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Preface

The 3rd International Conference on Green Environmental Engineering and
Technology (IConGEET 2021) took place virtually on 8–9 September 2021 in
joint with the 7th International Conference on Green Design and Manufacture
(IConGDM 2021). The conference was organized by the Sustainable Environ-
mental Research Group (SERG), Centre of Excellence Geopolymer and Green Tech-
nology (CEGeoGTech) and the Faculty of Civil Engineering Technology, Univer-
siti Malaysia Perlis. The conference received international and local collaboration,
support and participation of the National Institute for Research and Development in
Environmental Protection (INCDPM) Romania, the Department of Civil and Envi-
ronmental, Faculty of Engineering at Rabigh, King Abdulaziz University as well as
the Center of Excellence, Water Research and Environmental Sustainability Growth
(WAREG), Universiti Malaysia Perlis.

It brought together researchers, practitioners, engineers and students worldwide in
hope to extend networking, integrate knowledge and exchange ideas among partic-
ipants. This year, the theme “Enhancing Sustainable Environment for Humanity:
Challenges and opportunities in the Post-Covid Era” has been in point with the
COVID19 situation faced by the world impacting us economically, socially and envi-
ronmentally. Over 100 distinguish researchers, practitioners, engineers and students
from across the country have presented their current and intriguing research in the
scope of civil and environmental technologies and management, which evolved
around five major areas: water and wastewater technology, green technology, air
pollution and climate change, environmental management and protection as well as
environmental sustainability and development.

The conference has gained tremendous success due to collective efforts from the
organizing committees, the co-organizers, the reviewers, presenters and all partici-
pants. Special acknowledgment goes to the keynote and invited speakers who assent
our invitation and successfully delivered interesting talks to catch all the partici-
pants’ attention. The keynote speeches were delivered by Prof. Dr. Joel Oliveira
Correla Vasco (Polytechnic of Leiria, Portugal), Prof. Dr. Fauziah Ahmad (Universiti
Sains Malaysia) and Associate Prof. Dr. Andriana Surieva (University of Chemical
Technology and Metallurgy, Bulgaria), while the invited speakers involved were Dr.

v



vi Preface

MarwanMustafaKheimi (KingAbdulazizUniversity), Ir. Ts. Gs. Dr. ChowMing Fai
(Monash University Malaysia) and Dr. Mohd. Faridh Ahmad Zaharuddin (Universiti
Teknologi Malaysia).

We would like to thank all the reviewers involved in ensuring each contributed
paper were refereed and accepted based on interests, relevance, innovation and
pure contribution towards the civil and environmental engineering fields. Acknowl-
edgement gratitude also goes to Associate Prof. Dr. Aeslina Abdul Kadir, visiting
researcher of SERG from Universiti Tun Hussien Onn, Malaysia for her invaluable
work as one of the editor of this proceeding. Finally, special thanks go to theUniversiti
Malaysia Perlis for the continuous support throughout the conference event.

Arau, Malaysia Norazian Mohamed Noor
Chairman

The 3rd International Conference on
Green Environmental Engineering
and Technology 2021 (IConGEET

2021)
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Nicolae-Valentin Vladut, Raluca Prangate, and Norazian Mohamed Noor

Environmental Management and Protection

A Comparative Study on Generation and Composition of Food
Waste in Desa Pandan Kuala Lumpur During Covid-19 Outbreak . . . . . 59
Irnis Azura Zakarya, Nur Adilah Rashidy,
Tengku Nuraiti Tengku Izhar, Muhammad Haizar Ngaa,
and Lucian Laslo

A Study on the Environmental Impact During Distribution
and Disposal Stages for the 3-Ply Face Masks by Using Life Cycle
Assessment (LCA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Chow Suet Mun Christine, Tengku Nuraiti Tengku Izhar,
Irnis Azura Zakarya, Sara Yasina Yusuf, Ayu Wazira Azhari,
and Madalina Boboc

Comparative Evaluation of the Thermal Efficiency Between
Rehabilitated and Non-rehabilitated Blocks by Using
Thermography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
Natalia Enache, György Deák, Lucian Laslo, Anda Rotaru,
Monica Matei, Mădălina Boboc, and Nur Liza Rahim

Content Validity Index: Competencies of Quantity Surveyors
and Enabling Technologies in Industry 4.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Siti Nur Aishah Mohd Noor, Siti Uzairiah Mohd Tobi,
and Mohamad Syazli Fathi

Cost Analysis of Different Scenarios for Extracting Groundwater
Contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
Marwan Kheimi, Sultan K. Salamah, and Mohd Ikhmal Haqeem Hassan

Knowledge, Attitudes, Awareness and Practices on Household
Hazardous Waste Disposal Among Undergraduate Students
in Selangor, Malaysia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Nurhidayah Hamzah, Nur Syazwina Marzuki, Fauzi Baharudin,
Nur Liza Rahim, Nor Amani Filzah Mohd Kamil, Nor Azliza Akbar,
and Nur Shazlinda Mohd Zin



Contents ix

Study of Slope Failure in North Sumatera: Case Study
Medan—Berastagi Road . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Ika Puji Hastuty, Fauziah Ahmad, Roesyanto, Moh Sofian Asmirza,
Ahmad Perwira Mulia, and Ridwan Anas

The Barriers of Building Information Modelling (BIM)
for Construction Safety . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
Nurul Hasanah Mohd Taat, Nor Haslinda Abas,
and Muhammad Fikri Hasmori

Environmental Sustainability and Development

Drought Assessment Using Standardized Precipitation Index (SPI)
Case Study: Sulphur Springs Tampa FL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
Mohammad A. Almadani

Hydrodynamic Modelling for the Chilia—Bystroe Danube Sector:
Model Calibration and Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
Georgeta Tudor, György Deák, Miruna Arsene,
Tiberius Marcel Danalache, Bianca Petculescu, Danut Marian Tuca,
Edward Bratfanof, and Mohd Remy Rozainy Mohd Arif Zainol

Identification and Validation of a Method for Determining the Age
of Sturgeons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
Tiberius Danalache, Elena Holban, György Deák, Razvan Matache,
Raluca Prangate, Monica Matei, Madalina Boboc,
and Nor Wahidatul Azura Zainon Najib

Properties of Irradiated Bioplastic-A Review . . . . . . . . . . . . . . . . . . . . . . . . . 161
Nurin Najwa Rohidi and Siti Amira Othman

Quality Control & Field Guidelines for Using Non-identical Mixed
GPS in Surveying Project: EGYPT Case Study Antennas . . . . . . . . . . . . . 171
Mohamed M. Hosny, Samy Ayaad, Mohamed H. Elwany,
and Hassan G. El-Ghazouly

SCS Curve Number to Model Flooding in the Upper St.
Johns River Using Retrieved Remotely Sensed Precipitation
from NEXRAD, and TRMM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
Marwan Kheimi

Study of Oil Palm Frond (OPF) and Oil Palm Trunk (OPT)
for Sustainable Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
Noraishah Shafiqah Yacob, Hassan Mohamed,
and Abd Halim Shamsuddin



x Contents

Survey on Constraint in Application and Utilization of Biomass
Conversion in Malaysia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
Fadhilah Izzati Abdul Rani, Nor Wahidatul Azura Zainon Najib,
Nor Ashikin Ahmad, Firuz Zainuddin, and Lucian Laslo

Sustainable Structural Design of Residential Tall Building Based
on Embodied Energy and Cost Performance . . . . . . . . . . . . . . . . . . . . . . . . . 209
Muhammad Lutfil Hadi Noraini, Wan-Mohd-Sabki Wan Omar,
and Radzi Ismail

Uncertainty in River Hydraulic Modelling: A Review
for Fundamental Understanding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
Mohd Aliff Mohd Anuar, Mohd Shalahuddin Mohd Adnan,
and Foo Hoat Lim

Urban Sustainable Development Solution for Irrigation Systems
of Green Spaces Located on Buildings Based on a 3D Catalyst
Immobilized on Fixed Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
Iasmina-Florina Burlacu, György Deák, Lidia Favier, Irina Urloiu,
and Salwa Mohd Zaini Makhtar

Green Technologies

A Comprehensive Evaluation of Pozzolanic Activity of Ancient
Brick Powders Wastes—BPW in Cement Based Materials . . . . . . . . . . . . . 229
Mihaela-Andreea Moncea, György Deák, Florina-Diana Dumitru,
Roshazita Che Amat, and Norlia Mohamad Ibrahim

A Review of Natural Fiber Concrete for Radiation Shielding . . . . . . . . . . 235
Yusrina Mohd Yusof and Siti Amira Othman

Comparing the Physical Properties of Coal Bottom Ash (CBA)
Waste and Natural Aggregate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
Syakirah Afiza Mohammed, Mohamed Reyad Alhadi Ahmad,
Norlia Mohamad Ibrahim, Nur Liza Rahim, Roshazita Che Amat,
and Salmi Samsudin

Effect of Bottom Ash and Limestone on the Optimum Binder
Content in Hot Mix Asphalt (HMA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Nur Liza Rahim, Syakirah Afiza Mohammed, Noor Aina Misnon,
Nurhidayah Hamzah, Roshazita Che Amat, Norlia Mohamad Ibrahim,
Christina Remmy Entalai, and György Deák

Experimental Analysis of Napier Grass Waste Pre-treatment
Process for Biogas Production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267
N. E. Suhaimi, H. Mohamed, N. Kamaruzaman, M. E. Mohd Roslan,
and A. H. Shamsuddin



Contents xi

Green Smart System Based on AI for Ammonia and Hydrogen
Eco-Friendly Use in Naval Transport from Protected Wetlands . . . . . . . . 275
György Deák, Tudor Georgescu, Cosmin-Karl Bănică,
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Appropriate Community-Based
Emergency Response Elements for Toxic
Gas Release in Pasir Gudang, Johor

Noor Afzan Ahmad, Kamarizan Kidam, and Rahmat Mohsin

Abstract The number of harmful gas-using industries has expanded dramatically,
with the majority of them located near populated areas. Consequently, this presents
a significant challenge for government officials to reduce hazards in the vicinity of
hazardous gas facilities and offer safe and effective community emergency response
team, where serious accidents may occur. The objective of this study is to determine
the community-based emergency response elements for toxic gas release in Pasir
Gudang. In this work, questionnaire survey was distributed to the community for
data collection. A total of 384 communities in Pasir Gudang were chosen as respon-
dents for the study. The performance of the communities in emergency response
was utilised as quantitative data and analysed using the Rasch model. The four main
constructs evaluated are coordination, collaboration, communication, and capability,
with a total of 32 elements of emergency response that were evaluated of its measure
mean (logit) and score mean value. Overall, the findings show that the construct of
the emergency response has a measure mean (logit) of 0.00 and a score mean of
3.67–5.00. This demonstrates that the level of agreement is high on the elements
found in the main constructs.

Keywords Toxic gas release · Community · Emergency response · Construct ·
Rasch model
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1 Introduction

Fire and release of toxicmaterial are common in industrial accidents. These accidents
are caused by human errors or technological failures during storage, processing, or
transportation activities. The total death in such accident gradually increases with
industrial development. Themortality rate in such accident is higher in India,Mexico,
and Brazil, compared with that in other industrialised countries [1]. Toxic gas release
is among the most potentially dangerous and far-reaching risks in oil and gas oper-
ations. Gas leak causes explosions. Fires, in certain weather conditions, quickly
spread deadly toxins farther and wider, causing harm or death to people, damaging
the environment, and disrupting operations, leading to financial losses and tarnished
reputations. Hence, once a toxic gas release accident occurs, an efficient emergency
response is of utmost importance to save human lives and protect the environment
[2].

Pasir Gudang is an industrial area where heavy industries operate, such as ship-
building, petrochemicals manufacturing, and other logistics and transportation. The
increasing population, along with over 45 high-risk industries have led to several
safety issues towards the surrounding communities. Pasir Gudang City Council
[3] reported that a scenario of emergency occurs due to major incidents involving
hazardousmaterials, explosions, transportation accidents, uncontrollable fires, chem-
ical spillage, or combinations thereof, resulting in injuries, evacuations, and fatal-
ities. This paper aimed to determine Pasir Gudang community-based emergency
response elements for toxic gas release. The researcher has identified four constructs
in emergency response: coordination, collaboration, communication, and capability,
as moderators that can influence the community to produce an effective emergency
response based on document analyses and expert interviews. These four constructs
cover all emergency response elements and can help the community response to toxic
gas release more efficiently and effectively.

2 Methodology

This study creates a quantitative data collection. This phase illustrates a study to
determine Pasir Gudang community-based emergency response elements for toxic
gas release. The researcher describes the findings of the study through a questionnaire
that has been developed as a result of the pilot test. Subsequently, 34 elements of
emergency response have been analysed using Fuzzy Delphi method and determined
using the four main constructs, namely, coordination, collaboration, communication,
and capability, based on expert agreement and consensus. This quantitative data
was obtained based on a questionnaire that was distributed to respondents from a
community in Pasir Gudang, Johor. Before the questionnaire was distributed to the
respondents in the actual study, the questionnaire was put through a pilot study
process first, where the researcher conducted content validity and face validity tests,
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determined item reliability and item polarity, performed identification of fit item
and value measurement with standardised residual correlations in determining the
dependent items.

The researcher conducted this pilot study by distributing a set of questionnaires
to 50 respondents from community in Pasir Gudang. The number of respondents in
this pilot study, which is 50 people, is deemed adequate because according to Cooper
et al. [4], the appropriate number of respondents in the pilot study ranged from 25 to
100 people. Meanwhile, Johanson and Brooks [5] suggested a minimum number of
30 people for a pilot study, which is intended for initial study or scale development.
Pilot study was conducted prior the actual distribution of questionnaire to test the
reliability of the questionnaire contents, where the result of a pilot studywas analysed
using Winsteps software with Rasch measurement model approach.

The Rasch model was used because it is well suited to the construction of instru-
ments using the Likert scale [6]. Based on the Rasch measurement model approach,
the acceptable Cronbach’s Alpha (α) value for reliability is between 0.71 and 0.99
(best level). The results of the analysis of the pilot study found that the reliability
value obtained based on the Cronbach’s Alpha (α) value is 0.95. The results of the
pilot study also show that the value of the person reliability is 0.96, where the value
of reliability is considered acceptable. The value of the separation index obtained
also shows a high result of above 2.0. Linacre [7] found that the value of a good
separation index is more 2.0.

For quantitative method of data collection, the population in this study is made up
of a group of Pasir Gudang communities. Population selection is based on the results
of the study, as well as on the table for sample sizing [8]. Therefore, samples from the
community are selected using a cluster samplingmethod. To obtain quantitative data,
the researcher has extracted 384 out of 533,868 population from the Pasir Gudang
communities as the sample size, based on Krejcie and Morgan [9] requirement for
sample sizing. The questionnaire survey was conducted using Google Form and
Winsteps software, with the Rasch measurement model approach used for data anal-
ysis. The questionnaire survey consisted of a total of 34 elements and the five-point
Likert scale was used, as suggested by [9] is 1= Strongly Disagree, 2= Disagree, 3
= Strongly Agree, 4 = Agree, and 5 = Strongly Agree. This Likert scale is capable
of measuring the level of agreement of respondents’ perceptions through constructed
items.

3 Result

3.1 Demographic Results

There were 384 communities from Pasir Gudang who participated in the study,
showing a response rate of 100%. Themajority (80.4%)were Pasir Gudang residents,
and (78%) were between 20 and 55 years of age. Most of the respondents (60%) have
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Table 1 Respondents demographic

Profile Frequency Percentage

Resident

Pasir gudang resident 337 88

Working/business/studying in Pasir Gudang 47 12

Age

<20 years 33 9

20–55 years 301 78

55 years and above 50 13

Academic qualification

MCE/MVC 123 32

Diploma/degree 231 60

Master/Ph.D. 29 8

Career/profession

School student/university 36 9

Government staff 80 21

Private staff 147 38

Business/self-employed 74 19

Retiree/housewife 47 12

a diploma and/or a degree, and (38%) are private staff. Table 1 shows the complete
profile of the respondents.

3.2 Rasch Analysis Results

Table 2 shows the summarize of the complete analysis of respondent’s agreement
for emergency response element in each of constructs. To ensure that the elements of

Table 2 The level of
respondent’s agreement for
emergency response element

Construct Measure mean
(logit)

Score mean Level

Part B
(Coordination)

0.00 4.48 High

Part C
(Collaboration)

0.00 4.59 High

Part D
(Communication)

0.00 4.67 High

Part E (Capability) 0.00 4.69 High
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emergency response found in the construct of coordination, collaboration, commu-
nication and capabilities formed have a significant relationship, the researcher uses a
quantitative approach where mean score and mean measure are used to see the level
of agreement on the elements of emergency response obtained in all constructs. The
method used by the researcher in analysing the data obtained from the questionnaire
is based on the mean scale interval of [10], obtained a mean scale interval of 1.33
(Low 1.00–2.33, Middle 2.34–3.66, and High 3.67–5.00).

Based on the Table 2, the overall constructs in part B (Coordination) recorded a
measuremeanvalue of 0.00 and a scoremeanof 4.48.While in partC (Collaboration),
the measure mean value is 0.00 and the score mean is 4.59. Part D (Communication)
shows the measure mean value is 0.00 and the score mean is 4.67 followed by Part
E (Capability), the measure mean value is 0.00 and the score mean is 4.69. Mahmud
et al. [11] claimed that if the logit value is larger, this shows that it is easier for the
respondent to certify the items presented. On the other hand, if the logit value is
smaller, it shows that the respondent is more difficult to certify the items provided
and answering difficult items. While for negative logit values, respondents showed
low ability on the given items and the items were easy to answer. Overall shows the
level of agreement is at a high level and they agree with the elements found in the
main constructs in parts B (Coordination), C (Collaboration), D (Communication)
and E (Capability).

4 Discussion

In this study, it was revealed that the analysis of the Pasir Gudang community-
based emergency response for toxic gas release in each construct showed a high
level of agreement on the emergency response elements based on the community.
The construct on the emergency response element from the aspects of coordination,
collaboration, communication, and capability recorded a high level of agreement
between the mean value and mean score. Bond et al. [12] reported that a positive
respondent’s logit value indicates that individuals are more capable of answering
difficult items, while for a negative logit value, respondents show low ability in
answering a given item, where the item is easy to answer. Overall, a high level of
agreement is demonstrated, with agreement with the elements found in the main
constructs of emergency response elements in terms of coordination, collaboration,
communication, and capability.

5 Conclusion

Based on the discussion and findings of the study, it is evident that the community-
based emergency response elements for toxic gas release covered by four constructs:
coordination, collaboration, communication, and capability, are accepted by Pasir
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Gudang community. The findings of the study are in line with purpose of establishing
the Pasir Gudang community-based emergency response for toxic gas release. Indi-
rectly, the findings of this study can be used byPasirGudang community to strengthen
their knowledge about the elements of emergency response to the release of toxic
gases. The emphasis on community-based emergency response elementswill help the
community to be better preparedwhen encountering toxic gas emission emergencies,
which could occur suddenly and unexpectedly.
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Abstract Most institutions and organizations nowadays have been taking responsi-
bility in reducing their carbon footprint (CF) to curtail the global warming impact to
at least 20–25% reduction by 2030. Universities and higher learning institutions are
starting to invest in becoming greener and carbon-free. Current COVID19 commu-
nicable disease has swayed the routine and concurrently influenced regular trends of
greenhouse gases (GHG) emissions throughout the world. This study explored the
possible GHG emissions (calculated as CO2e) from internal campus commute and
purchased electricity consumption from the year 2018–2020 at Universiti Malaysia
Perlismain campus to analyze the influence ofCOVID19pandemic on itsCO2e emis-
sion. The average amount of CO2e emitted during pre-COVID19 period (n = 26)
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was 1,518.8 tCO2e/year while during COVID19 period, it was 1,071.5 tCO2e/year
(n = 10), marked as 29.5% reduction. Due to completeness and quality of data
for contracted bus (monitoring period of years 2018, 2019 and 2020 as 12 months,
12 months, and 2 months, respectively), year 2019 was determined as the appro-
priate baseline year for setting the CO2e reduction target due to COVID19 pandemic
precedented year. In comparison to pre-COVID19 pandemic, almost 95%/year and
7%/year reductions of CO2e were recorded for both Scope 1 and Scope 2, respec-
tively. Comparing Scope 1 and 2, it was obviously observed that the purchased elec-
tricity consumption (Scope 2) was the predominant contributor to GHG emission at
UniMAP campus by 78% despite of current pandemic influence and its reduction
was indistinct (7%/year reduction). Thus, the reduction target in future should be
venturing in energy savings and energy auditing in addition to carbon offsetting.

Keywords Carbon footprint · Greenhouse gases · SDG 13 · CO2 equivalent

1 Introduction

Climate change and global warming have become worsen over the decades due to
greenhouse gas (GHG) emissions build upon the Earth’s atmosphere. There are a
lot of GHG that are made up in the atmosphere. The main six greenhouse gases,
which are the significant culprits of global warming, are carbon dioxide (CO2),
methane (CH4), nitrous oxide (N2O), and fluorinated gases such as chlorofluoro-
carbons (CFCs), hydrofluorocarbon (HFCs), and halon. Mainly, the implications of
inaction are tremendous in enhancing global warming and result in the release of
excessive greenhouse gases that could lead to increasing sea levels, melting glaciers,
and climate change [1].

Malaysia is also one of the countries with the highest economic, social, and land
development growth. In line with that, electricity demand, materials purchasing and
procurement as well as waste generation have also increased for transport, industry,
and domestic resources. This is driven by the high population and high demand in
Malaysia [2]. According to the BP Statistical Review ofWorld Energy 2019 research,
Malaysia’s CO2 emissions amounted to 250.3 million tons for 2018, up from 241.6
million tons in 2017. The primary sources of the emissionswere energy consumption,
transportations, and municipal solid waste that ends up in landfills [3].

Considering the advantages and relevance of energy efficiency to reduce GHGs
emission,many institutions give excellent examples of how to fight climate change by
committing to zero carbon emissions. These include behavioral or attitude changes
in management, green procurement, and waste management. Goal 13 of the Sustain-
ableDevelopmentGoals (SDG) specifically focuses on addressing climate change, in
which one of its objectives is to increase awareness among institutions and individuals
about climate change mitigation and improve their potential to do so [4]. Universities
have been at the forefront of solving environmental sustainability and globalwarming
challenges through sustainable energy use, energy conservation initiatives and clean
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energy technologies [5]. COVID19 pandemic however has affected the normal oper-
ations of most of organizations in Malaysia whereby the energy and transportation
consumptionhasmarked a20–45%reduction in electricity consumption atworkplace
and 10–20% curtailment in transportation usage. Due to this, baseline year setting
shall be relooked to represent the actual scenario, waste, and energy consumptions
at institutions. Current GHG and energy audits in response to COVID19 new norms
shall also be offsetting this anomaly as it may underestimate the monitoring results.

University Malaysia Perlis (UniMAP) is committed to reduce the GHG emission
associated with campus activities as aligned to combat climate change and global
warming. To support the government’s aim, this research is to manage and develop
university greenhouse gas inventory at UniMAP from the year 2018 until 2020, as
to set the baseline year for monitoring its carbon footprint as well as planning for
carbon offsetting programs. This will be due by assessing the carbon emission from
two scopes, which were scope 1 and scope 2. The aim of the study is clearly to reduce
the environmental effects from campus activities which could potentially contribute
towards high GHG emissions.

2 Materials and Method

2.1 Greenhouse Gases Quantification

The GHG inventory was assessed using four basic steps, GHG inventory design, data
collection, emissions calculation using appropriate emission factors (EF) as well as
data analysis and result interpretation. To help describe the sources of direct and
indirect emissions, GHG emissions from university’s activities are categorized into
two scopes, which are scope 1 (direct emission) and scope 2 (indirect emission) as
outlined by the ISO14064 and Department for Environment, Food and Rural Affairs,
DEFRA documents [6]. Activity under scope 1 was recognized as the transporta-
tion owned and controlled by the university. While scope 2 covers GHG emissions
from energy consumption (purchased electricity). Table 1 shows the data collec-
tion activities, unit and sources for each scope. For Scope 1 (direct emission), the
fuel consumption data for UniMAP owned vehicles were sourced from the manual
logbook at the Department of Development UniMAP (Transportation and Opera-
tion Unit) while the data collection of contracted bus was supplied as travelling
distance, obtained from the online tracking system developed by the Centre of Excel-
lence for Advanced Sensor Technology (CEASTech) UniMAP (https://www.fleet.
ceastech.com/). Purchased electricity consumption for Scope 2 (indirect emission)
was obtained in unit kWh from the Tenaga Nasional Berhad (TNB) National Grid
Source, conserved by the Department of Development UniMAP.

Estimation of carbon emission regarding transportation usage applies different
emission factors and unit either fuel-based or distance based on data availability.
As in this study, the emission factors for the transportation type and electricity are
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Table 1 Data collection details and provider

Scope Activity Collected data (unit) Data provider

1 Direct emission from
activities transportation
owned by UniMAP

Fuel consumption (L) Department of development
UniMAP (transportation and
operation unit)

Direct emission from
activities transportation
controlled by UniMAP

Travelled distance if
UniMAP Third Party
Contracted Buses (km)

Tracking system developed
by CEASTech

2 Indirect emissions
associated with
electricity purchased

Purchased electricity
consumption from TNB
National Grid Sources
(kWh)

Department of development
UniMAP/COSCEM

Table 2 Emission factors for different activities

Activity data Unit Emission
conversion factor
2018 (kgCO2e)

Emission
conversion factor
2019 (kgCO2e)

Emission
conversion factor
2020 (kgCO2e)

Petrola Litres 2.3053 2.31495 2.31467

Diesela Litres 2.68779 2.68697 2.68787

Busa Passenger.km 0.12007 0.12076 0.1195

Purchased
electricityb

kWh 0.694 0.694 0.694

aDepartment of Food and Rural Affair (DEFRA)
bSustainable Energy Development Authority Malaysia (SEDA)

provided by theDepartment of Food andRuralAffair (DEFRA) as it a common factor
for several countries, including in Asia [6, 7] and Sustainable Energy Development
Authority Malaysia (SEDA), respectively, as shown in Table 2.

To assess the differences in CO2e emissions during pre-COVID19 and COVID19
pandemic, data was calculated in rate unit (tCO2e/year), averaging from January
2018–February 2020 for pre-COVID19 period (n= 26) and March 2020–December
2020 (n = 10) for COVID19 period.

All conversion factors shown in Table 2 are expressed in ’kilograms of carbon
dioxide equivalent of Y per X (kg CO2e of Y per X), where Y is the emitted gas
and X denotes the unit activity. A unit of CO2e is a universal unit of measurement
for the global warming potential (GWP) of greenhouse gases (GHGs), which is
expressed as the GWP of a single unit of carbon dioxide [6]. The global warming
potentials (GWPs) used in the computation of CO2e are based on the Fourth Assess-
ment Report (AR4) of the Intergovernmental Panel on Climate Change (IPCC) over
a 100-year timeframe. The general quantification of GHG emissions (unit) is given
by the following Eq. (1) [6]:

GHG emissions = Activity data × Emission Conversion Factor (1)
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While for the Scope 1, the following equationswere used for bothUniMAPowned
vehicles (2) and contracted bus (3), extended from [6]:

GHG emissions, kgCO2e =
n∑

i

V f uel × E F1y (2)

GHG emissions, kgCO2e =
n∑

i

d × E F2y × number of passenger (3)

where,

Vfuel diesel’s or petrol’s volumes (litre)
d travelling distance (km)
EF1 UniMAP owned transportation’s emission factor ( kgCO2e/litre)
EF2 contracted bus’ emission factor (kgCO2e/km passenger)
y year of emission factors
i … n types and number of transport

The purchased electricity on was quantified applying the following Eq. (4) as
extended from [6]:

GHG emissions, kgCO2e =
n∑

i

E × E F3y (4)

where,

E purchased electricity consumption (kWh)
EF2 purchased electricity emission factor (kgCO2e/kWh)

3 Result and Discussion

3.1 Annual Greenhouse Gas Emissions Generated

Figure 1a illustrates annual GHG emissions for years 2018, 2019, and 2020 which
marked as 13,772.06 tCO2e, 22,925.92 tCO2e, and 14,190.3 tCO2e, respectively. In
comparison to pre-COVID19 pandemic event, a significant decrease in Scope 1 was
observed from 414.21 tCO2e/year to 17.96 tCO2e/year (Fig. 1b) due to Movement
Control Order (MCO) announced by the Malaysia government starting from March
2020 until end of the year. During the MCO, all transportation within UniMAP
was interrupted. However, as seen in Scope 2, a slight reduction during COVID19
(1,053.49 tCO2e/year) was observed as 7%/year decrement compared to during pre-
COVID19 (1,130.71 tCO2e/year) situation. However, purchased electricity was the
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Fig. 1 a Cumulative GHG emissions of Scope 1 and 2 for the year 2018 (n = 12), 2019 (n = 12)
and 2020 (n = 2); b Annual rate of CO2e pre- and during COVID19 occurrences

highest contributor to GHGs emissions in UniMAP despite of COVID19 outbreak
due to the nonstop services besides accommodating lots of UniMAP population and
buildings unlike for transportation, where it was only operated to cater the students
and staffs mobility.

3.2 Greenhouse Gas Emissions from Transportation
Expenditure

The types of transportation used by university employees were divided into two
categories: (a) UniMAP owned transportation and (b) UniMAP contracted buses, as
the quantification of these means of transportation were applying different emission
factors (Table 2). The transportation’s inventory consisted of different type of fuel
(diesel and petrol) used by the university’s owned transportation fleet and mileages
of contracted buses for student commuting (Table 3). The total cumulative GHG
emission for year 2018, 2019 and 2020 were quantified as 4407.15 tCO2e, 5713.09
tCO2e, and 828.77 tCO2e, respectively (Fig. 2).

This shows that the emissions from 2019were higher than in years 2018 and 2020,
and the lowest was in the year 2020. The primary factor affecting GHG emissions
from transportation is the transportation’s mileage and fuel consumption itself [7].
The fluctuating trends by months were influenced by the academic calendar, which
in linear with the presence of students within the university. The months of January
until March marked the semester’s study weekdays while April until June was the
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Table 3 Cumulative total CO2e emissions for different fuel types and means of transportation

Fuel Description Emission for 2018
(tCO2e)

Emission for 2019
(tCO2e)

Emission for 2020
(tCO2e)

Petrol UniMAP owned
transportation

277.58 297.91 164.19

Diesel UniMAP owned
transportation

216.77 219.96 93.51

Mileage UniMAP
contracted buses

3912.8 5173.22 571.07

Fig. 2 GHG emissions from transportation for the year a 2018, b 2019 and c 2020

semester break. Table 3 shows that mileages from buses was the highest GHG emis-
sions compared to fuel consumption. The emission of GHGs steadily increased from
January until March 2018 and 2019 as shown in Fig. 2. During that month, trans-
portation, especially buses, commuted students to their faculties at different places.
The trends were starting to decrease in April. The emissions decreased in 2020 due to
the COVID-19 outbreak. The government’s new policies to work from home during
the outbreak have reduced transportation and directly reduced fuel consumption and
mileages.

3.3 Greenhouse Gas Emission from Purchased Electricity
Consumption

Figure 3 shows the trend of GHG emissions from electricity consumption for the
year 2018–2020. Total GHG emission for the year 2018 is 9364.9 tCO2e, while GHG
emission for 2019 is 17212.83 tCO2e. The higher emission in 2019 was the result
of the higher electricity consumption in the year 2019, influenced by the COVID19
situations. From the graph, the GHG emissions are highmainly inMarch, April, Mei,
October,November andDecember in both years 2018 and 2019. The use of electricity
increased as the classroom, hostel, café and other building were fully utilized by
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Fig. 3 GHG emissions from purchased electricity consumption for the year a 2018, b 2019 and c
2020

students and staffs. Most facilities were equipped with air conditioners, in which the
chiller will require 24 h fully operated, during both pre- and COVID19 periods. Air
conditioner is one of the main causes that contributed to the highest carbon emission
[7]. This result also shows that electricity emissions were the main emission sources
since it shows the highest emission compared to commuting. In previous studies,
purchased electricitywas found to be themain contributor to greenhouse gas emission
on campus especially in hot and humid regions [7]. The trend of GHGs emissions
for 2020 shows almost the same pattern as 2019, but the total emissions were less
than the previous years due to the COVID19 movement control order. UniMAP has
closed all the non-essential building and started implementing working from home.
The emission begins to drop from March, April until July.

4 Conclusion

The result will be a baseline for the university to reduce GHG emissions, expressed
by CO2 equivalent emission. The total amount of CO2e emitted over three years was
measured to be 22,925.9 tCO2e. This total GHG emissions consist of scope 1 and
scope 2 with percentages of 22% and 78%. From the data that has been analyzed,
purchased electricity is the main contributor to the GHGs emissions in UniMAP that
generated 39,933.24 tCO2e for those three years. It is followed by transportation for
10,955.02 tCO2e. Therewere increasingGHG emissions from year 2018 to 2019 and
decreased in 2020 due to the Covid-19 crisis. Therefore, this study will support and
encourage the campus community to be more sustainable as the concerns towards
environmental issues and achieve the green campus initiatives. Thus, energy-saving
management teams should be established to reassess the energy consumption and
possibilities to reduce theCO2e. Besides, the study on existing tree planting as carbon
storage also need to be hastened.
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Changes of Carbon in a Hardwood
Forest by Forecasts Using a Forest Model

Norbert Bara, György Deák, Lucian Laslo, Anda Rotaru, Monica Matei,
Madalina Boboc, Natalia Enache, and Sara Yasina Yusuf

Abstract Carbon sequestration proved to be one of the best strategies in climate
mitigation processes and forest have the capacity to sequester and store important
amounts of carbon. In this study the carbon sequestration capacity of a hardwood
forest in Eastern Romania is analyzed by using the European Information Scenario
Model through a business-as-usual perspective. The results showed that under the
actual management practices the forested area will increase in time. The volume of
harvestedwoodwill fluctuate, negatively affecting the increment and growing stocks.
Although, the hardwoodwill store a total of 939.16GgCduring the entire simulation,
the sequestration capacity will decrease with 11%. It is important to mention that the
input data is used from the management plan of the researched area. This method
increases the confidence of the results, giving an insight for future research to define
the best management practices in the studied area.

Keywords Carbon sequestration · Forest · EFISCEN · Biomass ·Management
practices

1 Introduction

In the context of a greenhouse gas emissions balancing strategy, carbon sequestration
by forests is one of the most cost-effective method [1]. Forests is one of the largest
terrestrial carbon pools, storing approximately 40% of belowground and 80% of
aboveground carbon [2, 3]. Sustainable forestry can stimulate the forests to store
more carbon [4]. In order to develop strategies for sustainable management of forests
different methods were developed and used. The European Information Scenario
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Model (EFISCEN) was developed for such a purpose [5–7]. It is used to provide
forecasts, especially for European forests, by generating scenarios.

In this study are presented the results of a simulation developed with EFISCEN
model under a business-as-usual premise for the management of a hardwood forest.
Therefore, the aim of this research is to contribute in developing a methodology
for refining and overseeing Romanian forest management plans, as well as to
enhance reporting methodologies for National Greenhouse Gas Inventories and
Forest Reference Levels.

2 Materials and Method

The C stocks fluctuate in forests due to the several processes that are happening
in these ecosystems and for understanding the carbon dynamics it is crucial to use
accurate data [8]. The input data is built based on the information from the manage-
ment plan of the studied area. Therefore, the data was stratified as having one region:
the forest district with five subunits of production (SUP) and one tree group of
species composed of 18 hardwood tree species. The area, volume, increment, rota-
tion lengths as well as the extracted timber volume were used based on the data
from the aforementioned source. The climatic parameters were obtained using the
cumulative degree days (DD) and drought index (DI), both of which were calculated
during the vegetative period, from the same source. TheDDwas calculated by adding
the average temperatures for the months of May, June, July, August, and September
of 2017. The quantity of precipitation was subtracted from the amount of potential
evapotranspiration. The simulation timeframe has 50 years, starting from 2015 and
ending in 2065.

3 Result and Discussion

The results of the simulation showed that the current management practices are
stimulating forest area growth (Fig. 1). In order to understand the changes that will
be presented in this paper, it is essential to observe the volume of wood that is
extracted trough the management practices (Fig. 2).

There are presented two basic management practices: thinning and final felling.
It can be observed that the highest volume extracted through thinnings is at the
beginning of the simulation and that the volume from fellings is increasing by the
end of it. This is because the fellings are conducted among the oldest trees. The
aforementioned practices influenced the area development. Thus, the area covered by
hardwood tree species at the beginning of the simulation was 2.675 ha and increased
throughout the entire period, reaching by the end of it at 3.692 ha. Although the
increment is used as input parameters, the model simulates the changes of it. Thus,
the increment volume was observed to increase during the first ten years of the
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Fig. 1 Area changes in the
simulation

Fig. 2 Simulated volume of
harvested wood from
thinnings and fellings

simulation, reaching its maximum of 1.42 m3/ha/year. After that it decrease steadily
and by the end of the simulation decreased to 0.81 m3/ha/year (Fig. 3). Despite
fluctuations can be observed in the growing stock, its volume will decrease by the
end of the simulation (Fig. 4).

The evolution of the total carbon content in hardwood biomass, as well as in
each SUP was forecasted (Fig. 5). The highest volume of carbon, 89.44 Gg C, was
observed to be sequestered in the first-time step of the simulation, afterwards is
fluctuant with a decreasing trend. By the end of the simulation the carbon content
decreased to 80.75 Gg C. The total sequestered carbon is 939.16 Gg C.

However, differences were observed between the SUPs. The highest volume of
carbon sequestered by the trees is in SUP Q (409.89 Gg C), followed by SUP A
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Fig. 3 Changes in the net
annual increment

Fig. 4 Simulated changes in
the growing stock

(330.17 Gg C), SUPM+E (102.6 Gg C), SUP O (62.78 Gg C) and SUP K (33.69 Gg
C). Althoughmanagement practices are also conducted in SUPQ, the carbon content
is increasing due to the decreased volume of harvested wood, which is lower than in
other SUP. This suggests that decreasing the intensity of management practices ca
stimulate the carbon sequestration capacity of the hardwood types of trees.

By conducting management practices carbon is removed from the forest (Fig. 6).
The total carbon removed from thinnings was 29.45 Gg C, while in the final fellings
was 26.72 Gg C.
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Fig. 5 Changes in carbon
stocks. Comparison between
subunits of production and
the total volume

Fig. 6 Carbon removed by
management practices

4 Conclusions

This study examines the changes occurred among hardwood trees as a result of the
management techniques used in the study region. The results of the simulations
were obtained by using the European Information Scenario Model. The input data
was used from the management plan of the researched area. The results revealed that
under current management techniques, the wooded area will grow over time. The
amount of harvestedwoodwill vary, while increment and growing stock volumeswill
decrease. Although, there are two subunits of production where the carbon content
is increasing, the total volume of sequestered carbon is decreasing by the end of the
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simulation. Therefore, it is crucial to develop accurate scenarios in order to compare
the outcomes for the identification of the most sustainable management practices.
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Comparative Study of Sulfur
Dioxide Removal Using Mesoporous
Silica KCC-1 and SBA-15

Muhammad Adli Hanif, Naimah Ibrahim, Khairuddin Md Isa,
Masitah Hasan, Tuan Amran Tuan Abdullah, and Aishah Abdul Jalil

Abstract Sulfur dioxide (SO2) emitted into the atmosphere by fossil fuel burning in
the industries posed significant negative effects on humans and the environment. SO2

removal performance of two mesoporous silica: KCC-1 and SBA-15, are compared
through breakthrough experiments on a lab-scale fixed bed reactor. The mesoporous
silicas were characterized via nitrogen (N2) adsorption-desorption isotherm and field
emission scanning electron microscopy (FESEM). KCC-1 demonstrates character-
istics of capillary condensation and non-uniform slit-shaped pores while SBA-15
displays characteristic of a narrow range of mesopores with minimal network effects.
Surface area, total pore volume and average pore diameter of KCC-1 are significantly
greater than SBA-15 due to the presence of dendrimeric fibrous morphology. Under
tested conditions, SO2 adsorption capacities of KCC-1 and SBA-15 are 614.01 mg/g
and 274.64 mg/g, respectively. Superior performance by KCC-1 can be attributed to
better accessibility of SO2 towards the active sites due to higher surface area provided
by the dendrimer fibers.

Keywords SO2 removal · Dry flue gas desulphurization · Mesoporous silica ·
KCC-1 · SBA-15
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1 Introduction

Despite current enhancement of green and renewable technology, the majority of
industries are still dependent on the usage of fossil fuels as a source of energy due
to its high energy density. The combustion of fossil fuels resulted in the release of
sulfur dioxide (SO2) gas into the atmosphere. SO2 emitted can be carried over long
distances due to its long residence time (3–5 days), depending on the meteorological
conditions. SO2 is known as a precursor of acid rain which consequently resulted
in acidification of water bodies, damage of crops, corrosion of buildings etc. [1].
The effects towards human beings have also been reported which include respiration
difficulties, pulmonary function changes and worsened cardiovascular diseases [2].

Siliceous materials are classified as materials containing silicon dioxide (SiO2)
as the principal constituent with low composition of metallic oxides and alkaline
materials. Waste materials such as fly ash, rice husk ash and oil palm ash; and
natural materials like quartz, pumice, clinoptilolite and metakaolin are some of the
examples of siliceous materials. Meimand et al. [1] and Czuma et al. [3] studied the
performance of commercial clinoptilolite and coal combustion fly ash zeolites in SO2

removal where adsorption capacities of 21.9 mg/g and 107.62 mg/g were obtained,
respectively. Compared to other sorbents, these performances can be deemed asweak
which can be majorly ascribed to the small pore size of these sorbents.

Mesoporous silica (MS) is a synthetic siliceousmaterial with porosity in the range
of 2–50 nm. MS possesses unique properties of ordered pore structures, variable
morphology and high surface area contributed by nano-templating approach during
its fabrication. MS such as MCM-41, SBA-15 and KIT-6 have been successfully
employed in a wide range of applications such as catalysis, air cleaning, waste water
treatment, drug delivery system etc. [4]. KCC-1 is a recent addition to the MS family
where unlike its predecessors, KCC-1 has a fibrous morphology with an open and
flexible framework which results in easily accessible high surface areas [5]. The
utilization of KCC-1 in air cleaning is seldom reported and is only focused on carbon
dioxide methanation or adsorption [6, 7].

This study is focused on comparing the performance of two of these MS, i.e.,
laboratory-synthesized KCC-1 and commercial SBA-15 in removing SO2 from the
atmosphere. The studywas conducted on a lab-scale fixed-bed reactor using synthetic
gas mixtures. The properties of these two silica such as surface area, porosity and
morphology were characterized to determine their importance in the SO2 removal.

2 Materials and Method

2.1 Materials

Fibrous KCC-1 was prepared using microwave (MW) assisted hydrothermal
methods. Cetylpyridinium bromide and urea (0.22: 0.83) was mixed in a distilled
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water and added into a solution mixture of tetraethyl orthosilicate, cyclohexane and
1-pentanol (1: 23.08: 1.08) which was previously stirred in a Teflon bottle. The
resulting mixture was stirred at room temperature for 30 min and exposed to inter-
mittent MW irradiation at 400 W for 4 h. The mixture was cooled, centrifuged and
rinsed with water, oven-dried overnight at 383 K and finally calcined at 823 K for
6 h. Commercial SBA-15 was obtained from Sigma-Aldrich and used as received.

The surface area and porosity of the samples was determined via BET N2 adsorp-
tion–desorption usingTristar 3000 instrument at 77.35K.The sampleswere degassed
at 393 K for 3 h prior to characterization. Surface morphology of the samples
pre-coated with platinum were determined using JEOL JSM-7600F Field Emission
Scanning Electron Microscopy (FESEM) at magnification of 20,000 times.

2.2 Method

SO2 breakthrough experiment was conducted on a lab-scale fixed bed quartz reactor
(length= 25 cm, internal diameter= 8.8mm) using special-mix gas of 0.3%SO2/N2.
Temperature and inlet SO2 concentration were controlled by a tubular furnace with
programmable controller and mass flow controller, respectively. Prior to each exper-
iment, the sample was pre-treated with nitrogen (N2) gas at 150 °C for 1 h to remove
any impurities and the reactor is then cooled down to 313 K. Upon achieving stable
temperature, the simulated flue gas (SO2 concentration = 1500 ppm, flow rate
= 200 mL/min) was passed through the reactor and the outlet concentration was
continuously measured using a portable gas analyzer. Due to the limitation of the
instruments, the breakthrough experiments were only conducted up to 2 h.

The sorption bed is considered to have achieved breakthrough if 5% of the inlet
SO2 concentration was detected by the analyzer in the outlet stream. The adsorption
capacity of the sample was calculated at C/C0 = 0.80 using the following equation
[8], where q is adsorption capacity (mg/g), C0 and CA is SO2 concentration at inlet
and at specific time (mg/L), respectively; Qf is gas flow rate (L/min), yt is gas molar
fraction and mc is mass of the activated carbon (g).

q = C0Qfyt
mc

∞∫

0

(
1 − CA

C0

)
dt (1)
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3 Result and Discussion

3.1 Characterization of Sample

N2 adsorption-desorption isotherm and the surface area and porosity of KCC-1 and
SBA-15mesoporous silica are shown in Fig. 1 and Table 1, respectively. BothKCC-1
and SBA-1 show Type IV (a) isotherm confirming their mesoporous characteristics.
KCC-1 exhibits H3 hysteresis demonstrating a characteristic of capillary condensa-
tion and non-uniform slit-shaped pores while SBA-15 displays H1 hysteresis which
is a characteristic of a narrow range of mesopores with minimal network effects
[9]. KCC-1 displays greater total pore volume and average pore size compared to
SBA-15. Unlike SBA-15 where its surface area is dependent on the pores, KCC-1
possesses significantly higher surface area due to the presence of dendrimeric silica
fibers and their respective channels [5].

FESEM micrographs of KCC-1 and SBA-15 are shown in Fig. 2. KCC-
1 possesses well-defined fibrous morphology of colloidal nanospheres made by
three-dimensional arrangement of the dendrimeric fibers with diameter of 240–
1160 nm. Commercial SBA-15 used in this study displays a cluster of monodisperse
longitudinal short rods morphology with length between 370–650 nm.

Fig. 1 N2
adsorption-desorption
isotherm of KCC-1 and
SBA-15
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Table 1 Surface area and
pore properties of KCC-1 and
SBA-15

Sample KCC-1 SBA-15

Surface area (m2/g) 1765.98 778.09

Total pore volume (cm3/g) 3.86 0.84

Average pore size (nm) 7.7 4.3
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Fig. 2 FESEM micrographs of KCC-1 and SBA-15

3.2 SO2 Removal

SO2 adsorption performance of KCC-1 and SBA-15 are shown in Fig. 3 and the
details of the breakthrough experiment are summarized in Table 2. Both sorbents

Fig. 3 SO2 breakthrough
curves of KCC-1 and
SBA-15
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Table 2 Breakthrough time and adsorption capacity of KCC-1 and SBA-15

Sample KCC-1 SBA-15

Breakthrough time (s) 70 77

Time (s) at calculated adsorption capacity C/C0 = 0.8 500 200

Adsorption capacity (mg/g) at C/C0 = 0.8 614.01 274.64
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achieved breakthroughs at similar times, approximately 70 s. Beyond this point,
KCC-1 exhibits gradual increase of SO2 outlet concentration while a steep increase
was observed for SBA-15, resulting in saturation of SBA-15 after 4800 s. The
saturation was not observed for KCC-1 with C/C0 = 0.95 until nearly 7200 s.

The adsorption capacity of KCC-1 is 614.01 mg SO2/g sorbent, which is 2.24
times higher compared to the adsorption capacity achieved by SBA-15. Based on the
characterization of both samples, superior performance of KCC-1 can be ascribed to
its higher surface area due to their dendrimeric fibrous morphology which resulted
in enhanced accessibility for SO2 gas towards the active sites [10]. The adsorption
capacity attained can be further improved by introduction of additives e.g. metal;
which may provide greater number of active sites lacking in a typical MS [11].

4 Conclusion

Comparative study of mesoporous silica KCC-1 and SBA-15 performance on SO2

removal was performed on a lab-scale fixed bed reactor. Characterization of the
sorbents exposed that KCC-1 possesses greater surface area, total pore volume and
average pore size compared to SBA-15 due to the presence of dendrimeric silica fibers
and their respective channels. These superior properties lead to enhanced accessibility
of SO2 towards the active sites. SO2 adsorption capacity obtained by KCC-1 is
614.01 mg SO2/g sorbent, 2.24 times higher than SBA-15. Introduction of additives
may result in further enhancement of desulfurization performance by mesoporous
silica KCC-1.
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Monsoonal Impact of the Precursors
Toward Tropospheric Nocturnal Ozone
O3 (Night-Time Ozone) During a Decadal
Observation in Kuching, Sarawak,
Malaysia
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and Azman Azid

Abstract Malaysia Borneo is known for diverse rainforests and has a lower popu-
lation density. Changes in pollutant profiles are anticipated, as cities grow, and
commercial-industrial activities expend. The aim of this study is to compare the
temporal variation of nocturnal O3 and understanding the relationship between O3

and the precursor (NO2, NOx, CO and CH4) between Northeast Monsoon (NEM)
and Southwest Monsoon (SWM) in Kuching, Sarawak. The data sources for O3

and its precursors (NO, NO2, NOx, CO, NmHC) which is consisted for 108 months
consisting of 216 h (24 h× 9 years) of observation from January 2006 until December
2015 were acquired from the Air Quality Division, Malaysian Department of Envi-
ronment (DOE). Principal component analysis (PCA) was conducted in this study.
From the analysis, the minimum value recorded as much as 62.13% increment since
2015. However, the maximum values showed different as the maximum of O3 level
decreased from 20.50 ppbv (2006) to 11.18 ppbv (2015). Nocturnal O3 showed simi-
larities pattern between both monsoon as the eclipse overlapped within each other.
Nevertheless, SWM has significant impact on nocturnal O3 compared to NEM. The
O3 have linear relationwithNO2,NOx,CO, andNO in descending sequence however,
CH4 was the only parameter which is does not influence on O3 in this study.
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Keywords Tropospheric ozone · Principal component analysis · Borneo ·
Monsoon · Ozone precursor

1 Introduction

Ozone (O3) consists of two layers known as stratosphere (primary production) and
troposphere (secondary production). Stratosphere ozone consists approximately 90%
which are crucial in filter ultraviolet (UV) radiation, especially UV-b and UV-c
as it is harmful towards humans, living organisms, and ecosystems. Besides, the
absorption of UV-b by ozone in the stratosphere will regulate and maintain the
global temperature of Earth’s surface and atmosphere. Tropospheric ozone produced
by pollution consists only of 10% of the ozone layer. In addition, it plays a central
role in oxidation via trace gases that are chemically and climatically important,
thus regulating its lifetime in the atmosphere. In tropospheric chemistry, numerous
studies stated that tropospheric O3 plays an important role due it is one of the key
precursors of hydroxyl radical (OH), which regulates the oxidizing capacity in the
lower atmosphere [1]. A variety of complex photochemical reactions between ozone
precursors, such as nitrogen oxides (NOx) or volatile organic compounds (VOCs)
and solar radiation (photochemical), accelerated the O3 production [2, 3]. During the
day, UV-b is vital for initiating interactions among the O3 precursors that lead to the
formation of tropospheric O3 [4]. At night, on the other hand, there is no UV-b to
make ozone. Instead, nocturnal troposphericO3 is depleted through titration reactions
with nitric oxide (NO), which produces nitrogen dioxide (NO2) and oxygen (O2).
The NO2 generated can react with O3 to form nitrate (NO3) and oxygen (O2) [5]. As
a result, the presence of nitrogen oxides (NOx) at night should have a large reduction
in the concentrations of nocturnal tropospheric O3 in a given area. However, due to
the inefficiency of the current O3 removal mechanism, it has been observed that the
existing O3 removal mechanism during the evening could be greater than typical [5].

InMalaysia, there is lack of study in tropospheric O3 due to limited data collection
(missing data) for certain ozone precursors with tropospheric O3 concentration [6].
Usually, the majority of missing data were located in rural, and Borneo (Sabah
and Sarawak) areas compared to Peninsular Malaysia. Furthermore, most of the
study was conducted in short period and in specific areas, places, or states which
not covered- up whole Malaysia (Peninsular Malaysia and Borneo). The study also
does not emphasize the major monsoonal seasons known as Northeast Monsoon
(NEM) and Southwest Monsoon (SWM). In this study, ten years (2006–2015) of
hourly dataset of nocturnal O3 level (night-time) and its precursors were used for the
investigation the influenced towards nocturnal O3 concentration.
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2 Methodology

2.1 Study Areas

Kuching, one of rapid developing city situated at N01° 33.734, E110° 23.329 is
selected in this study. The understanding of nocturnal O3 pattern in this area is
crucial in determining long term trend to have a better perspective what nocturnal
O3 will in the near future.

2.2 Data Sources

Ozone and its precursors (NO, NO2, NOx, CO, NmHC), consisted of 108 months
consisting of 216 h (24 h× 9 years) of observation starting from January 2006 until
December 2015 were acquired from the Air Quality Division, Malaysian Depart-
ment of Environment (DOE). Tropospheric O3 concentration data was recorded by
using a system based on the Beer-Lambert Law that will measure the low ranges of
ozone in ambient air. It was manufactured by Teledyne Technologies Incorporated
(Model 400E). It works by UV light (254 nm) passed through the sample cell which
will absorb a proportion of ozone present [7]. The concentration of NOx (NO and
NO2) ozone precursors was calculated using the theory of chemical luminescence
calculation, coupled with state-of-the-art microprocessor technology for monitoring
high and medium nitrogen oxide levels (Teledyne Models 200A). All monitoring
instruments are frequently calibrated for quality control and quality assurance of air
monitoring data by DOE’s vendor, Alam Sekitar Malaysia (ASMA).

2.3 Data Analysis

The dataset was rearranged accordingly in time (100–2400 h) and year (January
2006–December 2015). Next, the dataset was averaged as input in Principal Compo-
nent Analysis. From all datasets, year 2012 was removed since there was no O3 level
recorded. No amputation method was applied in this study. The goals of the PCA
are: (1) to investigate the influenced of NEM and SWM onto nocturnal O3 and its
precursor and, (2) to identify the relationship between the precursors towards ozone
during NEM and SWM.

The analyses were performed using XLSTAT Software by Addinsoft (Perpetual
Ver. 2019, USA). Prior to PCA, Bartlett’s sphericity test and Kaiser-Meyer-Olkin
(KMO) was performed to identify the adequacy of the dataset and multicollinearity
between variables. To investigate the relationship between observed data, PCA is
utilized to extract significant elements (principal components; PCs) [8]. Factors with
substantial eigenvalues (>1.0) were selected from a previous study by [9] to achieve
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a better understanding of the correlation relationship between the variables. The
percentage of variation is accounted for by each PC, which has a diminishing trend as
the rank of the PCs increases. In general, the number of PCs represents the number of
independent variables. Inmost modifications in the data set, the original observations
are frequently attributed to the top few PCs. The first PC consolidated the majority
of data variances, followed by the second PCs, which matches the remaining of the
PCs in the PCAS. All PCA results in this study were produced using the varimax
rotation to extract the powerful information from the factor loading (FL). The eigen-
values extracted from eigenfactors and the variable communalities resulting from the
retention of a given number of factors were used to determine the number of factors
retained in each of the analyses [10, 11]. PCA is good in dealing with independent
variables, but it limited to a regression equation with predictors, especially when the
independent variables are highly correlated.

3 Result and Discussion

3.1 Temporal Variation

The fluctuation of nocturnal ozone from 0100 to 0600 and 1900 to 2400 h since
January 2006 until December 2015 are illustrated in Fig. 1a and b. From the Fig. 1a,
there was and increment of minimum values of nocturnal O3. As much as 62.13%
increment for a decadal study whereby the minimum O3 values in 2006 was 3.67
ppbv, yet it was recorded as high as 5.91 ppbv in 2015. However, the maximum
values from 2006 to 2015 showed a contrast pattern with the O3 has decreased from
20.50 ppbv to 18.42 ppbv (Fig. 1b). In between 0100 and 0600 h (Fig. 1b), the O3

level relatively similar 6.20 ppbv in average. Starting 1900 h, the O3 level abruptly
increased up to 12.00 ppbv showing a decreasing trend pattern over time to 2400 h.

Fig. 1 a The overall observation of O3 level trend (0100–2400) since January 2006 until December
2015. b The comparison of nocturnal O3 between 0100 and 0600 am and 0700 and 1200 pm
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Fig. 2 a The segregation of eclipses between NEM and SWM. bRelationship between noc- turnal
O3 with its precursor (NO2, NOx, CO and CH4

3.2 The Relationship Between O3 and the Precursor

The monsoonal clustering between NEM and SWM of nocturnal O3 is demonstrated
by different set of color’s eclipses in Fig. 2a. Generally, nocturnal O3 in Kuching
depicted the similarities pattern between bothmonsoons since the eclipse overlapped
into each other. To prove the finding from PCA, t-test study was conducted to prove
if there is a significant different between NEM and SWM or vice versa. Based on the
result (two-tailed), therewas no significant differences betweenmonsoons, t(11)=−
0.175, p= 0.86). However, SWMhas a substantial impact on nocturnal O3 compared
to NEM. Figure 2b explained the relationship between O3 and its precursor. Each
component of precursor has been group based on their unique characteristic. From
the figure, the O3 has a linear relation between NO2, NOx, CO, and NO in descending
order. In contradiction, CH4 was the only parameter that does not have any influence
on O3 in Kuching for a decade study.

The seasonal dispersion of ozone concentration was mostly driven by seasonal
wind direction and sample station locations. First, prior to its creation, ozone is
closely linked to NO. NO is emitted by cars and is commonly seen in heavily popu-
lated areas. Second, it is possible that the high UV-b and associated meteorology
factors of the locations during SWM are to blame.

4 Conclusion

Nocturnal O3 shown increment of minimum values in this decadal study begin from
2006 (3.67 ppbv) until 2015 (5.91 ppbv) that increase by 62.13%. Contradict with
maximum values as it decreases significantly from 2050 ppbv (2006) to 11.18 ppbv
(2015). Comparison between nocturnal O3 were relatively similar (6.20 ppbv) in
average started between 0100 and 0600 h. However, for 1900 h, O3 level peak at
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highest level to 12.00 ppbv and decrease gradually to 2400 h. Profile similarities
pattern for nocturnal O3 eclipse were overlapped with both monsoons. Nevertheless,
SWM show substantial impact on nocturnal O3 compared to NEM which explained
the relationship of each component of O3 precursors group based on the character-
istics. Only CH4 was the only parameter that does not have any influence on O3 in
Kuching for a decade study. Besides, the O3 precursor also played an important role
as to form tropospheric O3 concentration thus, affecting the ecosystem in the area.
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Spatio-Temporal Variation of Particulate
Matter (PM10) During High Particulate
Event (HPE) in Malaysia

Nursyaida Amila Mohammad Ridzuan, Norazian Mohamed Noor,
Nur Alis Addiena A. Rahim, Izzati Amani Mohd Jafri, and Deak Gyeorgy

Abstract Particulate matter (PM10) is the key indicator of air quality index in
Malaysia and Southeast Asia’s main haze-related pollutant. PM10 emanation is
believed to cause the strongest harm to public health and the environment. There-
fore, it is very important to study the temporal and spatial characteristics of PM10

and the weather parameters, hence the relationship between them can be identified.
A database with hourly PM10 concentration and weather parameters were obtained
from Department of Environment (DOE) Malaysia from the period of 2012–2016
at two study areas that are located in Klang Valley, namely, Petaling Jaya and Shah
Alam. The temporal analysis for PM10 concentration was observed by using descrip-
tive statistics, boxplot and time series plot whereas the spatial analysis was conducted
using windrose diagram. The finding shows that the highest average concentration
of PM10 at Petaling Jaya and Shah Alam in 2015 exceeded the Malaysia Ambient
Air Quality Standard, which were 60.13µg/m3 and 66.22µg/m3 respectively. It was
due to high particulate event (HPE) that had affected Malaysia during the period of
Southwest Monsoon, where the massive land and forest fires came from Sumatra and
Kalimantan, Indonesia. According to the wind rose rose diagram, the wind mostly
blew from northeast in January until February as Malaysia experienced northeast
monsoon where rainfall happened. Shah Alam received stronger wind compared to
the Petaling Jaya because the topography of city.
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1 Introduction

PM10 is particulate matter with a diameter of less than 10 µm. It is a key indicator
of the air quality index and the main pollutant in the high particulate event (HPE)
episodes. PM10 concentration can rise up tremendously due to smoke discharges
from biomass burning. Biomass burning has played a recognizable part in unfore-
seen extreme haze episodes, known as high particulate event (HPE) that covered
with the essential and auxiliary pollutants determined from motor debilitates and
coal combustion [1]. Deficient combustion, especially from huge ranges of biomass
burning ordinarily supplies high quantity of smoke and fine particles to the atmo-
spheric conditions. Due to territorial winds, these fine particles can be transported
across boundaries from their primary causes [2].

