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WELCOME MESSAGE

The Thai Society for Higher Education on Environment (TSHE)
founded in 2005. Originally, TSHE was collaborated among universities
and institutes in Thailand that concern solving environmental problems.
We aim to enhance the quality and reference of educational and training
in Environmental inter-discipline programs to apply in policy and
leadership development in the area of natural resources and environment.
TSHE has continuously organized the international conference every
two year since 2011.

This year 2019, welcome to Chiang Mai, where TSHE is holding our 5%
EnvironmentAsia International Conference “Trans boundary Environment Nexus
from Local to Regional Perspectives”. This event is an extremely valuable opportunity
to connect and share information with those in government, industry, consulting,
environmental professionals and academia. I am proud to be part of this esteemed
regional conference, providing a neutral forum for the discussion and debate on
important environment issues. Everyone is encouraged to attend the meetings to
participate or just observe. Check the program schedule for meeting date and times.

I would like to especially thank our Chair conference, Assistant Professor Dr.
Somporn Chantra, Chiang Mai University, local host committee team, our dedicated
TSHE staff, as well as our generous sponsors and exhibitors. Without their support and
hard work this conference would not be possible.

On behalf of the Thai Society of Higher Education Institutes on Environment
(TSHE), I am delighted to welcome all participants to learn, to meet and have fun
exploring Chiang Mai. Thank you for joining us, and hope you enjoy your time at our
conference.

(ﬂaﬁ«:b%ﬁm&

Professor Dr. Wanida Jinsart
TSHE President
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MESSAGE FROM CHIANG MAI UNIVERSITY

It is an honor for Chiang Mai University to co-organize
this 5™ Environment Asia International Conference together
with the Thai Society of Higher Education Institute. The current
Chiang Mai University Educational Development Plan
considers “Environment and Energy” as one of its key strategies
and is fully supportive of education and research relating to the
environment including renewable energy, sustainable
environment, and a green campus.

Even though Northern Thailand is blessed with magnificent natural
surroundings, it is not without its environmental problems. However, there is
cause for optimism. Various global movements are addressing these problems and
this conference is a good example of one of them. I truly believe that events such
as this in which new research findings are shared can lead to solutions to the
ongoing problems. The conference’s main theme of “Transboundary
Environmental Nexus, from Local to Regional Perspectives” is very timely since
many environmental issues are borderless. The recurring air pollution problem in
Northern Thailand is an example of how local actions are needed to create
regional impacts.

We therefore hope that this conference will highlight research results
findings from both local and international researchers to tackle this and other
environmental issues. It is also an opportunity to hear about exciting new areas
of technology and innovations in the environmental field. In closing, I wish you
all a fruitful and rewarding conference and I hope you can take the time to visit
our campus and enjoy the many cultural attractions on offer in Chiang Mai.

Ge)
b

Thank you.

N. Nantadat

Clinical Professor Niwes NANTACHIT, M.D.
President of Chiang Mai University, Chiang Mai, Thailand
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MESSAGE FROM CONFERENCE CHAIR

It is a great honor for the Environmental Science Research
Center (ESRC), Chiang Mai University to co-organize this
important international conference in conjunction with the Thai
Society of Higher Education Institutes of Environment (TSHE)
here in the city of Chiang Mai.

ThlS conference brings together scientists and environmentalists to
address environmental issues and provide a forum for international cooperation
for an environmentally sustainable world. The search for a global policy to cope
with current and projected environmental dynamics requires international
collaboration. There are 5 conference sessions covering all aspects of
environmental sciences: 1) Environmental Science and Technology, 2) Natural
Resources Management and Sustainability, 3) Environmental Engineering, 4)
Environmental Management, and 5) Environmental Pollution and Health
Impacts.

We are delighted to welcome guests from the US Consulate here in
Chiang Mai and the Ministry of Natural Resources and the Environment. There
are also numerous invited speakers from universities and organizations in Europe,
North America, and Asia, including Thailand. Conference sessions will be
chaired by experts in their respective fields.

The ESRC is particularly excited as a new international Bachelor’s degree
in Environmental Science (ES) will be offered for the first time starting this
August. The new program has already attracted much interest both at home and
abroad. The Faculty of Science has been offering international graduate degrees
in Environmental Science for many years. This year is also an auspicious year for
the Faculty as it is its 55 anniversary which is being celebrated with a series of
events. Co-organizing this conference is one of the highlights. It should also be
mentioned that Chiang Mai University has supported the ESRC in establishing a
Center of Excellence in Environmental Science to conduct innovative research.

I would therefore like to thank most sincerely the Thai Society of Higher
Education Institute on Environment for trusting us to co-organize this important
conference. The various contributions of the national and international co-
organizers as well as the financial support of the corporate sponsors are greatly
appreciated.

On behalf of the ESRC, I hope that you will find the conference both
informative and very rewarding and I wish you an enjoyable stay here in Chiang
Mai.

Thank you.
Best wishes,

23

Assistant Prof. Dr. Somporn CHANTARA
Head of Environmental Science Research Center (ESRC)
Faculty of Science, Chiang Mai University, Chiang Mai, Thailand
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OPENNING REMARK

On behalf of the Ministry of Natural Resources and
Environment, the Royal Thai Government, I would like to express
our sincere appreciation to the Thai Society of Higher Education
Institutes on Environment (TSHE) and the Faculty of Science,
Chiang Mai University, the organizer of the 5th EnvironmentAsia
International Conference for inviting us to join the conference. It is
timely and important event as we just celebrated the World
Environment day last week under the theme of “Beat Air Pollution.” L

The World Environment Day takes place every year on June 5 . Since the first
celebration in 1974 where the topic was “only one Earth,” it has become the largest
annual celebration of the environment, with millions of people joining in to leave a
lasting legacy for the planet. The theme of this year is formulated by China as the host
country, aiming to spur governments, industry and individuals to come together to
explore renewable energy and green technologies and improve air quality across the
world. According to the World Health Organization, every year, around 7 million people
die prematurely from diseased caused by air pollution and approximately, 4 million of
these deaths occur in the Asia Pacific region. It is apparently that this complex
challenge demands immediate attention and action. We, thus, need to act now.

However, not only air pollution but also other environmental problems such as
marine debris and wildlife trafficking are transboundary issues.

Ladies and Gentlemen, You may know very well that Thailand, as the Chair of
ASEAN, is going to host the ASEAN SUMMIT during June 22-23. We highly anticipate
that the outcomes of the SUMMIT will include the declarations and frameworks of
action on the transboundary environmental issues, particularly on the issues of marine
debris and wildlife trafficking. This will significantly advance our partnership for
sustainability.

Thailand faces the same challenges on air pollution and other environmental
problems as the other countries in the Region. Cities in the country including Bangkok
and Chiang Mai were choked by high level of air pollution and have been struggling
with tons of trash. In this regard, I am very please to inform you that we have already
started a new pathway to deal with the environmental issues both at the national and
international level under our long term national strategy or so call “20 years National
Strategy,” in which I will further elaborate during the panel discussion.

Having said that, [ would like to conclude that the theme of our conference on
“Transboundary Environmental Nexus, from Local to Regional Perspectives,” is fully
concurred with the current trend and situation.

I wish that all of us will have the productive deliberation during the conference
and come up with the fruitful outcomes.

Last but not least, I hope that apart from heavy discussion in the conference
room, you will have time to explore and enjoy the beautiful city of Chiang Mai.

With this, I would like to declare this 5th EnvironmentAsia International
Conference open.

Thank you.

/A Kwifdfwfm’{
Dr. Asdaporn KRAIRAPANOND
Inspector General, Ministry of Natural Resources and Environment, Thailand
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ABSTRACT
Polycyclic aromatic hydrocarbons (PAHS) are group of chemicals that were
produced during incomplete combustion of coal, oil, and gasoline. In
congested traffic areas of Bangkok, PAHs emitted from vehicles were
considered a serious problem of urban air quality. These compounds can cause
serious health problems in human such as respiratory symptoms and lung
cancer. In this study, PAHs bound PM1o and PM2 s were determined at three
urban parks in Bangkok from January 2018 - March 2018 and January 2019 -
March 2019 (dry season). Moreover, air samples were also collected at the
roadside area (Victory Monument) to be compared as a reference site.
Particulate matter samples were collected using personal modular impactor
with filters pack attached and air pump sampler flowrate 3 L/min for 24 hours
on both weekend and weekdays. PAHs were extracted from PM1o and PM25
filters by ultrasonic extraction method and were analysed by HPLC. The PM1o
concentration in urban parks was ranged from 26.33 pg/m?® to 109.14 pg/m?®.
The PM2s concentration in urban parks was ranged from 14.83 pg/m? to 84.03
ug/me. The highest concentration of PM1o and PM2.5 were found in Chatuchak
Park and Santiphap Park, respectively. The PM1o concentration in the roadside

area (Victory Monument) was ranged from 77.60 pg/m?® to 113.41 pg/m®. The

I-1
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PM2 s concentration in the roadside area (Victory Monument) was ranged from

51.36 pg/m? to 82.33 pg/m?3. The results show that the concentration of PMig

and PMzs in the reference area is much higher than in the urban parks and

exceed the pollution control standard for 24-hour average.

Keywords: PAHs, PM1o and PM_s, Urban parks

INTRODUCTION

The growth of Thailand’s economic
and industrial development has
resulted in regions of overpopulation
as people from rural area move to
urban area or major cities such as
Bangkok which is the capital city of
Thailand with an obstinate traffic

problem to have new careers so that

they may improve their living
conditions and have better lives
[1]12]. Owning to these
developments, there are many

problems occur if urban planning is
not efficient enough to deal with the
problems. Major concerned problems
are severe traffic congestion since the
number of vehicles in urban area has
increased. Severe vehicular
congestion causes areas where air
quality is being concerned. Pollutants
that are mostly emitted from the fuel
burning of vehicles and traffic

congestion are particulate matter as

well as PAHs which are occurred by
combustion and bound to particulate
matters. Moreover, Particulate matter
contains  microscopic  pollutants
which cause adverse health effects
such as PAHs found in a many area

[1].

Particulate matter is also known as

especially in urban areas
particle pollution with a complex
mixture of extremely small particles
and liquid droplets that get into the air
and once inhaled, these particles can
affect the heart and lungs and cause
PM2s

produced from industrial activities

serious health effects [3].

and engine exhausts is now globally
concerned [4]. PMio with PAHSs
suspended in the air and has a large
amount in urban area particularly in
high traffic area. Population in the
urban area may exposed to these
particles in high levels especially
when they are near the roadside [5].
who to these

People expose
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pollutants for short-time period
(hours or days) and long-time period
may have risk on respiratory and
cardiovascular diseases and lung
cancer. PAHSs are organic pollutants
found widely in the environment.
They were emitted by combustion of
fossil fuels process such as gasoline
and coal, natural resources such as
volcanic eruptions and forest fires
and especially vehicles emission [6].
Moreover, PAHs are interested in
environmental science field because
of their persistence, bioaccumulation,
carcinogenic, and mutagenic effects
[7]. On the other hand, exposure of
dust bound to PAHSs in human has not
been studied much [8]. In addition,
the major path way of these
pollutants is inhalation. Human may
expose to them easily by inhalation;
therefore, Toxic compounds get into
body and affect to their system. The
ambient guideline levels are set by
the World Health Organization
(WHO). The standard of PM1o, PM25
as a 24-hour mean are 50 pg/m?® and
25

researchers reported that exposure

pg/m®  respectively.  Many

levels always exceed the World

Health  Organization  standard;

-3

therefore, the organization which

related to this problem should
concern and find the way to protect
people from the pollutions. However,
Urban planning department manages
to prevent the problems by providing
park in many areas in Bangkok. The
park has become an important place
for people’s daily leisure. People can
exercise or do any other activities
every day in the park. However, there
were few researches about Particulate
matter in urban park in Thailand. This
is the reason why researcher decide to
investigate  the  exposure  of
particulate matter and PAHSs in urban
park in Bangkok. Public Parks are the
place that encourage biodiversity,
variety of vegetation and provide
important  ecosystem  services.
Greenery in urban parks has been
noted as an efficient tool to improve
air quality and noise pollution [9].
Parks are effective sink for air
pollution since vegetation can
captures gases, particulate matters
and aerosols in the atmosphere [10].
Plants were noted to be practical
scheme to alleviate ambient air
pollution [11].

Therefore, urban

greenery can be sustainable filter for
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particulate matter in urban area [12].
Due to rapid growth of economic and
urbanization, most urban parks are
located near main roads or industrial
[13]. of

population and human activities in

areas Large number

urban parks which involved in
human’s daily life and health [14].
Over 90,000 people average per day
participated exercising and doing
aerobic dance in the parks especially
on weekends [15]. Many people
spend their leisure time in urban
parks for doing a various kind of
activities such as exercising and
taking a rest [16]. Most of them go
the park with their family consist of
different life span included children,
elder, pregnant woman who would be
at the greatest risk [17]. These people
recognize that the park has benefits
for their health, but few people know
the concentrations of toxin in public
parks since there are little studies
about PAHSs and particulate matter in
public parks [18]. Vegetation in
public park are important for an air
quality in the way of quality
improving, but the effect of urban

parks on levels of air pollution was

hardly been

determined [16].

experimentally

METHODOLOGY

Site location and Sampling point
Chulalongkorn Park
(CCP), Chatuchak Park (CP) and
Santiphap Park (SP) are urban parks

Centenary

located in the center of
Thailand.  There
abundant of the greenery of the trees

which
Bangkok, are
and shrubs. Moreover, variety of
activities and facilities are provided
in the area so that people can have
their leisure time relaxing in the
parks. Moreover, the parks located
near many main road, public
transportation route such as Bangkok
mass transit system and public bus.
The location of the parks is in the area
where has a serious traffic congestion
and located near residential area.
Figure (1-2) shows the site area of
three parks and the location of
reference site which is around the
Victory Monument (VM). Each site
consists of three sampling point
which can be categorized into three
types
transboundary, inside and recreation

which are traffic

area. Total 12 sampling points are
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established, and 73 samples are

collected in this study.

Figure 1 Sampling sites location
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Figure 2 Sampling sites (red triangles),

PCD monitoring stations and reference site

Sampling collecting and Sample
preparation
PMio and PMz2s

conducted by a personal modular

collecting was

impactor using air sampler pump
with a flow rate of 3 L/min installed

at the breathing zone approximately

4-6 feet above ground according to
ASHRAE at four sites. PMy and
PM2s samples were collected on
PVC membrane disc filter (& 25mm,
5 pum) and PTFE filter (@ 37 mm, 1.0
pum), respectively. The duration time
of sampling is 24 hours on 2
weekdays and a weekend from
March to November. After sample
collection, each filter was weighed
using microbalance with 7 decimals

and kept in desiccator.

PAHs extraction and Chemical
analysis

PAHSs were extracted from the filters
by ultrasonic method. First, the filters
were cut into small pieces and put in
the flask or test tube. Next, pipet
acetonitrile (HPLC Grade) 5 ml into
the flask. After that, the flask was put
into ultrasonic bath for 30 minutes at
controlled temperature 75 degree
Celsius to extract PAHs from the
filters. Extracts were injected through
PTFE syringe filter size 0.45 um to
filtrate the solution. Next, sample
solutions were evaporated by air dry
to get 0.15 ml solution and kept it in
sample vial with volume mark.

Sample solutions were analyzed
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by HPLCs using UV detector (A=254

nm) and fluorescence detector
(A=240 nm, EM 425 nm) The
concentration of PAHs  was
determined  between area and

standard solution concentration from

standard graphs.

Data analysis
PM1o and PM2.s concentration
Each filter was weighed using
microbalance with 7 decimals and the
concentration of PM were calculated
by equation (1) and (2)

C (ug/m?®) = @

V(m3) = QxTx1073 @)

where, C is the concentration of
particulate matter. Wf and Wi is the
weight of filter after and before
measurement, respectively. V is the
volume of air. Q is the flowrate and T

is the time of collecting.

PAHs calculation

PAHs standard graph was established
from six exact PAHs concentration
which are 0.1, 0.5, 1, 5 and 10 ppb.
PAHSs
calculated by equation (3)

from samples could be

CxV
V air

PAHSs (ng/m?) = (3)

where, C (ng/ml) is the PAHSs
concentration from standard curve. V
(ml) is the sample solution volume
which is 0.15 ml and Vair (mq) is the

air volume flowing through filter.

RESULTS AND DISCUSSION
PMzsand PMzo concentration

The results of the PMyo and PMas
average concentration in urban parks
are shown in Tablel compared to
PCD value. The concentration of
PM1o ranged from 26.33 to 109.14
ug/m? and the concentration of PM2s
ranged from 14.83 to 84.03 pg/m?in
urban parks, with means of 54.35,
90.05 and 71.21 pg/m?® for PMyo and
39.03, 59.71 and 50.66 pg/m® for
PM2s CCP, CP and SP,

respectively The concentration of PM

in

is compared with the concentration of
PM in reference site as a background
value which means of 97.91 pg/m?3
for PM1o and 69.23 pg/m?® for PMzs.
The results show that the PM mean
concentrations in urban parks are
much lower than the reference site
(VC). According to the standard of
PMzo and PM2 5 set by WHO which is
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50 and 20 pg/m? the concentrations
at sampling sites exceed the standard
about 2-3 times. The source of these
particles is  associated  with
transportation, industrial and human
activities. The means concentration
of PMip and PMas is

indicating that plants and vegetation

lower,

in urban park has potential of
reducing since there is wax on the
leaves. The concentration in a
background sites which located in
high traffic area, indicating that most
particles are emitted from vehicles

and human activities.

PAHs concentration

shows that the major PAHs bound
PM2s in the atmosphere is BaP
(benzo(a)pyrene) which IS
categorized as a carcinogen by EPA.

Next two species which obviously

The PAHs concentration of
16 species in urban parks are shown
in Figure (4) and Figure (5). The
concentration of total PAHs bound
PM2s in CCP, CP and SP are 9.16,
10.08 and 11.79 ng/m?3, respectively.
The concentration of total PAHs
bound PMyo in CCP, CP and SP are
17.66, 11.55 and 33.97 ng/m?
respectively. The concentration of
total PAHs bound PM2s and PMyo is
compared with a background value
from VC which is 56.52 and 17.41
ng/m® The results show that the
concentration of total PAHSs in urban
parks is much lower than in the
reference site. Moreover, the result
found are dibenzo(a,h)anthracene
and benzo (g,h,i) perylene. For PMyo.
25, the major PAH species found are
acenaphthylene, Benzo(a)pyrene and

dibenzo(a,h)anthracene.

Table 1 PM1o and PM2sand PCD daily average measured and monitored data

at 4 studied sites.

Sampling Measured Measured Measured PCD PCD Measured PCD
site PMao-25(ng/m?) PMio(ng/m?) PM2s(pg/m3) PMio(ug/m?)  PM2s(ng/md) PMzs: PM1o PMzs: PM1o
CCP 7.60+2.89 54.35+22.68 39.03+19.39 57.33+21.78 38.17+18.57 0.72 0.67
Ccp 16.04+1.80 90.05+15.34 59.71+10.81 62.86+27.30 39.15+11.15 0.66 0.62
SP 20.52+5.15 71.21%22.78 50.66+20.19 88.17+25.74 60.00+25.96 0.71 0.68
vC 28.67+4.67 97.91+15.95 69.23+12.52 92.17+20.76 56.50+20.72 0.71 0.61

Where, CCP is Chulalongkorn Centenary Park, CP is Chatuchak Park, SP is
Santiphap Park and VVC is Victory Monument.
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PAH bound PM2.5 concentration
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Figure 3 PAHs bound PM2.5 concentration at 4 studied sites (ng/m?®)
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PAHs bound PM10 concentration
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Figure 4 PAHs bound PM1o-25 concentration at 4 studied sites (ng/m?®).

CONCLUSIONS

The PAHs bound PMi and PM2s
concentrations in urban parks in
Bangkok were investigated in this
study. The average concentration of
PMyo in CCP, CP, SP and VC were
54.35, 90.05, 71.21 and 97.91 ug/m?
and PM2 s are 39.03, 59.71, 50.66 and
69.23 ug/m?, respectively. The PAHs
concentrations in urban parks ranged
from 0.02 to 210 ng/m® The
concentration of both PM and PAHSs
in three parks is much lower than the
reference site which located in the
high traffic area. This result indicates

that vegetation in parks may reduce
particulate matter which comes from
variety sources. The major PAH
compound which is benzo(a)pyrene
should be paid more attention due to
its large amount in the atmosphere
compared to other species and cancer
potential. In conclusion, this study
will be quite useful for residents and
urban planning department in case of
increasing more plants to prevent

particulate matters.
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ABSTRACT
Satellite data of AOD were retrieved from MODIS-Terra and -Aqua satellites
from 2000-2019 in the northern and central parts of Thailand. Long-term time
series of AOD plotted with ground PMi¢ and PM2 5 concentrations showed
good consistency in seasonal pattern, especially in the northern region. Both
satellite and ground data presented high levels during March in the North. In
the central region, AOD presented similar pattern as the northern region
whereas PMio and PMb»s concentrations presented higher levels during
November-March. The model results showed that the discrepancy was due to
the dust aloft traveling from neighboring countries. The relationship of AOD
and PM;o/PM2s5 were also investigated during air pollution episode in
Bangkok during January 2019. The results presented well correlated between
the data when the AOD data were retrieved from Aqua. The levels of AOD,
PMjo and PMzs in January revealed increasing trends from 2016-2019.
Moreover, the relationship of satellite and ground based data were analyzed
with cloud fraction (CF). Overall, the analysis with CF=0.2 provided slightly
better correlation than CF=1. The regression models of AOD-PM, s under
CF=0.2 were developed with meteorological variables using the data from

2000-2016 for based data to estimate PM> s concentrations in 2017 and 2018

1-12
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in the North. The correlation coefficients (R) of modeled and observed data

range from 0.72-0.82.

Keywords: AOD, MODIS, PM> s, PMio, Thailand

INTRODUCTION
Nowadays, technology has
played an important role in society

making the environment changing

due to the rapid growth of
communities and industries. Air
pollution has become a serious

problem. One indicator is particulate
matter (PM) in the atmosphere of

Thailand  that has  increased

significantly  over the  years,

especially in the central and northern
regions.

Thailand is one of the
countries that have experienced air
pollution problems. The problems
generally occur during the dry season
from December to April of every
In 2015,

year. the amount of

particulate matter exceeds the
standard criteria up to 42 days
(Pollution  Control
2015). During January-April 2019,

has reported that Chiang Mai has the

Department,

highest air quality index in the world

at AQI=271, with PM> 5 being around
170 micrograms per cubic meter
(ng/m3) while, Bangkok has the top
5 highest air quality index in the
world at AQI=164, with PMyss
concentration exceeds the standard
for all ground measurement
stations. Smog conditions cover a
large area in the north caused by
biomass open burning was mainly
related to the collection and harvest
of forest products (41%), while
agricultural area (crop and paddy
fields) was accounted for 31%
(Punsompong and Chantrara, 2015).
This problem affects the well-being
of people buildings, economic,
tourism and transportation especially
the health effects of respiratory
system. In addition, the monitoring
methods for particulate matter with
an aerodynamic diameter smaller
than 10 microns (PMig) and 2.5
microns (PMzs) in the atmosphere

that is currently used are ground-

1-13
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based measurements which are not
covering some areas. Most of them
are installed in urban areas and in
densely populated areas, while rural
areas and remote areas, air quality
measurements are not yet reached.
Therefore, in order to effectively
monitor the air quality in accordance
with the increasing air quality
problems, the study of the ability to
use satellite data in conjunction with
ground measurement data  is
necessary. Meanwhile,  Satellite-
derived AOD data are generated by
two algorithms depending on the
surface: over-land and over-ocean.
These algorithms allow cloud pixel
rejection while maintaining other
cloud free pixels. In MODIS
procedures, algorithms are applied to
individual boxes of 20x20 pixels at
500 m resolution to produce 1 pixel
at 10 km resolution of AOD. At least
10 pixels must be computed by the
over-ocean algorithm and 12 by the
over-land algorithm. Otherwise, no
AOD data were reported (Levy et al.,
2009). Most of the studies have
between

developed correlations

AOD and PM variables in US and

Europe (Engel-Cox et al; 2006;
Gupta et al. 2006; Pelletier et al.
2007; Wang et al., 2010) while, many
recent studies also derived the long-
term trends of AOD over East Asia
using MODIS data. Tsai et al. (2009)
used ground-based measurements to
assess AOD in Taiwan, showing that
high correlations between AOD and
PM>s range from 0.88-0.93 in
autumn, while 0.76-0.87 in winter
and 0.77-0.80 in spring. The
objective of this study was to
determine the relationship between
ground PMons concentrations and
Depth

(AOD) in the northern and central

satellite Aerosol Optical
parts of Thailand over 20 years from
2000-2019. Daily ground PMjons
data were collected from the
Pollution Control Department (PCD).
Satellite AOD data were retrieved
from MODIS-Terra

and -Aqua

satellites.

METHODOLOGY

Data Collection

Ground monitoring data of
PMio PM3

hourly and

concentrations were collected from
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PCD at 39 air quality monitoring

stations covering the areas of
northern part and central part of
Thailand. The northern part is the
secondary largest part in the country
with a population around 6 millions.
Its terrain mostly consists of forested
mountains which are accounted to be
around 64.37% of total area,
following by agricultural area (12%)
and urban land (23.33%). Yearly
average temperature ranged 25.5-
28.5°C and yearly average relative
humidity ranged 68-79% (National
Statistical Office, 2018). Though like
most of Thailand, it has a tropical
savanna climate, its relatively high
elevation and latitude contribute to
more pronounced seasonal
temperature variation, with cooler
winters than the other regions. The
hottest month is April while the
coolest month is January. The ground
monitoring stations used for data
collection are located at Chiangmai,
Mae hong son, Chiangrai, Phayao,
Lamphun, Lampang, Nan and Phrae.
PMzs data were available only at
The

Chiangmai and Lampang.

central part has a total population

around 20 millions, representing the
population of Bangkok about 6
millions (Bureau of Registration
Administration, 2018). Additionally,
it consists of agricultural area which
are accounted to be around 49.11% of
total area, following by forested area
(33.60%) and urban land (10.06%)
(Land Development Department,
2016). The stations used for data
collection are located at Nakhon
Sawan, Ayutthaya, Saraburi, Samut-
Prakan, Samut Sakhon, Nonthaburi,
Pathum Thani and Bangkok. PMa;
data were available only at Saraburi,
Samut Prakan and Bangkok as shown
in Figure 1 during January 2000-June
2018 and January 2019 due to
availability of the data. Also,
meteorological variables play an
AOD-PM

relationship (Khoshsima et al., 2014;

important role in the
Wu et al, 2016) Temperature T,
relative humidity (RH) and wind
speed (WS) were gathered from PCD
for the same period.

This study focuses on the
detection of PM and PM2 5 using the
daily average particulate matter at the

time of 9:00-12:00 LST (UTC+7)
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and 12:00-15:00 LST (UTC+7) from
the air quality monitoring station of
PCD. Satellite data which are AOD
and CF were obtained from the
Imaging

Moderate Resolution

Spectroradiometer (MODIS) on the

Terra satellite product MOD04 L2
and MODO06 L2 at 10:30 LST and on
the product
MYDO04 12 and MYDO06 L2 at
13:30 LST. The Satellite data

Aqua  satellite

reported at 50 km spatial resolution
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Figure 1 Study Area.
Data Analysis relationship between the variables are

Correlation Analysis is used
to study the relationship between
PMio and PM2 5 with AOD data in the
study area using daily analysis to see
trends in the correlation coefficient
(R). If the coefficient between that
variables is close to -1 or 1, there is a
high level of relevance. On the other

hand, if the coefficients of the

close to 0, there is little or no
relationship (Pimonsree, 2010).
Correlation between MODIS
Terra/ Aqua AOD data and PMio/
PM> s concentrations were
investigated to assess applicability to
air quality monitoring. Hourly PM
were averaged as 3-hour average

during 09:00-12: 00 LST and 12: 00-
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15:00 LST cover MODIS Terra and
Aqua
MODIS- Terra/ Aqua AOD and PM

overpasses  respectively.
data were averaged within a 50 x 50
km2 around sampling sites (PCD
station). In this study, cloud
screening process was adopted at
CF=0.2 and CF=1 in order to
investigate the variations of the
correlations between PM  mass
measurements and retrieved AOD
values, with the different classes of
cloudiness.

Finally, regression analysis
was identifying a

PM

applied for
relationship between
concentrations and AOD. Multiple
linear regressions was conducted
considering the  meteorological
parameter effects on the relationship
between AOD and hourly average
PM.

The development of multiple
linear regression models to estimate
surface PM mass concentrations used
17-year database of AOD, PMio,
PMs, RH, T and WS during 2000-
2016. To evaluate the validity of the

regression model, estimated surface

PMio and PM2s mass concentrations
over Thailand for year 2017 and 2018
(January- June) were compared with
those collected from PCD, Thailand

during the same periods.

RESULTS AND DISCUSSION
Preliminary Analysis

Based on the collected data,
to analyze the preliminary trends as
shown in Figure 2, it is found that
either Terra or Aqua AOD and PM
are consistent. In the northern region,
there is a very similar increase around
dry season and decrease of AOD,
PMi¢ and PM2 5 at the same date and
time. However, in the central region,
the trend is quite similar but not as
much as the north; Increasing and
decreasing in the same period, but not
the same date and time which may be
caused by weather factors and the
particulate matter moving or being
detained due to weather conditions.
The monthly average trend analysis
as shown in Figure 3 showed that in
the north, AOD and PM increased at
the highest level during March every

year since biomass open burning in
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Figure 2 AOD-PM trends from 2000-2018 in North and Central of Thailand.

including forest waste burning, had been found to be

Northern Thailand,

the major cause of haze episodes for

crop residue burning and solid

)

fires
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more than two decades in the north of
Thailand (Tiyapairat and Sajor 2012)
and are recognized as the important
sources of high PM concentrations in
the area, particularly during the dry
season between November to April
(Kim Oanh and Leelasakultum,
2011).
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Figure 3 AOD-PM monthly trends
from 2000-2018.

In the central region, AOD levels
were significantly higher in March
while PM concentrations were higher
during November to March. The
Hybrid Single Particle Lagrangian
Integrated Trajectory (HYSPLIT)
Model was used to compute 3-day air
mass transporting and plotted with
fire hotspots from Visible Infrared
Imaging Radiometer Suite (VIIRS)
sensor as shown in Figure 4. It was
found that the air mass transport into
the central region from the east and
south at various altitudes, both from
neighboring countries and the Gulf of
Thailand, as well as the air mass
transport from the north of Thailand,
which passed the area that has high
burning activities  during March
causing high dust aloft in the
atmosphere. However, PM ground
measurement is normally restricted to
the surface layer or planetary
boundary layer (PBL). Therefore,
satellites that can detect AOD values
at entire vertical altitude provide
higher AOD values during March,
but the ground monitoring stations
cannot detect PM values at a high

altitude.
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Figure 4 VIIRS 3-day backward
trajectory in March in Bangkok
since 2016-2018.

In Bangkok, the expansion of
urban land use due to unplanned and
rapid growth in terms of population

and economic took place in

horizontal manner to the provinces
surrounding Bangkok causing the
crisis of PM2 s exceeding the standard
in Bangkok Metropolitan Region in
January 2019. This study applied
satellite data to analyze the
relationship between AOD and PM.
It was found that the data from Aqua
satellites have R = 0.78 for AOD-
PMio and R = 0.76 for AOD-PM, 5
which shows higher correlation than
the data from Terra satellites with R
= 0.50, for both AOD-PM;o and
AOD-PM; s as shown in Figure 5.
The results showed AOD data
derived from Aqua provided better
assessment results than the data from
Terra. Furthermore, this study
showed better results of AOD-PM o
in Bangkok than previous study;
during January-December 2006, the
R value from 0.18-0.51 and during
January-May 2007, the R value from
0.31-0.51 (Juntarakumtorn, 2012).
Moreover, considering the
maximum and average values of
AOD and PM in January in Bangkok
for the past 4 years, they have been
continuously increasing since 2016-

2019 as shown in Figure 6.
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Figure 5 AOD-PM relationships in
Bangkok in January 2019.
Correlation with cloud screening
This section, cloud screening

was applied to the analysis of the

relationship of AOD-PMjpand AOD-
PMs in 2000-2016 in cases of full
cloud (CF=1) and almost clear sky

(CF=0.2).
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Figure 6 AOD, PM Maximum &
Average in January in Bangkok
since 2016-2019.

In Figure 7, in the northern
part, the relationship between AOD-
PMioshowed R values of CF=0.2 was
0.70 and 0.82 for Terra and Aqua,
respectively, and R of CF= 1 was
0.59 and 0.70 for Terra and Aqua,
respectively, AOD-PM;
showed R of CF=0.2 was 0.61 and
0.70

respectively, and R of CF=1 was 0.54

while

for Terra and Aqua,
and 0.68 for Terra and Aqua,

respectively. Meanwhile, in central
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part, the relationship between AOD-
PMio showed R of CF=0.2 was 0.16
and 0.35 for Terra and Aqua,
respectively, and R of CF=1 was 0.16
and 030 for Terra and Aqua,
respectively, while AOD-PMas
showed R of CF=0.2 was around 0.27
and 0.38 for Terra and Aqua,
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Figure 7 AOD-PMio/2:5 in Northern and Central of Thailand at CF=0.2 and
CF=1 from 2000-2016.

Equation development & Evaluation

The relationship between PM
concentrations and AOD is expected
to depend on meteorological
condition (Dinoi et al. 2010). Thus,

multiple linear regression was

conducted considering the
meteorological parameter (T and RH)
that can effects on the relationship
between AOD and hourly average
PM at CF=0.2. Northern part data
from 2000-2016 were used to
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develop equations by SPSS due to the
highest correlation of Thailand. The
analysis in Figure 8 shows that WS
has no significance on AOD seasonal
trend. The results show that when RH
decreases and T increases, AOD
increases. Therefore, WS will not
include in the equation. The
equations was fitted using the dataset
(PM, AOD, T and RH) to estimate the
Overall, the

model coefficients.

equations  result performed a
considerably significance (p<0.01)
and the equations gave R values
between AOD-PMz 5 0f 0.69 and 0.71
for Terra and Aqua, respectively as

shown in Table 1.

—e—RH
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The regression models were
validated with observed hourly
average PMazs in Northern during
2017 and 2018 (January-June). The
results in Figure 9 showed good
consistency in seasonal pattern. Both
satellite and ground data presented
high levels during February-April
with the peak in March same as the
previous results. In case of Terra
Model, the R values of modeled and
observed data in the northern part is
0.75. For station 4 and 6, the R values
range from 0.75-0.77. In case of
Aqua model, the R values for the
northern part is 0.77 and for the
station 4 and 6, the R values range
from 0.77-0.82. Moreover, Models
were often overestimate when PMa s
is less than 100 pg/m?®. On the Other
hand, the models underestimate when

PM>s is more than 100 pg/m’.

Figure 8 AOD, RH, T and WS Overall, Aqua Model is more
Relationships from 2000-2018. accurate than Terra.
Table 1 Multiple linear regression model of AOD and PM, 5 included
meteorological factors.
Platform Regression Model R  P-Value
MODIS-Terra PM,s=173.526+ 52.270 (AOD) - 1.218 RH) - 2.814(T)  0.69 < 0.01
MODIS-Aqua  PM,s = 103.797 + 65.209 (AOD) - 0.922 (RH) - 1.509(T)  0.71 <0.01
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Figure 9 Observed and Estimated PM2 s in Northern Thailand from 2017-

2018 (January-June) using AOD data sets from a) Terra b) Aqua.
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CONCLUSIONS

The results showed positive
correlations  between AOD-PMys.
The R values were 0.75 for Terra and
0.77 for Aqua. Incorporation of
temperature and relative humidity
improved the relationship between
AOD and PM. The R values obtained
from multiple linear
AOD-PM3 5 were 0.69 for Terra and

0.71 for Aqua. The model validity for

regression

2017-2018 confirmed possibility to
apply the regression correlation
between AOD-PM in Northern
Thailand. This study focuses on the
North because the Central region or
other areas are involve with many
factors such as wind direction,
planetary boundary layer, pollution
source, topography including the
availability of the measurement
station. For further study, the validity
should be investigated to ensure the

applicability for other areas.
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ABSTRACT
This study evaluates and compared the performance of coal-fired power plants
in ultra-supercritical (USC) versus integrated gasification combined cycle
(IGCC). System performance in terms of environmental analysis. Base on the
exhaust emissions than IGCC and USC in terms of SOz, CO., CO, and H>S.
The IGCC system is modeled and simulated with post-combustion capture and
both of them used sub-bituminous coal from the Indramayu PLTU. The result
display that with the same amount of raw materials (20 ton/h coal) the IGCC
produce lower exhaust emissions than USC. IGCC produced 7.80 ton CO-eq.
/ MWh and USC of 27.93 ton CO2-eq. / MWh. IGCC technology for the long
term will be better than USC because it has produced greater electrical power
with the amount of material the same coal standard and produces lower

exhaust emissions.

Keywords: Clean Coal Technology, USC, IGCC, environmental analysis,

sub-bituminous
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INTRODUCTION

(Coal contributed the largest share of
global electricity generation in 2015
by 39%, followed by 23% for natural
gas, 16% for hydro and 11% for

Generation mix
100%

80%
60%
40%

20%

0%

2000 2015 2030 2040 2050

40%

0%

nuclear (Figure 1) Until 2050, the
share of coal, although declining, will
remain the largest, with coal
continuing to function as a basic

electricity source ((IEEJ), 2017).

Generation capacity mix

100%  —pp—T-smmer v v

W Other renewables
Solar PV

EWind

B Hydro

M Nuclear

W Natural gas

M Coal

HOil

2015 2030 2040 2050

Figure. 1 Global Power Plant Energy Sources [Reference Scenario] ((IEEJ), 2017)

Combustion of fuel produced high
exhaust emission especially CO2
gases which increased pollutant
concentration in air. Coal contributed
44% of total global CO. emissions
and became the largest source of
GHG (greenhouse gas) emissions,
which trigger the acceleration of
2017 the

composition of Indonesia’s electricity

climate change. In
production was projected to be 55.6%
using coal, and in 2026 coal use
would still 50.4% ((persero), 2017).

In addition, Indonesia had signed a

Paris Agreement in 2015 where

Indonesia  should reduce CO>
emissions by 29% in 2030.

The existing technology in the
electricity ~ sector was  Ultra

Supercritical (USC) and Integrated
Gasification ~ Combined
(IGCC). The study of this research is

to compare the efficiency of both of

Cycle

these technologies to environmental

analysis aspect using Unisim and

1-29



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

Promax Simulation Program. The

coal data was obtained from
Indramayu PLTU. The data of this
research were compared to the
Intergovernmental Panel on Climate
Change Guidelines to obtain the
calculation. From report Huaneng
Greengen Co the result shows that
USC has higher exhaust emissions
than IGCC in terms of SO, COq,

NOy, CO and slag (Co., 2008).

Much research has been done to
improve equipment efficiency and
optimization in the (CCT) power
plants by analyzing processes from
various aspects such as energy (first
law of thermodynamics), exergy
(second law of thermodynamics),
economy and environmental (4-E).
The main purpose of this paper is to
analyze the previous work done by
researchers related to CCT power
plant 4-E analysis. If anyone extracts
the ideas for the development of the
concept of using the article, we will
achieve our goal. This review also
indicates the scope of future research
in the clean coal technology power
plants

METHODOLOGY

Process description

The flowsheet of the IGCC process
used in the analysis is shown in
Figure 2. The process is composed of
the following five integrated blocks:
coal sizing and slurry preparation,
gasification, syngas cooling, and
cleaning, acid gas removal (AGR),
CO, gas Removal and combined
cycle power section.  However,
Figure 2, directly shows the flow
diagram of the process of separating
H>S until the process of generating
electricity from the syngas of the
gasifier reactor output and Figure 3
shown the cryogenic CO; separation.
Figure 4. Shown the flowsheet of the
process of USC. The process is
composed of the following two
integrated blocks: boiler subsystem
and the steam turbine system.
Modeling, simulation, and
calculation

An IGCC post-combustion and USC
plant integrated with CO, capture are
modeled and simulated using UniSim
R450 and Promax® 4.0

simulation software. The composition of

Design®

syngas products and IGCC process
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model based on experimental data (Asif,
Bak, Saleem, & Kim, 2015; Wang,
2017). The USC proses model is based
on the validated model of Yang, et al.
and Zhou, etal. (Yangetal., 2013; Zhao
etal., 2017). The Cryogenic is based on
(Air

Indonesia. PT). The model is based on a

a reference model Liquide

|
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steady-state operation. In the heat
exchanger, there is a pressure drop of 5
psi. Pump efficiency of 65%, Turbine
efficiency, and compressor of 75 %.
Coal specification was obtained from the
Indramayu PLTU and mass was 20000

kag/h shown in Table 1.
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Figure 2. Schematic of the IGCC system with Promax® 4.0
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Figure 3. Schematic of the cryogenic CO> separation system
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Figure 4. Schematic of the USC system with Promax® 4.0

Table 1. Composition analysis of coal

Composition Value (% wt)
Proximate analysis
Moisture 14.34
Fixed carbon 37.63
Volatile matter 43.47
Ash 4.56
Ultimate analysis
C 55.42
H 4.20
N 0.71
S 0.1
@) 20.67
Ash 4.56
Calorific value, HHV (kcal/kg) 4236

Environmental analysis is carried out
based on the calculation of GHG
emissions (CO») in the energy sector

in the power plant sub-sector. The

methodology used in calculating this
emission is the method established by
the Intergovernmental Panel on

Climate Change Guidelines in the
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2006 IPCC The
application of this method has been
stipulated in LHK Ministerial
Regulation Number P.73 / Men LHK
/ Setjen / Kum.1 / 12/2017 dated 29
the

Guidelines.

