.16510

Quy Nhon University Journal of Science, 2022, 16(5), 119-126 [125



QUY NHON UNIVERSITY

JOURNAL OF

12.

13.

14.

15.

16.

SCIENCE

Q. Yang, F. Dou, B. Liang & Q. Shen. Studies
of cross-linking reaction on chitosan fiber
with glyoxal, Carbohydrate Polymers, 2005, 59,
205-210.

J. A. Sirvio, M. Visanko & H. Liimatainen.
Synthesis of imidazolium-crosslinked chitosan
aerogel and its prospect as a dye removing
adsorbent, The Royal Society of Chemistry,
2016, 6, 56544-56548.

Y. Zhang, P. C. Zhu & D. Edgren. Crosslinking
reaction of Poly(Vinyl Alcohol) with Glyoxal,
Journal of Polymer Research, 2009, 17, 725-730.

P. Posoknistakul, C. Tangkrakul, P. Chaosuanphae,
S.  Deepentham, W.
Phonphirunrot, S. Bairak, C. Sakdaronnarong
& N.
characterization of lignin particles and their

Techasawong, N.

Laosiripojana. ~ Fabrication and
ultraviolet protection ability in PVA composite
film, American Chemical Society Omega, 2020,

5(33), 20976-20982.

Y. Zhang, M. Jiang, Y. Zhang, Q. Cao, X. Wang,
Y. Han, G. Sun, Y. Lia & J. Zhou. Novel lignin—
chitosan—PVA composite hydrogel for wound
dressing, Materials Science & Engineering C,
2019, 104, 110002.

https://doi.org/10.52111/qn;js.2022.16510
126 | Quy Nhon University Journal of Science, 2022, 16(5), 119-126

17.

18.

19.

20.

K. W.Choo,Y.C. Ching,C.H. Chuah, J. Sabariah,
& N. S. Liou. Preparation and characterization
of polyvinyl alcohol-chitosan composite films
reinforced with cellulose nanofiber, Materials,
2016, 9, 644.

S. Chaleawlert-umpon & C. Liedel. More

sustainable energy storage: lignin based
electrodes with glyoxal crosslinking, Journal of

Materials Chemistry A, 2017, 5, 24344-24352.

S. B. Aziz, O. Gh. Abdullah, S. A. Hussein & H.
M. Ahmed. Effect of PVA blending on structural
and lon transport properties of CS:AgNt-based
Polymer electrolyte membrane, Polymers, 2017,
9, 622.

M. T. S. Alcantara, A. J. C. Brant, D. R. Giannini,
J. O. C. P. Pessoa, A. B. Andrade, H. G. Riella &
A. B. Lug@o. Influence of dissolution processing
of PVA blends on the characteristics of their
Hydrogels synthesized by radiation-Part I: Gel
fraction, swelling, and mechanical properties,
Radiation Physics and Chemistry, 2012, 81(9),
1465-1470.



KHOA HOC TAP 16, SO 5, THANG 10 - 2022

TRUONG DAl HOC QUY NHON ISSN : 1859-0357

MUC LUC

1. Qua trinh dién cuc bang dong mét chidu (DC) cao ap vé6i plasma dién héa va cac tmg
dung cdng nghé
NGUYEN PUC HUNE ... 5

2. Daénh gia vé viéc sir dung céac tinh toan hoa hoc lugng tir trong phat trién cac cam bién
huynh quang
Nguyén Khoa Hién, Phan Thi Diém Tran, Mai Vin Bay,
Pham CAm Nam, va Duong TuAn QUANG..............cooouimimieeeeeeeeeeeeeeeeeeeeee oo 21

3. Dinh tuyén dong cho video streaming VBR thich nghi HTTP dua trén mang diéu khién
bing phan mém
Pham HOng Thinh, HO VAN PRi.............coocooiiiioiioeoeeeeeeeeeee oo 41

4. Bét dang thirc kiéu Morrey cho céc ham c6 gia trj trung binh bang 0
Nguyén Vin Thanh, Nguyén Hiru Thuin, Nguyén Piing Thanh Giang,

P4 Phuong Oanh, Nguyén Thi Ha Tién, Poan Khanh Duy ...............cccoooovvoviiviiean, 49
5. Vit liéu huynh quang khong pha tap phat xa anh sang toan phd ung dung trong dén

LED tra"mg

Vo6 Thi Phii, Ta Thi Minh Luén, Pao Xuan Viét, Piang Thi Té Ni,

Nguyén Minh Thong, Nguyén Thi Ting Loan, Lé Thi Thao Vién...............c.ccccocvveveunn... 55

6. Ung dung WebGIS trong quan ly thong tin gia dit trén dja ban thanh phd Tuy Hoa, tinh
Pht Yén
Truwong Quang Hién, Ngé Anh T1, Phan Vin Tho, Bai Thi Dig¢u Hién............................... 65

7. Tap tinh an va lugng vi nhya an vao ciia mot s6 loai ca béng phan bd & ddm Thi Nai, tinh
Binh Dinh
Trinh Thi Thity HAng, VO VAN CRi ............oo.oovoovmieieieeeeeeeeeeeeeeeeeeeeeeeee e 77

8. Mot sb bét dang thire kiéu Fejér cho ham (M., M,) - 16i manh
INGUYEN NEOC HUR ... 87

9. Danh gia tong quan té bao nhién liéu vi sinh: Nhiing tién bd gan day vé co chét
Dinh Kha Lil, Imee Saladaga Padillo..............c..coccoiiiiiiiiiiiicecceee 97

10.  Nghién ciru tinh cht trrong nudc ctia vat lidu siéu hap thu trén co sé poly (vinyl alcohol)/
lignin/chitosan
Bui Thi Thio Nguyén, Nguyén Nhi Try, Huynh Quang Phu,
Nguyén Huy HAn, Tran Anh HA0 ...........oocoooooioiooeoeoeeeeeeeeeeeeeeeeeee e 119