Air pollutants emitted during HPE in one country will have an effect on that
country and the near and regional countries further [2]. These events, mainly due
to the very dry weather associated with the incidence of robust El Niño situations,
resulted in the international transportation of unsafe pollutants from the original
pollution sources from Indonesia’s Borneo and Sumatra to the highly populated
Malaysian Peninsula [3]. This HPE events have been suffered by country at South-
east Asia (SEA), such as Singapore, Brunei Darussalam, Thailand, Indonesia and
Malaysia. The creation of haze is particularly related to weather patterns, air pollu-
tant emissions and conversion of gas to particles. HPE is structured under stable
weather conditions such as low winds and reversed thermodynamic elements due to
high particle concentrations and gas-to-particle conversion.Meteorological variables
such as atmospheric pressure, precipitation, humidity levels, atmospheric stabiliza-
tion, physical and chemical relationships will determine the destiny and composition
of suspended particles when they are transported [4, 5]. Due to the perseverance of
fine particles in the air and the ability of particles to be transferred over wider areas,
the effect of HPE is commonly geographic in scale.

HPE events and its associated deterioration of air quality also affected Malaysia’s
economy, not to mention the agricultural production and biological diversity of the
country. Episodes of haze have resulted in a decrease in production and development
output and a decrease in tourist industry profit, particularly because of cancellation
of flights. A study by [6] economic losses due to ambulatory expenses during haze
episodes in this country during 2005, 2006, 2008 and 2009 resulted in losses of USD
91,000/year with an average loss of USD 4,789 per haze day occurrence.

This research was carried out at two specific air monitoring stations in Klang
Valley, which were Petaling Jaya and Shah Alam. These air monitoring stations have
different landuse and have been designed to determine the pattern and status of PM10

at various stations that are located at Sek. Ren. Sri Petaling, Petaling Jaya and Sek.
Keb. TTDI Jaya, Shah Alam during high particulate event (HPE). Petaling Jaya was
chosen as the study area because the station is the closest station to the city of Kuala
Lumpur, where the location is encircled by industrial, residential and commercial
locations and as well as congested roads. In a meanwhile, Shah Alam is situated in
a residential district, while it is close to major streets, the density of congestion is
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Table 1 Two geographical air quality monitoring stations in Klang Valley

Location ID Station location Coordinates Background

Latitude (E) Longitude (N)

CA016 Sek. Ren. Sri Petaling,
Petaling Jaya

E 101 38.322 N 03 06.553 Industrial areas

CA025 Sek. Keb. TTDI Jaya,
Shah Alam, Selangor

E 101 33.375 N 03 06.281 Urban and residential
areas

lower compared to Petaling Jaya and generally only notable in the morning and late
afternoon after the hours of rush.

2 Materials and Method

2.1 Monitoring Dataset

Secondary dataset from Department of Environment (DOE), Malaysia consists of
hourly data of PM10 concentration and weather parameters such as wind speed and
wind direction from 2012 until 2016 were used in this study.

2.2 Study Location

The selected study areas are located in Peninsula Malaysia i.e. in Klang Valley,
Malaysia that includes Kuala Lumpur and its subsurbs, neighboring cities and towns
in the state of Selangor.KlangValley is geographically outlined byTitiwangsaMoun-
tains and the Straits of Malacca with 6.9 million of populations recorded in 2013.
Klang Valley is now recognized as an economic city inMalaysia with all of extensive
physical development of public infrastructure, industrialization and rapid urbaniza-
tion that has gradually deteriorated the air quality [7]. The specific location of selected
study areas are in Petaling Jaya and Shah Alam. The description of the selected
location for this project are tabulated in Table 1.

2.3 Data Pre-Treatment and Graphical Presentation

Dataset of traces gases and meteorological parameters obtained from DOE were
analyzed by using descriptive statistics. In this research, the missing value of the
data set were replaced by expectation maximization (EM) where the EM method
calculates the means, the covariance matrix and the correlation of quantitative (scale)
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variables with missing data using SPSS software [8]. Descriptive statistics were
utilized in order to analyse and summarize the air pollutant and weather parameters
data in systematic manner specifically for huge dataset.

Time series plot or time series graph represented the hourly PM10 concentrations
in Petaling Jaya and Shah Alam against annually from 2012 until 2016. Time series
plot is used to observe the trend of PM10 concentration over time hence the duration
of high particulate event can be detected.

2.4 Wind-Rose Diagram

Wind rose were constructed from the wind speed and wind direction data obtained
from Department of Environment (DOE) over a given time period, from 2012 until
2016. By using average daily data over 5 years, monthly wind rose diagrams were
developed for both study areas. Wind rose diagram is constructed using a suitable
scale to portray the percentage frequencies of wind directions and suitable indices
shades, lines, etc. to depict different wind speed. The software used to construct the
wind rose diagram is Hydrognomon. Hydrognomon is a modern software tool that
can analyse the hydrological data. It is an open source tool that running on a standard
Microsoft Windows platforms, and as a part of the openmeteo.org framework [9].

3 Result and Discussion

3.1 Descriptive Analysis

The descriptive analysis of hourly PM10 concentration at Petaling Jaya and Shah
Alam from 2012 to 2016were provided in Tables 2 and 3, respectively. PM10 concen-
tration at Petaling Jaya revealed the highest mean of concentration in 2015 with the
value of 60.13 µg/m3 whereas the lowest PM10 concentration was recorded in 2016,

Table 2 Statistical test of PM10 concentration at Petaling Jaya

Year Mean
(µg/m3)

Mode
(µg/m3)

Median
(µg/m3)

Maximum
(µg/m3)

Minimum
(µg/m3)

Range Standard
deviation

2012 49.35 38.00 45.00 338.00 5.00 333.00 25.48

2013 48.43 38.00 43.00 373.00 17.00 355.00 29.31

2014 54.84 52.00 46.00 322.00 17.00 305.00 31.52

2015 60.13 54.00 49.00 390.00 12.00 378.00 43.94

2016 42.84 38.00 40.00 142.00 13.00 129.00 15.50
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Table 3 Statistical test of PM10 Concentration at Shah Alam

Year Mean
(µg/m3)

Mode
(µg/m3)

Median
(µg/m3)

Maximum
(µg/m3)

Minimum
(µg/m3)

Range Standard
deviation

2012 48.36 34.00 44.00 272.00 5.00 267.00 27.04

2013 46.39 52.00 42.00 421.00 12.00 409.00 30.04

2014 54.87 39.00 46.00 282.00 9.00 273.00 32.07

2015 66.22 54.00 52.00 426.00 17.00 409.00 49.51

2016 50.33 52.00 47.00 160.00 15.00 145.00 20.52

with the concentration of 42.84 µg/m3. Next, the highest mean of PM10 concentra-
tion at Shah Alam had a peak value of 66.22 µg/m3 during 2015 while 2013 had the
opposite mean value of PM10 concentration, 46.39 µg/m3. According to Malaysian
Ambient Air Quality Standard (MAAQS), the averaging time for PM10 for 1 year is
40 µg/m3. It is shown that the concentration exceeded the standard at both areas in
2015 as the concentration at Petaling Jaya and Shah Alam where the concentrations
were 60.13 µg/m3 and 66.22 µg/m3, respectively.

From the Tables 2 and 3, it indicated that the mean values were higher compared
to median value that proven there were extreme event occurred during that year
[10] in both locations. The highest PM10 concentration that can be classified as high
particulate event (HPE) occurred in September–October in 2015 for both study areas
where the Air Pollutant index (API) were recorded above the unhealthy level. The
haze phenomenon occurred due to fire burning over forests and peatlands in Sumatra
and Kalimantan, Indonesia, during that year.

3.2 Variation of PM10 Concentration

Figures 1 and 2 represented the time series plot of daily PM10 concentration at
Petaling Jaya and Shah Alam from 2012 until 2016, respectively. Solid line indicates
theMalaysiaAmbient Air Quality Standard (MAAQS) for 24 h averaging timewhich
is 100 µg/m3.

From Figs. 1 and 2, it can be concluded that most of the time, the peak concen-
tration of PM10 occurred in June specifically in 2012 and 2013 at both study areas.
In 2012, Malaysia experienced several short haze event due to the transboundary air
pollution from the forest clearing from neighboring country, Indonesia and occurred
during dry season that occurred in June hence contributed to slight degradation in
term of air quality in Malaysia. In addition, [11] stated that Malaysia also experi-
enced severe haze event in June 2013 due to the transboundary atmosphere pollution
from Indonesia. However, in 2014, the peak concentration of PM10 at both study
areas occurred in March. This can be compared to [11] as stated that this country
experienced moderate haze episode that affected the declination of air quality level
and the dry period occurred between February and March in 2014. Next, in 2015 the
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Red solid line: MAAQG limit 

Orange circle: High PM10 concentration 

Fig. 1 Time series plot for PM10 Concentration at Petaling Jaya



Spatio-Temporal Variation of Particulate Matter (PM10) … 45

 

Red solid line: MAAQG limit 
Orange circle: High PM10 concentration 

Fig. 2 Time series plot for PM10 Concentration at Shah Alam
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exceedances occurred with fluctuate during September and October. In 2015, haze
episodes had affected at Malaysia during period of Southwest Monsoon where the
massive land and forest fires came from Sumatra and Kalimantan, Indonesia [12]. It
can be observed that the PM10 concentration in 2016 are almost at healthy air quality
level. Malaysia experienced the La Nina that continued up to the end of year where
the temperature of sea surface that near the central equator and eastern part of the
Pacific Ocean were decreased. The high concentration of PM10 circled in the time
series plot were used to model the PM10 concentration during high particulate event
(HPE).

3.3 Wind Rose Diagram

The distributions of wind direction and speed over the entire period for Petaling
Jaya and Shah Alam according to the two main monsoons in Malaysia are shown in
Figs. 3 and 4 in Petaling Jaya and Shah Alam, respectively. The two main seasons in
Malaysia are Southwest Monsoon (May–September) where and Northeast Monsoon
(November–March) where Malaysia experienced dry and wet season, respectively.
There are also two short transitional from April to May and October to November.

In Petaling Jaya, thewind rose showswind blowing in all directions throughout the
studyperiod but dominant in the north-east (NE) quadrantwithweakwinds prevailing
in the north-west (NW) direction. Low and moderate wind speeds predominate in
Petaling Jaya, while strongwindswere not common. During January untilMarch, the
dominant wind directions came from north-east (NE) directions (25.76%, 32.67%
and 30.97% respectively) and considered as the highest wind directions among the
months. The wind blow frequently from south-east (SE) directions with 3.33% in
January, 4.08% in February, and 3.87% in March. During this time, Malaysia expe-
rience north-east (NE) monsoon where part of Peninsula Malaysia received heavy
rainfall [13]. The wind directions were still dominant in NE direction in April to
August but in a decrease manner (24.53%, 23.77%, 20.34%, 20.34%, 21.17% and
17.22% respectively) due to a change in monsoon where Malaysia generally expe-
rienced southwest monsoon where dry season phenomenon happened. During this
period, the wind from the southwest bring the air pollutants that discharged from
biomass burning and forest fires for agricultural purposes from neighboring country,
Indonesia. Hence, the PM10 concentrationswere peak during the southwestmonsoon
for certain months [10]. However, started from September until December, the wind
highly blew in west.

In Shah Alam, the wind directions were not consistent where there were no domi-
nant directions of wind of all the months that can be identified. However, from the
diagram obtained, there were dominant wind blew that came fromNE in January and
February (25.18% and 32.16% respectively). During this time, Malaysia experience
north-east (NE) monsoon where part of Peninsula Malaysia received heavy rainfall
[13]. From the Fig. 2, the lowest direction in January and February came from South
(S) with percentage of 3.15% and 4.02%. In March, April and May, the dominant
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a) Jan  c) Marb) Feb

d) Apr   e) May  f) Jun 

g) Jul  h) Aug i) Sep

j) Oct  k) Nov  m) Dec  

Average PM10 Concentration  

Jan = 41.96 µg/m3   Feb = 44.25 µg/m3   March = 59.81 µg/m3   April = 48.36 µg/m3

 May = 41.01 µg/m3 June = 61.65 µg/m3   July = 56.53 µg/m3   Aug = 53.69 µg/m3

  Sep = 65.02 µg/m3  Oct = 65.13 µg/m3 Nov = 37.67 µg/m3   Dec = 37.62 µg/m3 

Fig. 3 Monthly wind rose diagram in Petaling Jaya
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a) Jan  b) Feb c) Mar  

d) Apr e) May f) Jun 

d) Apr  e) May f) June

j) Oct k) Nov  m) Dec  

Average PM10 Concentration  

Jan = 44.83 µg/m3   Feb = 47.01 µg/m3   March = 62.79 µg/m3   April = 49.45 µg/m3

 May = 43.04 µg/m3 June = 66.30 µg/m3   July = 61.61 µg/m3   Aug = 55.82 µg/m3

  Sep = 65.56 µg/m3   Oct = 64.63 µg/m3Nov = 37.10 µg/m3   Dec = 39.40 µg/m3 

Fig. 4 Monthly wind rose diagram in Shah Alam
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wind direction came fromNorth with 33.03%, 19.72% and 18.21% respectively. The
wind direction only came on south in June where the percentage recorded 18.7%. In
July and August, the wind blew dominantly from South-west (36.60% and 19.79%,
respectively). Subsequently, in September and October, the wind mostly came from
north direction with value of 26.39% and 19.06%. Finally, the wind mostly blew in
northeast directions in November andDecember where they recorded a percentage of
33.47% and 25.18%, respectively. For wind speed, it can be concluded that the wind
dominantly blew a moderate wind speed in a range of 2.88 km/h until 9.72 km/h.

From both study locations, the wind mostly blew from northeast in January
until February as Malaysia experienced northeast monsoon where rainfall happened.
However, Shah Alam received stronger wind compared to the Petaling Jaya because
the topography of city. Dotse et al. [14] stated that the low wind system coupled
with the hilly lowlands, swampy plains and alluvial valleys topographic features
thus could play a major in the transport pollutants to the country throughout the year.

4 Conclusion

PM10 is among the main air pollutants in Malaysia and seems to be crucial to the
Malaysian Air Pollution Index (API) calculation. A dataset of PM10 concentration in
Petaling Jaya and Shah Alam for 5 years (2012–2016) was obtained from DOE and
was analysed temporally and spatially. A total of 3 parameters, consists of particulate
matter (PM10), and weather parameters i.e. wind speed and wind direction had been
used in this research. The focus of this research was to examine the temporal and
spatial characteristic of PM10 concentration during High Particulate Event (HPE).
The concentration exceeded theMalaysian Ambient Air Quality Standard (MAAQS)
at both areas in 2015 as the concentration at Petaling Jaya and Shah Alam where
the concentrations are 60.13 µg/m3 and 66.22 µg/m3 respectively. The mean values
for Petaling Jaya and Shah Alam were higher compared to median which indicated
that there were extreme event occurred during that year. Results demonstrated that
year 2015 recorded the highest PM10 concentration at all study location due to local
emission coupled with trans-boundary haze from neighboring country. It suggested
that Malaysia experienced a prolonged period of extreme haze due to the degrada-
tion of air quality in Sumatra and Kalimantan from August to September in 2015
attributable to enormous land as well as wild fires.
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The Influence of Atmospheric Stability
on PM10 Concentrations in Urban Areas

György Deak, Natalia Raischi, Lucian Lumînăroiu, Marius Raischi,
Nicolae-Valentin Vladut, Raluca Prangate, and Norazian Mohamed Noor

Abstract The stability of airmasses in the atmosphere influences not only the disper-
sion but even the accumulation of pollutants in certain areas. The most common
methods for determining the stability in the atmosphere are the Richardson number,
the Monin-Obukhov length and the Pasquill-Gifford method. For this study, the
Monin-Obukhov length method was used to determine the stability of atmospheric
air in Bucharest, Romania. The determined values highlighted the fact that the
atmosphere is unstable during the day, of the 2 years analyzed (2017 and 2018),
favoring the dispersion of pollutants in the atmosphere. Thus, the PM10 concentra-
tions exceeded the limit value allowed by the Directive 2008/50/EC) in 44 days in
2017 and in 34 days in 2018, mostly in October–March.

Keywords Atmospheric stability · Monin-Obukhov length · PM10 · Pollutant
concentrations · Urban areas

1 Introduction

The stability of air masses in the atmosphere influences the dispersion and the
accumulation of pollutants in certain areas and it might be determined by several
methods [1, 2]. According to Schnelle et al. [3], most of these methods are taking
into consideration the air turbulences.
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National Institute for Research and Development in Environmental Protection, 060031 Bucharest,
Romania

N.-V. Vladut
National Institute for Research-Development of Machines & Installations for Agriculture, 013813
Bucharest, Romania

N. M. Noor
Sustainable Environment Research Group (SERG), Centre of Excellence Geopolymer and Green
Technology (CEGeoGTech), Universiti Malaysia Perlis, 01000 Kangar, Perlis, Malaysia
e-mail: norazian@unimap.edu.my

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
N.MohamedNoor et al. (eds.), Proceedings of the 3rd International Conference onGreen
Environmental Engineering and Technology, Lecture Notes in Civil Engineering 214,
https://doi.org/10.1007/978-981-16-7920-9_7

51

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-7920-9_7&domain=pdf
mailto:norazian@unimap.edu.my
https://doi.org/10.1007/978-981-16-7920-9_7


52 G. Deak et al.

In urban areas there are awide variety of air pollution sources due to gas emissions
from industrial or transport sectors, as well as landfills and the burning of fossil and
non-fossil fuels. To these are added the influence of other factors such as chemical
transformations of pollutants, the weather impact and topography, as well as newly
formed and previously deposited particles [4, 5].

According to the 2008/50/EC Directive, to protect human health, the annual limit
value for PM10 was established at 40 µg/m3, while the daily limit at 50 µg/m3.

The main objective of this paper was to determine the stability of the atmo-
sphere in Bucharest, during the day, from the seasons with decreasing temperatures
(October–March), for a period of 2 years (2017 and 2018). Monin-Obukhov length
was estimated using themeteorological parameters recorded in all four seasons of the
2 years of the study. Subsequently, the stability of the atmospheric air and its influence
on PM10 concentrations were estimated with the data obtained by calculation.

2 Materials and Method

The estimations of the atmospheric stability were made for the central area of
Bucharest city by taking into account the convective boundary layer (CBL) where
the unstable conditions are found, which is specific during the day [6].

Subsequently, to estimate atmospheric stability during the day, the Monin-
Obukhov length was used, which is one of the most common methods [7–10].
Monin and Obukhov (1954) proposed a similarity theory that introduces two scaling
parameters, the friction velocity (u*) and the Monin-Obukhov length (LM-O) for
determining turbulence. Atmospheric stability, according to the Monin-Obukhov
method, is directly proportional to the friction velocity and inversely proportional
to the sensible heat flux on the ground surface [2]. For interpretation of estimates,
LM-O is positive when the atmosphere is stable and negative in the case of an unstable
atmosphere. The Eq. (1) underlies the calculation of Monin-Obukhov length:

LMO =
−

(
u3·
k

)
(

gH
CpρT

) ⇔ LMO = −ρCpTu3·
kgH

(1)

u∗ = ku

ln
(
z−d
zo

)
− ψm

(
z−d
LMO

)
+ ψm

(
zo

LMO

) (2)

where u* represents the friction velocity in Eq. (2), k is the von Karman constant, g
is the gravitational acceleration, Cp is the specific heat at constant pressure, H is the
sensible heat flux, T is the temperature, z is the height, u is the wind speed and d is
0.5 m.

The similarity function for momentum can be expressed according to Eqs. (3) and
(4):
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The main materials underlying this study are the daily values of PM10 for
Bucharest, which were obtained from the National Air Quality Monitoring Network
(RNMCA) for the period January 2017–December 2018.

3 Results and Discussions

By calculating the Monin-Obukhov length, it was highlighted that the atmosphere is
unstable during the day, in the seasons with lower temperatures (October–March),
compared to those in which temperatures begin to rise (April–September), when the
dispersion of pollutants in the atmosphere is favorized (Fig. 1).

Thus, the lowest value for 2017 was determined for January, −102.46 m, with a
average temperature of−3.36 °C and a sensible heat flux of 38.94W/m2. The highest
valuewas determined for July,−22.98m,with a average temperature of 25.94 °C and
a sensible heat flux of 148.04 W/m2. In 2018, the lowest value was also determined
for January,−99.60 mwith a average temperature of 2.89 °C and a sensible heat flux
of 41.64 W/m2. The highest value was determined for July, −9.50 m, with a average
temperature of 24.73 °C and a sensible heat flux of 143.46 W/m2.

For a stable atmosphere, the value of Monin-Obukhov length is positive. It occurs
mainly at night. In conditions of the unstable atmosphere, specific during the day,
the value of Monin-Obukhov length is negative. At the same time, the sensible heat
flux has negative values when the atmosphere is stable and positive values when it
is unstable [11].

The average daily values of PM10 during the two cold seasons vary between
26.9 µg/m3 and 44.03 µg/m3 in 2017 and between 22.23 µg/m3 and 42.17 µg/m3 in
2018 (Fig. 2a). In 2017, therewere 44 days inwhich the value of PM10 concentrations

Fig. 1 Determined values of Monin-Obukhov length
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Fig. 2 a PM10 average concentration. b Number of days with exceedances of PM10 limit value

was over the limit and 90% of these have been recorded during the cold season. In
2018, there were 34 days in which the value of PM10 concentrations was over the
limit and 79,4% have been recorded in October and March (Fig. 2b).

However, the maximum daily concentration for 2017 was recorded in January,
with a value of 100.01 µg/m3, exceeding the average value by 250%. In 2018, the
maximum daily concentration was 90.36 µg/m3, recorded in October, exceeding the
average value by 215%.

4 Conclusions

This paper presents the results of the study regarding the influence of atmo-
spheric stability on PM10 concentrations during the seasons with lower temperatures
(October–March), compared to those in which temperatures begin to rise (April–
September), on diurnal period for 2 consecutive years, using the Monin-Obukhov
length method.

In the cold seasons theMonin-Obukhov length has lower values than in thewarmer
seasons, which highlights the importance of atmospheric stability on exceeding the
limit value of PM10 concentrations during the analyzed period. The negative values of
the Monin-Obukhov length show that on diurnal period the atmosphere is unstable.
Exceedances of daily concentrations of over 200%, were mainly recorded during
the cold seasons. These values are also influenced by the occurrence of the thermal
inversion. Due to the increase in temperature with height, this phenomenon creates
a barrier that limits the pollutants dispersion in the upper layers of the atmosphere,
retaining them on the ground surface and producing increases in concentrations.
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A Comparative Study on Generation
and Composition of Food Waste in Desa
Pandan Kuala Lumpur During Covid-19
Outbreak

Irnis Azura Zakarya, Nur Adilah Rashidy, Tengku Nuraiti Tengku Izhar,
Muhammad Haizar Ngaa, and Lucian Laslo

Abstract Foodwaste is a type of solidwaste that is heavily influenced by consumers.
The composition (%) and the total weight generation (kg) of food waste were deter-
mined during the Covid-19 outbreak. The data was obtained by direct weighing of
the food waste collected where it was generated throughout the day. Findings have
shown that 63.3% of the composition of uncooked food waste types identified is
generated by internal organs, vegetables, fruits, and eggshells, while 36.7% of the
identified composition of cooked food waste types is generated by rice and noodles,
bones, vegetables, fruits, and others in Desa Pandan. During six days of collec-
tion, the total food waste generated by 30 households, 10 restaurants, and 3 schools
was 146.5 kg (0.20 kg/capita/day), 231.7 kg (0.026 kg/capita/day), and 155.4 kg
(0.010 kg/capita/day) respectively. A food waste awareness survey was conducted
online with 100 respondents using Google Forms. Findings show that the Covid-19
pandemic did influence people’s attitudes and practices regarding food purchase,
management, and consumption habits, all of which have a substantial impact on
reducing food waste generation at the household level.
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1 Introduction

As stated by the SWCorp Malaysia (Solid Waste Management and Public Cleansing
Cleansing Corporation), Malaysia’s daily domestic waste reaches 37,500 tons/day.
The remaining 44.5% of the residue is food waste with approximately 16,687.5 tons,
of which 12,682.5 tons is the unavoidable food waste (76%), while 4005 tons of
food waste can be avoided (24%) that can be consumed by 2,970,000 people for
three meals. SWCorp also reports that each person is estimated to produce 1.17 kg
of unavoidable food per day with an average weight of one serving per person being
0.45 kg/meal. The growing purchasing power in line with the booming economy has
driven people to buy more than they need and a healthier lifestyle, which is expected
food waste to expand to 30% by 2020 [1].

Food waste can be further classified info food loss, unavoidable food waste and
avoidable food waste. Food loss and food waste represent a misuse of resources that
are used to produce it. Food loss refers to the decreased in quantity or quality of food
that is lost during the preparation and production of the food supply chain. As for
food waste it is part of food loss, unavoidable food waste refers to the inedible parts
of food that include fruit core and peels. Avoidable food waste is edible food lost
generated at any level within the food chain, which includes production, processing,
distribution, and consumption [2].

The announcement of the Movement Control Order (MCO) happened all of a
sudden after Covid-19 had been declared a pandemic on March 11, 2020, by the
World Health Organisation [3]. According to SWCorp Malaysia, during the month
of March, including the period before MCO was enforced on March 18, food waste
generated daily in Kuala Lumpur averaged 2.1 tonnes and in April, it went down to
1.7 tonnes a day, reflecting a 0.3-tonne reduction in food wasted daily [4]. The MCO
period, nevertheless, had a silver lining as therewas amarked decrease in the quantity
of food waste that ended up in landfills as people are urged to stay at home and go
out only to meet the most urgent needs, such as buying food, during lockdowns [5].
Therefore, Covid-19 lockdownsmay have an effect on citizens’ daily lives, including
impacts on food behaviors, food waste habits, and household consumption. Higher
frequency of activity at home due to stay-at-home orders has possibly increased the
percentage of household waste being produced through over-purchasing, especially
the food waste [6]. Overall, this study determined the total weight of food waste
generated (kg), the total composition (%) of uncooked and cooked food waste and
the consumer awareness on food waste management during the Covid-19 pandemic
in Desa Pandan, Kuala Lumpur.
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2 Materials and Method

2.1 Food Waste Sampling

The study area covered in Desa Pandan, Kuala Lumpur at coordinates 3.149478°
North and 101.737575° east as shown in Fig. 1. Previously a small town,Desa Pandan
grew and developed enormously. It occupies an area of approximately 0.54 square
kilometers. The study was conducted in 3 different sectors, which are residential,
commercial, and institutional, in Desa Pandan.

As shown in Table 1, 30 households in 5-story apartment buildings on Jalan 5/76a,
5 restaurants on Jalan 1/76, 5 restaurants on Jalan 1/76d, and 3 schools from Maluri
were chosen to study food waste composition in Desa Pandan. The study area was
chosen because the residents are from my hometown. The restaurants were chosen

Fig. 1 Study area in Desa Pandan (Google Maps Application)

Table 1 Description of
selected sampling site in Desa
Pandan, Kuala Lumpur

Sectors Sampling site Location

Residential 30 number of
households

Jalan 5/76a

Commercials 5 restaurants Jalan 1/76a

5 restaurants Jalan 1/76d

Institution SMK Aminuddin
Baki

Jalan Kampung
Pandan, Maluri

SMK Datok
Lokman

SMK Taman
Maluri
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Fig. 2 Food waste; a Separating, b Categorize, c Weighing

because they are in close proximity to one another, which is in a row of buildings.
While for the school area, they are in one location near to each other too to make it
easier for the food waste audits.

Food waste was collected with each sector consumed six times of sample collec-
tion. Food waste from each industry had been collected on different timelines, begin-
ning on February 15th and ending March 26th, 2021. The garbage bags with a 50 L
for households, 120 L for restaurants and institutions were provided for each study
area during the sampling period. Food waste composition analysis is the process of
physically separating, categorizing waste, and weighing as shown in Fig. 2a–c. This
sorting process determine the total amount of food waste and organize the various
types of foods discarded and distinguish between uncook and cooked food waste in
Desa Pandan.

Uncook food waste is categorized as uncooked food waste and is generated from
food preparation, handling, storage, processing, and disposal of unwanted parts of
raw food, while cooked food waste is generated during and after the cooking process,
serving, and unfinished food. Lastly, a statistical graphwas used to analyze the results
of the study where the data was analyzed based on food waste composition types
and food waste generation of each sector in Desa Pandan, which presented in the
quantity of food waste generated per capita per day (kg/capita/day).

2.2 Food Waste Awareness Survey

The awareness levels of consumers with respect to food waste during Covid-19
outbreak and knowing how knowledgeable they are about the whole food waste
phenomenon were carried out to address the very critical issue of the food waste.
100 respondents participated in this field survey through generated online question-
naires using Google Forms. The questions consist of 27 question items. The first
eight questions of Section A were used to collect demographic data. The following
19 questions of Section B consisted of questions on thoughts and behavior on food
purchase, management, consumption as well as food waste. All 19 food waste ques-
tions were originally developed by referring to several previous studies on foodwaste
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[7]. Participants were requested to respond using a 4-point Likert scale ranging from
“1 = Strongly disagree” to “4 = Strongly agree”.

3 Result and Discussion

3.1 Food Waste Composition

Figure 3 shows the food composition of uncook food waste and cooked food waste
generation for each of the sectors selected at Desa Pandan for this study. The results
obtained for all sectors from the data collectionwere 63.3% category as the uncooked
food waste and generated from food preparation, handlings, storage, processing, and
disposal of unwanted parts raw food material. On the other hand, 36.7% of cooked
food waste is generated during, after the cooking process, serving, and unfinished
food. For 30 households, 58% was from uncook food waste and 42% was cooked
foodwaste, 10 restaurants were 72% uncook foodwaste and 28% cooked foodwaste,
and 3 schools were 60% uncook foodwaste and 40% cooked foodwaste respectively.

Figure 4a illustrates the composition of uncook food waste were classified into
meat and fish (internal organs), vegetables, fruits, and eggshells. The data analysis
shows that every sector produced different major contributors to uncook food waste.
Households and restaurants made the highest composition of the vegetable compo-
nent, which are (20%) and (28%) respectively, and schools hadmeat and fish (internal
organs) (27%). The results show that vegetables mostly have a higher percentage of
uncooked food waste. This is because in cooking, only the edible part of vegetables
are being used. The process of vegetable preparation generates waste such as peels,
skins and roots.
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Fig. 3 Total composition of uncook food waste and cooked food waste (%)
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Fig. 4 a Composition of uncook food waste types (%). b Composition of cooked food waste types
(%)

On the other hand, refer to Fig. 4b, the composition of cooked food waste includes
rice and noodles, bones, vegetables, fruits, and others at Desa Pandan. The data anal-
ysis shows the rice and noodles composition for 30 households (15%), 10 restaurants
(12%), and 3 schools (16%) differed significantly than the second contributor for each
sector for these cooked food waste types. Rice and noodles, as well as bones, are
the main contributed to cooked food waste generation, and each of the sectors has
similar types of the major contributor to cooked food waste. Rice and noodles are
the primary food source in Southeast Asia, contributing to rice’s generation caused
by unfinished eating and excess cooking and over-cooking [8]. Additionally, bones
are mainly from fish and chicken during food preparation, as well as from unfinished
eating.
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Fig. 5 Food waste generation of 30 households, 10 restaurants and 3 schools

3.2 Food Waste Generation

Figure 5 shows the total food waste generated during six days of collection at 30
households, 10 restaurants and 3 schoolswere 146.5 kg (0.20 kg/capita/day), 231.7 kg
(0.026 kg/p/day) and 155.4 kg (0.010 kg/p/day) respectively.

As the date of collection was during the week of Chinese New Year celebrations,
therewas a significant increase in foodwaste for thefirst twodays,whichwere 29.0 kg
(Day 1) and 25.4 kg (Day 2) total. Strict regulations imposed by national health
authorities forced people to stay at home and plan their meals carefully, resulting
in a shift in household food waste behaviour [5]. The food waste generation from
restaurants could be attributed to the official government announcement to open
certain business sectors and commercial activities as Kuala Lumpur enters the first
week of ConditionalMovement Control Order (CMCO). Despite this, the food waste
recorded the highest amounts of 41.4 kg (Day 5) and 42.7 kg (Day 6), indicating an
increase in food waste generation. People are beginning to dine in restaurants instead
of relying on delivery or takeout [2]. For the school canteen, they provided meals in
packages, and the food was pre-ordered ahead of time to reduce the number of pick-
ups required, and the school only allowed students of SPM candidates to attend.
This resulted in the least amount of food waste generated, which was 155.4 kg
(0.010 kg/capita/day).

3.3 Food Waste Awareness

This section is aimed at determining how the Covid-19 pandemic has affected
people’s attitudes and behaviors toward food waste. Figure 6 findings reveal that
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Fig. 6 Food waste awareness of the respondents during Covid-19 outbreak

people in pandemic-affected areas such as in Desa Pandan, pay more attention to the
(78%) types, (55%) amount, and (55%) cost of daily household food waste. Most
pandemic-affected areas, such as Kuala Lumpur’s metropolitan areas, have a larger
population, higher food costs, less household storage space, and a relatively more
risky food supply [5].

Food preparation denotes how participants reduce food waste when purchasing
food, preparing food, and cooking. 87% of the respondents list the food to buy before
a shopping trip and claim that they check their food storage first before buying. 72%
of respondents can exactly cook and prepare the food they need while 65% can
precisely buy the amount of food their household needs. The findings revealed that
the amount of eatable food thrown away is the result of several interconnected factors,
each with varying degrees of importance for households. Socio-cultural and socio-
demographic features, as well as eating habits and food preparation practices, may
have an impact on the amount of food discarded [4].

The highest level of agreement among respondentswas related to guilt on throwing
away food with 89% agreeing with the statement. When it comes to food waste,
customers are concerned about food poisoning, and by thrown away already uncon-
sumed food can reduce the risks of food-borne illness [9]. Finally, the respondent is
asked about suggesting whether the participants take note of the dates imposed on
food productions and are influenced by them. 98% of the respondents are concerned
as they will pay attention to food date labels such as “use by” and “best before”
dates when buying food but show a significant drop in the influence of expiration
date, which is 68% as the respondent will make different decisions depending on the
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date label. Consumers can use this information to plan their food stock accordingly.
Unfortunately, variation in date labeling, terms, and uses has resulted in significant
food waste. This scenario may hinder efforts to reduce food waste [10].

4 Conclusion

In conclusion, the totalweight of the foodwaste generation (kg) and total composition
(%) of uncooked food waste and cooked food waste was determined during the
Covid-19 outbreak. Total food waste generated during six days of collection at 30
households, 10 restaurants and 3 schoolswere 146.5 kg (0.20 kg/capita/day), 231.7 kg
(0.026 kg/capita/day) and 155.4 kg (0.010 kg/capita/day) respectively. Furthermore,
findings show that food waste awareness, as well as behaviour on food purchase,
management, and consumption, have significant impacts on the reduction of food
waste generation at the household level, where the Covid-19 pandemic influenced
people’s attitudes and practises toward household food waste in Desa Pandan, Kuala
Lumpur. Overall, food waste is a type of solid waste with a classification that is
heavily influenced by consumers. As a result, if food waste management is not
managed efficiently, several issues will arise, including environmental pollution and
human health issues.
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A Study on the Environmental Impact
During Distribution and Disposal Stages
for the 3-Ply Face Masks by Using Life
Cycle Assessment (LCA)

Chow Suet Mun Christine, Tengku Nuraiti Tengku Izhar,
Irnis Azura Zakarya, Sara Yasina Yusuf, Ayu Wazira Azhari,
and Madalina Boboc

Abstract The demand of face masks had increased tremendously due to pandemic
outbreak of COVID-19, leading to the increment production rate of face masks in
Malaysia. Waste is also produced at the same time, resulting impacts towards the
environment. Due to the land scarcity issue in Malaysia, the end of life treatment
for the waste is taken into consideration. The study tools used in this study is life
cycle assessment (LCA) to identify the significant potential environmental impact
produced during the life cycle stages for distribution and disposal through GaBi
Education Software. The disposal stage between landfill and incineration of the
3-Ply face masks is studied to determine the end of life treatment for it. The impact
assessment method selected in this study is CML 2001-Jan 2016 with the environ-
mental indicator of Global Warming Potential (GWP), Acidification Potential (AP),
Eutrophication Potential (EP) and Ozone Depletion Potential (ODP). GWP results
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in producing highest impact to the environment during both distribution and disposal
stages. The impact of GWP also relates to the climate change. Modern incineration
is recommended to overcome the issue of land scarcity in Malaysia as the amount of
waste by 3-Ply face masks are increasing due to the pandemic COVID-19, reducing
the impacts towards the environment.

Keywords Environmental impact · Distribution · Disposal · LCA · 3-Ply face
masks

1 Introduction

OnMarch 2020, World Health Organization (WHO) had announced the coronavirus
disease (COVID-19) as the pandemic disease [1]. The virus can be transmitted easily
through saliva droplets when the infected person coughs or sneezes. WHO had
encouraged the public to wear face masks and practice social distancing to reduce
the risk from being infected. The target material for the study is 3-Ply face masks,
focusing in the life cycle stages for distribution and disposal in Malaysia.

The usage of face masks speeds up tremendously causing the production rate
of the face masks to increase in order to meet the demand of public. Based on
the statistics value, up to 80% of the public started to wear face masks in public
area in Malaysia since April 2020 [2]. As the usage increases, the waste produce
also increases, causing plastic pollution to the environment due to the presence of
microparticles in the fabrics [3]. 3-ply face mask is made up of polymeric materials,
taking around 450 years to degrade completely [4]. Face masks are usually treated
as general waste, ending up in landfills. However, due to the land scarcity issues in
Malaysia, it is looking into the possibility of incineration process to address the issue
[5].

The aims of this study are to identify the significant potential impacts produced
during the life cycle stages for distribution and disposal with the input of 1000 kg
3-Ply face masks reflecting on real- life situation and also to analyze the end of life
treatment with the uniform input of 1000 kg 3-Ply face masks waste to incineration
and landfill.

Life cycle stages of the 3-Ply face masks focused in this study is distribution and
disposal stages, where the disposal stage includes incineration and landfill. Only road
freight and 1 way travelling direction is involved in the study. Life cycle assessment
(LCA) based on the standardization of ISO 14040 and ISO 14044 is used as the
study tool to determine the potential impact towards the environment. The source of
data is retrieved from the database in GaBi education software, using CML 2001-Jan
2016 as the impact assessmentmethod. GWP,AP, EP andODP are the environmental
indicator focused in the study. The results were analyzed, normalized and interpreted
(Table 1).
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Table 1 Scope of study area Life cycle stages Description

Distribution • Manufacture to shop
• Shop to user
• Waste from user to incinerator
• Waste from user to landfill
• Waste to others

Disposal • Incineration
• Landfill

2 Materials and Method

2.1 Material

The target material in this study is 3-Ply face masks. 3-ply face mask is made up
of 3 layers of fabrics, mainly non-woven bonded fabrics, having a better bacteria
filtration [6]. The fabrics of the layers attributes in the stretching of the celluloses of
O–H and C–H showing that the fabrics are produced from polymeric materials [3].
It also undergoes the process of spunbond and melt- blown where the fibers bond
can be bond closely to each other producing the filaments that have ultra-fine sub-
micron filaments.

2.2 Method

The objectives of the studywere first figured out, which is to determine the significant
impacts produced during life cycle stages for distribution and disposal stage for the
3-Ply face masks and the end of life treatment between incineration and landfill for
the disposal stage. The data used were from secondary source and also the database
system in GaBi Education Software. Ganzheitliche Bilanzierung is known as GaBi
where is allows to create a life cycle assessment inventory through modeling the life
cycle of the product and calculate the different balance throughout the system.

The method used to generate the results of impact assessment is CML 2001-Jan
2016 in GaBi Education Software. The software consists of an extensive database
set where the inputs of data were extracted from it based on the unit process studied.
GaBi is used to determine the potential impacts produced based on the process flow
in the system. Midpoint results were used in the study focusing on the environmental
indicator such asGWP,AP, EP andODP. The results generatedwere then normalized,
analyzed and interpreted, making conclusion and recommendations for the study.

For the emission value from each environmental indicator based on 1000 kg
waste of 3-Ply face masks, the formula used is as below, derived from the ratio and
proportional method.
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Table 2 Waste mass
distribution to its end of life
treatment based on real-life
situation [7]

End-life treatment Ratio Amount (kg)

Landfill 0.532 532

Incineration 0.168 168

Others 0.3 300

Total 1 1000

Emission value (1000 kg) = Emission value× 1000 kg

Mass (kg)
(1)

The emission value is the results generated from the software based on its respec-
tive mass while the mass indicates the mass calculated based on the reference ratio
mass in Table 2. Normalization is used in this study to allow the interpretation of
the results characterized, which is relative to the environmental impacts categories
studied [8]. The formula of normalization used is as shown below:

Normalized of the impact category, N = Emission of indicator (kg eq)

Nornref
(

kg eq
capita yr

) (2)

3 Result and Discussion

Figure 1 shows the process flow of the life cycle stages created using GaBi educa-
tion software. Only distribution and disposal stage were focused in the study. As
for disposal stage, only incineration and landfill were involved. The basis of waste
involved is 1000 kg, with extracting database from GaBi education software to
generate out the result. The impact assessment method used in CML 2001-Jan 2016
(Table 3).

3.1 Significant Potential Impact Produced During
Distribution and Disposal Stage of 3-Ply Face Masks

Face masks were distributed to their respective location and ended -up as general
waste in the disposal area. Each mass input for the waste to its disposal area is based
on their ratio reference respectively [7]. Based on the study by Johnke [10] and also
Xin et al. [11], the main emission produced during incineration are carbon dioxide,
methane and nitrous oxide which mainly leads to GWP. As for landfilling, the study
by Tonini et al. [12] stated that the main emission during landfilling is from the
emission of landfill gas and leachate.
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Fig. 1 Process flow diagram of LCA of 3-Ply face masks using GaBi education software

Table 3 Global
normalization reference [9]

Impact category Unit Normref

Climate change kg CO2 eq 8700

Acidification kg SO2 eq 59

Eutrophication kg PO3−
4 eq 19

Ozone depletion kg CFC 11 0.103

Table 4 show the results that among the life cycles stages of the 3-Ply face masks
studied, GWP produced the highest emission among the indicator studiedwhile ODP
produced the lowest emission. During distribution stage, the emission value for GWP
is 130.57 kg CO2 eq, while during the disposal stage, the GWP emission value is
718.68 kg CO2 eq.

GWP is caused by the presence of GHGs which are made up of high percentage
of carbon dioxide andmethane gas [13]. The low emission value of ODP is due to the
absent and low concentration of the compound of CFC and HCFC that will damage
the ozone layer which is caused by the chlorine molecules react with ozone layer
and converting them to oxygen [14].

Figure 2 shows the emission results during the distribution stage based on different
travel distance. Truck A travels the route from transporting the products from manu-
facturer to seller. Vehicle A is from seller to users using lighter vehicle such as van.
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Table 4 Overview on the
potential impact produced
during distribution stage
reflecting on real-life situation

Environmental
indicator

Life cycle stages

Distribution Disposal

Incineration
(168 kg)

Landfill
(532 kg)

GWP (kg CO2
eq)

130.57 560 158

AP (kg SO2 eq) 0.2345 0.118 0.0629

EP (kg PO3−
4 eq) 0.06725 0.483 0.0131

ODP (kg CFC
11)

0 8.54E−14 6.77E−14

Total value (kg
emission eq)

– 560.601 158.076

Total emission
(kg emission eq)

130.8718 718.677

Truck A
(337km)

Vehicle A
(20km)

Truck B
(167km)

Truck C
(50km)

Truck D
(20km)

EP (kg (PO3-)4 eq) 0.0378 0.0166 0.00314 0.00298 0.000673
ODP (kg CFC 11) 0 0 0 0 0
AP (kg SO2 eq) 0.14 0.0692 0.0117 0.0111 0.0025
GWP (kg CO2 eq) 83.7 31.6 6.61 6.97 1.69

99%

100%

100%

100%

Vehicles

Potential impact produced during distribution stage

Fig. 2 Potential impact produced during distribution stage

Truck B and C are the transportation of waste to incinerator and landfill site respec-
tively while truck D presented the other method of facemasks disposal. The emission
on each vehicle cannot be compared due to the different travel route distance and
also different vehicles involved, thus only an overview can be discussed.
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Fig. 3 Potential impact produced during disposal stage

The results for the emission value during disposal stage are shown in Fig. 3.
Although the waste ratio sent off for incineration is less than landfill, however, the
emission value towards the environment is higher than landfill. The high emission
produced during incineration can be clearly determined on the impact towards the
environment compare to landfilling.

3.2 Emission Value from Incineration and Landfill Based
on 1000 kg Waste of 3-Ply Face Masks

1000 kg waste of 3-Ply face masks are sent off to the incinerator and landfill each
respectively for their end of life treatment. The emission value is calculated based on
the formula derived from ratio and proportion method, Eq. (1). The results show that
GWP produced the highest emission among the indicator studied during both end
of life treatment. The lowest emission produced is ODP, due to the absent and low
concentration of compound such as CHCs and HCFC that will damage the ozone
layer [14].

Table 5 above shows the overview on the emission between landfill and incinera-
tion based on 1000 kgwaste. The total emission value for incineration is much higher
than landfill with the value of 3336.907 kg emission eq to 297.1328 kg emission eq.
From Fig. 4, the significant emission value produced by GWP is potentially higher
among the indicator studied.

The emission value from GWP is high during incineration, mainly caused by
the production of carbon dioxide and methane gas during the incineration of plastic
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Table 5 Emission during
disposal stage based on
1000 kg waste

Environmental
indicator

Disposal stage

Landfill (1000 kg) Incineration
(1000 kg)

GWP (kg CO2 eq) 296.99 3333.33

AP (kg SO2 eq) 0.1182 0.7024

EP (kg PO3−
4 eq) 0.0246 2.875

ODP (kg CFC 11) 1.2726E−13 5.0833E−13

Total emission (kg
emission eq)

297.1328 3336.907

GWP (kg CO2
eq)

AP (kg SO2
eq)

EP (kg (PO3-
)4 eq)

ODP (kg CFC
11)

Landfill 296.99 0.1182 0.0246 1.27E-13
Incineration 3333.33 0.7024 2.875 5.08E-13
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Fig. 4 Emission during the end of life treatment based on 1000 kg waste

waste [15]. Referring on the study by Kumar, centralized incineration produced high
amount of carbon dioxide, which leads to GWP [16]. Contribution of greenhouse gas
(GHGs) in landfill site that leads to GWP is due to the degradation of waste, combus-
tion of diesel fuel by the vehicles transportation on site during the maintenance of
the landfill [17].

Table 6 shows the normalized emission results during the life cycle stages of the
3-Ply face masks which is calculate using the formula (2) mention above. During
the distribution stage, it results in the highest emission value at 0.015 for the climate
changewhile during the disposal stage; the highest emission also comes from climate
change for both landfill and incineration with 0.018 and 0.064. Among the 4 impact
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Table 6 Normalized emission value during the life cycle stages for 3-Ply face masks

Impact category Life cycle stages Total

Distribution Disposal

Landfill Incineration

Climate change 0.015 0.018 0.064 0.097

Acidification 3.97E−3 1.066E−3 2E−3 7.036E−3

Eutrophication 3.53E−3 6.89E-4 0.025 0.029

Ozone depletion 0 6.57E-13 8.29E−13 1.486E−12

Total 0.0225 0.02 0.091 0.133

categories studied, climate change shows the highest emissionwhich results in related
to the emission of carbon dioxide and methane that leads to GWP.

From the study by Xin et al. [11], large amount of GHG is produced during
distribution and disposal stage of waste, leading to climate change impact towards
the environment. Figure 5 above shows the graph in the normalization of the impact
categories. The graph significantly shows that the highest emission for the impact
categories is climate changewhile the least emission of the impact categories is ozone

Landfill Incineration
Distribution Disposal

Life cycle stages
Ozone depletion 0 6.57E-13 8.29E-13
Eutrophication 3.53E-03 6.89E-04 0.025
Acidification 3.97E-03 1.07E-03 2.00E-03
Climate change 0.015 0.018 0.064
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depletion. The impact of ozone depletion is not significant compare to the impact of
climate change.

In order to achieve precise and efficient implementation to reduce pollutant emis-
sions to the environment, it is critical to identify the link between environmental
consequences and that specific life cycle stage [18]. The consideration to reduce
pollutant emissions can be concentrated especially in the process of raw material
extraction to the production stage, to primarily decrease emissions towards global
warming (greenhouse gases), acidic substances, and particulate matters, which will
accumulate in the atmosphere to cause significant effects.

4 Conclusion

From the results data generated above, the significant potential impact produced
during the life cycle stages of 3-Ply face masks among distribution and disposal is
GWP, while the least impact produced is ODP. High GWP emission value during
the distribution stage is mainly caused by the burning of diesel and fossil fuel for the
operation of the vehicles, while during the disposal stage is due to the incineration
of plastic waste.

Under the situation of having 1000 kg of waste ending up in each end of life
treatment of incineration and landfill, incineration results in a higher value emission
data of GWP. Incineration release harmful gases such as carbon dioxide and methane
gas resulting high emission value of GWP.

Based on the current pandemic situation in Malaysia, the waste produce by the
3-Ply face masks used is relatively high and huge in amount. With the issues of
land scarcity happening at the same time, it is important to implement suggested end
of life treatment such as incineration to reduce the waste towards landfill. Modern
incinerator technology can be used to reduce the impact produced during incineration
of waste towards the environment.
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Abstract Monitoring and inspection of apartment building facades with the help of
thermography aims to identify and evaluate construction defects and their effects on
thermal efficiency. The analysis of facade cracks is of great importance in the investi-
gation of construction issues, especially in the rehabilitation processes of buildings.
In this paper we studied the thermal rehabilitation efficiency of apartment build-
ings in Bucharest. The used approach was to compare the facades of insulated with
non-insulated ones in two periods of time to identify defects and detailed analysis
of thermographs in areas with heat losses. The study focuses on the temperature
gradient, temperature variation and distribution, but also on �T value which is a
thermographic analysis tool that shows the temperature differences between two
components, being a criterion to identify and evaluate defects.

Keywords Hydrodynamic modelling · Boundary conditions · Model calibration ·
Model validation · Danube river · Bystroe channel

1 Introduction

Monitoring the condition of the blocks with a thermal camera helps to identify
the thermal energy losses that can be caused by the degradation of the thermal
insulation, by an unsatisfactory insulation/workmanship from a qualitative point of
view or by the total lack of insulation [1, 2]. Heat losses lead to higher thermal
energy consumption which implicitly lead to problems with the ventilation system,
condensation inside homes and an inadequate indoor climate [3].
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In order to identify and evaluate the potential defects on the surfaces of the build-
ings in the thermographic image, emphasis is directed on the �T value. The identifi-
cation of defects depends primarily on the heat flow, being influenced by the nature
of the defect and the direction of heat flow [4]. �T up to 2 °C indicates abnormal
thermal behavior, while �T at 4 °C provides strong evidence of it [5].

In order to compare the anomalies in the different heat fluxes, the thermographic
contrast values of the anomalies (�T) can be corrected in relation to the average
temperature of the regionwhere the anomaly is located by adjusted�T, resulting�Ta
[6]. By using the �T criteria (temperature difference) in thermography, the severity
of defects on unrehabilitated surfaces was evaluated, having as a control surface a
similar surface, considered as normal temperature, without heat loss. Also, these�T
criteria highlight the fluctuations of the temperature anomaly and is dependent on
the atmospheric temperature [7].

The purpose of the study is tomonitor the energy efficiency of apartment buildings
included in a rehabilitation program of local authorities located in the neighborhoods
of Crangasi and Drumul Taberei in Bucharest, by analyzing the behavior and temper-
ature distribution on building surfaces and by detecting structural defects compared
to apartment buildings that have not undergone thermal insulation.

2 Materials and Methods

2.1 Material

In this case study were selected 7 rehabilitated blocks (R) that were analyzed quan-
titatively and qualitatively by calculating �T, adjusted �T (�Ta) and compared
with other 7 unrehabilitated blocks (UR), but similar in architecture, height regime
and construction materials. The use of �Ta is justified for comparison of anoma-
lies in different thermal flow conditions, such as anomalies in facades with different
orientations or anomalies at different heights in the same facade.

In the first thermography campaign of the selected buildings from the winter
season in February, both overview thermographs and detailed thermographs were
performed, where heat losses were identified on the facade. In the second campaign
that took place in the summer season, in June, only detailed thermographs were
performed to highlight the dynamics of heat loss in areas with defects under the
influence of air temperatures.

2.2 Methods

The FLIR E60 infrared camera with 320 × 240 IR Resolution, thermal sensitivity
of 0.05 °C and temperature range of −20 °C to + 650 °C was used in the process
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of evaluating the thermal efficiency for the rehabilitated blocks. The thermal images
were processed by the softwares specialized for the use of infrared camera: FLIR
Tools and FLIRResearchIR.With the help of FLIRTools, the quantitative analysis of
the �T values between the defective area and the no-defect area was performed. �T
was obtained by�T = Ta−Tr, where Ta is the temperature of the anomaly and Tr is
the temperature of the defect-free region. Also, �Tregion represents the temperature
difference between two surfaces, one unrehabilitated and the other rehabilitated, but
having the same dimensions and being similar in positioning on the building’s facade.
A �T adjustment method (�Ta) is applied by �Ta = 100 ∗ (

�T
/
Tm

)
, where Tm

represents the average temperature of the region where the anomaly is located. The
influence of the external temperature on the heat flow on the surface was followed
by determining the difference between the external ambient temperature and the
maximum temperature on the building facade through �Tair = Tair − Spmax, where
Tair is the outside temperature measured at the time of thermography and Spmax
represents the maximum temperature point on the facade of the building.

3 Result and Discussion

From the qualitative analysis of Fig. 1a, b, in which are represented the facades of
rehabilitated buildings R1 and R2, as well as the unrehabilitated facades of buildings
UR1.1 and UR2.1, we can see the significant temperature difference in the color’s
palette of thermographs and distribution of their non-uniformity caused by heat
loss within the unrehabilitated facades. The conditions of the main parameters of
thermography are: atmospheric temperature of 3.2 °C, distance of 50 m, relative
humidity of 79.5% and emissivity set at 0.86.

Table 1 shows the values calculated for �T,�Tregion,�Ta and�Tair. �T was
achieved by the difference between the maximum temperature point on the facade of
the anomaly and a defect-free point. The highest�T calculated values were obtained

Fig. 1 Comparison of the R1 surface (left) with the UR1.1 surface (right) within the same building
(a) and comparison of the R2 (right) with the R2.1 surface (left) within the same building (b)
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Table 1 Difference (�T) based on the comparison between similar components and atmospheric
temperature

Building
no

DeltaT◦
airC �T◦

regionC �T◦C �Ta

First
campaign

Second
campaign

First
campaign

Second
campaign

First
campaign

Second
campaign

First
campaign

Second
campaign

R1 15.4 3 7.2 1.5 7.8 1.4 60 4.8

UR1.1 14.4 1.6

R2 2.2 2.2 6.9 0.9 7.0 1.3 68.62 4.5

UR2.1 9.1 1.9

R3 2 3.3 4.2 2.3 4.7 2.5 106 9.1

UR3.1 1.1 2.7

R4 6.4 3.2 1.1 1.6 3.1 2.1 155 7.9

UR4.1 7,2 4.1

R5 2,9 5.3 3.4 6.1 4.9 3.5 74.8 12.5

UR5.1 1.6 0.6

R6 2 1.9 4.1 2.9 5.8 3.2 246.8 11.5

UR6.1 5.3 2.4

R7 1.4 0.9 6.4 8 3.9 8.2 195 27.8

UR7.1 5.8 7

for the UR1.1 building with a temperature range of 7.8 °C in the first campaign and
UR7.1 building with a temperature of 8.2 °C in the second campaign. The lowest
values were obtained for RU4.1 building with 3.1 °C in winter season and RU2.1
with a temperature of 1.3 °C in the summer season. �Tregion calculation was made
to have a clearer view of the amplitude of the anomaly on the surface.

The highest valueswere obtained for UR1.1 building, with temperatures of 7.2 °C,
and the lowest values were for RU4.1 building with temperature 1.1 °C. The results
for�Tair led to a maximum value of 15.4 for R1, at an outside temperature of 3.2 °C,
and a minimum value of 1.1 °C for RU3.1 in the first campaign under the influence
of an outdoor temperature of 7.4 °C. Also, in the second campaign, the highest
value for �Tair was obtained for R5 which indicates a strong efficiency of thermal
rehabilitation in these case.

4 Conclusion

Through the qualitative analysis of thermographs and the quantitative analysis
consisting in the statistical processing of temperature values and their differences by
�T calculation, significant differences were observed in the distribution of temper-
atures on surfaces, placement of defects on facades and severity of anomalies iden-
tified in unrehabilitated buildings. From the analysis of the �T criterion for surfaces
with similar components and similar properties obtained between surfaces, but also
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between facades and ambient temperatures, a strong discrepancy of values obtained
for rehabilitated and non-rehabilitated facades is indicated, with high efficiency
for thermally insulated facades. It has been observed that insulation influences the
decrease of temperatures on the exterior of facades, but has no long-term effect in
maintaining a uniform distribution of surface temperatures, over time, appearing
various defects caused by climatic conditions and external stressors. This situation
is encountered in the case of buildings which, although insulated, have heat losses
between the supporting plates or pillars and do not maintain the uniformity of the
temperature distribution on the surface.
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Abstract Competency is important for every professionwhere it is needed to ensure
the efficiency of a person while carrying out their task. Furthermore, with the emer-
gence of Industry 4.0 recently, there is a need for an improved competenciesmodel for
Quantity Surveyor. The objective of this study is to develop an improved competency
model for Quantity Surveyor complete with Industry 4.0 enabling technologies that
currently emerge nowadays. To achieve the above objective, a pilot study should be
conducted on the target respondents, namely Quantity Surveyor. However, before the
pilot study can be conducted, pre-testing on the research questions is done through the
Content Validity Index (CVI) that involves the expert validators consist of academi-
cians and industry experts. This paper intended to describe a systematic approach
to quantify content validity in the form of content validity index best practice. The
output of the CVI identified seven (7) parameters for non-technical competencies, ten
(10) parameters for technical competencies, and twelve (12) parameters for enabling
technological that are appropriate to be used in the questionnaire questions. Even-
tually, the output for this research will develop a comprehensive competency model
for Quantity Surveyors where it is embedded with Industry 4.0 technology enablers.
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validity index
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1 Introduction

Instrument content validity must be measured in order to assure construct validity
of the instruments. The extent to which a measuring tool represents the measured
concept is known as content validity, and it is used to establish the validity of
measurement instrument. Due to the important of content validity in ensuring overall
validity, it should be done in a systematic way based on research and best practice
[1] mentioned that content validity refers to the degree that the instrument covers the
content that it is supposed to measure. Meanwhile, [2] refers it as to the adequacy
of the sampling of the content that should be measured. Therefore, [3] concluded
that content validity measures the comprehensiveness and representativeness of the
content of a scale. In this research, all parameters for each section of this question-
naire were obtained through a literature review, document review, and policy review
on the competency of Quantity Surveyors.

2 Materials and Method

2.1 Method

Accordingly, Fig. 1 illustrate the methodology involve in the content validation as
one of the pre-testing in the data collection.

In order to ease the understanding the research methodology, each of the step are
elaborate as depicted in Table 1 below.

In this research, six panels of expert were selected to validate the content of
Quantity Surveyor competencies. Content validity is usually carried out by seven
or more experts [5]. However, [6] mentioned that five to ten panels are sufficient,
whereas more than ten panels were likely unnecessary [7] highlighted criteria for
selecting expert for content validity should be based on their job title, knowledge,
experience in related fields and their availability to participate. Therefore, by adapting
this criteria, several criteria in selecting the expert for this research were as follows:

STEP 1:Preparing 
content validation 

form 

STEP 2: Selecting a 
review panel of 

experts

STEP 3: Conducting 
content validation

STEP 4: Reviewing 
domain and items

STEP 5: Providing 
score on each item

STEP 6: Calculating 
content validity index

Fig. 1 Research methodology steps
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Table 1 Research Methodology Elaboration

Step Process Description

1 Preparing content validation form Content validation form is prepared to provide a
platform for the expert panel to review and
comments on each questions in the
questionnaire. It is also to helps the panel of
experts to have clear expectations and
understanding about the task [4]

2 Selecting a review panel of experts The selection of potential experts to review and
critiques the assessment tool (questionnaires)
where it is based on their expertise in Quantity
Surveying fields as illustrated in Table 2

3 Conducting content validation The content validation process was conducted
through face-to-face and non-face-to-face during
this pandemic phase. Ideally, face-to-face session
is to facilitate and expedite the content validation
process

4 Reviewing domain and items The expert panel are requested to critically
review the domain in each section before
providing score of each item. Allocation of
comment sections are to encourage the experts to
provide suggestions to improve the relevance of
the targeted domain

5 Providing score on each item The expert is required to scale the item and
submit their responses to the researcher once
they have completely scored the items

6 Calculating content validity index The calculation for the CVI indices are as
illustrated in Table 3

Source Author Illustration adapted from [4]

1. Degree Holder in Quantity Surveying and
2. Professional Quantity Surveyor registered with Board of Quantity Surveyor

(BQSM) or Royal Institute of Surveyor Malaysia (BQSM) or
3. Experienced Quantity Surveyor with over ten years of experience or
4. Academician who holds Doctor of Philosophy in Quantity Surveying fields.