December 2017 concerning

Implementation and  Reporting

Guidelines for Greenhouse Gas
Inventories. Broadly speaking, the
of GHG

obtained

calculation emissions/

removals is through
multiplying data on activities with
the  Global

Warming Potential (GWP) index was

emission  factors,

used to evaluate the climate change
impact. The GWP index allows all of
the GHG flows during the operation
period, b, to be expressed on a
CO2_eq basis as shown in the simple
equation:

e = i x GWh (1)

According to the Intergovernmental

Panel on Climate Change (IPCC
2007), the GWP index evaluated over
100 years was considered to be 1 for
COg, 28 for CH4 and 265 for N2O
(Restrepo, Miyake,
Bazzo, 2012)

Kleveston, &

RESULTS AND DISCUSSION
Environmental analysis

The environmental model predicted
an emission from the process of 7.249
ton CO2-eq/MWh to IGCC and
25.97 ton CO2-eq./MWh to USC. The
power plant emissions correspond to
87.7%, followed by the pre-burning
process (belt conveyors, fans, mills,
and others) with 7.3%. The mining
and transport stages account for 5%
(Restrepo et al., 2012). Figure 5.
Shown GHG emissions for IGCC and
USC. Table 2 shown the gas emission
produce from IGCC and USC.

40.000 25.97 27.93
7.249 1.90 0.01 7.8 I
20.000 I 0.529 0.003 0.016 0.06 ‘'
v ___ 4 —— _A—
0.000
Power  Pre Burning Transport  Mining Total

Plant process

IGCC (ton CO2-eq./MWh)

USC (ton CO2-eq./MWh)

Figure 5. GHG emissions for IGCC and USC
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Table 2. Gas emission produce from IGCC and USC

Emission IGCC (kg/h) USC (kg/h)
CO 0.005 12.493
CO; 37351.860 43936.008
Methane 165.744 -

H2S 23.293 -

SO, 0.088 39.959
Ammonia 0.457 -

Gas emission produces on IGCC
technology shown in Table. 2 in kg/h
and then convert to tons/year and
N2O emission obtained from CO>
emissions produced are multiplied by
the mass of coal and the emission
factor N2O. CO;emissions produced
amounted to 295826.73 tons/year, of
CHsemissions 1312.70 tons/year and
N20 emissions of 7864.594 tons/year
and then multiplying with Global
Warming Potential (GWP) index to
obtain CH4 emissions of 36755.49
tons of CO»-eq/year and emissions of
N20 2084117.36 tons of CO2-eq/year
and GHG
2416699.58 tons of CO2-eq/year.

total emissions  of

These emissions are the emissions
generated in the power plant process
and it is assumed that the pre-burning
process (belt conveyors, fans, mills,
and others) emissions are 7.3% and
the mining and transport stages
The total GHG
emissions produced are divided by

account for 5%.

the total net power produced which is
42 MWh or 333373.91 MWh/year.
after being divided by total electricity
production, the following emissions
were obtained: 7.249 tons of CO»-
eq./MWh in the power plant process,
0.529 tons of CO2-eq./MWh on the
Pre Burning process, 0.003 tons of
CO2-eq./MWh
0.016 tons of CO. -eq./MWh on

Mining so that total GHG emissions

in  Transport and
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amounted to 7.80 tons of CO-
eq./MWh

In USC technology the emissions
calculation would equal with IGCC,
The CO2 produced is 347973.18
CH4

tons/year

tons/year,  of emissions
61672.762 and N20
emissions are 9250.914 tons/year and
then after multiplying with Global
Warming Potential (GWP) index to
obtain emissions of CH4 1726837.34
tons CO2-eqg/year and N2O emissions
2451492.295 tons CO»-eq/year and
total GHG emissions of 5083038.062
tons COz-eq/year. The total GHG
emissions produced are divided by
the total net power produced which is
22 MWh or 174266.70 MWh/year.
After being divided by the total
electricity production, the following
emissions are obtained 25.97 tons
CO2-eq./MWh in the power plant
process, 1.90 tons CO2-eq./MWh on
the Pre Burning process, 0.01 tons
CO2-eq./MWh at Transport and 0.06
tons CO2-eq./MWh on Mining so that
the total GHG emissions are 27.93
tons of CO2-eq./MWh.

Another gas emission produced is
IGCC, producing CO emission of
0.005 kg/h, H>S 23.293 kg/h, SO
0.088 Kg/h and Ammonia 0.457 kg/h
while USC produces CO emissions
of 12.493 kg/h and SO of 39.959
kg/h.

CONCLUSIONS
This paper
comprehensive study to evaluate and

conducted a

compare the performance of coal fire

power plants  between ultra-
supercritical (USC) and integrated
gasification combined cycle (IGCC).
Both processes are modeled and
simulated, and  environmental
analysis is used to evaluate the
results. The following conclusions
can be derivate:
e Total GHG emissions for
IGCC was 7.80 tons of CO-
eq./MWh and USC of 27.93
tons of CO2-eq./MWh.
e Another  gas emission
produced is IGCC, producing
CO emission of 0.005 kg/h,
H.S 23.293 kg/h, SO, 0.088
kg/h and Ammonia 0.457

kg/h while USC produces CO
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emissions of 12.493 kg/h and

SO2 of 39.959 kg/h.
IGCC technology requires a greater
investment because there are several
additional tools such as gasifiers gas
turbines and H.S removal, but when
compared to USC, this technology
for the long term will be better
because it has produced greater
electrical power with the amount of
material the same coal standard and

produces lower exhaust emissions.
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ABSTRACT
In this study, an alkaline pretreatment process with Ca(OH); for rice straw at different
conditions to enhance methane production was investigated through biochemical
methane potential (BMP) tests. The pretreatment process factors including Ca(OH)-
concentrations of 5 — 15% (by weight) and temperatures of 70 — 90°C with
pretreatment time of 2 h were studied. A response surface methodology (RSM)
combined with a face-centered composite design (FCCD) was employed in obtaining
the optimized pretreatment conditions for the highest methane yield of rice straw. The
BMP experimental results show that the methane yield for all pretreated rice straws
was increased by 55.44 — 78.59%, compared to the untreated rice straw. The statistical
analyses show that the maximum methane yield of 304.31 NmL/g VS was obtained
at the desirable pretreatment conditions of 5% Ca(OH), and 87.34°C with
pretreatment time of 2 h. The ANOVA test also revealed that the model was
considered statistically significant with a determination coefficient (R?) of 81.65%.
The model could be efficiently used to predict the methane yield from the anaerobic
digestion process of the pretreated rice straw. Furthermore, Ca(OH). concentration

was a more significant factor affecting methane production than temperature.

Keywords: Rice straw, Alkaline pretreatment, Biochemical methane potential

(BMP), Methane production, Response surface methodology (RSM)
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INTRODUCTION
Globally, agricultural crop residues
are significant contributors  of

biomass resources and can be
transformed into different types of
bioenergy which can then be utilized
as a promising source of alternative
energy to fossil fuels. As one of the
appropriate conversion methods of
agricultural crop  residues for
bioenergy synthesis, the anaerobic
digestion process is being used

extensively to produce biogas,
mainly containing methane (Cheng,

2010).

As one of the world’s major producer
Thailand

consequently has an abundance of

and exporter of rice,
agricultural crop residues comprising
a large amount of abandoned rice
straw (Department of Alternative
Energy Development and Efficiency,
2014). As a primary agricultural crop
residue, rice straw is considered to
have the potential for bioenergy
synthesis by being transformed into
through  the

biogas anaerobic

digestion process. However, rice
straw is a lignocellulosic material that

predominantly contains cellulose,

hemicellulose, and lignin. Rice straw,
therefore, becomes recalcitrant to
biological degradation.
Consequently, the anaerobic
digestion of rice straw for methane
production is then hindered because
water-soluble low molecular weight
compounds are less available for
anaerobic microorganisms (Song et
al.,, 2014; Taherzadeh & Karimi,
2008). Thus, the pretreatment of rice
straw prior to the anaerobic digestion
process is quite essential and it is
used to destroy the complex structure
decrease  the

of lignin and

crystallinity of  cellulose and
hemicellulose resulting in increasing
the degradability and the potential of
methane yield and accelerating the
digestion process (Ferreira et al.,
2013; Teghammar et al., 2010).

Several  approaches  for  the
pretreatment of rice straw have been
investigated

including  physical,

chemical, biological or a
combination of these (Gu et al., 2015;
Kimetal., 2012; Chen, 2014). As one
of the pretreatment methods, the
alkaline pretreatment with calcium

hydroxide or lime (Ca(OH)2) has
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been extensively used due to its low

cost, safe handling, and minor
environmental impacts (Montgomery
& Bochmann, 2014). For instance,
Song et al. (2013) showed that the
main compositions of rice straw
pretreated with Ca(OH).> such as
lignin, cellulose, and hemicellulose,
were significantly degraded with
increasing Ca(OH)2 concentration.
The modeling and optimization using
response  surface
(RSM) combined with Box-Behnken

experimental design confirmed that

methodology

the optimum conditions for the
pretreated rice straw in an anaerobic
digestion were 9.81% Ca(OH)2 (w/w
TS), 5.89 days treatment time, and
45.12%
resulted in a methane yield of 225.3
mL/g VS. Gu et al. (2015) reported
that the rice straw pretreated with
Ca(OH); at the concentrations of 8%
and 10% (w/w TS) under ambient
temperature for 72 h gave the highest
methane yield of 564.7 mL/g VS and
574.5 mL/g VS, respectively, which
were 34.3% and 36.7% higher than
the untreated.

inoculum content, which

Even though, there have been many
studies reported about the effects of
Ca(OH); as a pretreatment chemical
in terms of chemical concentration,
pretreatment time, and inoculum
amount on the digestibility of rice
straw, however, there has been very
little research reported about the
effects of Ca(OH): as a pretreatment
chemical in terms of temperature.
Also, in the last few years, RSM has
been applied in optimizing and
evaluating the interactive effects of
independent factors of numerous
chemicals and biochemical processes
involved

(Song et al., 2013; Zou et al., 2016).

in anaerobic digestion

Therefore, this work has been made
to find out the effectiveness of two
operating parameters, including the
concentration of calcium hydroxide
and the temperature as pretreatment
methods of rice straw on methane
yield under batch conditions.
Additionally, a

methodology (RSM) combined with

response su rface

a face-centered composite design
(FCCD) was applied to determine the
optimum pretreatment conditions of

the two operating pretreatment
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parameters on methane yield. The
information from this study will not
only make use of rice straw in the
form of renewable energy, i.e.,
methane, but also to reduce the
pollutants from rice straw open-field

burning.

METHODOLOGY

Rice straw preparation

Rice straw was obtained from a rice
planting area located in Ratchaburi,
Thailand. At first, the collected rice
straw was oven dried at 60°C for
about 24 h, then ground into fine
particles by a cutting mill. The

ground particles of rice straw were

later screened to have an average
particle size between 0.5 and 2.0 mm
and stored in a polyethylene zipper
bag at room temperature before being
subjected to the pretreatment. Some
physical and chemical characteristics
of the rice straw sample are shown in
Table 1. This prepared rice straw
sample was defined as untreated rice

straw.

Pretreatment process

Ca(OH)2 solution at concentrations
of 5%, 10%, and 15% (by weight)
combined with temperature levels of
70°C, 80°C, and 90°C was used for

the pretreatments. The conditions of

Table 1 The physical and chemical characteristics of untreated rice straw.

Parameter Values
Total solids (%) 92.01 £ 0.05
Volatile solids (%TS) 86.67 £ 0.10
Fixed solids (%TS) 13.33+0.10
Organic carbon (%TYS) 54.69 £ 0.66
Total nitrogen (%TS) 0.5056 + 0.0127
Carbon to nitrogen (C/N) ratio 108
Extractives (%TS) 1.21+0.11
Cellulose (%TS) 25.15
Hemicellulose (%TS) 47.79 £ 0.55
Lignin (%TS) 12.51+£0.15

Result = mean + standard deviation (SD).
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the pretreatment used in this study

are shown in Table 2.

For each experiment (Table 2), a
sample of 50 g prepared rice straw
was mixed with 1 kg of Ca(OH):
solution in a 1-L laboratory bottle
resulting in the ratio of rice straw to
Ca(OH)2 solution loading of 1:20 (by
weight). The bottle was then heated
on a hot plate to a specific
temperature and was later kept in a

hot air oven at that temperature for 2 h.

Table 2 The pretreatment conditions.

Afterwards, the bottle was removed
from the oven, and the pretreated rice
straw sample was washed with tap
water until neutral pH and then oven-
dried at 60°C for about 24 h. The
pretreated rice straw sample was
homogenized and kept in a
polyethylene zipper bag at room
further

the

temperature  for  being

investigated the effects of
pretreatments on methane yield using

biochemical methane potential test.

Experiment Concentration (%) Temperature (°C)  Time (h)

1 5 70 2

2 5 80 2

3 5 90 2

4 10 70 2

5 10 80 2

6 10 90 2

7 15 70 2

8 15 80 2

9 15 90 2
Inoculum preparation operated by  Choheng Rice
The inoculum used in this study Vermicelli Factory Company

being characterized as granular

sludge, was taken from an anaerobic
reactor

wastewater treatment

Limited, located in Nakhon Pathom,
Thailand. The collected

was washed with anaerobic mineral

inoculum
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salt medium, then transferred into a
10-L stainless steel bioreactor and
incubated at 3 5 °C under the
anaerobic condition for
approximately 5 days in order to
deplete the residual biodegradable
organic material (degasification),
according to the recommendation of

Angelidaki et al. (2009).

Biochemical methane potential tests
The biochemical methane potential
(BMP) tests of the untreated and
pretreated rice straws were evaluated
according to the method described by
Angelidaki et al. (2009) and Hansen
(2004)  with

modifications.

et al some
Batch experiments
500-mL

laboratory bottles (Schott Duran,

were carried out in
Germany). Firstly, a sample of 5 g
(VS) the

untreated and pretreated rice straws

volatile solids from
was weighed and added into the
bottle. Secondly, a certain amount of
incubated inoculum was fed into the
bottle with a substrate-to-inoculum
ratio of 1:2 on a VS basis. Dry forms
of ammonium chloride (NH4Cl) and
potassium phosphate (KH2PO4) were

added to adjust a COD:N:P ratio of

the substrate to 100:5:1 (by weight)
(Eskicioglu & Ghorbani, 2011).
(NaHCO3)

powder was also added in order for

Sodium  bicarbonate
the mixture to achieve alkalinity of
5,000 mg/L (as CaCOs3) (McCarty,
1964). Thirdly, distilled water was
added to the bottle for reaching the
working volume of 400 mL. Finally,
the headspace was filled with
nitrogen gas for 1 min to remove
oxygen traces and to ensure
anaerobic condition in the bottle. The
bottle was then sealed with two
pieces of 3-mm thick silicone discs
which were held tightly to the bottle
head by a plastic screw cap punched
middle (Schott

Germany). To enable biogas transfer

in the Duran,
from the bottle to the methane content
measurement device, a 27-gauge
needle equipped with 3-way stopcock
was pierced through the silicone
discs. After that, the bottle was
placed in the incubator at 35°C for 30
days. During the BMP experiment,
the bottle was occasionally shaken. In
the first week, methane content was
daily measured due to very high
after  that

biogas  production,

occasionally measured. The methane
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content in the produced biogas in the
bottle was directly obtained through
an alkaline, and water displacement
method (Wellinger et al., 2013) with
12% NaOH used as a barrier solution
to entrap CO2 and H>S that had been
produced and the residual methane
volume to be measured by water
A Dblank

without substrate added was also

displacement. control
conducted under the same conditions
to remove endogenous methane
production from the inoculum. All
tests were performed in triplicate.
The methane yield over a period of 30
days was calculated at standard
temperature and pressure (273 K and
1 atm) and expressed as the methane
content (NmL) per gram of VS from

the substrate introduced to the bottle.

Statistical analysis, and
optimization of the experimental
data

Design Expert software version 11, a
statistical program, was used for data
analysis and model building. RSM
coupled with FCCD was applied to
optimize the pretreatment condition
variables and was also used to

determine the optimum conditions

and the effects of two independent
Ca(OH):
concentration (Xi) and temperature

variables, including
(X2) on methane yield (Y) which was
a response variable or a dependent
The of the
independent variables and their levels
in Table 3. All

experimental data with a total of 27

variable. range

are presented

runs, as shown in Table 4, were
performed according to the FCCD
The

relationships between the response

configuration. functional
variable (methane yield) and the two
independent variables (concentration
and temperature) were obtained by
estimating the coefficients of the

following polynomial model:

Y =B+ XL BX +
21221 Zj2=1 Binin +
i2=1 Zj2=1 212<=1 Bijk Xi Xj Xk (1)

where Y is the predicted response, 3
is the intercept, Bi is the linear
constant coefficient, and Bij and Bijk
interaction  constant
The

variables are denoted by X.

are  the

coefficients. independent
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The model was then validated by
analysis of variance (ANOVA).
Response surface plots were also
generated to examine the effects of
Ca(OH);
temperature on methane yield. The

concentration and

optimum values of Ca(OH).
concentration and temperature were
obtained by the  numerical
optimization feature in the Design

Expert software.

Table 3 Independent variables and corresponding levels.

Actual values of coded levels

Variables
-1 0 1
Concentration, X1 (%) 5 10 15
Temperature, Xz (°C) 70 80 90

RESULTS AND DISCUSSION
Effectiveness of the pretreatments
on methane yields

According to the BMP experimental
results, the cumulative methane
yields for the untreated and all
pretreated rice straws are depicted in
Figure 1. Results show that the
methane yield for all pretreated rice
straw samples was higher than the
untreated rice straw, and it was
increased by 55.44 - 78.59%
compared to the untreated rice straw.
These results are consistent with
other studies (Gu et al., 2015; Song et
al., 2012),

effectiveness of Ca(OH). as an

which verified the

alkaline pretreatment in improving

the biodegradability and enhancing
This

phenomenon can be explained by the

the bioenergy production.

fact that Ca(OH). pretreatment is

capable of removing amorphous

(e.9.,
hemicellulose), which increases the

substances lignin  and
crystallinity index (Kim et al., 2016).
However, the methane yield was not
Ca(OH):

concentration, and the temperature

increased as the

increased. The reason may be due to
the fact that calcium hydroxide is
relatively insoluble in water, and its
solubility — also  decreases as
temperature increases (Athanassiadis
et al., 2017). Therefore, it is possible

that increasing Ca(OH)2 loading and
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Table 4 Coded and actual values of experimental data and corresponding

methane yield with different combinations of two independent variables for

FCCD.

Coded values

Actual values

Response methane yield

Run Space type (NmL/g VS)

X1 X2 Concentration (%) Temperature (°C)  Experimental Predicted
1 Factorial -1 -1 5 70 278.74 282.52
2 Factorial -1 -1 5 70 289.34 282.52
3 Factorial -1 -1 5 70 282.56 282.52
4 Axial 0 -1 10 70 291.99 296.14
5 Axial 0 -1 10 70 295.16 296.14
6 Axial 0 -1 10 70 295.69 296.14
7 Factorial 1 -1 15 70 290.54 288.08
8  Factorial 1 -1 15 70 285.68 288.08
9 Factorial 1 -1 15 70 291.40 288.08
10  Axial -1 0 5 80 296.88 300.35
11 Axial -1 0 5 80 304.92 300.35
12 Axial 10 5 80 293.56 300.35
13 Center 0 0 10 80 289.33 284.99
14  Center 0 0 10 80 288.27 284.99
15 Center 0 0 10 80 289.50 284.99
16 Axial 1 0 15 80 261.62 267.00
17 Axial 1 0 15 80 259.75 267.00
18 Axial 1 0 15 80 274.36 267.00
19 Factorial -1 1 5 90 303.82 303.72
20  Factorial -1 1 5 90 304.71 303.72
21  Factorial -1 1 5 90 305.79 303.72
22 Axial 0 1 10 90 279.88 294.08
23 Axial 0 1 10 90 304.02 294.08
24 Axial 0 1 10 90 292.98 294.08
25 Factorial 1 1 15 90 297.83 300.83
26  Factorial 1 1 15 90 307.22 300.83
27  Factorial 1 1 15 90 301.13 300.83
temperature level for the  Model building
pretreatment of rice straw did not Based on the two independent
affect the methane yield. variables, including Ca(OH):

concentration and temperature, and
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(b) Cumulative methane yields over a period of 30 days.

Figure 1 Cumulative methane yield of the untreated and Ca(OH). pretreated

rice straws.
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the response variable that is the
experimental methane yield, along
with  FCCD (Table 4), the
significance of the cubic model as
shown in Eg. (1) was evaluated by
ANOVA. However, the insignificant
terms were eliminated from the
model, with the exception of those
required to maintain the model
hierarchy. Consequently, the final
model obtained for methane yield of
pretreated rice straw in terms of
Ca(OH);

temperature is given as follow:

concentration and

Y =-1589.21 + 283.949X; +
43.4312X; — 6.35224X1 X, —
3.09763X1% — 0.24566 X2 +
0.03806X1%X2 + 0.03468X1X2>  (2)

where Y represents the methane yield
(NmL/g VS), X1 and X: represent
Ca(OH)2
weight)

concentration (% by

and temperature (°C),

respectively.

The results of the ANOVA for the
developed model are tabulated in
Table 5. As noted in the Table, the
model F-value of 12.08 with a p-
value of <0.0001 (p<0.05) implies

that this model was statistically
significant at 95% confidence level,
indicating the suitability of the model
to predict the methane yield in terms
of Ca(OH);
temperature. The lack of fit with a p-
value of 0.10007 (p > 0.05) was not

significant, meaning that the model

concentration and

exhibits fitness for the prediction.
The R? value of 81.65% and the
adjusted R? value of 74.89% were
quite high, suggesting the model
adequacy. As shown in Figure 2, the
predicted methane yield values were
found in close agreement with the
experimental methane yield results
(R? = 77.59%), suggesting a good
relationship between the
experimental and predicted values of
the methane vyield. The ANOVA
imply that Ca(OH):

was the

results also
concentration most
significant factor, with an F-value of
43.50, and signify that the other
important factors were the second-
order polynomial of temperature and

the interactive effects.

Analysis of response surfaces
A three-dimensional plot and a

contour plot, as shown in Figure 3,
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were drawn to visualize the concentration and temperature) and
interaction  between the two the methane yield. An increase in the

pretreatment variables (Ca(OH)> temperature allowed for an increase

310

RZ=7759% _ .

300 |

290 |

280

270

260 —|

Predicted methane yield (NmL/g VS)

250 |

I I I I I I I
250 260 270 280 290 300 310

Experimental methane yield (NmL/g VS)

Figure 2 Plot of the experimental and predicted methane yield.

Table 5 ANOVA for response surface methodology.

Source Sum of squares df Meansquare F-value  p-value
Model 3214.73 7 459.25 12.08 <0.0001 Significant
Xi-Concentration 1653.97 1 1653.97 4350 <0.0001
Xz-Temperature 5.93 1 5.93 0.1560 0.6973
X1Xz 52.59 1 52.59 1.38 0.2541
X2 10.50 1 1050  0.2761 0.6053
X2? 614.02 1 614.02 16.15 0.0007
X12X2 362.12 1 362.12 9.52 0.0061
X1X22 1202.87 1 1202.87 3163 <0.0001
Residual 72250 19 38.03
Lack of Fit 103.03 1 103.03 2.99 0.1007  Not significant
Pure Error 619.47 18 34.42
Cor Total 3937.24 26
R? = 81.65%.

Adjusted R? = 74.89%.
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Methane yield (NmL/g VS)

(@) A three dimensional plot.

Methane yield (NmL/g VS)

Temperature (°C)

Concentration (%)

(b) A contour plot.

Figure 3 Response surface plots for the interactions of Ca(OH)2

concentration and temperature on the methane yield.
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in the methane yield, however hitting
a maximum at 87°C, and thereafter, a
slow decrease in the methane yield
was found. Increasing Ca(OH):
concentrations above 10% may cause
a decrease in the methane yield, and
Ca(OH):

concentrations from 5% to 10% will

increasing the

increase the methane yield at a lower
temperature, however, at a higher
temperature the results are inverted.
This can be compared to the results in
Song et al. (2014), where increasing
Ca(OH)2 concentrations from 8% to
10% led to a decrease in methane
yield. Therefore, in this study, the
optimum methane yield has led to a
point where the temperature is near
87°C and where the concentration is
low.

According to the optimization
process of the developed model, the
optimum conditions for maximizing
the methane yield were found to be at
5% of Ca(OH). concentration and
87.34°C of temperature, resulting in
the predicted methane vyield of
304.31 Nml/g VS. Under the

optimum conditions, the methane

yield was 1.78-fold greater than the
methane yield of the untreated rice
straw (170.65 Nml/g VS).

CONCLUSIONS
This

effectiveness of Ca(OH): loading and

study examined the

reaction  temperature as the
pretreatment methods of rice straw
on methane production in an
anaerobic digestion process. From
the BMP experiment results, it was
found that the pretreated rice straws
had significantly
methane yields by 55.44 — 78.59%,

compared to the untreated rice straw.

increased in

From the statistical analyses, it was
revealed that Ca(OH). concentration
was a more significant factor
affecting methane production than
reaction temperature. The optimum

conditions for maximizing the

methane yield were Ca(OH).
concentration of 5% (by weight), and
temperature of 87.34°C  with

pretreatment time of 2 h in which
maximum methane yield of 304.31
NmL/g VS was obtained.
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ABSTRACT

Recently, PM2.5 (particulate matter with a diameter of 2.5 microns or
less) in polluted air has become a major health hazard in Thailand,
especially in the northern region. Regular face masks are used to prevent
inhaling of hazardous particles. However, these are not able to filter out
PM2.5 because of their larger pore size. In addition, the majority of these
commercial masks are produced from petroleum-based plastics, e.g.,
polypropylene, which becomes non-degradable wastes after use. Rising
environment concerns have forced many industries to seek more
environmentally-friendly processing and safer materials alternatives.
Poly(lactic acid) (PLA), a biodegradable polyester derived from
renewable resources, e.g., corn, cassava, and sugarcane has been widely
used in various applications. Herein, biodegradable face mask based on

PLA nanofibers has been developed by an electrospinning technique. To
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further improve the mask efficiency, polyvinylpyrrolidone and
negatively-charged graphene oxide (GO) nanoparticles were introduced
to the PLA nanofibers. The obtained composite nanofibers were
characterized by scanning electron microscope (SEM), air permeability
tests, and PM2.5 trapping experiments. The results showed that the
composite nanofibers can effectively filter out 98% of PM2.5 particles,
while that of regular commercial face mask is 70%, and simultaneously
preserve a good breathability. We attribute such improvements to the
nano-scaled inter-fiber space and the presence of negative charges on the

fiber surface.

Keywords: Degradable polymer, PLA, electrospinning, dust capturing,

face mask, filter

INTRODUCTION

Recently, air pollution caused by
particular matters, especially those
with diameters of < 2.5 um (PM2.5),
has become a major health hazard in
Thailand, especially in the northern
region. In attempts to prevent
inhaling of PM2.5 in haze, people
wear regular masks. Most of these
masks are made of non-woven fabric,
or cotton which has fiber diameter of
several micrometers. However, these
have significant shortcomings of
poor PM2.5 filtration and low air

permeability (Li, 2015). Rengasamy

S et al. reported filtration efficiency
of general fabric products, e.g.,
sweatshirts, T-shirts, towels, scarves,
and cloth masks, in comparison with
commercial N95 as control media
(Rengasamy, 2010). The results on
aerosol penetration showed that N95
filter media had 0.12% penetration at
5.5 cm/s face velocity while other
fabric  products: cloth  mask,
sweatshirts, T-shirts, towels, scarves,
and cloth masks had 60-82 %
penetration at both 5.5 and 16.5 cm/s
face velocity. Although N95 showed
high

filtration  efficiency, the

I-55



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

majority of this mask are produced
from petroleum-based plastics, e.g.,
polypropylene, which becomes non-
degradable wastes after use.

Rising environment concerns have
forced many industries to seek more

environmentally-friendly processing

and safer materials alternatives.
Poly(lactide) or PLA, a
biodegradable polymer obtained

from natural resources e.g., corn,
cassava, and sugarcane has been
widely used in various applications,
such as plastic bag, plastic film, food
packaging (Jamshidian, 2010), and
medical device (Noh, 2010). In
practical use, compounding PLA
with fillers, especially nano-scale
fillers, could help improving the
composite’s mechanical properties
(Xing, 2016) and
functionality for

provides
specific
applications. Dias et al. (Dias, 2017)
successfully prepared PLA/multi-
layer graphene oxide (MLG) via an
electrospinning technique, and the
result showed that the incorporation
of MLG leaded to a decrease in fiber
size distribution. This resulted in

enhancements of surface area to

volume ratio of the materials for

potential use as filter products.

Polyvinylpyrrolidone  (PVP) s
conductive and hydrophilic polymer
that is widely used in industry,
especially in biomedical
applications, because of its low
toxicity, high biocompatibility, and
excellent solubility in almost all
organic solvents. To further optimize
its property, mixing with other
polymers have been practiced. PVP
was blended with polyacrylamide to
form a thin film, and the results
showed that increasing amount of
PVP

conductivity of the thin film (Rawat,

leaded to an increase in
2014). Moreover, PVP can also form
fibers via an electrospinning process.
By using dimethylformamide (DMF)
uniform, and bead-free
electrospun  PVP

obtained (Huang, 2016).

solvent,

fibers  were

In this study, biodegradable face
masks, based on PLA nanofibers, are
developed by using an
electrospinning technique. To further
improve the mask’s efficiency, PVP
and various amounts of graphene

oxide nanoparticles were introduced.
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The obtained composite nanofibers
are then characterized by scanning
electron microscopy, transmission
electron microscope and PM2.5

filtration efficiency.

METHODOLOGY

Materials

PLA (Mw = 1.5x10° g/mol, film

grade, NatureWork®), PVP (Mw =

5.8 x 10* g/mol, Acros), graphite

(Acros),

permanganate (ACS, Carlo Erba),
(DMF,

Chloroform

powder Potassium
N,N-dimethylformamide
ACS, Carlo Erba),

(CHL, ACS, Carlo Erba), Sodium
nitrate (Extrs pure, Loba Chmie),
(AR, QRECQC),
Hydrochloric acid (HCI, ACS, Carlo
Erba). Hydrogen Peroxide (GPO).

Deionized (DI) water was used

Sulfuric  acid

throughout the work.
Preparation of Graphene Oxide

Graphene  oxide (GO)

synthesized by using the Hummers’

was
method, as previously described
(Marcano, 2010). Briefly, graphite
powder (3.0 g) and sodium nitrate
(1.5 g) were added into sulfuric acid

(69 ml) at 0 °C. Potassium

permanganate (9.0 g) was gradually
added to maintain the reaction
temperature below 20°C. After
stirring for 30 min, DI water (138.0
ml) was dropped into the solution
and the temperature was raised to 98
°C for 15 min. The mixture was then
cooled down using an ice bath for 10
min. Subsequently, DI water (420
mL) and 30% hydrogen peroxide (3
mL) were added. The mixture was
purified by adding HCI (5%), and
centrifuged at 4,000 rpm for 5 min,
alternating with DI water for twice.
Finally, the mixture was dried at 60

°C in a vacuum oven for two weeks.

The obtained GO (3.0 g) was
dissolved in DMF (150.0 ml) before
passing through Microfluidizer (M-
110P Microfluidizer®) at 30,000
PSI, 20 °C to reduce the particle size
for 20 cycles. The particle size and
zeta potential of GO were determined
by using a Zetasizer (Zetasizer Ver.
7.11 Malvern Instruments Ltd.).

Preparation of nanofibers by

electrospinning process

PLA and PVP (5:1) were dissolved
in a mixture of CHL and DMF (7:1)
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to obtain polymer solution having
concentration of 10 %w/v. Briefly,
PLA was dissolved in CHL until
homogeneous then PVP was added
and the mixture was stirred at room
temperature for overnight. After that,
DMF was added, with further stirring
for 4 hours. GO dispersed in DMF
with a concentration of 2 %w/v was
added into the PLA/PVP solution
and stirred at room temperature for

overnight.

The electrospinning system consists
of a high voltage supply (Gamma
High Voltage Research, 0-40 kV,
Cleveland, Ohio), an aluminum foil
feed

consisting of a syringe

collector and a system

pump
(KDS100, KD Scientific, Holliston,
MA, USA) and a needle injector. A
feeding rate of the polymer mixture
was 1 ml/h. The needle tip to
collector distance was kept at 20 cm,
and the applied voltage was 15 kV.
The total amount of polymer solution

used was 2 ml per mat.

Characterization of nanofibers
electron
JEOL,

Scanning
(SEM,

microscopy
JSM-7800F) and

transmission electron microscopy
(TEM, JEOL, JEM 2100 Plus) were
used to determine morphology of the
TEM

nanofibers.  For sample

preparation, the sample was
dispersed in ethanol and a few drops
of fibers dispersion solution was
dropped on grid and dried at room
before

temperature overnight

characterization.
Filtration Efficiency Tests

The filtration efficiency tests were
conducted on fiber mats of neat PLA
and the composite material, using
commercial non-woven face mask as
a supporting layer. The experiments
were conducted at 60% relative
humidity, 1 atm, and at 30°C. An
atomizer aerosol generator (model
3076, TSI company) was employed
to generate monodisperse aerosol in
a range of 0.01 — 1.00 um, and flow
through the sample which was held
by a filter holder, with a flow rate of
0.6 L/min for 1 hour. A condensation
particle counter (model of CPC 3788,
TSI company) was employed to
measure concentrations of particles

(diameter between 2.5 nm — 3.0 um).
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The filtration efficiency (n) was

calculated from the equation below;

__ Cinlet — Coutlet

Cinlet

Where cinet IS a concentration of
particles before the filter. Coutiet IS
after

concentration of  particle

filtration by the sample.

RESULTS AND DISCUSSION
GO nanoparticles
To effectively incorporate GO

particles into the nano-fibers, particle

size, size distribution and surface
charge of the particles must be
optimized. The particles size and size
of GO after

reduction was determined and data is

distribution size

shown in Figure 1

The initial size of GO before size
reduction operation was around 13
After the size

reduction by using a microfluidizer

um in diameter.

for 20 passes, the size of GO was
reduced to 450 nm in diameter, with

monodispersion in DMF solution.

25 sesssssnsnnnnnnnn wesseseessnsesaae 'LLLLLLLLLL e geesssssszennnnnns paiecaiaceainiies .
20 .. ......................................... pelescanes Searessansananens H
t - H | H H
g : : :
& H H :
2. 1 : $ :
g 10fprrrrerrnnsnnenan .E. ................ Sesssssssssnnsans IS o0 .U Jessssssssnsssans <
@ : H .
ET : : :
Sprrcrsscnsnsancas assssssssssensnns fessscsnnnnnnnnns feeeofloccncldeans Jerssssasnnsnnann <
i : - :
0 - A
0.1 1 10 10000
Size (d.nm)

Figure 1 Particle size and size distribution of GO particles after size

reduction
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Moreover, the GO nanoparticles
showed a zeta potential value of -25.1
mV, due to the residual oxygen
groups on the particle’s surface

(Shao, 2014).
PLA nanofibers
Morphology

Appearance of the fiber mat products

and morphology of the fibers are

examined. The thickness of the
nanofiber mats was ranging from 10
- 40 um, measured by a Mitutoyo
2046S Dial Indicator Gage. All fiber
mats are white in color, including
those containing GO, which is black
in nature. To confirm the presence of
GO in the composite nanofibers,
TEM was employed in morphology

examination.

Figure 2 TEM image of PLA/PVP/GO nanofiber filaments

A TEM picture, as shown in Figure
3, clearly depicts the presence of GO
as black particles, with sizes of ~ 200
nm, randomly embedded on the
interface of the filaments. It is noted
that during the sample preparation for
TEM measurement, the fiber mat was
dispersed in ethanol for a few hours

The
GO

nanoparticles were strongly attached

to separate each filaments.

results indicated that the
on the fiber surface by physical

interaction.
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According to SEM images (Figure
3), the nanofibers of both PLA and
PLA/PVP/GO  were

similar at 1.0 — 1.2 pum in diameter,

significantly

with random orientation and high

inter-fiber porosity.

Filtration Efficiency

The filtration efficiency of the
prepared nanofibers compared with

that of a regular face mask is shown

in Figure 4A.

Figure 3 SEM images of (a) PLA, (b) PLA/PVP/GO nanofibers

The results show that the filtration
efficiency of PLA and PLA/PVP/GO
nanofiber mats are > 98%, while that
of a regular commercial mask is
70%. This implies that the prepared
nanofiber mats can effectively
prevent the flow of small particles or
PM2.5.  Although  PLA
PLA/PVP/GO nanofiber mats show

similar

and

filtration efficiency, the

effectiveness in filtration of smaller

particles (in a range of 10 — 100 nm)
is significant different, as shown in
Figure 4B. When considering the
amount of small particles passing
through  both (right
column, b and c), it was clearly seen
that by PLA/PVP/GO
nanofiber as a filter, these small

nanofibers

using

particles cannot penetrate. Typically,

the particle-capturing efficiency of
filter may be depending on its fibrous

1-61



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

(A)

% (Filtration Efficiency)

(B)

Figure 4 (A) filtration efficiency and (B) particle size distribution of generated
particles before (left) and after passing through the filter products (right) of:
(a) regular face mask, (b) PLA fiber mat and (c) PLA/PVP/GO nanofiber mat
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structure, void size between fibers,
and size of fibers, in which particles
or dust with bigger size may stick on
the fibers or being trapped in inter-
fiber voids. However, the presence of
negatively-charged GO particles on
the composite fiber’s surface may
enhance attraction interaction with

dust particle, leading to higher

CONCLUSIONS

Nanofibers derived from degradable
PLA with uniform fibers and high
porosity are successfully prepared
by an electrospinning technique.
The PLA nanofibers can effectively
filter out PM2.5 particles, with 98%
efficiency, compared to that of
regular commercial face mask of
70%. Although, the filtration
efficiency of PM25 for both
nanofiber mat samples are almost
similar, the presence of proper PVP
and negatively-charged GO
contents on PLA provides improved
filtration efficiency toward smaller
dust particles, in the range of 10 —
100 nm. SEM images show high
PLA

porosity of composited

trapping efficiency, especially for
particles with smaller sizes. It was
reported that filtration efficiency of
masks which use only physical
mechanism revealed higher
percentage of aerosol penetration
than the masks containing both
physical and electrical mechanisms

(Brown, 1995).

nanofibers, that the

implying
nanofibers would simultaneously
preserve
Although it is well-known that PLA

IS biodegradable

a good breathability.

polymer,
experiments on durability and
degradability tests of the face masks

after use are undergoing.
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Optimization of microwave-assisted extraction for enhancing
reducing sugar of water hyacinth pretreatment at Klong
Yong community in Phutthamonthon, Nakhon Pathom,
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ABSTRACT
Water hyacinth is an aquatic plant that has emerged as a major invasive weed
and high reproduction rate at Soi Bon canal in Klong Yong, Phutthamonthon,
Thailand. As a lignocellulosic plant material, it can be made into an organic
fertilizer at 60-90 days. Microwave-assisted extraction technique was
investigated to optimize hydrolysis of cellulose and hemicellulose and disrupt
lignin structure using Calcium hydroxide solution, Sodium bicarbonate
solution and Distilled water and also various size of raw material (0.1-0.5 cm
and 3-5 cm). The result showed that calcium hydroxide solution was the best
solvent for total reducing sugar extraction from water hyacinth with size of 3-
5 cm. Box-Behnken design was conducted for microwave-assisted
pretreatment at 450 watts using three parameters; the solid to liquid ratios as
1:10, 1:15, and 1:20 with volume of liquid at 30 ml, extraction times of 20,
30, and 40 minutes, and calcium hydroxide solution at various concentrations
as 0.1, 0.55, and 1 %wt. The optimum conditions of total reducing sugar from
water hyacinth solution were 54 mg/g at the solid to liquid ratio as 1:10,

concentration of calcium hydroxide at 0.55 %wt, 30 minutes of extraction
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time, and %brix was 5.74. Microwave-assisted pretreatment using calcium

hydroxide solution was an alternative to hydrolyze cellulose and

hemicellulose and disrupt lignin structure.