Table 2 summaries the criteria for each of expert panels in this content validity
process.

2.2 Data Analysis

Each of the items was calculated using Content Validity Indexing (CVI) and the final
average of the I-CVI scores produces a scale level content validity score (S-CVI).
Table 3 below illustrate the calculation for CVI indices.
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Table 2 Criteria distribution of experts

Expert panels criteria Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6

Degree holder in quantity
surveying

* * * * * *

Professional quantity surveyor
registered with BQSM or RISM

* * * *

Experienced quantity surveyor
with over ten years of
experience

* * *

Academician who holds Doctor
of Philosophy (PhD) in quantity
surveying fields

* * * *

Table 3 The definition and formula of I-CVI, and S-CVI [4]

The CVI indices Definition Formula

I-CVI (item-level content
validity index)

The percentage of content
experts rating an item’s
significance as 3 or 4

I-CVI = (agreed
item)//(Number of expert)

S-CVI/Ave (scale-level
content validity index based
on average method)

The average score of all I-CVI
over the number of item or
everage of experts relevamce
judgements

S-CVI/Ave = (sum of I-CVI
scores)/(number of item)

3 Result and Discussion

The researcher analysed the results of the content validity of the scale as illustrated
in Table 4. Accordingly, the item in the parameter that had CVI over than 0.79 are
considered as appropriate and were remained. Meanwhile item score between 0.70
and 0.79 need some revision based on the panel of experts’ recommendation and
other items which score below 0.70 were discarded [7]. In addition, according to
[8, 9], the acceptable CVI values involving six experts should be at least 0.83 [10].
However, items for 3.5- Big Data and Predictive Analytics with CVI value of 0.66
and 4 uniform agreements among expert panels; need to be revised accordingly to
expert panels suggestions. The experts had agreed that the components are important
for Industry 4.0 enabling technologies measurement, where some improvement is
needed to ensure it can help to achieve the research objectives.

Based on the result showed, the research content and face validity of the instru-
ments was established; the questionnaire reviewed by the panel of experts indicated
that it was appropriate for the research purposes. On top of that, the content validity
of the instrument was also evaluated. Therefore, based on the feedback received from
the panel of experts, the questionnaire was revised and modified to ensure the degree
of relevancy of each item in the questionnaire were adequate. Subsequently, this
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Table 4 Result of content validity index

Section Parameters Expert
agreement

I-CVI UA Rating

Non-technical 1.1 Communication Skills (CS) 6 1.00 1 Appropriate

1.2 Critical Thinking and
Problem Solving (CTPS)

6 1.00 1 Appropriate

1.3 Teamwork Skills (TS) 6 1.00 1 Appropriate

1.4 Lifelong Learning and
Information Management Skills
(LL)

6 1.00 1 Appropriate

1.5 Entrepreneur Skills (ES) 5 0.83 0 Appropriate

1.6 Professional Ethics and
Moral (EM)

6 1.00 1 Appropriate

1.7 Leadership Skills (LS) 6 1.00 1 Appropriate

S-CVI/Ave 0.97

Technical 2.1 Procurement 6 1.00 1 Appropriate

2.2 Tendering 6 1.00 1 Appropriate

2.3 Contract Administration 6 1.00 1 Appropriate

2.4 Quantification &
Measurement

6 1.00 1 Appropriate

2.5 Bills of Quantities 6 1.00 1 Appropriate

2.6 Estimating & Cost Planning 6 1.00 1 Appropriate

2.7 Construction Knowledge 6 1.00 1 Appropriate

2.8 Economic & Finance 6 1.00 1 Appropriate

2.9 Information Technology &
Software Literacy

5 0.83 0 Appropriate

2.10 Law & Regulations 6 1.00 1 Appropriate

2.11 Research & Development 3 0.50 0 Eliminate

S-CVI/Ave 0.93

Enabling
Technologies

3.1 Building Information
Modelling

6 1.00 1 Appropriate

3.2 Internet of Things 5 0.83 0 Appropriate

3.3 Blockchain 5 0.83 0 Appropriate

3.4 Augmented Reality/Virtual
Reality

5 0.83 0 Appropriate

3.5 Big Data and Predictive
Analytics

4 0.66 0 Need to
revise

3.6 3D Scanning &
Photogrammetry/UAV
Application

5 0.83 0 Appropriate

(continued)
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Table 4 (continued)

Section Parameters Expert
agreement

I-CVI UA Rating

3.7 Cloud and Realtime
Collaboration/Monitor Sensor

5 0.83 0 Appropriate

3.8 Artificial Intelligence 5 0.83 0 Appropriate

3.9 Advance Building Materials 5 0.83 0 Appropriate

3.10 Smart Construction Site 5 0.83 0 Appropriate

3.11 Smart
Factory/Prefabricated/Modular

5 0.83 0 Appropriate

3.12 3D Printing & Additive
Manufacturing

5 0.83 0 Appropriate

S-CVI/Ave 0.83

I-CVI: Item Content Validity Index
S-CVI/Ave: Average score of I-CVI
UA: Universal Agreement

instrument was judged to have a good face validity and good content-related validity
based on the S-CVI/Ave value of more than 0.90.

4 Conclusion

In conclusion, a total of 7 non-technical competencies, 11 technical competencies
and 12 enabling technologies were identified from literature and were validated
by panel of experts. Respectively, based on the CVI calculation, 7 non-technical,
10 technical competencies and 12 enabling technologies were selected from the
outcome of Content Validation Survey. The established competencies and enabling
technologies were collectively agreed upon and confirmed to be applicable for Quan-
tity Surveyors competencies. Through this finding, this research has proceeded into
main data collection stage in order to achieve the main objectives of this research.
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Cost Analysis of Different Scenarios
for Extracting Groundwater
Contamination

Marwan Kheimi, Sultan K. Salamah, and Mohd Ikhmal Haqeem Hassan

Abstract Groundwater is an essential product for arid and semi-aridwith dry climate
region. The essence of groundwater is portrayed in areas where is low precipitation
amount is occurred. Therefore, protecting the recharged aquifer from contamination
plays a huge role to provide clean and easy to use pumped water for agricultural,
industrial, commercial, and public use. In this paper, a conceptional of different
scenarios is used to minimize the cost of extraction and transported plume pollutants
fromgroundwater. The InteractiveGroundwatermodel (IGW) has been implemented
inVolusia County, north ofOrlando area by utilizing parameters of hydraulic conduc-
tivity, storativity (specific yield) and layers depth from the SSURGO soil database.
Also, the results of the model were compared with USGS groundwater levels from
nearby well. The flow rates are grounded on the hydraulic conductivities (K), which
have an initial average value of 11.3 m3/day, and it is randomly varied throughout
the domain using spectral distribution function, the thickness (b), and the hydraulic
gradient (h) comprises the boundary conditions for the modeled area. Three different
scenarios have been adopted based on the EPA technical report to seek cost efficient
and realistic scenario of removing pollutants. The model has depicted that the best-
case scenario to implement is three injection wells and two pumping wells to get the
best results needed.
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1 Introduction

Groundwater is one of the essential sources for irrigation and public use for drinking
and other purposes. Unfortunately, groundwater is susceptible to pollutants [1, 2].
Groundwater contamination occurs with the interference of human-induced products
such as gasoline, oil, road salts, and chemicalswhen they get into the groundwater and
cause it to become unsafe and harmful. Therefore, it becomes more challenging to be
used as a natural source of water [2]. During the past decade, groundwater scientists
and engineers have advised several methods to contain and remediate soil ground-
water contamination. Pumping and treatment is one of the remediation methods used
to contain and remove the area of contamination [3]. So, this study aims to evaluate
the time and cost for planning the extraction of contamination by using practical
concepts adopted from the Emergency and Protection Agency (EPA) [4]. However,
in terms of practical use, collection of three-dimensional characterization of the soil
properties is essential to enable us to model the best practice method and allow us to
have a reasonable prediction of the treatment plan within a specific budget.

The main objectives of this study are prevent the contamination from reaching the
nearby lake, minimize the cost of contamination extraction project, suggest realistic
scenarios for contamination removal, and model the scenarios using the Interactive
Groundwater model (IGW).

2 Materials and Method

2.1 Description of the Model

In this study, the authors used an Interactive Groundwater Model (IGW) on the
study area. The IGW is using rapid complex calculations and multi-model analysis
to generate an accurate graphical representation of the input data results for ground-
water modeling. The model uses 3DFLOW, UNCERT engines for incremental and
first-order flow modeling and uses 3DTRANS for transport modeling. In addition,
IGW solves sparse matrix systems to acquire iterative solutions using 3DTRANS.
To present the data visually in 1D, 2D, and 3D, the IGWuses the GSLIB, OLECTRA
CHART,GISMAP-OBJECTS, andVTKengines to construct the graphical represen-
tation of the results. Using these engines in the base design of the IGWmodel allows
for sophisticated interactive graphical solutions for the groundwater aquifer frame-
work. In addition, IGW can assist in monitoring wells management by computing
and graphically presenting concentrations and heads in time series manors [5, 6].
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2.2 Data Collection

In order to run the model to analyze the movement of contamination in groundwater
and how the pumping wells could extract the contamination, first step is to find the
value of several parameters, mainly on soil characteristics, for our area of analysis.
This included hydraulic conductivity, storativity, depth as well as water table level.
Therefore, a shapefile for our area of interest was created and the associate data was
downloaded from the SSURGO database available on the Web Soil Survey website
of the United States Department of Agriculture [7]. Figure 1 below shows the area
of interest.

Several shapefiles and Microsoft Access files were downloaded from the [8]. The
main shapefile used in the study consists of 17 soil polygons. Our analysis further,
using map unit keys (mukeys) from the SSURGO database (Fig. 3 below), showed
that 7 of these polygons had the same mukeys and covered surface water areas.
Moreover, two other pairs of the polygons had the same mukeys. This meant that, in
total, we had eight different soil polygons in our area of interest. In order to process
the downloaded data, we needed to understand the structure of each soil polygon.
Figure 2 below, illustrates the structure of each soil polygon fromSSURGOdatabase.
Accordingly, each polygon can consist of multiple soil components; each component
itself may consist of multiple horizons with different soil characteristics.

Given themodeling limitations in the software package used, it is important to find
a single value for hydraulic conductivity, storativity, and depth for each of the soil
polygons. Therefore, the hydraulic conductivity was calculated for each soil polygon
by summarizing the available data for its components and horizons and calculating
an average value. The depth of each polygon was calculated by first adding the depth
of soil horizons for each component and then calculating the average depth of the
polygon’s components. For storativity, since an unconfined aquifer was considered
for this analysis, finding the specific yield of each soil polygon was needed. From

Fig. 1 Study area (Modified from [7])
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Fig. 2 (On the left side) Soil polygons in the area of analysis with their mukeys and (on the right
side) structure of each soil polygon in SSURGO database (modified from [7])

Fig. 3 Water table levels at the USGS gauging station [11]

SSURGO database, there was some data available on particle size for each soil
component. Then, some data on the specific yield of various materials was acquired
from a document by US Geological Survey (USGS), [9]. By summarizing the data,
each polygon’s soil components and making assumptions where data were missing,
storativity or specific yield of each of our soil polygons was calculated. For porosity,
since therewas nodata available on satiatedwater content for the area of analysis from
SSURGO database, the typical porosity values for materials in each soil component
was used. These typical porosity values were acquired from [10]. Then the porosity
of each soil polygon was estimated. Table 1 below summarizes the analysis results
on the required soil characteristics for each polygon in the study area.

In order to run ourmodel, we also needed to providewater table level in our area of
analysis. Therefore, we searched for the closest groundwater gauging station to our
area of interest to estimate the water table level. The relative groundwater gauging
station to the analysis area is on the right-hand side of Konomac Lake. We then
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Table 1 Soil characteristics of each polygon in the area of analysis

Mukey K-saturated (micrometers per
second)

Depth (cm) Storativity or specific yield
(percent)

Porosity

1,544,109 172.6 131.4 16.5 0.4

1,544,117 162.4 163.1 26 0.37

1,544,121 60.3 299.6 20.4 0.39

1,544,130 125.7 209.8 26 0.37

1,544,132 133.9 207.3 26 0.37

1,544,139 201.6 199.6 26 0.37

1,544,166 103.5 185.2 26 0.37

1,544,171 84.3 135.7 16.5 0.4

1,544,185 Water Water Water water

extracted the data on water table level at this site from USGS website, presented in
Fig. 3. The data showed that, on average, the water table level was about 60 ft below
the surface at this site. Since we intended to run the model with the assumption of
an unconfined aquifer near the land surface, we decided to assume here for the water
level table. Therefore, assuming that the water table level in our area of analysis was
at one meter below the land surface.

2.3 The Model Domain in IGW

The area of the modeled domain is nearly 700 thousand square kilometers (700 m
× 1000 m), surrounded by two lakes in the left and right of the domain. The model
is comprised of three different layers as follow (with containment residing in the
unconfined aquifer) (Fig. 4):

Fig. 4 a Area of analysis in IGW, b side view of layers below ground surface level
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1. Unconfined layer with a depth of 3 m.
2. Confining layer of 5 m below the ground surface level.
3. Unconfined layer of 40 m in depth.

2.4 Boundary Conditions

The boundary conditions are shown Fig. 4: for a lateral boundary. The river boundary
is the head difference that we assumed a head of 1 m below the ground surface for
the lake on the left side in Fig. 4 while 3 m below the ground surface in the lake on
the right, to allow the flow to move from left to right. In the north and south regions,
we assigned no-flow boundary conditions as they are impermeable boundaries. The
flow rates are based on the hydraulic conductivities (K), which have an initial average
value of 11.3 m3/day, and it is randomly varied throughout the domain using spectral
distribution function, the thickness (b), and the hydraulic gradient (h).

2.5 Proposal for Remediation

Implementing three different scenarios acquired from [4] with a consideration that
the below scenarios must be done without allowing the contamination to reach the
nearby lake. First scenario is applying onewell. Second scenario is applying pumping
and injectionwells (Doubletmethod). Finally, the third scenario is applying fivewells
(3 injection wells and two pumping wells).

3 Result and Discussion

Each scenario has been analyzed to see the effect of time and pumping rate with the
same domain boundary conditions, containment size of 58,000 m2, and parameters.
However, the number of pumping and injection wells may vary based on the scenario
implemented for the same conditions. For the first scenario with one pumping well
with 2500 m3/day, contamination can be extracted in 3 years, which seems easy
and practical. However, we found that with one pumping wells and one injection
well with 2500 m3/day pumping rates for both, it takes nearly 3.7 years to extract the
contamination. Lastly, in scenario three, the extraction process took 0.31 years, which
is 89.7% faster than scenario one, and 91.6% faster than scenario two. However, it
may also depend on other parameters such as pump’s location and the pumping rate.
Assuming that the price of a water removal pump with a 2500 m3/day capacity is
approximately $15,000 and the labor cost is around $20 per hour, we were able to
estimate the cost associated with each scenario. Accordingly, the scenarios would
respectively cost around $540,000; $678,000; and $129,000. Therefore, scenario
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three here seems to be the most cost-effective solution to the problem, with about
76.1% and 80.9% cost reduction from scenarios one and two [12].

4 Conclusion

Groundwater contamination is a significant threat to the provision of sustainable
water resources for human and ecological uses. There have been creative methods
devised to remove contamination from groundwater, including the use of extraction
wells. In this study, we analyzed three different scenarios with different numbers
of extraction wells for the removal of a plume of contamination from the area in
Volusia County, north of Orlando. This area is located between two lakes, so the
study analyzed scenarios that could remove the contamination before reaching the
nearby lakes.We acquired data fromSSURGOdatabase [7] and used them in the IGW
software package to analyze the performance of each scenario. Based on the results
of our analysis, we concluded that a scenario where we use five wells (3 injection
wells and two pumping wells) would provide the most cost-effective solution to the
problem of contamination removal from groundwater in our area of study.
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Abstract The exponential growth of population in Malaysia and the consequently
growing number of residences have aggravated the problem of householdwaste. Like
many other towns of Selangor, a small town located in every district of Selangor also
faces serious problems in terms of household hazardous waste disposal. The house-
holds of every district of Selangor generate and discharge a huge amount of untreated
hazardous waste daily. In this study, an attempt has beenmade to analyze the scenario
of household hazardous waste disposal in Selangor by means of a Knowledge, Atti-
tude, Awareness and Practices (KAP) survey. Interview and personal observation
were used to collect the data. The data collected were tabulated and processed to
supplement the analysis through them. This study was using Microsoft Excel to
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obtain percentage and correlation. The findings show that the average level of knowl-
edge among students was 89.8%.While the average awareness level was 93.7%. The
average attitude level for them is 91.8%. Lastlywas 44% for practice level. Generally,
this paper validates how knowledge influences attitude that subsequently determines
behavior particularly in household hazardous waste management as intervened by
appropriate environmental education. This study also indicates towards many posi-
tive aspects along with the negative ones. The positive aspects are mostly related
to the awareness and efforts made by the students, whereas the negative aspects are
mostly related to the improper methods of waste disposal adopted by the students
and the existing scenario of the disposed waste. It is suggested that the household
hazardous disposal practice can be improved by introduce more extensive program
in university collaborated with related agencies.

Keywords Household Hazardous Waste (HHW) · Household Hazardous Waste
Management (HHWM)

1 Introduction

Waste is defined by the original consumer as unused residues, disposed residues
and items or artefacts which are no more usable. These items are by-products of
human activities such as preparing, sorting, shipping, reassembling, disassembling,
refurbishment, construction restoration and extraction. Fast urbanization, growing
economy, industrialization and a rise in people’s well-being have contributed to
rising growth of disposal of waste [1]. The increase in atmospheric waste generation
and disposal without recycling is seen as a risk to the planet and health impacts [2].

Household hazardous waste is classified as a fraction of household waste that
contains corrosive, destructive, flammable, poisonous, inflammable, or reactivemate-
rials and is difficult to dispose of or endangers human health and the environment
due to its biochemical nature. Dangerous waste from households is the unwanted
portions of those products which contain hazardous ingredients. Household waste
is a large portion of municipal solid waste, 4% or more of which can poten-
tially affect both the environment and human health. In general, hazardous product
divided into five categories: automobile, sanitation and polishing, paint and associ-
ated solvents, pesticides, and various things (examples include batteries, fingernail
polish remover, certain cosmetics, and shoe polish). These materials are consid-
ered dangerous because they can be poisonous, combustible, corrosive and/or cause
violent reactions to the chemical [3].

A good environmental controls good health and increases the quality of life for
humans. Knowledge and awareness about waste management for households is very
important [4]. Proper waste disposing is important for environmental conservation.
Lack of awareness, erratic and unplanned waste dumping are the key causes of
inappropriate waste disposal. Poor awareness of waste management is the main
human health problem. People need to have information on disposal of household
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waste. It is important to be conscious between people about dealing with waste.
Inadequate and inappropriate information of household waste handling can have
severe health effects as well as the environmental impacts become more significant.

Moreover, Jatau [4] explained that a good understanding about household waste
disposal will avoid infectious diseases and ensure safe environment. The attitude
towards waste management is affected by their level of understanding. Inadequate
collection and insufficient treatment of waste facilitates the transmission of bacteria,
induces diseases such as cholera and diarrhea, and provides breeding grounds for
disease vectors such as mosquitoes (malaria, dengue fever), flies (diarrhea) and
rodents [5]. People ought to get good practice in their homes to dispose of household
waste. Moreover, inadequate waste disposal activities contribute to environmental
degradation by rising the burden of illness and disease among people. Therefore, a
survey was conducted in Selangor because of previous study stated that huge house-
hold waste was collected as Petaling Jaya in 2010 was found to have 1.70 kg per
household and 0.34 kg per person per day [6]. The population estimate living in this
area (Bandar Baru Sungai Buloh, Shah Alam, Selangor, Malaysia) is 8000 people
with a total population of approximately 2000. Bandar Baru Sungai Buloh is one of
the old housing estates in Selangor is currently facing problems in themanagement of
their domestic waste. Thus, this study aims to determine the level of understanding
on the hazardous household waste management amongst undergraduate students
by determine the percentage of knowledge, attitude, awareness, and practices. It is
expected from the results obtained; more efficient program/policy can be performed
by universities to achieve sustainable environment.

2 Materials and Method

Setting: The research has been conducted the undergraduate students in Malaysia
that live in Selangor.

Research Design: A descriptive cross-sectional study has been carried out the
undergraduate students in Malaysia that live in Selangor.

Population: The study population has female and male of students age between
20 to 30 years.

Sampling: Datawas randomly collected of 100 samples. The research is primarily
subjective and incorporates data obtained from the student questionnaire survey.

Research Instrument: Data was collected by pre-designed adopted question-
naire [7, 8], interview technique on different variables household hazardous waste,
knowledge, attitude and practices.

Data Gathering Procedure: Convenience sample technique has been used to
collect data on demographic variables, knowledge, attitude, and practice among
undergraduate students.

(i) Section 1—Background of Respondents: Respondents are asked to provide
details such as name, age, student’s residence, and current semester. It is
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necessary to understand the student’s background to get a general view of the
respondent.

(ii) Section 2—Knowledge on HHW: This section aims to access the student’s
knowledge regarding household hazardous waste. Such as, do the respondents
know how to classify the hazardous household waste. There are 5 questions in
this section which require student to answer agree or disagree. Agree means
students has knowledge on that question while disagree shows otherwise.

(iii) Section 3—Awareness on HHW: In this section, there are 3 questions. First
question is designed by using the Likert scale. For this, the waste disposal was
divided into four levels: Excellent awareness (very agree), Good awareness
(agree), Satisfactory awareness (disagree) andPoor awareness (very disagree).
Another two question are designed by using single choice answer (Yes or No).

(iv) Section 4—Attitude on HHW: In this section, there are 5 questions. These
questions are designed by using the Likert scale. For Attitude on HHW anal-
ysis, assessing type of respondents’ attitude towards household hazardous
waste management was divided into three: positive attitude (very agree and
agree), not sure (neutral) and negative attitude (disagree and very disagree).

(v) Section 5—Practices on HHW: In this section, there are 8 questions. These
questions are designed by using the single choice and multiple choice.

Analysis of Data: Data analysis was done using Microsoft Excel. Data was anal-
yses to obtain percentage of each section and the correlation analysis. The percentage
of each section was calculated by determined the average value of the questions.

Study Timeline: Study has been conducted in 10-month duration from March
2020 to January 2021.

3 Result and Discussion

3.1 Profile of the Respondents

The study has done for undergraduate students in Malaysia that live in Selangor. The
study indicates that majority of respondents were among the female group with 58%
which equal to 58 female respondents while the rest 42 are among male respondents.
Therefore, the overall results from this study can be concluded as more women
preference rather thanmen. This can relatewith some studies have shown thatwomen
are more in line with social comparisons than men [9]. Rather, it seems that men
and women vary in their form of interdependence. For example, in view of the
primary duty of women for washing, food preparation, family wellbeing, laundry and
domestic maintenance, women and men can view household waste and its disposal
differently. They may have different knowledge of waste or garbage. They will also
handle waste differently and set different goals for disposal.

From this survey, the largest range of age that contributed to the percentage was
20–21 years old with a percentage of 51%. The second-largest range of age was
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Fig. 1 Demographic Characteristic of Respondents which shows a current semester of the
respondents and b resident area of the respondents

22–23 years old with a percentage of 43%. Then, the data followed by age 24 years
old above with the percentage of 6%.

According to Fig. 1a the highest respondents were coming from semester 3 which
consists of 37 respondents.While the lowest respondents were coming from semester
1 which consists of 1 or 1% of the respondents. Another semester for semester 2, 4, 5,
6 and 7 were 7%, 23%, 8%, 6% and 10% respectively. Semesters 8 and 9 were equal
which were 4%. This study shows that most of respondent was come from semester
3 which enroll the environmental studies in their curriculum plan. For respondents’
resident (Fig. 1b), the highest percentage was 26% which at Sabak Bernam. For the
lowest percentage was 3% which at Hulu Selangor. For Kuala Selangor and Sepang
got same percentage which was 10%. For Gombak, Hulu Langat, Hulu Selangor,
Klang, Kuala Langat and Petaling were 16%, 5%, 3%, 15%, 7% and 8% respectively.

3.2 Knowledge on Household Hazardous Waste (HHW)

Figure 2 reveals the level of knowledge of respondents. In knowledge on HHW anal-
ysis, calculating the extent of knowledge of respondents about household hazardous
waste disposal was split into two: knowledge (agree) and less knowledge (disagree).
More than 80% respondents were agreed and less than 20% were disagree with
the question given. Therefore, the analysis showed that an average of 89.8% of the
respondents had knowledge of household hazardous waste disposal. This value is
consistent with study made by Barloa et al. [10] and Shahzadi et al. [7] which shows
satisfactory knowledge of 73.4% and 72% respectively on solid waste management.
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considered as HHW, (Q2) Electronic and Electrical waste are considered as HHW, (Q3) Sharp waste
are considered as HHW, (Q4) Education of family members is effective on quality and quantity of
HHW, (Q5) The type and area of residential building are effective on quality and quantity HHW

3.3 Awareness on Household Hazardous Waste

This study estimated the level respondents’ awareness towards HHW as shown in
Fig. 3a which the average result of awareness level in this study showed that 45%
respondents were excellent, 48.67% were good, 3.67% were satisfactory and 2.66%
were poor in awareness. The study found a total of 93.7% of the respondents that had
good and excellent awareness towards HHW disposal. This value is aligning with
similar study conducted in South Africa which indicated 80.0% of the community
had knowledge of householdwaste disposal andwere aware of the detrimental effects
of excessive waste disposal. Most of the population (83.0%) is conscious that further
waste generation could damage the environment [7]. As shown in Fig. 3b an 83%
of respondents had an environment topic in curriculum, so they have knowledge on
HHWdisposal. This clearly shown by 75% of respondents were knew how to dispose
household waste. According toMaddox et al. [11] andWang et al. [12],the awareness
of students about environmental problems and solutions can be increased through
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Fig. 4 Respondent’s Attitude on HHW disposal which each question asked about the importance
of (Q1) considering hazardous household waste material and their properties, (Q2) health and envi-
ronment effects of hazardous household waste, (Q3) adverse effect of hazardous waste manage-
ment on the proper management of normal household waste, (Q4) proper management (collection,
processing, and disposal) of household hazardous waste, (Q5) media training in management of
household hazardous waste

education. Thus, the particular skills and knowledge gained from environmental
education would help in changing human behavior towards the environment [13].
Moreover, students with some knowledge and skills in environmental education
are more motivated to take part in environmental protection activities and plans or
known as ecological behavior [14], thus creating new ideas for solving environmental
problems.

3.4 Attitude on Household Hazardous Waste

Based on Fig. 4, most of the respondents showed positive attitude towards household
hazardous waste management with 91.8% of respondents were agree and very agree
with the questions given. There was a strong positive correlation (0.86) between
attitude and knowledge. According to Goytay and Thatte [15], value between 0.5 and
1 indicated strong positive correlation. This supported by Ghanbari et al. [16], which
attitude was found to be positively correlated with family background knowledge.
This study proves that the degree of continuity between environmental attitudes and
behavior is influenced by a person’s knowledge and understanding, public verbal
engagement and sense of obligation [17, 18].

3.5 Practice on Household Hazardous Waste

For Practice on HHW analysis, a total of 61% respondents had worst practice on
household hazardous waste disposal which relying on family members to dispose the
HHW. This study was supported by the previous study which weak correlation was
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found between students’ knowledge and environmental practices [19]. In general,
people with a good level of knowledge and attitude did not show a satisfactory
practice, which may be due to lack of a comprehensive and appropriate plan for
household hazardous waste disposal. Furthermore, a high level of understanding and
a strong perspective on environmental issues have not been shown to necessarily
transform into positive environmentally friendly practices [20]. This supported by
Tatlonghari and Jamias [21] which did not find any relational evidence between
attitudes and practices, taking into account their observations on the clear association
between degrees of awareness and practice.

Moreover only 44% respondents were separated the household waste while 56%
were not separate the waste. This showed that half of the respondents were not
good in practices on household hazardous waste. Most of the respondents knew that
excessive disposal of waste would affect the lives of humans. In the study of the
quality of knowledge and practice undertaken in Ogun State, Nigeria, Ayodeji [22]
reported the same findings. It was noted that secondary school students were aware
of the waste problems in their school compounds in the sampled areas, but the same
students had ineffective waste management activities.

As shows in the Fig. 5a, none of the respondent separate battery andmedical waste
from their household waste and 53% of respondents did not separate their house-
hold waste at all. This study was supported by Ismail et al. [23] which showed that
municipal wastemanagement (MWM) practices were low in all classes of employees
surveyed at the tertiary health institute in Dakshina, India, and generally, it appears
that the prevalence of unsafeMWMpractices in developing countries is troubling due
to lack of proper training and allocation of medical waste to poorly trained personnel.
About 72% of respondents were using the polythene to dispose the household waste
as shown in Fig. 5b. This showed that lack of sustainable environmental method of
hazardous household waste being disposed as polythene is known to contribute to the
plastic pollution. According to Budhiarta et al. [24], the plastic waste generated in
Kuala Lumpur, Malaysia is 21% which is considered high. The result also consistent
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with the review made by Chen et al. [25] that the inconsistent application of policy
initiatives by state governments, lack of public awareness and household recycling
practices were found to be the major factors to plastic pollution in Malaysia.

4 Conclusion

The results showed that the students that live in Selangor have responded to 89.8%
of knowledge level with an excellent 93.7% of attitude, 91.8% of awareness, but
only 44% were good in their practice of household hazardous waste management.
Most of the students are aware of the necessity of proper waste disposal. Therefore,
it can be suggested that the study undertaken undergraduate students at Selangor
revealed many attention-grabbing facts relating to the perception of the residents
on household waste disposal. It helped in analyzing the present scenario of house-
hold waste disposal in student’s resident. Environmental education is recommended,
by held a program with emphasis on issues regarding household hazardous waste
management and recycling, it should also be included in the basic curriculum or
certain course works of college students that all students must be participated, to
expand their knowledge on how to improve practices on household hazardous waste
management. Relevant seminars and programs on environmental protection and
waste management should be organized by Kementerian Pelajaran Malaysia (KPM)
and all the higher institutions in Malaysia to encourage students and the public to
become environmentally responsible citizens.

Acknowledgements Authors would like to thank College of Engineering, Universiti Teknologi
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Study of Slope Failure in North
Sumatera: Case Study
Medan—Berastagi Road

Ika Puji Hastuty, Fauziah Ahmad, Roesyanto, Moh Sofian Asmirza,
Ahmad Perwira Mulia, and Ridwan Anas

Abstract North Sumatra is one of the areas where landslides often occur. The road
along Medan-Berastagi is a landslide-prone area that has a rough topography with
undulating hillside reliefs and slope angle between 60° and 90°. The literature on
landslide susceptibility analysis in Sibolangit and Karo areas, where the two areas
are located alongMedan—Berastagi road, will be reviewed in this paper. This article
presents summary review and classification of the main approaches that have been
developed in Sibolangit and Karo as the parameters, methodologies, and tools used
to obtain a landslide hazard map. The results of the review will be validated using
landslide events that have occurred in 2020 by direct field observations.

Keywords Slope failure · Landslide · Risk · Hazard · Geographic Information
System (GIS)

1 Introduction

The Medan-Berastagi road section plays an important role in the community’s
economy, but currently the capacity and geometric of the road and slopes cannot
accommodate the volume of vehicles that pass through the road. Medan-Berastagi
Road is traversed by 2 regencies, namely Deli Serdang Regency and Karo Regency.
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Sibolangit District is a highland area with an altitude of 400–700 m above sea level,
it has a rough topography with undulating hillside reliefs with slopes ranging from
60° to 90°. Karo Regency is also located in the highlands of Bukit Barisan with the
lowest elevation of ± 140 m above sea level (Mardingding) and the highest at ±
2,451 m above sea level (Mount Sinabung) [1, 2].

2 Method

The main purpose of this review is to analyze the research that has been carried out
in North Sumatera, especially in Sobolangit and Karo; regarding the potential and
mapping of landslide-prone risk using Geographic Information System (GIS). The
review result will be validated predictively using landslide events that have occurred
and review result of studies that have been carried out by other researchers.

3 Result and Discussion

3.1 Historical Area Along Medan—Berastagi Road

Research on landslide vulnerability analysis has previously been carried out in
Sibolangit District using Geographic Information System (GIS) [3] this research was
carried by observing population density and slope angle factors. Base on data from
Badan Pusat Statistik [1], population density in Sibolangit is around 21.5−582.5
people/km2. Final hazard map can be obtained by calculation of total score; the
scoring/ weighting method referred to Puslittanak Bogor [4]:

LHI = (0.4PD+ 0.2JD+ 0.2NW+ 0.1NE+ 0.1NC) (1)

where LHI= landslide hazard index, PD= Population Density, JD= Job Descrip-
tion, NW = Number of Women, NE = Number of Elderly, NC = Number of
Children.

The parameters used in Karo Regency study were angle of slope, slope water
management, soil conditions, seismicity, constituent rocks, vegetation, and rain-
fall where scoring and weighting referred to Peraturan Menteri Pekerjaan Umum
No.22/PRT/M/2007 [5] which can be formulated as follows:

LHI = (0.1CP+ 0.2SE+ 0.1PC+ 0.1SD+ 0.2BC+ 0.2PD+ 0.1ME) (2)
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where LHI = landslide hazard index, CP = Cropping Patterns, SE = Slopes Exca-
vation and Cutting, PC= Pond Construction, SD= Slope Drainage, BC= Building
Construction, PD = Population Density, ME =Mitigation Efforts.

Based on Fig. 1, it can be seen that population density in areas with slopes above
45% affects the level of vulnerability to landslides in Sibolangit District and Karo
Regency. The reason is that the land has changed its function due to the need for
regional infrastructure. From Fig. 1a; it was concluded that three villages were clas-
sified as very high landslide prone areas with a population density of 423.81−582
people/km2 and a slope of >45%. Study conducted by Ahmad [6] described >500
people categorized as very high density population, developed areas such as resi-
dential buildings with no less than 100 units; the number of people at risk is very
high. The land is also not suitable for development because it is very risky to humans
and the environment and is considered the most likely to experience slope failure.
According to Althuwaynee [7], high population density is directly related to the high
density of residential buildingswhere the population density is between 700 and 1500
person/acre, but this area is not the most risky areas to landslide. Slope instability
generally occurs due to natural processes, but some of the results of uncontrolled
human activities in exploiting nature can also be a factor causing slope instability
which can lead to landslides.

From the Fig. 1b at Karo Regency, it was concluded that five districts were classi-
fied as high landslide prone areas. Uncontrolled human activity in exploiting nature
has a big share in the occurrence of landslides. The construction of building, excava-
tion, and slope cutting are the parameters that influence the occurrence of landslides
the most. The reason is because it has an indicator weight by 20%, so that the high
landslide hazard level is mostly located in areas that have a high level of construction
and slope cutting [8].

3.2 Landslide Validation Along Medan—Berastagi Road

The validation carried out was predictive validation where the research results were
adjusted to field conditions. Direct field observations at nine landslide locations along
Medan—Berastagi road in 2020 can be seen in Fig. 2. The results of field observations
show that the most prone areas to landslides are in accordance with mapping using
GIS.

Based on data from Balai Besar Pelaksanaan Jalan Nasional II Medan [9], there
were 7 landslides that occurred from 2017 to 2018, and 3 locations that are prone to
landslides have been detected. The location can be seen in Table 1.
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(a)

(b)

Fig. 1 Landslides susceptibility Map; a Sibolangit District b Karo Regency
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Fig. 2 Landslides validation along Medan-Berastagi road

Table 1 Landslides data
during 2017–2018 [9]

Road Section Location (Km) Remarks

Medan—Karo
boundaries

36 + 700 L/s Landslide on
October 2018

Medan—Karo
regency boundaries

37 + 550 R/s Landslide prone
on slopes

Medan—Karo
regency boundaries

37 + 600 R/s Landslide prone
on slopes

Medan—Karo
regency boundaries

37 + 700 R/s Landslide prone
on slopes

Medan—Karo
regency boundaries

37 + 800 R/s Landslide on
September 2018

Medan—Karo
regency boundaries

50 + 400 R/s Landslide on
December 2017

Medan—Karo
regency boundaries

50 + 600 R/s Landslide on
November 2017

Deli Serdang
boundaries—Ujung
Aji

56 + 050 R/s, L/s Landslide on
October 2018

Deli Serdang
boundaries—Ujung
Aji

57 + 300 R/s Landslide on
November 2018

Deli Serdang
boundaries—Ujung
Aji

57 + 700 R/s Landslide on
November 2018

R/s = right side and L/s = left side
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4 Conclusion

One of the causes of landslides in Siboangit District and Karo Regency is population
density. Uncontrolled human activities in exploiting nature can be a triggering factor
causing slope instability. Based on the landslide potential mapping that has been
carried out in Sibolangit District and Karo Regency, it can be seen that the road
along Medan-Berastagi has a very large potential for landslides and the main factors
triggering landslide are not yet known clearly.

Acknowledgements This study is in collaboration between Universiti Sains Malaysia—Univer-
sitas Sumatera Utara (USM—USU) and supported by Universiti Sains Malaysia Research
University Individual (RUI) Grant, No: 8014094

References

1. Badan Pusat Statistik (2018) Kecamatan Sibolangit dalam Angka
2. Badan Pusat Statistik (2020) Kabupaten Karo dalam Angka
3. Hastuty IP, Ahmad F, Anas MR, Hidayati YR (2020) Vulnerability analysis of landslide at

Sibolangit using Geographic Information System (GIS) based on population density and slope
gradient. IOP Conf Ser Mater Sci Eng 801(1):012008. https://doi.org/10.1088/1757-899X/801/
1/012008

4. Puslittanak (2004) Laporan Akhir Potensi Bencana Kekeringan, Banjir dan Longsor di Kawasan
Satuan Wilayah Sungai Citarum-Ciliwung, Jawa Barat Bagian Barat Berbasis Sistem Informasi
Geografis. Bogor

5. Departemen Pekerjaan Umum (2007) Pedoman Penataan Ruang Kawasan Rawan Letusan
Gunung Berapi dan Kawasan Rawan Gempa Bumi. Peraturan No 22

6. Ahmad F, Yahaya AS, Ali MM, Hairy SHA (2012) Qualitative risk assessment schemes using
selected parameters for hillslope developments: a case study of Penang Island. Landslides
9(1):63–74. https://doi.org/10.1007/s10346-011-0275-7

7. Althuwaynee OF, Pradhan B (2017) Semi-quantitative landslide risk assessment using GIS-
based exposure analysis in Kuala Lumpur City. Geomatics Natl Hazards Risk 8(2):706–732.
https://doi.org/10.1080/19475705.2016.1255670

8. Hastuty IP, Ellysses Pratama O (2021) Geographical information system and satellite imagery
for landslides analysis in Karo Regency based on human factors. IOP Conf Ser Mater Sci Eng
1122(1):012019. https://doi.org/10.1088/1757-899x/1122/1/012019

9. Balai Besar Pelaksanaan Jalan Nasional II Medan (2019) Lokasi Longsor dan Rawan Longsor
PPK 18

https://doi.org/10.1088/1757-899X/801/1/012008
https://doi.org/10.1007/s10346-011-0275-7
https://doi.org/10.1080/19475705.2016.1255670
https://doi.org/10.1088/1757-899x/1122/1/012019


The Barriers of Building Information
Modelling (BIM) for Construction Safety

Nurul Hasanah Mohd Taat, Nor Haslinda Abas,
and Muhammad Fikri Hasmori

Abstract Building InformationModelling (BIM) is technologymoving in theworld
of engineering and architecture to the arena of construction companies in charge of
construction operational that implement in the construction industry in Malaysia.
However,most of the projects that implementBIM just focus on planning the building
frame without considering safety planning. Hence, this paper is expected to fill the
gap through the exploration of BIM-based on safety planning inMalaysia in previous
literature. This paper presents a review of the barriers of BIM for safety planning in
Malaysia’s construction industry. All the barriers to adopting the BIM for construc-
tion safety has been found from previous research publications, such as lack of in-
house expertise, lack of training/education on BIM, lack of awareness of BIM, lack
of collaboration, client demand, and unsure of government commitment to BIM, high
cost of software purchasing, lack of standardizing and resistance to change. All these
barriers can be a guideline to the construction industry to solve this issue regarding
BIM awareness in the construction industry. Proper safety planning in a project will
surely benefit BIM in the construction industry. The research aim can be achieved
and beneficial to all parties in the construction industry. This safety planning through
BIM may minimize the accident at the project site, prevent hazard, and identify risk
in the future.
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1 Introduction

Almost all new tender projects in Malaysia has started using BIM in their project as
there are potential benefits if BIM is implemented in the project. Most of the clients
in the private sector required BIM if the project cost is high. For the project that
required a BIM, there is safety and health requirement that need to be fulfilled by
contractors onhow the contractor plan andmanage their safety at the construction site.
However, most of the projects that implement BIM focus on planning the building
frame without considering safety planning, such as planning the best place to put
the tower crane, workers cabin, and scaffolding in the BIM modeling. Thus, the site
process, including the logistic aspect and safety, is ignored.

Apparently, in construction planning, safety planning should be seen to be part of
them. Safety planning such as site layout planning ingress and egress, machineries
storage and material storage, temporary site storage, the workers’ rest area, falling
protection equipment, and planning should be taken care of in the design stage to
avoid an accident on site. This awareness of safety during the design stage can influ-
ence the risk of falling [1]. This is supported byMarefat et al. [2], as these safety rules,
and geometric data can be used to generate information that, once implemented, can
enhance safety education and training at the planning/design and construction stages.
With proper implementation and adoption of BIM, the difficulties and complexi-
ties in managing a project would be reduced [3]. In addition, the performance and
productivity will be increase throughout the project life cycle if BIM is implemented
successfully with the proper sequence at the construction site [4].

To sum up, this research is to identify the awareness of safety planning in BIM-
based projects and the implementation of safety planning during the design and
construction stage.Hence, this paper is expected to fill the gap through the exploration
of BIM-based on safety planning in Malaysia in previous literature.

2 The Concept of Building Information Modelling (BIM)

Building Information Modelling (BIM) is an intelligent 3D Model-based. Through
BIM, it will help the engineering, architecture, and construction professional move
towards more automated, more successful, and collaborative ways of working. BIM-
based design techniques tended to reduce the difficulty and complexity of project
management [3]. Adam et al. [5] stated that BIM is considered a strong driver in the
construction industry for modernization, productivity, and new ideas.

There are two different terms of BIM, which are the process of building infor-
mation modeling and the resulting model. BIM was conceived by Velasco [6] as a
working methodology to improve the generation, management, transition, and visu-
alization of knowledge throughout the entire life cycle of the building. According
to Enshassi et al. [7], in the context of the visual, BIM technology can be used as
support in terms of construction simulation and information statistics.
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A construction project is the process of the life cycle that includes time, quality
and cost. With proper of implementation and adoption of BIM, the difficulties and
complexities in managing a project would be reduced [3]. In addition, the perfor-
mance and productivity will be increase throughout the project life cycle if BIM is
implemented successfully with the proper sequence at the construction site [4]. As
state in Sardroud et al. [8], BIM, also known as project modeling, virtual building,
virtual design, construction, andfinally 4Dmodeling, is an extension of the computer-
aided design (CAD) framework that offers more intelligence and interoperable
details.

3 The Awareness of Building Information Modelling (BIM)
in Safety Planning

This project performance and productivity could significantly increase with the
awareness of BIM implementation and benefits to the project [9]. Awareness and
potential benefit of this new technology not discovered by the majority of the
construction player, including stakeholders as the implementation of BIM is not
taken seriously in this construction. As the majority of construction players has 20
or 30 years works experience in this construction industry, the implementation is a
bit challenging.

This BIM was recognized as a central point in technology for construction site
safety related to planning and scheduling, enabling visualization of safety arrange-
ments in construction projects, connecting the safety viewpoint more closely to
construction planning, and provide more illustrative site plans for communication
[10]. Previous research concluded that the major safety problems are associated with
falls, moving on-site from task to other task and installation of the prefabricated unit
[11] BIM can also be used for risk analysis and safety-related evaluation as visu-
ally plans first, then can automated risk identification in future. This can reduce the
risk at construction projects as the project team can identify risk in the future and
prepare the best way to minimize the risk. According to Marefat et al. [2], with the
development of BIM, BIM technology, and the lifecycle realization in one holistic
environment, the information of Health and Safety can be created directly. If this
BIM technology can be linked successfully with the implementation and planning
of health and safety, there are high chances to delivers significant benefits to the
construction industry.
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4 BIM Application in the Construction Industry

According toBenjaoran andBhokha [12],BIMhas been labeled as the tool to improve
the construction industry due to its ability to run project information (n-dimension)
throughout the process of the project lifecycle. It is also has been labeled as a set of
digital tools that can manage the effectiveness of construction projects [13]. BIM is a
set of technology processes and development that has transformed the infrastructure
process in designed, constructed, analyzed and managed [14]. BIM also can improve
and enhance the planning process and design of the construction framework [13].

BIM is a high technology and process to manage construction work. The commu-
nication through BIM-based visual 3D presentation can be easier to be present to
the client and construction player. This BIM was recognized as a central point in
technology for construction site safety related to planning and scheduling, enabling
visualization of safety arrangements in construction projects, connecting the safety
viewpoint more closely to construction planning, and provide more illustrative site
plans for communication [10].

5 Barriers of Adopting BIM in Construction
and Construction Safety

There is some of the studies have reported on the construction industry’s reluctance to
implement new technologies. According to Marefat et al. [2], the barrier to adopting
BIM in the construction industry are summarized below (Note that summary of
barriers is supported by relevant literature).

5.1 Lack of In-House Expertise

As BIM is the newest technology practice in Malaysia, it is crucial to have an expert
in order to practice BIM. It is challenging to adopt a BIM if they have a deficiency
of expertise to refer to. It is found by Marefat et al. [2] the most substantial barrier
of adopting BIM for construction safety is the lack of in-house expertise. This is
also supported by Gilligan and Kunz [15], that among the most common reasons for
not adopting the BIM technology are lack of BIM professionals, lack of need, and
lack of request by the client to execute the project planning using BIM [15]. Other
than that, the qualification of BIM experts is also crucial to adopt BIM. The less of
qualification and expert, it is hard to implement a BIM into a project. According to
Chan [14], the lack of qualified in-house staff was the most significant BIM adoption
barrier. Adam et al. [5] reported that construction players should have the necessary
skill and knowledge of this technology.
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5.2 Lack of Training/Education on BIM

The lack of training and education is one of the significant barriers of BIM. The
lack of training and education in Malaysia is one of the problems that need to take
seriously. Besides, the high cost of training is also one of the barriers that are taken
into account why Malaysia has this barrier.

It is recommended to introduce BIM in the education phase, such as since in
university to adopt a BIM. It is much easier to introduce and practice a BIM among
the construction players with engineering background study. Training and education
of BIM need to introduce since the early of education to make it easier for the
student to explore more since university. According to Chan [14], to adopt BIM as
a pedagogical platform, professional bodies should work together with educational
institutions to review their curriculum and their course. This is support by Gilligan
and Kunz [15] as training is needed to increase the expertise in BIM technology since
early education in university. Ministry of higher education Malaysia has established
various initiative programs for some universities, but the adoption is still low among
the students [16]. Then, the lecturer’s role is vital to spread awareness and introduce
BIM to students.

Khemlani [17] reported that the lack of initiative and training, varied market
readiness across geographic and reluctant to change the existing work-practice are
the primary reasons on adopting the new technology. The lack of initiative, lack
of training and knowledge, varied readiness across organizations and geographies,
fractures existence in the construction industry, and the aversion of the industry to
altering conventional working practices are the generic barrier to BIM adoption [18].
This is support by Abu Bakar et al., as one of the significant barriers is education
and cost associated with training [19].

5.3 Lack of Awareness of BIM

The awareness of BIM in Malaysia is the significant barrier to BIM is fear of change
[20]. Kassem at el. [21] were recognize the main obstacles to BIM is the shortage of
experience within the workforce and lack of awareness by stakeholders. There were
several challenges for safety planning to utilize BIM technologies which are the
additional costs involved in developing/enhancing BIM models, lack of awareness
of BIM use by construction players and technical concerns, such as the shortage
of security modules and equipment available in the BIM software library. This is
support by Gamil and Rahman [22], as one of the barriers is BIM knowledge among
the project stakeholders.

The government has established various initiatives and the contractor should
encourage their team to join the programs. The government’s and client’s role in
this matter is crucial to shows the construction player that using this BIM, it will
reduce the time consuming and save the cost of the project. This is supported by Chan
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[14], that BIM benefit are minimized the time spent on project communication and
documentation, BIM save the project cost, BIM improves the construction safety,
and BIM will reduce the labor cost in the organizations in the long run. This BIM
innovation adds benefits to deliver the project throughout the project lifecycle.

5.4 Lack of Collaboration, Client Demand and Unsure
of Government Commitment to BIM

Support from the government is needed in order to adopt new technology, and this
includes budget allocation to provide training to the employees and purchase these
new technologies. According to Enshassi et al. [7], about 69% of contractors, 60%
of client/owns and 60% of consultants had a low commitment in adopting this new
technology to improve the safety performance in construction sites. Government
enforcement is one of the barriers in adopting BIM technology [22]. Marefat et al.
[2] indicated that non-BIMusers gave the reasons therewas inadequate client demand
to use BIM and lack of trusted knowledge source to validate the potential benefit of
BIM. Zakaria et al. [23] showed that the absence of support from the government in
Malaysia is one of the barriers in adopting BIM.

Government should collaborate with the construction industry, education insti-
tutes, and professional bodies to establish a clear standard to adopt BIM and use
BIM to construction players. In Singapore, Building Control Authority (BCA) has
come upwith five-year plan in order to enhance productivity and tomove the industry
towards the adoption of BIM Wong et al. [24]. This is a good step for the govern-
ment to implement and adopting BIM to overcome the “fear of change” as the major
barrier to BIM application [20].

5.5 High Cost of Software Purchasing

In order to implement new technology, an amount of money is needed to support and
provide this new technology used to do campaigns, training, and buys the newsoft-
ware. The software too expensive is one of the barriers to incorporating BIM in a
firm [25]. It is stated that the cost of software is one of the principal barriers to BIM
adoption in India [26]. This is supported as one of the major barriers the high cost
of software purchasing [19]. This is a major problem as most of the contractor want
to save the budget and use a little of the budget only for this new software.

This is support by Kumar and Mukherjee [14], stated by the respondent that BIM
software is costly. According to Gamil and Rahman [22], the main factor is the
high cost of BIM technology and the the limitation of finances Although there is
a government initiative that provides free software in Malaysia, the allocation of
budget is very tight, and the software needs a high specification of the computer to
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run smoothly. It is not an easy task to persuade and change the mindset of the private
client to practice BIM in the project within a short period and by expecting them to
pay more for the professional software, but this problem can be solved if this BIM
software gets support from the government as government shows the benefit to the
client, this BIMwill shorten the project duration. By this, the client will substantially
be adding more budget, especially to purchase this software or upgrade the computer
to enable the teams to use the software.

Table 1 demonstrates the rank of barrier to adopting BIM for construction safety.
The barrier is rank based on the most barrier that the previous research discovered
in their research. The critical barrier that is the most barrier that previous research
found is lack of in-house expertise discussed earlier in this literature review followed
by the lack of knowledge and awareness as second strongest BIM Barrier and the
third position was the lack of appropriate training educate the construction player. It
shows that, the construction industry needs to organize more training to construction
player so that the construction industry will produce more expertise and there is
awareness among the construction players. The lack that has less critical discovered
by previous literature are the lack of collaboration, high cost of software purchasing,
lack of standardizing, and resistance of change.

All this barrier shows that in the adoption of BIM and the awareness of BIM is still
low among the construction players. This also indicates that the awareness of BIM in
safety is still lacking. The construction player is still not aware of the use of safety in
BIM, the benefit of BIM in safety, and how safety can be use in this BIM project and
modeling. To ensure the BIM is fully implemented in Malaysia and get the benefit
of BIM, the Malaysian government, clients, consultants, and construction players
must take part to overcome all these barriers. The BIM and safety in BIM should
align together and spread the benefit if BIM and safety are proper planning. The
awareness of safety performance among BIM qualified professionals, training for all
construction players, government support, allocate some budget to adopt BIM in the
Malaysian construction industry are what they can do to improve the implementation
of BIM.

6 Conclusion

In conclusion, through this review of the barriers of BIM in construction safety, this
research has shown several barriers in adopting BIM in the construction industry. The
construction industry needs support from the government and private sector, such
as provide more training with a free classes or cheap fee payments to construction
players and those who are in the BIM project are required to attend this BIM course
to educate them about the benefit of BIM, especially in safety planning. Construction
organizations should consider the knowledge about BIM as a fundamental require-
ment for recruiting safety professionals. It is recommended to conduct the training
courses on BIM technology, the concept and benefits of the application. AsMalaysia
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aims to adopt 80% of the BIM system by 2025, it is also recommended that govern-
ment should start now at Selangor and Kuala Lumpur as both cities now have rapid
development of construction projects to require all the construction players to have
a certification of BIM. More research is needed to explore the safety application that
can be used in this BIM modeling.
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Drought Assessment Using Standardized
Precipitation Index (SPI) Case Study:
Sulphur Springs Tampa FL

Mohammad A. Almadani

Abstract Climate change and extreme eventswithUncontrolledUrbanization cause
environmental degradation and long-term impacts on human life. The water as the
most precious commodity on the global has been affected as a result from this envi-
ronmental degradation. The availability of fresh water in term of quality and quantity
is an essential matter to bemonitored and controlled to avoid subsequences that could
be threaten for human life. Drought is emerging as a sign of water resource deteriora-
tion which required to bemonitored and diagnosed. Drought events can be diagnosed
from changing in precipitation, temperature, groundwater, and water resources. The
drought indices are very important as an effective early warning system to help the
decision makers for an appropriate measure to reduce the impacts of drought. In
this study we are trying to assess the regional drought and its effect on the Sulphur
Springs Nitrate concentration and the causes of Sulphur Springs streamflow deple-
tion. Standardized Precipitation Index SPI Standardized Discharge Index (SDI) are
used to estimate the dry and wet conditions. These conditions can by estimated on
time scales verity based on precipitation records and data. The calculation of SPI
index is based on rainfall distribution and long-term period for a specific location.
The precipitation records should be normally distributed for fitting in the Standard-
ized Precipitation Index SPI. A location has been selected to apply the method, then
to be validated for other arid and semi-arid locations. The availability of data and
weather conditions play a significant role for this selection. Monthly precipitation
records during the period Jan-1988 to 2014 over Sulphur Springs County in Tampa,
Florid, has been obtained to apply the Standardized Precipitation Index (SPI). These
data will be used to compute and verify the SPI and SDI results. SPI is calculated at
one location in Tampa, Florida to monitor the drought phenomena in regional scale.
The basic data which is used in this analysis is cumulative monthly precipitation
to calculate the SPI for 3, 6, and 12 Monthly events and 3, 9, and 12 for the SDI
computation. The SPI and SDI responds effectively to analyze drought conditions
and monitor drought events. The precipitation has a stable trend along the period of
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study while the Spring tend to have a decreasing pattern. The index shows that the
spring in Tampa has suffered from drought between 2000 to 2004. These impacted
water quality and human life in terms of quantity by clogging the springs and quality
by increasing the pollutant concentration during the drought.

Keywords SPI · Standardized precipitation index · Drought · Precipitation · Dry

1 Introduction

Urbanization benefits are significant for population convenience and life efficiency
as well as the integration at the level of global [1]. It is a transformation of people
life and rapid changes including the surrounding environment [2].

On the other hand, uncontrolled urbanization has enormous adverse impacts on
the communities and the natural resources [1]. At the same time, the uneven spatial
and temporal distribution of water resources, the urbanization drives the fast increase
in water demand, making water availability vulnerable and critical issue nowadays
[3]. Drought and flood have been increasing since these conditions began to change,
and these events become more threatening and harmful than before [4].

A metrological event can be a saver and defecating, recurring natural disasters,
which occur due to deficient precipitation level. It can cause significant losses in the
economy regardless of its short period [5]. However, we cannot stop drought event
though we can monitor it, after that we can alleviate its impacts. Several springs has
been got affected by drought according to several water districts reports. Sulphur
spring is one of the most meteorologically affected with drought which caused an
increasing in the Nitrate concentration. In Florida, there have been several investi-
gations to study the effect of spring nitrate contamination which can lead to dying
of the marine habitats, grass, and other underwater creatures. Therefore, the influ-
ence of big variability of rainfall detection of drought very important for the policy
makers [6]. Their efforts to reprehend and restore those areas if needed. Recently,
focusing on food-water security is very important issue around the Globe because the
drought events are intimately associatedwith food-water security. Hence, research on
drought prediction and drought impact, specifically drought monitoring, is essential
to be prepared and to implement mitigation measures to reduce theses consequences
[7]. In each district around Florida, many research have been conducting to inves-
tigate the impacts of drought events on many aspects, such as agriculture activities
and food production, economic and social life, and the whole society [8].

Several methods have been used for drought diagnosis over the United States.
Therefore, this research aims to study the drought pattern through spatial–temporal
diagnose by applying the Standard Drought Index (SPI) method and anthropogenic
impact on the nitrate concentration raise in Sulphur spring.
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2 Threats

The water discharge is directly linked to the water quality, where the pollutants
concentration tends to increase while the flow discharge decreases in the Springs.
contamination of Florida Springs becomes the most threating issue for the water
security in the region [9], which is a direct impact of drought events. The geology
and land use practices affect the water quality and quantity within the recharging
of springs basin [10]. Contaminants and constituents are conveyed and sent through
runoff and infiltration from surface into the springs [11]. Stormwater runoff flows
over impervious surfaces such as parking lots, paved streets, building, and roofs tops
gathering and gushing excess pollutants and nutrients [12]. In the urbans area, the
opportunity to filter these water and flows is nonexistent through the natural system
by soil and plants [13]. Stormwater carries many pollutants during its journey to
the waterbodies on the surface through Runoff, or the groundwater into water table
and aquifers through seepage. These pollutants include fertilizers, grass and oil,
pesticides, animal wastes, debris and remains, dirt and chemicals [14]. The nutrients
and bacteria pollute underground storage and septic tanks through seepage. As a
result, pollutants from ground water will be transported to the springs through cracks
and rock fractures [15].

Seepage from surface by direct conduits such as sinkholes, recharges the ground-
water that feeds springs through flow back to the surface [16]. As a result, activ-
ities and land uses within the spring recharge basin directly impact the health of
spring systems. The recent guidelines for water and groundwater quality standards
were developed for sustainability and drinking water protection [16]. Depending
on the EPA standards and Florida Department of Environmental Protection, for
nitrate, the regulations prescribe a maximum contamination level of 10 mg/l. Infants
that drink water with nitrate levels above this threshold are more likely to develop
methemoglobinemia (also known as “Blue Baby Syndrome”). Other human health
concerns have been connected to increased nitrate consumption in other studies [9].
The domestic sewer system and septic tanks contributes to the groundwater contam-
ination that feeds the springs. By 1986, contamination by coliform bacteria forced
the permanent closure of the spring to public recreation. Salinity of the spring water
is increasing, a symptom of reduced freshwater inflow due to plugged sinkholes and
pumping of the aquifer for water supply [17].

3 Study Area

Sulphur Springs is located about five miles north of downtown Tampa (Fig. 1). It is
one of the largest of springs that flow into the River of Hillsboroughwithin the Tampa
city, with a daily flow of 26 million gallons. since 1800s, The Sulphur spring has
been very popular as a recreation site. In 1957, the City of Tampa was purchased the
Spring for the recreation purposes, and to be a water resource in the future. Sulphur
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Fig. 1 Sulphur Springs location and elevation map

Spring’s third of its flow is pumped to supplement reservoir of Tampa’s water system.
The recharge basin of the spring is extensively populated [18].

The climate in Sulphur Spring, Tampa is temperate and warm with significant
rainfall during the year. 22.4 °C is the average temperature and about 1159 mm is
the annual precipitation. The minimum rainfall is about 37 mm and falls in April.
The most precipitation quantity is about 196 mm in August. Table 1 shows that the
precipitation events and temperature in Tampa city, and the precipitation difference
between the dry and wet month, which is 159 mm [19].

Land cover of Sulphur Springs has been rapidly changing through recent years
(Fig. 2) [19]. As shown by Fig. 3 the urbanized area has been increased in general.
Moreover, high intensity developed area appeared in 2011. On the other hand, there
is obvious decrease in wetland areas and developed open space also, huge decrease
in forest and green canopy, and disappearance of open water and cultivated areas
[20].

Table 1 Passing ability of FA and BA incorporated in SCC by using the J-ring test

Month 1 2 3 4 5 6 7 8 9 10 11 12

55 76 83 37 78 141 177 196 155 58 48 55

C 15.5 16.6 19.2 22.0 25.1 27.2 27.8 27.9 27.1 23.8 19.6 16.7

C (min) 10.0 11.1 13.7 16.3 19.6 22.5 23.4 23.5 22.6 18.7 14.1 11.2

C (max) 21.1 22.1 24.7 27.7 30.7 32.0 32.3 32.4 31.7 29.0 25.2 22.2

F 59.9 61.9 66.6 71.6 77.2 81.0 82.0 82.2 80.8 74.8 67.3 62.1

F (min) 50.0 52.0 56.7 61.3 67.3 72.5 74.1 74.3 72.7 65.7 57.4 52.2

F (max) 70.0 71.8 76.5 81.9 87.3 89.6 90.1 90.3 89.1 84.2 77.4 72.0
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Fig. 2 Land use and land cover effect on the Sulphur Springs area 2001–2011
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Fig. 3 Precipitation and discharge amounts for the period of 1988 to 2015

4 Strategies of Contaminants Management

Southwest Florida Water Management District (SWFWMD) developed a (MFL)
rule to control spring runoff. Three recorders are being used by the US Geological
Survey (USGS) in collaboration with the SWFWMD to measure continuous flow. In
connection with the MFL project, SWFWMDwill conduct biological monitoring of
the spring run and manatee use. In addition, The City of Tampa and (SWFWMD)
are working together on a project to reopen the clogged connection to the springs.
The project could result in enhanced groundwater flow to feed the springs and lower
salinity in the water discharged from springs [21].

5 Data Acquisition and Stations

The National Weather Service a division of the National Oceanic and atmospheric
Administration’s (NOAA) is the data that have been used included: 1—Rainfall data
from 1987— current The National Weather Services, a division of the National
Oceanic and Atmospheric Administration’s (NOAA). 2−Digital Elevation Map
DEM (30 × 30-m resolution). 3−Land cover and land use for years of 2001 and
201, retrieved from the United States Geological Survey (USGS), Institute of Land
Cover. 4−Ground Water Usage from the USGS. 5−Water usage for the period of
1985 to 2010. 6−Water Quality and Stream discharge data for the period of 1988 to
Feb 2015 from USGS.

TheStandardizedPrecipitation Index (SPI) is calculated to assess drought’s spatial
and temporal extents and severity in the research area [22]. SPI is a drought detection
and monitoring tool that is based on precipitation over different time intervals. The
SPI has been shown in several studies to be an effective tool to detect and monitor
the droughts events. The monthly records time series of the precipitation data for the
study area can be used to figure the SPI for any picked month in the record for the
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previous months “I”, where i = 1, 2, 3, 4,12… 24… 48 … based on the interesting
time scale. Henceforward, the SPI could be calculated for one to 48 months period.
The drought categories are shown in a range of SPI values. These different values
of SPI will be either positive value that consider wet season and negative values that
consider dry seasons. SPI is computed for 3-, 6- and 12-month time period (hereafter
3 months series, 6 months series, and 12 months series) for a short-term length and
long-time scale drought indexes detection. This study computes SPI at one station
and one region case of study Sulphur spring from a monthly rainfall data acquisition
and comparing it with the Nitrate concentration.

6 Standardized Precipitation Index (SPI)

Edwards andMcKee recognized that in their previous works the developing Standard
Precipitation Index SPI is very important to study the relative departures from normal
condition [20]. SPI is the index computed based on specific period/periods of time
(typically 1, 2, 3, 6, 12, 24 and 48 months) of total precipitation, to indicate how the
precipitation in the selected period of time will be compared with the whole record
such as 25, 50 or 100 years for the same location or station [23]. For example, if
the index SPI in August 1998 is−2.00, then the rainfall is much less than normality
comparing to the same period—Augusts’ rainfall—in the total in the record. Simi-
larly, if the SPI in August is + 1.00, then the rainfall for this August is above the
average. The interpretation of the SPI values, it is essential considering that drought
and wet events are related historically to the average of a location, specifically of a
station, and it does not correlate to the total absolute precipitation values. To illustrate
how the SPI index works, Aiguo Dai gave an example that is in Mexican Gulf, the
very dry month may have −2.5 of SPI index, however the same precipitation level
with the same magnitude in the driest northwestern State of Kansas gives + 3.0 of
SPI index comparing to the same precipitation records [5].

6.1 SPI Calculation

The z-score is equivalent conceptually to the SPI, where the z-score expresses the
score’s distance of X from the average in the standard deviation units.

(Z-score = ((X – Average)) / (Standard Deviation))
Precipitation is generally positively skewed, thus a main pre-adjustment to this

conventional z-score formulation reflects that. The gamma function converts the
precipitation data into amore normal orGaussian symmetrical distribution to account
for this empirical reality. The SPI is calculated in the sameway as the z-score formula
andmaybe understood in the samewayonce the precipitation data has been converted
[23].
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Table 2 SPI of precipitation

SPI values Precipitation periods
more(percent)

Precipitation periods less
(percent)

Nominal SPI class

3 0.13 99.87 Extremely wet

2.5 0.62 99.38 Extremely wet

2 2.28 97.72 Extremely wet

1.645 5.00 95.00 Very wet

1.5 6.68 93.32 Very wet

1.282 10.00 90.00 Wet

1 15.87 84.13 Wet

0.842 20.00 80.00 Slightly wet

0.524 30.00 70.00 Slightly wet

0.5 30.85 69.15 Normal

0.253 40.00 60.00 Normal

0 50.00 50.00 Normal

−0.25 60.00 40.00 Normal

−0.5 69.15 30.85 Normal

−0.52 70.00 30.00 Slightly dry

−0.84 80.00 20.00 Slightly dry

−1 84.10 15.87 Dry

−1.28 90.00 10.00 Dry

−1.5 93.30 6.68 Very dry

−1.64 95.00 5.00 Very dry

−2 97.72 2.28 Extremely dry

−2.5 99.38 0.62 Extremely dry

−3 99.87 0.13 Extremely dry

Table 2 represents the Probability Z and its correspondent SPI value and Nominal
SPI class. Some of the methods to evaluate SPI are Excel Spread sheet, Matlap
using Matlap Central (online) a function created by Taesam Lee (Appendix D), and
program developed by the of National Mitigation Center using C++ language [24],
which is used in this study. In this study we are using the C+ + [24], a validated,
well-well documented version from the National Drought Mitigation Center.

6.2 SPI Results and Analysis

Drought in Sulphur Springs may cause into an increasing of ground water pumping
in the city of Tampa and the more frequent this happens the more negative impacts
on the water resources, economy, social life, and on the environment [25]. During the
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year of 2000 to 2004 Tampa city has suffered from severe drought as it is shown in
Figs. 2 and 3. As it is indicated in Fig. 1, the precipitation events seem to have a stable
trend along the period of study with annual precipitation around 60mm (1988–2015)
with considerable inter-annual variations. The precipitation effect can cause either an
increase in the discharge or a decrease this can be noticed in Fig. 3. The fluctuations
in the discharge in Sulphur Springs tend to have a decreasing fashion. The decline
indicate there is an impact of human activity that contributed into the declination
of the spring. The discharge values fluctuation and its tendency to low flow manner
makes it difficult to analyze its seasonal signature (Fig. 4).

Therefore, the use of SPI and SDI is useful tool to use to have a close look into the
behavior of the precipitation, discharge and there evaluate their seasonality [26]. In
Fig. 5, 6, 7 and 8, the SPI and SDImethod has be utilized to analyze the drought effect
on the Sulphur Springs for the period of 1988 to 2014 using three time intervals 3,6,
and 12 for SPI and 3,9 and 12 for SDI. The time periods of seasonal accumulation of
precipitation are totally depended on the use of the SPI. The 3 monthly analyses can
be utilized in tracking certain cultivation and major impacts on agriculture zones and

Fig. 4 SPI of the 3, 6, and 12 months for the period of 1988–2015 from the Tampa rainfall gage

Fig. 5 Frequency analysis for the 3 and 12 monthly SPI
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Fig. 6 SDI of the 3, 9, and 12 monthly for the period of 1988–2015 from the Tampa rainfall gage

Fig. 7 Frequency analysis for the 3, 9 and 12 monthly SPI

Fig. 8 a The population growth alongwith the increase of Nitrate Concentration inmg/l. b Increase
of Hillsborough onsite sewer treatment systems—new Installations

plan for mitigation strategies. In agricultural droughts, the availability of soil to the
plants and crops takes precedence over precipitation deficits. The capacity of water
retention in soil root zone is the most important element in agricultural drought. In
the 12-month period SPI, the trends can be used for avoiding wildfire threat, and
monitoring water supply. In the Sulphur Spring area, the effect of drought is minor
due to the abundancy of rainfall amounts. The accumulations of precipitation during
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3, 6, 9 and 12-month period is shown inFig. 4, 5, 6 and 7. The frequent events occurred
tends to be in the slightly dry to slightly wet zones, which reflect the availably of
rainfall except for the beginning of the year 98 to 2003.

6.3 Human Impact

With the growth of population, the reflectance of that increase can have an impact
on the environment. Human increasing in population will get affected by utilizing a
grand vast of space for urbanizing and recreational activates which cause an increase
in the impervious surfaces. This effect has an impact on the groundwater replenish
springs and aquifers. Since 1960’s when the river flows dip low the city need to
pump water direct from Sulphur Springs, which cause raise in bacterial counts, such
as closed the swimming zone in 1986, and it had been replaced by unconnected pool.
Sink holes and underground channels has been clogged and stuffed with undissolved
material has caused into decreasing into the amount of recharge in the Sulphur
Springs. The baggiest Spring has been clogged in 1950s by a lot of cars dealer,
which was turned to a dumpster for the waste into the sinkholes to be completely
blocked off. Other sinkholes were clogged because of the increased number of tossed
garbage, waste from building materials, and natural debris. In addition, some of the
sinkholes was converted to ponds of stormwater detention by the authority of the
city for pollution control purposes [27]. Moreover, there is a noticeable increase in
the onsite installment of sewage treatment systems in the Hillsborough County. This
can be one of the contributing factors that lead to the increase in nitrate on Sulphur
Springs. Some type of this installment has gone over a lot of heavy duty activates
with time which may has caused some damage into them which led to leakage
or spills out. All of this containment gets washed off into the drainage system or
directly recharged into the underground aquifers [28]. Moreover, with the growth
of population the water demand increases with it especially in the cases of long
drought seasons. In Figs. 8 and 9, the data shows that in the highly drought areas
such as in California there an increase of pumping from the groundwater compared
to areas with water availability. However, between the period of 98 to 2003 drought
event in Sulphur Springs it had been noticed that there an increase the groundwater
withdrawals as well [29]. This indicates that the County of Hillsborough has a huge
demand to compensate for the deficit from by groundwater pumping.

7 Conclusion and Recommendation

Studying the SPI and SDI of the Sulphur Springs area it has recognized that there is
a drought event which has occurred between the year of 1998 and 2003. This event
has caused a direct increase in the groundwater pumping to meet the demand of
water supply, one of the contributing factors in the discharge depletion. However,
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Fig. 9 a The total groundwater use in California, Florida, Idaho, Illinois, Texas from 1985 to 2010
b The total ground water withdrawal from the Hillsborough county from 198 to 2010 by the USGS
water use data base

the anthropologic effect also has caused the spring water quality decreasing if we
take the nitrate concentrations as an impact factor on the spring. Also, the land cover
change has contributed into transferring those impurities into groundwater aquifers
which caused an increase in the contamination as shown in Figs. 2 and 6. Based on
the (Environmental, 2000), the points below summarize the historical and current
impacts from the human activates as follows:

The pollution levels have increased despite 44% reduction in the flow, resulting
in part to increase water pumping from the nearby aquifer. Hydrologists from the
SWFWMD found that the main problem of the springs is the clogging of the
connected underground channels from the surrounding sinkholes where water is
funneled from the surface. Because the sinkholes remained clogged, the flow of
water in the spring was reduced by 10 million gallons per day, causing “the salinity
of Sulphur Springs to increase proportionallywith decreasing of freshwater recharge,
clogged sinkholes.

Standardized Precipitation Index SPI is a recommended method to estimate the
dry and wet conditions because it uses only the precipitation data, and it is suitable
for all type of weather. However, the SPI does not include other parameters such as
evapotranspiration, which is important to study the drought conditions.
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Hydrodynamic Modelling
for the Chilia—Bystroe Danube Sector:
Model Calibration and Validation

Georgeta Tudor, György Deák, Miruna Arsene, Tiberius Marcel Danalache,
Bianca Petculescu, Danut Marian Tuca, Edward Bratfanof,
and Mohd Remy Rozainy Mohd Arif Zainol

Abstract Morpho-hydrodynamic changes are one of the major problems affecting
the abiotic sphere and the ecological status of water bodies. In order to assess the
impact of the works carried out in the Bystroe Channel on the hydrodynamic and
hydromorphological conditions of the Chilia and Old Stambul Danube branches,
solid scientific based tools are required. Using MIKE 3 Flow Model and input data
provided by in situ campaigns carried out by the National Institute for Research
and Development in Environmental Protection Bucharest, an 8.5 km river length
hydrodynamic model was developed, calibrated and validated in two independent
river flow conditions. The model shown to provide high—confidence results (>90%)
by comparative analysis of modelled versus measured values for water discharge and
similarity in water velocity distribution for transversal control sections.
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1 Introduction

Over time, theDanubeRiver has undergone alteration processes that have affected the
dominant natural systems and created structures for economic purposes (navigation,
hydropower, agriculture, ports, etc.) that have led to the reduction of floodplains
and changes in morphological structures. The Chilia Branch status is particularly
important due to the fact that it acts as natural state border between Romania and
Ukraine and from it branches the Bystroe Channel, for which intended increased
navigability, works have been carried out since 2004 that lead to international
intense debate over the adverse transboundary impact on the local hydrodynamic
and hydromorphological conditions [1] and habitat loss for fish and birdlife [2, 3].

It is necessary to use techniques and tools [4] to help determine the correct spatio-
temporal evolution of hydromorphological properties with impact on water quality
[5]. Currently, high-performance software programs are available that ensure the
development of numerical models with a high level of confidence in simulating the
hydrodynamic and hydromorphological conditions of rivers [6]. With the evolution
of technology, a series of programs have been developed related to the hydraulic
modeling of water flow [7]. Given that the numerical models take into account all the
elements that can influence the water dynamics (flow, bathymetry, riverbed rough-
ness, etc.), by 3D modeling can be calculated hydrodynamic variables and sedi-
ment transport, water quality parameters can be determined and trends in riverbed
morphology can be monitored [8].

2 Materials and Method

In order to develop a hydrodynamic model for the Chilia-Bystroe area, the first
steps carried out consisted of modelling domain delineation by implementing the
measured bathymetry values into the dedicated computational grid and setting up
the boundary conditions and simulation parameters. Considering the extent of the
3D riverbed bathymetry data set provided by the high resolutionmultibeammeasure-
ments carried out by theNational Institute for Research andDevelopment in Environ-
mental Protection Bucharest (INCDPM), the modelling domain covered an 8.5 km
length river sector, as seen in Fig. 1.

The in situ campaigns carried out by INCDPM [9] provided data sets (Fig. 2) that
were used for setting up the geometric model, boundary conditions (discharge and
water level values) and water velocity distributions in control sections for the model
calibration and validation.

The developed geometric model for the study area consisted of 17680 triangular
elements and 9446 nodes in the horizontal plane and 10 sigma layers with variable
thickness (2, 3, 4, 6, 8, 10, 12, 15, 20, 20%) in the vertical plane. The data used for
the boundary conditions resulted from Acoustic Doppler Current Profiler (ADCP)
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Fig. 1 Position of the hydrodynamic model domain in the Danube river basin

Fig. 2 Hydraulic modelling and measured input data sets (INCDPM 2020)
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Table 1 Parameter values measured in situ campaigns used for boundary conditions

Control section Water discharge values
[m3/s]

Water level values [m]

1st set 2nd set 1st set 2nd set

Upstream modelling domain (C1) 1434 2199 0.272 0.677

Bystroe channel access (C2) 658 1036 0.265 0.669

Downstream modelling domain (C3) 776 1163 0.202 0.592

single-beam measurements (water discharge) and from topometric measurements
(water level) that were carried out in different hydrological conditions (Table 1).

The initial model was calibrated by gradually varying the parameters values until
the modelling results were similar with the in situ measured values for the set flow
conditions.

The model validation process consisted in setting up the boundary conditions for
another data set recorded in different flow conditions and running the model by using
the parameter values determined in the calibration process and compare the resulted
modelled values with the measured ones.

3 Result and Discussion

The main simulation parameter that estimates the influence of the riverbed resistance
in the Hydrodynamic module (HD) of MIKE 3 Flow Model is the roughness height
(RH). For different RH values, 15 test models were run and the modelled discharge
values were compared with the measured ones (Fig. 3). With resulted relative errors
of−1.38% (C3) and−1.74% (C2), the optimum value for RH was determined to be
0.09 m.

As seen in Fig. 4 for a cross-section located below the bifurcation (Fig. 4a),
another step in the model calibration process consisted in the comparative analysis of
modelled (Fig. 4b) andmeasured (Fig. 4c) water velocity distributions for transversal
sections. Figure 4 shows the similarity of the two distributions.

In the model validation process, a numerical simulation was carried out using
the second data set from Table 1 for the boundary conditions and the determined
0.09 m value for RH. The resulted relative errors for modeled discharge values being
below 10% (Table 2) and the water velocity modelled and measured distributions
being similar, the hydrodynamic model for the Chilia—Bystroe area was considered
validated.
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Fig. 3 Modelled discharge versus measured values—model calibration stage for C2 (a) and C3
(b) control sections

Fig. 4 Modelled water velocity versus measured distribution—model calibration stage

4 Conclusion

Using MIKE 3 Flow Model, a software with international repute on solving chal-
lenges in water environments and results of in situ measurement campaigns carried
out by INCDPM for the 3D bathymetry on which the geometric model was devel-
oped, for the boundary conditions and reference values for the model calibration
and validation processes, the hydrodynamic model for the Chilia—Bystroe area had
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shown that it provides results with a high degree of confidence (>90%). The model
will be updated with new data as it becomes available and it will be used for making
short- and medium-term forecasts based on scenarios in order to assess the morpho-
hydrodynamic changes for this area with strategic importance and their impact on
migration routes and sturgeon habitats.

This paper was developed through Nucleu Programme—Contract number
39 N/2019 carried out with the Romanian Ministry of Research and Innovation
support, within the project “Research on the morphological and hydrodynamic
evolution tendencies in the Chilia—Bystroe transboundary area”.
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Identification and Validation of a Method
for Determining the Age of Sturgeons

Tiberius Danalache, Elena Holban, György Deák, Razvan Matache,
Raluca Prangate, Monica Matei, Madalina Boboc,
and Nor Wahidatul Azura Zainon Najib

Abstract Fisheries research has focused mainly on the dynamics of populations
under exploitation in order to be able to inform what measures are needed for the
sustainable harvesting of biological resources. A necessary tool for the successful
achievement of this objective is to determine the age of the fish. Thus, this article
will detail a method for identifying the age-based on scanning electron microscope
analysis of dorsal shield and pectoral fins especially the calcified structures bymaking
several sections, which are necessary in age determination and validation.

Keywords Age · Analysis · Sturgeon · SEM

1 Introduction

Determining the age of fish specimens is the basis for quantitative assessment and
the forecasted trend of their stocks. Research incorporating this data is not only
significant for assessing the state of stocks relative to their historical value, for a
reference value of biological significance or for management objectives, but also
for assessing the consequences of alternative management scenarios for stocks fish,
respectively for fishermen. Therefore, it can be stated that although the analysis of age
has been done for over 250 years, currentlymuch faster andmore accurate techniques
have been developed to determine these data. In our study, the main purpose of
efficient testing of a method for estimating the age of sturgeon species is to identify
characteristics in correlation with the sexual maturity of specimens, the number of
reproductive cycles [1]. Thus, this study consisted in studying previous research in
order to identify a method for estimating the age used so far worldwide, respectively
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in selecting a method and its actual testing on samples held by the National Institute
for Research and Development for Environmental Protection, Bucharest following
the activities of capturing, tagging, releasing, respectively monitoring the sturgeon
species found at the level of the Lower Danube [2].

2 Materials and Method

2.1 Materials

A modern technique used, based on scanning electron microscopy, consisted in the
use of specialized equipment (including HITACHI SU-70 FE-SEM scanning elec-
tron microscope, oven, milling cutter, carbon strips for fixing, QUOORUM SC7620
deposition unit, metal films) from the endowment of the Laboratories Department of
INCDPM Bucharest, in order to analyze the biological samples such as the pectoral
fins, respectively the dorsal shields, collected from individuals raised in aquaculture
environment, from the species Acipenser stellatus.

2.2 Method

This research has addressed several studies on age determination in fish species,
particularly sturgeon species. Thus, a method was identified and considered to be
effective, following efficient testing: the use of scanning electron microscopy.

Recourse to the use of scanning electron microscopy in order to identify the age
of sturgeon specimens of the species A. stellatus, from aquaculture systems, to not
close the vital integrity of wild specimens are currently in conservational decline
[3, 4]. A set of biological samples consisting of pectoral fins and dorsal shields was
used (Fig. 1). The samples taken from the pectoral fin were prepared in advance by
making two cross sections to ensure the necessary thickness for easy reading at the
microscopic level. Also, sections of the dorsal shields were previously taken from the

Fig. 1 Samples preparing procedure; a—dorsal shields, calcified pectoral fin; b—samples
sectioning with the help of a cutter; c—samples obtained after grinding; d—section of the pectoral
fin
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Fig. 2 Samples holding; a—pectoral fin samples fixed on the stab with carbon band; b—samples
fixed with carbon band and paste to ensure conductivity; c—QUORUM SC7620 holding unit

Fig. 3 Samples preparing for SEM reading; a—the deposition process of the Au–Pd metal film;
b—samples used for SEM reading; c HITACHI SU-70 FE-SEM scanning electronic microscope

posterior portion of the head, cleaned and dried for 48 h, in order to fix as samples,
following Brennan [5] and Bruch [6] methodology.

Analysis of samples, was focused on calcified structures represented by the
pectoral fins, dorsal shields respectively. Sections of pectoral fins were made, which
were divided by means of a manual milling cutter, obtaining new samples, which
were then sanded on a fine surface, preparing them for a final sanding by means of a
diamond paste. After the grinding process, the samples were left in the oven to dry,
after which they were fixed to stab by means of a carbon strip, in order to ensure
the conductivity necessary for reading the samples using electron microscopy. For a
better fixation, the open spaces were completed with a carbon paste. The dry samples
were introduced in the QUORUM SC7620 unit, where they were covered with an
Au–Pd metal film, in order to ensure a better electrical conductivity (Fig. 2).

However, the last part of the method has been the use of scanning electron micro-
scope (SEM) Hitachi FE-SEM SU-70 (Fig. 3), X-ray spectrometer coupled with
energy dispersive (EDS).

3 Result and Discussion

A total of 16 samples from the pectoral fins were analyzed, of which 10 samples
without Au–Pd film, respectively 6 samples with film and 5 samples from the dorsal
shields (3 samples without Au–Pd film, respectively 2 samples with film). Consid-
ering themethodology used (Brennan) [5], the samples thatwere coveredwithAu–Pd
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filmdid not illustrate growth patterns. Thus, an attemptwasmade to cover the samples
with carbon tape and paste, but due to the low electrical conductivity, these samples
did not resist. Of the 10 samples without Au–Pd film, only one representative sample
was obtained that could indicate the growth index, thus representing a section of
the fibrils that enter the structure of the fin. Considering the fact that in the autumn
the individuals of this species tend to accumulate less calcium [7, 8], compared to
the spring season, then it can be specified from the analyzes that this specimen is
3.5 years old, more precisely 3 springs and an autumn.

After analyzing the structure of the fibers at the level of the analyzed samples,
respectively the chemical composition, they highlighted the fact that the fibers that
make up the fin have the shape of circular tubes whose chemical component is
based on P elements, respectively Ca and shows various agglomerations in the EDS
spectrum on the elementary map. For the dorsal shield was subjected to the same, so
as to result predominantly in the chemical composition of the elements are present:
Ca, Mg, P (Fig. 4). The dorsal shield is a calcified structure that is found on the
surface of the body of a sturgeon coming into direct contact with water and having a
faster bioaccumulation capacity unlike the sections of fins, which do not come into

Fig. 4 SEM representations; a—growth rings present in the fibers which form the fin; b—fiber
structure of the pectoral fin; c, d—fiber structures that make up the dorsal shields of the analyzed
specimens; e—dorsal shields elemental map; f—Ca map within dorsal shields fiber structures;
g—Mg map within dorsal shields fiber structures; h—P map within dorsal shields fiber structures;
i—pectoral fin elemental map; j—P map within pectoral fin fiber structures; k—Ca map within
pectoral fin fiber structures
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direct contact with metals in the environment, bioaccumulation gradually and with
a different frequency.

4 Conclusion

Following the analysis of the literature, a method for determining the age and growth
of fish was identified: study of seasonal ring formation inside hard parts such as
scales and bones. The identification method based on the seasonal growth rings
using scanning electron microscopy was performed for the first time, generally used
conventional methods such as optical microscopy. Scanning electron microscopy
showed that in the case of a specimen of seasonal growth rings possibly present in
the fibers that are part of the analyzed bone structure, they indicated that it would be
estimated to be 3 and a half years old. In conclusion, this study provides evidence
designed to quantify sturgeon age, so by analyzing the biometric data collected during
the study period and combined with information from the data INCDPM Bucharest
and through practical experiments conducted in INCDPM laboratories. The biolog-
ical samples used came from specimens raised in intensive aquaculture systems for
marketing purposes. In the study, no biological samples from wild specimens were
used.

This paper was developed through Nucleu Programme—Contract number
39 N/2019 carried out with the Romanian Ministry of Research and Innova-
tion support, within the project “Evolution of sturgeon populations and Danube
ichthyofauna in the context of the Danube course alterations from recent decades”.
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Properties of Irradiated
Bioplastic-A Review

Nurin Najwa Rohidi and Siti Amira Othman

Abstract Nowadays, bioplastic is one the popular research in this world. The bene-
fits of the bioplastic including ease of to degrade and the most important is the
contribution in environmental aspect. It helps in reducing the effect of green house
that relates with thinning of the ozone layer. Meanwhile in industry, bioplastic is
produce extensively to fill the market demand. Currently, exist awareness among
people about the use of bioplastic in daily life. In order to enhance the properties
of bioplastic, radiation is use to see the difference. This paper review about the
properties of irradiated bioplastic.

Keywords Bioplastic · Plastic · Irradiated · Properties

1 Introduction

Among all types of packaging material, plastic was one of the mainly used in the list.
Not only that, flexible, lightweight, odorless, great in mechanical strength, hygienic
and most important thing is low cost. Bioplastic which is referred to as one of the
biodegradable products where being a hero for reducing dependency on fossil fuel.
The ability of attract watermolecules is needed to pay attention to achievewaterproof
or at least near to the hydrophobicity level but even so biodegradability needs to be
maintained. Therefore, wettability depends on the water solubility of the bioplastics.
In detail, moisture content percentage will be studied in the change of bioplastic
weight before and after dried up in the oven. Other than that, water contact angle
can be done using a receding angle to ensure the wettability of bioplastics. When it
comes to industrial use, gamma radiation and electron beams are generally involved.
In this review, the types of plastic and bioplastic will be explained. Hydrophobicity
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will be the focus on to understanding wettability works. Other than that, radiation
and its effect on polymer will be discussed.

2 General Properties of Plastic Material

Plastics have been used for over half a century and it was produced using petroleum-
based. In a large production, plastics were available in supermarkets, industries and
households as it was very cheap and gave ease for sellers to provide their customers’
satisfaction when handling products, especially in the packaging sector. Unlike
cupboards, metal and glass, plastics are lighter and have good barrier properties
also high stretchability. Almost 40% of plastics were under the packaging sector due
tomatching characteristics of packagingmaterial. For example, flexible, lightweight,
odourless, great in mechanical strength, hygienic and most important thing is low
cost. There are five key functions of packaging, the first one protection which to
protect from contamination that occur on the product due to the presence of microor-
ganisms, air, moisture, toxins and others that can triggered lifetime of the product.
Next, plastic is used for containment to prevent product from spilling. Plastic is
also used to inform details of ingredient and manufacturer address. Other than that,
utility of use for smoothing transportation, storage process and not to forget adver-
tising about products update. Therefore, resulting in different types of plastics used
for satisfying producers’ and customers’ needs. Plastics have a fewmajor categories,
polyethylene (PE), polypropylene (PP), polyester and substituted olefins [1].

Polyethylene can be divided into three more groups, low-density polyethylene
(LDPE), high-density polyethylene (HDPE) and linear low-density polyethylene
(LLDPE). First of all, PE barrier of water vapour is in great condition but the oxygen
barrier is quite low. Compared to the flexibility and stretchability, LDPE is greater
than HDPE because HDPE has a higher crystalline density. LLDPE is also not bad
when it comes to clarity, toughness and heat sealing. PP also has a weak point where
it is used to combine with other molecules such as ethylene–vinyl alcohol (EVOH).
PP was rigid and temperature for heat deflection temperature (HDT) was high until
being used from cold-chain to heat-treated product.

Polyester is quite different and categorized by crystallinity degree (amorphous
and crystallized), both have high HDT and provide good barrier properties in aspects
of water and gas. Examples for substituted olefins are polystyrene (PS) and polyvinyl
chloride (PVC). PS is good in absorbing shock or shock resistance meanwhile PVC
makes sellers satisfied as oxygen requirement of food can be maintained resulting
in a good look and freshness of the food [2]. All categories were match in a non-
biodegradable team due to unbreakable bond characteristics. Surprisingly it can be
oxo-biodegradable if the plastics have stabilization with antioxidants. In order to
decrease the degradation period, prodegradants were used.

Pollution will always be linked to the plastics. Emission carbon for the production
itself is already a risk to our health system. Every year, the use of plastic bags can
reach over millions of digits. The annual production was 78 million tonnes but the
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Table 1 Global flows of plastic packaging material in 2013 [15]

14% Collection of
plastics for recycle

8% Cascaded recycle 86% Remaining 14% Incineration

4% Process Loss 40% Landfill

2% Closed loop recycle 32% Ocean

output after consumption end up to varies of places. From the 78 million tonnes
plastics, only 2% of it recycled into a similar quality application (closed-loop), 8%
of it undergo cascaded recycle where recycled to lower quality applications. 4%were
a loss from the total collection for recycling. Another 86% were total from 14% for
incineration, 40% gone to landfill and 32% leaked to the ocean. Degradation does
not work on plastics in a short time but long lasts until hundreds of years. Plastic end
up on the top of the pollutant lists when it comes to solving the pollution either on
land or water (Table 1).

2.1 Bioplastics

Bioplastics can be defined as plastic made from biomass sources and it is
environmentally-friendly. Bio-based polymers generated from biomass are also clas-
sified as bioplastics, despite the fact that they are not biodegradable. The reason
certain bio-based do not degrade like other bioplastics due to the ingredient of is
petroleum-based. Examples of biomass sources are carbohydrate-based polymers
and fat and oil-based polymer. However, starch from carbohydrate-based always got
huge attention due to the low cost and easy to obtain stock. Such as corn, potato,wheat
and rice. All of them contained two types of molecules, amylose and amylopectin.
Amylopectin is the major component present in starch as a crystalline region with
range ratio in 75–85%, while the amylose is the opposite present in starch as amor-
phous region with range ratio in 20–25% [3]. Table 2 shows the amount of amylose
exceeds 30%.

Other than cost, and ready stock, starch has been chosen for its zero-toxicity with
good extensibility which was similar to plastics. Plus, with pure starch, odourless and
colourless were value added characteristics that have been focused in development
of bioplastics. However, the properties of starch which is hydrophilic makes it less
favourable among consumers as this property threatens the life span of the bioplastics.

Table 2 Amylose and
amylopectin ratios in
different starches [3]

Starch Amylose (%) Amylopectin (%)

Corn 28 72

Potato 20 80

Rice 18.5 81.5
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Fig. 1 Categories of plastics [5]

Several studies have shown clear results using different starches and plasticizers to
strengthen the mechanical and chemical properties of the bioplastics [16].

Polylactic acid is also in the bioplastic category. Polylactic acid (PLA) was the
most glamour among plastic with its biodegradability as it formed from starch
fermentation that has been enriched for polymerisation. Degradation of PLA started
at 60 °C, but when it has the presence of additives, temperature degradation will
increase until it is able to reach 200 °C. Like other bioplastics, PLA is eco-friendly
and non-toxic makes it suitable to be applied in the medical field. PLA outperforms
other biopolymers in terms of processing ability, such as polyhydroxyalkanoates
(PHA). Plus, PLA production does not require energy production like petroleum-
based plastic does, PLA only needs about 50% and maximum energy requirement
can reach 75% of the total energy that petroleum-based plastic used to consume [4]
(Fig. 1).

A study byVan et al. [6]mentioned that the crystallinity level defines the flexibility
of bioplastics. Rich in amylopectin brings the struggle in tensile strength resulting in
crack and brittle occur. The purpose of their study is to study the effect of the ratio of
the amylose and amylopectin on extruded starch and the structure of starch.Materials
that have been used were waxy corn-starch which has a high content of amylopectin
and amylomaize which has 70% amylose content with 12–13% of moisture content
for each sample. The samples were extruded and mixed with glycerol with ratio
starch/glycerol: 100/30 (w/w). Parts of the samples were immediately quenched in
liquid nitrogen and stored at −22 °C. Another two parts stored in different relative
humidities (RH) for 2 weeks. To determine moisture content, an infrared dryer or
Gallenkamp vacuum oven is used to measure gravimetrically. Pulling materials was
to determine the mechanical properties. The results demonstrate that materials with
high amylopectin content aremore flexible thanmaterials with high amylose content,
but not in as good of a condition in stress tests, resulting in brittleness [17]. The study
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shows interest only on the starches and put aside the effect of plasticizers and amylose
crystallization was undescribed.

An experiment conducted byAmalia et al. [7] that involved corn husk, corn starch,
chitosan and acetic acid. The experiment started with different mesh of corn husk.
Each of them was added with corn starch with balancing ratio of molar (1:1). Next
chitosan inserted but with different of concentrations, followed by acetic acid and
sorbitolwith amount 2.5millilitres (ml) and 1.75ml respectively. Then distilledwater
was added to the mixture was achieved 70 ml. the mixture heated for 90 min with
temperature at 80 °C. From Fourier Transform Infrared (FTIR) Spectroscopy result,
hydrogen bonded OH group, C = C, = CH, CH and CO comprised by maize and
CO is component that permit starch degradation. Biodegradability of the bioplastics
was done by soil burial method for 30 days long to consider the landfill environment.
The results only collected with images and lacking of data of weight to prove the
biodegradability change. About 70–100% of the whole sample degrade in 21 days
after growth of fungal detected at day 14.

A study conducted by Marichelvam et al. [8] to produce a combination of rice
and corn starch of bioplastic consists of 5 samples with a total weight 10 g (g) with
different weight ratio of rice starch and corn starch added with constant weights
of 3 g of glycerol, 1 g of citric acid, 2 g of gelatine and 100 g of water in each
samples. Tensile strength tests show that sample 5 with 7 g of rice starch and 3 g of
corn starch has the highest tensile strength, 12.5 MPa with Young’s Modulus 0.183
GPa and elongation at 6.8%. Plus, the content of moisture for sample 5 the least,
11.7% followedwith thewater solubility only 11.5%.Curious about thewettability of
sample 5, water contact angles were determined and compared with (LDPE) plastic.
The results were only 70° for sample 5 and LDPE got around 90° . So far, sample 5
shows hydrophobicity, but when it comes to biodegradation, it degrades with 48.73%
in 15 days using soil burial degradation. It can be concluded that an increased amount
of rice starchwill strengthen themechanical properties andwaterproof characteristics
but when compared to other samples in content of moisture and water solubility test,
the effect of rice starch amount was not consistent especially for sample 3 and 4 with
weight of rice starch 6 g and 6.5 g respectively. Sample 3 and sample 4 readings for
water solubility and moisture content should be near with sample 5 reading. It might
be because the effect of plasticizers is not equal in every sample.

Another study using potato and yam tubers starches with weighing 2.5 g each,
followed by the addition of 25 cm3 of distilled water, then hydrochloric acid and
propan-1,2,3-triolwith 2 cm3 each. Themixtures then boiled for 15min [9].After that
the mixtures is poured in petri dishes to dry out for 2 days in lamina air flow. Thermal
stability of starches was studied by heating the samples in a nitrogen atmosphere in
a range temperature 30–500 °C with a rate 20 °C/min. Strength of mechanical of the
samples was also carried out with a crosshead speed test. Results show that both have
weight loss 50% at 250 °C for yam and 310 °C for potato. Potato has more flexibility
compared to yam as yam has better tensile strength with almost three times greater
than potato.
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Fig. 2 Contact angle formed by sessile liquid drop [11]

2.2 Hydrophobicity

When it comes to plastic, unable to react with water is one of the main characteristic
that we will discover first. This is because the polymerization process combining the
monomers which are a double bond between two carbon atoms and four pendant
groups into a long chain that we called as “polymer” resulting emission of water
molecules or hydrochloric acid. However, differ from bioplastic, water permeability
is quite high due to the presence of water itself as plasticizer makes some bioplastic
easier to attract water molecules. Fortunately, adding other plasticizer will affect
relative humidity (RH) where the water content of the material will follow it [10]
(Fig. 2).

The lower the RH, the lower the water content will be when the amount of plasti-
cizer increases and vice versa. Therefore, contact angle measurement will be needed
to measure hydrophobicity. Sessile droplets are mostly used to examine wettability.
Angle of 0◦ labelled as the most hydrophilic and 180◦ for superhydrophobic. Other
than that, the content of the moisture test can tell the level of hydrophilicity of a
material. By weighing mass before and after dry the sample, if there has a huge
different then the percentage of moisture content will be high and vice versa.

2.3 Ionizing Radiation

Radiation is defined as the emission of energy from a substance and radiation divided
by two categories. First is non-ionizing radiation which does not give harm towards
us. For example, radio waves, microwaves basically refer to any electromagnetic
radiation as they carry not enough energy to emit electrons from an atom. Second
is ionizing radiation which can ionize other atoms as it carries enough energy to
interact with Coulomb’s force.

Ionizing radiation that undergoes direct interaction like alpha radiation and beta
radiation. For alpha radiation, high energy alpha particles are involved.Alpha particle
production is called alpha decay. Alpha particle is large due to the presence of double
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positive charge as it is made up of two neutrons and two protons and binds to helium
as both of them are identical particles. Since alpha particles are heavy, the distance
that they can travel only a few centimetres, even a piece of paper can stop them from
traveling more.

Next would be beta radiation, where a free electron or positron is involved. This
kind of radiation radiates smaller particles as a single negative charge is carried. Due
to its lightness, it can travel or penetrate more than alpha particles and the difference
in distance travel is quite big compared to alpha particles until several meters but the
limitation of beta particle is aluminium. Gamma-ray, X-ray and neutron radiation are
classified under indirect ionization radiation. Both gamma ray and x-ray are known
as photon radiation due to the involvement of photons that contain high energy.
Distance travel of those two rays can achieve up to 10 m or longer.

3 Effect of Radiation on Polymer

When it comes to industrial use, gamma radiation and electron beams are generally
involved. The reason for gamma radiation is because gamma-rays are extreme in
penetration and Cobalt 60 (Co60) mainly used and often for sterilization purpose.
Unlike gamma radiation, electron beams have limitation for penetration. When radi-
ation is exposed to high polymer, different reactions may occur. There are four reac-
tion, abstraction, recombination, disproportionation and polymerization. The effect
of radiation leads to crosslinking or degradation towards chemical bonds. When
crosslinking occurs,molecularweight affected and increase resulting elasticmodulus
and tensile strength increase as well and bringing elongation decline. Different from
crosslinking, degradation leads to reduction of molecular weight and lessening the
viscosity. For instance, polyethylene molecular characteristics affected by radiation
were influenced by the thickness of the material, intensity of irradiation and dose.
When it comes to starch, radiation canmake the starchmore soluble as it can undergo
oxidative degradation, in fact, the structure of amylopectin might undergo fragmen-
tation [12]. Reaction of irradiation towards oxygen studied by Haji Saied et al. [13]
reported that formation of free radicals can occur. By the presence of free radical,
crosslinking of the polymer may occur due to the potential possessed by the attacked
chain.

According to Gonzalez et al. [14], sterilization processes with dry heat and moist
heat method were used along with gamma radiation and ethylene oxide. For irradi-
ation, Co60 were used with 25 kGy for total dose at rate 5.56 Gys−1 and moist heat
minutes at 121 °C. Dry heat process refers to drying out microorganisms to death, so
the process took 3 h at 150 °C. Meanwhile, for ethylene oxide gas were used for the
adsorption 40% of relative humidity with concentration 600 mgl−1 at 40 kPa sub-
atmospheric pressure and in range temperature 50–55 °C with 20 h long for contact
time. The result shows only dry heat can extend the tensile strength, but in the elonga-
tion part it drops while others rise up to achievemaximum.When it comes to capacity
of absorption of water, gamma radiation shows the least percentage, the same goes
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to biodegradation degree. The study successfully figured out the sterilization product
does not affect the material properties too much.

Based on the study of ultraviolet (UV) treatment effect of improvement on the film
of rice starch properties.Ricewas reported to be the second largest production of grain
[18]. When rice is chemically modified, mechanical properties can be improved such
as swell due to water content and one of the ways is crosslinking by blending either
dry or semi-dry way. The starch film prepared with rice starch undergo gelatinization
for 10 min at 85 °C, added with glycerol and stirred for 2 min followed by sodium
benzoate as photo-initiator. Then the sample was put at 55 °C for 10 to 12 h. The films
were held in a desiccator for about 72 h at 55% RH. Before that, a mercury lamp
was used to irradiate the samples with wavelength exceeding 290 nm at different
duration 10, 20 and 30 min. The ideal flexibility due to presence of photosensitizer
was at a concentration range of 3–6% with decreasing elongation from 116 to 67%.
Even water vapour permeability at 6% show lowest reading, 4.12 g.mm/m2.day.kPa.
However, samples experienced adecrease in transparency and crystallinity at 14.97%,
yet swelling degree were the lowest with high production of gel fraction. Due to
the presence of photosensitizer, the samples were having improvement in barrier
properties.

4 Conclusions

Recently, bioplastic has gained much attention based on the benefit and irradiated
method used. Yet, a lot of research needs to be implemented to make sure the prop-
erties of bioplastic improve. With this positive perspective, it is helpful in enhancing
the tremendous research relate to bioplastic.
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Quality Control & Field Guidelines
for Using Non-identical Mixed GPS
in Surveying Project: EGYPT Case
Study Antennas
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Abstract Nowadays, GNSS accuracy has reached a level where the remaining error
sources could be identified as the effect causedbyphase center variations (PCV)of the
antenna. The correction of PCV effect is generally important for GNSS observations
and should be greatly considered when using mixed antenna design. Mixed antenna
usage within the same project may degrades the observations accuracy severely. This
research shows that using mixed antennas within the same projects may degrades
the 3D coordinates accuracy severely. A certain combination and field guidelines for
the study case are outlined within this research.

Keywords GNSS · Quality control · Quality assurance ·Mixed antennas

1 Introduction

Nowadays, GNSS accuracy has reached a level where the remaining error sources
could be identified as the effect caused by phase center variations (PCV) of the
antenna. As indicated previously by Seeber et al. [1], the correction of PCV effect
is generally important for GNSS observations and should be greatly considered
when using mixed antenna design. Mixed antenna usage within the same project
may degrades the observations accuracy severely. In addition, it is known that the
phase center of a GNSS antenna is not a fixed stable point. For any given GNSS
antenna, the direction of the incident satellite signal will affect the antenna phase
centers. The problem is considerably important when different antennas are used in
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measurements. Dawidowicz [2] stated that, ignoring these phase center variations in
measurements can lead to serious vertical errors.

The phase center also varies and depends on the received signals. The computed
baseline vector is a relativemeasurement between two antennas.Over short baselines,
phase center variationswill be cancelled if identical antennas to beused andorientated
to the same direction. On the other hand, the effect will not be cancelled if different
antennas are used at either end of a baseline [2].

Consequently, using mixed antennas in the same project can become significant
for applications requiring the highest attainable precision from GNSS. Therefore,
the effect of phase center variations was studied with identically antennas and non-
identically antennas with different baselines lengths [3]. The main goal of this study
is to identify the effect of non-identical receiver antennas in the same project on the
overall accuracy and then to recommend specific guidelines for quality control in
using mixed non-identical receiver antennas within the same project in Egypt [4].

2 Outline of Practical Study

As shown in the research work towards the development of Egyptian GNSS guide-
lines and specifications, the effect of phase center variations with identical and non-
identical antennas with different baselines was investigated [4]. Based on the results
of the questionnaire conducted during that research, among all participant categories
the results indicated that GNSS users, professionals in EGYPT have a great concern
on the importance of studying the effect on non-identical mixed GNSS antennas
within the same project because it is a common situation in their GNSS projects.
Therefore, a practical study was done to indicate the effect of non-identical antennas
on the accuracy with different baseline lengths [3].

The analysis was conducted using the observations of four control stations
observed as a deferential with ALX1 station, which is located on top of the admin-
istration building, Faculty of Engineering, Alexandria University. The four control
stations are namely, ST01: Faculty of Engineering Alexandria University, ST02: on
top of a high building in Mostafa Kamel Alexandria, ST03: on top of a high building
in Kafr EL-Dawar city and ST04: at the Agricultural Road (AboHommos city). Each
station was occupied by four different types of antennas sequentially with 30 min
observation time for each receiver antenna with different baselines. Hence, the effect
of non-identically mixed antennas on the accuracy with different baseline lengths
could be identified.



Quality Control & Field Guidelines for Using Non-identical … 173

Fig. 1 Receiver Antennas; a Sokkia GRX2, b Topcon Hiper lite Ga, c Topcon Hiper V, d Trimble
R8

3 Field Observations

In this research, four popular types of GPS receivers, within the Egyptian GNSS
industry, were used for data collection, namely: Sokkia GRX2 receiver, Topcon
Hiper lite Ga, Topcon Hiper V and Trimble R8. The selected Receiver antennas
(as shown in Fig. 1) are coming from different industrial background and had the
same specifications of duel frequency and signal tracking capabilities from multi-
constellation satellite systems, including GPS and GLONASS [4].

4 Control Points Selection

It is noteworthy that the main objective of this study is the monitor the effect of
using mixed antennas on the accuracy with different baseline lengths. Therefore,
four control points ST01, ST02, ST03 and ST04 were selected whose locations
are shown in Figs. 2, 3, 4, 5 and 6. The data of these points were collected by

Fig. 2 Control points
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Fig. 3 ALX1 and ST01 station

Fig. 4 ST02 station

the four previously selected antennas which have been placed sequentially on these
points with 15 s time intervals for observation time, 25 min for each antenna as a
differential with ALX1 station (known previously measured and corrected control
point-Alexandria University) [4].

5 Procedure and Results

As mentioned previously, the four control points ST01, ST02, ST03 and ST04 were
fixed at distances from the master station ALX1, located on top of the administration
building, in the Faculty of Engineering Alexandria University. Table 1 illustrates the
localization of the four control points and their distances from the Master Station
ALX1 (baselines).
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Fig. 5 Localization of ST03 station

Fig. 6 Localization of ST04 station

Table 1 Localization and baselines of the control stations

Station Localization Baseline length(km)

ST01 Faculty of Engineering - Alexandria 0.16

ST02 Mostafa Kamel - Alexandria 3

ST03 Kafr EL-Dawar city 20

ST04 Agricultural road in Abo Hommos city 35
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In order to ensure isolating the effect of mixed antenna usage only, the analysis
was done based on the observations conducted at the same conditions on the four
control stations. The coordinates of each point were calculated for each receiver
antenna as a differentialwithmaster point (ALX1).Hence, four coordinates havebeen
calculated for each point because of the sequential change of receivers on each point.
To study the effect of non–identical receiver antennas, the calculated coordinates
from identical receivers have been considered as the benchmark case for this study,
namely: the most accurate (master Sokkia and rover Sokkia). Consequently, the
differences in coordinates (dx, dy, dz) between each case and the benchmark case
has been calculated. Tables 2, 3, 4 and 5 show the resulted coordinates & differences
in meters:

The relationship between the differences in coordinates at each point and the
baseline length to study the effect of non–identically on the accuracy. Figures 7, 8
and 9 showing the relationship between the length of baselines and the coordinate’s
differences in X, Y, and Z.

Figure 7 shows the relationship between the differences in coordinates in X
direction and the baselines of control points from the master point (ALX1), it can
be noticed that the following:

• For the curve of Topcon Hiper V, it was noticed that the difference varies in range
from 1 to 4mmwith respect to the baseline that varies in range from 0.16 to 34 km

Table 2 Coordinates and differences (m) of ST01 at baseline (0.16 km)

Master Rover X Y Z Differences

dx dy dx

Sokkia Sokkia 4,732,205.646 2,723,931.079 3,285,533.389 0 0 0

TOPCON
Hiper V

4,732,205.644 2,723,931.077 3,285,533.386 0.002 0.002 0.003

TOPCON
Hiper Lite

4,732,205.642 2,723,931.076 3,285,533.382 0.004 0.003 0.007

TRIMBLE 4,732,204.706 2,723,931.908 3,285,533.162 0.94 0.829 0.227

Table 3 Coordinates and differences (m) of ST02 at baseline (3.00 km)

Master Rover X Y Z Differences

dx dy dx

Sokkia Sokkia 4,721,502.155 2,755,264.082 3,274,830.597 0 0 0

TOPCON
Hiper V

4,721,502.159 2,755,264.08 3,274,830.592 0.004 0.003 0.005

TOPCON
Hiper Lite

4,721,502.069 2,755,264.14 3,274,830.625 0.086 0.058 0.028

TRIMBLE 4,721,501.969 2,755,264.279 3,274,830.629 0.186 0.197 0.032
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Table 4 Coordinates and differences (m) of ST03 at baseline (20.00 km)

Master Rover X Y Z Differences

dx dy dx

Sokkia Sokkia 4,725,474.682 2,741,567.793 3,280,607.516 0 0 0

TOPCON
Hiper V

4,725,474.679 2,741,567.79 3,280,607.508 0.003 0.003 0.008

TOPCON
Hiper Lite

4,725,474.6 2,741,567.742 3,280,607.466 0.082 0.051 0.051

TRIMBLE 4,725,474.475 2,741,567.643 3,280,607.488 0.207 0.15 0.028

Table 5 Coordinates and differences (m) of ST04 at baseline (35.00 km)

Master Rover X Y Z Differences

dx dy dx

Sokkia Sokkia 4721502.155 2755264.082 3274830.597 0 0 0

TOPCON Hiper
V

4721502.159 2755264.08 3274830.592 0.004 0.003 0.005

TOPCON Hiper
Lite

4721502.069 2755264.14 3274830.625 0.086 0.058 0.028

TRIMBLE 4721501.969 2755264.279 3274830.629 0.186 0.197 0.032

Fig. 7 Differences in X direction

at curve with root mean squared value on chart (R2) equal 0.851 and noticed that
the longer the baseline, the large value of difference coordinates in X direction.

• For the curve of Topcon Hiper lite, it was noticed that the difference varies in
range from 4 to 86 mm with respect to the baseline that varies in range from 0.16
to 34 km at curve with root mean squared value on chart (R2) equal 0.877 and
noticed that the longer the baseline, the large value of difference coordinates in
X direction.
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Fig. 8 Differences in Y direction

Fig. 9 Differences in Y direction

For the curve of Trimble R8, it was noticed that the difference varies in range
from 186 to 940 mm with respect to the baseline that varies in range from 0.16 to
34 km at curve with root mean squared value on chart (R2) equal 0.998 and noticed
that the longer the baseline, the less value of difference coordinates in X direction.

Figure 8 shows the relationship between the differences in coordinates in Y
direction and the baselines of control points from the master point (ALX1), it can
be noticed that the following:

• For the curve of Topcon Hiper V, it was noticed that the difference varies in range
from 2 to 3mmwith respect to the baseline that varies in range from 0.16 to 34 km
at curve with root mean squared value on chart (R2) equal 0.852 and noticed that
the longer the baseline, the large value of difference coordinates in Y direction.

• For the curve of Topcon Hiper lite, it was noticed that the difference varies in
range from 3 to 58 mm with respect to the baseline that varies in range from 0.16
to 34 km at curve with root mean squared value on chart (R2) equal 0.919 and
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noticed that the longer the baseline, the large value of difference coordinates in
Y direction.

• For the curve of Trimble R8, it was noticed that the difference varies in range
from 150 to 829 mm with respect to the baseline that varies in range from 0.16
to 34 km at curve with root mean squared value on chart (R2) equal 0.903 and
noticed that the longer the baseline, the less value of difference coordinates in Y
direction.

Figure 9 shows the relationship between the differences in coordinates in Z
direction and the baselines of control points from the master point (ALX1), it can
be noticed that the following:

• For the curve of Topcon Hiper V, it was noticed that the difference varies in range
from 0 to 8mmwith respect to the baseline that varies in range from 0.16 to 34 km
at curve with root mean squared value on chart (R2) equal 0.678 and noticed that
the longer the baseline, the large value of difference coordinates in Z direction.

• For the curve of Topcon Hiper lite, noticed that the differences values varies in
range from 2 to 51 mmwith respect to the baselines that varies in range from 0.16
to 34 km at curve with root mean squared value on chart (R2) equal 0.582 and
noticed that the longer the baseline, the large value of difference coordinates in Z
direction.

• For the curve of Trimble R8, it was noticed that the difference varies in range from
28 to 227 mm with respect to the baseline that varies in range from 0.16 to 34 km
at curve with root mean squared value on chart (R2) equal 0.945 and noticed that
the longer the baseline, the less value of difference coordinates in Z direction.

From the previous results, it is clear that the curve of Topcon Hiper V for all
directions X, Y and Z is the closest to the Sokkia receivers with minimum error
differences which means that the software of Topcon Hiper V and Sokkia are the
same. The trend of Topcon Hiper V and Hiper lite curves are rising with the increase
of baseline in all directions. Conversely, the Trimble curve is a downward direction
with the baseline increasing.

6 Analysis

As shown in Figs. 7, 8 and 9, for the curve of Topcon Hiper V, the differences of
values vary in range from 1 to 4 mm for X direction, 2 to 3 mm for Y direction and
0 to 8 mm for Z direction with respect to the baselines varying in range from 0.16
to 34 km. In addition, for all directions, when using Topcon Hiper V as a rover, it is
clear that the accuracy will be degraded as the baseline gets longer.

For the curve of Topcon Hiper Lite, the differences of values vary in range from 4
to 86 mm for X direction, 3 to 58 mm for Y direction and 2 to 51 mm for Z direction
with respect to the baselines varying in range from 0.16 to 34 km. The same was
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observed as in Topcon Hiper V, when using Topcon Hiper Lite as a rover, it is clear
that the accuracy will be degraded as the baseline gets longer.

Finally, for the curve of Trimble R8, the differences of values vary in range from
186 to 940 mm for X direction, 150 to 892 mm for Y direction and 28 to 227 mm
for Z direction with respect to the baselines varying in range from 0.16 to 34 km. On
the contrary to the other two receivers, when using Trimble R8 as a rover, it is clear
that the accuracy will be upgraded as the baseline gets longer.

7 Conclusion

In conclusion, it has been noted that when used for the same project, mixed non-
identical receiver antennas lead to a lack of the accuracy. Using Sokkia GRX2 as a
master station, it was noticed that the curve of Topcon Hiper V for all directions X,
Y and Z is the closest to the Sokkia receivers with minimum differences error which
means that the software of Topcon Hiper V and Sokkia are the same. In addition,
as the base line increases, the anticipated accuracy of using Topcon Hiper V and
Hiper lite will be decreased. Conversely, the Trimble R8 accuracy will be increased
as the base line with the master Sokkia GRX2 increases in all directions. Generally,
using Sokkia GRX2 as a master station, the non-identical receivers’ error that occurs
when using Topcon receivers as rover is the smallest while using Trimble receivers
as rovers will lead to the worst accuracy. Finally, the produced curves in this research
may be used as a guideline for the baseline length selection, the receiver types and
the anticipated level of accuracy when applying the same procedure within Egypt.
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SCS Curve Number to Model Flooding
in the Upper St. Johns River Using
Retrieved Remotely Sensed Precipitation
from NEXRAD, and TRMM

Marwan Kheimi

Abstract The economy, environment, and society are heavily impacted by precip-
itation during floods, and droughts events. Recent technological advancements in
satellite-retrieved, and radar precipitation products showed better resolution and
coverage that resulted to sustainable data collection. Nevertheless, uncertainty and
lack of consistency in information records can portrays a weakness while incorpora-
tion retrieved estimate and operational decision making. In this paper, the goal is to
evaluate. Hydrologic Modeling System (HEC-HMS) to simulate one flood event to
investigate the effect of watershed subdivision. The Model utilized satellite products
rainfall estimator (TRMM 3B42) and NEXRAD Stage X in the Upper St. Johns
River, located in the Mid-Eastern part of Florida. While taking into consideration
extreme event in August 2008. The data were collected from 5 local precipitation
gages in the St. Johns River District. Using validation metrics, this data was aggre-
gated and differentiated between in-situ based rainfall, radar, and satellite derived
rainfall. The detected rainfall amounts and volume of correctly identified precipita-
tion, NEXRAD Stage provides a better possibility for accurate estimation and vari-
ability of precipitation at this high spatial resolution. In fact, the simulation results
show less accuracy in predicting flow in the study area, but overestimation in the
regions. Although comparable to radar-only simulations in terms of magnitude and
time-to-peak, there is no discernible improvement in predicting these quantities.
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1 Introduction

Reliable and timely precipitation measurements, their integration into datasets and
predictive models, and the accuracy of merged information are important to water
resources engineering and management. Precipitation is the primary driver of the
hydrologic cycle and the main input in hydrometeorological models and climate
studies. The accuracy of hydrometeorological predictions depends significantly on
the quality of observed precipitation intensity, patterns, duration, and aerial extent.
Models, estimates and predictions of watershed, atmospheric, soil moisture, and
water availability all begin with a source of measurement data. Hydrometeorological
applications have long relied on rain gauge data as the main source of precipitation
measurement. However, rain gauges suffer from poor spatial coverage and lack of
aerial representation over land, and are unavailable over the oceans. Further, the
quality, density, and coverage of gauge networks vary significantly across the globe
[1].

Despite the fact that the United States has better coverage, there is a limit to
the areas covered by rainfall gauges. Weather radar systems, which supplement rain
gauge stations, provide high-resolution precipitation data that is represented in space
and time. However, radar installation spatial coverage is insufficient to detect precip-
itation patterns across the entire United States. In fact, the available radar systems
only allow for regional-scale studies in the United States, Western Europe, and a
few other places. In sparse gauge areas where is not enough data satellite data plays
an important role to estimate hydrologic response in retrospect [2–4]. Even in the
United States, many mountainous regions (for example, the Western United States)
have poor radar coverage due to significant obstruction [5]. Neary, Habib [6] has used
this method in two subbasin of the Cumberland River basin in Middle Tennessee.
Neary, Habib [6] evaluated the hourly radar data, radar estimates were compared to
corresponding gage observations and calculating the stream flow volume bias, root
mean square difference, mean normalized peak error and mean peak timing error at
each study sub-basin. His findings after simulation were that the radar precipitation
estimate suffers from systematic underestimation. Moreover, Zhang, Wang [7] has
simulated two major floods using (HEC-HMS) and evaluated the output result over
the study area using peak error, mass balance error, and Nash–Sutcliffe efficiency
coefficient. After defining the model basin and sub-basin of the Clear Creek Water-
shed located in the upper Mississippi River Basin. Results showed a variation of
depending on the watershed subdivision.
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Fig. 1 Map shows the location, river boundaries and stream gages of the St. Johns River from the
St. Johns Water Management District (SJWMD), Florida, USA

2 Study Area, Data, and Methodology

2.1 Study Area

The St. Johns River (HUC-8:0,308,101) is located in Mid-Eastern part of the Florida
State. St. Johns River originate from the head water of Ft Drum Creek northward to
its junction with the Econlockhatchee River, a distance of over 110 miles of length
in Fig. 1. The river slope drops 1 foot per 5 miles river length. This slight slope and
large drainage allow the Upper St. Johns River and its surroundings to function as
storage area, serving as a natural of high and low supply stages. For the purpose of
this project the study area is focused on the Upper St. Johns River basin, which is
1733.07 square miles [8].