Keywords:

Water hyacinth, Total

reducing sugar, Lignocellulosic,

Microwave-assisted extraction, Box-Behnken.

INTRODUCTION
The water hyacinth (Eichhornia
crassipes) is an aquatic plant that
originated from South America
(Keawmanee, 2015) (Bolenz et al,
1990). Water

tropical and sub-tropical regions such

hyacinth lives in
as in Indonesia and Thailand. In
Thailand, water hyacinth can be
found such as in lakes, dams, and
rivers. Water hyacinth is known for
their rapid growth rates, extensive
dispersal capabilities, large and rapid
reproductive output and broad
environmental tolerance (Bolenz et
al, 1990).

hyacinth become water pollution that

These makes water

cause major problem in the area, such
as block water flow in the river,
reduce oxygen content in the water
thus reducing of fishes in the water,
increase sedimentation, and also

provoke health problem (Bolenz et

al, 1990) (Lee B, 1979) (Carina et al,
2007). Current solution, especially in
Thailand, for this problem is dispose
water hyacinth manually someplace
else. This solution is temporary

solution and requires high cost.

Despite of disadvantages, as one of
the biomass material, water hyacinth
has many advantages. Water
hyacinth can be made into organic
fertilizer (Polprasert et al, 1994),
2015), bio
2012),
bioethanol (Yang et al, 2016), animal
feed (Abdel et al, 1991), and biogas

(Chanakya et al, 1993) also can be

craft (Keawmanee,

adsorbent (Kasem et al,

produced from water hyacinth. Those
benefits of water hyacinth can have
good impacts to the community. For
example, water hyacinth craft can be
done by local community and can
increase their income. But this has

limitation due to only small amount
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of water hyacinth is used. The other
benefit is water hyacinth organic
fertilizer. The organic fertilizer also
can be done by local community, can
increase community income, and can
reduce dependence on the use of
chemical fertilizers. Muoma John
(2016) and Polpraset et al (1994) had

done research of making water

hyacinth  organic  fertilizer. In
addition, the wuse of chemical
fertilizers ~ continuously  raises

environmental and health problem
and also can reduce soil quality and
crop productivity. On the other hand,

organic  fertilizer can improve

fertility of the soil and production of
the crop such as paddy production in

Indonesia.
Water hyacinth is one of the
lignocellulosic  material. As a

lignocellulosic material, it has lignin,
cellulose, and hemicellulose. And
these are the primary building block
of plant cell material. Table 1 shows
the components of each material in
water from

hyacinth many

researchers.

Table 1. Components of lignocellulosic material in water hyacinth

Components (%dry matter basis)

References

Lignin Cellulose Hemicellulose
9.27 19.5 33.4 Gunnarsson and
Petersen (2007)
7 31 22 Bolenz et al (1991)
7.8 17.8 43.4 Patel et al (1993)

Pretreatment of water hyacinth need
to be carried out to extract cellulose
and hemicellulose, and to degrade

lignin. Among these materials, lignin

is the most difficult material to be

degraded due to rigid structure

compare to cellulose and

hemicellulose. Lignin appears in
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forms of crystalline and amorphous.
The efficiency of pretreatment can be
through  the

evaluated material

dissolved, increase of anaerobic
biodegradation and operational costs.
In lignocellulosic biomass, the effect
of heat occurs at a temperature of 150
— 180 °C where hemicellulose and
lignin  first
(Hendriks and Zeeman, 2009).

began to dissolve

Many researchers had done many
experiment to extract cellulose and
hemicellulose and degrade lignin
more efficient, such as using
mechanical, thermal, acid hydrolysis,
alkaline hydrolysis, or combination
of these methods. One of the
pretreatment is microwave
pretreatment. This pretreatment is
using radiation of electromagnetic
energy that is converted into heat
The

microwave pretreatment method is

energy. Advantage  of
energy efficient due to short time for
process and no temperature gradient.
In conventional heating, the heat
transfer from heat source to material
through convection, conduction, and

radiation processes and produce

temperature gradient. This process
also require longer time compare to

microwave treatment.

Microwave irradiation can alter the

structure of cellulosic biomass,
including increasing the specific
surface  area, decreasing the

polymerization and  crystalline

cellulose, the hydrolysis  of

hemicellulose and lignin
depolymerization (Berglund et al,
2012). Thermal pretreatment with
microwaves can destroy complex
structure of lignocellulosic material.
Eskicioglu et al (2007) had studied
using  microwave  pretreatment
method, the production of methane
16 + 4%

higher compared to

conventional heating on waste
activated 15 days.
Budiyono et al (2015) had studied the

effects of microwave pretreatment of

sludge after

fresh water hyacinth for biogas

production and the optimum
condition for this was obtained at
560W for 7 minutes, producing 75.12
mililiter biogas per gram of total
solids. Ethaib et al (2016) evaluated

the effect of acid and alkali on dragon
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fruit foliage using microwave at
power 800 W for 5 minutes using
microwave pretreatment and 0.1 N
NaOH which gave highest result of
monomeric sugar at 15.56 mg/g.
Therefore, microwave pretreatment
can be used as an approach over
conventional heating for
pretreatment of biomass in biogas
production. Optimization of
bioethanol production using water
hyacinth had been studied by Zhang
et al (2016) wusing microwave
pretreatment at power 150 W, H2SO4
for 20

minutes treatment time and the

concentration at 1 wit%

optimum bioethanol production was
1.291 g/L. Zhu et al (2006) reported
that microwave pretreatment on rice
straw was an effective pretreatment
method for increasing the rate of

hydrolysis.

For optimization of the process, Box-
Behnken design method was being
used for this experiment. Yang et al
(2006) had studied the optimization
using Box-Behnken design for
maximizing biofuel content of water
microwave

hyacinth using

pretreatment method at power 1110
W and 3.5 minutes treatment time.
The experimental are microwave
power, amount of absorbent, and

treatment time.

Previous researchers have studied
production of water hyacinth organic
fertilizer using subcritical pre-
treatment and without pretreatment
and the result was the fertilizer can be
produced in 10 days (subcritical
method) and 30 days-58 days
method).  Also,

previous researchers had studied the

(conventional

effect of microwave pretreatment on
lignocellulosic biomass using strong
base (NaOH) and
(H2S0y).
researcher investigating the influence
of the

strong acid

However, there is no

microwave pretreatment
method on water hyacinth for organic
fertilizer production using calcium
hydroxide solution. The objective of
this research was to study the effect
of microwave pretreatment at various
microwave levels of power, various
solvents concentration and times on
improving the digestion of water
hyacinth.
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METHODOLOGY

Material

The water hyacinth was collected
from Klong Yong district in Nakhon
Thailand. The

water hyacinth was then sun dried for

Pathom Province,

14 days and cut 3-5 cm long.

Microwave-assisted pretreatment
Microwave-assisted pretreatment
were performed using Microwave
(Anton

Multiwave PRO). The pretreatment

digestion  system Paar
was conducted using microwave
power 450 W, various type of
solvents (Distilled water, Sodium
Calcium

bicarbonate, and

hydroxide), different size of raw

material (size 3-5 cm long and size
0.1-0.5 cm long), various treatment
time (5, 10, 20, 30 minutes), at solid
to solvent ratio 1:10, and at 1.2%wt
solvent concentration. After cooling,
the content was filtered using filter
paper and %Brix of the filtrate was
measured using digital refractometer.
The filtrate contain of sugar solution
due to of the hydrolysis of cellulose
and hemicellulose produce sugar
(Joseph and Ronald, 2010).

Box-Behnken Design
The Box-Behnken design method
used for optimization. Factors and

levels for Box-Behnken design was:

Table 2 Variables and codes for Box-Behnken Design

Variables Codes Ranges and level
-1 0 1
Ratio x1 1:10 1:15 1:20
Concentration X2 0.1 %wt 0.55 %wt 1 %wt
Time x3 20 min 30 min 40 min
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Reducing sugar analysis

The reducing sugar analysis were
using 35 -
Dinitrosalicylic acid (DNS) (Miller,

1959). The reagent is a solution

performed

formed by the following compounds:
3.5 - Dinitrosalicylic acid which acts
as an oxidant, Rochelle salt (sodium-

potassium tartrate), which prevents

the dissolution of oxygen in the
reagent and sodium hydroxide to
provide the medium required for the

redox reaction to occur. The analysis

was conducted using UV VIS
Spectrophotometer at wavelength
540 nm.

Figure 1la Before pretreatment

Figure 1b After pretreatment
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RESULTS AND DISCUSSION
Effect of microwave pretreatment on
water hyacinth

Figure l1la showed dried water
microwave

hyacinth before

pretreatment. Figure 1b showed
water hyacinth after pretreatment
method. After pretreatment, color of
water hyacinth turned into dark
brown and has soft texture.

From table 3, range of experimental
temperature start from 175 °C to 222
°C and pressure was 20 bar.

Microwave heating heats polar
substances. Water is a strongly polar
substance. It can absorb microwave
irradiation, generate heat, and rapidly
microwave

vaporize during

irradiation. The rapid vibration of the
water molecules leads to a rapid
increase of the osmotic pressure,
which disrupts the cell wall of water
hyacinth. This process will change
and

structural composition

appearance of water hyacinth.

From table 3, the result showed
% brix of microwave pretreatment of
water hyacinth using different types
of solvent and various treatment
times. It showed that, using calcium
hydroxide solution and big size of
raw material (3- 5 cm cutting)

optimum result was obtained

compare to others.

o Brix

VW Big stee raw materind

—NaHCOX Big

INme in Minutes

size raw materin

| ——Ca{OH)2 Big slze raw material

Figure 2 Effect of microwave pretreatment on water hyacinth using calcium

hydroxide, sodium bicarbonate solution and distilled water
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From figure 2, for big size raw

material, when using calcium
hydroxide (red line) , the result
increase from 5 minutes treatment
time to 30 minutes treatment time.
When using sodium bicarbonate
(green line), the figure showed that
result increase from 5 minutes

treatment time to 20 minutes
treatment time, then decrease when
treatment time at 30 minutes. When
using distilled water (blue line), the
result decrease from 5 minutes
to 30 minutes

treatment time

treatment time.
From this result, using calcium
hydroxide gave the optimum result
compare to other solvents (distilled
water and sodium bicarbonate). And
using big size raw material (3-5 cm
cutting) also gave optimum result
compare to small size raw material

(0.1-0.5 cm).

Box-Behnken Design

From table 3 below, experimental
value obtained of % brix for Box-
Behnken design range from 1.8-5.4
%ebrix.

By using Microsoft Excel® 2013,
regression analysis model as shown

in Eq.1 below

Y=5.27-1. 11X1+ 0. 11X5- 0. 13X3-
0. 76Xi%- 1. 66X»%- 1. 88Xs2-
0.25X1 X»+0.48X1 X3-0.08X2 X3

Where Y is Experimental yield, X is

solid to solvent ratio, Xz is
concentration of calcium hydroxide
solution. And X3 is experimental
time. From regression analysis, value
of Multiple R is 0.987 found to be
statistically significant when
performing a hyphothesis testing
with significance level of 5%. The
value of R square (R? is 0. 975
indicates that 97.50% of variation in
%brix (y) can be explained by
variation of  concentration  of
solution, solid to solvent ratio, and

experimental time.

The 3D- response surface graphs
showed the interaction effect of
variables (concentration of solution,
solid to solvent ratio, and
experimental time) on % brix were

plotted and shown in figures 3-5.
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Table 3 Box-Behnken design of microwave-assisted extraction

No x1 = Solid X2 = X3 = Y = Temp
tosolvent Concentration  Time Yield (°C)
ratio (%Brix)
1 -1(1:10) -1(0.1%wt) 0(30) 3.4 196
2 1(1:20) -1(0.1%wt) 0(30) 1.9 184
3 -1(1:10) 1(1%wt) 0(30) 4.3 200
4 1(1:20) 1(1%wt) 0(30) 1.8 198
5 -1(1:10) 0(0.55%wt)  -1(20) 5.4 196
6 1(1:20) 0(0.55%wt) -1(20) 2 175
7 -1(1:10) 0(0.55%wt) 1(40) 3.7 222
8 1 (1:20) 0(0.55%wt) 1(40) 2.2 211
9 0 (1:15) -1(0.1%wt)  -1(20) 2.2 184
10 0 (1:15) 1(1%wt) -1(20) 2.4 187
11 0 (1:15) -1(0.1%wt) 1(40) 2.6 209
12 0 (1:15) 1(1%wt) 1(40) 2.5 212
13 0 (1:15) 0(0.55%wt) 0 (30) 5.2 209
14 0 (1:15) 0(0.55%wt) 0 (30) 5.3 210
15 0 (1:15) 0(0.55%wt) 0 (30) 5.3 209
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Figure 3 The 3D-graph showing the effect of concentration of solvent and

solid to solvent ratio on %brix at 30 minutes treatment time.
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Figure 4 The 3D-graph showing the effect of concentration of solvent and
treatment time on %brix at 1:15 solid to solvent ratio.
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Figure 5 The 3D-graph showing the effect of treatment time and 1:15 solid

to solvent ratio on %brix at 0.55%wt concentration of solution

The condition for

microwave

optimum
pretreatment  using
calcium hydroxide solution was
observed at the solid to liquid ratio as
1: 10,
hydroxide at 0. 55 % wt, and 30
minutes of extraction time, and %brix

was 5.74.

concentration of calcium

From  figure, higher  solvent

concentration and higher treatment

time at certain solid to solvent ratio,

the yield becoming lower. Also at
lower solvent concentration and
shorter treatment time, the yield was
also lower. This means important

factors for hydrolysis was the

concentration of solvent and

treatment time.

Reducing sugar analysis
The method showed linearity range
from 0.15-1.4 mg/ml with linearity

curve as in figure 5 below.
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Figure 6 Calibration curve for determination of reducing sugar in extract of

water hyacinth by MAE method using UV-Visible spectrophotometer

From the figure 6, value of Multiple
R is 0.996 found to be statistically
significant when performing a
hyphothesis testing with significance
level of 5%. The value of R square
(R?) is 0.9922 indicates that 99.22%
of variation in absorbance (y) can be
by of

concentration (x) and the calibration

explained variation
curve is represented as y = 0.1503x -
0.0567.

The amount of total reducing sugars
released from the substrate equated
to the effectiveness of the
pretreatment method (Das et al,

2015). Experimental amount of total

reducing sugar of water hyacinth

before and after  microwave
pretreatment was 27 mg/g WH and
54 mg/ g WH. The amount of
reducing sugar after microwave
pretreatment was obtained from

optimum condition.

Rezania et al (2019) number of
reducing sugar obtained was 25+ 1.5
mg/ g in untreated WH. Similarly,
Harun et al (2011) obtained 24.7 mg
sugar/ g dry matter of sugars in
untreated WH. Ethaib et al (2016)
number of reducing sugar obtained
was 15.56 mg/g and 6.45 mg/g of

dragon fruit foliage for microwave-
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pretreatment method using sodium
hydroxide and sodium bicarbonate
solution. Jongmeesuk et al (2014)
obtained reducing sugar from water
hyacinth 2.35 + 0.34 g/L using
sodium hydroxide solution. Rezania
et al (2019) obtained reducing sugar
from water hyacinth was 95 + 3.1
mg/ g of Water Hyacinth using
microwave-pretreatment and sodium

hydroxide solution.

CONCLUSIONS

Water hyacinth can be utilized for
many organic material, such as
organic fertilizer, bioethanol, and
many more. Water hyacinth can be
hydrolyzed using many pretreatment
methods and many solvent, one of
the method is microwave method
using calcium hydroxide solution.
Water hyacinth was hydrolyzed
using various concentration of
calcium hydroxide solution, different
treatment time, and various solid to
solvent ratio. And the optimum
condition obtained at solid to liquid
ratio as 1: 10, concentration of

calcium hydroxide at 0.55 % wt, and

30 minutes of extraction time with
total reducing sugar was 54 mg/g
WH. The reducing sugar using
calcium hydroxide solution was less
comparing to sodium hydroxide (95
mg/ g WH) (Rezania et al, 2019)
compare to sodium hydroxide,
calcium hydroxide is better for
making organic fertilizer due to
sodium hydroxide is toxic, corrosive
and irritating to the skin, eyes and

mucous membranes, and also it will

endanger environment (USEPA,
1992).
Microwave  pretreatment  using

calcium hydroxide solution can be
one of the method to hydrolysis
lignocellulosic material from water

hyacinth.
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ABSTRACT

This study aimed to distinguish microearthquakes from quarry blasts in order
to clarify seismic hazard situation in Lampang province. Complexity (C)
technique is regarded as an effective statistical approach for seismic
discrimination that quarry blasts generate larger P-wave energy than that of
earthquakes in specific time window. This technique was carried out utilizing
30 short period seismograms with local magnitudes of 1.0-1.9, recorded in
February 2019 by Thai Meteorological Department (TMD). The events posed
in vicinity of both the quarry and the fault rupture zone which associated with
the M4.9 earthquake in Lampang province. The suitable Complexity
parameters obtained from successive retrospective tests indicating the time
windows of t; = 3s and t, = 6s were appropriate in classifying seismic events
in the region. The seismic events in the mining area had C-value lower than
1.0 (in the range of 0.23-0.95) while the events with C-value higher than 1.0
(varies from 1.12 to 4.31) were located only within the aftershock zone of
M4.9 earthquake. The proposed criteria in this study were the seismic events
with C-value lower than 1.0 and higher than 1.0 be identified as quarry blast
and earthquake, respectively. The above criteria will be useful for seismic
discrimination, decontamination of earthquake catalogue, as well as seismic

hazard investigations, particularly for Lampang province.
1-84



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

Keywords: Discrimination,

province, Complexity

INTRODUCTION
The Indian-Eurasian plate collision

causes the tectonic activity, the
intraplate seismic sources, and the
seismogenic fault zones along the
intermountain basin of the northern
Thailand, such as Mae-Chan, Mae-
Tha, Phayao, Pua, and Thoen fault
zones. Thoen active fault has been
recognized as the significant seismic
source in
(Charusiri et al. 1998). The tectonic

geomorphology in the region (i.e.

Lampang province

triangular facet and shutter ridge)
illustrate obviously the Thoen fault
strikes mainly NE-SW direction that
aligns 120 km cross the area between
the Phrae basin to east and the
Mae Moh, and Thoen
basins to west (Charoenprawat et al.
1994). The rate of the last fault

movement in the region was 0.18

Lampang,

mm/year with a recurrence interval
for the large earthquakes of 1,700
2009).
Tectonically, Lampang province is

years (Pailoplee et al.

situated in the seismically active zone

with the accumulated seismotectonic

Microearthquake,

Quarry blast, Lampang

stress as expressed in Fig. 1. As a
result, a large number of shallow
crustal earthquakes have been
detected in Lampang province over
the last four decades. The latest event
was a M4.9 strike-slip faulting
February  2019.

Although the event is small in sense

earthquake in

of the earthquake magnitude, the
shallow of focal depth adjacent to the
densely populated zones cause the
shaking intensity is noticeable within
the areas covering approximately 50
km from the earthquake epicenter
with no significant damage or
casualties. However, the clusters of
microearthquakes were generated,
the more than 100 aftershocks have
been observed around the main shock
source that many people can be felt
and were panic. The historical
earthquake information, instrumental
seismic records including
paleoseismological evidence realized
that the Lampang province is an
earthquake-prone area. However,

there is the large quarry in the
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Lampang province, known as the
Mae Moh Mine. The observe seismic
waves could be originated from both
the quarry blast and active faults in
the region, referred as man-made
activity and earthquake hazard,
respectively. Therefore, in order to
clarify the seismic hazard situation,
this study aimed to discriminate the
seismic events in the region with
respect to suitable technique for

Lampang Province.

METHODOLOGY

The seismic events occurred
in Lampang province with the local
magnitude of 1.0-1.9 in February
2019 were employed in this study.
The magnitudes and locations of the
seismic events are provided from
Earthquake Observation Division of
TMD. We investigated
vertical components of velocity
seismograms
from 30 seismic events that were
recorded by the OMKO short period
station with a 148-km radius of the
Mae Moh The

seismicity and waveform data of 30

mining  area.

events are

shown in Table 1 and Fig. 2,
respectively. Complexity (C) is the
ratio of integrated powers of the
seismogram in the selected time
(Yoshida, 2016) as

illustrated in Eq. (1).

windows

Generally, the P-wave energy of a
quarry blast is greater than that of the
S-wave. C-value becomes larger for
earthquakes than for probable mining
blasts, since the P-wave amplitude on
the seismogram is larger than the S-
wave amplitude for mining blasts
(Horasan et al. 2009; Ogutcu et al.
2010). Based on the locations of the
events, we analyzed 15 probable
mining blast waveforms and 15
The
parameters of t; and t> were tested

earthquake waveforms.

retrospectively with 30 seismic
events as mentioned above. A long-
time window length of about 18 sec
depending on the distance to the
seismic source from the OMKO

seismic station.
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Fig. 1. Map of Lampang province showing the Mae-Moh mining area
(dashed circle) and epicenter of M4.9 (yellow star) along the active fault

zones (red lines).

1-87



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

tfsz(t)dt
c-b (1)

j S?(t)dt

ty
where S(t) denotes the signal
amplitude as a function of time (t).
The to, t1, and t2 are limits of the
integrals of C-value indicating the
window

time parameters  of

Complexity.

In this study, the parameters of t; and
t> were varied from 1 to 8 s with a
second stepping time window to
determine the best representative C-

values for discrimination of blasts

The
parameters were used to calculate the

and earthquakes. suitable
C-values for the 30 seismic events.
The plot of C-value versus the focal

depth of the probable mining events

and  earthquake revealing a
discrimination  line  that can
distinguish obviously the

independent seismic events into two

clusters.

Table 1. List of seismic events that were used in this study

Event no Date Origin time Latitude (N) Longitude (E) Mag
1 03-02-2019 04:23:56 18.33 99.72 15
2 03-02-2019 06:33:12 18.32 99.72 1.6
3 03-02-2019 07:20:59 18.32 99.73 15
4 04-02-2019 04:29:13 18.35 99.73 1.6
5 04-02-2019 09:45:24 18.35 99.72 1.8
6 12-02-2019 04:24:17 18.30 99.77 1.6
7 12-02-2019 04:41:58 18.35 99.73 15
8 13-02-2019 09:39:42 18.32 99.76 1.4
9 15-02-2019 07:47:10 18.33 99.72 1.6
10 17-02-2019 04:47:09 18.34 99.71 1.6
11 18-02-2019 04:37:20 18.35 99.73 1.7
12 22-02-2019 04:40:19 18.32 99.76 1.6
13 23-02-2019 05:19:19 18.35 99.72 1.3
14 25-02-2019 04:08:21 18.34 99.68 1.7
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Table 1. (Continued)

Event no Date Origin time Latitude (N) Longitude (E) Mag
15 26-02-2019 03:56:26 18.31 99.72 1.6
16 20-02-2019 05:01:55 19.26 99.58 1.0
17 20-02-2019 19:36:34 19.28 99.62 1.7
18 20-02-2019 21:02:43 19.29 99.63 15
19 20-02-2019 21:05:35 19.27 99.66 15
20 21-02-2019 19:02:36 19.26 99.62 1.9
21 21-02-2019 21:24:32 19.28 99.62 1.7
22 22-02-2019 15:02:18 19.25 99.61 15
23 22-02-2019 18:23:21 19.29 99.62 1.8
24 22-02-2019 18:59:00 19.29 99.64 1.7
25 22-02-2019 20:15:10 19.28 99.65 1.3
26 24-02-2019 00:24:20 19.24 99.62 1.6
27 25-02-2019 20:17:39 19.28 99.60 1.0
28 27-02-2019 04:13:45 19.26 99.57 1.9
29 27-02-2019 17:07:23 19.25 99.63 15
30 28-02-2019 21:08:57 19.25 99.62 1.9

RESULTS AND DISCUSSION

In this study, we analyzed 30 seismic
events with magnitude of 1.0-1.9
occurred in Lampang province in
February 2019. Complexity was
utilized to discriminate between
quarry blasts and earthquakes. The
suitable  parameters  for  the

discrimination obtained from
successive retrospective tests and
were applied to determine the C-
values of 30 seismic events indicating
the criteria for classifying the seismic
events in the region. The results

illustrate 30 seismic events could

reasonably be classified into two
clusters with the time window
parameters of t; = 3s and t> = 6s. The
events located within Mae Moh
mining zone, C-values would be only
lower than 1.0 in the range of 0.23-
0.95 while the events with C-values
be higher than 1.0 (varies from 1.12
to 4.31) generated only within the
aftershock zone of M4.9 earthquake
in Lampang province. The plot of C-
value versus the focal depth of the
probable  mining events and
earthquake reveal a discrimination
1.0 was

line of C-values =
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appropriate for discrimination of the
seismic events, which all of quarry
blast are placed below the
discrimination line while most of
earthquake located above the line as

illustrated in Fig. 3. However, some

earthquakes remained below the line

of discrimination indicating the
events were not completely
discriminated by a Complexity

approach in the region.
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Fig. 2. The seismograms of 30 seismic

This is a limitation of Complexity for
classifying the
(Ogutcu et al. 2010; Yilmaz et al.
2012). The limitation should be

clarified using the increasing seismic

seismic  events

data in further study. According to

events that were used in this study.

the seismic events in Lampang
province, discrimination of quarry
blasts from earthquakes using
satellite images may not be accurate
since the quarries are situated along

active fault zones in Lampang region

1-90



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

as well as the seismic events with
magnitude less than 2.0 were not
precisely reported by TMD network.
Additionally, the discrimination by

using the occurrence times is difficult

since the information regarding the
location and blasting time from
quarries have not been reported to

TMD on a regular basis.

10 —

0.1 1 ‘ 1

o)
B 0
2 o
>
5 1
-2
: # o
O o)

A Events in the vicinity of quarry
O Aftershock sequence

Focal depth (km)

10

Fig. 3. Distribution of Complexity for the seismic events in Lampang

province with the discrimination line (dashed line) obtained from this study.

CONCLUSIONS

The presence of the quarries along
the active fault zones in Lampang
province caused the significant
contamination of the earthquake
catalogue by blasts as well as
misinterpretation of the present-day
seismotectonic activities. In order to
the hazard

clarify earthquake

situation in Lampang province,

Complexity approach with the
suitable parameters was employed to
discriminate the seismic events in the
region. The obtained results lead to
the conclusion as follows:

i)  Suitable

Parameters for Lampang province

Complexity

were derived in order to discriminate
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the seismic events in the region. The
time window parameters of t; = 3s
and t> = 6s can reasonably distinguish
seismic events within mining zone
and the earthquake within aftershock
zone of M4.9 main shock.

i) The C-value of 1.0 is
appropriate sufficiently to distinguish
seismic events in the mining area (C
< 1.0) while the events with C-value
higher than 1.0 were located within
the aftershock zone of M4.9
earthquake.

iii) The plot of C-value versus
depth

earthquakes are placed below a

focal indicates  some
discrimination line of C-value of 1.0
representing the limitation of
Complexity that the events were not
completely discriminated in the
region.

iv) Discrimination of
earthquakes from quarry blasts in
Lampang province using simple
i.e.,, satellite

criteria, images,

occurrence times, may not be
accurate since quarries are located
along the active fault zone as well as

the insufficiency of information

regarding the location and blasting

time from quarries in the region.
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ABSTRACT
Wide applications of silver nanoparticles (AgNPs) could possibly lead to the
release into the environment. Environmental bacteria are normally living
together in a protective layer of extracellular polymeric substances (EPS)
called biofilms. The toxicity of AgNPs probably results in the unfavorable
conditions for biofilm formation, causing the reduction of biofilm biomass and
consequently the activities beneficial to the ecosystem. The objective of this
research is to study the effect of various concentrations of AgNPs on the
formation of gram-negative and gram-positive bacteria. By using soil bacteria,
Pseudomonas putida KT2440 and Bacillus subtilis, as the representatives of
environmental bacteria. The experiments were conducted in a 96-well plate
with the presence of AgNPs (average size of 5-20 nm) at the concentrations
of 0, 0.1, 0.5, 1, 10, 50, 100, 500 and 1000 mg/L. The plate was incubated at
room temperature for 48 h, and biofilm formation was measured by crystal
violet staining throughout the incubation period. The growth curve of biofilm
formation under different AgNP concentrations was conducted. The results
showed that AgNPs at 10 and 50 mg/L resulted in the formation of P. putida

KT2440 biofilms similar to the control (0 mg/L) while the formation was
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inhibited completely at the AgNP concentrations of 100, 500 and 1,000 mg/L.
Interestingly, AgNPs at low concentrations of 0.1, 0.5 and 1 mg/L could
increase P. putida KT2440 biofilm formation compared with the control.
Differently, AgNPs at the studied concentrations only inhibited B. subtilis
biofilm formation, and no increased formation of biofilms was observed. The
findings from this study can be used in the determination of AgNP impacts on
environmental biofilms of both gram negative and positive bacteria.

Keywords: Silver nanoparticles, Biofilms, Extracellular polymeric
substances
Bacteria in nature often live in the

INTRODUCTION form of biofilms, which are clusters

] ) of bacteria forming on surface b
Silver nanoparticles (AgNPs) are g y

. . . assembling the cells within the
widely used as antimicrobial agents
extracellular polymeric substance

(EPS). In both natural water and

in various consumer products for
environmental, medical, and
. . - wastewater systems, bacteria form
industrial applications (Dorobantu et

al., 2015; Duran et al., 2016). Since

AgNPs possess  antimicrobial

biofilms to promote nutrient
diffusion and uptake for growth, to

. . survive in diverse conditions, or to
properties (Garuglieri et al., 2017),

. . protect themselves from harmful
the widespread uses can possibly

substances (Flemming et al., 2007;
Jamal et al., 2015; Donlan, 2002).

release high loads of AgNPs into
wastewater and natural water

environment (Angel et al., 2013).

) ) AgNPs with strong activity are
AgNPs in the environment could g 9 Y

. capable of eradicating the wastewater
suppress the growth and activity of

. . i i i biofilms, changing the biofilm
various microorganisms including

) . structure, and reducin the
bacteria, yeast, and algae (Gutierrez g

tewater treat t ability. Al
etal,, 2013; Dorobantu et al,, 2015),  westewater treatment ability.-Also,

AgNPs that accumulate in the soil
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will reduce the activity and diversity
of bacteria (Morones et al., 2005;
Nadell, 2009; Samarajeewa et al.,
2017).

The concentrations of AgNPs found
in wastewater or natural water might
be possibly low and did not
completely eradicate the biofilms
(Melissaetal., 2013). However, these
low or sub-lethal concentrations of
AgNPs could still have an impact on
the process of biofilm formation, and
research in this area is still limited.
Therefore, the objective of this
research is to study the effect of
various concentrations of AgNPs on
the process of biofilm formation of
gram-negative and gram-positive
bacteria.  Firstly, the sub-lethal
concentrations of AgNPs that did not
inhibit
chosen. After that, the impact of

biofilm formation were

AgNPs on the alteration of biofilms

was determined from biomass

production.

METHODOLOGY

Bacterial culture preparation

P. putida KT2440 (ATCC 47054), a
gram-negative bacterial strain, was
(LB)
medium at 30°C. Bacillus subtilis
(TISTR1248 and TISTR1451), gram-
positive
cultivated in Nutrient Broth (NB)
medium at 37

cultivated in Luria-Bertani

bacterial strains, were
°C. Before each
experiment, all strains were shaken
overnight corresponding to their
media and temperature at 100 rpm of
shaking speed. The cell suspension
was centrifuged at 7000 rpm for 1
min and the cell pellet was washed
twice with 0.85% NaCl solution. The
cell suspension was prepared by
adding 0.85% NacCl to the pellet and
adjust the optical density at 600 nm
(ODeo) of the suspension to 0.4. This
is to ensure the same starting number
of cells (107 CFU/ml) in each biofilm

experiment.

AgNP preparation
The

obtained

commercial  AgNPs

Prime

was
from Nano
Technology (Bangkok, Thailand).

According to the manufacturer, the
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AgNPs are rounded-shape with the
size range between 5-20 nm and the
of 10,000 mg/L.
Before use, the AgNP suspension
diluted to the

concentration
was desired

concentrations using sterile de-

ionized (DI) water.

Biofilm experiment

Biofilm formation was conducted in
a polystyrene, flat-bottom, 96-well
plate. Each well (200 ul) contained
the cell suspension, LB (0.5X) or NB
(0.5X) medium, DI water, and with or
without the AgNP suspension. DI
water was used to adjust the volume
and dilute AgNPs to the required
concentrations (0, 0.1, 0.5, 1, 10, 50,

100, 500 and 1000 mg/L). The plate
was incubated at room temperature
for 48 h. Every experiment was
with wells

conducted three

representing three replicates.

At each sampling time, after the
the media was
before  the

biofilms formed,
carefully  removed
biofilms were slowly rinsed twice
with 0.85% NaCl.

amount was determined by crystal

The biomass

violet (CV) staining, which was then
measured at the absorbance of 600
nm (Aeoo) according to Thuptimdang
et al. (2015). The appearance of

biofilms before and after CV staining

is shown in Figure 1.
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RESULTS AND DISCUSSION

Determination of  Minimum
Biofilm Inhibitory Concentration
(MBIC) of AgNPs

that

range, a  preliminary

experiment was conducted to
determine the minimum biofilm
inhibitory concentrations (MBIC)
of AgNPs. Pseudomonas putida
KT2440 were exposed to different
concentrations (a series of half-
dilutions) of AgNPs in the 96-well
plate for 12 h to allow biofilm
formation. The results showed that
the MBIC of AgNPs was 62.5
mgl/L,
below 62.5 to 0.12 mg/L were sub-

and the concentrations
lethal to biofilms, showing similar
biofilm formation compared with
the control (0 mg/L) (Figure 2).
The MBIC from this study is
higher compared to the study of
another gram-negative bacteria, E.
coli AB1157 (Radzig et al., 2013),
which showed the sub-lethal
concentrations of AgNPs between

0.10 to 0.15 mg/L. This might

1-98

The objective of this study was to
determine the effect of AgNPs in
the range of sub-lethal
concentrations. In order to find

suggest higher AgNP tolerance in
KT2440 Dbiofilms.
According to the data from this
experiment, the
below MBIC (0.1, 0.5, 1, 10, and
50 mg/L) and above MBIC (100,
500, and 1,000 mg/L) were

selected for further experiments.

P. putida

concentrations
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Figure 2 Effect of different AGNP concentrations on Pseudomonas putida
KT2440 biofilm formation at 12 h.

Effect of AgNPs on P. putida KT
2440 biofilm formation

The 48-h growth curve of biofilm
formation was conducted under
different  AgNP
(below or above the MBIC). The
results showed that the effect of

AgNPs can be divided into three

concentrations

groups (Figure 3): inhibition of

biofilm formation, no effect on

biofilm formation, and increased
biofilm formation. Above the MBIC
level (100, 500, and 1,000 mg/L), P.
putida KT2440 biofilm formation
was inhibited, resulting in no biomass
or less biomass compared with the
mg/L). For the

concentrations below the MBIC,

control (O

AgNPs at 10 and 50 mg/L showed no
effect on the formation of P. putida
KT2440 biofilms, resulting in similar
formation compared with the control.
Interestingly, AgNPs at sub-lethal
concentrations of 0.1, 0.5 and 1 mg/L
could increase P. putida KT2440
biofilm formation. This finding has
previously been observed in the study
by Yang and Alvarez (2015), which
showed the increased formation of
Pseudomonas aeruginosa PAOI1
biofilms when exposed to AgNPs at
low concentrations. This study is the
very first report on the promotion of
P. putida biofilms by AgNPs. The
finding from this study will be useful

in the determination of AgNP effect
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on environmental biofilms. Small
concentrations of AgNPs might not
be harmful to environmental biofilms
since the promotion of biomass can

be expected. However, the activities

in the promoted biofilms need to be
studied further to confirm whether
there is no adverse effect of sub-
lethal AgNPs on biofilms.

0.8 1 —=—0.1 mg/L
...... 0.5 mg/L
0.6 --a- - 1mg/L
e 10 mg/L
§ 0.4 --o--50mg/L
< —+— 100 mg/L
24 A — NPT e 4 500 mg/L
--4-- 1000 mg/L
0 : : : : : :
6 12 18 24 36 48
Time (h)

Figure 3 Effect of AgNPs on Pseudomonas putida KT2440

biofilm formation.

Effect of AgNPs on B. subtilis
biofilm formation

This part of the study was to
determine whether the sub-lethal
of AgNPs

increase the biofilm formation of the

concentrations could
gram-positive bacteria: B. subtilis
TISTR1248 B.
TISTR1451. The experiments were

and subtilis
conducted in a 96-well plate in the
similar manner as P. putida KT2440
with  different temperature and
growth media as described in the
method section. The growth curve of

B. subtilis biofilm formation under

different AgNP concentrations was
conducted (Figure 4). The results
showed that AgNPs at the studied
concentrations only showed no effect
(concentrations below MBIC: 0.1,
0.5, 1, 10, 50 mg/L) or slightly
inhibited  B.
formation  (concentrations
MBIC: 100, 500, 1,000 mg/L), and

no increased formation of biofilms

subtilis  biofilm

above

was observed as in P. putida KT2440
biofilms. The results also showed that
the impact of AgNPs on bacterial
biofilms depend on the strain type
(gram-positive or gram-negative). On
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the other hand, Gambino et al. (2015) low amount of B. subtilis biofilm
found more polysaccharide formation (Branda et al.,, 2001);
production in the biofilms of B. therefore, the small increase or
subtilis wild type strain Cul065 after  decrease in biofilm formation that
exposed to 1 and 10 mg/L of AgNPs, might be affected by AgNPs could
which was not observed in this study. not be measured by the crude method
This difference might be due to the like CV staining used in this study.

——0 mg/L

o " —=—0.1 mg/L
- 1 mg/L
4\39 bos | - % - 50 mg/L
—— 100 mg/L
--4-- 1000 mg/L
0.00 '
6 12 18 24 36 48
0.10 1 (B)
§0.05
.
0.00 ‘
6 12 18 M4 36 &8
Time (h)

Figure 4 Effect of AgNPs on B. subtilis biofilm formation:
(A) B. subtilis TISTR1248 and (B) B. subtilis TISTR1451.
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CONCLUSIONS
Effects of AgNPs on P. putida and B.
subtilis  biofilm formation were
observed in this research. The data
showed that biofilms from gram-
negative bacteria were more resistant
to AgNPs than

bacteria, which was proved by the

gram-positive

biofilm
AgNPs
concentrations of 0.1, 0.5 and 1

increased biomass of

formation at low
mg/L. The findings from this
research will help elucidating the
impact of AgNPs on wastewater and
environmental biofilms. In
wastewater systems, more biomass
production of biofilms caused by
AgNPs

biofouling.

could lead to more

However,  bacteria
effective in producing EPS might be
an important indicator to detect the
AgNPs in

environment since they will be able

contamination  of

to withstand AgNPs and produce

more biomass.
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ABSTRACT
Some physicochemical parameters and adult caddisfly specimens were
sampled using portable black light traps at Angkaew (approximately 50 years
old) and Tart Chompoo (3 years old) reservoirs, during October 2018 to
February 2019. Air and water temperature, pH, total dissolved solids,
electrical conductivity, biological oxygen demand, dissolved oxygen, and
wind speed were measured for 3 replications per site. Both reservoirs had the
significant difference (p< 0.05) of air and water temperature, pH, electrical
conductivity, total dissolved solids, orthophosphate, and wind speed. For
example, the mean values of electrical conductivity at Angkaew and Tart
Chompoo reservoirs were 116.4 and 226.0 uS cm™ respectively. Angkaew
was significantly lower of pH than Tart Chompoo, which was 6.94 and 7.61
respectively. A total of 487 adult male caddisflies were collected from the
sampling sites representing 2 species, Dipseudopsis robustior and
Amphipsyche meridiana. D. robustior contained the highest number of species
at Angkaew reservoir (217 individuals, 44.6%); while Tart Chompoo
consisted of (143 individuals, 29.4%). On the other hand, A. meridiana
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contained (72 individuals, 14.7%) at Angkaew; and (55 individuals, 11.3%) at

Tart Chompoo reservoir. Results from correlation showed that air temperature,

is the physicochemical factor to affect the abundance of both caddisfly

species.