2.2 Data Acquisition

As an Input for creating the model a collection of hydro-metrological data from
the U.S. Geological Service (USGS) and locally from St. Johns Water Management
District (SJWMD). Retrieval of physical data from satellite images such as, land
cover/land use from the National Land Cover Database (NLCD), digital elevation
model (DEM) and soil cover form (SURRGO) shown in Fig. 2. The soil cover and
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Fig. 2 (Left) Land cover map shows different categories corresponding to each sub-basin from the
(NLCD). (Right) Soil grid map from SRROGO for each sub-basin. The void white areas in the
maps are waterbodies

the land use/land cover data will be used to find the curve number to be utilized
in the model to calculate run-off using SCS curve number method [9]. While the
utilization of radar-based, satellite rainfall estimation from TRMM and raingages
are simulated to compare the hydrologic predictions of streamflow at outlets of the
sub-basin, which are obtained using HEC-HMS.

Precipitation Data

Three sets of daily precipitation data are available for the current study: gage obser-
vations, TRMM 3B42 [1], and radar-gage estimates. Gauge data were collected
from five recording gages located in the study area of St. Johns Watershed and were
provided by the National Climatic Data Center (NOAA) for the study period of
August 2008 and selecting one extreme event in the 21/Aug/2008. The quality of
gages are susceptible to frequent failure caused by mechanical and electronic glitch.
The gage data will be checked for quality by cross-comparison with nearby gages to
eliminate outliner and flagged observations (Table 1).

Radar estimates used in this study are stage X precipitation products of the
NEXRAD system and obtained from the National Climatic Data Center (NOAA).
Stage X products are hourly accumulations of precipitation over a grid 4 × 4 km2

that is referred to as a HARP grid [Hydrologic Rainfall Analysis Product [10]]. The
Tropical Rainfall Measuring Mission (TRMM) used are precipitation estimate over
0.25ºx0.25º pixel size. A daily data was retrieved over the study area which is an
accumulation of 3-hourly precipitation.
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Table 1 List of station and its location in the Upper St. Johns River basin

Station Id Station_Name Lat Long Major_Sw_Basin County

670,294 Seminole Ranch at Mims 28.36 −80.58 Puzzle Lake Unit Brevard

5,140,560 Bull Creek APT 28.07 −81.00 Jane Green Creek Osceola

3,990,652 Lake Louise at Bithlo 28.35 −81.06 Econlockhatchee River Orange

3,200,347 Lake Ashby at Deltona 28.56 −81.06 Deep Creek Unit Volusia

1,140,474 Osceola Landfill at Geneva 28.47 −81.05 Deep Creek Unit Seminole

Table 2 Percentage for each allocated Land Cover/Land Use grid

The Highest percentage of land cover is occupied by the Woody Wetlands with
35% of the total area. While the deciduous Forest occupy 0.04% of the total area of
the Upper St. Johns River. As for the soil cover most of the Upper St. Johns River
Basin soil is occupied by the hydrologic group A and moderately by group B and C
while D has the least percent of coverage (Table 2).

2.3 Methodology

HEC-HMS is a numerical model that includes a large number of methods for simu-
lating the behavior of watersheds, channels, and water-control structures, thereby
predicting flow, stage, and timing. Individual storm events, as well as continuous
precipitation input at minute, hourly, or daily time steps, can be simulated by the
HEC-HMS. Also shown is a diagram of the structure of the river basin rainfall runoff
process [7]. Watershed precipitation, runoff volume, direct runoff (including over-
land and interflow), baseflow, and channel flow are all simulation methods. The data
are driven by HEC-HMS simulation methods, which are flexible enough to enable
the application to watersheds of any size for long and short event analysis to resolve



186 M. Kheimi

Fig. 3 Flowchart of ArcHydro Methodology and the processing generating the HEC-HMS. The
(grey color boxes) represents the pre-processing for mesh data, (blue boxes) represents the stream
and streamline process, while the (yellow boxes) represents the catchment output

the model equations with time steps that are suitable for analysis. For various sub-
basins sizes, daily precipitation data were used. For such an application, a 24-h time
step is used (Fig. 3).

This study focuses on estimating streamflow and comparing peak discharge as a
result of different precipitation estimates in HEC-HMS 21 basins for August 2008.
These collected data were used in ArcGIS 10.2 and ArcHydro 10.2 preprocessing
for computing hydrologic parameters in HEC-GeoHMS. They will be used in HEC-
HMS to estimate streamflow runoff. The SCS transform method is used in HEC-
HMS to calculate runoff. Basin area, River length, longest flow path, centroid of
subbasin, Curve Number (CN), lag time, Time of concentration, and Impervious area
are calculated fromHEC-GeoHMS data from the USArmy Corps of Engineers [11].
The Rainfall-Runoff model input parameters in HEC-HMS. In HEC-HMS, the SCS
Transform, SCS Loss, and Muskingum methods were used for the transform, loss,
and routing methods, respectively. Furthermore, in this study, the Thiessen weighted
precipitation method was used to reflect the spatial characteristics of precipitation
during specific hydrological event periods. These include SCS curve number in
Fig. 4, SCS unit hydrograph, and base flow estimation methods that are important
for calculating water losses, runoff transformation, and base flow rates. The SCS loss
model for watershed loss given by:
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P =
(
P − (I a)2

)

P − Ia + S
(1)

where P is the total amount of precipitation, Ia is the initial abstraction, which can
be set to 0.2 S, and S is the potential maximum retention and function curve number
(CN).

S =
1000
CN

−10
(SIUnits)[11] (2)

The parameters initial abstraction and CN are required. The SCS unit Hydro-
graph (UH) rainfall-runoff transformationmodel is a dimensionless unit hydro-graph
Ui expressed as a percentage of peak discharge. Up for any time fraction t

Tp
, where

Tp is the time to peak.Up = CA
Tp

gives the peak discharge, where C is the conversion
constant (2.08 in SI units) and A is the sub-watershed area. Tp = t is the time step in
HEC-HMS, and tp is the time lag defined as the time difference between the center
of excess precipitation and the center of UH [11]. The sub-basin lag-time, measured
from the centroid of hyetograph to the peak time of the hydrograph, is calculated
with following formula [12]:

Tlag = L0.8 (S + 1)0.7

1900
√
Y

(3)

where:

Tlag lag time in hours.
L hydraulic length of watershed in feet.
S maximum retention in the watershed in inches.

The expositional recession model for baseflow is given by

Qt = Q0xkt (4)

where Q0 denotes the initial baseflow and k denotes the exponential decay constant.
During the flood event’s recessive period. The HEC-HMS employs SCS unit hydro-
graph and base flow estimation methods to compute water losses, runoff transfor-
mation, and base flow rates. According to the Army of Corps HEC-HMS Manual
[11], the input data and result are based on an iterative driven runoff solution that is
applied using the above equations and user selection. The input data is displayed as
a time-series component for each location within the time interval. The approach to
model methodology can be divided into four major tasks:

(1) Creating different configuration of sub-watersheds.
(2) Evaluate daily radar data, radar estimates to corresponding gage observations.
(3) Analyzing the parameters and associated relationships.
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(4) Analyzing the streamflow at the outlet.

The CN is calculated using the land use and soil data depicted in Fig. 4. The
SCS Unit hydrograph has only two parameters: watershed area A and lag time tL .
The time to peak tp is estimated as a function of rainfall duration D, and the unit
hydrograph peak is estimated as follows [13]:

Tp = D

2
+ tL in Hours (5)

Qp = 484
A

tp
English units (6)

2.4 Unit Hydrograph Parameters in GIS

The unit hydrograph can compute basin area, channel length, basin centroid, longest
flowpath,CNbasin lag time, and timeof concentration. TheHEC-Geohash algorithm
is used to compute these parameters. DEM preprocessing via ArcHydro is required
prior to operating HEC-HMS. The flowcharts in Fig. 3 describes the processing that
will be used to generate the input data for HEC-GeoHMS to compute the Hydrologic
parameters.

Thiessen polygons are built using the rainfall gage point and basin polygon.
Thiessen polygons can be created in ArcHydro using the create Thiessen polygon
tool. After constructing the Thiessen polygon, basin polygons with portions of each
gage are created by intersecting the Thiessen polygon and basin polygon. HEC-
GeoHMS was used to create the sub-basins. The basin is divided into sections. 59
sub-basins as shown in Fig. 4 with an average area of 51km2.

2.5 Evaluation Procedure

Bias, Mean Error (ME), Correlation Coefficient (CC), and Root Mean Square Error
(RMSE) are the statistical methods used to validate these products. They are used to
assess the accuracy of each product against the rain gauge ground observations, and
compare their percent of agreement against each other and the precipitation ground
observing network. The location lacks adequate precipitation observing networks,
which are required forwater resourcemanagement, atmospheric analysis, and natural
disaster mitigation. This is especially true in challenging terrain regions like our
research location, where metropolitan areas and infrastructure are few. To quantita-
tively compare the hydrologic simulations of rainfall gage, NEXRAD, and TRMM
products some common performance statistics were used. Two variables are defined
as the variables’ (sample) covariance divided by their (sample) standard deviations
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Fig. 4 (Left) Map shows the HEC-HMS legends and each subbasin hydrologic component of the
model. (Right) Curve Number based on the corresponding land cover grid values from using the
soil data from (NLCD)

Table 3 Comparison matrix for estimated output and observed data

Accuracy matrix Equation Range Perfect score

Bias
∑

S∑
G 0 to + ∞ 1

Mean Error (ME) 1
N

∑
(S − G) + ∞ to −∞ 0

Correlation Coefficient (CC)
∑N

i=1
(
Si−S

)(
Gi−G

)
√∑N

i=1
(
Si−S

)2 ∑N
i=1

(
Gi−G

)2 −∞ to 1 1

Root Mean Square Error (RMSE) 1
N

∑
(S − G)

2 0 to + ∞ 0

where Si and Gi are the values of S(Simulated output) and G (Observed) for the ith
individual and S and G are average values (Table 3).

3 Result and Discussion

To assess the accuracy of rainfall estimates from reengages, NEXRADStageX, and
TRMM 3B42 precipitation estimates for the 21st of August 2008 rainfall data was
collected and analyzed for daily data for the month of August. Different validation
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statisticswere also evaluated on adaily basis.Bias,RootMeanSquare (RMSE),Mean
Error (ME), and correlation coefficient are all calculated and compared. Validation
matrices vary when compared to daily rainfall accumulation. Figure 5 is a scatter
plot of rainfall estimates over the St. Johns River at daily time scale, 0.25° long/lat
special resolution (TRMM), and 4× 4 km2 (NEXRAD StageX) from two different
remote sensing rainfall products. The comparison shows the agreement between the
observed data (raingage) and remotely sensed data (NEXRAD and TRMM), both
have similar pattern deducting the rainfall.

Comparing simulated and observed streamflow for all rainfall estimators and
raingage in Fig. 6 indicated that neither model preforms particularly well. There is
significant disagreement between simulated and observed peaks as shown in Fig. 6.
All models failed to predict the last two peaks observed in the stream discharge.

Fig. 5 Comparsion between the Rainfall estimate fromNEXRADStage 3, Radar and TRMM3b42

Fig. 6 Simulation output results of sub-basin outlet compared to the nearest streamflow gage
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Table 4 Bias and root mean square error between TRMM 3b42 and NEXRAD Stage X

Raingage versus Radar Raingage versus TRMM

Bias RMSE CC Bias RMSE CC

−17.64 2.31 0.45 7.75 2.34 0.45

Table 5 Validation statistics comparing the performance of daily simulated rainfall estimate

Raingage versus
Stream gage

Radar versus Stream
gage

TRMM versus Stream
gage

Perfect score

CC 0.16 0.36 0.34 1

Bias 0.20 0.19 0.20 1

RMSE 660.44 357.19 395.48 0

ME 9.25 8.83 9.18 0

This failure may indicate a potential problem with model to the point of direct runoff
cannot be generated. Although, the radar model exhibited less bias in the streamflow
as it is reflected in Table 4.

The validation analysis of satellite rainfall revealed that all of the products are
capable of detecting rainfall on a daily basis. The statistical results for rainfall esti-
mation accuracy show that all of the products either overestimate or underestimate
rainfall in the region, but radar has less bias and RMSE than the other rain gauges,
which makes it difficult to conclude from this validation study that the product has
the best or worst performance as shown in Table 5. All of the products were capable
of recording extreme events. As a result, a regional validation study would have
provided additional insight into the accuracy of satellite rainfall estimation. These
types of findings can be used to suggest that more effort be made to improve the
quality of operational Stages and remove systematic biases before using radar data
in hydrologic modeling.

4 Conclusion

Twowidely available remotely sensed precipitation satellite products were evaluated
over the St. Johns River to study the hydrologic response in the watershed located
in the mid-center of Florida. The two products are TRMM, NEXRAD Stage X.
All the products data is at daily temporal scale and (0.25°) gird resolution courser
than NEXRAD Stage X with 4 × 4 km2 resolution. Before applying the satellite
precipitation data in the model, accuracy of the products was assessed by robust
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inter-comparison between rain-gauges observations and satellite-retrieved estimates
of daily rainfall data. The analysis takes place during the month of August, which has
a high rainfall event. The products’ accuracy has varied on different days. A higher
correlation exists between radar estimates and discharge gage. Overall, the study
concludes that some of the current satellite daily rainfall products are potentially
usable in hydrologic response analysis over the Upper St. Johns River watershed.
However, these findings suggest that there is still room for improvement in these
products in order to eliminate errors and improve rainfall estimates. TRMM has a
variety of products available, and TRMM 3B42 was used in this study. Because this
product is gauge adjusted, it ismore likely to performbetter thanothers. Theoutcomes
reflect this as well. However, validation using the TRMM real time (RT) and other
products such as GPM, PERSIANN CC, PERSIANN CDR and GsMAP would have
revealed whether or not there was any improvement with the bias adjusted product.
Future work should include forceful calibration, and more robust simulations may
result in improved detection of extreme flood events.
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Study of Oil Palm Frond (OPF) and Oil
Palm Trunk (OPT) for Sustainable
Development

Noraishah Shafiqah Yacob, Hassan Mohamed, and Abd Halim Shamsuddin

Abstract The depletion of fossil fuel and the harmful environmental emissions
such as greenhouse gases (GHG) has led to continuous effort to produce high
value-added products from the biomass. With more than 5.8 million hectares of
oil palms, Malaysia’s oil palm industry has been one of the largest contributors
to oil palm biomass. Oil palm production in Malaysia is increasing every year,
resulting in an abundance of oil palm waste. Due to these circumstances, Malaysia
has the great potential to utilise oil palm biomass in a wide range of applications,
including renewable energy. The characteristics of biomass complement the ability
to generate reliable energy sources. This study will brief the potential utilisation of
the oil palm residues from plantations, which are oil palm frond (OPF) and oil palm
trunk (OPT)—the availability, characteristics, and related technologies on biomass
conversion.

Keywords Oil palm · Frond · Trunk · Biomass · Renewable energy

1 Introduction

Recent concern for the environment has gained more attention for utilizing the
environment-friendly material for energy generation. Researchers have also identi-
fied biomass as a potential alternative for energy generation and exploiting the poten-
tial of biomass as feedstocks for value-added products. Besides, fossil fuel depletion
has created challenges in the energy industry to explore other energy sources [1,
2]. Malaysia has a high opportunity to produce various biofuels from renewable
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Fig. 1 Availability of oil
palm residues in Malaysia in
2017 (dry weight basis) [4]

OPF
46%

PMF
16%

EFB
15%

PKS
9%

OPT
7%

POME
7%

sources such as palm oil residues due to its abundant resources in the tropical loca-
tion. Malaysia has also remained one of the world’s major palm oil producers for the
past decades [2].

The abundance of biomass from the oil palm industry includes oil palm fronds
(OPF), oil palm trunks (OPT), empty fruit bunch (EFB), palm mesocarp fibre (PMF)
and palm kernel shell (PKS). The availability of oil palm biomass is based on the
standard biomass to fresh fruit bunches (FFB) extraction rate [3]. Annual oil palm
production is expected to rise to 50 million tonnes by 2030. In 2017, 51.19 metric
tonnes (MT) of oil palm biomass wastes were available for replanting, pruning and
milling activities in Malaysia, out of 101.02 MT of FFB. From 51.19 Mt of oil palm
biomass wastes, 23.39 Mt and 3.74 Mt accounted for OPF and OPT, respectively
[4]. Figure 1 shows Malaysia’s availability of major oil palm biomass residues (dry
weight) in 2017.

As of December 2020 [5], the total oil palm area planted in Malaysia is 5.865
million hectares. Table 1 shows the total area of oil palm plantations in Malaysia’s
different states by 2020. Approximately 89.2% of the total planted area is mature,
which is 5.232 million hectares. Meanwhile, the remaining 10.8% (or 0.633 million
hectares) is in the immature stage.

On the other hand, the palm oil industry generates a large quantity of biomass
residue that could be used in various sectors. Palm solid residues have several
economic benefits, including mitigating environmental pollution, conserving fossil
fuels, and reducing reliance on imported fuels. If compared to other renewable energy
sources, solid palm waste not only has obvious potential as a fuel source, but it also
has a more reasonable cost in terms of energy generation [6]. Therefore, this study
provides an overview of the availability of Malaysian oil palm biomass wastes and
the usage, particularly for OPF and OPT, will be discussed in detail.
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Table 1 Oil palm planted area as of December 2020 (Hectares) [5]

State Mature % Immature % Total %

Johor 688,291 92.9 52,537 7.1 740,828 12.6

Kedah 80,210 89.3 9,572 10.7 89,782 1.5

Kelantan 131,768 78.6 35,831 21.4 167,599 2.9

Melaka 51,672 91.7 4,689 8.3 56,361 1.0

Negeri Sembilan 173,490 91.1 16,972 8.9 190,462 3.2

Pahang 702,163 89.8 80,084 10.2 782,247 13.3

Perak 352,557 90.0 39,211 10.0 391,768 6.7

Perlis 689 99.3 5 0.7 694 0.0

Pulau Pinang 12,540 97.7 289 2.3 12,829 0.2

Selangor 113,911 90.0 12,614 10.0 126,525 2.2

Terengganu 148,244 83.0 30,384 17.0 178,628 3.0

Sabah 1,344,608 87.1 198,446 12.9 1,543,054 26.3

Sarawak 1,431,600 90.3 152,920 9.7 1,584,520 27.0

Total 5,23,743 89.2 633,554 10.8 5,865,297 100.00

2 Oil Palm Biomass

Palm oil is a potentially abundant biomass source in Asia, requiring fewer fertilizers
and pesticides than other oil seeds and even being grown in pear soil with less water.
In comparison to other vegetable oil producers worldwide, palm oil fruit can reach
a height of 25 m and produce fruit all year [1]. The solid biomass wastes from the
oil palm industry are generated in the plantation and mill sites [7]. The two residues
that are easily accessible at plantation sites are the frond and trunk. Figure 2 shows
an illustration of an oil palm tree that consists of frond and trunk [8].

During the harvesting of FFB, about 24% of OPF is collected from each oil palm
tree every year. At the same time, OPT is obtained around 70% of all replanting
activities. It means that the possibility of OPT availability will increase over time
as the plantation grows and replanting occurs throughout the year [9]. Conversely,
EFB, PMF, PKS and POME are oil palm residues commonly available at mill sites
during palmoil extraction [10]. The quantity of oil palmbiomass residues is primarily
determined by plantation size and the amount of processed FFB generated from the
plantation and mills, respectively [9, 11].

Palm trees typically have a vertical trunk and feathery leaves, approximately 20–
40 new leaves known as oil palm fronds growing yearly. During the oil palm fruit
harvesting period, the pruning of OPF generates about 44 million tonnes dry weight
of OPF yearly basis. However, during the replanting season, up to 15 tonnes of
dried OPF and 75 tonnes of dried OPT were chopped and left to decompose in the
plantation for nutrient recycling and mulching [7]. Thus, the potential value of these
biomass wastes is overlooked for their more profitable usage.
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Fig. 2 Oil palm tree [8]

2.1 Composition of OPF and OPT

It is essential to determine biomass composition to identify the availability and suit-
ability of the biomass for thermochemical processes [12]. Cellulose, hemicellulose,
and lignin are the main components of oil palm residues. Because of the high content
of cellulose and hemicellulose of oil palm residues, it may be converted into simple
sugars and used to produce biochemicals or biofuels [9, 10].

The amount of lignin in the cell wall affect the utilisation of oil produced from the
palm [4]. The structural components of OPF and OPT that play a significant role in
estimating the higher heating value were outlined by previous studies, as illustrated
in Table 2. The higher heating value or calorific value of a material is more desirable
to use as fuel [13].

Compared to fossil fuels, biomass ability to produce a great fuel is determined
by the composition of chemicals and physicals components available. Biomass

Table 2 Structural
components of OPF and OPT
[9, 10]

Parameter Oil palm fronds
(OPF)

Oil palm trunks
(OPT)

Cellulose (% Dry wt.) 30.4 34.5

Hemi-cellulose (%
Dry wt.)

40.4 31.8

Lignin (% Dry wt.) 21.7 25.7

Extractives (% Dry
wt.)

1.7 3.7

Ash (% Dry wt.) 5.8 4.3
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Table 3 Elemental analysis
of OPF and OPT [10]

Parameter Oil palm frond
(OPF)

Oil palm trunk
(OPT)

Ultimate analysis

Nitrogen (wt.%) 12.402 0.169

Carbon (wt.%) 48.431 51.408

Hydrogen (wt.%) 10.476 11.816

Oxygen (wt.%) 46.75 51.16

Proximate analysis

Gross Calorific
Value (MJ kg-1)

15.72 17.47

Moisture Content
(wt.%)

70.60 75.60

Ash Content (wt.%) 3.37 3.35

Volatile Matter
Content (wt.%)

85.10 86.70

also contains less carbon and oxygen, which directly influences the polarity of the
molecules and reduces the heat molecule content. The ultimate analysis found on
biomass samples shows how it will influence the combustion in the boiler and the
environment [12]. The highest nitrogen content is found in OPF (Table 3), which
explains why most palm plantations use the OPF for mulching purposes because it
can increase soil fertility. Biomass fuel also has more oxygen than coal in terms of
chemical properties.

Table 3 also shows that OPF and OPT contain high moisture contents, which
require additional pretreatment or energy before being used as fuel. Moisture content
reduces the heatingvalue of biomass,which can result in incomplete combustion [13].
The low melting point dissolved ash concentrations can lead to major combustion
issues such as slagging and fouling. Nonetheless, the high volatile content in oil palm
residues will result in favourable conditions such as low ignition temperature.

Therefore, some pretreatment methods are required to digest and open these
resistant structures for further conversion. The chemical compositions of lignocellu-
losic biomass can be altered by an effective pretreatment method. Previous research
suggested that a researcher should determine the lignin content before deciding on a
pretreatment method to work on the specific type of oil palm biomass [4].

3 Utilisation of OPF and OPT

It will be a loss of opportunity if the vast amount of biomass residues produced by the
oil palm industry are not utilised effectively. Oil palm biomass can be converted into
a diverse range of value-added products. For example, OPF is classified as fibrous
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crop residues which can be processed into pulp [14]. It can also be utilised as a
roughage source for ruminants of goats and cattle.

Meanwhile, replanted OPT can be used to make manufactured boards such as
plywood. This palm trunk plywood’s strength is said to be comparable to the commer-
cial plywood. Nevertheless, in many situations, the trunks are chopped and returned
to the ground [15, 16]. There are three different methods for converting biomass
to energy: (1) thermochemical process, (2) Chemical and physical process and (3)
biological conversions. Combustion, gasification, and pyrolysis are examples of ther-
mochemical conversion methods [12, 17]. Gasification is one of the methods that
OPT and OPF usually undergo for energy generation due to their high energy and
moisture content [14, 16].

Hydrogen is a synthetic fuel that can replace fossil fuels in almost any application
due to the benefits of higher engine efficiencies and zero emissions. Supercritical
water technology is the most recent gasification technology for converting oil palm
biomass to hydrogen. A previous study discovered that OPT yields more energy and
hydrogen gas under identical gasification circumstances than mangrove wood and
foodwastes. Furthermore, past research has also concluded that palm oil wastes from
plantations could be used as an alternate energy source in Malaysia in the future,
notably in gasification [7].

Besides, OPT, OPF and EFB could be utilised as bio-fertilizer. For example,
shredding and reusing as mulch in plantations, which helps preserve and improve
soil fertility, is one of the waste management strategies used during oil replanting
for OPF and OPT [4].

4 Conclusion

Efforts to utilise oil palm biomass waste will increase revenue for the operator,
industry, and eventually the nation’s economy. In addition, the social and economic
well-being of rural communities also benefits from the investment of these valuable
palm oil wastes for energy generation.
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Abstract Biofuels from the conversion process of biomass are gradually becoming
essential in the means to protect the environment and as a future substitution to fossil
fuel. Recognizing the importance of biomass conversion to biofuel and the fact that
Malaysia has an abundance of biomass waste generated, many studies have been
conducted extensively to explore its potential as biofuel. Despite having benefit to
exploit as renewable energy sources, biomass waste conversion in Malaysia is unex-
ploited largely due to some constrains. Therefore, this study is conducted to identify
the challenges faced in developing biomass conversion technology and enhancing
the utilization of biofuel as energy source at the level of industrial scale. To achieve
this study, the secondary data from previous journal andwebpages are collected. This
data is used to generate the content of questionnaire survey. Biomass researchers and
industrial user are chosen as respondent. The data recorded that technology problems
and lack of awareness among industrial user are the main challenges in application
of biomass conversion. In term of biomass utilization, both categories of respondents
agreed the diversity of biomass is the biggest challenge.
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1 Introduction

Nowadays, biomass resources have broadly utilized as it has become more and more
important due to their economic potential as sources of energy [6]. Other than that,
because of Malaysia’s rate of energy consumption that also has grown, which owing
to the industrialization andpopulation expansion (32.4million,with an annual growth
rate of 1.4% in 2018), might pose a concern in the next 40 years due to the depletion
of fossil fuel resources [9]. Despite the fact that a variety of renewable energy options
have been identified, biofuel remains one of the most promising options for reducing
fossil fuel use by totally or partly eliminating [5] also as the only renewable energy
that has an alternative for the production of transportation fuels [7].

Though having the potential as biofuels, the conversion of biomass waste to
biofuels in Malaysia was not widely being implemented and used due to problems
inherent in biomass conversion. As the time passes, the application and commercial-
izationof biomasswaste inMalaysiamust grow for benefit ofMalaysia’s environment
and economy. Thus, this study is conducted to identify the challenge in bio-fuel appli-
cation and utilization by analyzing secondary data and conducting survey to biomass
researchers and industrial user in Malaysia.

2 Materials and Method

2.1 Secondary Data

Secondary data from journal articles and web pages were used as the refer-
ence to develop questionnaire content and to investigate the actual perspective of
biomass researchers and biomass industrial users in empowering the use of biofuels.
Secondary data used for the research were data from year 2012 until 2021.

2.2 Questionnaire Survey

The targeted respondent for the questionnaire were biomass researchers and biomass
industrial users. The questionnaire was transmitted using the electronic survey
Google Form software and distributed via social media platforms such as What-
sApp, Facebook andE-mail. Snowball samplingmethodwasused tominimize human
contact. The sample size of respondent was decided using Roscoe’s guidelines where
45 respondents was decided to be used for each respondents’ categories in the study.
The questionnaire data collected were than analyzed using Statistical Package for
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the Social Sciences (SPSS) tool. The data obtained were based on the result from a
descriptive analysis and the outcome of the analysis is presented in mean value.

3 Discussion

3.1 Challenge in Biomass Application

Despite of having benefits as sustainable source of renewable energy, there are
still have a lot of challenges to commercialize it. Table 1 shows challenges for the
application and commercialization of biomass waste in Malaysia.

According to Derman et al. [1], Hamzah et al. [2] and Raud et al. [8], production
cost was the most challenging problem in the application of biomass, as listed in
Table 1. However, when associating the data in Table 1 with the surveying data in
Table 2, it shows that both respondents categories have different opinion regarding the
challenges of biomass application and commercialization. Lack of domestic support
was the highest issue as the challenges for biomass researchers with means 4.31,
while biomass industrial user chooses lack of awareness on its sustainability with
4.18 of means value. Thus, researchers and government must play an important
role to introduce the sustainability of biomass more actively with the publication of
research papers or articles and introducing new policies of biomass sustainability to
the industries.

However, in spite of the different challenges chosen as the highest challenges, both
biomass researcher respondents and biomass industrial user respondent agreed on
procurement and feedstock problems as the least challenge for biomass application
and commercialization with 3.16 and 3.56 of means value, respectively. Based on the
data from Table 2, feedstock issues only being mentioned by How et al. [3], proving

Table 1 Challenges to the commercialization of biomass waste in Malaysia

Biomass type Challenges

Palm oil, rubber, paddy and MSW [2] Transportation problems, storage problems, technology
problem and drying cost (production cost)

Palm oil (EFB) [1] Technology problems, cost of feedstock, production
cost and environmental awareness

Lignocellulosic [8] Sustainability problems and high capital and processing
costs

Biomass industry [3] Biomass supply issues, logistics challenges,
technological barriers, transportation, financial barriers,
social awareness barrier and lack of domestic market
support

Sawdust High cost of production, lack of awareness on its
sustainability, lack of ready market and poor packaging
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Table 2 Biomass application and commercialization challenges mean

Biomass waste cannot be applied and commercialized in
Malaysia widely because

Mean

Researchers Biomass industrial user

High cost of production 4.11 3.86

High cost of transportation 4.04 3.89

Lack of awareness on its sustainability 4.04 4.18

Lack of domestic user support 4.31 3.98

Technology problems 3.84 4.11

Procurement of feedstock problems 3.16 3.56

that procurement and feedstock are the least challenges for biomass application and
commercialization.

3.2 Challenge in Biomass Utilization

The challenge in the application of biomass waste is typically related to the challenge
in the utilization of biomass. Until thismoment, many researchers have done research
related to the utilization of biomass to produce the final form of biofuels which
are solid, liquid and gas. However, despite of all the experimental research and
advantages of biomass inMalaysia, the utilization of biofuels from biomassmaterials
at a large scale has still not been fully implemented. This is happening because of
some challenges of the utilization. Table 3 lists the challenge of biomass utilization.

From Table 3, it shows that moisture content and density are the most listed
challenges of biomass utilization as stated by researchers [2–4, 7]. However, from
the questionnaire survey data as presented in Table 4, both respondents categories
concluded that the most challenging in the utilization of biomass as biofuels is the
complexity and diversity of biomass itself, where the highest means value 3.91 and

Table 3 Challenges to biomass utilization according to different researchers

Research concern Challenges

Palm, rubber, paddy, wood and MSW [2] Moisture content and density

Biomass industry [3] Density and high moisture content

Fuel pellets [7] Moisture content, particle size, feedstock
compositions and density

Biomass utilization [4] Density, moisture content, complexity, and
diversity
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Table 4 Biomass utilization as biofuels mean

Challenges of biomass utilization as biofuels Mean

Researcher Biomass industrial user

Moisture content 3.84 3.80

Density 3.76 3.56

Complexity and diversity 3.91 3.84

Different size and shape 3.40 3.49

3.84 recorded for biomass researcher and 3.84 for biomass industrial user, respec-
tively. This result is corresponded with the statements issued by Irmak [4], in which,
complexity and diversity of biomass is the biggest problem in biomass utilization.

On the other hand, respondents of biomass researchers also recorded that different
size and shape of biomass waste as the least problem of biomass utilization with a
mean value of 3.40, allied to biomass industrial user that recorded density with
mean value 3.49. This result shows that the data from survey are matching with
the secondary data where it recorded that size as the least problems being stated by
Pradhan et al. [7].

4 Conclusion

Biofuels have the potential to substitute the fossil fuels. However, technology prob-
lems and lack of awareness on its sustainability has become the challenging factors
to its application for industrial user. Both researchers and industrial users agreed
that the complexity and diversity of biomass is the biggest challenge in utilization of
biomass derived biofuel.
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Sustainable Structural Design
of Residential Tall Building Based
on Embodied Energy and Cost
Performance

Muhammad Lutfil Hadi Noraini, Wan-Mohd-Sabki Wan Omar,
and Radzi Ismail

Abstract Malaysia is one of the countries having a large number of tall structures.
This is one of the engineer’s initiatives to maximize land use due to the growing
population. This rapid development endangered the environment through energy
consumption and carbon emission in Malaysia. This study aims to design high-
rise structure buildings using Esteem Software that differ in shape and to offer the
most efficient models of high-rise buildings based on embodied energy (EE) and
cost performance analysis. These analyses were divided into two categories: EE of
a building which was calculated by considering the Hybrid life cycle assessment
(LCA) method and the entire cost of the materials utilized in building construc-
tion. Furthermore, the study is limited to the cradle to gate phase only. The results
demonstrate that as the number of sides increases, so does the value of EE and cost
performance. It can be seen that the shape’s performance while keeping the same
value is significantly related to the number of sides of the shape.

Keywords Tall building · Embodied energy · Cost performance · Life cycle
assessment · Building shape

1 Introduction

The United Nations Sustainable Development Goals (SDGs) have urged everyone
to take care of the world by protecting the environment to ensure prosperity and
peace in 2030. In Malaysia, an emission intensity levels basis is calculated as a ratio
of greenhouse gas (GHG) emissions to the country. Malaysia’s emission intensity
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level is 1.3 tonnes CO2 above the global average and the energy sector became
major contributor amounting 0.73 tonnes CO2. Residential tall building construction
is considered as the main contribution environmental impact. Therefore, carefully
designing residential tall buildings and taking embodied energy and cost performance
into account will have a positive impact, particularly on the environment. Due to
the rapid development, many techniques such as the method of construction have
been compared either industrialized building system (IBS) method or the traditional
method. Buildings were identified as the main contribution to the embodied energy
and carbon emission. This is due to the embodied energy (EE) being significantly
required during the construction phase and ultimately contributed to environmental
impact. Life cycle assessment (LCA) is a systematicmethodology to evaluate process
loads and environmental impacts over their whole life cycle from cradle to grave.
In ISO 14040 for instance, LCA is introduced to researchers to solve any problem
regarding to environmental impact. A study carried out by Jiao et al. [1] has taken into
account the shape of a structure in order to determine the quantity of EE within the
building without considering the cost that is highly essential throughout the project’s
life cycle and it is also something which will influence a project’s success or failure.
Therefore, this study aims to design tall building structures considering both EE and
cost performance at cradle to gate system boundary.

2 Methodology

2.1 Design Model

An architectural concept is the meaning and reason to the end product (the completed
building or structure) and is very crucial step to decide the basic shape they need
to refer in designing process. Lotteau et al. [2] has claimed that a building shape
affected the EE as well as the cost of performance. In the designing process, the
load factor is a value that is larger than one where it is multiplied by the nominal
load to provide appropriate structural safety. Engineers can use varying design load
factors for structural columns based on the number of floors they support, according
to the design code. As the number of floors supported increases, the factor typically
decreases. The Eurocodes (EC) (EN 1990–1993) require a higher level of protection
for high-rise structures. In these codes, the design action in the structure is calcu-
lated using the favourable and unfavourable of the permanent and variable actions.
Each of structure’s design action for dead load (Gk) and live load (Qk), such as
column, beam and slab is standardized as 1.35 Gk+ 1.5 Qk. There are three types of
shape configuration for high rise building designs as shown in Fig. 1. All structure
components of building are designed according to Eurocode 2 BS EN 1992: Design
of Concrete Structure. The factor of safety for Gk and Qk are 1.35 and 1.5 respec-
tively. For Esteem software attributes, the design parameter used are based on BS
8110:1997 as given in Table 1.
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(a) (b) 

(c) (a) (b) (c) 

Fig. 1 Shapes of high-rise building models using Esteem software: a Square shape, bU-shape and
c cross shape

Table 1 Design parameter
for structural component of
building

Design criteria Value

Characteristic strength of concrete, FCK 30 N/mm2

Characteristic strength of steel, FYK 500 N/mm2

Unit weight of concrete 25 kN/m3

Design life 50 Years

Exposure class XC2

2.2 Embodied Energy

Thepotential for environmental impact reduction through theuse of demolitiondebris
and recycled materials in building construction has been quantified by minimizing
the embodied energy and carbon of construction materials [3, 4]. In the architecture
criteria, for instance, the building heights as well as recycled materials significantly
influenced the total embodied energy and carbon from the choice of structural types
and constructionmaterials. Embodied energy per unit of constructionmaterial, part or
device is calculated as the quantity of non-renewable energy. It is calculated in mega-
joules (MJ) or gigajoules (GJ) per unit weight (kg or tonne) or area (m2). Although
it is complex and requires various data points in the process of measuring EE, all
the calculations in this project that involve the calculation of EE have used the same
standard to determine EE intensities on each material. For instance, EE intensities
of concrete, plywood for formwork and steel are 1.944 MJ/kg, 33.056 MJ/kg and
72.753MJ/kg respectively. Thismethodwas applied fromWanOmar, et al. [5] where
the material quantities were multiplied with EE intensity of materials as shown in
Eq. 1.

Total EE =
∑

n

Q × EEI (1)
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where EE is the total embodied energy of a building, Q is the number of materials
used and EEI is the value of embodied energy intensities.

2.3 Cost Performance

Thehighquality characteristics in IBShave reducedmaintenance andoperation costs.
AbdulKadir, et al. [6] claimed thatmany contractors are reluctant to participate in any
IBS project because of the cost, despite the overall cost savings it provides. Therefore,
this research studies the design of tall building with different configuration to the cost
performance. All the calculations of cost performance have used the same standard
to determine the price of each material as calculated using Eq. 2. For instance,
the price of concrete (RM 245.00/m3), plywood (RM 17.48/m2) for formwork and
steel (RM 3000.00/tonne) are multiplied with each quantity of material to identify
the cost performance. The price for the transport and installation of various building
supplies to work sites inMalaysianKlangValley.Moreover, all the cost data included
different standard specifications of material which are frequently used in Singapore
and Malaysia.

Total CP =
∑

n

Q × Cost per material (2)

where CP mean is the total cost performance of a building, Q is the number of
materials used and cost per material is the price of each material.

3 Result and Discussion

3.1 Embodied Energy

Table 2 shows the EE and cost performance of conventional and IBS methods. The
result of EE is based on the different shape of a residential tall building. The entire
value of embodied energy in GJ for both the conventional and IBS techniques of
construction was determined based on the findings. According to the results, the
lowest value of total embodied energy for a 20-story residential structure is 4.62
GJ/m2 for the conventional method and 2.88 GJ/m2 for the IBS method. As the
number of sides increases, so does the value of embodied energy. The highest value
of EE energy is the cross shape where the value of EE consume by this building
is 5.11 GJ/m2 and 3.38 GJ/m2 for conventional and IBS respectively. The value is
obtained by dividing the total value of EE by the sum of areas on all floors of the
building. The results showed that the EE intensity for a square shape building gives
the lowest yield value than other shapes.
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Table 2 Total EE intensity and total cost performance for residential tall buildings

Shape of the
building

No. of side Building design
system

EE Intensity
(GJ/m2)

Cost performance
(RM million)

Cross 12 Conventional 5.11 5.11

IBS 3.38 3.40

U-shape 6 Conventional 4.90 4.89

IBS 3.17 3.18

Square 4 Conventional 4.62 4.60

IBS 2.88 2.88

Square-Shape
(square footing)

4 Conventional – 4.42

IBS – 2.69

3.2 Cost Performance

The total cost performance is determined by adding all of the value of manufacturing
cost, and formwork cost. According to data in Table 2, the lowest total cost for a
20-story residential structure for a conventional method is RM 4.42 million whereas
the IBS method cost is RM 2.69 million. The cross shape of tall building design has
highest total cost of building material, similar trend with EE intensity. The total cost
for conventional building design is RM 5.11 million and IBS building design is RM
3.40 million. As the number of sides increased, the value of cost performance also
increased as revealed by previous research [2].

4 Conclusion

In summary, the cross-shaped structure has the worst influence on the environment
of all the buildings among the model that has been designed by Esteem software.
This type of shapes does not only has highest EE intensity, but it also has the highest
performance cost. This proves the higher number of sides of the shape of the building,
the higher the EE and the cost performance on the building. While the best model
that has the least impact on the environment and gives the most positive impact in
managing cost performance among other models is a square-shaped building that
uses a rectangular pile as a foundation and is built by IBS.
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Uncertainty in River Hydraulic
Modelling: A Review for Fundamental
Understanding

Mohd Aliff Mohd Anuar, Mohd Shalahuddin Mohd Adnan,
and Foo Hoat Lim

Abstract River hydraulic modelling is a vital component to perform preferable
analysis. Mostly river hydraulic modelling was performed flood analysis and water
resources analysis. The hydraulic engineer ormodeller needs a better technical under-
standing on the simulated the model. However, river hydraulic modelling frequently
encountered model stability or uncertainty problem during computation. The error
for model stability was will notice by the modeller. Hence, the modeller needs to
solve the error for the purpose to simulate the model without uncertainty interrup-
tion. In this paper an attempt has been made to review the research work done on
the stability occurred in river hydraulic modelling. This research review shows that
hydraulic geometry and hydraulic parameter input are the main role of occurrence
model stability.

Keywords River modeling · Hydraulic · Stability

1 Introduction

The River hydraulic modelling is includes hydrological data and hydraulic data to
setup themodel. River hydraulic model are themost widely used application to simu-
late the water flow movement. River hydraulic modelling is the model that simulate
water movement through the river cross section in the basin by using derived equa-
tion such as St Venant’s equation (Shallow water equation) [1–3]. River hydraulic
model can be classified into one (1) dimensional (1D) and two (2) dimensional (2D)
model [4, 5]. Therefore, to simulate the water path motion for basin can be model
into 1D and 2D model depend on data availability and the outcome result.
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Stability in the modelling is a instability numerical model which causes certain
type of numerical error growing and resulting the computational are unable to
continue and proceed simulation [5]. There are several features affected model
stability for instance flow, manning, cross section, roll wave etc. [5–8]. The river
geomorphology also contribute to the stability during applying river section in
the model, the river reach will control the flow by geometry of the river due to
sedimentation [9–11].

However, model and data accuracy needs to be analysed thoroughly. The model
accuracy is to ensure the degree of closeness of the numerical solution to the real
condition. The model accuracy is depends on limitation of the model, geometry data
and hydrological data [5, 12]. Thus, the model stability can be analysed and during
data collection.

Therefore, this research paper was focuses to review the hydrodynamic model
stability problem encounter during simulation. Based on the review from other
research, the causes of stability can be determined in the earlier stage, which is
during data preparation. The stability can be controlled andhandled once themodeller
identified the problem that will encounter before model the river.

2 Factor Contribute to Model Stability

2.1 Cross Section Spacing Geometry

River cross section is the main hydraulic geometry input in modelling. All hydraulic
modelling software such as HEC-RAS, InfoWorks ICM, MIKE 11, XPSWMM and
etc. need a cross section data as main input to compute the simulation. One of the
factors, which affect stability of hydraulic model, is cross section data [5, 13]. The
interval of the cross section cannot place far apart to each cross section, it will cause
numerical damping of flood wave and make the model unstable [5, 14]. Moreover, if
the interval between cross section is closes to eachother, itmay causewave steepening
and make model instability [5, 14, 15]. However, the first step before model the river
is to decide the cross section spacing using Fread and Samuel equation [16, 17].

2.2 Time Step and Manning Value

Every hydraulic modelling needs to set the timestep to proceed the simulation. The
selection of time step also important because it can contribute as a factor of model
instability [18]. The enhanced stability achieved by the new formulation comes at
no significant additional computational cost and, in fact, the model performance
can benefit from the small time steps value because it can reduce instability [6].
The model instability also can be influence by Manning values. The using of low



Uncertainty in River Hydraulic Modelling … 217

Manning value can causes lower depth of water, high in velocity and the occurrence
of supercritical flow; meanwhile if the Manning is high it will increase the stage
locally [5, 19].

2.3 Structures-Weir, Bridges, Culvert

Most river hydraulic model will encounter uncertainty during hydraulic computation
when the hydraulic structure was added in the model. In river hydraulic modelling
the structure input cannot be avoided to match the existing condition of the river.
However, the instability of the model will be increase once the structures were added
or model during simulation. The hydraulic structure such weir, gate, bridges, culvert,
spillway levee and etc. can cause oscillation and disturb the stage in the river [20, 21].

2.4 Initial and Low Flow Condition

Any time-marching (unstable) solution needs initial conditions for flows and depths
in cross-sectional areas in a river network. Initial flow and depth values must be given
to each part of the river network, and these values should be consistent with the inflow
boundary conditions at the starting time to avoid instability [3, 22]. In the 1D case, a
significant simplification of truth is the presumption that flow is strictly 1D. In the 2D
case, at least whenmodelling channel flow, the assumption that the vertical velocities
are negligible may be incorrect [23]. Flow data used as boundary conditions for all
models is one of the main uncertainties [23]. Pool and riffle sequences and shallow
depths can contribute to severe model instability in low flow conditions. Low flow
modelling can be challenging because of the limited volume of water often flowing
through the reaches [5, 24]. Due to the limited amount of water often flowing through
the reaches and the instability problems the low flows can cause in the HEC-RAS
modelling method, low flow modelling can be difficult [24].

2.5 Roll Wave and Steep Stream

Steep stream is the next factors that cause instability in hydraulicmodelling.When the
slope of river channel is high, the Froude numbers tend to approach 1.0, whichmeans
critical depth. Thus, the hydraulic model becomes unstable due to high velocity and
rapid changes in depth [5, 25]. Stability can be maintain by ensure the slope of river
bed is small compared to friction coefficient, it may be violated in steep channels and,
under suitable conditions, roll-waves will be formed [26]. The Vedernikov number is
also used to determine if the uniform flow is stable as a criterion [2]. Roll waves are
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quasi-periodic finite amplitude waves produced in a channel due to uniform steady-
state flow instability [27]. Table 1 shows the previous studies conducted on river
hydraulic modelling.

Table 1 Previous studied on river hydraulic modelling

Authors Title Findings: Factor present in
model stability

Brunner HEC-RAS river analysis
system—User’s manual version 5.0

Cross section, time step,
structures, low flow, steep
stream [20]

Pelletier Reply: uncertainties in the single
determination of river discharge: a
literature review

Cross section [13]

Haron et al. Assessing river stability and
hydraulic geometry of fluvial river
in Malaysia

Cross section [11]

Fread and Lewis Selection of δ x and δ t
computational steps for four-point
implicit nonlinear dynamic routing
models

Cross section [16]

Samuels Backwater lengths in rivers Cross section [17]

De Almeida Improving the stability of a simple
formulation of the shallow water
equations for 2-D flood modeling

Time step, manning [6]

Wingate and Read The maximum allowable time step
for the shallow water α model and
its relation to time-implicit

Time step [18]

Zidan A Review Of Friction Formulae In
Open Channel Flow

Manning [19]

Brandimarte and Di
Baldassarre

Uncertainty in design flood profiles
derived by hydraulic modelling

Structure [21]

Betsholtz Potentials and limitations of 1D,
2D and coupled 1D-2D flood
modelling in HEC-RAS

Initial, Low flow [23]

Sharkey Investigating instabilities with
HEC-RAS unsteady flow modeling
for regulated rivers at low flow
stages

Initial, low flow [24]

Ebrahimian and
Nuruddin

Runoff estimation in steep slope
watershed with standard and
slope-adjusted curve number
methods

Roll wave, steep stream [25]

Que and Xu The numerical study of roll-waves
in inclined open channels and
solitary wave run-up

Roll wave, steep stream [26]

Boudlal Stability of regular roll waves Roll wave, steep stream [27]
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3 Identifying Model Stability Problem

The model stability can be detected by identified certain criteria that occurred on the
model. The problem will be recognise when the program suddenly stop the simu-
lation while running. Besides that, there are errors were listed regarding hydraulic
or hydrology model set up. When the simulation model proceed to the maximum
number of iteration for the time step coupled with errors also the method to detect
the stability problem. Then, the simulation model will encounter oscillation during
computed stage and flow hydrograph. Furthermore, there a lot of warning message
will appear during model validation before the simulation started [4, 5, 24].

4 Conclusion

This paper briefly review the instability occurred in river hydraulic modelling. Most
river hydraulicmodelling using Saint Venant equation. Themodel stability complica-
tion can be divided into two, which are hydraulic geometry and hydraulic parameter
input. Moreover, factors of model stability also encounter during computation the
simulation also were highlighted. However, to fix and correct the error, which cause
model instability need a further discussion as different model software will have
different technique.
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Abstract Green spaces located on buildings are an important part of urban envi-
ronment, improving the quality of life through their aesthetic and functional advan-
tages. However, they consume large amounts of resources from cities’ water supply
systems. Moreover, rapid urbanization and population growth amplifies the issue
on clean water supply, increasing the necessity for efficient solutions enabling
wastewater treatment and reuse. This paper focuses on demonstrating of an inno-
vative wastewater treatment method, based on reusable catalyst materials on fixed
supports, and their potential application to supply the irrigation scheme of the green
spaces located on buildings. The investigations were conducted on a highly persistent
organic compound, namely Clofibric Acid, frequently identified in urban wastewater
in Europe. The obtained results confirmed that the 3D Hybrid Catalyst has a degra-
dation efficiency of the compound up to 45% in visible light and up to 92% after 7
cycles of reuse, under UV irradiation.
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1 Introduction

Green spaces located on buildings offer multiple benefits in urban areas, having not
only aesthetic value, but also functional—thermal and phonic insulation, increase the
energy efficiency and improve the air quality. Currently, the amount of water for their
irrigation, which varies between 0.5 and 20 L/m2 per day, is mainly provided by the
water distribution network [1]. Although some research projects (e.g., NaWaTech,
SuperGreen) [2, 3] investigated the irrigation of green spaces with wastewater, there
are still gaps regarding the impact of this practice on plants, soil and human health.
Some studies [4, 5] show that the long-term use of untreated water leads to increased
salinity and soil porosity. Additionally, the accumulation in the soil of surfactants
present in detergents may affect plants health [6, 7].

The current trend towards the expansion of urban areas and the rapid growth of
the population, which generates, proportionally, increasing amounts of wastewater,
has led to the development of new methods and technologies in recent years [8].
Advanced Oxidation Processes (AOPs) have emerged as innovative methods with
high potential for emergent pollutants degradation, without generating secondary
metabolites. Among the different types of AOPs, photocatalytic oxidation has shown
a promising capacity for wastewater treatment, with the ability to eliminate persistent
organic pollutants. Zinc oxide (ZnO) is highlighted in the literature as one of the
ideal candidates, due to its many advantages, such as wide availability, low cost
and efficiency in removing pollutants from water. Several studies have reported the
degradation efficiency of water contaminants in the presence of ZnO of about 90–
100% for dyes (e.g., Basic Red, Methyl blue) and pharmaceutical compounds (e.g.,
Caffeine) [9–11].

Currently, one of the major technological barriers in engineering applications is
the recovery of photocatalytic materials following the treatment process [11, 12]. In
numerous experimental studies [9, 13], photocatalysts are used in the form of parti-
cles in suspension, which leads to a difficult recovery process and the need for an
additional treatment step. Research in the field of AOPs has made it possible to over-
come these limitations by immobilizing particles with catalytic activity on support
materials, thus obtaining heterogeneous catalysts [14]. The aim of this study is to
demonstrate the potential for the application of immobilized ZnO on a fixed support
in an integrated system for the removal of emerging pollutants from wastewater and
its reuse for irrigation of green spaces on buildings. The pharmaceutical compound
Clofibric Acid (CA) was selected to demonstrate the photodegradation efficiency of
the proposed catalyst, having the following characteristics: CAS Number 882 09 7,
molar mass 214.65 g/mol, pKa 4.2 at 295 °K, water solubility 583 mg/L at 20 °C
and log Kow 0.76 at pH 7.5. CA has been widely found in European waters, having a
complex structure and high persistence in the environment, which means that biolog-
ical degradation is insufficient for its elimination [15]. The material can be applied
in the system because its recovery and reuse are practical, having high oxidation
efficiency of organic pollutants in both UV and Visible spectrum. Thus, this article
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aims to contribute to the sustainable development of urban areas through the efficient
management of wastewater, in the context of pressures generated by climate change.

2 Experimental

2.1 Materials and Methods

The 3DHybrid Catalyst was obtained by (I) deposition of ZnO on the porous-support
surface, followed by (II) the autoclaving process, for fixing the oxide layer. Zinc
oxide confers photocatalytic properties, presenting activity in the UV and visible
spectrum. The support material was synthesized by capitalizing, in varying propor-
tions, some waste—glass waste from fluorescent tubes, eggshells and agricultural
fertilizer Epsom salt (MgSO4). The applicability of the 3D Hybrid Catalyst material
developed in wastewater treatment is supported by the fact that (a) it has a high
efficiency in degrading pollutant compounds both in the UV and visible spectrum;
(b) recovery of the material after use is practical and does not require an additional
treatment step; (c) the material can be reused several times, with a high efficiency of
pollutant removal; (d) is a cost-effective option and uses wastes that are found on a
large scale as raw materials.

The 3D Hybrid Catalyst was tested by photodegradation of the Clofibric Acid
(CA). A solution containing CA (5 mg/l CA) was prepared by dilution in ultrapure
water and placed in contact with the catalyst (1,75 g/L ZnO concentration). The
initiation of photocatalytic process was performed in the presence UV irradiation,
respectively Visible spectrum. Observations on the degradation efficiency of the
catalyst were made for 8, respectively 24 h.

3 Results and Discussions

3.1 3D Hybrid Catalyst Degradation Efficiency
of the Organic Pollutants

To evaluate the potential application of the material in wastewater treatment, the
photocatalytic performance in the UV and visible spectrum were investigated for the
degradation efficiency of CA, a compound frequently identified in municipal water
treatment plants. The catalyst reuse is crucial to determine its reliability for long-
term use in practical applications. The 3D Hybrid Catalyst was tested to evaluate
the degradation efficiency of CA over seven successive cycles of reuse for 8 h. The
results showed that the ZnO retained its photocatalytic activity after seven successive
experimental stages, as illustrated in Fig. 1. A slight decrease was observed after the
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Fig. 1 3D catalyst material reuse capacity in the degradation efficiency of CA for 8 h of UV
radiation

Fig. 2 Photocatalytic
degradation efficiency of the
studied compound in the
presence of the 3D Hybrid
Catalyst under Visible light
for 8 h

third use. However, after 7 cycles, the decomposition efficiency was maintained at
high values, up to 92%.

To evaluate the degradation efficiency of 3DHybridCatalyst of CA in the presence
of visible light, observations were made for 8 h. As shown in Fig. 2, the efficiency of
ZnO removal photocatalytic activity maintained an upward trend throughout exper-
imental stages. After an irradiation time of 8 h, the degradation efficiency was up
to 45%. For both experiments (UV and Visible spectrum), the photocatalytic degra-
dation trends are described by the Modify Power equation Ct /C0 = abt , where the
parameters varies as it follows: the regression coefficient is in the range 0.968 and
0.994, a and b coefficients varies between a= 1.018–4.31 and b= 0.946–0.808. The
standard error is between 0.0057 and 0.14.
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4 Conclusions

The 3D Hybrid Catalyst was successfully employed for the degradation of Clofibric
Acid, being described by theModify Power equation. The obtained results indicate a
removal efficiency up to 45% of the CA in Visible spectrum and up to 92% under UV
irradiation after 7 reuse cycles. Thus, they confirm the applicability potential of the
3D hybrid material in a system of purification and reuse of wastewater for irrigation
of green spaces on buildings. These results offer not only a new perspective on
the application of catalytic materials for the elimination of emerging pollutants from
wastewater, but also a simple and very efficient way that contributes to the sustainable
development of urban areas.
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Abstract The recovery potential of bricks wastes in obtaining environmental
friendly materials is sustained by their pozzolanic properties, which can be exploited
within a Portland cement—brick powder waste (BPW) system, thus reducing the
amount of waste as well as the consumption of raw materials and CO2 emissions
from cement factories. These properties were intensively studied and reported in the
literature, for their assessment often being used direct analytical methods to highlight
the presence of Ca(OH)2 and its subsequent reduction in abundance with time as the
pozzolanic reaction proceeds. Since it is more difficult to quantify the pozzolanic
activity of calcined clay in a Portland cement /brick powder mixture, for the present
work classical determinations, such as thermo-gravimetric analysis (TGA), scanning
electron microscopy (SEM) were combined with the individual assessment of BPW
in terms of pozzolanicity in order to study the variation of the Ca2+ respectively OH−
ions concentration within a BWP—lime saturated solution. SEM analyses showed
CH and CSH formation and the DTA curve highlighted a more intense peak around
500 °C after 28 days of hydration, where the Ca(OH)2 decomposition take place.
The pozzolanicity test results showed a pronounced decrease of Ca2+ concentration
after 28 days.
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1 Introduction

Nowadays the civil industry is in continuous development, many ancient buildings
are demolished and new ones are built. Together with the comfort that a new house
or a new office provides, there are many environmental problems created by solid
wastes resulted through construction and demolition works (C&DW) such as envi-
ronmental pollution, landscape deterioration and consumption of landfill capacity.
At the European Union level, the wastes from C&DW represent one third of the total
generated wastes, the average rate of collection being below 50% of what should be
gathered [1]. A recent study reported that in the past years approximately 14% from
the total wastes is represented by C&DW from urban areas with a strong demand for
construction activities, the target imposed by legislation for their recycle and reuse
at the level of 2020 year being 70% [2].

Among C&DWs the highest recycling potential is for ceramic wastes (bricks, tiles
etc.), which through appropriate processing can be used as aggregates in concrete,
mineral addition for clinker production or supplementary materials for construction
industry [3, 4]. Thus, the use of bricks wastes in construction materials not only
has a positive impact on the environment but also could improve the properties of
mortar/hardened concrete due to their pozzolanic properties [5–7]. The pozzolanic
properties are possessed by many natural or artificial siliceous materials, with no
binding properties but capable to react with Ca(OH)2 produced by cement hydration
to form calcium silicate hydrate (CSH), reducing thus the porosity and improving the
materials durability [8]. The pozzolanic character of different secondary materials,
including ceramic wastes, was intensively studied and reported in the literature [4, 9].
The performed researches often use direct analytical methods, (XRD, TGA, SEM)
to highlight and monitor the presence of Ca(OH)2 and its subsequent reduction in
abundance with time as the pozzolanic reaction proceeds. Since it is more difficult to
quantify the pozzolanic activity of calcined clay in a Portland cement/brick powder
mixture, for the present work classical determinations were combined with the indi-
vidual assessment of waste powder which aimed to study the variation of the Ca2+

respectively OH− ions concentration in a lime saturated solution.

2 Materials and Methods

2.1 Materials

Themicrostructural characteristics of different cementitious compositions influenced
by pozzolanic addition were studied and the reactivity of the ancient brick powder
waste (BPW) towards Ca(OH)2 was determined. Considering previous results [5],
the present paper highlights the hardening microstructure of cementitious materials
obtained by 80% ordinary Portland cement (OPC) and 20% BPW, with w/b ratio of
0.45, compared to the etalon. The used cement, CEM I 42.5, presented a specific
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surface area, Ssp of 3793 cm2/g. The BPW was prepared by crushing and milling
ancient bricks from construction wastes up to advanced fines (Ssp = 3476 cm2/g),
with grain sizes ranging between 0.01 and 100 µm.

2.2 Microstructure Particularities

The microstructure investigations were performed on binder paste, cured up to
28 days in close vials at room temperature. For the resulted specimens, SEM inves-
tigations were performed, using a Hitachi SU-70 scanning electron microscope.
Additionally, the influence of the cement substitution with BPW on the hydration
and hardening processeswas evaluated byDifferential ThermalAnalysis (DTA) anal-
ysis, using a NETZSCH STA-TG analyzer, on cement pastes hardened for 28 days
by heating the samples up to 1000 °C, at a rate of 10 °C/min in nitrogen atmosphere.

2.3 Pozzolanicity Test

In order to assess the pozzolanicity of ancient bricks powderwastes a simple approach
was practiced by using lime saturatedwater. The lime saturated solutionwas prepared
by dissolving Ca(OH)2 in 2 L of distilled water, until it saturated, by continuously
stirring for three hours at room temperature. When the saturation concentration was
achieved the solutionwas filtered andmixedwith 20 g ofBPWand furthermaintained
for up to 28 days. The initial concentration of Ca2+ and OH− from lime saturated
water was determined.

3 Result and Discussion

The microstructural modifications which intervene through the BPW addition in
the cementitious specimens were investigated by SEM analyses and the results are
presented in Fig. 1. Portlandite (plate-like shape formations) and CSH (flakes-like
structure) are the major hydration products of the OPC for both curing terms (Fig. 1a
and b). Additionally, needles-like structure are visible, which indicates the presence
of ettringite. The presence of BPW within cement composition favors the internal
structure densification, reducing thus the porosity. The BPW powder determines
supplementary CSH formation (Fig. 1c), which are more visible after 7 days of
hydration as interconnected crystal network from which hexagonal CH crystals are
arise in the shape of bundles (Fig. 1d).

In Fig. 2 three significant endothermic peaks can be observed, available for the
two strengthen terms. The first peak, in the temperature interval of 55–150 °C, corre-
sponds to the both physically bound water from pores and the water from calcium
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Fig. 1 SEM images of the OPC specimen hydrated for 1 (a) and 7 days (b) and OPC + BPW
respectively, hydrated for 1 (c) and 7 days (d)
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Fig. 2 DTA-TG curves of the OPC + BPW hydrated for 2 days (a) and 28 days (b)

silicate hydrates (CSHgel dehydration). The peak temperature of theCSHgel decom-
position increases with hydration time from 130 °C for 2 days (Fig. 2a) to 140 °C
for 28 days (Fig. 2b).