Keywords: water quality, Trichoptera, newly created reservoir

INTRODUCTION

Reservoirs, or dams, are man-made
bodies of open water serving as
public water supply sources, as
winter storage for crop irrigation or
as flood storage facilities. Reservoirs
are among the more useful means of
controlling the natural character of
water flows, instead of depending on
nature (Votruba, and Broza, 1989).
Agquatic habitats are greatly altered
by construction of reservoirs from
running rivers, to deep standing
waters which are not suitable for
original organisms (Thapanya et al.,
2013).

Trichoptera, or caddisfly are
holometabolous insects with aquatic
larvae, pupae, and terrestrial adults.
The order is the largest diverse insect
order  presenting  the
They

suborders: spicipalpia, annulipalpia

aquatic

ecosystems. include three

and intergripalpia each  one
containing 4, 8, and 33 families,
respectively (Makekei-Ravasa et al.,
2013). A. meridiana belongs to the
family Hydropsychidae and is widely
distributed in the Oriental region
including Thailand. It is an aquatic
species that inhabits lake outlets; is
light brown to yellowish in color, and
can be distinguished under the
microscope by a black spot on the
wings. D. robustior is a species of
Trichoptera in the family
Dipseudopsidae which can also be
found in the Oriental area. It has a
chestnut brown color and the
genitalia of all species are totally
alike. Another distinguishing feature
is a tusk like organ in the mouth part
when viewing under the microscope.
The known caddisfly fauna of
Thailand

belonging to 28

includes, 1,004 species

families
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(Chantaramongkol et al., 2010,
Malicky, 2010). Adults have been
studied widely because they are
easily collected by light traps. Genus
and species level identifications of
adult caddisflies are possible and
clearly produce more accurate results
than the family level identification,
thereby giving better ability to assess
the change of water quality (Prommi
et al., 2014). Previous studies on the
use of adult caddisflies as
bioindicator of water quality in
Thailand have been reported by
Chiabu,

Prommi

Laudee, Cheunbarn, and

and Thamsenanupap
(Prommi et al., 2014). Caddisflies
were chosen for this study because
they are usually more diverse than
other aquatic insect orders, and are
academically recognized as a good
indicator in aquatic ecosystem. The
objective of this study is to compare
the physicochemical parameters and
caddisfly communities between the
old and new reservoirs, in order to
provide knowledge on the properties
of water in the newly created

reservoir.

MATERIALS AND METHODS
2.1. Study site

The study was conducted at Angkaew
(18°48'24"'N, 98°56'59"E) and Tart
Chompoo (18°48'13"N,
98°56'53"E) Chiang Mai University
campus. A total of 5 study sites were
located at both 3 at

reservoir

reservoirs,
Angkaew and 2 at Tart Chompoo.
Angkaew, the main reservoir which
is approximately more than 50 years
old can hold 300,000 cubic meters of
water and usually dries up during the
dry season; while Tart Chompoo, the
new reservoir is about 3 years old and
can hold up to 100,000 cubic meters
of water. The main source of water of
both Doi  Suthep.

Angkaew reservoir receives water

reservoirs is
from Huai Kaew and Kookaew
streams, whereas Tart Chompoo
receives water from Mae Ra Npong
stream and a household waste water
pipe that empties into the reservoir.
The substrate at Tart Chompoo is
rocky and consists mainly of stones
and sand, while on the other hand,
substrate at Angkaew is rather muddy
consisting of clay and silt. Both

reservoirs are characterized by
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human activities which has potential
for input of waste water run-off. At
each site, samples were collected

2.2. Physicochemical analysis

Some physicochemical parameters
such as air and water temperature,
pH,

dissolved solids, dissolved oxygen,

electrical conductivity, total
biological oxygen demand, and wind
speed each had 3 replicates; while
other physicochemical parameters of
water quality at both reservoirs were
recorded at sampling sites. These
pH,

dissolved solids (TDS), and electrical

parameters include: total
conductivity (EC), were measured
using the multi parameter analyzer.
Water and air temperature was
measured by means of a glass
thermometer, percentage humidity
was calculated using a wet and dry
thermometer; dissolved oxygen (DO)
and biological demand
(BOD) was measured using APHA
4500-O C Azide

method in laboratory. Ammonia-

oxygen

modification

nitrogen was determined by means of
Nessler method with powder pillows
using Hach DR 2000 Direct

Spectrophotometer, nitrate-nitrogen

once every month from October 2018
to February 20109.

by cadmium reaction method with
powder pillows using Hach DR
Direct Spectrophotometer; while
ortho-phosphate was measured by
PhosVer 3 (Ascorbic Acid) method
with powder pillows using Hach DR
2000
Turbidity was also measured by the
Hach DR 2000

spectrophotometer

Direct  Spectrophotometer.
Direct
using
absorptometric method, while wind
speed was determined using an

anemometer.
2.3. Adult Trichoptera collection

Adults were collected using portable
black light traps (12 volts DC
motorcycle batteries), and 10 watts
fluorescent tube suspended across a
pan containing water and detergent
solution. Light traps were set up
before sunset and collected the next
morning. Insects that were attracted
to the black light were collected in the
detergent solution and transferred
into 95% ethyl alcohol until sorting,
and later preserved in 80% ethyl

alcohol. Specimens were examined
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under a stereomicroscope, and adult
caddisfly males were used for making
species determinations. ldentification

of species was carried out at the

2.4. Data analysis

Paleontological Statistics
(Past3version 2.22) was used to
determine  statistical  differences
between the means of the five
sampling sites at both old and new

reservoirs.
RESULTS AND DISCUSSION
3.1. Physicochemical variables

Results of physicochemical

variables at Angkaew and Tart

species level using Malicky, 2010.
Species counts from collections were

later summed and recorded.

Chompoo reservoirs are provided in
Table 1. Air and water temperature,
pH,

dissolved solids, and orthophosphate;

electrical conductivity, total
with a physical parameter wind speed
were significantly different (p<0.05)
during the period of sampling;
whereas biological oxygen demand,
dissolved  oxygen, percentage
humidity, ammonia- nitrate, nitrate-
nitrogen,  orthophosphate,  and
turbidity were not of significant

difference (p>0.05)

Table 1 Mean £ SD physicochemical water quality parameters at Angkaew

and Tart Chompoo reservoirs from October 2018 to February 2019

Phtsico- Angkaew
chemical
Oct Nov Dec Jan Feb
Parameter

Air temperature 33.0 30.0 25.1 29.3 34.0

C) £0.0 £19 +8.8 +0.5 +0.1
Water 317 26.4 24.7 239 25.3
temperature +0.6 +1.9 2.0 +1.4 +1.8
(°C)
pH 9.05 5.71 6.36 6.16 7.40
$0.09  #352  #3.27  #312 2021
Electrical 87.0 1239 1159 1137 1414
Conductivity 3.2 1759 722 4654  £100.5
(uS/cm)
Total Dissolved 46.9 67.0 61.5 61.4 73.0
Solids +35 417 386  $352 2510
(mg/1)

Tart Chompoo

Avg = SD
Oct Nov Dec Jan Feb
Ang Tart
27.0 26.5 24.7 27.4 33.2 30.3 27.7
+35 +0.0 0.7 +0.3 +0.1 +351 +3.22"

32.0 26.0 26.6 25.7 26.7 26.4 27.4
0.0 +1.1 +1.1 +1.6 0.3 +3.09 +2.61"

9.08 6.21 7.06 7.04 8.64 6.94 7.61

+0.10 +3.87 +3.14 +3.12 +0.06 +1.34 +1.20"
175.7 162.8 174.0 297.8 319. 116.4 226
+1.5 +22.1 +15.7  +115.6 +136.0 #1972  +76.04"
92.7 88.0 93.5 158.7 1725 62.0 1211
+0.6 +11.3 9.0 +61.7 +76.4 +9.66 +40.98"
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Dissolved 117 55 75 75 8.3
Oxygen (mg/l) +0.3 +3.6 +4.8 +5.6 2.2
Biological 25 3.2 4.46 2.9 6.1
Oxygen 0.1 £2.0 2.8 2.2 £1.3

Demand (mg/1)

Percentage 75.0 70.0 482+  40.7%
Humidity +4.2 +0.0 39.5 10.8
Ammonia 0.05 0.12 0.11 0.42 0.57
Nitrate (mg/l)

N NHs Ness

Nitrate 1.6 1.9 2.1 35 32

Nitrogen (mg/l)

N NOz H

Ortho 0.22 0.20 0.25 0.30 0.32
Phosphate

(mg/l) PO PV

Turbidity 16.67 2.50 3.44 3.56 7.67
(FTU) $153  +4.28 546  #581  #3.79
Wind speed 1.48 1.91 2.65
(m/s) 040  +100 054

10.6 5.6 6.9 6.9 9.6 8.1 7.9
+0.4 +3.5 +3.1 +3.1 +1.7 +2.2 +2.1

2.7 2.7 2.9 3.0 54 3.8 33
+0.4 +1.7 1.3) +1.4 1.2 15 +1.1
81.5+ 91 61.2+ 39.1% 58.5+ 68.2
35 +0.0 125 8.5 16.6 +23.0

0.07 0.09 0.09 0.38 0.41 0.25 0.21

+0.23 +0.17
2.4 19 2.6 1.9 2.7 2.5 2.3
+0.8 +0.4

0.15 0.24 0.16 0.24 0.27 0.26 0.21

+0.05 +0.05"
20 7.50 9.50 10.50 4.50 6.77 10.40
+1.00 +3.54 +2.12 +0.71 +2.12 +5.88 +5.84

0.66 0.90 1.98 2.01 1.18
+0.39 +0.40 +0.24 +0.59 +0.70"

*: Indicates significant difference (p<0.05), PAST

Ang: Angkaew and Tart: Tart chompoo

The average air temperature at both
areas were
(p<0.05).
reservoir had an average temperature

of 30.3 °C. The highest average

study
different

significantly

Angkaew

temperature was 34.0 °C in February
2019, while the lowest was 25.1°C in
2018. Tart

reservoir had an average temperature

December Chompoo
of 27.7 °C. The highest average air
temperature in February 2019 was
33.2 °C, and lowest of 24.7 °C in
December 2018.

Average water temperature at all sites
were significantly different (p<0.05).

The average temperature at Angkaew

reservoir was 26.4 °C. The highest
temperature was observed in October
which was 31.7 °C; while the lowest
was 23.9 °C in January 2019. On the
hand,
temperature at Tart Chompoo was
27.4 °C. The month of October 2018
had the highest temperature which
32.0
temperature of 25.7 °C was observed

other the average water

was °C, while a lower

in January 20109.

pH was significantly different at both
study areas (p<0.05). The average pH
at Angkaew reservoir was 6.94; with
highest average of 9.05 in October
2018, of 571 in

and lowest
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November 2018. At the same time,
the average pH at Tart Chompoo was
7.61. the highest average was 9.08 in
October 2018, while the lowest was
6.21 in November 2018.

The average electrical conductivity at
both
different

reservoirs was significantly
(p<0.05).
reservoir showed average value of
116.4 pS/cm. February 2019 had the
highest value of 141.4uS/cm, and a

Angkaew

low value of 87.0 uS/cm in October.
Tart Chompoo had an average
electrical conductivity of 226.0
puS/cm; with highest average of 319.5
puS/cm in February 2019, and lowest

of 162.8 puS/cm in November 2018.

The phenomenon of higher electrical
conductivity was observed at Tart
Chompoo because sediment at this
reservoir is made of stone, which
might have basic properties that can
cause higher conductivity. Moreover,
there was some contamination from

dissolved ions.

Orthophosphate was significantly
different at both sites (p<0.05).

Angkaew reservoir had an average of

0.26 mg/l, whereas Tart Chompoo
had an average value of 0.21 mg/I.

The average total dissolved solids at
both study areas was significantly
different (p<0.05).
had an average

Angkaew
reservoir total
dissolved solids of 62.0 mg/l. The
highest value was 73.0 mg/l in
February 2019, while the lowest was
46.9 mg/l in October 2018. Tart
Chompoo reservoir’s average total
dissolved solids was 121.1 mg/l; with
the highest value of 172.5 mg/l in
February 2019, and lowest of 88.0

mg/l in November 2018.

The average physical parameter of

wind speed was significantly
different (p<0.05). The average at
Angkaew reservoir was 2.01 m/s;
with the highest of 2.65 m/s in
February 2019, and the lowest of 1.48

m/s in December 2018.

On the overall, Tart Chompoo

reservoir ~ showed higher average
mean values for water temperature,
pH, electrical conductivity, and total
dissolved solids than Angkaew,
indicating that Tart Chompoo is

hotter than Angkaew reservoir. This
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can be due to the lack of vegetation,
native trees and shrubs around the
reservoir, which provide shade and
help reduce extreme temperature.
High electrical conductivity was
observed at Tart Chompoo due to
elevated temperatures owing to the
fact that electrical conductivity is
dependent on temperature. Even
though in the case of this study it is
expected that Angkaew which is the
older reservoir, should be more stable
than Tart Chompoo the new reservoir
in terms of water quality and

biodiversity. Environmental factors

3.2. Adult caddisflies survey

A total of 487 adult Trichoptera
representing 2 species; Dipseudopsis
ULMER 1929
Amphipsyche ULMER
1909 were collected by light traps
(Fig. 1). D. robustior showed the

robustior and

meridian

greatest number of individuals

(73.9%, 360 individuals) at both
reservoirs; whereas A. meridian

showed a lower amount of
individuals (26.1%, 127 individuals),

therefore making D. robustior a high

such as clearing of vegetation, waste
water run-off, and eutrophication
which leads to algae bloom are
among the main factors affecting the
biodiversity and water quality of both

reservoirs regardless of their ages.

The number of caddisfly diversity
found in this study were far less than
that of previous studies. For example,
Prommi and Thani, 2014. This is
because most caddisfly species are
known to proliferate in lotic than

lentic ecosystems.

abundance species and Angkaew

reservoir the site with higher
abundance. During the course of the
study October and November were
months of high abundance for both
species; while on the other hand,
December- February were months of
low abundance which can be
associated with seasonal changes.
Another reason for low abundance at
is the

Tart Chompoo reservoir

construction of street lights which
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attracted more caddisflies than the

light trap.

Caddisfly population graph

N
olelstels)
.
|

October
November
December

January

February

Angkaew reservoir

m D.robustior

October
November
December

January

February !

Total population

Tart Chompoo reservoir

A.meridiana

Figure 1 Overall number of individual caddisfly species collected at Angkaew

and Tart Chompoo reservoirs during October 2018 to February 2019.

3.3. The correlation between

Trichoptera species and

physicochemical variables

Pearson’s correlation coefficient (1)
relationship between Trichoptera and
physicochemical variables are shown
in Table 2.

Correlation values between the range
of 0.000- 0.299 are considered weak,
0.300-0.499 moderate, and 0.500-
1.000 strong (Bootdee et al., 2016).
Both Amphipsyche meridiana and

Dipseudopsis robustior exhibited a

positive  correlation  with  all

parameters. There was a weak
correlation with A. meridian and
water temperature, biological oxygen
demand, ammonia-nitrate, nitrate-
nitrogen, orthophosphate, turbidity,
This

results

and wind speed. finding

corresponds  with from
(Prommi and Thani, 2014) which
proposed A. meridiana as a taxon
intolerant to  ammonia-nitrogen,

nitrate-nitrogen, orthophosphate, and
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turbidity of water as seen in this
study. There was a strong correlation
between air temperature, and A.
meridian. Other parameters such as:
pH,
dissolved solids, dissolved oxygen,

electrical conductivity, total
and percentage humidity had a
moderate correlation. On the other
hand, D.
correlation with water temperature,
pH,

dissolved solids, dissolved oxygen,

robustior had a weak

electrical conductivity, total

biological oxygen demand,

ammonia-nitrate,  nitrate-nitrogen,
turbidity, and wind speed. Air
temperature, percentage humidity,
and orthophosphate had a moderate
correlation. There was no strong
correlation found to exist between D.

robustior and any parameter.

The present study shows that higher
air was the suitable condition for the
flight of A.

meridian, while

orthophosphate appears to
moderately affect the population of
The high
orthophosphate levels were found
during October 2018, December
2018, and February 2019 at Angkaew

reservoir which was concurrent to the

D. robustior.

high population of emerging adult
caddisfly especially in October 2018.
The concentrations of phosphate in
Angkaew reservoir were higher than
that of Tart Chompoo.
Orthophosphate concentrations at
Tart Chompoo were close to the
concentration of orthophosphate in
natural stream such as headwater
stream of Mae Ngat Dam, Chiang
Mai 2013).

Therefore, phosphate concentrations

(Thapanya et al.,

should be monitored on a long-term
basis in order to keep the water
quality of both reservoirs in the good

condition
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Table 2 Pearson’s correlation between parameters of water quality and

Trichoptera species during sampling interval at Angkaew and Tart Chompoo

reservoirs.
Parameters Amphipsyche
Meridian
Air temperature 0.79636"
Water temperature 0.034341
pH 0.4941
Electrical conductivity 0.34622
Total dissolved solids 0.34898
Dissolved oxygen 0.43939
Biological oxygen demand 0.172
Percentage humidity 0.43681
Ammonia nitrogen 0.089397
Nitrate nitrogen 0.18841
Orthophosphate 0.072772
Turbidity 0.077837
Wind speed 0.053121

*: Indicates strong correlation, PAST

CONCLUSION

The physicochemical parameters that

were of significant difference

(p<0.05) are: air and water
temperature, pH of water, electrical
conductivity, orthophosphate, and
wind speed; while dissolved oxygen,

biological oxygen demand speed;

Dipseudopsis robustior

0.47081
0.0018
0.093957
0.21558
0.21774
0.037601
0.077712
0.37992
0.085645
0.11357
0.31767
0.019921

0.11437

percentage  humidity, ammonia

nitrogen, nitrate nitrogen,
orthophosphate, and turbidity were
not significantly different (p>0.05).
From results gathered throughout the
study, there was a total of 487

caddisflies representing 2 species

1-114



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

that were collected at Angkaew and
Tart reservoirs
October 2018 to February 2019. A.

meridian

Chompoo from

increased when the air
Other

physicochemical factors such as pH,

temperature increased.

electrical conductivity, total
dissolved solids, dissolved oxygen,
and percentage humidity also affect
the above mentioned species. On the
other hand, D. robustior was affected
by air temperature, percentage
humidity and orthophosphate; and
intolerant to water temperature, pH,
electrical conductivity, total
dissolved solids, dissolved oxygen,
biological

oxygen demand,

ammonia-nitrate,  nitrate-nitrogen,
turbidity, and wind speed. It may be
preferable to use a single insect order
for adult bio monitoring. Caddisfly

American Public Health Association, and
American Water Works Association.
(1989).

examination of water and wastewater.

Standard methods for the

American public health association.

Bootdee, S., Chantara, S., and Prapamontol,
T. (2016). Determination of PM2.5
and polycyclic aromatic hydrocarbons
from emission burning for health risk
assessment. Atmospheric Pollution

Research, 7 (4), 680-689.

(Trichoptera) are an ideal taxon since
they can be found in many types of
aquatic ecosystems, and can be
sampled without much effort and

difficulty.

ACKNOWLEDGEMENT

We thank Thailand
Cooperative Agency (TICA) for

International

financial support, Aquatic Insect

Research Lab, Faculty of Science,
Department of Biology, Chiang Mai

University, and  Environmental

Science Research

Center, Faculty of Science, Chiang

Mai University, Chiang Mai.

REFERENCES

Chantaramongkol, P., Thapanya, D., and
Bunlue, P. (2010). The Aquatic Insect
Research Unit (AIRU) of Chiang Mai
University, Thailand, with an updated
list of the Trichoptera species of
Thailand. Denisia, 29, 55-79.

Malekei-Ravasan, N., Bahrami, A,
Shayeghi, M., Oshaghi, M. A., Malek,
M., Mansoorian,, A. B., and
Vatandoost, H. (2013). Notes on the

Iran  Caddisflies and role of

1-115



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

Annulipalpian hydropsychid
Caddisflies as a bio-monitoring agent.
Journal of arthropod-borne diseases,

7(1), 71.

Scientific Research Society of Inland
Water Biology, Sakai, Osaka, Japan.
Biology of Inland Waters (Vol. 2, pp.
151-156).

Malicky, H. (2010). Atlas of Southeast Asian ~ Votruba, L., and Broza, V. (1989). Water
Trichoptera, Biology Department, management in reservoirs (Vol. 33).
Science  Faculty, Chiang  Mai Elsevier.

University

Prommi, T. O., Laudee, P. and
Chareonviriyaphap, T. (2014).
Biodiversity of adult Trichoptera and
water quality variables in streams,
northern Thailand. APCBEE
procedia, 10, 292-298.

Prommi, T. O., and Thani, I. (2014).
Diversity of trichoptera fauna and its
correlation  with  water  quality
parameters at Pasak Cholasit reservoir,
Central Thailand. Environment and
Natural Resources Journal, 12(2), 35-
41,

Thapanya, D., Bunlue, P, and
Chantaramongkol, P. (2013). Adult
caddisfly assemblages from upstream
and downstream of the Mae Ngat Dam,
Chiang Mai, northern Thailand.
In Proceedings of the 1st Symposium

of Benthological Society of Asia.

I-116



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

Determination of profenofos and cypermethrin in
Chinese kale using a modified quick, easy, cheap,
effective, rugged and safe method with FezOs magnetic

nanoparticles

Nipawan Phosri' and Thitiya Pung®*
!Graduate student in Chemistry Department, Faculty of Liberal Arts and
Science, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom,
73140 Thailand

Chemistry Department, Faculty of Liberal Arts and Science, Kasetsart

University, Kamphaeng Saen Campus, Nakhon Pathom, 73140 Thailand

Correspondig author: e-mail: faasthp@ku.ac.th

ABSTRACT

A modified quick, easy, cheap, effective, rugged and safe (QUEChERS) sample
preparation with FesOs magnetic nanoparticles ( MNPs) was established to
determine profenofos and cypermethrin in Chinese kale. The magnetic
nanoparticles have excellent function as adsorbents and fast separated from the
extract. Fes04 MNPs were synthesized by co-precipitation of FeClz.6H0 and
FeCl..4H20. Sample extracts were analyzed by HPLC-UV with C18 column
(25 mmx 4.6 mm, 5.0 um) at 219 nm. The extractions of profenofos and
cypermethrin with MNPs 40 mg and without MPNs gave similar recoveries
and RSDs. The amounts of Fez0s MNPs were investigated and found that the
optimum amount of FesO4s MNPs was 20 mg. Moreover, the recoveries and
precisions of profenofos and cypermethrin were evaluated by spiking with the
concentrations of 0.5, 1.0 and 2.0 mg/kg and they were in the range 100. 37-
102.58% and 98.86-102.04%, respectively, with relative standard deviations
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less than 2.55 and 2.77, respectively. LOD and LOQ of profenofos were 0.04
and 0.12 mg/kg. LOD and LOQ of cypermethrin were 0.08 and 0.28 mg/kg.
The matrix effects of profenofos and cypermethrin were not significant. This
method was applied to the analysis of raw Chinese kale from local markets.
Chinese kales were purchased from 5 markets in Suphan Buri and Nakhon
Pathom( Thailand) , profenofos and cypermethrin in each sample were
determined in triplicates. The concentrations of profenofos of 2 samples were
higher than 0.5 mg/kg (EU maximum residue limit, MRL) but concentrations
of cypermethrin were less than 1 mg/kg (EUMRL). Therefore, using FesO4
MNPs as adsorbent in QUEChERS to analyze these insecticides provides
similar efficiency as QUEChERS without FesO4 MNPs, but it is

faster and more convenient.

Keyword: FesOs magnetic nanoparticles, QUEChERS, Profenofos,
Cypermethr

INTRODUCTION residues were reported exceed the
Profenofos (O-4-bromo-2- maximum residue limits (MRLs) and

chlorophenyl O-ethyl S-propylphos

phorothioate and  cypermethrin
cyano-(3-phenoxyphenyl)  methyl)3-
(2,2-dichloroethenyl) -2,2- dimethyl
cyclopro pane-1-carboxylate) are

insecticides.

They are mainly used to control
economical pests in vegetables and
crops. Profenofos and cypermethrin
residues were found in vegetables

such as Chinese kale in Thailand. Their

even washing could not remove all of
them (Wanwimolruk et al., 2015).
Recently, a variety of sample
preparation techniques have been
reported for determination of
pesticides in samples. Traditional and
commonly used pesticide sample
preparation technologies include
solid-phase extraction (Juan-Garcia
et al., 2005), dispersive

liquid—liquid microextraction (Cunha

et al., 2009; Melo et al., 2012), solid
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phase microextraction (Rodrigues et
al., 2011; Song et al., 2013) and
matrix solid- phase dispersion (Silva
et al., 2008) have been used to extract
pesticide residues. However, these
methods have some drawback such as
time consuming and/ or labor
intensive, expensive and consume a
large volume of solvent.

QUEChERS method was first
reported in 2003 ( Anastassiades et
al., 2003). The method involves an
with  solvent

initial  extraction

followed by cleanup steps: using

dispersive  adsorbents such as

anhydrous  magnesium  sulphate,
primary secondary amine ( PSA),
graphitised carbon black ( GCB) .
Currently, QUEChERS is a popular
sample preparation technique for
determination of pesticide (Heidari et
al. , 2012; Lehotay et al. , 2010;
Fernandes et al., 2018).

QUEChERS has several advantages

Due to

and easy for modification.

Magnetic nanoparticles (MNPs) are

applied as adsorbents and can easily
be separated out from sample extract

by magnetic field. Wu et al. (2011)
used a graphene- based magnetic
nanocomposite as an effective
adsorbent for the pre- concentration
of five carbamate pesticides in
environmental  water
Heidari and Razmi ( 2012) used

carbon coated Fe3O4 nanoparticles

samples.

for the determination of some
organophosphorus  pesticides in
aquatic samples. Deng et al. (2014)
used multi-walled carbon- nanotube
MNPs to analyze eight pesticide
residues in tea samples. Moreover,
bare MNPs were modified with
QUEChERS

determination of multiple pesticides

method for

in fruits and vegetables and analyzed
by GC-tandom-MS (Li et al., 2014).
In this study, bare Fes0Os MNPs were
synthesized by co- precipitation and
used as co-adsorbent in QUEChERS
for the determination profenofos and
cypermethrin in Chinese kale and
analysis by HPLC-UV (Harshit et al.,
2017). We modified HPLC-UV to
determine profenofos and
cypermethrin because HPLC —UV is

common use in laboratory.
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METHODOLOGY

2.1 Material

Standard solutions of profenofos
(99.7%) and cypermethrin (99% )
were purchased from Sigma- Aldrich
Supelco ( Sigma- Aldrich Corp. |,
USA) .
( PSA, particle size 40 um) and

Primary secondary amine

graphitised carbon black (GCB) was

purchased from Agilent
Technologies. Ferric
chloride(FeClz-6H20, ferrous
chloride(FeClz-4H0, sodium

chloride( NaCl)
magnesium sulphate(MgSOs) were
Fes04

powders

and anhydrous

purchased from QRéc.
magnetic
(MNPs) (size 50-100 nm (by SEM)
97% were purchased from Sigma-
Aldrich Supelco ( Sigma- Aldrich
Corp. , USA) .

methanol were HPLC grade and

nanoparticle

Acetonitrile and

obtained from

Chemicals&Metals Co. LTD.

Daejung

Working standards of pesticides were
prepared with acetonitrile at a

concentration of 100 pg/mL.

A centrifuge ( Hitachi, high- speed
refrigerated centrifuge) from Hitachi
Ltd.
(China) was used for precipitation.
Vortex Mixer (VM-10) was obtained
from Witeg Co., Ltd. The grinder
( SJ303- 250) was obtained from
Supor Co., Ltd.

Centrifuge Instrument Co. ,

2.2 Preparation of FesO4 magnetic
nanoparticles

MNPs were synthesized by co-
precipitation  method.
FeCl3-6H20 and FeCl-4H20 (Li et
al. ,
deionized water (100 mL) in a 250-

mL erlenmayer flask. After that, 110

Briefly,

2014) . were dissolved in

mL of ammonia were added and
stirred in an oil bath at 80 °C for 3 h.
The MNPs

collected and washed with 100 mL of

were  magnetically
deionized water for three times, and
then washed with ethanol. Finally,
they were dried in oven at 55 °C for
12 h.

2.3 Sample preparation

A schematic of developed sample
preparation based on the proposed
QUEChERS method is shown in
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Figure 1. Chinese kales were cut into
small pieces and comminuted with an
electric grinder to achieve good

sample homogeneity.

The homogenized sample (10.0 g)
was weighed into a centrifuge tube
(50 mL) and appropriate volumes of
pesticide standards were added. The
sample was extracted with 10 mL
acetonitrile and the centrifuge tube
was shaken vigorously for 30 s. Then,
4.0 g anhydrous MgSO4 and 1.0 g

NaCl shaken

were added and

vigorously for 30 s. After that, the
extract was centrifuged for 5 min at
6000 rpm, the supernatant (1.0 mL)
was transferred to an Eppendorf vial
(1.5 mL) that containing 150 mg
anhydrous MgSOg, 7.5 mg GCB, 50
mg PSA and 40 mg MNPs (optimized
condition). The mixture was shaken
vigorously for 60 s and the
supernatant was collected with the
aid of an external magnet. The final
sample extract was injected to HPLC-

uVv.

O =impurities

Figure 1 Schematic of developed sample preparation.

<& =Targets

FesOs magnetic

nanoparticles ( FesOs MNPs) ; graphitised carbon black ( GCB); primary

secondary amine (PSA)
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2.4 Instrumentation and analytical
conditions

PSA, GCB, MNPs were examined by
a Field Emission Transmission
Electron Microscope (FE-SEM) for
their morphology characterization.
Analysis of pesticides was performed
by  high-
chromatography (HPLC) Hitachi CM
5000 connected to UV detector. ACE
Generix 5 C-18 column (250 mm, 4.6

performance  liquid

mm, 5u) was used and column

temperature was maintained at 25°C.

The injected sample volume was 20

consisted of acetonitrile: ~ water
(74:26, v/v). Flow rate of mobile
phase was 1 mL/min. The eluent was
monitored using UV detector at a

wavelength of 219 nm.

RESULTS AND DISCUSSION
3.1 Characterization of materials
Micro-morphologies of PSA, GCB,

MNPs were investigated by FE-SEM
( Figure 2a- ¢). PSA had nearly

irregular shape and its size is about
40-50 um. GCB and MNPs have

smaller sizes about 20-50 nm.

Figure 2 The FE-SEM of the adsorbents. The scale bar represents 100 nm,
(a) FesO, magnetite nanoparticles (MNPs); (b) GCB; (c) PSA
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3.2 Comparison of QUEChERS
extractions with and without MNPs
To verify
MNP- QUEChERS method, it was
compared with
QUEChERS method. The traditional
QUEChERS, PSA/ GCB/ anh.MgSOQO4
were used as adsorbents but the
developed QUEChERS method,
FesOs MNPs/ PSA/ GCB/
anh. MgSOs were used. The final

the developed

traditional

Chinese kale extracts purified by
traditional QUEChERS and Fe30a
MNPs/PSA/ GCB/ anh.MgSO4 were
more transparent than the extract
without purified (Figure 3).

PSA could remove various polar
organic acids, polar pigments, some
sugar and fatty acids (Wilkowska and
Biziuk, 2011). GCB used to remove
pigments and steroids ( Wilkowska
and Biziuk, 2011). GCB absorbed
molecules with planar structures
including pigments, steroids and

pesticides.  Therefore, increasing
amount of GCB may lower recovery
of structurally planar
(Zhang et al., 2013). QUEChERS
extractions with and without MNPs
(40 mg)
recoveries and percentages of RSD

(Table 1)

pesticides

gave similar percent

Table 1 Effects of QUEChERS extraction with and without MNPs on recovery

and percent of RSD

Compound FesO.MNPs  Concentra Percent of Perce
tion recovery (n=5)  nt of
(mg/kg) Mean + SE RSD
Profenofos - Without 5.19+0.15*  105.26 + 2.65% 2.52
synthesis MNPs40mg 5.08+0.06° 101.78 +1.14% 251
Cypermetrin - Without 5.17+0.14*  101.74 +1.932 1.90
synthesis MNPs40mg 5.19+0.04* 103.90 +£0.84° 1.73

1-123



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

o

B

Figure 3 Photography of clean- up performance by different DSPE

adsorbents: (a) 1 mL Chinese kale extracts without DSPE clean-up; (b) 1
mL Chinese kale extracts with DSPE clean-up by 150 mg anh.MgSOQs, 7.5
mg GCB 50 mg PSA and without FesO4 MNPs; (¢) 1 mL Chinese kale
extracts with DSPE clean-up by 150 mg anh.MgSOas, 7.5 mg GCB and 50

mg PSA and 40 mg FesOs MNPs.

3.3 Optimization of the amount of
Fe304 MNPs adsorbents

The amount of FesO4s MNPs was
optimized by using 1 mL of the
Chinese kale sample extract at the
spiked profenofos and cypermethrin
of 5 mg/kg. The adsorbents were 50
mg PSA, 7.5 mg GCB and different
amounts of FesO4 MNPs (20, 30, 40

and 50 mg). As shown in Figure 4
when the amount of FesOs MNPs
increased between 20— 50 mg, the
recoveries of both pesticides have no
obvious difference. Therefore, the
amount of MNPs would be set at 20

mg.
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Obtimization of mg of Fe;O, (S)

110
100
90
80
70
60
50
0 20

% Recovery

Profenofos

cypermetrin

0
Fe;0, (mg)

Figure 4 Effect of mass of Fe3sO4 on the extraction efficiency of profenofos

and cypermethrin (5 mg/ kg).

4. Method validation
4.1 Accuracy and precision
We spiked profenofos and
cypermethrin into Chinese kale at
0.5, 1.0 and 2.0 mg/kg, and each
concentration was tested in five
replicates. Recoveries of profenofos
and cypermethrin were obtained by
comparing the amount calculated
from the calibration curves with the

corresponding spiked amount.

The recoveries of profenofos and
cypermethrin  were in the
100. 37- 102. 58% and 98. 86-
102.04%, respectively, with relative

range

standard deviations less than 2.55 and
2. 77, respectively (Table 2). The
recoveries were in the range of 80-
120 %, their accuracies could be
accepted (AOAC, 2002. The relative
standard deviations were less than
10% indicated that their precision
were accepted (AOAC, 2002)
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Table 2 Recoveries and repeatability (RSD) obtained from profenofos and

cypermetrin spiked in Chinese kale.

Insecticide 0.5 1.0 2.0
(mg/kg) (mg/kg) (mg/kg)
% %RSD % recovery %RSD % %RSD
recovery recovery
Profenofos 102.58 2.55 101.18 2.46 100.37 1.24
Cypermetrin 102.04 2.77 101.16 1.92 98.86 1.37

Table 3 LOD and LOQ obtained from profenofos and cypermetrin

Compound LOD LOQ MRLs
(mg/kg) (mg/kg) (mg/kg)
Profenofos 0.04 0.12 0.5
Cypermetrin 0.08 0.26 1

spiked in Chinese kale.

4.2 LOD and LOQ LOD and LOQ of cypermethrin were

The sensitivity of method was 0.08 and 0.28 mg/kg (Table 3). LOQs
estimated by examining the LOD of profenofos and cypermethrin
and LOQ. LOD was defined as the were less than MRLs (0.5 ppm and
lowest detectable concentration with a 1. 0 ppm, respectively) . The
signal-to-noise ratio of at least 3. LOQ developed method had sufficient
was defined as the lowest quantifiable sensitivity.

concentration with a signal-to-noise
ratio of at least 10. LOD and LOQ of
profenofos were 0.04 and 0.12 mg/kg.
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4.2 Matrix effect

Chinese kale has high amounts
of pigments such as chlorophyll,
carotenoids, and lycopene.
Matrix components can interact
with active sites in the column or
they can reduce signals, given by
analytes when they reach the
detector. Therefore, matrix effects
were analyzed. A comparison
between the calibration equations

obtained from

(a)

rofenofos
100000 P solvent
©80000 | y=32485x - 500.04
) .
@ 60000 R? = 0.9995 matrix
X
© 40000 y = 32221x +2266.1
Q- 20000 R>=0.9973
0
0O 05 1 15 2 25 3

concentration.(ppm)

matrix effect

standards dissolved in solvent and
matrix- matched standards was
performed ( Zhao et al., 2012).
of matrix effects

Percent of

prophenofos and
were -0.81and 6.87 (Figure 5). The

clean- up step was efficiency

cypermethrin

because of matrix effect were
within £10%. Therefore, the matrix

effects of profenofos and

cypermethrin were not significant.

cypermetrin

120000
100000y = 39523X - 1268.5
R = 0.9997

80000
60000
40000
20000

0

=42237x - 6294.4
R?=0.9977

Peak area

005115 2 25 3
concentration.(ppm)

(c)

10.00

5.00
w
= 0.00 —
X

profenofos
-5.00
-10.00 *

cypermetrin

Figure 5 Matrix effect (ME) in Chinese kale : superposition of solvent

and matrix curves of profenofos(a) and cypermetrin (b). Distribution of

percent of ME for profenofos and cypermetrin in Chinese kale (c)
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4.3 Application to commercial

Chinese kale samples

This method was applied to the
analysis of raw Chinese kale from
local markets. Chinese kales were
purchased from 5 markets in Suphan
Buri and Nakhon Pathom ( Thailand)
and profenofos and cypermethrin in

each sample were determined in

profenofos of 2 samples in Nakhon
Pathom were higher than 0.5 mg/kg
(EU MRL) but concentrations of
cypermethrin in all samples were less
than 1 mg/kg (Figure 6) which is EU
MRL.

triplicates. The concentrations of
Pesticides in commercial Chinese kale samples
4
o 3.5
=4 Profenofos
& 3
E’ 2.5 Cypermetrin
(=]
"E ) 2 I B gxceed than MRL
-
305
0
Sul Su2 Npl Np2 Np3
sample

Figure 6 Concentrations of profenofos and cypermetrin in raw Chinese kale

samples from local markets. (Sul= Suphan Buri(1), Su2= Suphan Buri(2),
Npl=Nakhon Pathom(1), Np2=Nakhon Pathom(2), Np3=Nakhon Pathom(3

CONCLUSIONS

In this study, bare FezOs MNPs
were synthesized by co-precipitation
method and used with QUEChERS
determination  of

method  for

profenofos and cypermethrin in
Chinese kale, coupled with HPLC-
UV. When compared with Li et al.
(2014), this method using amounts of
Fe3O4 MNPs and GCB less than Li’s
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group. While Li’s group used 50 mg
PSA, 10 mg GCB and 50 mg Fe3O4
MNPs, We used 50 mg PSA, 7.5 mg
GCB and Fe3Os MNPs 20 mg. Our
high
low percent RSD and

modified method gave
recovery,

reducing extraction time.

Moreover, LODs of profenofos
and cypermethrin 0. 04 and 0. 08
mg/ kg. LOQ of profenofos and
cypermethrin were 0.12 and 0. 28
mg/ kg, which were above MRL
values ( profenofos is 0. 5mg/ kg,
cypermethrin is 1 mg/ kg, EU) .
Therefore, using FesOs MNPs as
adsorbent in QUEChERS method to
analyze these insecticides provides
similar efficiency as QUEChERS
without FesO4 MNPs, but it is faster

and more convenient.
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ABSTRACT
Chlorpyrifos (CP) is an insecticide widely used in agricultural area in northern
Thailand. Due to its high toxicity, CP may have an adverse effect on the
beneficial bacteria in soil. Bacteria normally develop biofilms to protect the
cells from toxic substances. However, during a dry season, drought may
induce more stress to the biofilms in soil by creating water-limiting conditions,
which could affect the biofilm tolerance to CP, leading to a decrease in soil
fertility. The objective of this study is to determine the CP tolerance of the
biofilms of an indigenous bacterium from agricultural soil under water-
limiting conditions. Pseudomonas pseudoalcaligenes, a biofilm-forming
bacterium able to tolerate CP, was isolated from the tangerine-field soil in Nan
province that had received continuous application of CP. The biofilm
experiments were conducted in a 96-well plate at room temperature in media
added with different CP concentrations. Water-limiting conditions were
simulated using NaCl and polyethylene glycol ( PEG) at various
concentrations of NaCl (0, 20 and 40 mg/L) and PEG (0, 5 and 10%).
Reduction in biofilm biomass after the exposure was determined by crystal
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violet staining. The results showed that P. pseudoalcaligenes biofilms showed

high tolerance to CP up to 300 mg/L. Biofilms formed with highest biomass
at 12 and 24 h at the CP concentrations of 5 to 300 mg/L. The biofilms at 24-

h formation time was then selected for further experiments. When forming
under water-limiting conditions (20 mg/L of NaCl and 5 and 10% of PEG),
biofilms produced more biomass than those in the regular conditions. Our

findings suggest that during drought season, soil bacteria could produce higher

biomass as a stress response to provide the protection from CP residue in the

field.