The second endothermic peak corresponds to the Ca(OH)2 decomposition, its
temperature increase with the hydration time, reaching 500 °C for 28 days samples.
The last endothermic peak ranges between 783 °C for 2 days and 794 °C for 28 days
corresponding to calcite decomposition. In order to validate the pozzolanic properties
of BPW, its reactivity was assessed in lime saturated water and the test results are
presented in Fig. 3.

There are clearly distinguished three variation segments of Ca2+ and OH− ions
concentration. In the first 2 h (the first variation segment), the Ca2+ concentration
decrease with 15% as to the initial value of 424 mg/l. Forward, up to 24 h, the slope
of the concentration curve is slightly upward, the difference between the extreme
values of this segment being only 3%. This behavior could be correlated with alkali-
calcium-ion exchange process in the aqueous solution, shifting to higher alkalinity
and lower Ca ion concentrations, a reaction pathway which leads to decrease the Ca
ions solubility [10]. However after 1 day, there are significant differences between
the curves allure in terms of lime fixation, so that at the end of the test (after 28 days)
the BPW fixed around 93% of the total available lime (the final value of Ca2+ ions
concentrations was 32 mg/l). The OH– ions concentration curve follows the same
variation with that of calcium meaning that the BPW pozzolanicity is verified in the
OPC + BPW system which indicates the formation of Ca–Si/Al-hydrates.
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4 Conclusions

The pozzolanic properties of ancient BPW were studied. SEM analyses revealed the
presence of portlandite andCSHasmajor hydration products aswell as ettringite. The
presence of BPWwithin cement composition determines the structure densification.
DTA–TG analyses highlights three significant endothermic peaks: between 55 °C
and 150 °C, corresponding to both physically bound water from pores and CSH gel
dehydration, around 500 °C the Ca(OH)2 decomposition take place and at 783 °C for
2 days and 794 °C for 28 days respectively the calcite decomposition is produced.
The pozzolanicity test showed that after 28 days the BPW fixed around 93% of the
total available lime indicating the Ca–Si/Al-hydrates formation.
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A Review of Natural Fiber Concrete
for Radiation Shielding

Yusrina Mohd Yusof and Siti Amira Othman

Abstract As we knew, shielding is important as a protection for radiation. There is
many materials used in fabrications of shielding including lead, water and natural
fibre. Furthermore, various reinforced concrete has been developed around the world
to improve the qualities and performance of concrete in construction and industry.
Concrete is known to be strong in compression but weak in tension, which is why
reinforcing is utilised to help with this. One technique to improve concrete’s perfor-
mance, particularly in terms of energy absorption capacity, is to incorporate fibres
as reinforced concrete. Natural fibre is used to increase the concrete’s strength and
longevity. As a result, the performance of concrete as a radiation shielding material
is automatically improved, and natural fibres are a good reinforcement material in
concrete. Natural fibres as reinforcement are the safest and most environmentally
friendly option because they cause no harm to the environment, are inexpensive,
and may be consumed at any time. As a result, natural fibre is employed as a rein-
forcement in concrete to improve the shielding material’s effectiveness. This paper
contains reviews of the past studies undertaken by researchers over the past years
or decades which has the similarity either preparation of specimens, machines or
techniques used.

Keywords Cogon grass · Concrete · Radiation · Shielding

1 Introduction

All living species and humans on the planet are constantly exposed to ionizing radi-
ation from natural radionuclides through their respiratory and digestive systems, as
well as indoor regions and man-made radiological sources [1]. Everyone is aware of
the dangers of radiation exposure.Despite all of radiation’s drawbacks, there are some
significant advantages, particularly in the study of certain biological problems and
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the treatment of cancer. The use of rays such as x-rays and gamma rays is increasing
in a variety of fields, includingmedical applications and the food processing industry.
We must take precautionary measures to lessen the effects of radiation, as we cannot
completely eliminate the risk of radiation in our daily lives. According to Azeez
et al. [2], three general safety rules exist are the duration of exposure, distance and
shielding. Shielding is the most important precaution to take, even if materials like
lead and iron are effective ray-proofing devices, and their technical and economical
usage is confined to specific locations.

The main goal for radiation protection is to reduce the intensity of the radiation
to an appropriate amount (J). Costs, power and size are secondary considerations. If
enough thickness is put, almost any substance can minimize radiation. The use of
substances requiring extreme thickness, like basic concrete with 146 lb/ f t3 could
be unaffordable due to area limits [3]. Moreover, according to Sayyed et al. [4], it
has been well recognized, lead (Pb) is one of the standard shielding materials used
to protect both the environment and devices from the adverse effects of ionizing
radiation. Nonetheless, the use of lead can be discouraged due to other risks such as
toxicity, transport and storage frequency, high cost of processing and adverse effects
on the human body.

2 Radiation Shielding Concrete

Constructionmaterials, building products and structural components are widely used
as alternate gamma-ray shieldingmaterials to lead in a wide variety of uses of nuclear
science and technology. Construction materials have been of concern as sufficient
shielding materials. Concrete is one of the most frequent and reasonably priced
radiation shielding materials utilized in radioactive sources and radiation generating
facilities. In comparison to other building materials, concrete has a strong shielding
capacity against radioactive radiation and a long lifespan [5]. Concrete is known
to be an outstanding and flexible shielding material as it is commonly used in the
shielding of nuclear power stations, particle accelerators, research reactors, hot cells
and health facilities [6].

Many researchers discovered and have been reported the advancement of radiation
shielding concrete. A significant number of studies have been performed to examine
the linear attenuation coefficient of radiation and the durability of the concrete made
with various buildingmaterials and the shielding characteristics. According toMcAl-
ister [7], the attenuation coefficient is an amount that indicates how quickly electro-
magnetic radiation penetrates the material. The attenuation coefficient is most often
described in terms of the unit area per mass (cm2/g). The attenuation coefficient and
material densitymay be used tomeasure the emission of gamma radiation through the
chosen thickness of the shieldingmaterial or the thickness of the shieldingmaterial to
reach the desired attenuation amount. Gamma attenuation coefficients are inversely
proportional on gamma radiation and are directly proportional to the atomic number
of the element from which the shielding substance is made. To improve radiation
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shielding effectiveness, altering the ratio of formulation in goods with additions of
various specific densities can result in concrete with smaller diameters and bigger
attenuation coefficients. Several research on the efficacy of radiation shielding for
concrete dopants with particular additions have been published.

2.1 Linear Attenuation Coefficient

Because gamma-rays are uncharged and have no mass, they can quickly penetrate
matter, according to Medhat [8], making shielding against them extremely difficult.
The incoming photon energy is necessary for gamma ray interaction. The linear
attenuation coefficients are frequently used to evaluate the performance of any sort
of radiation shielding material [9]. The linear attenuation coefficient (µ) is the most
essential quantity that characterises the penetration and diffusion of gamma radiation
in the medium. It is defined as the likelihood of radiation interacting with a material
per unit length of the path. The fraction of attenuated incident photons per unit
thickness of a substance is also known as the linear coefficient of attenuation (µ). The
fraction of photons per unit thickness of the material separated from amonoenergetic
beam is reflected here. The part of the beam that is transmitted is known as the
complement.

The photon energy incident, the number of atoms or an atomic number, and the
density of the shielding materials all influence the size of linear attenuation coef-
ficients. Because these linear attenuation coefficients are density dependent, they
are given as mass attenuation coefficients (/), which is the linear attenuation coef-
ficient per unit mass of the material, according to Medhat [8]. According to AKA
[10], the linear attenuation coefficient of a material can be computed and measured
experimentally using Beer-law. Lambert’s.

Beer-rule Lambert’s states that I = I oe−µx , where x is the sample thickness, Io is
the number of counts that represent the intensity of gamma-ray photons at a specific
energy without attenuation, I is the gamma-ray counts that penetrated the absorber
with attenuation in the sample, and cm−1 is the linear attenuation coefficient.

2.2 General Properties of Concrete

According to Machaka et al. [11], there is no question that the most commonly used
material in the building industry is concrete. In 2009, it was reported that every
year about 10 billion tons of concrete was poured into various forms of construction
around the world. Azeez et al. [2] said that concrete composed of Portland cement,
sand, aggregates composed of either blocks, gravel or others, and water, is among
the most important materials used in the construction of commercial buildings.

Today, ordinary concrete (density approximate 50 kg/m3) usually used in surface
and ortho-voltage radiotherapy rooms. According to Varun Vikas Rai et al. [12],
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while modern concrete used today has adequate strength, the key issue is to reduce
production costs, material use and environmental hazards. As a result, various mate-
rials are partly integrated or substituted in concrete to boost its efficiency, quality
and energy savings.

However, because concrete is strong in compression but weak in tension, it
is necessary to strengthen it in order to maximise tensile strength. Steel bars are
commonly employed as alternatives to boost tensile strength, although natural fibres
clearly assist in achieving enough strength. Natural fibers are those obtained from
plants, animals or some other type of life that is long and slender. Various types of
natural fibers are used in concrete technology as an alternative or partial replacement
material for cement, aggregates and reinforcement materials. Such fibers are used to
improve post cracking resistance, high energy absorbing properties, fatigue strength
and other mechanical properties.

3 Natural Fibre

Natural organic fibres have been found in archaeological artifacts, showing that they
were used for simple purposes. Poles, chains, records, and rudimentary suspen-
sion bridges were all made from natural fibres, and many of these relics are still
in use today. Various cultures have developed new fibre sources, techniques, and
applications, frequently utilising their qualities.

Natural fibreswere brought back to life in the 1990s as reinforcement applications,
despite a temporary stoppage of use due to the growing interest in polymeric products
during World Wars I and II. Originally, recycled plastic fibres were used to meet the
expanding need for flexible end-of-life itemswithout regard for the environment. The
impact of this out-of-scale growth on the ecosystem is now clear, raising awareness
of the importance of using sustainable resources such as natural fibres [13].

Natural fibers are not plastic or manmade in simple language. It can come from
plants, animals or minerals. In recent decades, much attention has been given to use
natural fiber, both renewable and non-renewable such as oil palm, sisal, flax and jute,
to build up durable materials [14]. Easier access, light in weight, the durability of
raw materials, cheaper, high basic strength and steepness are several advantages of
natural fibers. For many countries natural fibers are inexpensive and can be found in
the local area. Fibers are like strings that can be used for different purposes. The use
of natural fibers decreases the weight of the part by 10%, although the prices of the
commodity are 5% below the equivalent steel reinforced material and at the same
time the energy used to manufacture is 80% much smaller [15].

According to Jamir et al. [16], cellulose shall be the mixture of plant fibers, while
protein-compound animal fibres. Bast, leaf, hard fiber, seed, fruit, wood, cereal straw
and other fibers of grass are included in plant fibers.

Cellulose is indeed a very crystalline structure that comprises 80% of the crys-
talline regions. Hemicellulose is composed of strongly ramified cellulose-associated
polysaccharides after the removal of pectin. Lignin becomes amorphous, tightens the
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cell walls and serves as a cellulose protective shield. A combination of rigid cellu-
lose embedded in a soft lignin and hemicellulose matrix is the structure of cellulose
fibre. Natural fibres are sometimes known as cellulosic or lignocellulosic fibres.
Natural fibres are composites that naturally create a primary bioengineering mate-
rial that differs from basic materials including cellulose, lignin, hemicellulose, wax,
minerals, and other materials [17]. The fibers of vegetables normally have similar
morphology. They consist of a large number of fiber cells formed bymain, secondary
and tertiary cell walls and lumens. Amedium lamellae (ML), composed of lignin and
hemicellulose, unites each fibre cell. The fiber cell numbers, the cell wall thickness,
and the fiber cross-section are the distinctions among the different fiber types. Each
fibers therefore has different mechanical characteristics and behaviour [18].

3.1 Natural Fibre Reinforced Concrete

It is widely acknowledged that one approach for improving the performance of
concrete is to incorporate fibres into the mix. Natural fibres are frequently employed
instead of waste solutions as a re-inforcing replacement [19]. Fiber insertion into the
concrete matrix has long been recognised as a method of improving strength absorp-
tion [20]. However, for environmental reasons, it is strongly advised that natural
fibres be used instead of synthetic fibres. Several academic research have looked
into natural fibres that can be used to replace concrete, steel, polypropylene, and
fibreglass. Steel, glass, and synthetic fibres come from a non-renewable source and
are very expensive materials with considerable energy consumption in terms of the
environment. Natural fibres, on the other hand, are a renewable resource that may
be used in a variety of applications in almost every country. Natural fibres are a
good alternative to hazardous plastics for the environment and can assist to reduce
pollution.

These do have low cost, great mechanical properties and low energy consumption
in processing. It is also possible to enhance sustainability by reducing building waste
by using these materials in construction work [21]. The use of natural fibers in
concrete construction is suggested as different kinds of such fibers are locally sourced
and abundantly available. It is no new practice to use fibres such as straw or horsehair
to increase the strength and longevity of fallen material, such as bricks and plaster.
Natural fiber suitable for concrete construction and readily available in developed
countries [22].

According to Zakaria et al. [23], rising demand from the construction industry
is sustainable development with higher intensity. The use of natural fibres in
concrete reinforcement is more likely to ensure an increase in concrete quality
while minimising environmental effect and maximising the use of available natural
resources. In conjunction with this, several researchers have used the fiber and the
yarn as a concrete strengthening material very successfully. These fibres can help
cement-based composites with post-splitting tolerance, high energy absorption, and
increased fatigue resistance. The major weaknesses of synthetic fiber use are fairly
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expensive, health and environmental risks. Organic, low-cost, environmentally bene-
ficial, and widely available natural fibres, on the other hand, are made from natural
resources such as the coconut tree, banana tree, cotton, and jute. Numerous research
have been conducted to determine the extent to which mechanical and physical
behaviour can be improved. In recent years, there have been numerous initiatives
to include natural fibres in order to increase energy efficiency, economics, and
eco-friendliness flavour.

3.2 Performing Chemical Treatment on Natural Fibre

Many researchers studied natural fibers to be used in cement, mortar and concrete as
a lightweight building material. Natural fibers, however, have biodegradable charac-
teristics; the cement matrix’s alkali condition contributes to fiber longevity issues. In
case the fibers were not managed to withstand the impact of the alkaline attack, this
gradually leads to a decrease in fibers strength and weight. Furthermore, the poor
attachment between natural fibers and the cement matrix decreases the impact of
fibers to increase the current composite production. Additionally, multiple treatment
methods have been investigated to improve the toughness of vegetable fibers in the
concrete mix. One of these is the chemicals treatment that improves the adhesion of
the fiber surface and the cement matrix and thus, to reduce the moisture absorption
by fiber, increase the surface sturdiness or roughness of the fiber, remove waxes and
oils from the surface of the fiber and, above all, increase the durability of the fibers
in the concrete composite.

The aim of the surface treatment is generally to improve both the surface
morphology and the chemical composition of the fibre. The surface treatment varies
accordingly from one fibre to another. Natural fibers are harvested, refined, and
treated by chemical agents based on their chemical properties [24]. The following
types of chemical treatment include silane, acrylate, acrylic acid, triazine, fatty acid
derivatives (oloyl chloride), sodium chloride and fungal, malesated coupling agents,
permanganate, acrylonitrile and acetylation grafting, stearic acid, peroxide. Alkali
treatment, also known asMercerization, is a common chemical procedure often used
by researchers in fiber treatment.

According to Mohammed et al. [14], also studied the effect of alkaline treatment
on surface properties of natural Iranian harvested fibers. The study has shown that
alkaline treatment removes a variety of chemical components on the surface of fibres,
including uranic acid (hemicellulose) and aromatic molecules released from partial
depolymerisationof lignin.The chemical components of non-woodfibers are affected
more effectively. The improvement in non-wood fiber crystallinity contributes to just
a small rise in softwood fibers. Thus, by alkaline treatment, the basic contact of the
fibers can also be enhanced dramatically as well as the fiber wettability. Alkali treat-
ment reduces cellulose-exposure components such as hemicellulose, lignin, pectin,
fat, and wax, and enhances surface roughness to strengthen interfacial adhesion,
according to Pickering et al. [25]. The structure of cellulose is similarly affected by
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alkali treatment, with minor treatments leading to an increase in cell crystallinity,
which is thought to beowing to the removal of components that coulddisrupt cellulose
crystallinity. Treatment with alkaline resulted in improved fibre quality.

According to Li et al. [26], the major change made to hydrogen-bonding in the
network structure, thus rising surface roughness, by alkaline treatment is an important
improvement. This extracts a variety of lignin, wax and oils that cover the exterior
of the cell wall of fiber, depolymerises cellulose and reveals crystallite longitude.
Aqueous sodium hydroxide (NaOH) addition to natural fibers allows hydroxyl group
ionization into alcohol.

The alkaline processing therefore affects the degree of polymerization, cellulosic
fibril and the extraction of lignin andhemicellulosic compounds. Fibers are soaked for
a certain amount of time in NaOH solution in alkaline water. The jute and sisal fibers
are treated with 5% aqueous NaOH solution from 2 to 72 h at room temperature.
There is also attempted to treat flax fiber in similar therapies. It is stated that 2%
alkaline solution was for degummation and defibrillation of individual fibers for 90 s
at a pressure of 200 C and 1.5 MPa.

4 Cogon Grass/“Lalang” Grass

Grasses usually can grow anywhere. The first thing we can think of is that weeds are
growing rapidly and abundantly in the open fields. We do not generally think grasses
like canes and bamboo plants are in the family of grass. The grass family comprises
635 genera’s and 9000 species. After legumes, orchids and hybrid floral flora, cogon
grass is the fourth largest plant family. The grass is a member of the Graminea family,
a large monocotyledoneae family, a single flowering monocots class of plants with
a single cotyledon of seed leaf [27].

Imperata cylindrica, often known as cogon grass or kunai grass, is a plant in the
Imperata family. A rhizomatous, persistent pan-tropical grass that thrives in the damp
and shallow, severely dry seasons that are common in Southeast Asia, and can grow
in a wide range of soil conditions [28]. The grass, rough and annual, can be found in
tropical and subtropical regions all over the country. In more than 73 nations, cogon
grass is now found. Cogon grass is most visible in Malaysia as luxurious stalls of
youthful-green grass, typically in the full sun, growing along the sides of roads [29].
Cogon grass is one of the ten most destructive weeds worldwide as it can populate,
grow and displace ideal vegetation effectively [30].

Mohd Kassim et al. [31] stated that cogon grass, which is also known as Jap grass,
blady grass or spear grass, alang-alang and lalang, belongs to the family of Poaceae
(Gramineae). The grass is regarded as a perturbing weed in the world’s tropical and
subtropical zones. Furthermore, the ability of cogon grass to spread and replace
favourable plants overestimated any soil erosion. In comparison, the rough edges of
mature cogon grass leaves and silicon bodies around the leaves make it unsuitable
for animals to chew the leaves and to graze wildlife. Cogon grass is widely grown in
Malaysia, both on the road and in open areas. That is because of the ability of this
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grass to thrive in dry unproductive areas due to the strong roots that can draw water
and minerals from the soil compared to other plants which might have difficulty
surviving. Normally cogon grass is approximately 1 m long, with transparent and
rough margins of the base.

In Malaysia, cogon grass is a plant with no commercial value that spreads fast
via seeds and enormous rhizomes. Cogon grass contributes to greenhouse waste
without any need [32]. Cogon grass is typicallymade up of three primary components
consists of cellulose, hemicellulose, and lignin. This is plentiful and rarely used to
render building structures such as composites strengthened by natural fibers. The
cogon grass is around 40% high in cellulose [24]. Lately cogon grass is used in
the Philippines’ neighbouring country as a possible export material. The unregulated
growth of these grasses, however, will constitute a challenge to the life of the farmers.
Cogon grasses are like quiet thieves who gradually snatch the land to such a point
that they decrease the crop quality. This violent rhizomatous perennial is typically
thought of as pernicious plant because of its potential to disperse, colonize, spread,
and then clash with and transfer preferable plants, and disturb habitats over a wide
range of environmental conditions [27].

5 Conclusion

Currently, more eco-friendly materials are in high demand around the world, thus
most researchers are concentrating their efforts on developing new materials that
will improve the efficiency of product environmental quality. Concrete is one of the
most common structural building materials nowadays. Concrete has a tremendous
density, yet it has an extremely weak structure and a short lifespan. To strengthen
the strength of traditional concrete, certain natural fibres were added.

The usage of cogon grass as an alternative fibre will increase resource utilisation
andminimise global deforestation demand. The Imperata Cylindrica, or cogon grass,
is one of the worst weeds on the planet, thanks to its capacity to quickly conquer,
expand, and disturb good vegetation. There has been a lot of research into using
different natural fibres as an additive in concrete to increase its strength. Moreover,
a number of researchers have reported on the development of radiation shielding
concrete. Unfortunately, there are few studies on the use of natural fibre in concrete
as a radiation shielding material while simultaneously improving its performance.
As a result, several research studies and literature have been gathered and referenced
to in order to undertake this research.
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of Coal Bottom Ash (CBA) Waste
and Natural Aggregate
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Abstract Coal bottom ash (CBA) is a co-combustion product material, which may
cause hazards to human health and the environment. Rapid growth in technology
causes the increase of CBA waste and this situation led to a waste disposal crisis.
Reuse waste material as an alternative material instead of natural materials can led
to sustainable and environmentally friendly construction. The main objective of this
study is to determine the physical properties of CBA and its suitability to be used as
replacement material in civil construction. The physical properties test conducted in
this research were aggregate impact value test, aggregate crushed value test, flakiness
and elongation test. The results show that the ability ofCBAto resist sudden shock and
repeated load was lesser than natural aggregate (NA). The differences of aggregate
impact value (AIV) and aggregate crushing value (ACV), between NA and CBA
were 50.4% and 48.9%, respectively. In addition, CBA has higher amount of flaky
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and elongated particles compared to NA. The flakiness index value for NA and CBA
were 7.12% and 26.10%, respectively while the difference value of elongation index
between NA and CBA was 37%. However, even though the properties of CBA were
not as good as NA, the results for ACV and the flakiness index of CBA meet the
minimum requirement of Jabatan Kerja Raya (JKR) Standard Specification which
indicates that CBA has potential to be used in civil construction.

Keywords Coal bottom ash · Waste · Physical properties · Natural aggregate

1 Introduction

In Malaysia, every state has its own quarry and natural aggregate (NA) production
activities. NA production in Selangor is the biggest among all followed by Perak,
Sarawak, Johor, Sabah, Negeri Sembilan, Terengganu, Pulau Pinang, Kedah, Pahang,
Kelantan, Melaka, and Perlis [1]. The factors contribute to the production of NA
are the population growth, the urbanization and the economic growth which led to
the high demand in construction activities. The impact of the accelerating of these
factors is feared to affect the ecological balance. Therefore, in considering the high
demand of the NA to be used in construction industries, researchers were seeking for
alternative material as a replacement for better or similar construction performance
as produced byNA. Currently, the commonwastematerials used in civil construction
are recycled concrete [2], recycled asphalt [3], steel slag [4], palm oil clinker [5] and
glass [6].

On the other hand, due to the developing interest for electricity from coal sources,
high amount of coal bottom ash (CBA) waste was produced. This condition has
caused additional of landfill which led to the detrimental of land use. Therefore,
considering theproblemwith the disposal ashpond in termsof cost and environmental
impact, the need to recycle it has become a necessity than a desire. A limited research
work is reported on the utilization of CBA. Previous studies on the utilization of
coal ash waste as material in the construction field have focused more on fly ash
than bottom ash. However, recent study reported that bottom ash possesses some
desirable engineering properties that enable to be used as a construction material [7].
In this study, the physical properties of CBAwaste were investigated. Then, physical
properties of CBA waste and NA were compared to determine the potential of CBA
waste to be used in civil construction industry.

2 Materials and Method

Material used in this research is NA andCBAwhichwas collected from Janamanjung
Power Plant in Perak. Figure 1 shows the coarse and fine particles of CBA. By
observation, the CBA appearance is similar with NA which has darker color.
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(a) (b)

Fig. 1 a Coarse CBA . b Fine CBA

2.1 Aggregate Impact Value

Sample was sieved and dried in the oven for 4 h, cool down to room temperature, and
fill in the cylinder measure, tamped on each layer 25 times, stacked off the surface
of the sample to the upper level, and weighed. Then the cylinder was placed at the
base of the machine and the hummer fall freely 15 times at the height of 38 cm. The
sample was extracted, sieved and weighted.

AIV = Weight of sample passing sieve 2.36 mm

Weight of sample
× 100 (1)

2.2 Aggregate Crushed Value

Prior testing, the sample was sieved and dried for 4 h (W1). Samples was filled in
the cylinder measurement and tamped 25 times on each layer, stack off the surface
of the sample to the upper level and weighed. The sample loaded consistently in
10 min. The load was then released, and the crushed material was removed and
sieved. Material passing through sieved 2.36 mm was weighted (W2).

ACV = W2

W1
× 100 (2)

2.3 Flakiness and Elongation

The sample (CBAandNA)wasovendried and sieved.Theflaky and elongatematerial
was separated using thickness gauge. The flaky and elongate material passing the
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gauge to an accuracy of at least 0.1% of the test sample was weighted. The flakiness
and elongation index were then calculated.

Flakinessindex = Weight o f f laky particles

T otal weight retained
× 100 (3)

Elongation index = Weight o f elongate particles

T otal weight retained
x100 (4)

3 Result and Discussion

3.1 Aggregate Impact Value

The aggregate impact value provides a relative measure of the resistance of an aggre-
gate to sudden shock or impact. Resistance of the aggregates to impact is also known
as toughness. The aggregates used in civil construction should have sufficient tough-
ness to resist their disintegration as the impact load can break the aggregate into
smaller pieces which subsequently may lead to the structure failure.

The result of aggregate impact value of NA and CBA waste was presented in
Fig. 2. The result shows that the aggregate impact value of NA is 17.2% which can
be classified as strong material while CBA is 34.7% which can be classified as weak
materials. The results show that the ability to resist sudden impact or shock load of
the NA is better than CBA.

Fig. 2 Aggregate impact
value (%) of NA and CBA
waste
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Table 1 Aggregate crushing value (%) of NA and CBA waste

Properties Types of materials JKR Limit

NA CBA Building work Road work

ACV (%) 18.5 36.2 ≤ 40 ≤ 30

3.2 Aggregate Crushing Value

The aggregate crushing value measure the resistance of a material to crush under
gradually applied compressive load. In other word, the crushing value of aggregates
indicates its strength. Lower crushing value is recommended as it indicates a lower
crushed fraction under load which offer a longer service life and an economical
performance.

Table 1 shows the aggregate crushing values of NA and CBA waste. The results
shows that the aggregates crushing value of CBA is poorer compared to NA. The
ACV for NA is 18.5% while ACV for CBA is 36.2%. According to JKR Standard
Specification for building work, the ACV value of CBA is in the allowable range as
the value is not exceeding 40% [8]. However, the ACV value of CBA is not meet the
requirement of JKR Standard Specification for road works as the value is exceeding
30% [9].

3.3 Flakiness and Elongation

Flakiness and elongation index test gives the percentage of flaky and elongate aggre-
gate present in the total aggregate samples. In concrete production, flaky and elon-
gated aggregates caused more water needed to produce workable concrete compared
to smooth and rounded compacted aggregate. While in pavement construction, too
much of flaky and elongated aggregates may lead to the failure of the pavement due
to their random position under repeated loading and vibration.

Figure 3 shows the flakiness and elongation index of NA and CBA waste. The
flakiness and elongation index of NA is 7.12% and 23.76%, respectively. For CBA,
the flakiness and elongation index are higher, 26.10% and 37.85, respectively. These
valuemeets the requirement of JKR standard except elongation index for CBAwhich
the value exceeding 30%.
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Fig. 3 Flakiness and
elongation index (%) of NA
and CBA waste
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4 Conclusion

In conclusion, the physical properties of CBA were not as good as NA. CBA has
lesser ability to resist the sudden shock or impact compared to NA. In addition, the
ability of the CBA to resist the repeated load also poorer compared to NA. However,
the crushing value of the CBA is meet the minimum requirement of JKR Standard
Specification for building works and it indicates that CBA has potential to be used in
concrete production. Higher flaky and elongate particles of CBAmight be influenced
the performance of the concrete, pavement or any civil construction.
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Abstract One of the most effective and simplest methods to minimize waste as well
as reduce the environmental problems associated with waste disposal is by utilizing
waste materials as a cement replacement in hot mix asphalt (HMA) mixtures which
can provide the same or better stability as the conventional method. Fillers play an
important role in the stability and strength of the pavement by filling voids between
the aggregate particles in the performance of the HMAmixture. This research inves-
tigated the effect of the utilization of different types of filler (bottom ash and lime-
stone) on the optimum binder content of HMA. Flow, stability, stiffness, air void in
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mix (VIM) and void filled with bitumen (VFB) were determined using the Marshal
Method test in order to determine the optimumbinder content of HMA for all mineral
filler. The results of theMarshall test for each filler have been compared with the JKR
standard specification. The optimum binder content for bottom ash, limestone and
Ordinary Portland Cement (OPC) was 5.42%, 5.65% and 5.54%, respectively. All
values of mineral filler used meet the JKR standard specification, where the range is
between 4 and 6%. From the result achieved, the bottom ash has the lower optimum
binder content value compared to the limestone and OPC. When the lower binder
content is used in the bituminous mixture, the cost for pavement construction will
be reduced.

Keywords Hot mix asphalt ·Mineral filler · Optimum binder content ·
Limestone · Bottom ash

1 Introduction

Transportation infrastructure is currently one of the essential infrastructures for
increasing society’s mobility for economic activity. Road is very important in our
daily activities because it enables people to move from one location to another
location. Maximum road maintenance is required since the current road users are
increasing in using the highways and roads. The main step of improving the perfor-
mance of an existing road starts with ensuring the correct design of the mix and the
use of appropriate materials [1].

Modifying asphalt mixture has been studied for a long time. There were various
methods have been developed to improve the asphalt mixture in order to improve
the efficiency and consistency of hot mix asphalt (HMA) by modifying the HMA
constituting ingredients. There are four major asphalt production cost categories:
materials, plant production, trucking and lay down (i.e., construction). Materials are
the most expensive production cost category, comprising about 70 percent of the
cost to produce HMA. Thus, precautions must be taken when selecting the types
of ingredient materials and the major constituents in the mixture during the HMA
mix design process. This enables the mix designer to achieve the required mixture
property.

Mineral fillers consist of inert minerals added to asphalt mixtures to improve the
density and strength of the mixture. The example of mineral fillers is rock dust, slag
dust, hydrated lime, hydraulic cement, fly ash, loess, or other suitable mineral matter.
The effect of the added mineral fillers on HMA is to fill voids between aggregate
and reduce the voids in the mixture. Filler has various purposes, which fill voids and
reduce optimum asphalt content and increase stability [2]. Besides, fillers can reduce
the use of expensive binder material, increase some properties of the blend material
and are also environmentally friendly.
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Nowadays, the road pavement or asphalt surface is exposed to higher loading due
to the increasing numbers of transportation or vehicles on the road. Thus, the failures
of pavement such as deformation or rutting, fatigue, cracking and skidding problems
have increased significantly over the year due to the increase in road traffic, which
is proportional to the insufficient degree of maintenance [3]. The road pavement has
low durability and workability. The problems regarding road pavement can lead to
any unfortunate incident [4]. For these several decades, lots of testing and research
has been done to find the most suitable alternatives material to improve the road
pavement. One of the common alternativeways taken into concern is bymanipulating
filler materials in the asphalt mix design. The modification of asphalt mix design
materials used can improve the behavior of mixes which provide a better service life
of the road pavement and strengthen the mix.

In order to achieve the better construction of pavement in Malaysia, a mineral
filler such as limestone and fine bottom ash can be used as a cement replacement in
optimum binder content of hot mix asphalt [5]. The overall objective of this paper is
to investigate the effect of the utilization of different types of filler on the optimum
binder content of hot mix asphalt. One of the most effective and simplest methods to
minimize waste as well as reduce the environmental problems associated with waste
disposal is by utilizing waste materials as a cement replacement in HMA mixtures.
So, this research aims to reduce the use of Ordinary Portland Cement (OPC) by
replacing it with waste material (bottom ash and limestone) that can give the same
strength as the conventional method.

2 Materials and Method

2.1 Material

Hotmix asphalt (HMA) basically consists of twomain components, which are aggre-
gate and asphalt binder. However, the aggregates are often classified into fine and
coarse aggregates and filler percentages due to their particle size [6]. The charac-
teristics of aggregates are very important to the performance of HMA pavements.
Aggregate shape properties, such as form, angularity, and surface texture, highly
influence the performance of HMA. A significant proportion of mineral aggregate is
present in a bituminous mixture, approximately 95% of the weight and 80% of the
volume [7].



256 N. L. Rahim et al.

2.1.1 Aggregates

In this study, the aggregate used is the fine aggregate (sand). Based on the standard
specification for roadworks published by JabatanKerja Raya in 2008, fine aggregates
would be non-plastic and free foam clay, loam, aggregations of material, vegetative
and other organic matter and other deleterious substances. For the mix design, the
wearing course (ACW14) is used. The particle size distribution of aggregate of
wearing course (ACW14) must follow the standard specification for road work.

2.1.2 Bitumen

In this study, the bitumen grade used is 60/70 since it is widely used in Malaysia. In
order to produce the mix design and achieve the optimum binder content, different
value of the bitumen content required must follow the standard specification for
road works. For this study, the standard bitumen content used for the wearing coarse
(AC14) is between 4.0–6.0% [8]. Bitumen used in this research has been obtained
from Pens Industries Sdn Bhd.

2.1.3 Limestone

Limestone is defined as a sedimentary rock composed primarily of calcium carbonate
(CaCO3) in the formof themineral calcite. The category of limestone used is extracted
from natural minerals by mechanical sieving after quarry operation. The limestone
used in this research has been obtained from Pens Industries Sdn. Bhd. The quarry
is located at Jalan Bukit Ayer, Batu Pahat, Perlis.

2.1.4 Bottom Ash

Bottom ash (BA) used in the research has been obtained from TNB Janamanjung
Sdn. Bhd., a thermal power plant at Perak, Malaysia, as shown in Fig. 1. The BA

Fig. 1 Samples of Bottom
Ash (BA)
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particles are relatively coarse and have angular particles with very porous surface
textures. The particle sizes range from as coarse as fine gravel to fine sand (<10 mm
to 75 µm) [9]. The BA has been sieved to remove the coarser particle. Subsequently,
the BA has been ground to obtain finer particle size; sufficient grinding can improve
the pozzolanic activity of the bottom ash [10].

2.2 Method

This research focused on theMarshall properties that were prepared in the laboratory
using different types of mineral fillers that passed through 0.075 mm (all P-200)
sieve, namely limestone, bottom ash andOrdinary Portland Cement (OPC) as control
filler. The optimum binder content and varied mixing characteristics of criteria were
discovered using theMarshal Mix design technique. In theMarshall Mix design test,
the following criteria are taken into account: stability, flow, stiffness and air void in
mix (VIM) and void in aggregate filled with bitumen (VFB), as shown in Fig. 2.

The bitumenpenetration test is based onASTMD5.Thepurpose of the penetration
test used in this study is to determine the uniformity of a bitumen material where
was expressed as the depth a standard needle can penetrate a sample material within
ten millimeters under a specified time in 5 s, 25 °C of temperature and loading of
the needle assembly is 100 g. Three samples of penetration value of bitumen were

Fig. 2 Summary of Methodology
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tested to get the mean value. Determination of three points on each of the sample’s
surfaces must more than 10 mm from the edge of the penetration tin and not below
10 mm apart from the other points were done.

A total of 1200 g of the sample aggregate were collected and heated in the oven
until constant mass. The aggregate was heated to a temperature of 150 °C to 190 °C.
Bitumen mix was added in increments of 1.0% starting from 4%, 5% and 6%. Lime-
stone, bottom ash and OPC used as mineral filler were mix with different binder
content. Three samples were prepared for each mineral filler with different binder
content by compacting the samples to 75 blows on both sides of the sample by using
Marshall Compactor [11]. Then, the sample was demoulded after 24 h left at room
temperature. The laboratory testing results will be based on the Jabatan Kerja Raya
(JKR) standard specification testing of road improvements. The bituminous mixture
properties include stability, flow, air void in mix (VIM), void filled bitumen (VFB)
and stiffness.

3 Result and Discussion

3.1 Penetration Test

A penetration test is the most widely used method to evaluate the consistency of a
bituminousmaterial at a certain temperature. Table 1 shows the penetration test result
for bitumen used in this study. The average penetration value of the bitumen for the
three samples was taken, which is 66.16 mm. In order to produce the mix design and
achieve the optimum binder content, different value of the bitumen content required
must follow the standard specification for road works. According to JKR Standard
Specification for Road Works, the penetration value 66.16 mm was lies between 60
and 70 grades of bitumen which indicates 60/70 grade bitumen, so they can be used
in this research.

Table 1 Result for penetration test

Standard penetration test: ASTM D5
Type of bitumen: 60/70 grade penetration, Load: 100 g,
Time: 5 s, Temperature: 25 °C

Sample No A B C

Point 1 2 3 1 2 3 1 2 3

Penetration (mm) 65.65 60.78 68.80 65.50 62.80 68.50 67.58 62.80 69.50

Average Penetration
(mm)

66.16
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Table 2 Result for softening point tests

Softening point test: ASTM D36
Type of bitumen: 60/70 grade penetration

Sample No A B C

Ball 1 2 1 2 1 2

Softening point (°C) 50 51 49 50 49 50

Average
Softening Point (°C)

50.5 49.5 49.5

3.2 Softening Point Test

The softening point test was tested based on ASTM D36 using the Ring-and-Ball
method at temperatures between 30 to 157 °C. Three samples of bitumen were tested
to determine the mean value of the softening point. Table 2 displays the results of
the softening point test.

From the result obtained in Table 2, themean value of the three samples is 49.8 °C,
where the bitumen began to show fluidity until it touched the bottom plate. Based
on the JKR Standard Specification for Road Works, the softening point of 60–70
grade bitumen must be more than 48 °C and less than 56 °C, as well as the difference
of temperature between Ring 1 and Ring 2 as steel ball passes through the bitumen
until touches the bottom plates does not exceed 2 °C. Thus, the softening values for
samples A, B and C are within the required range, so they can be utilized in this
research.

3.3 Bulk Specific Gravity

The value of bulk specific gravity of the sample was calculated by weighting the
sample in water and in air. The effect of the utilization of different types of filler in
different percentages of binder content on the bulk specific gravity of the bituminous
mixture was shown in Fig. 3. The bulk specific gravity for each filler showed an
increase as the binder content increased from4 to 6%.This is due to the bitumenfilling
in the void space of the aggregate particles. The JKR standard specification pavement
design does not have a precise amount of bulk-specific gravity value. However, the
maximum value for bulk specific gravity was observed to be 6% bitumen content.

3.4 Stability

Figure 4 demonstrates the stability graphs for the effect of various binder content
and the filler types. The stability value was recorded directly from the Marshall
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Fig. 3 Bulk Specific Gravity
versus Binder Content
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binder content

Testing Machine. The stability values indicate the maximum load that the sample
can withstand before failure. By referring to Fig. 4, it can be observed that according
to the bitumen content in the mixture, the impact of all fillers on stability follows the
same trend, whereas the binder content in the mixture increase, stability values also
increase as well. This is because when the binder content increases to the maximum
value, the binder has the ability to fills the gap between the aggregate particles,
which results in increasing the stability. Thus, due to the presence of binder content
in the void between the aggregate particles, the strength of the binder mixture contact
between the aggregates will continue to be built [12].

Based on the standard specification for the road work that has been set up by
JKR, the stability value required for wearing course should be more than 8000 N.
Thus, bottom ash, limestone and OPC as mineral filler in the bituminous mixture
were approved for use in pavement construction based on their stability parameters
value that meets the standard specification for road works as stated by JKR.
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Fig. 5 Flow versus binder
content

3.5 Flow

The flow value represents the vertical deformation when the maximum load is
attained. As shown in Fig. 5, when binder content used in the mixture was increased
from 4 to 6% for both limestone and OPC, the flow value obtained also increased
except for the mixture with bottom ash, where the flow value increased by 4% and
5% of binder content then decrease at 6% of binder content. JKR indicated that the
flow value for standard specifications for road improvements was in the range of
2.0–4.0 mm. Therefore, the mineral fillers that meet the JKR standard specification
for road works are at 4% binder content for bottom ash, limestone and OPC, while
for 6% binder content, only bottom ash fillers meet the requirement.

3.6 Air Void in Mix (VIM)

Figure 6 shows the percentage of air void in mix (VIM) against the binder content. It
can be seen that themixturewith bottomash at 4%of binder content shows the highest
percentage of VIM compared to the other mineral fillers, while the lowest percentage
of VIM is OPC at 6% of binder content. From the figure, it can be observed that the
percentage of VIM for bottom ash, limestone and OPC are decreasing as the binder
content increasing. This is because binder content in the mixture acts as a lubricant
which can lower the VIM value. The presence of air void in the mixture reflects its
porosity. If the quantity of the air voids in the mixture exceeds the acceptable value,
the mixture may crack since there is an insufficient binder to coat all of the aggregate
particles. However, there is not enough area to retain the binder if the air voids in
mix present too low where can cause bleeding or plastic flow of binder known as
abrasion. The proportion of air void in the mixture must be between 3.0 and 5.0%, as
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Fig. 6 VIM versus binder
content

mentioned in the JKR standard specification of roadword. Bottom ash, limestone and
OPC in the mixture of 6% binder content are within the range of JKR requirement.

3.7 Void Filled Bitumen (VFB)

The impact of various types of fillers on the void filled bitumen (VFB) performance
of a mixture is indicated in Fig. 7. As stated in the standard specification of road
works from JKR, the value of void filled with bitumen is between 70 and 80%.
Thus, the void filled with bitumen values for bottom ash, limestone and OPC as
mineral filler in 6% bitumen content are within the range. This parameter has to
do with the amount of workable bitumen content in the mixture. There will be less

Fig. 7 VFB versus Binder
Content
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asphalt coating around the mineral aggregates if the number of voids filled with
bitumen is less than the standard range. Therefore, lower bitumen coatings are more
susceptible to moisture and weather influences, which can cause them to separate
from the mineral aggregate, resulting in reduced performance.

3.8 Optimum Binder Content (OBC)

In the bituminous mixes, the percentage of binder content should be not too high
or too low because it can affect the mixture. By adding enough binder content in
the bituminous mixture until the aggregate is fully coated with binder and void
within the bituminous material is the objective of optimum binder content design.
Thus, the impermeability achieved can improve the bituminous pavement durability.
Additionally, to maintain the aggregate from being pulled by the rough action of
driving vehicles on the carriageway, the minimum binder content in the bituminous
mixture is needed. However, the bituminous pavement will become brittle if the
binder content is too high. This is because the use of excessive binder content reduces
the resilience of bituminous pavement to deformation under traffic stress.

All data were evaluated and the value of the optimum binder content for different
types of filler from the Marshal mix design test was obtained using all graphs
presented (Fig. 3, 4, 5, 6 and 7). The average of five optimum binder content has
been used to determine the mean optimum binder content as shown in Table 3.

Based on Table 3, the mean value optimum binder content for each mineral
fillers for bottom ash, limestone and OPC was 5.42%, 5.65%, 5.54%, respectively.
According to the JKR standard, the range of binder content for wearing course is
within 4.0–6.0%. Thus, the optimum binder content for all mineral fillers meets the
JKR requirements. All mineral fillers can be used for wearing course in performance
analysis of hot mix asphalt. From the result achieved, the bottom ash has the lower
optimum binder content value compared to limestone and OPC. When the lower
binder content is used in the bituminous mixture, the cost for pavement construction
will be reduced. This result is in agreement with previous studies done by [13].

Table 3 Optimum binder content

Percentage of binder content Bottom ash Limestone Ordinary portland cement (OPC)

Bulk specific gravity at the peak
curve

6.00 6.00 6.00

Stability at the peak curve 6.00 6.00 6.00

Flow at 3 mm 4.25 4.35 4.00

4% of VIM 5.85 6.00 5.80

75% of VFB 5.00 5.90 5.90

Average optimum binder content 5.42 5.65 5.54
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4 Conclusion

This research was conducted to investigate the effect of the utilization of different
types of mineral filler on the optimum binder content of hot mix asphalt. The aim
of this research has been accomplished by conducting several testings in the lab and
comparing the results obtained with the criteria in the standard specification JKR for
road construction. The method used in this researched was a Marshall mix design
test to determine the optimum binder content of hot mix asphalt for different types of
filler with 4.0%, 5.0% and 6.0% of binder content. From the finding of the Marshall
test, the optimum binder content of hot mix asphalt for the bituminous mixture with
a different type of mineral filler meets the standard specification requirements. The
optimum binder content for bottom ash, limestone and Ordinary Portland Cement
(OPC) was 5.42%, 5.65% and 5.54%, respectively. All values of mineral filler used
within the range of JKR standard specification (4–6%). From the result achieved, the
bottom ash has the lower optimum binder content value compared to limestone and
OPC.
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Experimental Analysis of Napier Grass
Waste Pre-treatment Process for Biogas
Production

N. E. Suhaimi, H. Mohamed, N. Kamaruzaman, M. E. Mohd Roslan,
and A. H. Shamsuddin

Abstract Biomass utilisation can benefit from a pre-treatment process because
the process disintegrates the link between hemicellulose and lignin, potentially
increasing biomethane generation. This work aims to assess available pre-treatments
for Napier grass to increase biomethane generation. Important factors such as
working volume, temperatures, testing time, and mixture ratios were studied in this
work. Furthermore, a biochemical methane potential (BMP) test was conducted to
measure the volume of biomethane generated from two Napier grass conditions:
ground sun-dried and ground sun-dried with additional oven heating Napier grass.
The highest average volume generated by ground sun-dried substrates was 47.67
Nml. On the other hand, about 45.87 Nml methane was generated from the Napier
grass with an additional oven heating pre-treatmentmaking the percentage difference
in methane volume production between the two conditions of Napier grass is 4%.
Based on the result, we found that applying the additional oven heating treatment on
Napier grass may seem unnecessary as it only shows a small percentage difference
compared to sun-dried Napier grass in terms of methane volume produced. In addi-
tion, 1.05 g of volatile solids (VS) of pre-treated samples can produce approximately
50.74 Nml biomethane.
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1 Introduction

One of the harmful greenhouse gases (GHG) is methane. It contributes to the green-
house effect, leading to global climate change. In addition, agricultural activities,
fossil fuel combustion, and organic waste decomposition in landfills can cause gas
release. Malaysia is one of the countries that are highly dependent on fossil fuels to
generate electricity. Therefore, biogas generation from organic waste decomposition
seems to be a viable option to reduce the dependency on fossil fuels. At the same
time, this option can reduce GHG emissions to the atmosphere.

The study focuses on Napier grass as the main substrate due to its high yield.
The annual yield of Napier grass ranges from 25 to 35 oven-dried tons per hectare
and can be harvested up to four times per annum. Additionally, the grass can grow
easily without needing extra nutrients, resulting in low establishment costs [1–3].
Therefore, Napier grass can be considered suitable for biomass energy resources
where we can use the biomethane gas released for biogas production.

Apre-treatment process is required to disintegrate the adhesive linkage of hemicel-
lulose and lignin. Furthermore, it can enhance biomethane production by preventing
the delay of the anaerobic digestion (AD) process. Lignin is an outer structural
component that prevents microbes from gaining access as fermentable sugars [4].
According to the current study [5], biomass that undergoes a pre-treatment will
generate a higher methane yield. There are various types of pre-treatment done on
Napier grass, such as physical, biological, chemical, thermal, and physiochemical
pre-treatments.

A biochemical methane potential (BMP) experiment is a method to evaluate the
methane potential of a substrate that can be taken from organic wastes, sewage
sludge, and crops. The BMP experiment is carried out by combining a substrate with
an anaerobic bacteria culture, known as inoculum, which is typically obtained from
an active digester. The mix of substrate and inoculum is kept at a stable temperature,
either 35 °C or 55 °C [6]. During the period, biomethane gas will be released because
of the anaerobic degradation of organic contents in the substrate.

Therefore, this research aims to assess the available pre-treatment methods for
Napier grass by observing the biomethane yield from pre-treated Napier grass
samples using the biochemical methane potential (BMP) experiment.

2 Materials and Method

2.1 Material

Napier grass was collected and pre-treated physically through cutting, drying and
grinding. About 2 kg of fresh Napier grass was used in this study. The inoculum
chosen in this project was taken Palm Oil Mill Effluent (POME) obtained from a
biogas plant in Dengkil, Selangor. Inoculum is a waste with high bacteria content
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which can accelerate anaerobic digestion activity in aBMP test. About 10L of POME
were taken from the biogas plant. The POME was kept in a refrigerator to preserve
its concentration and prevent bacteria from being active when not in use.

2.2 Method

Experimental tests were carried out for two Napier grass’ conditions: sun-dried
Napier grass and sun-dried with an extra treatment of oven-drying Napier grass
to compare which pre-treatment contributes to higher methane production through
BMP. Both Napier grass samples were first cut manually to 20–25 cm length and
dried to sunlight before grinding into a smaller particle size of 1–2 mm. According
to a previous study by Kang et al. smaller particle sizes can produce a higher amount
of methane [7].

Next, the substrate’s Total Solid (TS) and Volatile Solid (VS) values were anal-
ysed. The TS and VS values are necessary parameters for the BMP experiment [8].
Three 5 g of sun-dried Napier grass samples (equivalent to 8.76 g of fresh grass)
were heated in a separate individual crucible at 110 °C for 5 h and 30 min, and the
weight was measured and recorded to determine the TS value. The VS process is
the continuation of the TS determination process. Next, the substrate samples were
heated up to 550 °C for two hours before their weight was measured and recorded.
Finally, half the ground sun-dried Napier grass was heated in a furnace at 60 °C for
six hours as an extra pre-treatment to ensure the grass was completely dried before
going through a BMP test.

The BMP test was done using the Automated Methane Potential Test System
(AMPTS), at which the device has the function of measuring the volume of gas
from a chosen substrate and generate the data in the software. The device consists of
bioreactors, a gas volume measuring device, CO2 absorption unit containing NaOH
solution to absorb gases other than biomethane. In this experiment, seven bioreactors
were used. To determine the average volume of methane produced, each condition
of Napier grass was replicated three times. Three bioreactors were prepared for the
mixture of sun-dried Napier grass and inoculum, labeled N1, N2 and N3. Then,
another three bioreactors were reserved for the mixture of Napier grass with the
additional pre-treatment and inoculum labeled as N4, N5 and N6. Finally, the last
bioreactor was filled with inoculum only. The inoculum to substrate ratio (ISR) used
in the BMP experiment is 3, where 300 ml inoculum mixed with 1.05 g VS Napier
substrate added 100 ml of deionised water, making it a working volume of 400 ml
in all bioreactors. The BMP test usually was carried out using the VS content and
workingvolumeof 400ml for high accuracy results [8]. ThepHvalue of all substrates,
inoculum and mixtures were measured and recorded before the BMP experiment.
The experiment was carried out for three days, and the volume of methane produced
was observed in each bioreactor.
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Table 1 TS and VS values for Napier grass

Substrates Weight of
sample +
crucible (g)
after 5 h
30 min at
110 degree
C

Weight of
sample +
crucible
(g) after
2 h at 550
degree C

g VS Total
solids
(%)

Volatile
solids (%)

TS (%) VS (%)

Napier
Grass

N1 68.24 65.39 1.15 80.0 57.0 86.7 65.7

N2 70.3 66.24 0.94 100.0 81.2

N3 68.8 65.85 1.05 80.0 59.0

3 Result and Discussion

3.1 Volatile Solids (vS) and Total Solids (TS)

Results from the VS and TS analysis are presented in Table 1. The table shows that
5 g of Napier grass equals the average value of 1.05 g of volatile solids (VS).

3.2 Th pH Values

Table 2 shows the pH readings for all the bioreactors. The pH values of the substrate
are almost the same as neutral. Pre-treated Napier grass is slightly lower in pH
values than untreated Napier grass, with a percent difference of 1.12% before the
experiment. The pH value for inoculum is also almost the same for all bioreactors
before the experiment, with an average of 4.11. However, the pH values increased

Table 2 The pH values before and after the BMP experiment

Sample Bioreactors pH reading before
BMP

pH of the mixture
before BMP
experiment

pH of the mixture
after BMP
experimentSubstrate Inoculum

Pre-treated Napier
grass

N1 6.47 4.11 4.21 4.17

N2 6.48 4.14 4.21 4.17

N3 6.56 4.11 4.19 4.17

Untreated Napier
grass

N4 6.56 4.09 4.19 4.18

N5 6.58 4.09 4.19 4.17

N6 6.59 4.12 4.20 4.18

Inoculum POME – 4.12 – 4.14
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to an average of 4.19 once the substrate was mixed with inoculum, probably due to
the inoculum substrate ratio of 3.

3.3 Biomethane Yield

The results in Figs. 1 and 2 show the amount of methane (Nml) produced in each
bioreactor for every fifteen minutes. Based on Fig. 1, N1, N2 and N3 are bioreactors
containing a mixture of Napier grass with additional oven heating treatment and
POME.Meanwhile, N4, N5 andN6 are bioreactors containing amixture of sun-dried
Napier grass and POME. Figure 1 illustrates the increasing methane yield in each
bioreactor throughout the entire experiment period. Mixtures in all seven bioreactors
stopped producing gases at various times. TheN6mixture production has the steepest
slope of the graph (highest production rate). The mixture gas production was also
the last one to stop after three days.

Based on the bar graph shown in Fig. 2, N6 generated the highest amount of
methane compared to others, which is 57.1 Nml. The N6 mixture most likely has the
higher amount of bacteria in the inoculum since the sample was the last bioreactor
filled with inoculum. Hence, it might have much more sedimentation and bacteria
compared to other mixtures. In addition, the 400 ml of POME bioreactor generated
an almost similar amount of methane with other bioreactors that contain 300 ml of
POME, which is 50.9 Nml.

Based on the bar graph shown in Fig. 3, from 1.05 g VS of sun-dried Napier grass,
47.67 Nml of methane was produced on average. Meanwhile, Napier grass produced
45.87 Nml of methane after an additional treatment of oven drying. It is found that

Fig. 1 Methane values produced by various mixtures of Napier grass and POME (Nml) vs time
(hours)
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Fig. 2 Accumulation volume of methane produced in each bioreactor after three days

Fig. 3 Volume of methane produced at 50 h

the extra pre-treatment of oven heating after the sun drying may seem unnecessary
because it makes a small volume change, with a 4% difference compared to the
sun-dried substrate. On the other hand, the sun-drying pre-treatment seems adequate
to generate a considerable amount of methane. Lastly, it can be concluded from the
results that 1.05 g VS, which equals 8.76 g of fresh Napier grass, may potentially
produce about 50.74 Nml of biomethane.
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4 Conclusion

This experimental study identifies grinding and sun drying processes as the suitable
and practical pre-treatment process for Napier grass. Based on the BMP results,
the sun-dried Napier grass and Napier grass with the extra oven heating treatment
produced an average methane volume of 47.67 Nml and 45.87 Nml, respectively.
The percentage difference is small, approximately 4%. Hence, having the additional
pre-treatment of oven drying might not be significant because the sun-drying process
is adequate for the effective production of biomethane. In addition, the average 1.05 g
VS of sun-driedNapier grass (equivalent to 8.76 g of freshNapier grass) can generate
approximately 50.74 Nml of biomethane. Furthermore, biomethane production can
be enhanced by 20% when mixing Napier grass and POME as the inoculum.
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Abstract Shipping is one of the major pressures that have a negative impact on
conservation efforts in protected wetlands in Romania. Based mainly on the use of
fossil fuels, shipping activities contribute significantly to water and air pollution.
Reducing the carbon footprint by implementing ammonia and hydrogen on board
has gained increasing interest in recent years, but innovative solutions are still needed
to be competitive with traditional fuels. This paper is presented a green smart system
based on Artificial Intelligence (AI) for ammonia and hydrogen eco-friendly use
in naval transport. The preliminary test results showed that the proposed engine
efficiency is almost over a half, thus the proposed solution is presenting a great
potential of application in naval transport as a green solution towards zero CO2

emissions economy, but it requires further improvements by refining the command
and control software and by introducing a control of the hydrogen gas injection.
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1 Introduction

In Romania, the uncertain situation regarding the conservation status of protected
wetlands [1, 2] in the context of climate change and the intensification of anthro-
pogenic pressures, highlights the necessity to develop effective solutions for the
decarbonization of the transport sector. Noise, air, and water pollution due to ship-
ping activities are the main factors that generate pressures on aquatic ecosystems,
interfering with biodiversity conservation objectives [3]. Currently, shipping activ-
ities are mostly based on fossil fuels, contributing to global carbon dioxide emis-
sions by about 2.6% [4]. The decarbonization of naval transportation sector can be
approached from two perspectives. First, the reduction of carbon dioxide emissions
can be achieved by implementing solutions aimed at electrifying transport-using
energy from renewable sources [5, 6]. The second way refers to reducing the carbon
footprint of fuels by replacing fossil fuels with “green” alternatives, such as e-fuels
[7]. Ammonia and hydrogen have emerged as potential candidates for achieving the
global decarbonization targets of shipping sector.

Past research projects have proposed hydrogen as a solution for vessels propulsion
systems, but the problems associated with its high-cost storage and transportation are
a step backwards in its exclusive implementation [4]. On the other hand, the adoption
of ammonia-based solutions is facilitated by the existence of mature infrastructure
and technologies [8, 9]. Liquid ammonia can be stored at −34 °C at atmospheric
pressure or pressurized at 20°C and have a volumetric energy density higher than
that of liquid hydrogen, which makes it an attractive for on-board storage systems.
Although addressed in several studies [10–12], the successful application of ammonia
as a fuel for internal combustion engines requires overcoming technological and
operational challenges due to its physico-chemical characteristics [12]. In this regard,
previous research projects have been conducted on integration of computational
intelligence for detection of the operating conditions of internal combustion engines
powered by ammonia in dual fuel systems [13], combustion system optimization and
control [14]. The major distinctive point of the Green Smart System proposed in this
paper is its holistic point of view for the development in parallel, in two directions of
fossil fuel substitution solutions. In the proposedGreen Smart System based on anAI
control and command component, ammonia is capitalized for both decarbonization
pathways—as a source in fuel cells for electric propulsion and as an alternative
fuel for boats combustion engines. Thus, AI component provides opportunities for
costs reduction and for both optimize electric energy production process in fuel cells
and the operating parameters of the boat engines. Therefore, the proposed smart
technology aims to reduce the CO2 emissions and the impact of tourist activities
in protected natural areas by overcome barriers related to the use of ammonia and
hydrogen for light naval transport.
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2 Materials and Methods

The proposed Green Smart System includes two interconnected major sub-unities
through common hardware accelerated AI core for control and command and auto-
matic decision-making on (A) fuel cell operating parameters and for powering boat
electric propulsion and (B) control of physico-chemical processes of combustion of
ammonia and hydrogen to increase the total thermal engine propulsion efficiency.
The core of the green smart system consisting in an AI-ML (Machine Learning)
datacenter installed in a specialized container and an “AI at edge” type system will
be part of each command and control system for fuel cell and thermal engine combus-
tion processes. Operational parameters used: gas—E95 gasoline without additives;
the engine has been installed on a test bench that can measure the response curve
with a "normal" suction that can be modulated by software for certain parameters
adjustment. The initial test version used Huawei’s IA platform—Kirin 970 (HiKey
970 board) and an ML (Machine Learning) solution based on Huawei Atlas 200 and
Kirin 990 was to be implemented as an interface unit. After Huawei came under
embargo, the technical team reoriented itself to another processor manufacturer with
NPU—RK 3399PRO which has a specialized processor for ML and interface. The
SBC type system reaches 3TFOPS for neural computing operations and is a technical
standby solution for advanced Arm-N77 platforms. The use of a decision-making
system based on AI takes into account the multicriteria complexity and the strong
nonlinearity of the answers to the variations of parameters that make the PID type
loop control systems to be overcome. In this case, the system uses an offline anal-
ysis of engine performance and improves its performance through post-phenomenon
self-analysis (ML) and the use of results in real-time settings (interface) so that
over time the performance of this type of engine becomes comparable to fossil fuel
engines. This latter approach, involving a closed-loop platform, will allow a secure
and resilient environment for data collection management and use, ensuring support
of the AI decision-making component of the system.

3 Results and Discussions

The proposed solutions for ammonia and hydrogen eco-friendly use in naval trans-
port, schematically illustrated in Fig. 1, are developed both for the reduction of the
pollution in protected wetlands areas and CO2 emissions of the traditional internal
combustion engines used in transport by small boats and ships in protected wetlands.
The solution for converting heat engines from ships in operation to use part or even
only e-fuel is attractive by reducing the total social costs associated with the tran-
sition to zero CO2-free economy, however, the application of the proposed solution
may be possible if there are financial incentives in this regard.