Keywords: Chlorpyrifos, Biofilms, Water-limiting conditions

INTRODUCTION

Thailand has been commercially
developing agricultural products to
meet the needs of exporters and
consumers. In order to meet the

specific criteria and the cost-
effectiveness in production, the use
of fertilizers and pesticides is

unavoidable, and the trend is
increasing. From the amount of
pesticide imports in 2017, it was
found that imports were more than
198 million kilograms/year, which
accounted of active ingredient for
102
kilograms/year (Thailand Pesticide
Alert Networks, 2017). According to

formulas, structures and actions,

more than million

pesticides can be categorized into
classes such as organophosphate,
carbamates, organochlorine and other
groups. The most imported substance
is organophosphate group followed
by the carbamates group (Putkham,
2007).

Chlorpyrifos (CP) is a common
organophosphate pesticide used in
agricultural Based on the

import data in 2017 from The Office

areas.
of Agriculture Regulation,
Department of Agriculture, the
amount was found to be as high as
375,291
(Thailand Pesticide Alert Networks,

2017). Even though banning this

kilograms  per  year
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chemical had been proposed, it did
not yet pass to be prohibited by law.
This high use creates a risk of being
contaminated in agricultural products
and residues in the environment. CP
is harmful to humans and other
organisms at moderate to high levels
depending on the amount and time of
the exposure, and it may accumulate
in the environment for more than a
year (Putkham, 2007)
In agricultural areas, the

environmental effect of residual
pesticides after using is an important
concern. Although CP is toxic to
microorganisms (Mahmood et al.,
2016), there are some species of
environmental bacteria that have the
ability to tolerate or degrade CP.
Bacteria in the environment generally
form biofilms, which are bacterial
cells adhering on surface such as soil
particles within the secreted mucus-
substance called extracellular
polymeric substances (EPS). EPS
acts as a barrier, making biofilms
highly resistant to toxic substances in
the environment (Thuptimdang et al.,

2015). However, drought during the

dry season can cause water-limiting
conditions to soil biofilms. This may
result in changes in cell membrane
and protein structure or the EPS
production process, leading to the
reduction on the biofilm formation
resistance  to

and chlorpyrifos

(Ngumbi and Kloepper, 2016).

The objective of this research is to
study the effect of chlorpyrifos on
Pseudomonas pseudoalcaligenes

biofilm formation under water-
limiting conditions. This bacterial
strain was isolated from a local
agricultural area that has a CP usage
history, and it showed CP tolerance
and pollutant degrading abilities
1993). CP

determined by

(Nishino and Spin,
tolerance  was
measuring the change in biomass of
biofilms forming under normal and
The

knowledge from this study will be

water-limiting  conditions.

useful for assessing the impact of CP

on bacteria in the environment.
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METHODOLOGY

Soil sample for bacterial isolation
Ban Pha
Khwang, Moo 4, Bo Subdistrict,

A tangerine-field in

Mueang District, Nan Province, with
the history of CP usage was chosen
for soil sampling. A sampling site
was divided into 15 sub-plots. Soil
was randomly collected through a 5-
inch depth from each sub-plot. Soil
samples from all sub-plots were
entirely mixed in a container before
dividing into 4 piles. One pile of soil
was then used for isolation of bacteria
that have the ability to tolerate CP.
Isolation and identification of
chlorpyrifos-tolerate bacteria

Ten grams of soil sample was added
to a flask containing 100 mL of
minimal salt medium (MSM) and CP
as a sole carbon source. Flasks were
with  different CP
concentrations of 30, 60 and 100
mg/L. MSM contains 5.8 g/L of
NaHPOj4, 3 g/L of KH2PO4, 0.5 g/L
of NaCl, 1 g/L of NH4ClI, and 0.25
g/L of MgSOs. The flasks were
incubated at 30°C on a rotary shaker
at 120 rpm. After 2 weeks, 1 mL of

replicated

enrichment culture was sub-cultured
into a flask containing fresh MSM
spiked with CP according to previous
After

successive transfers, the culture was

concentrations. three
pipetted, serially diluted, and spread
on MSM agar plate containing 50
mg/L of CP. The plates were
incubated at 30°C for 3 days.
Bacterial colonies grown on the plate
were purified by repeatedly streaking
on MSM agar plate containing 50 and
100 mg/L of CP to confirm the
tolerance of bacteria. The purified
culture was grown in Luria-Bertani
(LB) medium and preserved at -80°C

by mixing with glycerol at a ratio of

60:40  (culture:glycerol). Pure
colonies were sent for DNA
extraction, purification, and

sequencing for identification of

bacterial species (Macrogen,
Republic of Korea). Among all
identified species, P.

pseudoalcaligenes was selected for
this study as it was able to form

colonies in CP up to 100 mg/L.
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Culture preparation

Culture was prepared before each
biofilm experiment. One colony of P.
pseudoalcaligenes grown on an NB
agar plate was taken to a 50-mL
bottle containing 20 mL of NB
medium. The flask was incubated at
30°C on a rotary shaker at 120 rpm
for 18 hours. Then, 1 mL was taken
flask
containing 100 mL of NB medium

to a 250-mL Erlenmeyer

and incubated at the same condition.
After shaking overnight, the cells
were in stationary phase according to
the preliminary experiment
conducted (data not shown). Cells
were harvested by centrifuging at
5,000 xg for

temperature, washed with autoclaved

5 min at room
saline solution (0.85% NaCl) twice,
and adjusted with 0.85% NaCl to
obtain the optical density at 600 nm
(ODgoo) of 0.3-0.4 (10® CFU/ mL).
The culture was then used for further

experiments for biofilm formation.

Effect of CP on the formation of P.
pseudoalcaligenes biofilms

The experiments for studying the CP
tolerance of biofilms were conducted

in a polystyrene, flat-bottom, 96-well
plate. Each well (200 pL) contained 5
pL of the prepared culture, 100 pL of
NB medium, and 95 L of CP diluted
The

commercial grade CP (40% v/v)

in de-ionized (DI) water.

purchased from a local market was
used. By using the density value
(1.398 g/cm®) for calculation, CP
concentrations were adjusted with DI
water to 0, 5, 10, 25, 50, 100, and 300
mg/L. After pipetting the mixed
solution into the wells, the plate was
incubated at room temperature to
allow biofilm formation. At each
sampling time, media was removed
from the well, and biofilms were
carefully rinsed twice with 0.85%
NaCl. The biofilms were air-dried
and measured for their biomass using
crystal violet (CV) staining according
to the method by Thuptimdang et al.
(2017). The data were represented as
the absorbance at 600 nm (Asoo).
Three wells were used as three
replicates for each sample to create
standard deviation values represented

in error bars.
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CP

pseudoalcaligenes biofilms under

tolerance of P.

water-limiting conditions
The

conducted

biofilm experiments were

similar to previous
section. Water-limiting conditions
were simulated by adding NaCl
solution at the concentrations of 0, 20
and 40 g/L and poly-ethylene glycol
6000 (PEG-6000) solution at the
concentrations of 0, 5 and 10% (w/v).
CP concentrations were at 0, 5, 10,
25, 50, 100, and 300 mg/L. After
biofilms formed at 24 h, CV staining
was conducted to measure the
biomass of the biofilms. CP tolerance
was determined by comparing the
amount of biomass, implying higher
CP tolerance in biofilms forming
with higher biomass (higher Asoo
value). Three wells were used as
three replicates for each sample to
create standard deviation values
represented in error bars.
Biodegradation of CP by P.
pseudoalcaligenes

the CP
tolerance of biofilms was contributed

by the ability to degrade CP by the

To determine whether

bacterial  cells,  biodegradation
experiments were conducted. One
milliliter of P. pseudoalcaligenes
described

culture (prepared as

before) was added into a flask
containing 100 mL of MSM medium
amended with 0 and 50 mg/L of
commercial grade CP. The flask was
shaken at 120 rpm and 30°C for 5
days. At day 1, 3, and 5, 1 mL of
sample was taken and mixed
vigorously with 2 mL of HPLC-grade
methanol (RCI Labscan) using a
vortex mixer. The sample was then
centrifuged at 7,200 xg for 10 min.
Two milliliters of the supernatant
were then filtered through a 0.45 pum
filter membrane. Twenty microliters
of sample was then analyzed for CP
by HPLC (Shimadzu LC-20A) using
a mixture of methanol and DI water
as a mobile phase and the reagent
grade (99.8%) CP (Dr.Ehrenstorfer
GmbH, Germany) as a standard. The
biodegradation results were
represented as C¢/Co, where C; is the
CP concentration at time t (day) and

Co is the CP concentration at day 0.
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RESULTS AND DISCUSSION
Effect of CP on the formation of P.
pseudoalcaligenes biofilms

In environment, biofilms are the form
of bacteria able to tolerate toxic
substances including  pesticides
through EPS production (Lundgvist
et al., 2010). In this study, P.
pseudoalcaligenes was isolated from
agricultural soil with the history of
CP application. This strain was able
to tolerate CP by forming colonies on
CP agar plate; therefore, it was
chosen for the study determining the

effect of CP on biofilm formation.

The results show that, during 48 h of
formation, the biomass of biofilms
increased with time with the highest
24 h (Figure 1).
Interestingly, when CP was added,

biomass at

biofilms were able to form with
higher biomass compared to the
control (0 mg/L), which proves that
this strain and its biofilms could
tolerate CP. The highest amount of
biomass was still at 24 h except the
biofilms forming under 300 mg/L of
CP, in which the highest biomass was

at 12 h.

0.35 -
O a5 mg/L
= -
= 0.30 o
- ~-&- 10mg
; 0.25
g 02094 S T RSINe - 25 mg/L
=
S 0.15 A - -% - 50 mg/L
)
g o0 FE TN d - 100 mg/L
005 - = - 300 mg/L
0.00

0 6 2 18 24

30 36 42 48

Time (h)

Figure 1 P. pseudoalcaligenes biofilm formation under different CP

concentrations.
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There are two reasons contributing to
higher biofilm formation when CP
was added: the bacterial stress
response mechanism and the ability
to use CP as a carbon source for

growth promotion.

For the first reason on the stress

response mechanism, there are
reports on more biofilm formation
after exposed to antimicrobial agents
(Gambino et al., 2015; Yang and
Alvarez, 2015). EPS production was
various

governed by genes

responsible for producing EPS
molecules such as alginate or other
polysaccharides (Thuptimdang et al.,
2015), and bacterial cells use the
expression of those genes to produce
more EPS after the exposure to toxic
substances, resulting in more biofilm
amount compared to the unexposed

biofilms.

For the second reason that cells might
be able to use CP as a carbon source
to promote cell growth and biofilm
formation, further experiment has
been conducted and the results are
reported in the last subsection.

Tolerance of P. pseudoalcaligenes
biofilms to CP under water-limiting
conditions

Since P. pseudoalcaligenes biofilms
showed CP tolerance by forming
with higher biomass with the
presence of CP, further experiment

was conducted to observe the CP

tolerance  under  water-limiting
conditions.
Water-limiting ~ conditions  was

created by adding NaCl and PEG at
different When
forming under 20 g/L of NaCl,

concentrations.

biofilms showed higher biomass at
the CP concentrations of 100 and 300
mg/L compared with the control (O
mg/L) (Figure 2(a) and (b)). This
proves that with the presence of
water-limiting condition, biofilms
exhibited higher CP tolerance. The
reason for this phenomenon could
also be explained by the stress
response mechanism. In this case,
two kinds of stress might contribute
to each other, which results in more
promotion of biofilm formation than
the normal condition or the condition

with CP only.
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However, when the water-limiting formation was reduced to the
condition was increased to 40 g/L of comparable amount to the control.
NaCl  (Figure  2(c)), biofilm

(a) 0 g/L NaCl
0.30 -

0.20 A

%

SN

Absorbance at 600 nm

e
o
(=

0 5 10 25 50 100 300
(b) 20 g/L NaCl
0.30 -

0.20 4

A7

0.10 4

A

Absorbance at 600 nm
=
=

50 100 300

0
(c) 40 g/L NaCl
0.30 -

wn
=
&

0.20 A

Absorbance at 600 nm

5 10 25 50 100 300
CP concentration (mg/L)

Figure 2 CP tolerance of P. pseudoalcaligenes 24-h biofilms under different
NaCl concentrations: (a) 0 g/L, (b) 20 g/L, and (c) 40 g/L.
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When forming under 5% of PEG,
biofilms showed higher biomass
compared with the control at the CP
concentrations of 50, 100, and 300
mg/L (Figure 3(a) and (b)). After
increasing the
condition to 10% of PEG, higher

water-limiting

formation of biofilms was only
observed at 100 mg/L of CP, showing
the sign of too much water limitation.

High concentrations of NaCl (40 g/L)
and PEG (10%) could result in strong
osmotic pressure toward the outside
of bacterial cell, resulting in cell
shrink or excessive stress for biofilm
formation process (Ngumbi and

Kloepper, 2016).

It should be noted that the addition of
CP, NaCl, or PEG alone did not result
in more CV staining (data not
Asoo
observed under the presence of CP,
NaCl, and PEG in this study was

shown); therefore, higher

from  biofilm  formation. The
molecular aspects of  biofilm
formation processes should be

observed in future study to explain
the phenomenon discovered in this

study.
Biodegradation of CP by P.
pseudoalcaligenes

As stated earlier, CP tolerance of the
biofilms could be from the ability to
biodegrade CP and use it as a carbon
source. So, the biodegradation
experiment was conducted with the
planktonic cells of P.
pseudoalcaligenes and 50 mg/L of
CP. Two types of growth media were
used to understand the mechanism of
degradation:  minimal  medium
(MSM) and rich medium (NB). The
that P.

pseudoalcaligenes could not use CP

results show
as a sole carbon source as observed
by no degradation in MSM medium
after 5 days (Figure 4(a)). On the
hand,
(around 30%) was observed at day 5
in NB medium (Figure 4(b)).

other some biodegradation
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Figure 3 CP tolerance of P. pseudoalcaligenes 24-h biofilms under different
PEG concentrations: (a) 0%, (b) 5%, and (c) 10%.

1-142



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

(a) MSM
1.2 5

1 4

=

ik I
0.6 1
0.4 1
0.2 -

0

C/C,

0O Control
g3 Treatment

DI

(b) NB
1.2 1

0.8 A
0.6 1
0.4 1
0.2 -

C/C,

My
AN\

My

EN\\\\§
M-

Time (d)

Figure 4 CP degradation by P. pseudoalcaligenes in different growth media:
(@) MSM and (b) NB.

According to the manufacturer, NB
contains peptone and yeast extract,
which consists of various amino
acids. Therefore, biodegradation of
CP by P. pseudoalcaligenes in NB
medium suggested that the process
could be co-metabolism where the

responsible enzymes were secreted

in order to degrade other amino acids
while able to degrade CP at the same
time. This proves to be the reason for
the biofilm tolerance to CP observed
earlier where the biofilm experiment
was conducted using NB medium.
The results could be implied that, in

environment where there are some
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specific carbon sources available, P.
pseudoalcaligenes biofilms would
show high tolerance to CP since it
can degrade the pesticide at that

condition.

CONCLUSIONS

This study aims to determine P.
pseudoalcaligenes biofilm tolerance
to CP
conditions, which were created by
adding NaCl and PE) at the

concentrations of 0, 20 and 40 mg/L

under  water-limiting

and 0, 5 and 10%, respectively. The
results from CV staining showed
high tolerance of biofilms to CP up to
300 mg/L with the highest biomass at
12 and 24 h at the CP concentrations
of 5 to 300 mg/L, respectively. When
forming under  water-limiting
conditions (20 mg/L of NaCl and 5
and 10% of PEG), biofilms produced
more biomass than those in the
Also, P.

showed the

regular  conditions.
pseudoalcaligenes

ability to degrade CP under the
presence of other carbon sources,
leading to the CP tolerance of
biofilms. The data obtained from this

study suggest that this soil bacterium

is capable of producing higher
biomass as a stress response to
drought during the dry season, which
can provide protection from CP

residue in the field.

ACKNOWLEDGEMENTS

This research was partially supported
by Kurita Water and Environment
(KWEF)
KWEF-AIT Research Grant 2016.

Foundation through

REFERENCES

Gambino M, Marzano V, Villa F, Vitali A,
Vannini C, Landini P, Cappitelli F.
Effects of sublethal doses of silver
nanoparticles on Bacillus subtilis
planktonic and sessile cells. Journal of
Applied Microbiology 2015; 118:
1103-1115.

Lundgvist A, Bertilsson S, Goedkoop W.
Effects of extracellular polymeric and
humic substances on chlorpyrifos
bioavailability to Chironomus
riparius. Ecotoxicology 2010; 19: 614-
622.

Mahmood I, Imadi SR, Shazadi K, Gul A,
Hakeem KR. Effects of Pesticides on
Environment. Springer International
Publishing Switzerland 2016; 25 3 -
268.

Ngumbi E, Kloepper J. Bacterial-mediated

drought tolerance: Current and future

1-144



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

prospects. Applied Soil Ecology 2016; nanoparticles on Pseudomonas putida
105: 109-125. biofilm structure. Chemosphere 2017;
Nishino SF, Spain JC. Degradation of 188: 199-207.
nitrobenzene by a Pseudomonas Yang Y, Alvarez PJJ.  Sublethal
pseudoalcaligenes.  Applied and concentrations of silver nanoparticles
Environmental Microbiology 1993; stimulate  biofilm  development.
59(8): 2520-2525. Environmental Science and
Putkham S. Acetylcholinesterase inhibition Technology Letters 2015; 2(8): 221-
in golden apple snail (pomacea 226.

canaliculata lamarck) exposed to
chlorpyrifos dichlorvos and carbaryl.
Master of Science thesis 2007.
Burapha University.

Thailand Pesticide Alert Networks. 2017.
Report on the import of agricultural
hazardous substances. Online source:
https://thaipan.org/wp-
content/uploads/2018/
10/pesticide_doc54.pdf. Access on
February 22, 2019.

Thuptimdang P, Limpiyakorn T, McEvoy J,
PriR BM, Khan E. Effect of silver
nanoparticles on Pseudomonas putida
biofilms atdifferent stages of maturity.
Journal of Hazardous Materials 2015;
290: 127-133.

Thuptimdang P, Limpiyakorn T, Khan E.

Dependence of toxicity of silver

1-145



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

Photocatalytic Degradation and Mechanism of Glyphosate
Herbicide Contaminated in Water by TiO: Pellet
Photocatalyst

Kanokwan Yamsomphong?, Chonlada Pokhum?, Eden G Mariqui®, Hirofumi
Hinode?, Paiboon Sreearunothai!, Chamorn Chawengkijwanich?*
'Sustainable Energy and Resources Engineering, Sirindhorn International
Institute of Technology, Thammasat University, Thailand
2* National Nanotechnology Center, National Science and Technology

Development Agency, Thailand
Hinode Laboratory, Department of Transdisciplinary Science and
Engineering, School of Environment and Society, Tokyo Institute of

Technology, Japan; Corresponding author: e-mail: chamorn@nanotec.or.th

ABSTRACT

In Thailand, glyphosate has been used intensively to prevent food crops from
weeds and grass, contributing to the contamination of water resources. In
this paper, two types of TiO2 pellets—clay TiO. pellets and Polyethylene
(PE)-TiO2 pellets— have been studied for photocatalytic degradation of
glyphosate in water. The clay TiO- pellets were prepared in the laboratory by
using TiO2 powder (Degussa P-25) as raw material, whereas the PE-TiO>
pellets were purchased from Shandong Longsheng Masterbatch Co., Ltd,
China. Such TiO> pellets were characterized by X-ray diffraction (XRD),
Brunauer-Emmett-Teller (BET) and scanning electron microscopy with
energy dispersive X-ray spectroscopy (SEM/EDX). Meanwhile, the
photocatalytic degradation of glyphosate as well as its possible mechanisms
have been investigated. Results showed that 99.08% of glyphosate
degradation was reached by using clay TiO> pellets within 240 mins under
UVa illumination, while the photocatalytic degradation of glyphosate by using
PE-TiO> pellets was lower, with 74.02%.

1-146



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

Keywords: Glyphosate, TiO2, Photocatalysis, Contamination

INTRODUCTION

Glyphosate (N-(phosphono-
methyl) glycine) IS an
herbicide

extensively used to prevent food

organophosphate

crops in agriculture, especially in
Thailand. It is a common substance
used to control broadleaf weeds and
grass prior to planting or after the
crops are harvested. However, it has
been reported that glyphosate was
found in water resources such as
drinking water and tap water in
Thailand (Patsiriwong, 2015). It is an
organic pollutant, which is classified
as “probably carcinogenic” to
humans reported by the International
Agency for Research on Cancer
(IARC) in March 2015. It can cause
serious harmful effects on people
who use water which surrounds these

agricultural areas.

During recent decades, the titanium
dioxide (TiO2) photocatalysis has
been an effective process to degrade
organic

pesticide including

glyphosate in water (Chen et al.,

2012; Echavia et al., 2009; Muneer
2008). Once TiO2
photocatalyst is used to absorb light,

and Boxall,

with light having energy equal or
higher than 3.2 eV, generating
reactive oxygen species (ROS) to
degrade or transform the organic
compounds into carbon dioxide
(CO2), water and mineral byproducts
(Umar and Aziz, 2013; Carp et al.,
2004). Although TiO2 has been
widely applied in the photocatalytic
degradation of pesticides, using the
TiO;

catalyst causes difficulties during

commercial powder as a
separation of photocatalyst from
water for the real-life applications.
Consequently, the development of
TiO2

attracting a lot of recent attention

photocatalyst has  been

from researches in this field.

Transforming TiO> powder into
larger pellets is an interesting way to
solve the problem. Recently, TiO>
companies i.e. Shandong Longsheng
Masterbatch Co., Ltd and Soltex

Petro Products, Ltd has lunched TiO»
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Pellets for commercial and research

applications. Moreover,  many
researchers have used clay to exhibit
larger specific surface areas with
TiO2 (Bouna et al., 2011; Kutlakova
et al., 2011; Wang et al., 2011).
Previous studies have shown that
using clay with TiO; as photocatalyst
offers several advantages: They can
be easily separated and recovered
from decontaminated water; increase
adsorption ability and enhance
photocatalytic activity for removing
organic pollutants. Nevertheless, few
studies relating to the degradation of
TiO2 pellet have been presented
(Shimizu et al., 2007; Yamazaki et
al., 2001) and the photocatalytic
degradation of glyphosate in water

has rarely been investigated.

Hence, the aim of this research is to
prepare two types of TiO2 pellets:
clay TiOz pellets and PE-TiO> pellets
to investigate the applicability of the
TiO2 pellets under UVA light to
degrade glyphosate herbicide in
water, specifically, the extent of its
formed

products during  the

degradation process. Based on the

above goals, X-ray diffraction
(XRD), Brunauer-Emmett-Teller
(BET) and scanning electron

microscopy with energy dispersive
X-ray spectroscopy (SEM/EDX) are
employed to investigate the
composition, and surface charge of

the pellets.

METHODOLOGY

Materials

All the chemical reagents used were
of analytical grade and the water used
was deionized water purified by
Barnstead Lab Tower EDI Water
Thermo
(N-
96%

purity) was purchased from Sigma-—

Purification  Systems,
U.S. Glyphosate

(Phosphonomethyl)glycine,

Scientific,

Aldrich ~ Chemical Co., UK.
Aminomethyl  phosphonic  acid
(AMPA, 98% purity) was purchased
from Alfa Chemicals Ltd, UK.

Phosphate (PO3™) Standard (1000
mgL™)
Environmental Express, USA. TiO>

was purchased  from
powder (80% anatase and 20 % rutile,
Degussa P-25, Evonik Industries,
Germany) and White clay (Wako

Pure Chemical Ind., Ltd, Japan) were
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PE-TIiO>
pellets (70% anatase) were purchased

used as raw materials.

from
Masterbatch Co., Ltd, China and used
directly.

Shandong Longsheng

Preparation of chemical solutions

A stock solution of 1000 mgL™* of
glyphosate  was  prepared by
dissolving approximately 100 mg of
glyphosate in 100 mL of deionized
water. The experimental solutions
were carried out by diluting the stock
solution until concentration of 1
mgL? was reached. Also, AMPA
stock solution (1000 mgL™?) was
prepared by dissolving
approximately 100 mg of AMPA in
100 mL of deionized water. The
working phosphate solution was
prepared by further diluting of the
concentrated phosphate (1000 mgL"
1. These prepared stock solutions
were needed for further use and so
were stored at 4 °C for 1 month.
To prepare an  appropriate

series of calibration curves, these
stock solutions were diluted with
deionized water until the desired

concentrations were reached.

Clay TiO2 pellet preparation
White
(Degussa P-25) were manually mixed

with 50-60% distilled water at room

clay and TiO2 powder

temperature.  Subsequently, these
mixtures were heated up to 110 °C for
5hand then distilled water was added
until the mixture became soft. After
that, the product was formed into 4-7
mm clay TiO: pellets. The prepared
samples were finally calcined at 600
°C for 2 h in a L 3/12 Burnout
GmbH,

from

Nabertherm
Germany (modified
(DEDKOVA et al., 2013; Kutldkové
et al., 2011).

prepared with different ratios of

furnace,

The pellets were

white clay and TiO, powder as shown

in 1.

Characterization methods

XRD analysis

The crystalline structures of TiO-
pellets were determined by x-ray
diffraction at room temperature by
using Bruker D8 Venture
diffractometer with CuKa radiation.
The diffractograms were recorded in

the range of 20 from 15° to 80°.
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Table 1 Weight ratios of white clay and TiO2 powder in clay TiO2 pellets

Clay TiO; pellets T‘()(i/f;gder Wl(l‘:/t,ewctl)ay
CTO pellet 0 100
CTS5 pellet 5 95
CT10 pellet 10 90
CT20 pellet 20 80
CT30 pellet 30 70
CT40 pellet 40 60
CT50 pellet 50 50
SEM/EDX analysis solution in a beaker and stirred to

The morphology and the elemental
distribution of Titanium (Ti) in the
pellets were evaluated by a scanning
microscope (SEM,
HITACHI SU-5000, Japan) that was

equipped with an energy dispersive

electron

X-ray spectroscopy (EDX, Horiba,
Hitachi High-Technologies, Japan)

BET analysis

The specific surface areas and total
pore volumes of TiO2 pellets were
analyzed from the nitrogen isotherms
in BELSORP-max (BEL Japan Inc.,
Japan) after
degassed at 110 °C for 1.5 h.

the samples were

Photocatalytic activity tests
TiO, photocatalysts were added to
400 mL of a 1 mgL? glyphosate

obtain a dispersion inside a UV
enclosure box. The UV enclosure
box consisted of six blacklight (UVa)
lamps with a UVa intensity of 2500
HW/cm2. The mixture was stirred in a
dark condition until well-mixed.
After that, the mixture continued to
be the

photocatalytic process. The 10 mL

stirring  throughout
sample was collected using a syringe
at certain time intervals and was
separated into the TiO. particles
using a 0.22 pm filter paper. In all
TiO:
pellets were studied in the absence of

experiments, powders and
light to determine the degradation
efficiency compared to the presence
of UVa light.
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Glyphosate analysis

The amount of glyphosate in water
was directly measured
by ion chromatography (Dionex ICS-
5000+, USA)
equipped with a variable wavelength
detector (VWD), lon Pac AG11 (4 x
50 mm), AS11 (4 x 250 mm) guard,
an ASRS-300 (4 mm)
regenerating suppressor, EG eluent
and an AS-HV auto

sampler. The removal efficiency for

Dionex Corp.,

self-
generator,

each sample was calculated using the
following equation:

Cy-C
MXlOO

where n% is the removal efficiency
of glyphosate; C: is the concentration
of glyphosate in the solution after t
illumination and Co is the initial
concentration of glyphosate before

illumination.

Mechanisms of the photocatalytic
degradation of glyphosate

Through the possible degradation
pathways, the products monitored
were aminomethyl- phosphonic acid
(AMPA) and phosphate ion (P03 ).
PO3;~which could be identified under

the same operation of glyphosate.

Meanwhile, AMPA was examined by
using 6495 Triple Quadrupole Liquid
chromatography—mass spectrometry
(LC-MS,
USA) equipped with a Agilent
Poroshell 120 HILIC-Z, (2.7 pm, 2.1
mm x 100 mm) and a HILIC guard

Agilent  Technologies,

column (2.7 um, 2.1 mm x 5 mm)

RESULTS AND DISCUSSION
TiO2 samples characterization

In the experiment, 2 types of TiO:
pellets used were investigated. The
clay TiO pellets comprising of 0, 5,
10, 20, 30, 40 and 50 wt% of TiO>
(CTO, CT5, CT910, CT20, CT30,
CT40 and CT50 pellets, respectively)
with a diameter of 4-7 mm were
prepared for this
whereas the PE-TiO. pellets that

experiment,

were 2.5-3 mm in diameter were
purchased commercially. All clay
TiO2 pellets had a similar external
appearance (Figure 1A). However,
the stability of the clay TiO; pellets in
water decreases with the increasing
clay content. After immersion in
water, the stability of CTO, CT5 and
CT10 pellets proved to be in effective
broke  down

because they
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immediately (Figure 1B(b-d)). Clay-
TiO: particles on CTO pellets spread
out more quickly than CT5 and CT10

pellets, respectively. The calcination

temperature at 600 °C does not
enough to produce strong clay TiO>
calcination

pellets. Generally,

temperature should be over 1000 °C

Figure 1 (A) The appearance and (B) the stability of TiO2 pellets in water by
observed the turbidity (a) PE-TiO2 pellets, (b) CTO pellets, (c) CT5 pellets, (d)
CT10 pellets, (e) CT20 pellets, (f) CT30 pellets, (g) CT40 pellets and (h) CT50

pellets

to produce strong clay TiO2 pellets.
All water molecules are removed
from clay particles. Neighboring clay
particles become connecting to each
other, with strong oxygen bridge
(Breuer, 2012). Also, clay- TiO>
particles of CT20 pellets gradually
broke down after immersion (Figure
1B(e)). However, the CT30, CT40
and CT50 pellets were stable in water
at least 240 mins, and the loss of clay-
TiO; particles was minimal (Figure
1B(f-h)). As calcination at 600 °C,
new chemical bonds are generated
TiO;

between clay and TiO..

connects to clay via Si-O-Tiand Al-
O-Ti bonds, resulting in improved
the stability of the pellets in water
(Zhang et al., 2013; Wang et al.,
2010). Thereby, CT30, CT40 and
CT50 pellets will be applied for the

photocatalytic degradation process.

XRD analysis

XRD patterns of non-calcined

and calcined TiO. powders are shown
in Figure 2a. The obtained XRD
pattern of calcined and non-calcined
TiO2 powders were not different. It

can be seen that both rutile and
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anatase phases obviously appeared in
both TiO, powder samples. The
percentage of crystalline phases of
the calcined TiO2 powder is quite
similar to non-calcined TiO2 powder
(Table 2). Also,
reported by; Bayan et al., (2017)
Bowering et al., (2007); Raj and
Viswanathan (2009) investigated that

as previously

the phase transformation from
anatase to rutile in TiO2 appeared at
temperatures above 700 °C. For XRD
patterns of the white clay, quartz and
pyrophyllite represented as typical
mineral mixtures of white clay
(Figure 2a). No phase transformation
of calcined clay was observed at 600
°C for 2 h. These mineral clays
started transforming after being
heated to over 1000 °C (Sanchez-
Soto and Perez-Rodriguez, 1989;
Zheng et al., 2018). The overall result
indicated calcination at 600 °C for 2
h does not have significant in
transforming the composition of TiO>

and the white clay.

Figure 2b confirms that in the PE-
TiO. pellets, only anatase phase
obviously appeared, as claimed by
Meanwhile, the
pyrophyllite,
rutile and anatase TiO2 was also

the manufacturer.

presence of quartz,

detected in all the clay TiO2 pellets.
These mineral mixtures of white clay
had no obvious effect on any
The
phase contents of TiOz in clay TiO>

composition change in TiO>.

pellets are also shown in Table 2. The
percentage of anatase and rutile
contents in CT30, CT40 and CT50
pellets were similar. The result was
also similar to the non-calcined TiO-
powder. Evidently, the decrease of
the TiO2 weight ratios in clay TiO-
pellet is related to a decrease in the
peak intensity of anatase and rutile.
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Figure 2 XRD diffraction patterns of the TiO> samples (a) TiO2 powder and

white clay and (b) PE-TiO; pellets and clay TiO: pellets

Table 2 The percentage of anatase and rutile phases of TiO, samples

Sample TiO> phase (wt%)
Anatase Rutile

Non-calcined TiO2 powder 79.5 20.5
Calcined TiO2 powder 76.6 23.4
PE-TiO; Pellet 100.0 0.0

CT30 pellet 77.3 22.7
CT40 pellet 80.2 19.8
CT50 pellet 77.2 22.8

BET analysis Industries, Thailand). Also, Raj and

The surface areas, pore volumes and
pore sizes of PE-TiO2 and clay TiO>
pellets were investigated (as shown in
Table 3).
specifications, TiO2 powder showed

In the manufacturers

a large surface area, and its value

+ 15 m?/g (Evonik

reaches 50

Viswanathan (2009) invastigated that
TiO2 powder has pore volume 0.177
cm®/g and pore size 17.5 nm. As a
result, the surface area and pore
volume of the clay TiO. pellets
decreased, compared with TiO>

powder.
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the CT30, CT40 and
CT50 pellets had quite similar

Moreover,

surface areas, pore volumes and pore
sizes, whereas the surface area, pore
volume and pore size of the PE-TiO>
pellets were considerably less than
This  result

clay TiO2 pellets.

indicates that such large surface
areas, pore volume and pore size of
clay TiO2 pellets were presumably
better
photocatalytic activity than PE-TiO>

candidate  material for

pellets.

Table 3 BET surface area, pore volume and pore size of TiO2 samples

Sample Surface area (m?/g) Pore volume (cm®/g)  Pore size (nm)
TiO2 powder 50+ 15 0.250* 17.500*
PE-TiO2 Pellet  2.160 0.005 7.541

CT30 pellet 30.710 0.145 20.465

CT40 pellet 36.989 0.203 24.493

CT50 pellet 33.124 0.153 18.836

* Raj and Viswanathan, (2009)

SEM/EDX analysis

SEM images and results of EDX
analysis of PE-TiO; and clay TiO:
pellets are shown in Figure 3. Clay
TiO: pellets appeared to have a less
smooth and homogeneous surface
than PE-TiO2 pellets. CT50 pellets
exhibited a smoother surface than
3b).

Obviously, as the amount of the TiO>

other composites  (Figure
increased, surface of the clay TiO:

pellets became smooth. Also, EDX

mapping analysis revealed that the
Titanium (Ti), Silica (Si) and
Aluminum (Al) were uniformly
distributed either throughout the
entire external or internal surface of
clay TiO: pellets. Furthermore, EDX
results showed that Ti was found in
both external and internal surfaces of
CT30, CT40 and CT50 pellets in the
range from 15.5 to 15.9 %wt, 21.1 to
25.4%wt and 25.3 to 35.4 %wt,
respectively (Table 4).
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Figure 3 SEM and EDX mapping images of TiO2 samples (a) External surface

of PE-TiO. pellets, (b) External surface of CT 50 pellets, (c) External surface

of CT40 pellets and (d) External and internal surface of CT30 pellets.

Table 4 EDX analysis of clay TiO; pellets

Sample Al (%wt) Si (Yowt) Ti (Yowt)

CT30 pellet 5.4-5.9 15.4-15.6  15.5-15.9

CT40 pellet 4.3-4.9 13.1-14.2 21.1-254

CT50 pellet 3.6-4.0 11.5-13.4  25.3-35.4
Photocatalytic activity tests using methylene blue (MB) as a

Preliminary, the photocataly- tic model organic pollutant. As a result,
activities of CT50, CT40 and CT30 CT30 pellets showed the highest

pellets UVa light were studied by photocatalytic
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Consequently, CT30 pellets will be
used for the photodegradation of
glyphosate.

Figure 4 illustrates the removal
efficiency of the glyphosate over the
course of the experiment. When the
TiO2 powder was employed under
dark condition, glyphosate was
adsorbed on the TiO> surface. The
concentration of glyphosate
decreased from 1 to 0.6 mgL*
(approximately  39.82% removal
efficiency) within 30 min and then
the concentration became stable until
the end of experiment. Upon UV
irradiation,

glyphosate  rapidly

decreased and completely
disappeared by TiO2 powder within
30 min (Figure 4a). In the absence of
TiO2, however, the concentration of
glyphosate slightly decreased under
uv 240

approximately removal

irradiation  at
9%

min,

efficiency.

Apart from TiO2 powder, PE-TiO>
and CT30 pellets also can remove
glyphosate effectively (Figure 4b).
The removal efficiency of glyphosate

using both PE-TiO2 and CT30 pellets
under UV irradiation represented a
considerable increase with time. For
CT30 pellets, the concentration of
glyphosate was reduced from 1 to
0.01 mgL? with 99.08% removal
whereas the

efficiency, removal

efficiency of glyphosate reached
74.02% by using PE-TiO. pellets
after 240 mins. Although both PE-
TiO2 and CT30 pellets showed a
than TiO>
powder, they were much easier to
than TiO-

powder. As mentioned previously,

lower performance

separate from water

clay TiO. pellets showed a higher
performance for the photocatalytic
degradation of glyphosate, compared
with PE-TiO; pellets. Also, clay TiO>
pellets had a mixture of anatase-rutile
phase, while the PE-TiO; pellets only
have anatase phase (Figure 2b). The
mixture of rutile and anatase phases
enhance photocatalytic  activity,
leading to improve electron—hole
separation (Ohtani et al., 2010). Also,
clay TiO2 pellets had a larger surface
area than the PE-TiO> pellets. The
high surface area relates to the greater

number of active sites for reactive
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oxygen species (ROS) production to
degrade glyphosate (Dérjan et al.,
2013; Kumar and Pandey, 2017;
Hurum et al., 2003).
from the

Apart photocatalytic

degradation of glyphosate,
glyphosate can be adsorbed by PE-
TiO2 and CT30 pellets. The results
showed that 6.77% of glyphosate was
adsorbed by PE-TiO. pellets, while
about 41.72% of glyphosate was

adsorbed by using CT30 pellets

within 240 mins (Figure 4b).
Obviously, CT30 pellets showed dual
functions with  adsorption and
photocatalytic degradation of

glyphosate, while the decrease of
glyphosate by using PE- TiO pellets
was mainly due to the influence of
photocatalytic degradation.
Considering the removal efficiency

of glyphosate, CT30 pellet showed

the higher  performance with
convenient separation from the
water.

Mechanisms of the photocatalytic

degradation of glyphosate

A possible photocatalytic
degradation pathway of glyphosate
was supposed to occur due to the
strongly oxidizing species (i.e.
hydroxyl radicals and/or superoxide
anion radicals). It is presumed that
decomposition of
released AMPA,

sarcosine ,phosphoric acid (HsPOs),

glyphosate
glycolic  acid,
carbon dioxide (CO) and, inorganic
anions i.e. phosphate (P03~ ) and
nitrate (NO3) (Echavia et al., 2009;
Muneer and Boxall, 2008; Chen and
Liu, 2007)
byproducts,

Among these
AMPA s

produced and frequently occurs

initially

within glyphosate decomposition,

while POz~ is stable major
byproduct. In relation to glyphosate
decomposition pathway, this study
investigated AMPA and PO;~

formation.
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Figure 4 Degradation of glyphosate under dark and UV conditions
(@) TiO2 powder and (b) clay TiO2 pellets and PE-TiO; pellets

The concentrations of AMPA and
P03~ during photocatalytic
degradation of glyphosate by using
TiO2 powder are shown in Figure 5a.
The complete removal of glyphosate
at concentration of 1 mgL?' was
achieved, and PO;~ formation was
observed at 30 mins and stable until
240 mins. It can be seen that the
formation of PO3~ was related to the
disappearance of glyphosate.