The preliminary test results of the proposed system presented in Fig. 2, showed
that the power diagram it is not extremely favorable, the efficiency being almost over
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Fig. 1 Schematic representation of theGreenSmart Systembased onAI for ammonia and hydrogen
eco-friendly use in naval transport sector (patent application)

a half. Further researches will be conducted in order to increase the engine efficiency,
through improvements of the command and control software and by introducing a
control of the hydrogen gas injection.
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Fig. 2 Power diagram for the proposed engine

4 Conclusions

For successful deploying of carbon-free alternatives to fossil fuels in naval trans-
portation systems, it is of great importance to maintain a balance between fuel and
operational costs and optimization strategies of onboard installation performances.
The pathway towards decarbonization of naval mobility sector may be achieved by
implementation of green ammonia and hydrogen as a substitute of fossil fuels. The
new Green Smart System based on AI for ammonia and hydrogen eco-friendly use
presented in this paper proposes the parallel development of two solutions for fossil
fuel substitution in naval transport in protected wetlands to reduce the impact of
anthropogenic pressures and towards carbon dioxide zero emissions. The prelim-
inary test results indicates that proposed solution needs further engine efficiency
improvements as the power diagram is not extremely favorable, being almost over a
half, but presents interesting perspectives for further researches.
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Influence of Cement Paste Containing
Municipal Solid Waste Bottom Ash
on the Strength Behavior of Concrete

Roshazita Che Amat, Norlia Mohamad Ibrahim, Nur Liza Rahim,
Khairul Nizar Ismail, Ainaa Syamimi Abdul Hamid, and Madalina Boboc

Abstract Cement in construction has become a vital requirement to build up the
buildings, which may increase the expenses in construction. Materials that have the
potential to replace cement would be proposing. This study used municipal solid
waste incineration bottom ash (MSWIBA) as a partial replacement for cement.
MSWIBA used in this study was a by-product from the incineration process and
had compound content that was almost the same as cement. The treated bottom ash
in the range of 0 to 30% and 10% of untreated bottom ash mixture use in this study.
Mechanical and physical properties of concrete analysed with a few tests such as
slump test, water absorption test, compressive strength test, heat exposure test and
residual strength test after heating has proceeded. The workability of fresh concrete
was measured by performing a slump test. Based on the compressive strength result,
the 10%substitution of treated bottomashwas achieved the highest strength in testing
in 7 and 28 days. Meantime, the control concrete obtained the best thermal insulator
because of a smaller number of cracks on the surface of the concrete than that bottom
ash concrete surface. After heated, the concrete was tested on compressive strength
again to investigate the residual compressive strength. The highest residual surpasses
gained by 10% bottom ash (treated) as a partial substitution in cement. Based on the
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overall test carried out, 10% of bottom ash replacement as cement is the optimum
amount of bottom ash required to surpass the strength of the control sample.

Keywords Municipal solid waste incineration bottom ash · OPC · Density ·
Compressive strength · Elevated temperature

1 Introduction

As Malaysia is a developing country, then more construction activities have to
develop. Especially residential buildings, public buildings, bridges and lots more.
Furthermore, a large amount of cement demand severely increases to fulfil the
request from developers. In Malaysia, cement production reached up to 1866 thou-
sand tonnes by July 2020 [1]. Hence cement usages in construction have become a
vital requirement to build up the edifice, whichmay increase the expenses in building
construction, the newmaterial proposed to replace cement. The use of bottom ash that
relatively inexpensive materials are more environmentally and cheaper. So,Malaysia
should find another alternative in reducing the use of cement by using waste products
to enhance the workability of a building to ward off any challenges that occur in an
uncertain situation.

Economic growth has brought prosperity, population increase, accelerated urban-
isation and industrialisation. However, with the rise in population, there has also been
a substantial rise in generating solid waste. The amount of waste produced each day
in Malaysia is expecting to rise near to 41,035 tonnes by the year 2026 [2]. Besides,
without proper management of waste would lead to serious environmental problems.
Due to enhancement population, country development and high standard of living.
It would affect the rate of municipal solid waste (MSW) in all municipalities in the
country. As a result, Malaysia eventually led to environmental problems [3]. Incin-
eration is the most effective in reducing the waste volume by controlled burning of
waste at high temperature, sterilises and stabilises and may use as a landfill disposal
option [4].

Municipal solid waste incineration will produce two types of ash which are fly
ash and bottom ash. Bottom ash is the non-combustible residue of combustion inside
a furnace or incinerator. Incinerator ash from the burning of solid waste consists of
bottom ash and fly ash which bottom ash is heterogeneous consists of slag, metals,
ceramics, glasses and partially other non-combustibles and unburned organic matter
[5]. Bottom ash was generally coarse sandy with a range diameter between 0.1 and
100 mm. The incinerator residue consists of 865,944 metric tonnes of bottom ash
(about 84.4%) and 160,056 metric tonnes of fly ash (about 15.6%). Bottom ash was
classifying as the Si-Al-CA material where it was easy to produce vitrified slag [6].
Thus, this research used bottom ash from MSW as part of substitution in cement as
an alternative to reuse the waste products and reduce the cement consumption.
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2 Materials and Method

2.1 Material

Typically, bottom ash accounts for 80% of the whole amount of by-products in the
incinerator plants. It generally contains coarse particles (0.1–100 mm) of slag, glass,
rocks, metals and unburnt organic matters shows below in Fig. 1. The bottom ash
was collecting from a municipal solid waste incinerator in Pangkor Island, Perak.
MSWIBA then was oven-dried in an oven at a temperature range of 80–110 °C
for 24 h until reaching a constant weight. Then MSWIBA was ground to smaller
size particles in a size range below 63 microns as fine as cement. After sieved, the
MSWIBA was treated by heating the MSWIBA into the furnace for 2 h at 500 °C
temperature continuously to remove carbon content. MSWIBA then undergo a few
laboratory tests to characterize the properties by carried out the X-ray fluorescence
test (XRF) [7].

2.2 Method

TreatedMSWIBA replaced cement in fourmix designs 0, 10, 20 and 30%by volume.
To test its potential as partial replacement in cement, specimens are required to
achieve 20 N/mm2 target characteristics strength. Similar size of mould was used to
undergo this experiment which is 100 × 100 × 100 mm cube mould. Standard and
calculation mixing had been referred by [8] specification. The mixture was prepared
at water-ratio of 0.6. Table 1 shows the proportion concrete mixture design. Each
specimen was prepared according to the proportion calculated. From Table 1 below
shows the increasing proportion of bottom ash (BA) substitute as a cement calculated

Fig. 1 Samples of
Municipal Solid Waste
Incineration Bottom Ash
(MSWIBA)
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Table 1 Mix proportion incorporated with MSWIBA and cement

Material (Kg) MIX 1 MIX 2 MIX 3 MIX 4 MIX 5

Water 0.23 0.23 0.23 0.23 0.23

MSWIBA 0.00 0.04 0.04 0.08 0.11

Cement 0.38 0.34 0.34 0.30 0.89

Fine aggregate 0.76 0.76 0.76 0.76 0.76

Coarse aggregate 1.52 1.52 1.52 1.52 1.52

in m3 per kg. Fine aggregate and coarse aggregate undergo particle size analysis
according to standard. sand with 4.75 mmmaximum size was used as fine aggregate,
fulfilling the requirements of [9] along with crushed stone of 25 mm maximum size
used as coarse aggregate.

Slump test conducted in order of assessing the consistency and workability of
the fresh concrete. The test procedures were done based on [10] standard. This
test is commonly used in all construction works all over the world. It is useful to
detect variation in the uniformity of nominal proportions and specifies procedures
to determine the consistency of concrete in which the nominal maximum size of
aggregate does not exceed 40 mm. Concrete casted around 24 h before replacing it
into the water tank for 7 and 28 days curing period. Water absorption test used to
determine the amount ofwater absorbed into the capillary pores of cement and bottom
ash and [11] specification was used to determine the water absorption. Compressive
strength is the most important test because it determines the durability of each ratio
and compare it with control cube without any replacement of MSWIBA to see the
durability differences. Heat exposure tests are being carried out to see how high
temperatures affect the behavior of concrete materials and structures. Before heating,
the specimens are preload, and the preload is maintained during the heating period.
The preload might range from 20 to 40% of the concrete’s compressive strength at
ambient temperature. Heat is normally increased at a consistent pace until the target
temperature is reached. Then the compression test after being exposed to elevated
temperature at 800 °C was tested [12].

3 Result and Discussion

3.1 Chemical Composition of Cement and MSWIBA

Table 2 show concentration of chemical composition that present in cement and BA
classified through XRF Test. The compound present in both materials is quite similar
which is Alumina, Silica, and Iron as major compound while Calcium, Magnesium
and Sulphate as minor compound. However, both compound that present contain
different concentration unit. The presence of metallic substances Al is one of the
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Table 2 Chemical
Composition of Cement and
MSWIBA

Compound Concentration Unit for
cement (%)

Concentration Unit for
Bottom Ash (%)

Al2O3 2.60 5.20

SiO2 10.80 27.30

SO3 3.01 1.95

K2O 1.08 1.94

Ca0 77.96 50.89

TiO2 0.35 1.19

MnO 0.16 0.02

Fe2O3 3.52 0.18

CuO 0.03 0.11

largest barrier BA consumption cement caused by the release of hydrogen gas derived
from reaction of metal. From the table data below show that BA has higher concen-
tration of Al2O3 than that cement. BA was spotted having 3.6% of Al while cement
have only 1.7% of Al in XRF test result. Higher concentration of metallic can gives
large development of hydration gas which react at the early hydration process. The
strength of concrete will reduce cause of the bubble that was blocked inside the
concrete.

3.2 Workability of Fresh Concrete

The workability of fresh concrete was identified by carried out slump test during
concrete casting. Compacting become decreased as the percentage displacement
decreased. Factors that contributed on this circumstance is water content. Testing
mix concrete was done before proceeding the exact amount of water cement ratio to
determine the appropriate ratio that satisfy the criteria of true slump. The result of
slump test was presented in Fig. 2.

The result shows the workability of concrete obtained by 0% of BA substitution
(control sample) which is 30 mm after measurement. Followed by 10% substitution
of untreated MSWIBA replacement in concrete, the reading reduces about 2 mm.
For the last three sample also presented same reading where the result obtained was
30 mm same as control sample.

3.3 Water Absorption

Figure 3 show that the average percentage of water absorption of bottom ash concrete
with increasing percentage of bottom ash as partial substitution in concrete. Addition
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Fig. 3 Water absorption of concrete

of bottom ash in cement has led to the higher demand of water absorbed by the
concrete. Higher porosity in concrete may result of higher water absorption because
MSWIBA absorb unnecessary water for hydraulic bond.

3.4 Compressive Strength of Concrete

The results show (Fig. 4) that the strength development patterns of bottom ash
concrete at all the levels of cement replacement with bottom ash. At the curing age of
7 days, concrete mixtures containing 10% (untreated) and 10% treated bottom ash as
cement has gained 23.40 MPa and 23.88 MPa respectively exceed the compressive
strength that achieved 22.84MPa by the control samplemixtures. However, compres-
sive strength of 20% bottom ash cement has gained 21.33 MPa fail to exceed control
sample strength but still surpass the target characteristic strength. At curing age of
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Fig. 4 Compressive strength of concrete

28 days, the compressive strength of concrete mixtures containing 10% (untreated)
and 10% treated bottom ash as partial replacement of cement has surpassed that of
control concrete by 29.4 MPa and 32.21 MPa.

The factors responsible for the decrease in compressive strength of bottom ash
concrete mixtures for both curing age of 7 days and 28 days was due to the
replacement of the stronger material (cement) with the weaker material (bottom
ash) and absence of pozzolanic activity by the bottom ash. There is inadequate
calcium hydroxide to react with pozzolanic. Other than that, reduction of strength of
concrete can happen because pore spaces present in the matrix and because of higher
concentration of metallic aluminum in bottom ash. Bubbles that are entrapped inside
concrete has result on pore space thus weaken the specimen. Other than that, BA has
higher silica content which can increase the hydration product by react with lime to
from a better matrix. However, the silica will not be fully used during this process
and left in concrete as unusable substances [13].

3.5 Heat Expose at 800 °C Temperature

Heat exposure test aim is to test the sample by heating with predetermined time. The
heat exposure test aims to test the sample by heating with a predetermined time. The
heat is fixing to have an accurate reading for every time. The heat used is up to 800˚C
for every specimen. Then after two hours of heat exposer, the bottom ash concrete
shows lots of cracks compared to the control sample. The cracking that occurs on the
concrete surface presented in Fig. 5 were scan using light microscopy. The higher
the percentage of partial substitution of bottom ash, the more spalling observed on
the surface.
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(a) (b)

Fig. 5 Samples of a 20% MSWIBA concrete b 30% MSWIBA concrete

3.6 Residue Compressive Strength

The concrete cube burned in the furnace previously did not impact extreme cracking
inside but only shows cracking at the outer side of the concrete. So, compressive
strength then was tested again to determine the residual strength on the specimen.
The residual strength was present in Fig. 6.

Based on the test conducted on every concrete, only 10% bottom ash (treated)
concrete exceeding the control sample. The result show Ca(OH)2 was decomposing
during the heating range of 400 to 500 ˚C results in weakening the strength of
concrete. The bottom ash concrete also shows decreasing strengthwith the increasing
percentage of partial substitution of bottom ash.

3.00

5.00

7.00

9.00

11.00

13.00

0% BA
(control
sample)

10%
BA(untreated)

10% BA 20% BA 30% BA

A
ve

ra
ge

 R
es

id
ua

l S
tre

ng
th

 
(M

Pa
)

Percentage Replacement od BA as cement
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4 Conclusion

In conclusion, this study shows the utilizing municipal solid waste incineration
bottom ash is suitable as a partial replacement of cement in concrete. The result
indicates that MSWIBA concrete from Pangkor Island could use as the partial substi-
tution in cementwith the appropriate amount. Based on the results, 10%of bottomash
substitution in cement is the optimum amount to produce higher strength. Compres-
sive strength decreased with the increasing percentage of bottom ash in concrete.
Water absorption of bottom ash concrete increased approximately with the increase
in cement replacement with bottom ash in concrete. Residual strength after heat
exposer also increasing proportionately with percentage with replacement of 10%
BA and then slightly decrease after 20% of BA replacement.
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Investigating Palm Oil Mill Effluent
Furnace Heating Pre-treatment
for Biogas Production

Nurhamizah Kamaruzaman, Hassan Mohamed, Nurmi Ezzatul Suhaimi,
Mohd Eqwan Mohd Roslan, and Abd Halim Shamsuddin

Abstract This study evaluates the furnace heating pre-treatment of palm oil mill
effluent (POME) for biogas production by measuring the amount of biomethane
generated with and without pre-treatment using a biochemical methane potential
(BMP) test. A pre-treated POME and an untreated POME were tested in a biochem-
ical methane potential (BMP) experiment to assess the biomethane production capa-
bility. The methods for performing the biochemical methane potential test and the
pre-treatment process of POME using a furnace heating method are also explained
in this paper. The findings show that the biomethane volume produced by furnace
heated POME is comparable to that produced by untreated POME.

Keywords Pre-treatment · Heating · POME ·Wastewater sludge · Biogas · BMP

1 Introduction

Biomass, a renewable energy resource, can be derived from plants, animals, food,
or solid wastes. For example, empty fruit bunch (EFB) and palm oil mill effluent
(POME) are two common biomass wastes produced by palm oil plantations. Since
Malaysia has more than 7 million hectares of palm oil plantation by 2020, this paper
focuses on palm oil mill effluent (POME). Based on previous studies [1, 2], it is
projected that one hectare of palm oil plantations produces 10,725 L of POME. In
addition, POMEcan release a colourlessmethane gas through the anaerobic digestion
(AD) process of its biodegradable contents [3]. This gas can later be used to generate
electricity and heat.
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Palm oil mill effluent contains a significant amount of chemical and biolog-
ical oxygen demands, contributing to pollution in the environment. Raw POME is
currently handled by dumping it into a pond before undergoing anaerobic digestion
without pre-treatment [4]. Hence, the main objective of this work is to investigate
the potential of furnace heating pre-treatment for enhancing biomethane production
during the anaerobic digestion (AD) process. According to previous research, the
significant effect of heat pre-treatment of POME is that it produces a higher volume
of biogas and positively impacts methane production even though the process is
considered simple [4].

2 Materials and Method

2.1 Materials

The thick brownishwastewater producedduringpalmoil processing is knownas palm
oil mill effluent (POME). A previous study reported [5] that this wastewater contains
approximately 25,000 mg/L biological oxygen demand (BOD), 51,000 mg/L chem-
ical oxygen demand (COD), 18,000 mg/L suspended solids, and 34,000 mg/L total
volatile solids, and 4,000–6,000 mg/L oil and grease with a pH value of 4.2. The
sludge from the POME pond acts as an inoculum containing bacteria that can stimu-
late biomethane production during the anaerobic digestion process in the BMP exper-
iment. The inoculum contains 15,180 mg/L BOD and 40,563 mg/L COD with an
almost neutral pH value (7.4 to 7.6).Moreover, it has high composition of phosphorus
(1.2 mg/L), potassium (5.1 mg/L), calcium (2.5 mg/L) and magnesium (1.4 mg/L)
[6]. In this study, POME and wastewater sludge were obtained from a biogas plant
in Dengkil, Selangor and immediately stored in a refrigerator (below 4 °C) to inhibit
any microbial activities (Fig. 1).

2.2 Method

In this study, thermal pre-treatment, which is furnace pre-heating, has been chosen
as pre-treatment. The furnace heating temperature fluctuated from 75 to 80 °C for
an hour. Prior to and after the pre-treatment process, the weight of the substrate was
measured. The goal is to see how much of a difference there is in weight after an
hour of heating.

The Automatic Methane Potential Test System (AMPTS®) II was then used
to conduct a biochemical methane potential (BMP) test to assess the potential of
biomethane produced in anaerobic conditions [7]. Before starting the experiment,
all the substrate and inoculum pH values were measured before setting up the auto-
maticmethane potential test system and after the experiment. This step is necessary to
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(a) (b)

Fig. 1 Samples of a Palm Oil mill Effluent (substrate), b wastewater sludge (inoculum)

ensure that the mixture does not become too acidic, which could inhibit the biodegra-
dation process.We used 400mL of total substrate and inoculum in 500mL bioreactor
bottles as suggested in the manual [8]. Eight bioreactor bottles were used. Three of
them were filled with 300 ml of untreated POME and 100 ml of inoculum. Another
three reactors contained 300 ml of treated POME and 100 ml of inoculum. The other
two bioreactors were filledwith treated and untreated POMEonly, without inoculum.
The experiment was conducted for three days. The setup of the BMP test is shown
in Fig. 2, with a water bath temperature maintained at 35 °C.

Fig. 2 Biochemical methane potential (BMP) test setup
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3 Result and Discussion

Figure 3 shows that the biogas production of the P1 mixture was stopped too soon,
at 15 h. It halted because the connecting tube between the CO2 absorption and gas
volume measuring devices became clogged. However, the production of biogas from
the P2 sample seemed to continue even after the three days. The P2 and P3 samples
generated about 99.3 and 91.9Nml of biogas, respectively. Furthermore, compared to
other mixtures of untreated POME and inoculum bioreactors, such as P5 and P6, P4
produced a small amount of methane. It is most likely due to the fact that microbial
activity had already ceased at 85 h. As mentioned in the previous study, methane
released is produced exclusively due to microbial activity [9].

P2, P3, P5, and P6 are acceptable data from this experiment. The volume of
methane produced at 71 h was used to calculate the average biomethane yield. Thus,
the average volume between P2 and P3 is 91.25 Nml, while the average volume
between P5 and P6 is 91.0 Nml. Results also show that the biomethane yield by
POME and inoculum mixtures is larger than that of POME without inoculum (P7
and P8 samples). Furthermore, because inoculum contains more bacteria, adding the
inoculum to the bioreactor container is recommended to promote the production of
biomethane gas [10]. The presence of bacteria aids in the production of methane
(Fig. 4).

Fig. 3 Results of methane volume against the time (hour)
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Fig. 4 Results of methane volume produced at 71 h

4 Conclusion

The purpose of this experiment was to investigate the potential of furnace heating
pre-treatment for enhancing biomethane production during the anaerobic digestion
(AD) process. Temperature and time were taken into consideration during the pre-
treatment process. Based on the average data at 71 h, it was concluded that the
biomethane produced from the furnace heated POME is comparable to the untreated
POME.
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Iron Removal Efficiency in Synthetic
Acid Mine Drainage (AMD) Treatment
Using Peat Soil

Mohd Syazwan Mohd Halim, Abdul Haqi Ibrahim,
Tengku Nuraiti Tengku Izhar, Suhaina Ismail, Ku Esyra Hani Ku Ishak,
and Andreea Moncea

Abstract Acid mine drainage (AMD) formation is due to the sulfide minerals reac-
tion either chemically or biologically when exposed to atmospheric conditions. The
AMD formation often occurred in the region involved with anthropogenic activities,
includingmining, agricultural plantation, urban development and logging. Treatment
of AMD is a challenging part of most mining operations around the world. Selec-
tion ofmethod treatment is crucial depending on the area’s geological, mineralogical,
topography and AMD characteristic. There are two types of method treatment; active
and passive treatment method. In this study, passive treatment method was adopted;
which is successive alkalinity producing system (SAPS). The study aims to analyze
effect of variable parameters on iron (Fe) concentration and propose optimum oper-
ating condition for AMD treatment. Peat soil and limestone aggregate was used as
treatment media in treatment tank. Synthetic AMD was formulated using sulphuric
acid (H2SO4) and iron sulfate (FeSO4) to represent actual AMD. Once the synthetic
AMDwas introduced, water samples were collected and analyzed using UV–Vis test
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after 6 to 48 h’ retention time. Based on the analysis, the proposed methodology has
successfully reduced more than 85% iron content only after 6 h of retention time.
The maximum Fe removal percentage recorded was 95%, using the higher peat soil
depth configuration. The statistical analysis results show that the optimum operating
condition for SAPS with high Fe removal is using high peat soil depth. Experiments
with higher peat soil depth provide satisfactory results in treating the high initial Fe
concentration regardless of the retention time for the AMD treatment.

Keywords Passive treatment · AMD · Successive alkalinity producing system
(SAPS) · Peat soil · Heavy metal

1 Introduction

Acid mine drainage (AMD) formation is due to the sulfide minerals reaction either
chemically or biologically when exposed to atmospheric conditions. The AMD
formation often occurred in the region involved with anthropogenic activities,
including mining, agricultural plantation, urban development and logging. Produc-
tion of the AMD is a conversion of solid-phase activity (sulfide minerals) to solution-
phase acidity with high heavy metals content. A simple explanation of AMD forma-
tion can be represented by pyrite (FeS2) mineral. The process is initiate with pyrite
oxidation and release of ferrous iron (Fe2+), sulfate (SO4

2−) andhydrogen (H+). Emis-
sion of H+ results in low pH of the AMD solution. The Fe2+ reacts with dissolved
oxygen to produce iron oxide (Fe2O3) precipitates, commonly called “yellow boy”
and embedding on stream or ocean bed.

Treatment of AMD is a challenging part of most mining operations around the
world. Selection of method treatment is crucial depending on the area’s geological,
mineralogical, topography and AMD characteristic. There are two types of method
treatment: active and passive treatment method. The active treatment is also known
as a chemical treatment where chemical agents such as hydrated lime (Ca(OH)2),
calcium oxide (CaO), caustic soda (NaOH) and soda ash (Na2CO3) are introduced
into AMD water. The active treatment methods are effective in neutralizing pH
levels and suitable for active mining operations. However, the operation and main-
tenance cost is expensive as the system requires an electrical supply, continuous
chemical usage, comprehensive surveillance by the skilled worker, and proper waste
management [1].

Alternatively, passive treatment methods are developed to treat AMD water and
improve the water quality through natural flow [2]. There are several passive treat-
ment methods adopted to treat AMD include aerobic wetlands, anaerobic wetlands,
anoxic limestone drain (ALD), open limestone channel (OLC) and successive alka-
linity producing system (SAPS). The mechanism of passive treatment methods is to
take advantage of natural chemical and biological processes that do not require any
continuous chemical supply to treat contaminated AMDwater [3]. The passive treat-
ment methods have two categories, which are oxidizing and reducing approaches.
First is an oxidizing system, where the Fe is sequestered by precipitation as iron
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hydroxide (Fe(OH)3). Second, is a reducing system is vice versa to the oxidizing
systemwhere the dissolved Fe and SO4

2− in the AMD experienced reduction process
and forming the compounds such as FeS, FeS2 and H2S [4].

In the passive treatment method, the selection of organic substrates with high
carbon content is essential. The carbon content produces sulfate reduction bacteria
(SRB) as an agent to sequester heavy metals in the AMD. The SRB reduces sulfate
(SO4

2−) to hydrogen sulfate (H2S), which reacts with dissolved metals to form solid-
phase metal sulfate. There are many types of organic substrate used in previous
studies, such as compost mushroom spent [5, 6], animal manure [7–9] and sewage
sludge [8]. Recent studies of passive treatment indicate that iron (Fe) has the most
research number compared to other metals. The iron removal mechanism in the
passive treatment system is due to the redox reaction, where the oxidation–reduction
reaction occurs by electrons exchange from the reducing agent to the oxidizing agent
[10]. As a result, the iron tends to oxides to ferrous ions by acting as a reducing agent.

In this study, SAPS was adopted to treat a formulated synthetic AMD using peat
soil as an organic substrate. The synthetic AMD contained a high Fe concentration
and low pH value. Iron was the only heavy metal element in the synthetic AMD
because it is the most abundant element in the AMD among the dissolved heavy
metals. It is often the principal contaminant of AMD concern from the mining site
and the most challenging metal to be removed fromAMD by using passive treatment
method due to coating or armoring of limestone. The peat soil was selected as an
alternative treatment media for the common organic substrate used by researchers.
This study aims to identify the efficiency of SAPS in Fe removal and correlation
between variable parameters to achieve optimumoperating conditionswas presented.

2 Materials and Method

2.1 Material

The material used for SAPS laboratory-scale setup is peat soil, limestone aggre-
gate and synthetic AMD. The peat soil sample was obtained from a local nursery
located in Nibong Tebal, Penang, Malaysia. The limestone aggregate (10–20 mm)
was collected from a limestone quarry in Baling, Kedah, Malaysia. The synthetic
AMD was formulated using distilled water, sulphuric acid (H2SO4) and iron sulfate
(FeSO4).

2.2 Design of Experiment

Design of Experiment (DOE) was a method that has been used to investigate the
optimum operating conditions to reduce Fe concentration in synthetic acid mine
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Table 1 Experimental run of
23 with four center points
factorial design

Run order Variable

Peat soil depth
(cm)

Initial Fe
concentration
(ppm)

Retention time
(hour)

1 5.0 50 12

2 5.0 50 48

3 5.0 100 12

4 5.0 100 48

5 10.0 50 12

6 10.0 50 48

7 10.0 100 12

8 10.0 100 48

9 7.5 75 30

10 7.5 75 30

11 7.5 75 30

12 7.5 75 30

drainage (AMD) solution. The effect of the peat soil depth, Fe concentration, and
retention timewas studied usingMinitab 19 (Minitab Inc, USA) software. A factorial
model of two power of three (23) designs with four center points implemented using
this software. There are twelve experiments configuration in total were conducted
for this study as shown in Table 1. Effluent water samples were collected every 6 h
at the effluent point and preserved before measure Fe concentration via UV–Vis
spectrophotometric for the respective hour.

2.3 Laboratory Set-Up

The experiment was set up using transparent polypropylene tanks. First, synthetic
AMD was prepared in a 60 L solution tank then supplied into the treatment tanks
by gravitational flow. Then, limestone aggregate and peat soil were placed in the
treatment tanks, respectively, as shown in Fig. 1.

The synthetic AMD thickness throughout this study was constant; 5 cm. The
syntheticAMDsolutionwas supplied from the solution tank through the influent pipe
at the treatment tank top. Then the synthetic AMDwas flown downward through the
peat soil before contact with limestone. Eventually, the treated solution was collected
at effluent pipe within 6 h’ interval of retention time. During effluent water sample
collection, pH and temperature were measured in-situ and 15 ml of the sample was
collected to measure the Fe concentration by using UV–Vis spectrophotometry.
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Fig. 1 Actual treatment tank configuration

3 Result and Discussion

Fe concentration removal efficiencywas calculated based on the concentration differ-
ence between influent and effluent samples to determine the effectiveness of theSAPS
toward the experiment’s variables. Referring to Fig. 2, not much difference between
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Experiment 1 and Experiment 2 at the initial 6 h and final retention time. Even
though Experiment 2 was conducted longer retention time. The results indicate that
the SAPS in both experiments experience insufficient carbon sources which generate
H2S to further reacts with Fe ions to form insoluble metal sulfide precipitates.

Experiment 3 and Experiment 4 have the same variables setup; 5.0 cm of peat
soil depth and 100 ppm of initial Fe concentration, but different total retention times;
12 h and 48 h, respectively. At the initial 6 h of retention time, percentage Fe removal
in Experiment 3 was lower than Experiment 4 significantly. However, Experiment 3
recorded a higher percentage of Fe removal at the end of the experiment compared
to Experiment 4. Comparison between both experiments shows that the efficiency
of the SAPS is decreased over time when treating a high concentration of Fe with a
lower depth of peat soil layer. The difference in the percentage of Fe removal due to
a decrease in dissolved organic carbon content in the SAPS over time contributed to
decreased biological sulfate reduction. Hence, less activity of SRB occurred, which
supposed to react with dissolved Fe to form FeS in the peat soil layer.

Overall, the treatment tanks containing higher than 5.0 cm of the peat soil depth
have higher removal rates at 6 h of retention time until the final hour, which is more
than 90%. It can be concluded that a tank that contains higher peat soil depth could
sustain the efficiency of percentage Fe removal for a long time. The result suggested
that Fe removal’s effectiveness in SAPS depends on the amount or depth and organic
carbon content of the organic substrate. Microbial activity of SRB more responsive
to high metal loading of AMD at initial few hours. The efficiency of Fe removal
rates should then decrease over time since the available surface for the adsorption on
organic substrates becomes smaller and limited [12].

4 Conclusion

A characterization study of the AMD quality is essential before designing the SAPS
using peat soil as an organic substrate. The results suggest that the optimumoperating
condition for SAPS with high Fe removal is using high peat soil depth. Experiments
with higher peat soil depth provide satisfactory results in treating the high initial Fe
concentration regardless of the retention time for the AMD treatment. It is shown that
higher peat soil depth could provide a sufficient organic carbon source for bacteria
activity to reduce Fe concentration in the synthetic AMD.

However, it does not mean that lower peat soil depth cannot be used in SAPS.
For instance, the lower peat soil depth could treat a lower Fe concentration of AMD.
Based on experimental results in Experiment 1 (low peat soil depth; 5.0 cm, low
initial Fe concentration; 50 ppm and low retention time; 12 h), the percentage of Fe
removal efficiency is high, which is 92.0%. Therefore, suggest that a lower peat soil
depth configuration can be constructed as a final AMD treatment stage before the
water is discharged from the mining tenement area.
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Performance of Two Phase Anaerobic
Digestion on Food Waste for Biogas
Production

Irnis Azura Zakarya, Tengku Nuraiti Tengku Izhar, Siti Khadijah Zaaba,
Nur Adlina Mohd Hilmi, Mohammad Rizam Che Beson, and Monica Matei

Abstract Every year, the total amount of solid waste generated in Peninsular
Malaysia grew, according to the Malaysia government. The typical solid waste
management system practiced in developing country brings many problems that can
cause risks and hazards for living things and the environment in Malaysia if there
are not managed properly. For example, illegal dumping cause groundwater and soil
pollution. Themethane gas produced from the landfill causes greenhouse effect. Food
waste is categorized under household waste, where it is produced in residential areas,
restaurants, cafeteria, markets and commercial areas. Therefore, anaerobic digestion
process is introduced for organic waste with higher solids contents such as food
waste as an alternative method. The effectiveness of anaerobic digestion process can
be investigated through this process. In this study, two phase of anaerobic digesters
was proposed. The reactor was operated at a temperature 35 °C, analyzed for biogas
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production, pH values and C/N ratio. The highest biogas production in this study
is 50.4%. For a co-digestion containing more sludge can increase the pH value and
biogas production.

Keywords Anaerobic digestion · Two-phase reactor · Food waste · Biogas

1 Introduction

Municipal solid waste is primarily consists of waste produced by domestic house-
holds, even though it includes some commercial and industrial waste. This waste
is made up of waste, organics and recyclable materials with the municipality over-
seeing its disposal. Municipal solid waste is collected then separated to send to
landfill or recycling centre for recycling. The waste that is sent to landfill is dump
into designated cell, compacted and covered [1].

Due to the demand of Malaysian for quality of life increase, the solid waste
generation rate also increase. In year 2001, the solid wastes were generated from
16,200 tonnes/day to 19,100 tonnes/ day in year 2005 in Peninsular Malaysia.
Then, total amount of solid waste that were generated in Malaysia has increased
to 1.3 kg/capita/day in year 2006 and expected to reach 1.5 kg/capita/day in most
cities [2].

Developing country can causes many problems when practiced the conventional
solid waste management system such as open dumping without regard for air and
water pollution, as well as vermin and fly breeding. These problems can cause risks
and hazards for living things and the environment if there are not managed properly
[3]. Besides, approximately 95–97 percent of collected waste transferred to landfill
for disposal, which necessitates the construction of additional landfills for dumping
and only the remaining of waste is taken for intermediate treatment. They are sent
for treatment at small incineration plants; diverted to recyclers and reprocessors or
dumped illegally [4]. Illegal dumping cause groundwater and soil pollution. The
methane gas produced from the landfill causes greenhouse effect.

One alternate option for tackling the concerns mentioned above is anaerobic
digestion. This is a biological treatment that can help to reduce the air and water
pollution, landfill usage, control groundwater and soil pollution and harness biogas
as a sustainable energy source such as cooking gas, electricity and fuel. Anaerobic
bacteria compost organic materials in the absence of oxygen and produces leachate,
carbon dioxide and methane gas [5].

Food waste is classified as household waste because it is generated in residen-
tial areas, restaurants, cafeterias, markets and commercial areas. It typically has a
total solids content of 18.1 percent to 30.9 percent, and the anaerobic digestion
system requires a large amount of water to homogenize it. These require more energy
for pumping, mixing and heating. Therefore, for organic waste with larger solids
contents, such as food waste, dry anaerobic digestion procedure has been introduced
[6, 7].



Performance of Two Phase Anaerobic Digestion on Food … 307

In order to facilitate solidwaste degradation, two phase anaerobic digestion,which
separates acidogenesis andmethanogenesis, is an appealing enhancement over single
phase digestion for solid waste decomposition. Each phase which tuned separately,
resulting in high rate of degradation and energy recovery [8].

Two reactors make up a two phase anaerobic digestion system. The first rector
performs hydrolysis, acidogenesis and acetogenic reactions, while the second reactor
uses those acids for methanogenesis. Anaerobic digestion by microbial digestion
of the organic part of wastes. The organic matter component of food waste is
turned into biogas during the anaerobic degradation process in a chain process
that consists primarily of four phases. Hydrolysis, acidogenesis, acetogenesis, and
methanogenesis are the four reactions involved [5].

The application of anaerobic digestion as a process in a solid waste management
systemwasproposed in this research to reduce the impact ofwaste on the environment
and human health, as well as landfill utilization in Malaysia. The method used in this
study is also discussed.

2 Materials and Method

2.1 Material

For this anaerobic digestion, the food wastes used were collected from the food stall
area of campus, which is located at Campus Jejawi, Perlis. This is represented kitchen
waste from food stores area. It contained residues of chicken, fish and meat, as well
as spoiled rice. The bones and shells from food waste were taken out before fed into
the reactor.

Two phase anaerobic digestion was made up from two reactors, which are acido-
genic reactor for first reactor and methanogenic reactor for second reactor. In this
study, two identical glass fabricated reactors measuring 20 cm in diameter and 30 cm
inheightwith capacity of 7Lwere used. The inoculum,which are sludges fromTaman
Tunku Sarina (TTS) and Kulim were used for this anaerobic digestion process.

2.2 Method

The first reactor was fed with 1 kg of food waste and 1 kg of inoculum while second
reactor was fed with 2 kg inoculum and left in mesophilic condition (35 °C) and
acclimatized for 2 weeks. Feeding and loading were carried out manually by opening
the cap of valve and pump out the sample. After 2 weeks of acclimatization, 400 ml
of leachate from acidogenic reactor is transferred to methanogenic reactor and then
400 ml of food waste is fed into acidogenic reactor to maintain the weight of the
reactor. The sludge from TTS was used in both reactor and sludge from Kulim was
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used together during day 40 in the second reactor. Sample was taken from acidogenic
reactor and methanogenic reactor for every 3 days and 7 days respectively to do the
tests [5].

Anaerobic digestion needs a suitable sludge to perform well. Parameters such as
pH determination after sampling, carbon and total nitrogen (HACH method) were
carried out after the process. The inoculum and Calcium Carbonate (CaCO3) was
added to increase the pH in the reactor [9]. The amount of leachate that is trans-
ferred from acidogenic reactor to methanogenic reactor should be maintain with
same amount of feeding. Gas production was measured and analyzed before the
samples were collected for biogas analysis using the portable gas analyser GA5000.
A tedlar gas sample bag attached to the reactor was used to collect gas.

3 Result and Discussion

Anaerobic digestion is one of the methods that apply in the Malaysia in the waste
management. Sludge and foodwaste co-digestion showpositive effect in themethane
gas production. To determine the methane gas production that can be achieved
through co-digestion, two types of reactors can be used: single phase and two phase
reactors. In this study, two-phase reactor was used to determine the methane gas
production. The gas was measure in the both reactors. Before being fed into the
reactor, the pH of food waste was measured, and it range from 5.88 to 6.62.

This research focused onmethane gas production and the characteristics of sludge
that affect gas production. Before food wastes were feeding in the reactor 1, the
inoculum was acclimatized and the main composition for both inoculum from TTS
and Kulim were shown in the Table 1.

Figure 1 shows that the pH and methane gas production the reactor 1. The food
wastes were feeding on the 11th day and the pH become acidic on the 14th day, which
the value is below 4.3. The pHwas drop from 7.7 to 4.1 on that day. The values of pH
decrease on day 15 and slightly increase on the 27th day. This condition happened
due to acidogenesis phase occurs and turn to acidic condition.

During the stage of hydrolysis and fermentation, non-methanogenic microorgan-
isms are playing role and adapting to low pH [10]. The high concentration of volatile
acid in the early phase causes the pH values to drop as well and caused unsuitable
condition for the growth of methanogenic [11]. To increase the pH in the reactor 1,
the Calcium Carbonate (CaCO3) was added on the 32th day, however the pH still

Table 1 Main composition
of inoculum from TTS and
Kulim

Test parameter Unit TTS Kulim

Organic matter % 5.1 29.6

Nitrogen % 1.6 2.6

C/N ratio % 0.35: 1 5.69: 1

pH – 7.5 7.7
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Fig. 1 Results of pH and CH4 for Reactor 1

maintains at pH 4.1, which is acidic. Then, the dosage of CaCO3 was used increase
from 10 to 40 g on day 36. From the result, it showed that the pH was increase on
day 40 to 6.1. CaCO3 was used for controlling the pH in the reactor 1.

Figure 2 shows the pH values of reactor 2 of inoculum slightly increase during
acclimatized from 7.7 to 8.2 on the 14th day. However, the pH value dropped back
to 7.7 on day 18 after feeding time on day 14 and the pH value slowly dropped after
feeding time. The pH value increase from 6.7 to 7.2 because on day 40, 2 kg of

Fig. 2 Results of pH and CH4 for Reactor 2
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inoculum from Kulim was added. Inoculum was added to maintain the pH and to
increase the methane production. However, the pH also slowly drops after feeding
on the next day.

The methane gas production low in reactor 1 because hydrolysis and acidogenesis
occurs in this phase. However, the methane gas production in reactor 2 also low and
the higher percentage of methane gas produced only 10% on the 22th day. Then, the
inoculum from Kulim was added in the reactor 2 on the 40th day and the methane
gas production increase on the 43th day with 32.0%. The highest production of
methane gas was on 56th day with 50.4%. Small pH changes affect the methane
formers (methanogens) in anaerobic digestion, whereas the acid producers can work
adequately over a large pH range. The buffering capacity of the digestive contents
affects digestion stability [12]. The acid and methane fermentation phases were
well separated, as evidenced by low and high methane yields of 15% and 60%,
respectively, in the first and second phases [13].

Figure 3 shows the C/N ratio for both reactors. The C/N ratios for inoculum for
both reactors are 5.69. The range of C/N ratio for reactor 1 is 18.78 on the 18th day
and 40.96 on the 51th day while for reactor 2 are 5.83 on the 18th day and 14.5
on the 56th day. When the inoculum from Kulim was added on the 40th day in the
reactor 2, the C/N ratio was drop from 14.84 to 7.65. This is occurred because of
the C/N ratio for the inoculum from Kulim is 0.35 and it is give effect to the C/N
ratio in the reactor 2. The C/N ratio for reactor 1 and reactor 2 is 37.48 and 14.25
respectively that produce highest methane gas on day 56. The optimal condition for
biogasifcation is 29.6 for C/N ratio in mesophilic condition [14].

Bacteria need a suitable ratio of carbon to nitrogen (C:N) for their metabolic
processes. If the C/N ratio is less than 1.0, the bacterial community will digest the
substrate more quickly, using carbon 25–30 times faster than nitrogen. A excess of
nitrogen will result in the formation of ammonia, which will inhibit digestion [10].
According toCheerawit [15] a high nitrogen content results in a highC/N ratio, which

Fig. 3 Results of C/N ratio for Reactor 1 and Reactor 2
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increases nitrogen consumption during the starting process, reducing lignocellulosic
biomass and led to poor anaerobic digestibility.

The pH values in the reactor 1 can give effect to the pH values in the reactor 2.
CaCO3 can be used to maintain the pH in the reactor 1 and need to be added when
the feeding occurs. The pH value in the reactor 2 was affected by the sludge from
reactor 1. Therefore, for pH value in reactor need to maintain in range 6.5–5.5. For
methane gas production, the amount of inoculum is important. The inoculum were
added during the feeding also can increase the pH values and the gas production in
the reactor 2.

4 Conclusion

In conclusion, the pH value and C/N ratio of co-digestion of food waste and sludge
give impact to the production of methane gas. The effectiveness of anaerobic diges-
tion process in two phase anaerobic digesterwas shown from themethane production,
which increased from 32.0% to 50.4%. The amount of sludge used also influenced
on the methane gas production for mesophilic condition. In this condition, it can
contribute to the microorganism in the sludge that needed for anaerobic digestion,
which the process for acidogenesis, hydrolysis and methanogenesis also depends on
the microbe from the sludge.

An anaerobic digestion system can become one of the ways to reduce the organic
municipal waste and reduce the impact of waste on environment and human health in
Malaysia. Waste management system in the Malaysia can be more develop by using
this method.
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Removal of Oil from Oil-Contaminated
Sand Using Chemical-Free Bubbles
in Turbulent and Laminar Flows:
A Conceptual Paper
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Abstract Regardless of the type of oil spill in our environment, numerous studies
have demonstrated the ecological and economic consequences of our activities. There
are many techniques available that can be used to treat oily-contaminated sand.
However, significant improvements in efficiency, energy consumption, and treatment
costs are required tomake the technologiesmore environmentally friendly. This paper
demonstrates the concept of micro and macro bubbles in the turbulent and laminar
flows to remove the oil from the contaminated sand. The parameters tested in this
study are macro and microbubbles, laminar and turbulent flows, saline and tap water,
flowrate, retention time, and oil-sand ratio. The analysis proposed in this study is the
chemical oxygen demand, total organic compound, thermogravimetric analysis, and
Fourier Transform Infrared Spectroscopy. The preliminary results indicate that when
microbubbles are introduced at the appropriate pressure, flowrate, salinity level, and
temperature, the removal efficiency of oil from the oil-in-water mixture was 95.8%.
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1 Introduction

In August 2017, 9000 tons of palm oil spill happened when the Global Apollon
ship, carrying raw palm oil, collided with another ship in Hong Kong. The situation
deteriorated further was when the Hong Kong government discovered the spill, the
palm oil already washing up on the beaches [1]. It caused 11 beaches to be closed
temporarily to carry out the cleaning process of the beach. This spillage creates a
slew of problems, as the surrounding beaches begin to smell foul and dead fish begin
to cover the shores. There was solid palm oil floating around the ocean, and it was
found that there were four inches of palm oil layer already seeping through the sand
at the shore. The cleaned-up process was done by scooping up the oil waste, and
some volunteers helped collect the Styrofoam-like solid on the shoreline [2] (Fig. 1).

The University of Hong Kong conducted a study to determine the palm spillage’s
degradation, bioaccumulation, and toxicity after it occurred, which took approxi-
mately 18 months [1]. After a year, only 10% of palm oil was disintegrated and
degraded. The study also discovered that a few marine species have abnormally high
fatty acid levels in their bodies. This study demonstrates how critical it is to remove
palm oil from our shoreline immediately. A prompt response can help mitigate the
environmental impact of palm oil spills [3].

Currently, a variety ofmethods are used commercially to clean up oil spills. One of
the most frequently used techniques is oil booms, which contain the oil and prevent it
from spreading further into the ocean. The second type is skimmers, which scoop oil

Fig. 1 Solidified palm oil stranded in Victoria Harbour [1]
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from thewater. Itwas designed to absorb the oil in the sameway that a vacuumcleaner
does. The third technique is sorbent, which involves introducing certain substances to
absorb or adsorb the floating oil. Fourth is in-situ oil combustion, which can remove
up to 98 percent of an oil spill [4]. It cannot, however, be conducted if the oil layer
is not sufficiently thick. Fifth is with dispersant, which sprays and disintegrates the
oil. It will create a chemical bond between oil and water by increasing the surface
area. Sixth is the hot water and high-pressure washing, where it operates by spraying
water up to 170 ºC using high-pressure nozzles. Seventh employs manual labour to
remove oil and debris from the shoreline using hand-held tools such as rakes and
shovels. The eighth method is bioremediation, in which microbes such as bacteria,
fungi, and algae are used to metabolise and break down the toxic molecules [4].

One of the well-knownmethods is to incorporate the dissolved air flotation (DAF)
produced with microbubble. DAF technique is a viable technique of remediation
used to separate and recover oil from polluted sand/soil by aiding the adhesion of the
contaminant particles [5]. Previously, many studies have been conducted to study
the usage of microbubbles flotation of oil from contaminated soil/sand [6–8].

Research is being conducted on the chemical-free separation of DAF mineral oil
and water from sand [9]. However, no study examines the effects of various flow
and bubble types on the separation process. The turbulent flow of macrobubbles
is proposed in this study as a means of separating the oil molecule from the sand
surface. This study has the potential to introduce a more efficient method of sand
washing separation. A few other parameters were covered in this study: type of
oil, salinity, flow type, experimental duration, and oil-sand ratio. If this approach
can be successfully proven, we might have techniques with qualities such as being
chemical-free, low energy consumption, and high removal efficiency.

The motivations of the study are to design a novel in-situ sand washing system
with laminar and turbulent flow functions and investigate the performance of the
parameters. In addition, this study is carried out to forecast the removal efficiency of
oil from oily contaminated sand. There are three research questions from this study:
What is the impact of bubble size on the removal of palm oil from sand? Secondly,
how does the parameter tested will impact the process efficiency? Lastly, how does
the type of flow will impact the removal of palm oil from sand?

2 Materials and Method

Two palm oil types will be used: Crude Palm Oil (CPO) and cooking oil. CPOwould
be obtained from the local palm oil mill. As for the cooking oil, a local cooking oil
brand will be bought from a nearby supermarket. Sand beach samples and seawater
used are from Pengkalan Balak, Melaka beach. As for the tap water, it is supplied by
Syarikat Air Melaka Berhad.
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2.1 Methodology

The sand samples will be prepared by air-dried the sand overnight to remove any
moisture content and then sieve to remove debris such as wood chips, gravel, and
stones. Sieving will be carried out to separate the sand into specific particle sizes
(1000 µm, 500 µm, 125 µm). Initially, the physical and chemical properties such as
density, viscosity, and API gravity will be identified for both palm oil used. The sand
mix with the 200 g of palm oil in a beaker containing 500 g of sand dried and will be
left to mix homogeneously overnight before using it for the experiments. The ratios
of oil and sand aremanipulated in this researchwork.Microbubbles will be generated
along with laminar flow by the DAF rig that has been installed in UniKL-MICET.
In contrast, macrobubbles will be generated by a pump with the highest capacity of
16 L/min of air and are intended to create a turbulent flow inside.

2.2 Floatation Experiments

The floatation experiments will be conducted in a floatation tank made from glass
with a dimension of 0.4 m length, 0.3 m width, and 0.3 m height. The micro and
macro bubbles generated will be introduced from the bottom of the contact zone of
the washing tank. A steel strainer (0.25 m height, 0.09 m diameter) will hold the oily-
contaminated sand and locate it inside the washing zone. During these experiments, a
few parameters will be tested: type of bubble (macro/micro), type of flow introduced
(laminar/turbulent), saline/tap water, flowrate, retention time, and oil-sand ratio.

2.3 Analysis

Several analyses will be conducted, such as the Fourier Transform Infrared Spec-
troscopy (FTIR), Chemical Oxygen Demand (COD), and Thermogravimetric Anal-
ysis (TGA). Once the FTIR evaluates all elements in the samples, the samples will
be fed into TGA with known temperature and period. These analyses will observe
the initial and final oil in the oily contaminated sand and determine the compounds
present. The efficiency was then calculated using the following equation:

Xinitial − X f inal

Xinitial
× 100% (1)

Xinitial is the initial reading for all the analysis, and the Xfinal are the final reading
for all the analyses. COD will be used to check the water quality using HACH
Spectrophotometer. It is assumed that most of the oil floats to the water’s surface to
be easily skimmed off.
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Fig. 2 Performance of oil droplets removal from the oil-in-watermixture by usingFastHEXmethod

3 Hypotheses and Preliminary Result

This paper illustrates the effects of macrobubbles and microbubbles in a turbulent
and laminar flow to remove the oil from oil-contaminated sand. Eight parameters
such as oil to the sand ratio (w/w%), type of oil, type of flow, experimental duration,
type of continuous phase, DAF pressure level, salinity, and size of sand particles to
remove oil will be observed. It is a new idea to utilise macrobubbles in turbulent flow
to remove oil. It is predicted that macrobubbles can help in increasing the overall rise
velocity so that sufficient lighting force is supplied and increase the floatability of oil
contaminants [6]. On the other hand, a mathematical model needs to be developed to
understand better the effect ofmacrobubbles and turbulent flow towards the efficiency
of oil-sand removal.

The investigations have been done to utilise the microbubbles in a laminar flow
to remove the oil from the oil-in-water mixture [9]. The results show more than
90% of oil can be separated with the help of optimised parameters, as illustrated in
Fig. 2. The previous research will be the benchmark in continuing the utilization of
air bubbles in treating oil-contaminated sand.

4 Conclusion

Previous work has shown promising evidence on this new technique of sandwashing.
Although there is a lack of study to observe the effect of macro and micro bubbles
combined with the turbulent flow in the treatment of oil-contaminated sand, the
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preceding work demonstrates high chances for this study to be successful. In this
conceptual paper, new approaches have been introduced in the separation technology
world.
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Study on the Potential Reutilization
of Dyes from Batik Textile Effluent
as Dye Sensitizers in Dye Sensitized Solar
Cell (DSSC)

Weng Yi Lee, Ayu Wazira Azhari, Dewi Suriyani Che Halin,
and Abdul Kareem Thottoli

Abstract An alternative method for waste dyes management by reutilization as dye
sensitizer of DSSC is introduced in this study. The waste dye based DSSCs are fabri-
cated by usingwastewater that is collected fromfixing process, dewaxing process and
effluent of batik industry using the standard fabrication method. Absorption spectra,
band gap, dyes concentration, pH value as well as functional group are the important
characteristics of photosensitizer that is being studied in this research. Among the
processes, the DSSC that was fabricated from waste dyes produced from dewaxing
process had the highest energy conversion efficiency (5.68× 10–8%) due to its highest
dye concentration. However, further study is required to improve the performance
of waste dye based DSSC since its energy conversion efficiency is extremely poor
compared to the current highest efficiency of 13% and undesirable in being applied
in real life.
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1 Introduction

A study carried out byKelantanDepartment of Environment (DOE) between January
and September in 2010 showed that the regulatory compliance level of batik industry
in Kelantan was very low, only 5% when compared with other manufacturing indus-
tries [1]. Notmany of the batik entrepreneurs have carried outwastewater treatment to
treat the effluent before discharging it into water bodies as this industry is still domi-
nated by the small and medium enterprises and cannot afford to have a wastewater
treatment system [2]. As the result, the surrounding water bodies of batik industry
have been highly polluted by dyes. To stop the receiving stream from being polluted,
management on waste dye is required to remove the dyes from the effluent of batik
industry before discharging it into surrounding water bodies.

According to [3], the removal of dye from wastewater by using physicochemical
methods can create a secondary pollution due to the generation of waste with high
concentrated dyes. Proper disposal or further treatment is required for these wastes.
On the other hand, the complex chemical structure of dye has result in the degradation
of dye becoming more difficult and complex than removal of dye. For example,
bioremediation and photochemical technique are the existing method which can
degrade the dyes. The efficiency of bioremediation in degrading dye has reduced
since the microorganism will be killed by the toxic by-product that formed during
biodegradation of dye. While photochemical technique consumed a long time to
break down the complex synthetic dyes into simple chemical structure [3].

Compared to waste treatment, waste reutilization is more preferred in managing
the waste as the resources can be used maximally before disposing it [4]. This had
brought out the interest on finding a better way in managing the batik industrial
waste dyes as the waste dyes have potential in being reused as dye sensitizer for
DSSC. However, there are several uncertain factors that will affect the suitability of
wastewater from batik industry in being the dye sensitizer of DSSC. Those factors are
the various colours of dyes in wastewater, concentration of waste dyes in wastewater,
the attachment of waste dyes on oxide semiconductor, the band gap of waste dyes as
well as the impurities in wastewater.

The colour of the waste dyes is one of the problems that need to be consider in
this study. Every batik will be dyed with various colours; some are using synthetic
while others are using natural dyes. Besides that, the amount of colour used to dye
the batik is also varied. This resulted in the inconsistence colours of waste dyes.
On the other hand, the concentration of waste dyes is also another problem which
cannot be ignored. The study by [5, 6] stated that, the higher the concentration of
dye sensitizer, the better the energy conversion efficiency of DSSC. Unfortunately,
the concentration of waste dyes in the effluent of batik industry is very diluted since
it has been mixed with huge amount of wastewater. Therefore, the energy conversion
efficiency of waste dye based DSSC may be low.

Another important factor to be considered is the attachment of waste dyes on
oxide semiconductor. Oxide semiconductor is one of the DSSC’s components which
is used to provide an area for dyes to anchorage on it. The more dyes that are



Study on the Potential Reutilization of Dyes from Batik … 321

attached to the oxide semiconductor, the higher the energy conversion efficiency of
DSSC [7]. The attachment of dye on the oxide semiconductor is mainly affected by
the anchoring group of dyes, such as phosphonic acids and carboxylic acids. To form
a bond with oxide semiconductor, the anchoring group of dye should be able to react
with surface hydroxyl group of the oxide semiconductor. The pH value of waste dyes
must not be more than 9 as the basic condition will make the dyes desorbed from
oxide semiconductor easily [8]. The waste dyes must have pH value smaller than 9
while having anchoring functional group to attach on the oxide semiconductor [9].

Finally, the impurities in waste dyes are also one of the problems in this research.
Other than waste dyes, the wax, soda ash and sodium silicate are the common impu-
rities that can be found in untreated effluent of batik industry in this case of study.
Currently there are no finding stated that these impurities will give effect on the dyes’
potential in being photosensitizer of DSSC.

2 Materials and Method

Batik effluents were collected from three collection tank which were the fixing
process tank, dewaxing process tank and final tank of the effluent. Standard 1060
(B)—collection of samples, as stated in standard methods for the examination of
water and wastewater (1915), were used to collect the samples. The collected batik
effluents were filtered with 0.45 μm filter paper prior to analysis. Before fabrication
of the DSSCs, the absorption spectra, functional group, band gap, dye concentration
and pH value of the effluent were determined. For comparison purposes, methyl
orange based DSSC was also fabricated.

2.1 Preparation of Dye Sensitizers

The photosensitizer solution was prepared by filtering the effluent with a 0.45 μm
filter paper to remove wax and suspended solid. After filtration, 20 ml of potassium
permanganate solution was added into 100 ml of the samples and heated in an oven
at 45 ˚C for 24 h. The solution was dried in an oven at 35 ˚C until all the water was
removed. The residual was then dissolved in 20 ml ethanol and was left for two days
to ensure complete reaction between the solvent and the effluent. The solution was
then filtered to remove any undissolved particles. Themethyl orange-based sensitizer
was prepared by mixing 4 mg of methyl orange powder with 20 ml ethanol and was
left overnight for complete reaction. Hydrochloric acid (HCl) was added to adjust
the pH of the solution to pH 8.5.
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2.2 Wastewater Characteristics Analysis

The collected waste dye samples were filtered prior to analysis to determine the
wastewater characteristics. The UV/Vis spectrophotometer (Perkin-Elmer, Lambda
950) was used to measure the absorption spectra, band gap and dyes concentration of
the samples. Since the prerequisite for dye to function as photosensitizer of DSSC is
the absorption in the visible region of solar spectrum, the absorption wavelength of
waste dye was measured within 400 to 700 nm (Hug et al. 2014). On the other hand,
Fourier transform infrared (FTIR) spectrometer was used to analyse the functional
group of the samples. This FTIR studies were conducted by using Perkin-Elmer
Fourier Transformer Spectrophotometer (Version 10.03.08) in the wavelength range
650–4000 cm−1.

2.3 Device Fabrication

Fluorine-doped (FTO) conductive glasses cut into 2.5 cm× 2 cm were cleaned with
acetone, ethanol, and distilled water in ultrasonic cleaner. After that, the active area
was clean with acetone prior to coating with titanium dioxide (TiO2) paste by using
doctor blading technique. The TiO2 electrode were then sintered at 450˚C in muffle
furnace for 30 min and let to cool down.

To prepare the counter electrode, the FTO glasses were cleaned with acetone prior
to coating with carbon. A graphite pencil was used to coat the active area of the plates
while any loose graphite particles were gently removed. The carbon layer serves as a
catalyst for the triiodide to iodide regeneration reaction. Iodide-triiodide electrolyte
solution was prepared bymixing 63.45mg iodine prills and 830mg potassium iodide
with 10 ml ethylene glycol.

To prepare the DSSC, the photoanode was immersed into the sensitizer solution
for 24 h and then washed gently with ethanol to remove any excess dye. A few
drops of the electrolyte solution were put onto the TiO2 film. The photoanode was
then sandwiched with the graphite electrode while ensuring that the active area of
both electrodes was facing each other, and no bubble exist within the electrodes and
electrolyte solution. To determine the efficiency of the DSSCs, the energy conver-
sion efficiency (η) and incident photon-to-current conversion efficiency (IPCE) were
measured.
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3 Result and Discussion

3.1 Absorption Spectra, Band Gap and Dyes Concentration
Analysis

UV–Vis spectrometerwas used tomeasure the absorption spectra of the batik effluent.
Figure 1 shows the results obtained from UV–Vis spectrometer in measuring the
absorption spectra of the batik effluent samples. From the graph, the absorbance
value of the different stages of the batik effluents were higher than that of the blank
plastic cuvette. However, no absorption peak is present that may be cause by the
overlapping of absorption spectra between various colours of dyes that are mixed in
the wastewater [10].

The absorption spectra in Fig. 1 shows that effluent from the dewaxing stage
has the highest absorption value followed by the final effluent, while the effluent
from the fixing process shows the lowest absorption. Since the absorption value is
directly proportional to the concentration of the absorbing material it is anticipated
that the performance of DSSCs produced from the dewaxing effluent will show the
highest efficiency compared to the others. This is because the provision of dyes from
dewaxing effluent is most sufficient due to its highest dye concentration and result
in full anchoring of dyes on the pores of titanium (IV) oxide, TiO2 film [5].

3.2 pH Value Analysis

Previous study by [11] show that the Remazol dyes used in dyeing of the batik textile
will form slight acidic solution after being dissolved into thewater.However, study on
the pH value at the various stages of the batik effluent shows that the pH is relatively

0.0

0.2

0.4

0.6

0.8

1.0

1.2

400 450 500 550 600 650 700

A
bs

or
ba

nc
e 

(a
.u

.)