Compared to CT30 pellets, the

photocatalytic degradation of
glyphosate by using CT30 pellets
in the
formation of PO3~ (Figure 5b). The

concentration of glyphosate was

showed a different result

gradually ~ decreased and PO3-

concentration increased gradually,
reaching its highest level at 120 mins.
Then, PO3~ concentration decreased

until 240 mins (Figure 5b).

Also, the formation of AMPA is
related to the decrease of glyphosate
(Figure 5b). When the concentration
of  glyphosate
AMPA

increased gradually,

was  gradually

decreased, concentration
reaching its
highest level at 90 mins. Thereafter,
AMPA decreased until 240 mins.

From previous studies, glyphosate
can be directly oxidized to AMPA.
The generated AMPA can be also

directly changed into PO3~ (Echavia
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et al., 2009; Muneer and Boxall,
2008). Thereby, it is presumed that
the gradual decrease of AMPA is
resulted from the decrease of
glyphosate and increase of PO3~ in
water. Interestingly, AMPA was no
observed in the photocatalytic
degradation of glyphosate by using
TiO2 powder. This is possibly due to
high  performance
activity of TiO2
degradation of the AMPA and

glyphosate.

photocatalytic
powder for

Overall, formation of by products
during the photocatalytic degradation
of glyphosate by using TiO2 powder
showed different result from CT30
pellets. Photocatalytic degradation
of glyphosate by using TiO2 powder
found only PO3", w hile
photocatalytic degradation of the
glyphosate by using CT30 pellets

found both AMPA and PO3~. This

difference is might be due to the
lower photocatalytic activity of
CT30 pellets than TiO; powder,
resulting in AMPA is not rapidly
decomposed. However, there was a
trend in decreasing of AMPA after 90
mins (Fig. 5b). Due to AMPA are
more toxic and longer half-life than
glyphosate (Grandcoin et al., 2017),
complete degradation of AMPA is
essential. Therefore, increase
photocatalytic activity of CT30, e.g.
light
intensity and amount of clay TiO>

increasing reaction time,

pellets, can lead to complete

degradation of AMPA as well as
degradation of glyphosate.
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Figure 5 Concentration of glyphosate and its byproducts during
photocatalytic degradation (a) TiO2 powder and (b) CT30 pellets

CONCLUSIONS

As shown in this work, CT30 pellets
were simply prepared, easily
removed from water and resulted in
highly photocatalytic activity. The
removal efficiency of glyphosate by
the CT30 pellets reached 99.08%.
Also, AMPA and PO3~ has been
observed in the photocatalytic
degradation pathway of glyphosate

by CT30 pellets.
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ABSTRACT
Biogas generation utilizes vinasse, a by-product of ethanol distillation, as one
of its ingredients is gaining more interests in recent years. However, discharge
from biogas reactors utilizing vinasse is highly colored and is difficult to be
further degraded by conventional biological treatment. In this work, the
Fenton oxidation process has been employed to test for the color reduction of
the discharge from a commercial biogas reactor using vinasse as its feedstock.
The operating factors, such as the pH and the amount of the Fenton reagents
have been explored to determine their effects on the efficiency of the Fenton
oxidation process. The operating ranges tested, using 2% full factorial design
of experiment (DOE), are the Fe?* concentrations between 1.7-8.9 mM, the
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H20. concentrations between 6.5-13.1 M, and the pH between 3-6. The Fenton

treatment of this wastewater showed a very high color removal efficiency of

up to 90% color removal from the initial value of over 200,000 ADMI

(American Dye Manufacturers Institute) standard.

Keywords: Vinasse, Decolorization, Fenton oxidation process, DOE

INTRODUCTION

Biogas production from wastewater
has gained increasing interest as a
viable way for energy production
especially in wastewater from the
bio-industries which are rich in
organic compounds. One of the
feedstock that has been used for
biogas reactor comes from the by-
product of the ethanol distillation
known as vinasse [1, 2]. Vinasse is
the dark-brown liquid remained after
the ethanol distillation. It is

generated in a large amount
normally by about 9-14 liters for
every liter of the ethanol produced.
Vinasse has been characterized to be
rich in phenolic compounds and
melanoidin [2-4]. Melanoidin is a
Maillard

reaction between sugars and amino

by-product from the

groups [5, 6] and has a dark brown
to black color similar to that of

molasses.  Although  anaerobic
digestion taking place in the biogas
reactor is very efficient in treating
the vinasse with BOD removal
efficiency of over 80% and also
produces energy in the form of
biogas [7]. The color of the final
effluent from the biogas reactor
utilized vinasse still remains very
dark.

Recently, new regulation in
Thailand set the color value of water
discharge of not more than 300
ADMI [8]. This

decolorization of

has made
industrial
wastewater to become one of the
important priorities. Unfortunately,
decolorization of the effluent from
the Dbiogas generation utilizing
vinasse as its feedstock has been a
difficult task. Physical or biological
wastewater treatment have been

employed for the color removal,
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however these techniques are rather
not effective and the use of chemical
oxidation may help degrading these
biologically recalcitrant compounds.
Advanced oxidation  processes
(AOPs) has been in high demand for
treatment of organic pollutants that
are difficult to be degraded
biologically [9] [10]. Choosing the
optimum dosage of chemicals and
also conditions of treatment in order
to minimize the cost associated with
AOPs can be challenging. The
application of standard statistical
(DOE)

approach can help to reduce number

design of experiment
of tests necessary to find optimum
conditions [11]. DOE investigates
the effects of the input variables
(factors) on the output variables
(responses) yielding the optimum
conditions.

The aim of this study is to decrease
color of the effluent discharged from
reactor

a commercial biogas

utilizing vinasse as its main
feedstock and to investigate on the
efficiency of Fenton’s processes and
optimum conditions for the color

removal using DOE method.

METHODOLOGY

Chemicals and materials

The biogas wastewater sample was
received from a biogas plant utilizing
vinasse from an ethanol distillery as
its major influent. The wastewater
sample was kept in a dark container
at temperature of 4°C prior to use.
sulfuric acid, FeSO47H.0, H20;
30% w/w and were purchased from
Dajung Co., Ltd.

Procedure

The experiment was performed at
ambient temperature and pressure.
The Fenton oxidation process was
conducted in a 250 ml glass bottle
containing 20 ml sample. The pH of
the sample was adjusted in the range
between 3-6 using sulfuric acid.
FeSO47H.0 and H20. were then
added into the sample and the sample
was left under continuous stirring for
24 hours.

Color Measurement

The color measurement standard is
the APHA 2120F ADMI Weighted-
Ordinate Spectrometer. For color

standard method, the sample was first
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filtered to remove turbidity using a
cellulose acetate syringe filter with a
nominal pore of 0.45 um. The color
the ADMI

standard was then carried out using a

according to color
10mm disposable cuvette using
Spectroquant model Pharo 300.

COD Measurement

COD measurement was carried out
by standard method APHA 5220 D.
closed reflux, colorimetric method.
The sample was added to vials and
digested for 2 hours at 150 °C in a
Spectroquant TR 420 and cooled
down to room temperature for 30
min. The COD concentration was
then measured photometrically using
the Spectroquant model Pharo 300.

RESULTS AND DISCUSSION
ANOVA results

In order to study and optimize
Fenton’s process on the color
reduction, the 2% full factorial DOE
was analyzed using Minitab. The
experiment investigated on the 3
(pH, Fe? H202

concentrations) resulting in possible

factors and

combinations of 8 runs for the low

and high in each factor. The operating
factors on color reduction were
adopted by varying pH of wastewater
between 3-6, Fe?"
between 1.7- 8.9 mM, and H20»

concentrations between 6.5-13.1 M.

concentrations

The goal of this type of experiment is
usually focused on developing a full
Y = f(X)
describing how the process inputs

predictive  model
jointly affect the process output and
determining the optimal settings of
the inputs.

Based on the ANOVA analysis
conducted (table not shown), the P-
values of the main effects, the two-
way interactions and the three-way
interactions among the factors are
almost 0 (less than 0.05). This
implies that the linear assumption
between the factors and the responses
are statistically significant and that
the pH range between 3-6, the Fe?*
concentration between 1.7-8.9 mM,
and the H20- concentration between
6.5-13.1 M are statistically

significant.

Regression equation
The estimated coefficients generated
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from the 2% full factorial DOE were

then used to obtain the regression

model (Y=f(X)) which is displayed in
Table 1.

Table 1 Regression equation for the predicted color value of the treated

wastewater as a function of the pH, Fe?* and H.0, concentrations.

Color (ADMI) =

525 + 19362 pH + 2354 Fe (mM) + 1280 H,0, (M)

- 2318.0 pH*Fe (MM) - 1179.1 pH*H,0, (M)
- 288.1 Fe (MM)*H,0, (M) + 144.30 pH*Fe (mM)*H,0, (M)

Effects plot

The Pareto chart in Fig.1 shows the
absolute values of the standardized
effects from the largest effect to the
smallest effect. The chart also plots a
reference line to indicate which
effects are statistically significant.
This chart determines the magnitude
and the importance of the effects.
Model of color response to input
factors

To determine if the model in Table 1
can fit our data, one examines the
The

standard deviation between the color

goodness-of-fit  statistics.
data values and the fitted color values
is approximately 602.4 ADMI. R? is
a statistical measure of how close the

data are to the fitted regression line.

The high R? value of 99.94% means
all the variability of the response data
center around its mean and the model
fits the data well. The predicted-R?
determine, given new observation,
how well the model can predict the
response. In this work, the model has
also a quite good predicted-R? value
of 99.86%

should have a good predictive

and hence the model

ability. This work illustrates that main

effects, two-way interactions and
three-way interactions among factors
cross the reference line at 2.1 so these
factors are statistically significant
with the current model terms. The Fe
concentration is a major factor that

affects the color response.
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Pareto Chart of the Standardized Effects

(response is Color (ADMI), a. = 0.05)

Term 54

B

AB

Factor Name
A A pH
i B Fe (mM)

BC C H202 (M)

C
ABC

AC

0 20 40 60 80 100 120

Standardized Effect

Figure 1 The Pareto graph of all factors on color response

Residual analysis

The normal probability plot verifies
assumption of normality of error
terms that the residuals
approximately follow a straight line.
The histogram shown in Fig. 2
indicates the normal distribution of
the residuals for all observations.

Moreover, the versus fits plot shows

the error term against the fitted value
to verify the assumption that the
residuals are randomly distributed.
They should fall randomly half above
and half below the O line, with no
recognizable patterns in the points so
that indicate our assumption of error

terms having mean 0 is valid
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Histogram
(response is Color (ADMI))
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Figure 2 The normal distribution of histogram of the color response around

the mean value

Optimization
The optimization plot shows how the
factor variables affects the predicted
responses.  According to the
calculation, the color value of Fenton
oxidation process can be minimized
at the operating temperature of 25 °C,
the reaction time of 24 hours, pH of
3, the Fe?* concentration of 8.9 mM,
and the H>O> concentration of 13.1
M. The highest

efficiency using Fenton oxidation

color removal
process of 97.5% is then obtained.
This prediction is also verified in an
experiment and obtained a color
value of 4,983 ADMI. The COD
removal efficiency is about 30% from

the initial COD concentration of
68,000 mg/L to about 47,709 mg/L
after treatment.

Validation of the minimum
condition

After investigation of the minimum
color condition (pH of wastewater 3,
Fe?* concentrations of 8.9 mM, and
H202 concentrations 13.1 M), we
validate response. The experimental
measured color is 4,912 ADMI and is
very close to that of the predicted
value of 4,983 ADMI. The result
shows that the percentage difference
between the actual experimental

value and that of the predicted value
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from the model is only 1.4%. Thus, it
is possible to predict for the color

results using the model in Table 1.

Figure 3

Original wastewater vs the Fenton’s treated wastewater at optimized

conditions obtained from the full 2 factorial DOE

Contour plot

Contour plot displays the three-
dimensional relationship, with the
factors or variables on the x- and y-
axes, and the response on the z-axis.
The plots can help visualization of
how the factors relates to the
response. The contour plot is the
cross-section of the surface plot at
various constant response value

projected onto the x-y plane.

Figure 4 shows the contour plot of the
color response to the Fe?* and pH

used in the Fenton process holding

H202 concentration constant at 9.8
M. It can be seen that in this case the
higher the Fe?* concentration the
lower the color value, or the better the
color removal efficiency. pH also
affects at low Fe?* concentration
where the low value is needed in
order to achieve low color value.
However, at high Fe?* concentration,
the pH does not affect the color
reduction much. Hence, using high
Fe?* concentrations, is more effective
in lowering the color value of the
treated wastewater than using low

Fe?* concentration.
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3.0 35 40 45
pH

Color (ADMI)

< 10000

[ 10000 — 20000
I 20000 — 30000
W 30000 — 40000
[ > 40000

Hold Values
H202 (M) 9.8

50 5.5 6.0

Figure 4 Contour plot of color (ADMI) vs Fe?*, pH

Figure 5 shows the contour plot of the
color response from the model to the
H>0> concentrations and the pH used
to hold the Fe?
constant in the mid-range at 5.3 mM.

concentration

The response is classified by the

color shade. It can be seen that the

13 1=

3.0 35 4.0 4.5
pH

low color value is obtained when the
low color value is achieved at
sufficiently high concentration of
H20, and low pH value. Thus, the
H202
lower pH are prefer at moderate level

of Fe?*,

higher concentrations and

Color (ADMI)

< 15000

15000 — 20000

1 20000 — 25000
W 25000 — 30000
W 30000 — 35000
[ > 35000

Hold Values
Fe (mM) 5.3

50 55 6.0

Figure 5 Contour plot of color (ADMI) vs H2O2, pH
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Figure 6 shows the contour plot of the
color response to the H,O2 and Fe?*
concentrations used to react in Fenton
process holding pH constant in the
mid-range at 4.5. It can be seen that

in order to achieve low color value,

Fe (mM)
Figure 6 Contour plot of color (ADMI) vs H20,, Fe?*

CONCLUSIONS

In this work, Fenton’s oxidation
process has been shown to be very
effective in reducing the color of the
biogas reactor discharge from the
color value of over 200,000 ADMI
to the color value of about 4,983
ADMLI.

The optimized Fenton’s conditions
were found to be at the pH value of
3, Fe?* concentration of 8.9 mM,

and the H202 concentration of 13.1

the Fe?* has to be sufficiently high in
the range of about 8mM, and at this
level, the low amount of H20. can
also be used leading to the lower

process cost.

Color (ADMI)

< 10000

10000 — 20000

I 20000 — 30000
W 30000 — 40000
W 40000 — 50000
] > 50000

Hold Values
pH 4.5

M with color removal efficiency
97.5% at the optimized condition.
The 2¥ full factorial DOE helps to
also obtain a model that can predict
the final color value of the treated
effluent given the Fenton’s
parameters of pH, Fe?* and H.0;
concentrations used and show that
the Fe?* concentrations to be a major
factor affecting the color, and that
high Fe?

concentration range is preferred in

operating in the
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order to minimize the use of H20»
and to operate in the near neutral
pH.
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ABSTRACT

The objective of this study was to evaluate inhibitory activities of
Wickerharmomyces anomalus MSCU 0652 and Kluyveromyces marxianus
MSCU 0655 on growth and ochratoxin A (OTA) production of Aspergillus
carbonarius TK4.2. We found that W. anomalus MSCU 0652 and K.
marxianus MSCU 0655 showed the inhibitory effect of 83.81% and 66.04%,
respectively, on growth of A. carbonarius TK4.2. OTA production was also
inhibited 99.77% by both antagonistic yeasts. GC-MS analysis showed that
the major component of volatile organic compound (VOCs) was ethyl acetate
and other minor VOCs compounds were also produced by W. anomalus
MSCU 0652 and K. marxianus MSCU 0655 and found to be 1-butanol, 3-
methyl, acetic acid, phenylethyl alcohol, 1-propanol, 2-methyl etc.

Keywords: Ochratoxin A, Aspergillus carbonarius, Wickerharmomyces

anomalus, Kluyveromyces marxianus, Volatile Organic Compounds
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INTRODUCTION

Ochartoxin A (OTA) is a mycotoxin,
a toxic secondary metabolite of
filamentous fungi. OTA is one of the
most common naturally occurring
mycotoxin produced by genera

Aspergillus and Penicillium

particularly A. carbonarius, A.
ochraceus and P.

(Gupta, 2007). This mycotoxin has

verrucosum

well recognized nephrotoxic,

teratotoxic and immunotoxic
properties and was classified as a
possible human carcinogen (group
2B) (IARC, 1993). The
contamination of OTA was detected
in a wide range of agricultural
These
coffee beans, cocoa, nuts, spices,
dried fruit, beer and wine (Wolff et
al., 2000).

Several methods were developed and

products. include cereals,

used in pre- and postharvesting for
controlling fungi and mycotoxin
contamination. Among the strategies,
an alternative method such as
biological control has increasingly
draun attention as agent for fungal
growth inhibition and mycotoxin

reduction for example, biological

control agents (BCAS) using bacteria,
fungi and yeasts (Janisiewicz and
Korsten, 2002). Yeasts are high of
potential as BCAs since they have
several attributes that make them
suitable for use as BCAs including
genetics stability, non-allergenic and
non-toxic effects, growth in various
conditions and requirement of basic
nutrients (Droby and Chalutz, 1994;
Wilsons and Wisniewski, 1998). To
date, several studies have reported
the capability of antagonistic yeasts
for inhibiting fungal growth and
mycotoxin reduction with different
mechanism of action such as
competition for nutrients and space
(Janisiewicz et al., 2000; Zhu et al.,
2015), the release of hydrolytic
enzymes (Gil-Serna et al., 2011;
Parafati et al., 2015) volatile organic
compounds (VOCs) (Spadaro and
2016)
adsorption or degradation (Bejaoui et

al., 2004; Péteri et al., 2006)

Droby, and  mycotoxin

VOCs produced by yeasts have been
as part of biological control strategies
to prevent the growth of plant
pathogen (Arrebola et al.,, 2010).
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Several strains of antagonistic yeasts
inhibit A.
carbonarius growth and reduce OTA
(2018)

antagonistic  yeast

showed the effect to
production. Farbo et al.
reported that
strains produced the VOCs as the one
of antagonistic activities that reduced
the  fungal mycelial  growth,
sporulation and OTA production of
A. carbonarius MPVA566 and A.
MPVA703.

Wickerharmomyces anomalus is one

ochraceus

of antagonictic yeast that produce
various VOCs component, used as
BCA on
strawberry (Oro et al.,, 2014) to

sweet cherries and
inhibit fungal growth that cause of

postharveast decay such as B.
cinerea, Moilinia fructicola and A.
carbonarius (Oro et al., 2018). Geng
2011 that

Kluyveromyces

et al, reported

marxianus  could
produce several VOCs inhibiting
spore germination of Penicillium
digitatum in citrus fruit. The aim of
this study was to evaluate the effect
of VOCs produced by W. anomalus
MSCU0652 and K.

MSCU 0655 isolated from corn

marxianus

OTA

production of A. carbonarius TK4.2

silage. on growth and

METHODOLOGY
Microorganisms
All microorganisms in this study
were provided from the Culture
Collection Center at the Department
of Microbiology, Faculty of Science,
Chulalongkorn University, Thailand.
Antagonistics yeasts (W. anomalus
MSCU 0652 and K. marxianus
MSCU 0655) grown on YPD (Yeast
extract-Peptone-Dextrose, Himedia,
India) agar at 30 °C for 48 h. were
cultivated in YM (Yeast extract-Malt
extract, Himedia, India) broth at 37
°C for 9.5 h. to obtain mid-log
culture. Yeast cells were havested by
centrifugation (5000 rpm, 10 mins),
washed twice with PBS (Phosphate
Buffer Solution) pH 7.2 and counted
hemacytometer  then
10°  cell/mL. A.
carbonarius TK4.2 was grown on
PDA (Potato dextrose Agar, Difco,
USA) at 25°C for 7 days. The fungal

spore were collected in sterile normal

by using
adjusted to

saline solution with 0.01% Tween 80
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then adjusted to final concentration of

10° spore/mL.

Effect of VOCs on fungal growth

A face to face double petri dish
technique (Fiori et al., 2014) was
used to evaluate the inhibitory
efficacy of VOCs produced by
antagonistic yeast strains on growth
of A. carbonarius TK4.2. YPD agar
plate was spreaded with 100 uL of
each yeast suspension. Then, the lid
of the plate was replaced by another
PDA Petri dish that was point
inoculated with 10 uL of fungal spore
suspension. These plates were double
sealed with Parafilm® and incubated
at 25°C for 7 days. The control plate
of A. carbonarius was sealed with
YPD plate without yeast cell. The
fungal colony was measured and
examined the morphology and
microscopic detail. The percentage of
inhibition was calculated by using the
following formula: [(fungal growth
diameter of control — fungal growth
diameter with antagonistic
yeasts)/fungal growth diameter of

control] x 100

Effect of VOCs on mycotoxins
production

After calculated the percentage of
plugs
removed from the center area of the

inhibition, 6 agar were
fungal colony and introduced into a

small vial. OTA extraction was
carried out by adding 2.5 mL of
methanol: formic acid (25: 1) under
sonication for 15 min. (Dachoupakan
et al., 2009). Extracts were passed
though filter paper WhattmanTM
No.1 and evaporated under a nitrogen
stream at 40°C. The dried extracts
were re-suspended in the mobile
phase of HPLC (High Performance
Liquid  Chromatography).  The
decontamination of OTA was
by HPLC

and

performed system

(Scientific Technological

Research Equipment Centre,
Chulalongkorn University, Thailand)
with C18 column (250 x 4.60 mm; 5
um) and fluorescence detector by
using the method of Dachoupakan et
al., 2009. OTA contents were

expressed as ng/g medium.
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VOCs analysis
Each
inoculated in 20 mL clear vial and a

antagonistic ~ yeast  was
screw cap containing 10 mL of YPD,
incubated at 25°C for 2 days. VOCs
components were analyzed by Solid
(SHS)
Chromatography
(GC/MS)

Technological

Head-Space analysis
Gas

Spectrometry

following
Mass
(Scientific

Research

and
Equipment Centre,
Chulalongkorn
Thailand). For sampling, the 7697A
Headspace (Agilent
Technologies, Palo Alto, CA, USA)

was used, 1 mL of loop size was

University,

Sampler

inserted into headspace at 80°C for
60 min and GC/MS system was used
to determine the VOCs by using
Agilent 7890B GC system equipped
with Agilent 7633 ALS autosampler
and Agilent 7000C GC/MS Triplr
Quad MSD model. Separation was
performed on  HP-INNOWAX
column (30 m x 0.25 mm, 0.25 pum)
with following temperature program:
initial 40°C hold for 5 min, ramped to
230°C hold of 5 min at 5°C/min. The
split injection port was held 180°C

with a split ratio of 50:1. Helium was

used as a carrier with constant flow
rate set to 1 mL/min. MS system
following by scanning range at 33-
500 m/z. the ionic source temperature
was 230°C with ionizing energy 70
eV and mass transfer line temperature
of 250°C.

Statistical analysis
All data were analyzed by using
SPSS 16.0 (SPSS Inc., Chicago, IL,
USA). One-way ANOVA

Tukey’s multiple-range test were

and

used to verify significant differences
between means (p < 0.05) of each

experiment.

RESULTS

Effect of VOCs on fungal growth
and OTA production

From face to face double petri dish
assay, VOCs production of 2 yeast
strains inhibited
A.carbonarius TK4.2 growth. VOCs
of W. anomalus MSCU 0652 showed
the highest efficacy against A.
carbonarius TK4.2 growth with
83.18% While K.
marxianus MSCU 0655 was
efficient (66.04%) (Table 1). Fungal

significantly

inhibition.

less
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colony development that
combination with antagonistic yeasts
showed marked difference compared
with the control. A. carbonarius The
VOCs produced by W. anomalus
MSCU 0652 and K. marxianus
MSCU 0655 were analyzed by GC-
MS (Fig. 2, 3). The major VOC
emitted by W. anomalus MSCU 0652
was ethyl acetate and the presence of
1-butanol, 3-methyl, acetic acid and
phenylethyl alcohol was exposed to
W. anomalus MSCU 0652 showed a
small colony size with white
mycelium, non-sporulation and short
hyphae elongation compared to the
control (Fig. 1A, 1B). After 7 days,
fungal plates were extracted and

analyzed the OTA production. OTA

production of A. carbonarius TK4.2
was showed in Table 1. Both W.
anomalus MSCU 0652 and K.
marxianus MSCU 0655 were able to
reduce OTA production

more than 99%. The amount of
mycotoxin  generated by A.
TK4.2

compared with

carbonarius extremely

reduced control

(Table 1).

SHS-GC/MS analysis of
VOCs
Alcohol was observed (Fig. 2). K.

yeasts

marxianus MSCU 0655 also mainly
produced ethyl acetate. 1-butanol, 3-
methyl, 1-propanol, 2-methyl, acetic
acid and acetic acid, 2-phenyl were
also detected (Fig. 3)

Table 1 Growth inhibition and OTA reduction of A. carbonarius TK4.2at day

7 of exposure to yeast VOCs. Results are expressed means of colony diameter

(cm) and OTA production (ng/g) + standard error. Values in each column

Treatment Colony diameter (cm)  OTA production (ng/g)
(%inhibition) (%reduction)

Control 5.35% + 0.64 526.61% + 149.78

W. anomalus MSCU 0652  0.9° + 0.0 (83.18%) 1.20° + 0.44 (99.77%)

K. marxianus MSCU 0655 1.82° + 0.68 (66.04%)  1.21° + 0.85 (99.77%)

following by different letters are significant difference as per Turkey’s test (p

< 0.05).
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Fig. 1 Colony morphology of A.carbonarius TK4.2 incubated by face to face

double petri dish assay with W. anomalus MSCU 0652 (B) and K. marxianus
MSCU 0655 (C) compared with control (A) after 7 days at 25°

x10 8

1.2

0.8
0.6
0.4
0.2

Ethyl acetate
1*2.664 1
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Counts vs. Acquisition Time (min)

Fig. 2 GC-MS chromatogram corresponding to VOCs produce by W.
anomalus MSCU 0652 grown on YPD agar at 25°C for 2 days.
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0.4
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Fig.

! Ethyl acetate '
*12.607
1-butanol, 3-methyl
11.173
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3 GC-MS chromatogram corresponding to VOCs produce by K.

marxianus MSCU 0655 grown on YPD agar at 25°C for 2 days.
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DISCUSSION

Various strains of antagonistic yeasts
were used in currently fields such as
agricultural food and feed stuffs,
medical and pharmaceutical fields
(Golubev, 2006) so they were not
pathogenic to human, animals and
environment. Yeast VOCs were well-
known to use as biocontrol agent in
food
agricultural industries. (Morath et al.,
2012; Francesco et al., 2015). From
our study, VOCs produced by W.
anomalus MSCU 0652 and K.
marxianus MSCU 0655 affected to A.
carbonarius TK4.2 by inhibiting

biotechnology  for and

mycelium growth and sporulation
leading to reduce OTA-production.
Recently, Oro et al. (2018) reported
that VOCs from W.

decreased mycelial growth of decay

anomalus

causing fungi in  strawberries
including A.carbonarius.
VOCs from several antagonistic
yeasts play key as biocontrol agets
(BCAS). They are superior over oter
BCAs including, VOCs act like
biofumigants so do not require direct
remain on

2017).

contact and do not

products (Parafati et al.,

VOCs

produced by fungi are approximately

Presently, compounds
250 different components and they
can be produced more than one
compound such as group of alcohols,
aldehydes, ketones, ketones, phenols,
heterocyclics  hydrocarbons  and
derivatives (Morath et al., 2012; Oro
et al., 2018). VOCs compounds that
analyze from headspace of studying
yeast cultures were identified in
several components such as alcohols,
aldehydes and esters. Ethyl acetate
was a dominant VOC compound of
W. anomalus MSCU 0652 and K.
marxianus MSCU 0655. According
to Fredlund et al. (2004), ethyl
acetate production of W. anomalus
was a major compound of anti-mould
Penicillium

activity against

roqueforti.  Moreover,
Perlat et al. (2004) confirmed that

ethyl acetate is a main compound

Leclercg-

produced by K. marxianus producing
other derivatives of esters and

alcohol.

The mechanism of fungal inhibition
by ethyl acetate is to bind to the

fungal membrane sterol which leads
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to membrane leakage and loss of
intracellular components (Campoy
and Adrio, 2017) or inhibiton of
ergosterol synthesis which is the
fungal membrane component
(Ahmad et al., 2015). Alcohols
especially aliphatic alcohols like 1-
butanol, 3-methyl have high potential
to disrupt the plasma membrane
arrangement and the stability of lipid
bilayer 2015;
Toffano et al., 2017).

(Rezende et al.,

According to Farbo et al. (2018)
found the VOCs of C. jadinii, C.
friedrichii, C. intermedia and L.
thermotolerant reduced the OTA
production of A. carbonarius and A.
ochraceus by  produced  2-
phenylethanol that play important
role to inhibit mycelial growth and
reduce the amount of OTA. The
downregulation of OTA biosynthetic
genes (AcOTApks, AcOTAnNrps and
acpks) and regulatory genes veA and
lacA of A.
suppressed by antagonistic yeasts
VOCs as a key to reduce OTA

biosynthesis.

carbonarius were

The present study can be concluded
that VOCs released by W. anomalus
MSCU 0652 and K. marxianus
MSCU 0655 inhibit ~ A.
carbonarius TK4.2 growth and
These
antagonistic yeasts may be efficiently

can

reduce OTA production.

developed as biocontrol agent appied

for food, feed and agricultural
sectors.
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ABSTRACT
This study focused on the improvement of the anaerobic digestion of
concentrated latex wastewater (CW) via co-digestion process. In general, the
low methane content in biogas production from CW was obtained due to low
chemical oxygen demand/ sulfate (COD/S0O4?) ratio. In this study, the effect
of co-digestion was investigated by the palm oil decanter cake (PDC) addition
of 0.3, 0.6 and 0.9% TS with organic loading rate (OLR) of 0.89, 1.12 and
1.44 kg-COD/m?3.day. In addition, the performance of three different reactors;
anaerobic sequencing batch reactor (ASBR) by propeller mixing (pASBR),
ASBR with liquid recirculation (IASBR) and anaerobic baffled reactor (ABR)
were compared. All experiments were operated at hydraulic retention time
(HRT) of 10 day with semi-continuous mode at 28 + 2 °C. The result showed
that pASBR gave the highest biogas production of 3,611 ml/day with the
methane yield of 0.28 m® CHa/kgCODaddea at OLR of 1.44 kgCOD/m?3.day.
Biogas production from the co-digestion process was 2.65-fold higher than
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that from the mono digestion with only CW as substrate. The performance of

IASBR and ABR systems was not stable. After 17 days, the biogas production

gradually decreased probably due to the foaming on top of IASBR and the

accumulation of solid in the bottom of ABR system. It should be noted that

the pASBR system was the suitable reactor for the biogas production of co-

digestion with PDC addition.

Keywords: Co-digestion, Palm oil decanter cake, Concentrated latex

Wastewater, Biogas production

INTRODUCTION

The production of concentrated latex
is increasing every year due to supply
of exportation for worldwide which
leads to the increasing amount of
concentrated latex wastewater (CW).
The concentrated latex processing
generated 2.43 m® of wastewater per
ton of product (Pollution Control
Department, 2015) which caused of
The
compositions of CW contained the
high COD and sulfate contents with

water and air pollution.

low pH. The high sulfate content was
generated from recovering rubber
particles in a waste stream by using
(H2S04)

(Saritpongteeraka and Chaiprapat,

sulfuric acid

2008). Presently, wastewater treatment
systems in the concentrated latex
industry use activated sludge, aerated
lagoon, oxidation pond and anaerobic
lagoon (Jawjit et al., 2010). In the case
of open system, a malodorous
hydrogen sulfide gas caused by an
anaerobic digestion of sulfate-rich
wastewater was produced and caused
complaint from nearby communities.
Therefore, anaerobic close system
becomes an attractive choice because it
can prevent gas emission, requires
low energy input for operation, and the
organic pollutant converted to methane
gas can be used readily as fuel.

Suitable anaerobic technology for
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this  wastewater IS needed
(Saritpongteeraka and Chaiprapat.,
2008; 2014).

However, the anaerobic reactor was

Kongjan et al.,

not popular in latex industrial

wastewater treatment due to low
biogas production. A high content of
sulfate in CW can inhibit the anaerobic
process by two mechanisms; the
substrate  competition  between
sulfate reducing bacteria (SRB) and
methane producing bacteria (MPB)
and the direct inhibition of cell
functions by soluble sulfides (Jeong
et al., 2008). One approach to increase
the biogas production in the CW is
the use the co-digestion process. Co-
digestion is a methodology to apply
for simultaneous treatment of several
liquid and solid organic wastes. The
addition of co-substrates is a solution
to adjust nutrient content in waste
composition and balance
COD/sulfate
growth. The anaerobic process at
COD/SO4 ratio of 1.7 to 2.7 is the
resulted in the high competition
between SRB and MPB (Vossoughi

et al., 2003). Palm oil decanter cake

ratio for microbial

(PDC) is a waste residue of palm oil

mill, which was normally disposed
by dumping in areas adjacent to the
mill, or letting composted in the palm
oil  plantation
al.,2006). Therefore, PDC containing
high total organic carbon with low

(Chavalpalit et

sulfate content could be used to
balance COD/SOs* ratio for the
anaerobic digestion of CW.

Several types of anaerobic
digesters have been evaluated for
of CW in
(Saritpongteeraka and  Chaiprapat,
2008; Chaiprapat and Laklam, 2011;
Kongjan et al., 2014). The anaerobic
baffled reactor (ABR) is a single
reactor configuration with separated
The

compartmentalization could employ

treatment lab scale

compartments. concept of
the benefits of a stage separation
(hydrolysis and methanogenesis),
which protected shock load from high
substrate loading in the first part of
the reactor. Moreover, it is able to
protect the biomass in the reactor
from wash out (Barber and Stucky,
1999).

sequencing batch reactor (ASBR) is

Meanwhile, the anaerobic

able to provide high organic removal.
The concept of ASBR employs the
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cyclic operation with feeding,

reacting, settling and decanting,
respectively. The settling phase is an
important step for protection wash
out. The potential of using ASBR
system for treating CW has
previously been compared with up-
sludge blanket
(UASB). It was found that ASBR

system showed the efficiency on

flow anaerobic

sulfate removal higher than UASB

system (Chaiprapat et al., 2011).
Although, the

production improved by co-digestion

biogas

process gave the effectiveness in
batch assay. There has been no report
for performance of ASBR and ABR
system to improve biogas production
from co-digestion of CW with PDC.
This study aimed to investigate the
comparison of ASBR and ABR for

the production of biogas from the co-

digestion of CW and PDC.
Moreover, the suitable amount of
PDC addition in CW was also
examined.

METHODOLOGY

Waste material collection and
preparation

The PDC was obtained from the palm
oil mil industry located in Surathani
province, Thailand. The CW was
collected from the equalization pond
of rubber latex industry in Songkhla
province, Thailand. Both materials
were kept at -20 °C until use. The
anaerobic sludge used as inoculum
was taken from an anaerobic digester
at rubber latex industry, Songkhla
province. The characterization of the
wastewater and decanter cake is

showed in Table 1

Reactors configuration
-Anaerobic baffled reactor (ABR)
Four laboratory-scales of
ABR system was fabricated using
stainless steel standard 304. The ABR
consisted of 3 chambers (CH1 - CH3)
of equal size, shape and volume,
connected in series. They were
arranged in 3 parallel sets as showed

in Figurela.
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Table 1 The characterization of the wastewater and decanter cake

Parameters Cw Parameters PDC
pH 3.98 Moisture (%) 79.18
BODs (mg/L) 2,970 Total solid (%) 20.82
TCOD (mg/L) 4,557 'tl)'acl)stiasl)organic carbon (% dry 46.35
SCOD (mg/L) 3,050 Volatile solid (% dry basis) 83.65
TS (mg/L) 8,045 Carbohydrate (% dry basis) 3.65
SS (mg/L) 635 Protein (% dry basis) 3.13
VS (mg/L) 5,665 Crude Fiber (% dry basis) 2.33
TKN (mg/L) 700 Oil & Grease (% dry basis) 10.67
NHs"-N (mg/L) 1,378 Total phosphorus (% dry basis) 0.41
S04% (mg/L) 3,326 Total potassium (% dry basis) 2.64

S% ion (mg/L) 29

Note: CW; concentrated latex wastewater, PDC; palm oil decanter cake

The whole unit appeared square in
shape with length to width ratio (I/w)
of 1.0 and length x wide x high
dimensions of 10 cm x 10 cm x 60 cm.
To collect the biogas production, three

separate gas manifolds was provided

with the separate biogas. The
individual chamber contained a
hanging baffle to allow liquid

connecting with the sludge at the
bottom. The each side of bottom
portion in each chamber was inclined
at 45 °C. The total volume of the

anaerobic baffled reactor (ABR) was
22.5 L with the working volume of
16.5 L. The volume of each chamber
(CH1-CH3) was 5.5 L.

-Anaerobic sequencing batch
reactor with
mixing (IASBR)

Four

liquid recirculates

IASBRs

used in this study were constructed

bench-scale

from stainless steel standard 304. The
fermenter appeared square in shape
with length to width ratio (I/w) of 1.0

and length x wide x high dimensions
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of 10 cm x 10 cm x 60 cm. The total
volume of IASBR was 6.5 L with the
working volume of 55 L. A
schematic representation of the
reactor is given in Figure 1b. The
IASBR was operated in the up flow
mode and mixing was operated by
ascending liquid recirculation (60 1/h)
using a peristaltic pump. The outlet
biogas tube from the headspace was

connected to gas bag.

-Anaerobic  sequencing  batch
reactor ~ with  propeller — mixing
(PASBR)

A schematic  of  the
experimental apparatus is illustrated
in Figure 1c. Four pASBR reactors
were constructed from 15 cm internal
diameter PVC tube with total volume
of pASBR was 6.5 L (working
volume of 5.5 L). The reactor was
provided with three set of four-
vertical-blade turbine impeller with
110 rpm.

Experimental setup

Three
reactors were conducted by feeding
the CW with the addition of 20,000
mg VSS/L of fresh sludge. The initial

systems with twelve

pH of CW was adjusted to 6.8 £ 0.3
by NaHCO:s.
operated at room temperature 28 + 2
°C under HRT of 10 day. CW was fed

continuously

The systems were

one week before
feeding PDC at varying concentration
PDC of 0, 0.3, 0.6 and 0.9% (total
solid). The ABRs were performed
with a continuous mode with flow rate
of wastewater of 1.65 L whereas
ASBRs were performed with a
sequencing batch mode (24 h per
cycle). At the beginning of each cycle
fed with 0.55 L

5 min with the

the reactor was
wastewater for
recirculation pump turned off. The
reaction step was 20 h with the
recirculation pump turned on every 2
h for 5 min. The sedimentation step
was 4 h and at the end of the cycle the
0.55 L of effluent was discharged in
5 min with the recirculation pump
and motor turned off. All steps were
performed by an automation system
using on-off programmed timers. The
systems reached a steady state
condition when biogas production
rate was 10% variation. Biogas
production from each reactor was

measured daily and a methane (CH4)
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content was analyzed only at steady-

state condition.

Analytical methods
Routine analyses such as pH, volatile
fatty acid (VFA), alkalinity and COD
were determined according to Standard
Methods (APHA, 2008). The CHas
content and hydrogen sulfide in the
head space of the reactor was
measured using gas chromatography
(GC-8A, Shimazu) with Porapak-Q
column connected with a thermal
conductivity detector (TCD), using
helium as a carrier

isothermal conditions at 40/100 °C of

gas under
oven and detector The foam
tendency was determined as percentage
of foam remaining in the reactor at 1
h after mixing compared with the
total volume of reactor. The solid
estimated as

accumulation was

percentage of biogas production loss.

RESULTS AND DISCUSSION
The system performance for biogas
production

The biogas production by the mono
digestions of CW and the co-digestion
of PDC with CW is showed in Figure
2. The biogas production profiles
from only CW alone in all systems
was similar (220-240 ml/L reactor-d)
(Fig. 2a). The PDC addition enhanced
the biogas production in the beginning
However, the ABR
efficiency continuously decreased
with PDC addition after 5 days (Fig.
2b) Moreover, the biogas production

of operation.

was gradually decreased with
increasing of PDC concentration to
0.6 and 0.9%

efficiency of

respectively. The
IASBR and ABR
system was showed that the system
cannot operate continuously to digest
organic matter of co-digestion

and 2d).
However, the steady state condition
achieved in pASBR system at PDC

addition of 0.3-0.9%.

process (Figure. 2c
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Figure 1 Schematic representation of the ABR (a), IASBR (b) and

pASBR reactor (c) used in this study
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Figure 2 Biogas production rate from anaerobic digestion of different reactor

configuration and variation percentage total solid (TS) of co-substrate; (a) CW
alone, (b) CW+0.3% PDC, (c) CW+0.6% PDC and (d) CW+0.9% PDC

It indicated that the co-substrate
digestion gave a better biogas
production than those obtained from
the digestion of mono-substrate (CW
alone). The average biogas production
varies between 385, 529 and 656
ml/L-reactor-day, after co-substrate
concentration was increased to 0.3,
0.6 and 0.9 % TS, respectively using

pASBR. The efficiency of pASBR

was respond to specific production
rate and composition of biogas showed
in Table 3-2. Although the co-digestion
process improved biogas production,
hydrogen sulfide was still high due to
more organic matter for SRB. These
results indicated that the reactor
configurations affected the substrate

digestion of CW and PDC.
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The system performance for COD
removal and methane yield

The performance of reactors fed with
CW and co-substrate of CW+PDC is
summarized in Table 2. pASBR gave
the higher COD removal than IASBR
and ABR. The COD removal of 78.9-
92.4% was obtained from pSBR
whereas the COD removal of 62.3-
72.0% was obtained from IABR and
ABR. In pASBR, it was found that
the increases of PCD addition resulted
in the decreases of COD removal.
According to methane yield, it was
found that pASBR gave the highest
methane yield of 0.24-0.28 m3.CH4.
/KgCODadded Which was slightly
lower theoretical value. The failure
performance of IASBR and ABR
system with low COD removal and
methane yield was found. Therefore,
it was necessary to consider other
factors such as pH change and
alkalinity of system. From Figure 3,
the pH in both systems was 7.55-7.70
and alkalinity was about 3,100-5,000
mg CaCOas/L. Moreover, it was found
that the VFA/AIK ratio had a value in
the range of 0.1 - 0.25 which ensures
that no have acid accumulation. The

optimum VFA/AIK ratio for anaerobic
digestion must be less than 0.4
(Panpong et al., 2014)

For this reason, It can be
noted that the substrate did not
converted to fatty acid due to
degradation of organic matter was
not appeared. It results to biogas
production will gradually decline. In
other words, the configuration of
IASBR and ABR obstructed the
digestion of PDC and were not
suitable for application of co-

digestion process

Foaming and solid accumulation in
reactors

Figure 4 presents the solid
accumulation in ABR (Figure 4A)
IASBR
(Figure 4B). Forming was visible

found in IASBR after feeding with co-

and foam generation in

substrate about two week but not in
ABR and pASBR. The foam was
forming in IASBR increased with the
increasing PDC addition. This might
affect the mass transfer between
substrate and microorganism and

resulted in low biogas production.
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Table 2. Summary of pASBR, IASBR and ABR performance on co-digestion

process.
PDC OLR COD Biogas CHy yield CH H,S
addition (kgCOD Removal Production rate (m3-CH4 o ¢ 2
%)  /meday) (%)  (mL/l-reactord) /KgCODages) (2 (PPM)
pASBR
1 0 0.59 91.4 260 0.24 61.81 22,499
2 0.3 0.86 92.4 367 0.26 63.22 35,223
3 0.6 1.10 87.4 505 0.27 58.57 32,805
4 0.9 1.33 78.9 694 0.28 58.27 31,836
IASBR
1 0 0.59 61.7 233 0.11 52.20 30,500
2 0.3 0.86 66.9 330 0.12 54.94 9,179
3 0.6 1.10 69.2 306 0.08 49.06 19,486
4 0.9 1.33 72.0 277 0.05 41.58 7,729
ABR
1 0 0.59 64.7 218 0.31 61.31 8,090
2 0.3 0.86 70.9 180 0.13 48.51 15,873
3 0.6 1.10 69.7 167 0.07 38.41 11,698
4 0.9 1.33 62.3 95 0.03 29.42 19,017

The composition in PDC showed

considerable potential to create
foaming such as oil, grease, protein
and fiber (suspended solid) (Boe et
al., 2012). Although foaming did not
appearein ABR system but the solid
was accumulated at the bottom of
reactor. The increasing PDC resulted
in the higher solid content in the
effluent and at the bottom of reactor.

It implied that the low digestion of

substrate with the PDC addition.
This the

methane content and methane yield.

corresponded to low
We also found that the microbial
sludge was changed from black to
results from the
accumulation of PDC (Fig. 4A). This

the

brown which

indicated lower  methane
producing bacteria with the PDC

addition.
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Figure 3 pH and Alkalinity profile of effluent from anaerobic digestion of
different reactor configuration and variation percentage total solid (TS)
of co-substrate; (a) CW alone, (b) CW+0.3% PDC, (c) CW+0.6% PDC
and (d) CW+0.9% PDC
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(A)

Figure 4 The appearance of solid accumulation in ABR system (A) and
foaming in IASBR system (B) with the PDC addition of a) 0%,
b) 0.3%, c) 0.6%, d) 0.9%.
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CONCLUSIONS

PASBR with the propeller mixing
was the good configuration of
bioreactor for the biogas production
from CW. Mixing system is important
on contacting of microbial with
substrate and reduced dead zone by
break foam and complete mix.
Moreover, the co-digestion of PDC
and CW enhanced biogas production
and methane yield. The configuration
of IASBR and ABR were unsuitable
for application of co-digestion process.
The foaming and solid accumulation

obstructed the microbial growth.
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ABSTRACT
The study of mosquito’s habitat is very important in order to predict risk
associated to humans and to reduce the mosquito population by biological
means. Biological control can be potentially applied at the larval stage of
mosquito. This study was aimed to investigate the relationship between habitat
types, immature mosquitoes and their predators. Eleven (11) sampling sites
were selected in Chiang mai city considering permanent habitats of immature
mosquitoes and their predators. Mosquito larvae were collected using standard
dipping method. The D-frame net was used to collect mosquito predators.
Physico-chemical parameters were measured in situ and in laboratory. For
biological data, 9,354 mosquito larvae were collected from 11 study sites
belonging to 3 genera of Culex, Lutzia, and Mimomyia. The damselfly nymph
(Odonata) was the most abundant macro-invertebrate predator (Protoneuridae,
71.7% and Coenagrionidae, 13.3%). Whilst, the mosquito fish, Gambusia spp.
(15%) was one of abundant vertebrate predator in some habitats. The result
showed that the mosquito larvae and their predators have high tolerance to
survive in highly polluted water. It is expected that, the findings from this
research will help to predict the oviposition sites and accordingly design

mosquito larval control programs.
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INTRODUCTION

3,400
been

Approximately mosquito

species  have recorded
worldwide (Manguin and Boéte,
2011). One of the major concerns
related to mosquitoes that responsible
for the transmission of numerous
serious pathogens to human and
animals (Wilke et al., 2017) such as
dengue  fever, malaria, and
chikungunya. South and South-east
Asian countries have experienced
large outbreaks of mosquito-borne
infectious diseases mainly due to
impact of climate change affecting
and

temperature precipitation.

Therefore, it is important to
understand the impact of climate
change on mosquito population.
Human activities have major impact
on environment. The growth of

economic activity, tourism, and
human migration is leading to ever

more cases of the movement of both

disease vectors and the pathogens
(Tatem et al., 2006; Servadioab et al.,
2018). Biodiversity of mosquitos is
the world
2011).
Members of the Aedes and Culex

on the rise around

(Manguin  and  Boéte,

genera, which includes many
important vectors of mosquito-borne
diseases, are highly invasive and
adaptive to man-made environments
(Wilke et al., 2017). Water quality is
one of the important factors that
directly influences the health of
human and all other organisms. The
impact of urban area with high
organic and nutrient are positive
loading for mosquito abundance.
With

conductivity there is corresponding

increase in salinity and
increase in density of Anopheles
mosquito (Ma et al., 2016; Emidi et
al., 2017). Light and vegetation is one
habitat characteristics appropriate
with An. Culicifacies (Piyaratne et
al., 2005). The biological control is a

technique to control mosquitoes
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using another organism to feed on
them. The abundance of such
predators is influenced by dissolved
oxygen, temperature and turbidity of
water (Dida et al., 2015). Poecillidae
(vertebrate), damselfly  nymph
(Odonata) and Hemiptera are some of
the known mosquito
(Wongsiri, 1982). The purpose of this

research is to study the impacts of

predators

environmental factors on distribution
of immature mosquitoes and their
aquatic predators in its permanent
habitat around Chaing mai city. The
objective of this study is to find

relationship between habitat,
immature  mosquitoes, and its
predators.
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METHODOLOGY
Study area

The study was conducted in Chiang
Mai City (18°48'37""E 98°58'4"'N),
320 m above sea level located at
northern part of Thailand. It has an
average annual precipitation of
1,157.21 mm (2003-2015). The
extreme high temperature was 42.4°C
and extreme minimum temperature
9.8°C (Meteorological department,
Thailand). The

surveyed permanent habitat with

sampling  was

different types of habitats in 11 sites

around Chiang Mai city in area 36
km? (Figure 1).

Figure 1 Study site location (Chiang Mai City)
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Mosquito and predator collection

Immature mosquitoes and their
predator were collected in February
2019. Mosquitoes samples were
collected wusing standard dipping
method (500 mL) (6 dips per site).
Immature mosquitoes were brought
to laboratory and identified using
Rattanrithikul et al. (2005) keys.
Aquatic predators were collected
using D-frame dip net (4 dips per site)
and preserved in 95% alcohol and
brought to laboratory and identified
level

to family using

stereomicroscope.

Water quality study of immature
mosquito and predator

Water samples were collected from
all sites where immature mosquitoes
and predators were found. Physico-
chemical parameters like dissolved
oxygen, air temperature, water
pH,

conductivity, light intensity, salinity

temperature, electrical

and turbidity were measured at site,

using multiparameter.  Whereas,

nitrate-nitrogen, ammonia-nitrogen,
and

ortho-phosphate, 5-day

biochemical oxygen demand were

analyzed in laboratory.

Data analysis
The mean of difference among

various physico-chemical parameters
in eleven sampling sites were
determined using ANOVA (analysis
of variance). Chi-square test was
used to analyze between the number
of mosquito and predator and to find
correlation between mosquito and
predator with habitat types (standing
water or running water, wall of
habitat, vegetation, and shading).
Pearson correlation coefficient was
used to find correlation between
physico-chemical with mosquito and

predator.

RESULTS AND DISCUSSION
Mosquito and predator collection

A total of 9,354 immature mosquito
samples belonging to three genera
were identified. 59 predators were
(51
Protoneuridae,

collected belonging  to
Coenagrionidae of
order Odonata) and 8 mosquito eating
fishes were identified from all 11
sampling sites. Culex was found in all

11 sites, while Lutzia and Mimomyia
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were found only in 1 site (9.10%).
Predator, Odonata (Protoneuridae)
was found only in one site (9.10%)
and Coenagrionidae in two sites
(18.18%),
found in two sampling sites (18.18%)

while Gambusia was

as shown in Table 1.
The

mosquitos

population of  immature

and predators were

significantly different (Chi-square
test, p < 0.0001). Habitat types
(running and standing water, concrete
wall, vegetation, shade) were not
significantly different with Culex,
Lutzia, and Mimomyoia mosquitoes
as same as the case of Protoneuridae,
Coenagrionidae, and Gambusia (p >
0.05)

Table 1 The number of immature mosquitoes and predators found in 11 sites

Mosquito Predator
Y £

e = S ©

Site* 3 3 = £ S 8
Cpl 153 0 0 0 0 0
Spl 745 0 0 0 0 0
Ptl 1086 0 0 7 0 0

Cml 576 0 0 0 0 0
Sul 5 0 0 0 43 0
Ckl 577 0 0 0 0 0
Ck2 333 0 0 0 0 7
Ck3 32 0 0 0 0 0
Ck4 964 0 0 0 0 2
Pd1 3200 0 0 0 0 0
Nhl 1683 2 1 0 1 0

*Cp=Change phueak, Sp=Sri phum, Pt=Pa tan, Cm=Chiang moi, Suthep,
Chang khland, Pd=Pa daet, Nh=Nong hoi sub-district.
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Physicochemical characteristics

The physico-chemical parameters of
all 11 sites were measured. The water
temperature ranged from 23°C to 30
°C. The water pH was 7.0 to 7.5. The
highest dissolved oxygen recorded in
Cml (4.60 £ 0 mg/L) and Sul (1.63
+ 0.02 mg/L). A significant different
in mean DO was determined among
the 11 sites types (ANOVA, d.f.= 10,
22, p < 0.001). Turbidity with
highest level found in sites Sp1 (337
+ 5 NTU) and found less in Nh1 (27
+ 0.29). ANOVA test a significant
different in turbidity among 11 sites
(ANOVA, d.f. = 10, 22, p < 0.001).
The range of conductivity recorded
between 703 pS/cm to 349 uS/cm.
There was significant difference in
mean of NO3-N, NH3-N, and O-
PO43- with different sampling sites
(ANOVA, d.f. = 10, 22, p < 0.001).
The of NO3-N value
measured in Cpl in 28.82 £ 0.16
mg/L and Ck2 (22.00 £ 0.93 mg/ L).
Ranging among 11 sites of measured
in NH3-N record between 6.30 = 1.00
mg/L, to 0.20 + 0.40 mg/L. Ortho-
phosphate highest in Cp1 with 10.45
+ 2.11 mg/L follow by Nhl (8.59 *

highest

0.94 mg/L), and Pdl (6.86 + 1.82
mg/L). A different
between mean of BODS5 among

significant

sampling sites was found, the values
ranged between 89.72 + 1.40 mgl/L,
to 23.60 = 0.40 mg/L (ANOVA, d.f.
= 10, 22, p < 0.001) as shown in
Table 2.

Pearson correlation of the physico-
chemical parameters with number
of mosquito and predator in aquatic
habitat

In the study, Pearson correlation was
used to analyze the relationship
between number of mosquitoes and
predator with environmental
parameters in aquatic habitat. We
found that Culex mosquito had
positive significant relationship with
ortho-phosphate (r = .357, p = .041)
but it was negative

relationship with turbidity (r = -.681,

significant

p =.0001) and dissolved oxygen (r =
-.352, p =.044), while Lutzia and
Mimomyia mosquito were significant
positive with ortho-phosphate (r =
399, p=.022), pH (r = .434, p=.012),

1-208



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

Table 2 Mean and standard deviation of physicochemical characteristics of immature mosquito and predator aquatic habitats

Parameter™
siik AT  WT pH LI Turbidity EC TDS DO  Salinity NOs-N NHs:-N POs* BODs
n=11) (C©) (O () (ux (NTU)  (uS/em) (mg/L) (mg/L)  (ppt)  (mg/L) (mg/L) (mg/L) (mg/L)
32 2770 7.05 119053 151 686 439 104 0.30 580 2882 1045 89.72
Cpl 0 +0 +0 +6796.30 +1 +0 +0 +0 +0  +0.80 016 +211 +1.40
33 2610 7.23 72712 337 591 377  0.68 0.30 6.30 2189 651  54.80
Spl  +0  #0  #0 +7063.00 +5 +1 +0 +0 +0 +1 +0 +0  +1.00
33 3000 7.28 57753 81 694 445  0.63 0.03 490 1640 7.4  28.87
Pt1 +0 0 +0 +6573.00 +0 +1 +0 +0 +0 +1 +0 +0  +1.00
32 2815 7.46 54597 75 349 227  4.60 0.20 420 642 166  23.60
Cml +0 +0 0 +4022.60 +0.55 +0 +0 +0 +0 +0  +0.14 +0.08 +0.40
25 23.00 7.05 40533 131 683 436  1.63 0.30 233 1192 520 28.04
Sul 0 +0 0 #351.19  +153 +0 +0  +0.02 +0 +0.40 +0.15 +0.18 +0.80
32 2790 7.36 40979 82 730 467  0.50 0.40 020 2180 5.80  49.70
CklI 0  +0 +0 +149750  +0.10 +0 +0.60  +0 +0 +0.4  +0.20 +0.70 +6.70
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Table 2 Mean and standard deviation of physicochemical characteristics of immature mosquito and predator aquatic habitats (continue)

Parameter”
siik AT  WT pH LI Turbidity EC TDS DO  Salinity NOs-N NHs:-N POs* BODs
n=11) (C©) (O () (ux (NTU)  (uS/cm) (mg/L) (mg/L)  (ppt) (mg/L) (mg/L) (mg/L) (mg/L)
32 26.00 7.54 24780.67 94 666 425  0.62 0.30 583 2200 658 51.87
Ck2 0  +0 +0 +1407.15  +0.58 +0 +0 +0 +0 +0.40 +0.93 +0.28 +0.46
32 2800 7.41 20989 91 514 329  1.29 0.20 0.70 1638 387  60.67
Ck3 +0 +0 0 61725  +0.57 +0 +0  +0.15 +0 +0  +121 040 +2.34
23 26.00 7.17 29800 75 613 393  1.48 0.30 0.26 1393 506  52.69
Ck4 0 +0 +0 17320  +0.05 +0 +0 +0 +0 +0.38 +0.25 +0.22 +0.56
23 2650 7.16 18312 52 598 382 081 0.30 047 1988 6.86  35.33
Pdl 0 +0 0 #17379  +0.64 +0 +0  +0.02 +0 +04 012 +1.82 231
24 2367 7.46 79186 27 563 361  0.98 0.30 047 2219 859  39.40
Nh1  #0  +0 =0 +0 +0.29 +0 +0 +0 +0 +0.40 +1.64 +0.94 +121

* AT=air temperature, WT=water temperature, LI=light intensity, EC=electrical conductivity, TDS=total dissolved solids, DO=
dissolved oxygen, NOs-N=nitrate-nitrogen NHs-N=ammonia-nitrogen, POs*>=ortho-phosphate, BODs-5-day biochemical oxygen
demand
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Table 3 Pearson correlation of the physico-chemical parameters

Mosquito Predator
Parameter* Culex Lutzia Mimomyia Protoneuridae Coenagrionidae Gambusia
AT r -244 -316 -.316 AT4 -.384 156
p .171  .073 .073 .005 027 385
WT r .036 -.401 -.401 501 -.676 365
p .840 .021 021 .003 0.000 .037
pH r 114 434 434 -.033 -.072 261
p 529 .012 012 .854 691 143
LI r .031 .382 382 .166 204 -.296
p .865 .028 .028 .355 255 .095
Turbidity r -681 -.499 -.499 -.100 -.094 .067
p .000 .003 .003 .580 .602 710
EC r -064 -.300 -.300 400 -.404 135
p .725 .090 .090 021 823 455
TDS r -064 -.300 -.300 400 -.040 135
p .725 .090 .090 021 823 454
DO r -352 .000 .000 -.316 323 -.269
p .044 1.000 1.000 .073 .067 130
Salinity r .290 .064 .064 .064 .095 129
P 101 724 724 724 .600 AT4
NOs-N r -309 -.292 -.292 219 -.197 -.455
p .080 .099 .099 221 272 .009
NHs-N r .094 222 222 -.166 -.173 .099
p .604 .215 215 .355 335 585
O-PO& r 357  .399 399 .260 094 -.305
p .041  .022 .022 143 .602 .085
BODs r -238 -.100 -.100 -321 -.372 381
p .183 581 581 .068 .033 .029

*AT=air temperature, WT=water temperature, LI=light intensity, EC=electrical
conductivity, TDS=total dissolved solids, DO= dissolved oxygen, NOs-N=nitrate-

nitrogen  NHs-N=ammonia-nitrogen, BODs=5-day

biochemical oxygen demand
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and light intensity (r = .382, p =.028)
but negative significant with water
temperature (r = -.401, p =.021) and
turbidity (r = -.499, p =.003). In part

of aquatic predator, we found that

Protoneuridae had positive
significant with air temperature
(r = 474, p = .005), water
temperature (r = .501, p = .003),

electrical conductivity (r = .400, p =
.021), turbidity (r = .400, p = .021),
while Coenagrionidae had negative
significant relationship with air
temperature (r =-.384, p =.027) and
water temperature (r = -.676, p =
.000) and 5-day biochemical oxygen
demand (r = -372, p = .033).
fish  had  positive
significant with water temperature
(r = .365, p = .037) and 5-day
biochemical oxygen demand (r =
381, p = .029) but
significant with nitrate nitrogen (r = -
455, p =.009) as shown in Table 3.

Gambusia

negative

Discussion
Culex mosquito can transmit
Japanese encephalitis, Lymphatic

filariasis, West Nile fever (WHO,
2017). In this study we found that,

Culex had highest distribution, while
Lutzia and Mimomyia were least
found in all sites. Culex immature
mosquitoes were found both in
standing and running water but Lutzia
and Mimomyia were captured in
standing water. Luzia fuscana can
find in habitat including swamps,
marshes, rice fields, ditches, rock and
flood pools. Larval stages of the
mosquito Lutzia fuscana can act like
as a biological control of mosquitoes
that can  feed in Culex
quinquefasciatus larvae (Singh et al.,
2014). Culex mosquito was found
habitat,
similarly reported by Vanlalruia et al.
(2014). Abiotic factors (wall of

habitat, shade, and vegetation) had no

permanent which  was

impact on number of mosquitoes and
predators. However, Bashar et al.
(2016) found Culex mosquitoes
preferred areas which were exposed,
partial shady, and shady but Aedes
were not found in habitat that were
exposed. In this study we found
predators both macro- invertebrate
and vertebrate. Dameselflies of
suborder Zygoptera Coenagrionidae

and Protoneuridae were captured in
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The

Coenagrionidae were found in ponds

this  study. habitat  of
and flowing water with vegetation at
the margins because it has high
tolerance and lives in polluted water
(Bouchard, 2004).

found Coenagrionidae in standing

Similarly, we

water with vegetation cover of
habitat. Small fish were found in
habitat with running water with open
area. The 3 families of mosquito
predatory fish were found by
(1982)
Anabantidae,

Wongsiri including

Poecilidae, and
Cyprinodantidae. Ammonia nitrogen
level in water can have an impact on
aquatic life. However, in this study,
we did not find any relationship
NHs-N  with
mosquito nor predator. In similar

studies in past, Bashar et al. (2016)

between neither

reported no association of NHs-N
with Culex spp., Aedes spp., and
Anopheles spp.; while, Ma et al.
(2016) found positive relationship
between NH3-N with larvae density.
Ortho-phosphate  showed positive
relationship with density of immature
mosquitoes and predators. We found
negative relationship for dissolved

oxygen and Culex mosquitoes which
was also similarly reported by Bashar
et al. (2016) and Ma et al. (2016).
This shows that, mosquito larvae can
live in habitats with low level of
oxygen. Because of mosquito have a
structure call “siphon” that it can
absorb oxygen from air. Water
temperature and BODs showed
positive relationship with small fish.
Thailand Standards for waste water
from urban area must contain less
than 20 mg/L of NHz-N but in this
study, we found that, NHs-N level
ranging from 23 mg/L to 89.72 mg/L.
We found that, in places with huge
number of predators had lower
number of mosquitoes. However,
like habitat

may

other factors

characteristics  also have

determine the mosquito population.

CONCLUSION

Culex mosquitoes was most abundant
in and around Chiang Mai city. It was
found that both mosquitoes and
predators share similar habitats,
which shows that applicability of
biological control in areas with high

risk of vector borne diseases.
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ABSTRACT
The problem of crude oil contaminated environment is originated from the
accidental release of crude oil from production unit and distribution processes.
Crude oil contains many toxic compounds, which impact all living organisms.
Bioremediation is one option to clean up the environment by using
microorganism. In this study, five mixed bacterial consortiums were isolated
from five petroleum-contaminated sites by enrichment technique with crude
oil. The results of crude oil degrading capability were obtained from five
consortiums around 96, 70, 46, 79 and 76%, respectively, of 4,500 mg/L crude
oil in liquid cultures was degraded within 9 days. The consortiums #1 was the
most effective in degrading crude oil. In addition, the consortiums #1 can
produce biosurfactant, which emulsifying activity index with crude oil was
39% . Moreover, the mixed bacterial consortiums #1 was applied in soil
microcosms. The consortiums could also degrade crude oil about 87% of the
initial concentrations at 20,000 mg/kg soil within 4 weeks. The results showed

that these consortiums could be used for environmental bioremediation.

Keywords: Crude oil-degrading bacteria, Bioremediation, Soil microcosms
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INTRODUCTION
Growth of the economy means
increased demand for crude oil and
petroleum products. This rises in
chance for crude oil contamination in
the environment (Onwurah et al.,,
2007). Crude oil contains many
different kinds  of

compounds,  of

organic
which  some
components are persistent toxic
substances. They can accumulate in
food chains, potentially causing
health problems (Briggs and Briggs,
2018). Bioremediation is one of the
effective  petroleum hydrocarbon
remediation methods. This process
uses living microbes to break down
or transform harmful substances into
less toxic or nontoxic compounds.
Microorganisms are essential key
factor to clean up the environment
(Endeshaw et al., 2017). However,
the single bacterial strain usually had
low efficiency. Due to the combined
different

activities of bacteria,

bacterial consortia can enhance
degradation activity and increase
resistance on environmental stress

factors. Moreover, a variety of

enzymatic system can aggregate for
biodegradation of various petroleum
components (Olajire and Essien,
2014).

involves the addition of activated

Enhanced bioremediation
carbon to increase hydrocarbon

biodegradation  rate.  Activated
carbon have been shown to reduce
toxicity and improve aeration which
stimulated an increase in microbial
growth rate and activities(Agarry et
al., 2015). Therefore, the objective of
this study was to isolate crude oil
degrading bacteria from petroleum
contaminated soil, select the efficient
strains for development of mixed
bacterial inoculum, and apply them to
clean up soil contaminated with crude

oil in microcosm.

METHODOLOGY

Sampling

Petroleum contaminated soil samples
were collected from five garages, 1
site in Nonthaburi, 1 site in Chonburi
and 3 sites in Bangkok, Thailand. At
each sampling point, the soil was
collected at depths of 0-10 cm using
a sterile hand auger and put in a
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plastic bottle and then kept in the
refrigerator at 4°C prior to use.

Isolation of crude oil-degrading
bacteria

Crude oil degrading bacteria were
by the

enrichment culture technique, 5 g of

isolated from samples
each soil sample was transferred into
Erlenmeyer flask containing 50 mL
of carbon free mineral medium
(CFMM) (Habe et al., 2004) contain
with 1 mL crude oil as carbon source.
Light crude oil was obtained from
Bongkot fields in the Gulf of
Thailand. The culture medium was
cultivated at room temperature with
shaking at 150 rpm for 7 days. Then,
5 mL of supernatant was transferred
into fresh CFMM with crude oil,
incubated under similar condition.
After cultivation for 7 days, 1 mL of
supernatant was spreaded on CFMM
with crude oil on surface agar plate
and incubated at room temperature
for 7 days. The bacterial colonies of
different morphologies were selected
cross-streak

and purified by

techniques on nutrient agar.

Screening of crude oil degrading
bacteria

Isolated bacteria were inoculated in 5
mL of CFMM broth contain with
1.0% (v/v) crude oil and incubated 7
150
temperature. Growth efficiency in

days at rom and room
crude oil as carbon source in CFMM
broth  was monitored by culture
turbidity and compared to non-
inoculated control. The crude oil-
high

turbidity and were selected for the

degrading bacteria show

next experiment.

Crude oil degradation efficiency of
mixed bacterial consortium

The mixed bacterial consortium was
a mixture of all isolates from one
sample site. It was prepared as
follow; each bacteria were grown
separately in nutrient broth at room
temperature and 150 rpm for 24
hours. After that, the bacteria were
harvested, washed and resuspended
in 0.85% NacCl.

CFU/mL of each bacterial suspension

Approx. 108

was mixed in equal proportion before
inoculating in 50 of CFMM broth
containing crude oil at 4500 mg/L,
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incubated for 10 days at 150 rpm and
room temperature. A medium no
inoculant served as abiotic control.
After that, the remaining crude oil
was assessed by gravimetric method
after extracted twice with an equal
volume of n-hexane and the solvent
phase was dried (Rajakovic et al.,
2007; Parthipan et al., 2017). Crude
oil  degrading  bacteria
CFMM

containing crude oil. The crude oil

were
enumerated  on agar
removal efficiency was calculated
according to the following equation:
% crude oil removal efficiency =
[(the oil weight of abiotic control -
the residual oil weight of the
treatments)/the oil weight of abiotic

control] x100.

Biosurfactant producing test of
mixed bacterial consortium

Biosurfactant production was assessed
in liquid culture conditions. The mixed
bacterial consortium was cultivated in
CFMM with 4500 mg/L of crude oil
incubated for 7 days at 150 rpm and
room temperature. After that, the
culture broth was centrifuged at 8000
rpm at 4°C for 10 min and the

supernatant was carried out for
evaluation of the biosurfactant activity.
The emulsification of biosurfactant
was determined by measuring the
emulsification index (E24). Two mL
of crude oil was added to 2 mL of
the supernatant in a flat bottom tube
and vortexed vigorously for 2 min
and incubated at room temperature
for 24 (Cooper
Goldenberg, 1987). The E24 was
calculated according to the equation:
E24 = the height of the emulsified

layer /total height of liquid % 100.

hours and

Application of the mixed bacterial

consortium for crude oil
degradation in soil microcosms
The

selected for remediation of crude oil

efficient consortium  was

contaminated soil in microcosms.
The soil sample used was collected
from a garden in Nonthaburi,
Thailand. The sample had a clay
texture (35% sand: 20% silt: 45%
clay), pH 6.79 and ratio of C: N: P =
100: 4.7: 4.2. The soil was air-dried
and sieved through a 2 mm sieve size
prior to removing large debris. A
microcosm

was prepared by
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transferring 50 g of soil to each 500
mL-glass bottle supplemented with
crude oil at a final concentration of
20,000 mg/kg. Microcosms were set
up into four groups of treatments
consisting of biostimulation (BS) by
adding 1 g of granular activated
carbon, bioaugmentation (BA) by
adding the bacteria consortium (at
10’CFU/g of the final concentration),
biostimulation and bioaugmentation
(BSBA) by adding 1 g of granular
activated carbon with the bacteria
consortium (at the final concentration
of 107 CFU/g) and natural attenuation
control (NAC) without the additives.
Microcosms were incubated in the
dark at room temperature for 4
weeks. Each microcosm was mixed
weekly and added deionized water to
maintain approximately 60% of the
soil’s water holding capacity. After 4
weeks, crude oil degrading bacteria
were enumerated on CFMM agar
Total

containing  crude  oil.

heterotrophic bacteria were
determined by viable plate count on
nutrient agar. The remaining crude
oil was assessed by gravimetric

method.

For crude oil extraction was

performed  following a slight
modification of the method described
by Li et al., (2012). Ten g of soil was
extracted with 10 mL of mixtures of
hexane and acetone at the ratio of 4:1
v/v, mixed with 1 mL of 15%
TritonX-100 and dehydrated by
adding anhydrous Na;SOs. After
shaking at 150 rpm for 30 min and the
dried. The

remaining crude oil was assessed by

solvent phase was
gravimetric method. The crude oil

degradation percentage was
calculated according to the following
equation: % Crude oil degradation =
[(the initial oil weight - the residual
oil weight of the treatments)/the

initial oil weight] x100.

RESULTS AND DISCUSSION
Isolation and screening of crude oil
degrading bacteria

The enrichment culture technique,
cultivation, a total of 32 bacterial
isolates were obtained from the
petroleum- contaminated soil sample

of five garages. After screening, 15

isolates that showed high turbidity
( high growth)y ( Table 1). The
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enrichment culture technique gave
rise to isolates that had increasing
specific metabolic capability and
isolates

toxic resistance. Bacteria

have significant ability to utilize

crude oil as carbon and energy

sources ( Howland and Garfield,
1993; Obi et al., 2016). The advantage

of consortium is a variety of

enzymatic activities and more

Table 1 The isolate of crude oil degrading bacteria from petroleum

hydrocarbon-contaminated soil.

Sample Number of isolate Name of mixed
enrichment screening test bacterial culture
technique
Nonthaburi, 7 3 consortium#1
Chonburi 6 3 consortium#2
Bangkok #1 7 4 consortium#3
Bangkok #2 7 2 consortium#4
Bangkok #3 5 3 consortium#5
effective in bioremediation (Olajire  bacterial consortium.  The five

and Essien, 2014). Therefore, the

isolates of each sample site were
mixed bacterial culture as inoculum
for crude oil degradation efficiency

study.

Crude oil degradation efficiency of
mixed bacterial consortium
This experiment compared the crude

oil-degrading efficiency of the mixed

consortiums degraded crude oil at
4500 mg/L, 96.38, 70.17, 46.47, 78.91

and 76.03% after 10 days incubation,

respectively (Figure 1). After 10 days,

the number of crude oil degrading
bacteria in CFMM both increased
from 108 up to 10° CFU/mL (Figure

2) . The results indicated that all

consortiums could grow by using
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crude oil as sole carbon and energy

sources.

The liquid culture from crude oil
degradation experiment was evaluated

of
The

for biosurfactant production

bacteria  consortium.

biosurfactant property was analyzed
by determining the emulsification
index (E24). The results found that five

bacterial consortia produce

biosurfactants, which E24 was 39.28,
38.09, 6.72, 37.77, and 35.55%,
respectively (Figure 3). While, the
E24 of control (CFMM) was zero.

The results from this study are in

accordance with several reports

(  Hashemi et al., 2016;

Muthukamalam et al.,, 2017;
100 2938

90
80
70
G0
50
40
30

70,17

% crude oil removal

10 4

Parthipan et al., 2017). It
demonstrated that petroleum
hydrocarbons degraders produce
biosurfactants by utilizing

hydrocarbons as their carbon source.

Moreover, biosurfactants can

enhance the bioavailability of

petroleum hydrocarbons and increase

petroleum degradation efficiency
(Bustamante et al., 2012)
The results indicated that the

consortium#1 performed the best
cooperative action and was the

highest crude oil biodegradation.

Therefore, the consortium#1 was
chosen for bioremediation of crude
microcosm

oil contaminated soil

experiments.

76,03

46,47

consortium#1  consortium#2

consortium#3  consortium#4  consortium#s

Figure 1 The crude oil removal of the mixed bacterial consortium in CFMM

broth containing crude oil at 4500 mg/L, after 10 days.
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Figure 2 The crude oil degrading bacteria of the mixed bacterial consortium
in. CFMM broth containing crude oil at 4500 mg/L, after 10 days

Crude oil degradation in soil
microcosms
Bioremediation of crude oil

contaminated soil in microcosm was

performed by four treatments

including biostimulation (¢ BS) by

adding activated carbon,

bioaugmentation (BA) by adding the
consortium#1, biostimulation and

bioaugmentation (BSBA) by adding

activated carbon and the consortium
attenuation control
(NAC) without the additives. The

#1 and natural

results shown in Figure 4, the highest
remediation was obtained at BSBA

treatment, crude oil removal was 87+
of the initial amount 20,000 mg kg,

and crude oil degrader number was

up to10° CFU/ g soil ( Figure 5.
Meanwhile, 52.35 « of crude oil

removal was low degradation activity

in BS treatment. Applying activated
carbon improved physical-chemical

properties of soil, maintain moisture
content, and aeration in soil structure,
which are significant factor of

microbial activity. Thus activated

carbon enhances microbial growth in
soil ( Ibrahim et al., 2016). This

corresponds to the study by

Semenyuk et al., in 2014 which
that carbon

indicated activated

decrease bio-toxicity of petroleum-

contaminants and increase

petroleum-degraders, which thereby

activated carbon can be used to
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enhance the biodegradation rate of compositions of light crude oil are

petroleum hydrocarbon in the soil. typically high in saturated and

Whereas, natural attenuation control ~aromatic  hydrocarbons.  These

had 18o0f the crude oil removal. This  components Were easily

i .- biodegradable i twrall
result indicated that the indigenous 9 oo In haturally

environment (Hassanshahian and
Cappello, 2013).

bacteria in soil were able to degrade

crude oil. In addition, the

100 1
90 A
80 A
70 A
60 -
50 -
0 | BQIZS 3&109 37177 35155

30

emulsification index (E24) %

20 -
10 4 6.72

T

T T T T .
consortium#1  consortium#2  consortium#3  consortium#4  consortium#5

Figure 3 The emulsification index (E24) of the mixed bacterial consortium.

100 ~
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T
80 -
= 70 6725
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=
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: T I
E 40 -
-
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20 1
10 -
0 . . .
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Figure 4 Degradation of crude oil contaminated soil in microcosms by

biostimulation (BS) using granular activated carbon, bioaugmentation (BA)
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using the bacteria consortium, biostimulation and bioaugmentation (BSBA)

using granular activated carbon and the consortium#1 and natural attenuation

control (NAC) without the additives.

—
o
y

)a( z

00 week

4 week

total heterotrophic bacteria
(Log CUF/g soil)
S - (8] (VRN [V e N | =] o

NAC BS BA BSBA

—
S

b

(Log CFU/g soil)
S = N W ks Loy M O

crude oil degrading bacteria

NAC BS BA BSBA

Figure 5 The quantity of total heterotrophic bacteria (a) and crude oil

degrading bacteria (b in crude oil contaminated soil in microcosms.

CONCLUSIONS
The crude oil degrading bacteria were
isolated from petroleum hydrocarbon

contaminated soil. The consortium#1

was combined from three crude oil

degrading isolates and had the

highest ability to degrade 4500 mg/kg
crude oil. Consequently, this bacteria

consortium could be used for

bioremediation of crude oil

contaminated sites. From the results

of crude oil degradation in soil
microcosms demonstrated that the
addition of activated carbon in soil
enhance  the

treatment  could

biodegradation rate and reduce the

period of the bioremediation process.

To increase the crude oil removal

efficiency for bioremediation of

petroleum-contaminated  soil, the
combination between consortium
inoculant and granular activated

carbon should be considered.
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ABSTRACT
In the Mekong Delta of Vietnam, many household biogas digesters are
temporarily limited on pig manure which constitutes the main substrate.
Abundantly available waste biomass such as rice straw have not been
thoroughly investigated as a supplementary feedstock for small household
digesters to secure a more steady production of biogas. In this study, the
anaerobic co-digestion of pig manure (PM) with rice straw (RS) was evaluated
in 21 L batch digesters loaded with mixtures of PM/RS in a 1:1 ratio as based
on volatile solid (VS) at a total loading of 45 g VS/L. The experiments were
conducted for investigating the effect of different types of environmentally
friendly pretreatments of RS on biogas production. This study demonstrates
that anaerobic co-digestion of RS with PM could enhance total biogas
production by 79 - 85% as compared to control reactors digesting pure pig
manure during 60 days of digestion. The use of simple pretreatment methods
such as soaking the RS biomass in suspensions of anoxic river sediment or
digester effluent also enhanced biogas production from RS slightly more as

compared to pretreatment in tap water.
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Keywords: anaerobic co-digestion, biogas yield, pig manure, pretreatment,

rice straw

1. INTRODUCTION
An increase in the standard of living
is usually accompanied by increased
consumption of fossil fuels and
undesirable CO; emission. Biogas, a
renewable and eco-friendly energy
source producible from agricultural
residues, animal manure or other
types of organic waste may substitute
for conventional sources of energy
(petrol, natural gas, LPG, coal,
firewood, etc.) and provide the basis
for  economic growth and
development in a sustainable way
(Yadvika et al., 2004). Biogas
production by anaerobic digestion is
considered a competitive process for
the production of renewable energy
compared to bioethanol production in
terms of efficiency, cost and
simplicity (Chandra et al., 2012). A
further = advantage of  biogas
compared with other renewable
energies 1is that it can easily be
applied by the consumers using
existing technologies (Schnurer and
Jarvis, 2009; Taherdanak

Zilouei, 2013).

and

In recent years, anaerobic digestion
has been increasingly applied in
Vietnam and is considered an
attractive solution to environmental
problems caused by traditional
manure management in rural farming
communities (Thu et al., 2012). On
farm scale, biogas can be used for
cooking and heating (pig lamps),
which saves the use of LPG and
firewood, resulted in reducing of
deforestation. The use of biogas not
only provides cheap COz-neutral
energy but also improves the working
environment for women, reduces
odor, pathogens, and flies and
decreases the workload for farmers,
who would otherwise have to spend
time to collect firewood (Xiaohua et
al., 2007). Despite these
socioeconomic advantages, the main
constraints for installing a biogas
digester are initial investment costs,
farmer's lack of knowledge and
periodic shortage of pig manure for
biogas production. Thus in rural areas
of the Mekong Delta,

households

small

encounter high
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fluctuations in manure production
due to diseases and variable market
situation (Thong et al., 2013).

Rice straw (RS) is one of the most
abundant agricultural waste materials
in the world (Demirbas et al., 2011).
Based on global rice production,
approximately 650-975 million tons
of waste RS are estimated to be
produced annually (Binod et al.,
2010). In the Mekong Delta, the
annual production of RS is nearly 26
million tons.year! (Nam et al., 2014).
Field burning is the main practice for
disposing of RS, but it causes air
pollution and consequently affects
public health (Gadde et al., 2009;
Binod et al., 2010). Furthermore, it is
a waste of fixed and COs-neutral
organic carbon.

Co-digestion of RS with pig manure
could allow for a more flexible
process in small household digesters
and potentially enhance biogas
production by changing the C/N ratio
to a more favorable range (Yadvika et
al., 2004). Relatively few systematic

studies have addressed the use of RS

as supplementary feedstock for

biogas production. This study was
carried out to investigate the effects
of various pretreatments of RS in co-
digestion with pig manure (50 %
VS/VS) on biogas production in lab-
scale batch reactors. Such studies are
necessary to establish the potential of
RS for production of clean and
sustainable biogas in household
biogas digesters.

2. METHODOLOGY

2.1 Origin and preparation of biogas
substrates

Rice straw (RS) used in this study
was collected from a rural area in
Binhthuy — Cantho City, Vietnam.
RS (rice variety: IR50404) was
sundried and then chopped into
smaller around

1.39+£0.14cm in
n=100). Pig manure (PM) was

particles

size (mean+Sd,

collected from a pig farm near
Cantho City. The pig manure was
dried in a cool place and then grinded
into fine particles (approximately
<Imm). The characteristics of the
three substrates, the four-
pretreatment media and inoculum are

listed in Table 1.

1-230



Proceedings on the Sth EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

Table 1 Main characteristic of the substrates, pretreatment media and inoculum

Rice Pig Tap Digester Ditch Anoxic

Characteristic Unit straw  Manure Water effluent water sediment  Inoculum
Moisture content % 12.3 7.1 na 99.58 99.95 98.33 99.60
Total solids (TS) %(W) 87.7 92.9 na 0.42 0.05 1.67 0.40
Volatile solids (VS) %(W) 73.6 66.1 na 0.23 0.02 0.36 0.21
VS/TS % 83.9 71.2 na 542 41.8 21.4 53.6
™N %TS 0.92 1.99 <0.lmg/L  250mg/L  15mg/L 52mg/L 236mg/L
TC %TS 48.7 413 na na na na na
C/N - 532 20.8 na na na na na
pH - na na 7.28 7.96 7.22 7.37 7.96
Alkalinity mgCaCO;L"! na na 65 938 138 350 1093

2.2 Experimental design
The reactors used in this study were
21L plastic containers with a working
volume of 17L. Each reactor was
fitted with a sampling pipe and a gas
sampling outlet. The lid was sealed
with a 3 mm thick rubber disc pierced
by a gas outlet pipe which was
connected to an aluminum foil gas
bag (Fig. 1). Once a day just prior to
sampling of gas, the content of each
digester was manually mixed by
vigorous shaking and the produced
biogas volume measured and
analyzed as described below. All
treatments

experimental were

simultaneously performed in 5
replicates and run for 60 days at
ambient temperature (25 — 30°C).
The batch digesters were covered
with thick black plastic to avoid
from

oxygen production

cyanobacteria photosynthesis during

incubation.
RS was subjected to different
pretreatments for five days in

separated plastic containers before

anaerobic digestion. The
pretreatments consisted of soaking
the biomass (0.455 Kg DW of RS) in
different IOL  of de-
10 L of

digester effluent, 10 L of ditch water

media:

chlorinated tap water,

and anoxic ditch sediment (lkg
anoxic sediment in 9.2 L of tap
water). Pre-incubated biomass was
mixed thoroughly by shaking each
day. On day 5, dried pig manure
(0.537 Kg DW) was added to all
with

containers pre-incubated

biomass, and the mixtures were

subsequently transferred to the
reactors, and the volume made up to

17 L with tap water and then 200 ml

1-231



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

of fresh biogas digester effluent was
added to all reactors to initiate
methane fermentation. All batch
digesters were started at an initial
concentration of 45 g VS.L'!. Each

Table 2: Experimental design

digester contained a total of 765 g of
VS. The mixing ratio of RS : PM was
50:50 as based on VS. The
experimental design are summarized

in Table 2.

VS (@)

Volume (L)

Pretreatment RS:PM C/N

Total

Tap Digester Ditch Anoxic Inoculum

i) L water effluent water sediment Vel
Tap water 50:50 37.0 382.5 382.5 17.0 0 0 0 0.2 17.2
Digester effluent 50:50 37.0 382.5 382.5 7.0 10.0 0 0 0.2 17.2
Ditch water 50:50 37.0 382.5 382.5 7.0 0 10.0 0 0.2 17.2
Anoxic sediment 50:50 37.0 382.5 382.5 7.0 0 0 10.0 0.2 17.2
Pig manure 0:100 20.8 0 765.0 17.0 0 0 0 0.2 17.2

with cap

Substrate

Figure 1 Schematic drawing of the
experimental digester with aluminum
film gas storage bag

2.3 Analytical methods

The daily biogas was collected in
aluminum foil bags and measured by
a gas flow meter (TG 02, Ritter,
Germany). The methane content of
the biogas was measured daily using
a Biogas 5000 gas
(Geotechnology, UK) and checked

analyzer

weekly using a Shimadzu GC
2014AT (Shimadzu, Japan) gas
chromatograph with a thermal

conductivity detector (TCD) and a

60/80 Carboxen-1000 column (L x
O.D x I.D : 457m x 3.1 mm x 2.1
mm). The operational temperatures
of the injection port, column oven,
and detector were 240, 180, and 240
°C, respectively. Nitrogen was used
as the carrier gas at a flow rate of 10
mL/min. A standard gas mixture (Air
Liquids Ltd., Singapore) composed
of 49.95% methane, 30.05% carbon
dioxide in nitrogen was used for
calibration. A 2.5 mL gas-tight

Samplelock® (Hamilton,

syringe
USA) was used for gas sampling.

Total solids (TS), volatile solids
(VS), total carbon, total phosphorus,
total nitrogen and alkalinity of rice
straw, pig manure, digester effluent,
anoxic sediment, waters, and their

mixtures, were determined according
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to the standard methods (APHA,
1998). The temperature and pH of
digester liquids were measured
directly in the reactors through the
sampling pipe using a digital pH
meter (pH 6+, EUTECH Instrument,
Singapore).

2.4 Data analysis

All the data were checked and
transformed as appropriate to meet
the  normality and  variance
homogeneity requirements prior to
statistical analysis and then used one-
way ANOVA and Duncan post-hoc
test for multiple comparisons. An
alpha (a) level of 0.05 was used to
determine the statistical significance
of all analyses.

The analysis was performed by using
the statistical software SPSS (version
13.0 for Windows). Graphs were
plotted using SigmaPlot software
version 10.0.

3 RESULTS AND DISCUSSION
3.1 Biogas production

Figure 2a. illustrates the daily and
cumulative biogas production in
reactors containing 100% untreated
pig manure and RS pretreated with

tap water, digester effluent, ditch

water, anoxic sediment. The results
strongly indicate that RS pretreated
with biogas effluent and anoxic
sediment (Fig. 2a) produced biogas
faster than other pretreatments. These
treatments produced biogas on the
first day of the fermentation process
while biogas production in reactors
containing RS pretreated with tap
water and ditch water started on the
4th day (Fig. 2b, 2d). The control
reactors containing 100% untreated
pig manure did not produce
measurable amounts of biogas until
the 7th day (Fig. 2a). These findings
indicate that pretreatment of biomass
using biogas effluent and anoxic
sediment can reduce the lag phase of
biogas production by several days
(Fig. 2c, 2e). The initial enhanced
biogas production observed by
pretreatment with digester effluent
and anoxic sediment is most likely
due to higher microbial cell numbers
and it also resulted in lower initial
redox potentials in these reactors. It is
well established that low redox
potentials are conducive to methane

production (Kazunori and Naoki,

2005, 2006; Chandra et al., 2012;
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Fetzer and  Conrad, 1993).
Furthermore, digester effluent and
anoxic sediment are likely to contain
high numbers of polysaccharide
hydrolyzing microorganisms
effecting rapid initial hydrolysis and
fermentation of the biomass.

Soaking of dried biomass prior to
digestion may pose other advantages
when up-scaling to semi-continuous
digestion in farm-scale biogas
reactors by reducing absorption of
water from the digester liquid and
introducing water into air-filled
intercellular spaces of the plant
material thereby possibly reducing
flotation problems often associated
with usage of biomass feedstock

(Polprasert et al. ,1986).

At the end of the incubation period (at
day 60),

production in reactors containing RS

the cumulative biogas

pretreated with digester effluent,
anoxic sediment, ditch water, tap
water were 283, 273, 267, 259 liters/
kg VSadded, respectively, all of which
were significantly higher (Duncan
post-hoc test, a = 0.05) than that of
the control reactors (153 liters/kg
VSadded) containing 100 % non-
(Fig. 2). The

cumulative biogas production of RS

pretreated PM

pretreated with digester effluent was
not significantly different from that
using anoxic sediment (p>0.05) but
significantly higher than those using
ditch and water

water tap

pretreatments.
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Figure 2 Daily and cumulative biogas production in the reactors

In summary, all types of pretreatment
of RS in combination with 50 % PM
produced approximately 100 % more
biogas as compared to reactors
digesting 100% untreated PM. In the
Mekong delta of Vietnam, PM is

currently the dominant substrate used

for biogas fermentation in rural
households. The results in this study
shows that RS are promising
supplementary substrates for existing
biogas digesters — when mixed with

PM in a 1:1 ratio based on VS.
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3.2 Specific methane yield

Fig. 3 depicts total methane yields for

all four pretreatments of RS
expressed as methane produced per
kg VS degraded (hereinafter referred
to as specific biogas yield) after 60
days of digestion. These yields have
been corrected for the number of
volatile compounds present in the
liquid samples/suspensions used in
the different pretreatment processes
(Table 2). The specific methane yield
of untreated 100% PM was 234
liters/kg VSdegraded. The maximum
specific methane yields obtained

were 354 and 370 4~/ ~ Y@

for co-digested RS (p<0.05) (digester

effluent and anoxic sediment
pretreatment, Fig 3). Co-digestion of
RS resulted in 49% higher specific
methane yields than that of pure PM.
Other types of pretreatment of RS
resulted in slightly lower specific
methane production values. It can be
seen that all reactors performing co-
digestion of pig manure and plant
biomass (RS) yielded significantly
higher  specific biogas yields
(p<0.05) than reactors containing 100
% pig manure, irrespective of the

type of pre-treatment used.

Pig manure

Anoxic sediment -

Ditch water

Biogas effluent -

Tap water

0 100

200 300 400

Yield (L.CHakgVS  gegraded)

Fig. 3. Methane yields in reactors

Many researchers have reported that

biogas yields obtained from

anaerobic digestion of various kinds

of lignocellulose wastes although
results are generally, expressed in
of CHa/VSadded

units of liters
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(Chandra et al., 2012, Zhang et al.,
2014) and may vary considerably due
to differences in digestion time.
Dinuccio et al. (2010) and Lei et al.
(2010) reported yields of rice straw
biomass ranging from 195 — 290 L
CH4/Kg VS (/Kg VSadded, In co-
digestion with PM/dewater sewage).
By comparison, the average biogas
yield of the reactors in this study
ranged between 394 and 654 liters
biogas/kg VSdegraded (Fig. 3) with an
average methane content of 50-60%
(Fig. 4).

3.3 Methane concentration

The average methane concentrations
in biogas produced during the
fermentation of rice straw using
different pretreatments are shown in
Fig. 4. During the first seven days of
fermentation, methane concentrations
were low and varied significantly
among the different reactors. The
lowest methane concentrations were
detected in reactors receiving
pretreatment with tap and ditch
water. During the second period (day
8 — 21) differences in methane

concentration almost equalized and

in the period from day 22 to day 60

methane concentrations were fairly
constant at 50 — 60 %. Also, the final
methane concentration of the biogas
showed little dependence on the type
of pretreatment used indicating that

Any type of organic materials
containing carbohydrates, proteins,
and fats as main components can be
used as a substrate for the
biomethanation process (Chandra et
al., 2012). However, different types
of VS exhibit different rates and of
biodegradation during anaerobic
digestion (Raposo et al., 2011). Xie et
al. (2012) reported that degradation
of lipids resulted in the highest
methane contents of 67-74%,
compared to 50-58% for proteins and
about 50% for carbohydrates. RS
used as substrates for anaerobic
digestion in this study contained high
proportions of carbohydrates (> 50
%) (Chandra et al., 2012; Gunnarson
and Petersen 2007; Saha 2003). In the
present study the methane content
was quite constant at 50 — 60 % and
similar to values reported in other
2013,

studies al.,

Dinuccio et al., 2010).

(Risberg et
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3.4 pH

Figure 5 shows the time courses of
pH in the different reactors during the
60 days of operation. As a common
feature, the pH in all reactors initially
decreased to about 5.9 — 6.2 due to
VFA production, followed by a rise
then stabilized at values around 6.8 —
7.0. Reactors containing 100% PM
showed a less pronounced initial drop
in pH.

The chemical composition of RS
changed during the anaerobic
digestion process. One of the most
useful parameters for evaluating the
efficiency of anaerobic digestion is
the reduction in volatile solids (VS).
The lowest reduction (36%) was

found for untreated pig manure for 60

days. In this study, PM had a C:N

ratio of 20.8 as compared to average
C/N ratios of 37 for co-digestion of
RS (Table 2). The data show that
efficient VS removal (coupled to high
methane production) is possible also
when using feedstock with C/N ratios
higher than 20 - 30 that is generally
considered to be the optimal range for
biogas production (Chandra et al.
2012; Puyuelo et al., 2011; Li et al,
2011).

From Figs. 2 and 3 it is clear that
biogas production was still ongoing
after 60 days of digestion when the
experiments were terminated and
therefore VS removal efficiencies
higher than those mentioned above
would be obtained at fermentation

times > 60 days.
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Table 3 Volatile solids removal efficiency after 60 days of digestion

Reactors Pretreatment Initial VS Final VS VS removal
concentration (%) concentration (%) efficiency (%)
1 None (tap water) 4.5 2.67 40.7
2 Digester effluent 4.5 2.76 38.7
3 Ditch water 4.5 2.44 45.8
4 Anoxic sediment 4.5 2.67 40.7
5 None (100 % PM) 4.5 2.88 36.0

Lei et al., (2010) studied methane
production from co-digestion of RS
and acclimated anaerobic sludge and

reported that VS removal varied from

63.5 — 66.

the VS removed rate of PM and
dewatered sewage sludge in batch
anaerobic was ranged from 34.7 —

62.6% for the period of 85 days
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Figure. 6 Variations of pH in reactors.

Zhong et al (2011) reported VS
reductions of corn straw of 40% to
56%. Zhang et al (2014) reported that
co-digestion of PM with dewatered

sewage sludge (DSS) resulted in 48.—

53.% VS reduction as compared with
38 % when digesting DSS as the sole
substrate. Many studies conducted in
batch experiments reported VS
removal of 21-55% (Meyer and
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Edwards, 2014). He et al., (2008)
obtained VS reductions of about 66
% for mixtures of RS and acclimated
anaerobic sludge incubated for 200
days.

The data in Table 4 indicate a general

trend that reactors containing RS

produced final digestates containing
significantly higher concentrations of
total N, total P, and COD than those
reactors digesting 100 % PM. —
thereby in all likelihood increasing
their cheap

utility as organic

fertilizer.

Table 4 Total nitrogen, total phosphorus and COD of final digestate in batch

experiments
Pretreatment Total Nitrogen Total Phosphorus COD
(mgN/L) (mgP/L) (g/L)
Tap water 819+ 16 972 + 84 184+24
Digester effluent 776 £ 91 1067 + 66 157+1.8
Ditch water 654 + 46 1082 + 82 16.6+3.3
Anoxic sediment 715+ 6 1052 + 93 17.4+42
None (100 % PM) 809 £ 11 690 + 50 53+0.6
4 CONCLUSION 1997) as compared with other

The results obtained in this study
demonstrate that rice straw (RS) is a
substrate  for

superior biogas

production as compared to pig
manure calculated based on VSadded
or VSdegraded. This scenario was valid
for all types of pretreatments tested
(and all mixtures of RS and PM
tested) and most certainly is due to
the overall chemical composition of
RS which has a higher biogas
potential than PM.

RS has a comparatively low lignin

content at 7 -12 % (Saha, 2003, He et
al.,2008; Jin and Chen, 2007; Lee,

lignocellulose waste materials such
as wheat straw at 15-20 % (Saha,
2003; Lee, 1997) and wood at 18-35
% (Lee, 1997 and Sung and Chen,
2002) on a DW basis. The low lignin
content of RS may greatly facilitate
pretreatment, enzymatic hydrolysis
and biogas production from this
cheap and abundant waste material as
a sole substrate or in co-digestion
with animal manure. Apparently, the
high silica content of RS is less an
obstacle to biodegradation than
lignin.

Chandra et al., (2012) demonstrated
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that NaOH (4%)

enhanced biogas

pretreatment
production by
87.5% as compared to untreated RS
whereas hydrothermal pretreatment
alone increased the biogas yield by
only 9.2%. He et al., (2008) obtained
biogas yield improvements of 27 — 65
% using 6 % NaOH pretreatment of
RS at about 20 °C for three weeks.
Other studies (Sapci, 2013; Risberg
et al., 2013; Zhong et al., 2011; Jing
et al., 2013) have likewise shown that
harsh and energy-intensive
pretreatment methods are necessary
to increase biogas or ethanol yields
from plant biomass substantially.
Such methods are not likely to gain
widespread practice for small
household biogas digesters in rural
areas — for safety and economic
reasons.

This study demonstrates that simple
co-digestion  and  ecologically
acceptable pretreatment methods of
RS by soaking in anoxic sediment or
digester effluent may enhance biogas
production by 79 - 85 %, respectively
as compared to digestion of pure pig
manure. Considering that rice straw

is an abundant and cheap waste

material which often disposed by
burning in many countries.

Increased production of biogas from
the abundant supply of RS would
facilitate the use of cheap and
sustainable energy for additional
such  as

activities lightning,

sanitation. = The results strongly
indicate that effluents from biogas
reactors preforming co-digestion of
rice straw with pig manure are
significantly enriched with respect to
total N, total P and COD as compared
to effluents derived from reactors
digesting 100 % pig manure (Ngan,
2012). Therefore, increased usage of
digester effluents as a substitute or
supplement for commercial inorganic
fertilizers would further lead to

improve the economics of rural

biogas households which so far are

heavily dependent on imported
inorganic fertilizers.
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ABSTRACT
The objective of this research is to produce ethanol using cassava starch
saccharification by Amylomyces rouxii TISTR 3182 and with following
fermentation by Saccharomyces cerevisiae TISTR 5088. The separate
hydrolysis and fermentation (SHF) and simultaneous saccharification and
fermentation (SSF) process were compared. The SHF process showed the
higher ethanol yield (22.84 + 0.82 g/L) than the SSF process (14.46 + 3.90
g/L) at 96 hr. Further study on ethanol production was carried out using the
SHF process. The immobilization of S. cerevisiae TISTR 5088 by calcium
alginate with concentrations of 2.0%, 3.0% and 4.0% (w/v) were prepared.
The result revealed that the free cell of S. cerevisiae TISTR 5088 resulted in
the highest ethanol yield (19.65 £ 1.97 g/L, Qp 0.20 = 0.02 g/L/h) whereas the
highest yield was observed in the immobilized cells with 4.0% of calcium
alginate (11.73 + 1.06 g/L, Qp 0.09 £ 0.02 g/L/h). The production yield from
cell in alginate bead diameter in a range of at 0.4-1.2 mm. were obtained in a
range of 15.78-16.41 g/L, which didn’t show statistically significant

difference.

Keywords: Immobilization, Bioethanol, Cassava starch, Amylomyces rouxii,

Saccharomyces cerevisiae
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INTRODUCTION

Energy consumption is increasing in
a form of commerce energy such as
fossil fuel which is limited and
negative affect to the environment.
Therefore, alternative energy source
such as biofuel or bioethanol become
interesting choice. Bioethanol can be
produced from lignocellulose, sugar
or starch materials. Cassava has

starch as the main compound
approximately 63% (Ray et al., 2004)
and was produced approximately 31
million tons per year (Office of
Agricultural Economic, 2016) which
in Thailand.

Bioethanol from cassava starch can

make over demand

be produced in two steps comprising
hydrolysis starch to sugar form and
following fermentation of sugar to
The

performed by two common processes

ethanol. process can be
are including the separate hydrolysis
fermentation and the simultaneous
saccharification and fermentation.
However, the production can be
inhibited by the high substrate
concentration used in the system.
Thus, to develop and enhance the

production  efficiency of the

fermentation, cell immobilization

techniques is another valuable
option. The matrix of stationary
phase can reduce from the cells
exposure to the substrate or product,
in feedback

Immobilized cells can be easy to

reducing inhibition.
transfer out from the medium, has
less cell growth (lag phase) and
2018)

most

reusable. (Orrego et al.,

Calcium alginate is the
commonly polysaccharide material
used for immobilized cells because of
lower price, simple to carry out, non-
toxic, mild condition, (Ciesarova et
al.,, 1998) and more mechanical
resistant than other matrix such as
chitosan (Duarte et al., 2013). The
objective of this research is to
investigate bioethanol vyield from
cassava starch using A. rouxii TISTR
3182 and S. cerevisiae TISTR 5088.
The yield from SHF and SSF process
will be compared. Then the influence
factor of immobilized S. cerevisiae
TISTR 5088 such as sodium alginate
concentration and bead diameter will

be studied.
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METHODOLOGY

2.1 Preparation of culture medium
and inoculum

TISTR 3182
(Thailand Institute of Scientific and

Amylomyces rouxii
Technological Research, TISTR) was
cultured on potato dextrose agar
(PDA) slants and incubated at 30 C
for 10 days. Spore suspension was
diluted to 10 spore/mL (Mercial et
al.,, 2006) by using sterile 0.1%
Tween 80 solution. Saccharomyces
cerevisiae TISTR 5088 (TISTR) was
cultured on YPD agar (glucose 20
g/L, peptone 20 g/L, yeast extract 10
g/L and agar 20 g/L) slants incubated
at 30 C for 72 hr. One loop was
subcultured in YPD broth and
incubated at 30°C for 24 hr. The
optical density (ODego) Was adjusted
to 0.5 (Petrea, 2008) for inoculum.

2.2 Preparation of immobilization

The inoculum of S. cerevisiae TISTR
5088 was poured into various sodium
alginate concentrations (2%, 3%, and
4% wi/v) in the ratio 1:1 (v/v). Then
the mixture was dropped into 0.1 M
CaCl, using sterilized syringe The

bead was left to be harden for 1 hr.

and later washed with 0.9% (w/v)
sterile sodium chloride to remove the
CaCl, and cell residue. (ldris and
Suzana, 2006). Furthermore, the bead
diameter of 0.4, 0.8 and 1.2 mm. were
excluded for specific experiments.

2.3 Preparation of fermentation
medium

Cassava was obtained from local
market in Bangkok. Cassava were
cleaned, cut into pieces and dried out
in an oven at 70°C for 48 hr. Then the
pieces were milled to powder and
sieved through 50 mesh to obtain a
powder size of 300 um. The 6% w/v
cassava was used as a fermentation
medium. Cassava powder was
weighed and gelatinized in water at
90C for 30 min until liquefied
followed by autoclave at 121 C for 15

min.

2.4 Batch fermentation

2.4.1 SHF process

Batch fermentation was carried in
150 ml liquefied cassava starch. 15
ml of A. rouxii TISTR 3182 spore
suspension was added prior to

incubate the mixture at 30 C agitating
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at 150 rpm for 48 hr. Another 15 ml
of S. cerevisiae TISTR 5088 culture

was added. The mixture was
continuously incubated at the same
condition for 120 hr. The S.

cerevisiae TISTR 5088 cells were
replaced by immobilized cells for a

comparison purpose.

2.4.2 SSF process

Batch fermentation was carried in
150 ml of liquefied cassava starch. 15
ml of A. rouxii TISTR 3182 spore
suspension and 15 ml of S. cerevisiae
TISTR 5088 culture were added. The
mixture was incubated at the same
condition as in SHF process for 120
hr.

2.5 Analytical method

Samples were collected on every 24
hr. during the fermentation process.
The samples were centrifuged at
4,000 rpm 4°C for 10 min to remove
cells and debris. The supernatant was
further analyzed for reducing sugars
using 3,5-dinitrosalicylic acid (DNS)
1959).

concentration was calculated against

technique (Miller, Sugar

a glucose standard curve. The ethanol

concentrations were determined by
gas (Shimadzu
model, GC-2014, Japan) with a DB-1

column using helium as a carrier gas

chromatography

with a flow rate of 244.2 mL/min,
equipped with flame ionization
(FID),

temperature at 180TC. The column

detection maintained the
temperature was maintained at 60 C.
The N-propanol 10% (v/v) was used
as internal standard. The experiments
were studied in triplicate. Statistical
analysis was done by completely
(CRD). The

significant level was set to 0.05.

randomized design

RESULTS AND DISCUSSION

3.1 Efficiency of SHF and SSF
processes on ethanol production

The processes of SHF and SSF had
effect to bioethanol vyield from
cassava starch. The ethanol product
from two processes were compared.
As shown in Figure 1, The SHF
process showed the significant
improvement in ethanol production
than SSF process within 96 hr. of
fermentation time, yielding 22.84 +
0.82 g/L and 14.46 + 3.90 g/L,

respectively. Our results suggested
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that the SHF process was suitable for
ethanol production. The explanation
could be form the fact that the
cassava starch was hydrolyzed by A.
TISTR 3182 to produce
reducing sugars between 24-48 hr. As

rouxii

a consequence, the reducing sugars
could be utilized by S. cerevisiae
TISTR 5088 in order to establish
fermentation process. Our results
were similar to Wirawan et al. (2012)
found that the ethanol production
from cellulosic using SHF and SSF
approaches by immobilized cells
showed a higher ethanol yield in SHF
process. Duangwan and Sangwichien
(2015) was also investigated ethanol
production from oil palm using SHF
process from baker’s yeast. The yield
was obtained at 8.49 g/L of ethanol.
Soderstrom et al. (2003) studied
bioethanol production using two-step
process comprising of stream
pretreatment of softwood followed
by SHF process and the result
revealed a higher ethanol yield than
(2012)
achieved the highest ethanol yield

with SHF process (0.27 g/g) when

SSF process. Ask et al.

compared with SSF process (0.24

9/g).

3.2 Effect of alginate concentration
on immobilized cells to ethanol
production

Immobilized cells of various alginate
concentrations had effective on the
bioethanol fermentation. The rate of
reducing sugar consumption was
relevant to ethanol productivity rate.
As shown in Figure 2A, free cell
yielded in the higher ethanol (19.54 +
0.47 g/L) than immobilized cells at
120 hr. The reducing sugar in a free
cell system was rapidly consumed
approximately 48-72 hr. whereas the
immobilized cells were gradually
consumed (figure 2B). At 120 hr.,
free cell consumed reducing sugars as
25.90 £ 0.93 g/L while immobilized
cells in 2%, 3% and 4% (w/v)
alginate consumed 6.97 + 1.49, 11.30
+ 6.07 and 14.65 + 10.02 g¢/L,
respectively. The higher sugar
consumption found in free cell
system could be explained that has no
obstacle between the cell and the
culture, thus the substrate transfer in
free cell is more available than in

immobilized cells. Similar to other
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reports, Orrego et al. (2018) showed
that free cell yield in higher ethanol
and higher rate of sugar consumption
than immobilized cells (2-4% (w/v)
alginate) and Nikolic et al. (2010)
studied bioethanol from corn meal.
The result showed that free cell had
more efficient than the immobilized
cells. Mariam et al. (2009) also
showed that free cell produced higher
ethanol from cane molasses than
immobilized cells. Even the free cell
system could produce the bioethanol
in lower portion, the advantage of
immobilized cells is cell recycling
(Duarte et al., 2013). In addition, our
studies showed immobilized cells in
4% (w/v) alginate resulted in the
highest ethanol yield (11.73 + 1.06
g/L) than
Similar to, Swain et al. (2007), they

other concentrations.
were studied ethanol fermentation
using 4% alginate concentration, the
result showed that immobilized cells
gave higher ethanol than free cell.
The 4% calcium alginate bead form
had mild conditions as compared
with agar agar. (Behera et al., 2010)
and Bandaru et al. (2006) obtained

the maximum ethanol yield by using

4% sodium alginate solution from
sago starch. Finally, results
that 3% and 4% of
immobilized beads were stable and
harder than 2%

broken after 5 days of fermentation.

our

proved

bead which was

This finding was coherent with
Najapour et al. (2004) results. They
that  high
concentrations exhibits more rigidity

reported alginate
and stable bead. Maswanna et al.
(2018) noted that the alginate bead
above 4% (wi/v) was harder and had
tail. observation was
different from Ercan et al. (2013) that
2%

conditions for the

However,
alginate was the optimum
bioethanol
fermentation and high concentrations
had limit diffusion substrate to cell
(Lee et al., 2011).

3.3 Effect of bead diameter on

immobilized cells on ethanol
production

From the above result, 4% calcium
alginate concentration had showed
the suitable application in bioethanol
fermentation. Then immobilized cells
were studied with various bead

diameters at 0.4, 0.8 and 1.2 mm. The
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result showed in Figure 3A and 3B
that ethanol production and reducing
sugar consumption from bead
diameters of 0.4, 0.8 and 1.2 mm.
were 15.78 + 2.46, 16.69 + 1.60,
16.41 + 2.51 g/L, respectively and
26.89 +4.31, 29.18 £ 3.13 and 29.76
+1.93 g/L, respectively, which didn’t
shown the statistically significant
difference. Our results were similar
to Gilson and Thomas (1995) that
increasing bead diameter (> 2.00
mm.) effect to the reduction of
glucose consumption and reducing
the product yield because smaller
bead diameter had larger surface

areas. Idris and Suzana (2006) proved

25

Ethanol (g/L)
= = N
o a1 o (6] o

the use of 1 mm. diameter bead
resulted in the higher productivity
than the use of 5 mm. Goksungur and
Guvenc (1999) obtained the highest
production when used 1.3-1.7 mm.
and 2.0-24 mm. bead diameter
whereas bead diameter above 3 mm.
that showed low productivity (Abdel-
Naby et al., 1992) Rakin et al. (2009)
studied bioethanol fermentation with
bead of

immobilized S. cerevisiae, the result

0.8 mm. diameter

showed the maximum ethanol
concentration was 10.05 % (w/w).
Small bead diameter was appropriate
for substrate transfer to immobilized

cells (Margaritis and Kilonzo, 2005).

48 72 96

Incubation time (hr.)

Figure 1 Comparison of SHF and SSF process for bioethanol fermentation.

Separate hydrolysis fermentation; SHF (®), Simultaneous saccharification
and fermentation; SSF ()
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Figure 2 Ethanol production on the effect of Ca-alginate concentration (A)
and reducing sugar consumption on the effect of Ca-alginate concentration
(B). Free cell of S. cerevisiae TISTR 5088 (M), Immobilized cells with 2%
calcium alginate (), Immobilized cells with 3% calcium alginate (A) and

Immobilized cells with 4% calcium alginate. (=)
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Figure 3 Ethanol production on the effect of bead diameter of S. cerevisiae
TISTR 5088 immobilized cells (A) and reducing sugar consumption on the
effect of bead diameter of S. cerevisiae TISTR 5088 immobilized cells (B).
Free cell of S. cerevisiae TISTR 5088 (M), Immobilized cells with 0.4 mm.
bead diameter (@), Immobilized cells with 0.8 mm. bead diameter (A) and

immobilized cells with 1.2 mm. bead diameter ().
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CONCLUSIONS

The studied proved that separate
hydrolysis and fermentation (SHF)
process showed the improvement
ethanol fermentation from cassava
starch using cultured of A. rouxii
TISTR 3182 and S. cerevisiae TISTR
5088. Moreover, to improve the
bioethanol process, the immobilized
cells of S. cerevisiae TISTR 5088
shows the promising capability in the
process. The 4% calcium alginate
concentration gave the highest
ethanol production yielding 11.73 +
1.06 g/L. Cell in bead diameters at
0.4, 0.8 and 1.2 showed the suitable
yield which didn’t

significant difference rate. However,

production

the immobilized cells were useful in

cell recycling process.
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ABSTRACT
In Thailand, an agro-residue burning starts after harvesting. Burning of
agricultural wastes, however, results in ambient PMzs. In this study, the
ambient and indoor PM2s and hotspot counts in Nakhon Pathom, Thailand,
and neighboring countries including China were monitored for correlation
analysis. The biomass burnings were monitored by the VIIRS aboard the
Suomi-NPP satellite. The back trajectories of air masses were determined by
the HYSPLIT model. The results from HYSPLIT showed that the air masses
were originated from the Northeast of Thailand and subsequently entered
Nakhon Pathom. The average concentrations of ambient and indoor PM2s
were 31 and 56 pg m, respectively. The concentrations of PM2s were
somewhat higher than Thailand’s air quality standard and guideline.

Additionally, due to poor ventilation of the building, indoor concentrations
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were approximately 2.2 times higher than ambient concentrations. The

ambient and indoor concentrations were strongly correlated (r=0.8). During 3

months, the ambient PM2 s concentrations in Nakhon Pathom were moderately

correlated with hotspot counts per area of Cambodia (r=0.56) which

corresponds to the air mass direction acquired from HYSPLIT. The degrees

of correlation, however, were not high since the hotspot counts obtained from

VIIRS reflect counts of burning rather than the sizes of burning area.

Keywords: PM2s, Biomass burning, Air quality monitoring, Hotspots

INTRODUCTION

Biomass burning is the burning of
living and dead vegetation for
various purposes, mainly for land
clearing. In various agricultural
countries, especially in Southeast
Asia, crop residue burning is a
widespread practice. An open

burning is particularly intensive
during dry season like harvesting
season. Crucially, the burning of
agricultural wastes such as rice straw,
corn stalks, and sugarcane stubbles
has critically impacted on the local
and regional haze particle problems
during the harvesting season. In
addition, it is the largest source of air
pollution in many rural areas of the

developed and developing countries.

In addition to PM2s source, burning
of biomass causes significant local
and regional environmental effects.
The emissions from agro-residue
burning including CO2, CH4, CO,
NOx, SO2, PM1yo, black carbon (BC),
organic carbon (OC), volatile organic
compounds (VOCs), and polycyclic
hydrocarbons  (PAHS)
(Tipayarom and Kim Oanh, 2007
Kim Oanh et al., 2015; Kim Oanh et
al.,, 2016, Kim Oanh et al., 2018;
Junpen et al., 2018; Phairuang et al.,
2019).

aromatic

The health effects of biomass burning
are well-established.
Epidemiological evidence of PMas
damage on human respiratory system

has been mentioned in Xing et al.
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(2016). A considerable correlation
PM2s

morbidity and mortality was also

between and respiratory

observed. In European Union
countries, a decrease of the average
life span by 8.6 months was triggered
by PM2s. The outstanding symptoms
of exposure to biomass burning are
chronic obstructive lung disease
(COLD), acute respiratory infection
(ARI), adverse pregnancy outcomes,
interstitial lung disease, tuberculosis,
and

eye asthma

cardiovascular disease (FAO, 2000).

problem,

The Visible Infrared Imaging
Radiometer Suite (VIIRS) sensor
NASA/NOAA

Polar-orbiting

aboard the joint

Suomi  National
Partnership (Suomi-NPP) satellite
monitors fire activity over the world.
VIIRS data

Moderate

expand upon the

Resolution Imaging
Spectroradiometer — so called
MODIS - application
monitoring (NASA, 2016). MODIS

and VIIRS show good agreement in

to fire

hotspot detection. However, VIIRS

has been improved for spatial

resolution of the 375 m data. It not

only provides a greater response over
fires of relatively small areas but also
provides improved mapping of large
fire boundaries. The 375 m data also
has improved nighttime performance
(NASA, 2018).

In Thailand open burning is illegal.
Farmers therefore habitually burn
their crop residues at night. For this
reason the hotspot data obtained from
VIIRS is more appropriate than
MODIS.

This study aims to investigate the
PM2s

concentrations and VIIRS hotspot

correlation between

counts during intensive biomass
burning period in Nakhon Pathom
The

and

and adjacent  provinces.

relationship between indoor
ambient PM_ s is explored since - the
in  Nakhon

Pathom is so high that it exceeds the

ambient PM2s level
Thailand air quality standard. The
building users begin to have eyes and
nose irritation as well as respiratory
symptoms such as coughing, throat
irritation and recurrent dust allergies.
of PMas is

The elevated level
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possibly resulted from to the
influence of high-pressure systems
that bring stable air masses from the

northeast of Thailand.

METHODOLOGY

Study areas

Nakhon Pathom is one of the central
provinces of Thailand (Figure 1).
Located west of Bangkok, it is a
the Bangkok
Nakhon

perimeter  of

Metropolitan

Region.

Pathom is located in the flat river
plain of the Tha Chin River valley,
which makes it one of the agricultural
The
dominated by agricultural

areas. region is relatively
lands
which are used for rice, sugarcane,
corn, fruit and vegetable growing.
The total area of Nakhon Pathom is
2,168 km? (Office of Nakhon Pathom

Province, 2016).

MYANMAR
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Land use classification
in Nakhon Pathom |

®
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Figure 1 Map of study areas.
Source: Herbreteau (2001)

Ambient and indoor PM2s sampling
equipment were located in Silpakorn
University, Sanam Chandra Palace
Campus. This university was selected
as a sampling site since it was located
(3 km)
downtown and also the traffic in the

moderately  far from

university was considered light.
Ambient sampler (AQM 65 Ambient
Air Monitoring

AEROQUAL, Auckland,

Zealand) was located 3 meters away

Station,

New

from university main road. Two

Personal Environment  Monitor

1-259



Proceedings on the 5th EnvironmentAsia International Conference
13-15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand

Model 2000 (PEM) (SKC
Eighty Four, PA, USA) equipped
with personal air pump (Sensidyne,
LP, St. Petersburg, FL, USA) were
placed in the middle of the 5" floor of

Inc.,

Science Building 4, Faculty of

Science.

PM_.s sampling and analysis
The AQM 65 Ambient

Monitoring Station was continuously

Air

measured for PM2s 24 hours a day at
a flow rate of 2 L m™. The equipment
sensor is a laser nephelometer with a
measurement range 0-2,000 ug m.
The hourly PM2 s data were remotely
retrieved through direct internet
connection. Afterwards, the daily
amount was calculated by averaging

all hourly data.

For indoor PM2s measurement, the
PEM with glass fiber filters (GFF)
GC-50 (Advantec MFS, Inc., Dublin,
CA, USA) loaded were used. The
PEM

airborne particles using an impactor.

operates on the

PM2s was collected using a PEM
connected with a personal air pump,
which

was adjusted at 2

L m?. Before sampling, filter was

desiccated at constant relative
humidity and temperature for at least
24 hours and weighed by a seven-
digit (Mettler  Toledo,
After

sampling, the filter was desiccated

balance
Greifensee,  Switzerland).
and weighed again to measure the
PM2 s weight on the sample filters for
mass  analysis.  Proper  flow
calibration of the personal air pump
(2 L m?) was done for the correct
fractionation of the particles below
2.5 um (US EPA, 1990).

All measurements were performed
for 27 days covering 3 months, from
December 2018 to February 2019.
The results from two monitoring
means were subsequently analyzed

for Pearson’s correlation (r).

VIIRS active fire data
The archived hotspots data in
Nakhon Pathom, Thailand,

neighboring

and
countries  including

Cambodia, Laos, Myanmar, and
Vietnam as well as China were
extracted daily from NASA's Fire
Information for Resource

Management System (FIRM). The
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active fires were shown appeared as
hotspots on the fire map (Figure 2).
This the

study acquired fires

3! ADF-SH

MYANMAPR

information (hotspots) for three
months on the same day of PMa2s

measurements.

Figure 2 Hotspots appeared on the fire map on February 13, 2019.

HYSPLIT model