Wavelength (nm)

Dewaxing Fixing Effluent Blank

Fig. 1 Absorption spectra of waste dye samples and blank plastic cuvette
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Table 1 pH value of waste dyes from different processes of batik industry

Process pH Value

Sample 1 Sample 2 Sample 3 Average

Fixing 11.186 11.178 11.182 11.182

Dewaxing 10.053 10.044 10.044 10.047

Effluent of industry 10.369 10.362 10.364 10.365

high as shown in Table 1. It is believed that this is resulted from the addition of sodium
silicate during fixing process and soda ash during dewaxing process. From Table 1, it
is apparent that the effluent produced from fixing process shows the highest pH value
at about 11.2. This followed by the final effluent with the pH of 10.4 which is slightly
higher than effluent from the dewaxing process as both additives are accumulated in
the final effluent.

Since desorption of dyes from TiO2 film occur when the pH of sensitizer is higher
than 9 [8], lower pH is required in attaching the dye onto TiO2 film as the hydroxide
ion will attract the hydrogen ion of hydroxyl group located on the surface of the TiO2

film result in bond formation between remained oxide radical ion and anchoring
group of dye [12]. Therefore, 0.1 M of hydrochloric acid is required in adjusting the
pH value of waste dye samples to pH 8.5 prior to dyeing the TiO2 film. Since pH
value of the waste dye-based photosensitizer is controlled at pH 8.5, pH value is not
a significant factor that will affect the performance of DSSCs in this study.

3.3 Functional Group Analysis

Figure 2 shows that there was not much difference between the wastewater produced
from dewaxing process and fixing process in term of the functional group analysis.
Both had alkenes group (C= C group) and alcohol group (O–H group). The relative
IR spectra for C = C group is 1620 to 1680 cm−1, and for O–H group is 3200 to
3550 cm−1. Since the effluent was a mixture of wastewater produced from fixing and
dewaxing processes, hence it can be considered that the effluent of batik industry
also had similar functional group.

Remazol dye is the most common used dye batik industry [10]. It originally
possesses sulfonic acid and sulfone as its functional group. The formation of alkene
group in chemical structure of Remazol dye may cause by the reaction between
sulfonic acid and hydroxide ion during fixing process. Since the sulfonic acid was
removed from Remazol dye during fixing process, the waste dyes were lack of
anchoring group and will result in poor attachment of waste dye on TiO2 film. Hence
a new anchoring group should be formed by changing the alkene group to sulfonic
acid or carboxylic acid group. Compared to the formation of sulfonic acid, formation
of carboxylic acid group from alkene group is easier as it can be prepared directly
by heating the waste dye with solutions of potassium permanganate (KMnO4) [13].
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Fig. 2 FTIR spectra of waste dyes from dewaxing and fixing processes

On the other hand, the existence of alcohol group in the samples may be due
to the soda ash and sodium silicate that formed hydroxide ions when dissolved in
water. During the UV–Vis analysis, the existence of alcohol group will shift the
absorption spectra of the samples towards longer wavelength. This restriction from
alcohol group had increase the difficulties in analysing peak absorption of the waste
dye samples that was carried out by using UV–Vis spectrometer [14].

3.4 Energy Conversion Efficiency Analysis

Open circuit voltage (Voc) and short circuit current (Isc) are the important parameters
for calculating energy conversion efficiency of DSSC. They can be found in I-V
characteristic curve as shown in Fig. 3. From this figure, the efficiency of the DSSCs
which was fabricated by using waste dye produced from dewaxing process shows
the highest one among the waste dye based DSSCs.

As shown in Fig. 4, the power output of the DSSC which was fabricated by using
waste dye produced from dewaxing process was higher than other waste dye-based
DSSCs but was less than methyl orange-based DSSC. The higher the power output,
the higher the energy conversion efficiency of DSSC. Therefore, the methyl orange
based-DSSC has the highest energy conversion efficiency (88.974 × 10–9%) then
followed by dewaxing process DSSC (56.815× 10–9%). TheDSSCwhich fabricated
by using waste dye produced from fixing process has the worst energy conversion
efficiency that is 1.991 × 10–9%. This prove that the hypothesis which had been
made before that stated that the performance of DSSC which fabricated by using
waste dye produced from dewaxing process as its photosensitizer will be the best
among the waste dye based DSSCs, was acceptable. The Voc, Isc, fill factor (FF) as
well as η of DSSCs were summarized in Table 2.
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Table 2 Summary of energy conversion efficiency of DSSCs

Photosensitizer Voc (V) Jsc (10–7 A/m2) FF η (10–9%)

Waste dye from fixing process 0.450 1.0442 0.423 1.991

Waste dye from effluent of industry 1.405 4.2503 0.300 17.924

Waste dye from dewaxing process 2.420 6.2704 0.374 56.815

Methyl orange 2.825 8.4156 0.373 88.794
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4 Conclusion

The absorption spectra, band gap, pH value as well as functional group were not
the significant characteristics of waste dyes in affecting the performance of waste
dye based DSSCs, except the dye’s concentration. This was because the absorption
spectra, pH value and functional group of the waste dye samples were almost similar
with each other. On the other hand, the concentration of dyes in wastewater was
the most important parameter that will affect the performance of waste dye based
DSSCs. Among the waste dye based DSSCs, the DSSC which was fabricated by
using waste dye produced from dewaxing process as its photosensitizer had best
performance in term of energy conversion efficiency and IPCE. This is because it
has the highest concentration of dyes. It can be stated that the photosensitizer which
has higher concentration of dyes results in higher absorbance in visible region of solar
spectrumwill produceDSSCwith better energy conversion efficiency.Unfortunately,
the performance of waste dye-basedDSSC is lower thanmethyl orange-basedDSSC.
Figure 4 shows that the energy conversion efficiency of methyl orange-based DSSC
is around 36% much higher than dewaxing’s waste dye-based DSSC. Improvement
is required for waste dyes in order to enhance the performance of waste dye-based
DSSC while increase the economic potential of waste dye-based DSSC.

The energy conversion efficiency of waste dye based DSSCs, which were fabri-
cated in this research, were quite low. With such low energy conversion efficiency,
the waste dye-based sensitizers are currently not favourable for fabrication of the
DSSCs. It is believed that this extremely low energy conversion efficiency may be
due to the various impurities that are available in the waste dyes. Hence, a detail
study on the effect of different impurities on the dye sensitizer is important before a
suitable pre-treatment method can be used to improve the quality of the waste dyes
before reutilization as photosensitizer for the DSSCs.
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The Effectiveness of Non-woven
Geotextiles as a Filter Media for Total
Suspended Solid Removal

Suzana Ramli and Mohd Rizal Firdaus Wahhit

Abstract Water with high turbidity can significantly reduce the aesthetic quality
of lakes and streams, having a harmful effect on recreation and tourism. Besides,
it may harm fish and other aquatic life by reducing food supplies and affecting the
function of fish’s gill. Turbidity and Total Suspend Solids (TSS) are among the
main parameters used in water quality indicators. The objectives of this study are
to remove total suspended solid (TSS) concentration and turbidity (NTU) by using
Non-Woven Geotextiles (NWG) as a filter media. Other parameters such as BOD,
COD, DO, pH and NH3-N were also taken into account to determine the quality
of Penchala River in Kuala Lumpur. Performance of NWG was also assessed with
Water Quality Index (WQI) calculation. The baseline data showed the TSS value
was 150 mg/L (Class III) and the value for turbidity was 154 NTU (highly turbid).
NWG properties used are 100% polypropylene materials, with properties design of
190 µm (0.19 mm) AOS, 2.2 mm thickness and permittivity 2S-1. Results showed
that the NWG was effectively removed TSS and decreased the NTU level by 70%
reduction, therefore, significantly improved the river classification from Class III
to Class II. Other parameters that showed improvement was COD, with average
percentage improvement of 17.2%. Meanwhile data such as BOD, pH and NH3-
N were remained unchanged throughout the study period. As overall, the WQI for
Penchala River during prior time of study was in range 83.78–86.70 (Class II) and
will be transformed to Class I after continuous treatment with NWG filtration media.

Keywords TSS · Turbidity · Non-woven geotextiles ·Water quality

1 Introduction

Turbidity is a common problem in Malaysian surface waters that interfere with the
aesthetic value of the river. It is due to alluvial soil conditions, organic and inor-
ganic materials from natural causes and also from climate factors. High turbidity
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can be caused by total suspended solids from silt, dirt, algae, plant pieces, ashes or
chemicals in the water. The presence of these particles produces cloudy and dirty
water. The best method to manage turbidity is to discourse its sources. This include
reducing stormwater run-off, restoring eroding stream and lake shorelines, and
applying industry-specific best management practices (BMPs) [1]. Settling ponds,
re-vegetating steep slopes, maintaining a minimum of 25 feet of vegetation around
streams, lakes, and other waterbodies, and maintaining all drainage systems are
among mitigations steps taken to reduce turbidity issues in surface water. One of the
new approaches that has been introduced is the application of Non-Woven Geotex-
tiles filtration media. This study aims to determine the effectiveness of NWG as
filtration media to remove TSS and turbidity. No river yet in Malaysia has been
provided with non-woven geotextiles as filter media facilities for Total Suspended
Solids (TSS) removal in river, therefore this study valuable to the researchers as
well engineers, who are interested to explore more about the non-woven geotex-
tiles material application in river cleaning program. Geotextiles make hard soil more
workable, designed to allowbuilding in areaswhere itwould otherwise be impossible.
Many infrastructure projects, such as highways, ports, landfills, drainage systems,
and other civil projects apply the use of geotextiles. Zornberg and Thompson [2] also
stated in their reports, that application geotextiles are widely used in geotechnical
and structural applications such as roads and railways, earth structures, drainage and
filtration systems, hydraulic works and many other applications. Geotextiles have
favorable water conductivity, which are used as drainage channel. The water in the
soil structure in the geotextiles can be collected and slowly discharged along the
geotextiles [3]. In most filtering applications, geotextiles are used in combination
with systems that have either horizontal or vertical water flow. Use of a drainage
geotextile ensures ongoing drainage of fluids with minimum pressure loss [4]. In a
drainage system, geotextile also preventing fine particles from migrating between
soil layers. Many studies have proved that NWG can improve water quality [5, 6].
Improving the level of water quality depends on several factors. Among the factors
are the Apparent Opening Size (AOS), thickness, permittivity/permeability and the
ability of the NGW exposed to external resistance such as weather or chemicals for a
certain period of time. Sarma et al. [7] in their study, proved that the effectiveness of
nonwoven geotextiles in reducing the nutrients and suspended solids for lake water
quality. In year 2005, One State One River (1S1R) has been launched by Malaysia’s
Department of Irrigation and Drainage (DID). The program aims to help state DID
organizes river conservation programs and improve river water quality. Penchala
River was selected by DID State of Selangor for this program. Based on Department
of Environment Malaysia [8] in year 2005, Klang River is the most polluted river
and Penchala River is one of tributaries contributed to polluted problems. Among
the causes of pollution that occur in the Penchala River are the disposal of domestic
waste from nearby housing, thick silt at the bottom of the river as well as restaurants
that drain food waste without going through the filtering method first. Due to that,
the WQI on that time was felt under Class IV which the range 31–51.9. In year 2018
the water quality dropped to Class III and stayed constant till 2019 [9]. Due to that,



The Effectiveness of Non-woven Geotextiles as a Filter … 331

Penchala River is the reason why this study was conducted. As the time goes by, the
river is now getting worse as it loses their ability to make a self-purification [10].

2 Material and Method

2.1 Material

Geosynthetics, specialty nonwovens in the civil engineering field, form the backbone
of numerous civil engineering projects. With nonwoven technology, fabrics can be
designed to take on an array of characteristics that other materials simply cannot
match; they are penetrable and are normally used for drainage applications and
filtration applications such as highway and slope constructions. Rapid developments
in infrastructure have led to huge demand for nonwovens in water conservancy,
highway, railway, sea and airport projects as they satisfy the qualities needed for these
demanding environments. Nonwoven fabrics are a dynamic, value-added alternative
to more traditional materials. These geotextiles offer excellent filter properties and
help to prevent the dirt and aggregate from clogging up drains thus extending the
life and increasing the performance. Non-woven polypropylene geotextile provides
excellent physical and hydraulic properties in addition to high tensile strength. The
advantages of nonwoven filter over the woven filters are high filtration efficiency,
high permeability, less blinding tendency, no yarn slippage as in woven media, there
is no limitation for thickness, high production rate and last but not least continuous
process line. The pore sizes are much smaller than the pore sizes of woven or knit
fabrics. Due to the overlapping of yarns, the size of the pore, or the opening between
the yarns, is quite large; which can be seen by holding up a piece of these filter fabrics
into the light. Woven and knit fabrics are two-dimensional filter bag media in which
yarns overlap.

Non-Woven Geotextiles (NWG) was selected for filter media for this study due
to the effective filtration performance. It is also widely use in civil engineering
projects as separators or filtrations namely in highway construction, slope rehabili-
tation/stability, landfill cover and drainage system. NWG in this study is developed
and fabricated by manufacturing in Malaysia. The material used for NWG is 100%
polypropylene and UV stabilized. The apparent opening size and thickness of the
NGW are 0.09 mm and 2.2 mm (. The filters were cut in rectangular shape with
dimension 700 mm × 600 mm and the total of 20 filters (8.4m2) was carried out for
this study. To ensure the effectiveness of this filter, it is arranged horizontally against
the river flows and in three rows. These filter sheets are hung on 50 mm diameter iron
rods across the river. To avoid the filter sheet to ripple according to the velocity, at
the bottom of each filter sheet is placed a weight, so that it will support and give the
stability of the filter. Each of these filter sheets is arranged with a distance of 750 mm
from center to center. Figures 1 and 2 show the filters and their arrangements on site.
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Fig. 1 Dimensions of the filters and their arrangement

Fig. 2 Material arrangement at the site

Based on this study, it was found that the lifespan of the filter when exposed in
water directly is 3 months. After the 3 months, it can be seen that the filter filled
with suspended matter on it. Therefore, it can be concluded that the maintenance the
filters should be done by replacing them with new ones for every 3 months.

2.2 Method

This study focused at the upstream of Penchala River near to TPBKKL inlet pond.
The aim is to determine the total suspended solids and turbidity impact on the water
quality of Penchala River. This study involved both on-site and laboratory tests. For
the baseline data, parameters NTU and TSS was determined by using Lamotte and
Partech 7450 Model sensor respectively and utilized procedures from [11]. Baseline
value of total suspended solids and turbidity was recorded before the application of
the non-woven geotextiles filter media. Baseline data or benchmark is very important
to ensure that its effectiveness by comparing events before and after implementation.
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Other than total suspended solids and turbidity, another five (5) standard parameters
for water quality were also being recorded such as BOD, COD, pH and Ammonia.
All the experiments were conducted at the Department of ChemistryMalaysia except
for Dissolved Oxygen (DO) which was conducted in situ. Sampling of river water is
taken for a year and the frequency is once amonth in clearweather and at normal flows
of river. The data obtainedwere analysed and compared to theNationalWaterQuality
Standards for Malaysia (NWQSM). Analysis for this study was done by comparing
the baseline data with thirteen (13) samples reading taken from December 2019
until December 2020. A guideline from National Water Quality Standard (NWQS),
WaterQuality IndexClassification fromDOEwas used to classify the river in order to
determine the effectiveness of the filters. Tables 1 and 2 show theWater Quality Index
Classification (WQIC) and Water Quality Classification Based on Water Quality
Index, DOE standard. DOE also established water classes and uses for classified the
condition of water depending on WQI result.

Table 1 Water quality index classification

Parameters Unit Classes

I II III IV V

Ammoniacal Nitrogen mg/l <0.1 0.1–0.3 0.3–0.9 0.9–2.7 >2.7

BOD5 mg/l <1 1–3 3–6 6–12 >12

COD mg/l <10 10–25 25–50 50–100 >100

DO mg/l >7 5–7 3–5 1–3 <1

pH >7 6–7 5–6 < 5 >5

TSS mg/l <25 25–50 50 -150 150–300 >300

*Turbidity NTU 5 50 – – –

WQI mg/l > 92.7 76.5–92.7 51.9–76.5 31.0–51.9 <31.0

*Note/Source National Water Quality Standard, (DOE 2019)

Table 2 Water quality
classification based on water
quality index

Parameters Index range

Clean Slightly polluted Polluted

SIBOD 91–100 80–90 0–79

SIAN 92–100 71–91 0–70

SISS 76–100 70–75 0–69

WQI 81–100 60–80 0–59

*Note/Source National Water Quality Standard, (DOE 2019)
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3 Results and Discussions

3.1 Physical Characteristics

Baseline data is the data taken as a benchmark before an experiment is performed.
These benchmarks can be identified positive or negative based on the analyst itself.
In this study, especially for TSS and Turbidity if the results after implementation
exceeded the baseline data it will be considered as a negative (failed) or vice versa.
The baseline for TSS and Turbidity is 150 mg/l and 154 NTU respectively. When
referring to the NWQS that has been established by the DOE, this baseline data was
in the Class III for TSS and SIss (53.60) was in the Polluted category. Turbidity, on the
other hand, the baseline results showed that it was not either in class I or class II but
in highly turbid. This is because, in the NWQS table, the value that can be measured
are starting from 0–5 (Class I) and 6–50 (Class IIA or IIB). With the baseline data
obtained, it showed that it has strengthen the evidence that the condition of Penchala
River is contaminated with high content of TSS and Turbidity.

3.2 Total Suspended Solids (TSS)

All TSS levels fromDecember 2019 onwards fluctuated from ranged between 42 and
48 mg/L. At the beginning of the result, the value of TSS was recorded as 46 mg/L
and it was slightly dropped to 45mg/L in January 2020.Afterwards, in February 2020
the value of TSS went up to 48 mg/L and inMarch and April 2020 the data decreased
to 43 mg/L and remained steady afterwards. A month later in May 2020, the TSS
value was declined to 42 mg/L which was the lowest value recorded throughout the
study duration. In August 2020, the data was significantly increased to 48 mg/L. In
September 2020 it showed that the result slightly decreased to 43mg/L and increased
back in October 2020 to 47 mg/L and remained stable until November 2020. Finally,
at the end of prior of study in December 2020 the result was recorded 45 mg/L. The
result is shown in Fig. 3.

3.3 Turbidity

Turbidity is a measure of the extent to which light is either absorbed or scattered by
suspended material. Figure 4 shows the turbidity levels at the same point’s location
of TSS sampling. The baseline level also was established in November 2019 and
the turbidity level was 154 NTU. The water samples were collected on a monthly
basis to monitor the turbidity levels. All turbidity levels data from December 2019
fluctuated with range between 45 and 50 NTU. The highest turbidity value was 50
NTU recorded in February, July and August 2020 and the lowest turbidity value was
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45 NTUwhich was recorded in September 2020. Starting December 2019 to January
2020, the turbidity remained constant for 48 NTU. However, the value was slightly
decreased to 48 NTU to 47 NTU in March 2020 and April 2020. In October 2020
to December 2020 the bar chart showed the values of turbidity remained stable. As
a whole, the results obtained were significantly below the baseline level and within
the National Water Quality Standard Class II limit.

3.4 Water Quality Index (WQI)

Figure 5 shows the water quality index (WQI) of upstream of Sungai Penchala
just before inlet of Kolam Taman Persekutuan Bukit Kiara, Kuala Lumpur from
November 2019 to December 2020. The baseline level was established in November
2019.The WQI value was 81.36 and was classified as Class II of the National Water
Quality Standard. The WQI levels from December 2019 onwards showed a slight
improvement in comparison with the baseline levels and ranged between 83.78 and
86.79mg/Lwhich are still Class II of theNationalWaterQuality Standard. The results
WQI generally showed improvement in comparison with baseline levels established
in November 2019. Even though the highest value WQI is 86.79 and still in Class
II was recorded in the end of prior of this study, but the increasing was significant
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starting from the beginning and strongly believed the trends could be achieved stan-
dard Class 1, since no data was recorded below the baseline. Other than that, river
conditions itself has natural elements characteristics such as and existence of aquatic
plants plus cleanliness of river also contributing to increase of WQI.

4 Conclusion

Based on the findings, it shows that the reduction of TSS and NTU level were almost
70% after treatment with NWG filter media. It can be concluded that the high level
of TSS content in that area had caused high turbidity level in the river. Meanwhile, it
can also be seen that the quality of the river is increasing with an average of 4.94%
almost reaching Class 1 (Class 1 needs an increase of 12% from the baseline data)
based on WQI. If this study is extended for a few more months the likelihood of
achieving class 1 is high due to the graph patents pushing towards the increase. As
conclusions, this study has achieved the objectives study to design a filter by using
NGW and determination of removal the TSS and Turbidity were also accomplished.
Comparison with NWQS is correspondingly performed in order to classify the river
quality which showed improvement in the WQI value.
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Che Zulzikrami Azner Abidin, Li-Ngee Ho, Norazian Mohamed Noor,
and Andreea Moncea

Abstract This study was to examine the bioremediation of wastewater containing
a binary mixture of methyl orange (MO) and reactive black 5 (RB5), as well as
bioelectricity generation in single chamber up-flow membrane-less microbial fuel
cell (UFML-MFC). Decolourisation performance and power density of MFC were
studied with different concentrations of binary dye (25, 50 and 75 mg/L) as influent.
The colour removals evaluated from the standard curve of dye against optical density
at its maximum absorption wavelength were 80.40%, 70.33% and 56.99%, respec-
tively in the three phases of study. The decolourisation extent ofRB5 is comparatively
higher thanMO in the binary mixture, due to the presence of more sulphonate groups
in the molecular geometry of RB5. The reductive cleavage of azo bond was denoted
by UV spectroscopic analysis.
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Keywords Microbial fuel cell · Binary dyes · Decolourisation · Bioelectricity
generation

1 Introduction

Azo dyes are the most eminent group of colour additive that have been tremendously
used in textile industry [1]. The discharge of dye-containing effluent wastewater into
water body is undesirable due the presence of toxic, carcinogenic and teratogenic
substances in the breakdown of dye products, which persist as environmental pollu-
tants [2]. Physio-chemical approaches are generally used to treat dye effluents.Nathe-
less, these approaches have drawbacks such as high cost, production of a massive
amount of secondary pollutants, emanations of harmful substances, and generation
of refractory substances [3]. On that account, biological wastewater treatment that
necessitates the use of an active microbial biomass can be a good replacement for
the conventional physiochemical wastewater treatment unit operations.

Microbial fuel cell (MFC) is a green sustainable technology that harnesses the
interactions of respiring microorganisms in converting chemical energy into elec-
tricity. As a new type of biological approach, MFCs have received great attention
for their innovative features and environmental benefits [4]. Over the past few years,
MFCs have also been used for refractory wastewater treatment, where sufficiently
good removal efficiency of pollutants and bioelectricity generation can be attained
using an MFC treatment unit [5]. Previous MFC studies had attempted to utilize
MFCs for degradation of single azo dye. Cao et al. [6] examined the electricity
generation upon degradation of Congo Red in single chamber air–cathode MFC.
Fang et al. [5] also treated reactive brilliant redX-3B (ABRX3)withMFCand highest
decolourisation rate and power density of 95.6% and 0.852W/m3, respectively were
achieved. Despite a great number of studies were performed on decolourisation of
single azo dye, very few attempts were made for binary azo dyes degradation with
concurrent bioelectricity generation in MFC system. In this study, the performance
of single chamber up-flow membrane-less MFC for simultaneous binary dyes reme-
diation and bioelectricity generationwas evaluated by using azo dyes such as,Methyl
Orange (MO) and Reactive Black 5 (RB5). The performances of MFC at different
initial dye concentrations were discussed.

2 Materials and Method

2.1 Dye

MO and RB5 were purchased from Sigma-Aldrich, and were of analytical grade.
The dye structures were presented in Table 1.
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Table 1 Aspects of azo dyes used in this study

Azoic dye Molecular geometry Maximum Wavelength (λmax)

Methyl orange
(C14H14N3NaO3S)

475

Reactive black 5
(C26H21N5Na4O19S6)

600

2.2 Inoculation and Medium

Activated sludge was acquired from a rubber glove fabricating industry’s wastew-
ater treatment plant. Synthetic wastewater used to feed the UFML-MFC bioreactors
contained 0.81 g/L sodium acetate (CH3COONa) as the main organic substrate and
other constituents as buffer solutions.

2.3 MFC Configuration and Operation

Figure 1 shows the schematic set up of UFML-MFC. Single chamberedUFML-MFC
bioreactor (Height = 30 cm, Diameter = 6 cm) was constructed using poly-acrylic
plastic column. They were operated under ambient temperature. Carbon felt was
layered as anode. The sampling point was positioned along the column at 18 cm
from the bottom of the reactor.

A peristaltic pump (BT100-100 M Longer Precision Pump) was used to transfer
the synthetic wastewater prepared in the influent container to feed the bioreactors in
continuity and hydraulic retention time (HRT) of 1 day. An aerator was positioned at
the cathode compartment to provide supplementary aeration. Air flowmeter (LZB-3,
China) was used to keep up the aerator flow rate at 50 mL/min. An external 1k�
resistor was connected to anode–cathode terminals by copper wires throughout the
entire start-up and operations. It was disconnected only when polarization curves
have to be done. The output voltages of UFML-MFC system were recorded by using
a data logger.

3 Results and Discussion

3.1 Decolourisation Performance of MFC

The decolourisation performance of MFC in influent, anode and effluent was
displayed in Fig. 2. The decolourisation efficiency slightly declined when 25 mg/L
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Fig. 1 Schematic set up of UFML-MFC

Fig. 2 Decolourisation
performance of MFC
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of binary dye was introduced into the system, by which the colour removal of MO
and RB5 were 97.96% and 99.63%, respectively. However, the decolourisation effi-
ciency of both MO and RB5 in the binary mixture of dyes was found to have further
deteriorated from 65.3 to 76.5% to 48.61–52.3% when the initial concentration of
dye increased from 50 mg/L to 75 mg/L. The decolorization efficiency decreased
remarkably with an increase in dye concentration, as the carbon fuel was inadequate
to support the increased number of azo bonds. These uncleaved azo bonds had caused
the decolourisation performance of MFC to become progressively worse, especially
when the concentration of dye increases. In the binary dyes, it was noticed that the
decolourisation of RB5 is better than MO. There are two reasons for this tendency.
First, this is due to the greater number of sulphonate groups presence in the molec-
ular geometry of RB5. RB5 consists of 4 sulphonate groups, while MO has only
1 sulphonate group. Sulfonates are molecular fragments that departs with a pair
of electrons in heterolytic bond cleavage and contingent upon nucleophilic substi-
tution in the presence of the bases required to generate the carbanion. Thus, the
greater the number of sulphonate groupswould contribute to a greater colour removal
[7]. Second, metabolic intermediates produced during degradation of RB5 possess
electron-shuttling characteristics. These electrons-shuttling compounds would be a
causative factor in promoting new avenues for electron transfer, and hence improving
the decolourisation performance of RB5.

3.2 Effect of Initial Dye Concentration on Bioelectricity
Generation

Figure 3 shows the voltages and power output of MFC using a binary mixture of
MO and RB5 as electron acceptor at the anodic region. The same anode electrode
(A3) was employed throughout the study. It can be observed that the power density
obtained was 84.47 mW/m3 (372.5 mV) when 25 mg/L of initial dye concentration
was supplied to the system. The power density significantly reduced about 77% to
19.35mW/m3 (267.6mV) as the initial concentration of the binary dyewas increased
by twofold (50 mg/L). Accordingly, the internal resistance of the MFC system was
elevated to 1000 �, which doubled the internal resistance (500 �) of the system
with 25 mg/L of binary mixture of dyes. Further deterioration of the bioelectricity
performance of theMFC systemwas observed as 75mg/L of binary dyewas provided
to the system, with the power density of 10.97 mW/m3 (161.5 mV) recorded. The
power density and voltage declined when a higher concentration of binary dye was
introduced into the system. This phenomenon could be due to the competition of
electrons between anode and azo dyes. The introduction of binary dyes had resulted
in less electrons for bioelectricity generation, as the presence of azo bonds, which
are electron acceptors, may compete with the anode for electrons. According to Sun
et al. [8], azo dye was more preferable in receiving electron, as compared to anode.
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Fig. 3 Output voltages (a) and power density (b) at different initial dye concentration

4 Conclusion

In this study, the capability of the UFML-MFC in simultaneous treatment of binary
mixture of dyes and bioelectricity generation has been examined. Mono azoMO and
diazo dyes RB5 were used as model of azo dyes. The colour removal efficiency of
binary dye declined remarkablywhen higher initial dye concentrationwas introduced
into the system. The maximum power density and voltage were deteriorated as the
dye concentration increases. A greater colour removal efficiency of RB5 (10%) was
achieved, as compared to MO. This can also be concluded that different azo dyes,
with different molecular geometries can affect the performance of MFC.



Unravelling the Performance of Microbial Fuel Cell … 345

References

1. Solanki K, Subramanian S, Basu S (2013) Microbial fuel cells for azo dye treatment with
electricity generation: a review. Bioresour Technol 131:564–571. https://doi.org/10.1016/j.bio
rtech.2012.12.063

2. Sandhya S (2010) Biodegradation of azo dyes under anaerobic condition: role of azoreductase
39–57. https://doi.org/10.1007/698_2009_43

3. Abraham TE, Senan RC, Shaffiqu TS, Roy JJ, Poulose TP, Thomas PP (2003) Bioremediation
of textile azo dyes by an aerobic bacterial consortium using a rotating biological contactor.
Biotechnol Prog 19:1372–1376. https://doi.org/10.1021/bp034062f

4. Mu Y, Rabaey K, Rozendal RA, Yuan Z, Keller J (2009) Decolorization of azo dyes in
bioelectrochemical systems. Environ Sci Technol 43:5137–5143. https://doi.org/10.1021/es9
00057f

5. Fang Z, Song HL, Cang N, Li XN (2015) Electricity production from Azo dye wastewater using
amicrobial fuel cell coupled constructed wetland operating under different operating conditions.
Biosens Bioelectron 68:135–141. https://doi.org/10.1016/j.bios.2014.12.047

6. Cao Y, Hu Y, Sun J, Hou B (2010) Explore various co-substrates for simultaneous elec-
tricity generation and Congo red degradation in air-cathode single-chamber microbial fuel cell.
Bioelectrochemistry 79:71–76. https://doi.org/10.1016/j.bioelechem.2009.12.001

7. Ong SA, Ohm MM, Ho LN, Wong YS (2013) Solar photocatalytic degradation of mono Azo
methyl orange and diazo reactive green 19 in single and binary dye solutions: adsorbability vs
photodegradation rate. Environ Sci Pollut Res 20:3405–3413. https://doi.org/10.1007/s11356-
012-1286-1

8. Sun J, Hu Y, Hou B (2011) Electrochemical characteriztion of the bioanode during simulta-
neous azo dye decolorization and bioelectricity generation in an air-cathode single chambered
microbial fuel cell. Electrochim Acta 56:6874–6879. https://doi.org/10.1016/j.electacta.2011.
05.111

https://doi.org/10.1016/j.biortech.2012.12.063
https://doi.org/10.1007/698_2009_43
https://doi.org/10.1021/bp034062f
https://doi.org/10.1021/es900057f
https://doi.org/10.1016/j.bios.2014.12.047
https://doi.org/10.1016/j.bioelechem.2009.12.001
https://doi.org/10.1007/s11356-012-1286-1
https://doi.org/10.1016/j.electacta.2011.05.111


Workability and Density of Concrete
Containing Coconut Fiber

Norlia Mohamad Ibrahim, Nur Liza Rahim, Roshazita Che Amat,
Mustaqqim Abdul Rahim, Chin Kah Woo, Irnis Azura Zakarya,
and Andreea Moncea

Abstract Use of natural fiber in concrete to enhance the strength of concrete have
been used widely and become as part of an alternative building materials. For
instance, the use of coconut fiber (CF) which are non-hazardous, environmental-
friendly and can improves the engineering properties of concrete. The aim of this
study is to identify the workability and density of CF modified concrete. CF were
added into the mixture in 3 different amount that is 200 g, 400 g, and 600 g. The
size of the cube samples is 100 × 100 × 100 mm and were cured for 14 days, and
28 days. To evaluate the effect of CF in improving the properties of concrete, the
properties of ordinary concrete are used as a reference which consist 0% CF. The
fresh and hardened densities for all samples also show that when more fiber was
added into mixture, densities reduced. As summary, the study shows that by adding
CF in concrete reduced the workability and density of concrete.
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1 Introduction

The use of concrete in construction industry has been widely accepted because it is
a stable and durable material despite some of its weaknesses that is low in tensile
strength and flexibility. Therefore. it is necessary to use othermaterials to enhance the
tensile strength of concrete [1]. Considerable efforts have been made worldwide to
add various types of fibers either natural fiber ormanmade steel fiber into the concrete
mixture to make themmore reliable, durable, and economical. Natural fibers, such as
banana fiber, sugarcane bagasse, bamboo coir and coconut fiber (CF) have specific
physical and mechanical properties that can effectively use to develop reinforced
concrete materials [2]. In most cases, these CF are dumped as agricultural wastages
and are therefore readily available in large quantities and consequently inexpensive.
The preprocessing of these natural fiber is less expensive and typically requires good
sunlight for the drying process to take place.

Coconut fiber (CF) is an agricultural waste obtained during the processing of
coconut oil. In Malaysia, CF can be found in coconut milk production industry
and even as a by-product from coconut water selling stall. It can also be found
in large quantities in the tropical regions of the world, especially in Africa, Asia,
and most part of Americas. CF is not commonly used in the construction industry
but usually dumped as agricultural waste. However, with the intention on providing
more affordable house especially for rural areas, many researches have been made in
preliminary stage to identify potential use of these agricultural wastes and residues
as part or all of raw material in the building’s materials especially for concrete
production[2]. In countries where large amounts of agricultural waste emitted, these
wastes can use as potential materials or alternative materials for the construction
industry.

The method of CF usage in concrete varied from either in its natural appearance
or properties or undergone a surface treatment such as through alkalization, washing
and drying [3].Many attempts also have beenmade to incorporate the use ofCF either
with combination with other waste materials [4, 5] or being added individually in
the mixture. The use of fiber can affect the properties especially its workability and
densities because the properties of the fiber itself.

2 Materials and Method

2.1 Material

In this study, cement, aggregates and water are the main material to produce the
concrete whereas CF is used as additional material in the mixture. Ordinary Portland
cement of grade 32.5 is used in this experiment. The CF used for the project was
obtained locally from local coconut milk producing industry. The inner coir or fibers
are mostly obtained bymanually extracting fibers from the outer shell of the coconut.
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These fibers have undergone prewashing process to remove any impurity or excessive
dirt and debris attached to them, and then been sun-dried them for several days under
the scorching sun. The size and length of coconut fiber varies from 5 to 25 mm
depending on testing conducted and purpose of study. The dried CF is quite sensitive
with the pulling actions in the process of separating them hence, the size is selected
to be approximately 8 cm of the length of CF for the experimental work.

The casting of modified concrete with CF as the fiber reinforcement were based
on the design mix in Jabatan Kerja Raya (JKR) Standard and mould with dimensions
100 × 100 × 100 mm were used for density testing. Concrete mix was designed by
taking 1:1:2 as nominal mix and with water cement ratio of 0.5. Contradicts to most
of the previous research, CF in this study was added into the concrete mixture rather
than replacing the main components of other raw materials. Three different weight
of CF which is 200 g, 400 g and 600 g were selected to be put into concrete mix.
The main purpose of proportioning of concrete ingredients is to get strong, dense,
and durable concrete with fibers.

2.2 Method

Workability of concrete can be measured in several ways depending on the types of
concrete. Slump test is the most used method of measuring consistency of concrete
at its fresh state. The workability of the fresh concrete was tested using slump test
according to British Standard [6]. It can be conveniently used as a control test and
can indicate the uniformity of concrete. By observing the direction and way of the
concrete collapses the required amount of water to be used for optimum workability
can be identified. The equipment for slump test is mainly composed of a metal mold
in the form of a conical frustum, the internal size of the bottom diameter is 20 cm,
the top diameter is 10 cm, and the height is 30 cm. Figure 1 shows the slump test
conducted in this study.

Meanwhile, the density for all samples is measured at its fresh and hardened state.
For fresh state, it was measured immediately after the mixing process [7] meanwhile
for hardened state, density is measured at 7, 14 and 28 days in order to examine the
trends following standard [8].

3 Result and Discussion

3.1 Characteristics of CF Modified Concrete

Based onFig. 2, the slumpvalue of fresh concrete for all sample shows a displacement
from its original position, measured from the top of the container in the range of
25–37 mm. Slump value for control sample was 37 mm which describes that the
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Fig. 1 Slump test for CF modified concrete

Fig. 2 Results of slump for
CF modified concrete
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workability is good. Obviously, the lowest slump value is for sample that contained
600 gm of CF. For sample containing 200 gm, slump value is 34 mm and 30 mm
for modified concrete containing 400 gm CF. Samples containing CF could absorb
morewater during casting process and increasemoisture-retaining capacity. Samples
containing CF could hold the concrete paste matrix together thus reduces the slump
value proportionately to the amount of CF in the mixture.

The density for fresh concrete state and hardened concrete state for every mixture
were determined. For denser concrete, it usually has higher compressive strength and
less internal voids than ordinary concrete. For each type of sample, there are 3 cubes
tested to get an average result which can be strengthen the accuracy of the results
shown in Fig. 3. From the graph, it can be clearly seen that when the content of CF
increase, the density of the fresh concrete will decrease. Density of fresh concrete
range from the minimum value of 2351.11 kg/m3 to 2513 kg/m3. For 600 g of CF
content in mixture, the maximum density at 7 days is 2392 kg/m3 while the lowest
density for CF at the same mixture is 2392 kg/m3 which is at 28 days. Meanwhile,
for sample containing 400 g and 200 g CF in mixture, density also lower than control
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Fig. 3 Density of CF
modified concrete
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sample with 2495.33 kg/m3 and 2452.67 kg/m3, respectively. In this study, it can be
concluded that by increasing the amount of CF causes a significant decrease in the
density of concrete. The percentage of reduction in density for 600 g CF modified
concrete is 7.13% if compared with the control sample at 28 days.

4 Conclusion

As conclusion, from the results obtained, it can be concluded that CF can be use
as additional raw material in concrete production. The maximum amount of CF
particularly in this study was 200 g to obtained comparable workability of concrete.
Densities for all modified concrete also reduced when the CF was increased. For
future works, it is recommended to vary the length of CF and age of CF in order to
establish the full properties of concrete containing CF.
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Assessment of Heavy Metal Pollution
in Sediments and in Phragmites Australis
from Argeş River
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Abstract There are several species of macrophyte which have the ability to absorb
heavy metals from water and, therefore, are used to retain and remove them. In
the present paper, the concentrations of heavy metals (Zn, Cu, Ni, Cd, Pb and Cr)
were investigated in sediment samples from the Arges, River and their potential
transfer from sediments to Phragmites australis was evaluated. The extent of sedi-
ment pollution with heavy metals and the potential risk to the aquatic environment
were estimated based on the following indexes: bioaccumulation, geoaccumulation,
ecological risk, translocation, contamination, etc. The metals concentrations in the
analyzed sediments were, generally, below the limits of national legislation.
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1 Introduction

In recent decades, anthropic activities generated an increase in the content of heavy
metals in the environment, and therefore, an increased pollution of many areas of the
world. Heavy metals accumulate in soil, sediments and organisms, and and they are
a serious risk to the health of the environment and people [1].

Pollution of water bodies has been intensively studied by measuring the heavy
metals concentrations from the aquatic plants (leaves, stem, roots). Knowledge of
the mechanisms of absorption, mobility and bioconcentration of metal ions by the
macrophyte plants is important from a scientific and practical point of view, given
that these plants are considered indicators of pollution [2, 3]. Due to their ability to
bioaccumulate heavy metals, some macrophyte plants are used for wastewater treat-
ment [4]. Phragmites australis is one of the most studied macrophytes in wetlands,
with a capacity to hyperaccumulate chemical elements frombothwater and sediment,
being often used in the treatment of urban and / or industrial wastewater polluted
with metals. In general, organisms that have a large surface area in direct contact
with sediments, such as rooted macrophytes, accumulate larger amounts of metals
from sediments than fromwater. The bioaccumulation of metals occurs mainly in the
roots, and to a lesser extent, by translocation in the upper parts of the plant [1, 3]. The
transport of metals in the body of the plant is influenced by a series of factors such
as: energy source for photosynthesis, relative air humidity, ambient temperature, etc.
[3].

In this experimental study, the evaluation of sediment loading with heavy metal
was done by calculating: the contamination factor, the contamination degree [5, 6]
and the geo-accumulation index [7, 8]. The ecological risk factor and the potential
ecological risk index were calculated in order to estimate the potential ecological risk
caused by sediment pollutionwith the studiedmetals; the bioaccumulation factorwas
calculated to estimate both the bioaccumulation potential of metals in plants and their
translocation factor [9].

2 Experimental Details

2.1 Examined Area

The examined area is located on the territory of 1Decembrie commune, IlfovCounty,
on the lower course of the Arges River, at an altitude of 62 m above sea-level. The
sampling area is located at 44.267371N 26.069540 E [10]. Given the complex profile
of socio-economic activities in the examined area, the sources of metal pollution in
the area are very diverse.

For the sampling of sediment and biota, 5 points were selected, longitudinally
distributed on the left bank of the river Argeş at approximately 500 m distance
between them, on a river sector of approximately 2 km. Dragged sediment samples
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were taken with a plastic spade from about 1 m away from the shore. The samples of
aquatic plants (Phragmites australis) were taken from the waterfront, from the same
5 points from which the other samples were collected. All samples were transported
to the laboratory for processing on the same day.

2.2 Procedure for Analysis and Treatment of Samples

At their arrival in the laboratory, the samples were processed in order to determine the
total metals concentrations, including steps such as drying, milling (SR EN 16,179),
acid digestion (SR EN 16,174) and analysis by atomic absorption spectrometry (SR
ISO 11047). The current standard methods in force were applied using a Binder
ED53 oven, Retsch RM200 electric ceramic mortar and pestle, Berghoff MWS4
microwave digester, VELPScientificaDK6 reflux digester, ContrAA700HRCSAAS
spectrometer. The analysed heavy metals were zinc (Zn), copper (Cu), nickel (Ni),
cadmium (Cd), lead (Pb) and chromium (Cr).

3 Results and Discussions

Heavy metal levels determined in sediments registered values below the maximum
limits from Order no. 161/2006 [11], with the exception of nickel at point P2 which
slightly exceeded (36.4 mg/kg) the permitted limit (35 mg/kg), possible due to the
impact of anthropogenic activities carried out in the proximity of this river. The
loading of heavy metals (mg/kg) is higher at points P1 (189.38) and P2 (190.31)
and lower at the other sampling points P3 (153.88), P4 (123.55) and P5 (171.843).
Contamination factor and the heavy metal contamination degree of sediments were
estimated both for each sampling point and metal analyzed, and on the basis of
the average values of the concentrations of heavy metals in the sampling points.
The degrees of heavy metal contamination of the sediments in the analyzed area
were 2.90 (P1), 2.81 (P2), 2.39 (P3), 1.93 (P4) and 2.38 (P5), respectively < 8 at
all sampling points. These results demonstrate a low contamination level with the
above mentioned metals. According to the classification made by Hakanson [6]
for the contamination factors, the sediment taken from point P2 from the Argeş
River, registered a moderate contamination with Ni (1.040). For the other sampling
points, the estimated contamination factor value for all analysedmetals was <1which
indicates a low contamination factor of sediment with the studied metals.

Geoaccumulation indexwas calculated taking as backgroundgeochemical loading
of the metal, the limit concentrations of the chemical quality standards for sediments
from the national legislation (Order 161/2006). According to the classes of the geoac-
cumulation index, the calculated values of this index for each metal are < 0, which
demonstrates that the sediments from all sampling points are uncontaminated with
these studied heavymetals. Estimation of the contamination factor, the contamination
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degree and the geo-accumulation index showed that the sediments at all sampling
points are practically uncontaminatedwith heavymetals.ModerateNi contamination
(1.040) at sampling point P2 may be due to the impact of anthropogenic activities
on river quality. To assess the level of heavy metal sediment contamination, were
calculated the potential ecological risk factor and index. The decreasing order of the
potential ecological risk factors of heavy metals in sediments was: P1: Cd > Ni > Cu
> Pb > Cr > Zn; P2: Ni > Cd > Cu > Pb > Cr > Zn; P3: Cd > Ni > Cu > Pb > Cr >
Zn; P4: Cd > Ni > Cu > Pb > Cr > Zn; and P5: Ni > Cu > Cr > Pb > Zn > Cd. The
potential ecological risk factors obtained for all analyzed metals (Zn, Cu, Ni, Cd,
Pb, Cr) were less than 40, indicating a low ecological risk. All sediments analyzed
had RI values below 150 (range= 8.97(P5)-17.52(P1)), suggesting a low ecological
risk. Regarding the IR values obtained, the sampling sections can be classified in the
following order: P1 > P6 > P4 > P2 > P5.

The translocation factor of heavy metals in sediments from Phragmites australis
was calculated using the average metal concentrations in plants and sediments.
Translocation factors greater than 1 were obtained for Zn and Pb from root to stem
and leaves, and for Ni, Pb and Cr, only from root to stem. Therefore, Phragmites
australis translocated heavy metals from root to stem rather than from root to leaf.
The translocation of metals from root to stem is significant for Ni, Pb and Cr (3.294
− 11.145), while the translocation of metals from root to leaves is significant only
for Zn (1.287) and Pb (15.213).

The process of binding heavymetals to plants takes place through themechanisms
ofmetal phytoextraction and bioaccumulation. The roots ofPhragmites australis can
help prevent the accumulation of metals in the environment.

Thebioconcentration factor ofmetals toPhragmites australiswas calculated using
the average metal concentrations in the sediments and plants. Generally, the factor’s
values of the metals in Phragmites australis did not change much between the five
sampling points on theArges, River. The comparative analysis of the bioconcentration
factors indicated that the plants showed a high bioconcentration capacity for Cd, the
bioconcentration factors being higher than 1 in all parts of the plant. From the values
obtained of the bioaccumulation factor in relation to the sediment, of the three parts
of the aquatic plant, it is obvious that the root has the greatest capacity to accumulate
metals in order Cd > Zn > Cu > Cr > Ni = Pb, the stem in order Cd > Zn > Cr > Pb
> Cu > Ni, and leaves in order Cd > Zn > Pb > Cu > Cr > Ni.

4 Conclusions

Heavy metal pollution of sediments can adversely affect aquatic systems and the
indices estimated in this study can be considered indicators of ecosystem health.

The results presented show that the values of Zn, Cu, Cd, Pb and Cr measured
in sediments were below the maximum limits imposed by the quality standards
for sediments in national legislation with the exception of Ni at point P2 which
slightly exceeded the permitted limit (35 mg/kg), probably due to the impact of
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anthropogenic activities on the quality of Arges River. The estimated indices values
for the assessment of heavy metal sediment contamination in the studied river sector
indicate both a low sediment contamination, and a potential reduced ecological risk
on the ecosystem.

The bioavailability of traces metals from sediments depends on their ionic forms
(chemical and/or physical), the concentrations of metals present in the sediments as
well as the exposure time of the biota to these concentrations.

Phragmites australis demonstrated a high bioconcentration capacity of Cd, the
bioconcentration factors obtained being higher than 1 in all component parts of the
plant. The translocation of metals from root to stem is significant for Pb, Ni and Cr
(3.294 − 11.145), while the migration of metal from roots to leaves is significant
only for Pb (15.213) and Zn (1.287).

Acknowledgements This paper was developed through Nucleu Programme—Contract no.
39N/2019 with the Romanian Ministry of Research and Innovation, within the project ”Assess-
ment of the state of aquatic ecosystems regarding the presence of inorganic micro-pollutants with
a high degree of toxicity in the aquatic food chain”.
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Assessment of Heavy Metals in Water
and Sediment of Lower Klang River

Irma Noorazurah Mohamad, Nurul Nazurah Isa, and Siti Noor Afifah Ajid

Abstract Heavymetals toxicity in tidal river has proven to be amajor threat and there
are several health risks associated with it. The purposes of this study are to determine
the concentration of heavymetals from anthropogenic sources in Lower Klang River.
Water surface samples and surface sediment samples were analysed for cadmium
(Cd), lead (Pb) and zinc (Zn). The concentration of heavy metals in surface sediment
samples were found in decreasing order Pb > Zn > Cd. While the concentration
of heavy metals in water samples are much lower than the heavy metals in surface
sediment samples with decreasing sequence of Zn > Pb > Cd. This research shows
the presence of the heavy metals contamination in water surface samples and surface
sediment samples of Lower Klang River. However, monitoring program and further
investigation on heavy metals accumulation due to anthropogenic activities should
be carried out to protect Lower Klang River during future growth. The results of this
study provide useful knowledge and information for sustainable estuarymanagement
in Lower Klang River.

Keywords Heavy metals · Sediment ·Water · Tidal river

1 Introduction

Over the years, rivers had been significantly important as they act as water resources,
provide food for the other animals, transportation, and defensive barrier. A certain
river grows as they collect water from tributaries along the course and eventually flow
into a larger of water body such as ocean. The major objective of river is as source
of water supply. In Malaysia, it can be certainly founded that the main townships
and early settlements are situated either at the riverbanks or estuaries. The result is
that the river floodplains consistently occupied by settlements and industry. Hence,
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this makes flood control, and the control of bank erosion and meander mitigation is
essentially importance.

Klang River Basin is considered as the most developed area in Malaysia which
has become critical resources because of river pollution and inefficient of water
management. It is the highest rate of urban growth which causing the lessen of
accessibility of clean water due to the environment degradation [1].

Contamination of heavy metals in the aquatic environment has attracted global
attention owing to its abundance, persistence and environmental toxicity [2]. Exces-
sive number of heavy metals and other pollutant variables is a threat and affecting
factor to the rivers water quality where it gives serious challenges in river basin
management, and it could be declining the environment health of the river which
may cause a serious pollution to the water ways. The level of heavy metals and
pollutants was received by river water from either point sources which are indus-
trial wastewater, municipal sewers, wet market, sand mining and landfill, whereas
nonpoint sources from agricultural and urban runoff and other commercial activities
and these over-supplied nutrients would have detrimental effects which will eventu-
ally lead to hypoxia and anoxia from eutrophication [3]. This must be taken seriously
because Klang River is the main river that is being used by the dwellers throughout
its span.

Most estuaries are important in terms of biological and economical for the
surrounding’s people which is why it is so polluted nowadays. It then leads to the
disruption of food chain in the environment which is toxic to the aquatic animals and
nearby people. These is necessary to determine the presence of heavy metal which
could disrupting the environment and the people if the level of the contamination of
the heavy metals is high in Lower Klang River. In addition, this study could help
to assess the differences of heavy metals condition in water and sediment of Lower
Klang River.

2 Materials and Method

2.1 Study Area

The data of the study were obtained by collecting samples of water and sediment in
the Lower Klang River. The research study takes place at downstream part of Klang
River which flows through Shah Alam and flows until the lower stretches of the river
which is Port Klang and eventually flows into the Straits of Malacca to the west.
Location of sampling stations were determined at selected points along the lower
part of Klang River as shown in Fig. 1. These sampling stations were identified at
the upstream point located in Pengkalan Batu, Bandar Klang, at the middle point
which is near Department of Irrigation and Drainage (DID) station, Sungai Udang
and downstream point in Jetty at Kampung Delek. The distance between Location 1
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Fig. 1 Study area and location of sampling stations in the Lower Klang River

to Location 2 is about 5.4 km and between Location 2 to Location 3 is about 4.8 km
(Google Map).

2.2 Surface Water Sample

Samples of surface water were collected at three (3) sampling locations along Lower
Klang River namely Pengkalan Batu, DID Sg. Udang and Jeti Kg. Delek. Grab
sampling was done to collect the water sample by using a pail. The water sample
was then collected in plastic container. The bottle was kept in icebox filled with ice to
keep the temperature to be 4 °C and below. The concentration of lead and cadmium
were done using Dithizone Method which is suitable for water and wastewater by
using Spectrophotometer DR2800 [4]. While zinc concentration can be done using
Zincon Method by adding 20 ml ZincoVer® 5 Reagent Powder Pillow.
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2.3 Surface Sediment Sample

Surface sediment (0–5 cm) samples were collected by using a clean plastic bottle.
Then, samples were brought to the Environmental Laboratory and were dried by
using an air-circulating oven at 1400 °C for minimum 24 h till further analysis were
to be done. The grain size analysis was done by using series of sieves 600, 425,
300, 212, 150 and 63 µm apertures. The sediment samples then sieved by using
a mechanical shaker for 10 min and analysed by using semi-log graph to get the
classification of samples according to the grain size fractions [5].

For heavy metals concentration, the sediment samples were digested by using
digesdahl digestion with Nitric Acid (HNO3) or Hydrogen Peroxide (H2O2) or
Hydrochloric Acid (HCl) mixture [6]. The samples for assessment were allowed
to dry at 105 °C in an air circulating oven. Once the constant dry weight was
attained, the dried sediment was ground by using a mortar and pestle into a fine
powder. Then, samples were sieved through a 63 µm stainless steel sieve to remove
any large organic matter and produce homogeneity. Next, the sieved samples were
then made into sample of approximately 0.5 g in mass. Samples were then digested
in 6 mL of Nitric Acid (HNO3) solution (AnalaR grade, R&M 65%) and 10 mL
of Perchloric Acid (HClO4) solution (AnalaR grade, R&M 70%) in beakers. The
samples were digested for four minutes at a temperature of 440 °C. Once the diges-
tion was completed, it was diluted to 100mLwith distilled water. Lastly, the digested
samples were filtered through Whatman No.1 filter paper into pre-cleaned 50 mL
volumetric flasks.

3 Result and Discussion

3.1 Sediment Characteristic

The grain size analyses of sediments are illustrated in Fig. 2. The grain size distri-
bution at all sampling locations showed that fine sand (63-425 µm) percentages
appeared to be the main sediment type in Lower Klang River. It is proven that the
sediment grain size are mostly fines grain and classified as silty sand. This indicate
that the silty sand has high capability to adsorb trace metal contaminants as they
had high specific area per unit quantity of particles. Hence, it is important to always
monitor the concentration of heavy metals in the sediment as it is highly potential to
adsorb the pollutants.
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Fig. 2 Percentage of grain size composition/distribution silt (0–62 µm), fine sand (63–425 µm)
and medium sand (426 µm–2 mm) sediment characteristics

3.2 Heavy Metals Concentration

The concentration of different heavy metals in sediment and water surface from
Lower Klang River are summarised in Table 1. The data indicated that the concen-
tration of Pb was high in sediment samples whereas Zn was high in water samples.
In addition, Cd get least accumulation for both type of samples at all locations. The
highest concentration of heavy metals is found at Location 2, DID Sg. Udang. This
location is believed to contribute with high anthropogenic sources because this area
very near to DID storage warehouse and jetty for the local people.

Results show that Cd in sediment samples was found in the range of 43.8–
53.1 µg/L, Zn 180–250 µg/L and Pb 200–268.8 µg/L. On the other hand, the
concentrations of the heavy metals in water samples were far lower than sediments

Table 1 Concentrations of heavy metals in sediment and water

Sampling location Heavy metal concentrations in
sediment (µg/L)

Heavy metal concentrations in
water (µg/L)

Cd Pb Zn Cd Pb Zn

Pengkalan Batu 43.8 200.0 180.0 5.1 37.0 150.0

DID Sg. Udang 53.1 268.8 220.0 3.7 17.5 185.0

Jeti Kg. Delek 52.5 225.0 250.0 4.5 12.0 75.0
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samples except the Zn concentration. The concentration of Zn in water samples were
found higher than Pb and Cd with the range of 75–185 µg/L, Pb 12–37 µg/L and
Cd 4.5–5.1 µg/L. According to [7], Zn has the higher potential to accumulate in
aquatic ecosystems than in sediment. Generally, concentration of heavy metals in
the sediment samples are higher than heavy metals in water samples. This because
of the heavy metals are poorly soluble in water and much easily adsorb to suspended
particles then accumulated and settled as sediments [8].

4 Conclusion

Three selected heavy metals such as cadmium (Cd), lead (Pb) and zinc (Zn) in
surface sediment samples and water surface samples were investigated from Lower
Klang River. Heavy metals concentration in surface sediment samples were found
in a decreasing sequence of Pb > Zn > Cd. However, the concentration of heavy
metals in water samples are much lower than the heavy metals in surface sediment
samples with decreasing sequence of Zn > Pb > Cd. Heavy metals concentrations
were detected as the Lower Klang River is located at urbanised and industrialised
area. Monitoring program is highly recommended to assess the spatial and temporal
effects of anthropogenic sources into Lower Klang River ecosystem.
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Cloud-Based Approach for Water
Quality Monitoring: A Review

Nazirul Mubin Zahari, Adel Saleh Salem Saeed, Mohd Hafiz Zawawi,
Nursyadzatul Tasnim Roslin, Nurhanani Abd Aziz, and Farah Nurhikmah

Abstract Water qualitymonitoring is essential to checkwhether thewater is suitable
and safe to consume daily. Many researchers conducted current systems to measure
the water quality by the smart system in which helps to reduce the time consuming
of the monitoring system. One of the recent ways to monitor water quality is a cloud-
based approachwhich is the space of data collected to checkwater quality. The cloud-
based system can be created by using equipment that helps make the water quality
information such as sensors, controllers, and communication technology which are
essential equipment to allow users to access and read the information ofwater quality.
This review paper investigated many recent works of researchers using the cloud-
based approach to monitor water quality. It focused more on controllers, sensors,
communication technology of previous researchers they used to evaluate it to improve
the system of water quality monitoring.

Keywords Water quality · Cloud · Controller · Sensors · Communication
technology · IoT

1 Introduction

Water is one of the significant components in the earth for life, which plays a vital
role in the human body. In Malaysia, surface water accounts for 99% of the total
water supply, with underground water accounting for the remaining 1% [1, 2]. In
many river systems, changes in land use, such as deforestation, agriculture, and
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industrial and residential growth, have a significant influence on water quality. One
of the most prevalent concerns inMalaysia is the water quality of rivers and lakes [3].
Most people, around 5–10 million per year, have been died due to water pollutions.
Therefore this is a hazardous sign for the world to improve the water quality to
enhance humans’ lives and even animals and plants [4].

The importance ofwater quality is to determinewhether thewater is in good health
or be the main reason for diseases and death. The water quality is usually affected by
the sources of environmental pollutions such as effluents, sewage discharge, runoff,
and others [5]. Moreover, lack of awareness and interest in water quality monitoring
is also an essential contributor to water pollution, affecting life on the earth [6].
Water quality monitoring is defined as the data collection during a regular interval in
specific locations to give information that can be used to clarify the current conditions,
establish trends, and so on [7–9]. This information consists of the values of the
parameters, which are the main part of monitoring the water quality, such as pH
level, turbidity, temperature, dissolved oxygen (DO), water level, and others. In
addition, themonitoring system analyses data collected in real-time and recommends
appropriate corrective actions.

There are many ways to monitor water quality. Still, the recent methods have used
the Internet of things (IoT) to monitor water quality which makes it a development
solution to improve water quality monitoring [10–12]. The main objectives of these
recent ways are to measure variations in parameters and give early warning identi-
fication of risks by measuring water quality parameters. This paper aims to review
recent works carried out in the cloud-based approach in water quality monitoring in
terms of parameters, controller, and communication technology they used.

2 The System Overviews

A cloud is a space of data that has been collected by using various equipment tech-
nologies to provide information about the water quality, which helps to monitor the
water quality in easier ways [9, 13–15]. Based on Ahmad et al. [16], a cloud is a kind
of record that create, and pass on through the cloud. A cloud approach is an adminis-
tration movement model that allows organizations, end-users, and their applications
to store, manage, and recover data on the cloud. It’s a standard database strategy
that’s carried out by distributing database programming over a register/establishment
cloud. According to Geetha and Gouthami [6], they mentioned that the most reason
for creating a cloud is to send alert SMS messages programmed to monitor water
quality if the parameters exceed the threshold limit.

The cloud can be created by connecting the sensors to thewireless communication
device, and this wireless device is connected to the controller. The data storage of
parametersmonitored that can send amessage tomonitors through an application call
it as a data management service for the monitoring system [17–19]. The summary
of the cloud creating has been shown in Fig. 1.
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Fig. 1 The cloud approach process [6]

In addition, the cloud includes a variety of interfaces that make it simple to access
and analyze data. Mobile users may easily access the cloud [20]. The following
sections of the present review paper are to show the related works for water quality
monitoring that has been done by the previous researchers who were using the cloud-
based approach in water quality monitoring.

3 Related Studies of Water Quality Monitoring System

Based on the study from Pasika and Gandla [21], they used a DHT-11 sensor to
detect the temperature and humidity of the surrounding air. Other sensors in this
study including pH, turbidity, and water level in the tank. These four sensors are
connected to the microcontroller that is Arduino Mega and links to the NodeMCU
(low-cost wifi module), which passes all these data to the specific space named as a
cloud (Fig. 2a). The data is then processed, analyzed, and displayed in ThingSpeak,
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Fig. 2 The examples of the block diagram of the systems from the past studies; a [21], b [20], c
[23] and d [27]

accessible to authorized end-users through smartphones and computers. According
to Jan et al. [22], NodeMCU is based on the ESP8266 SoC, which has all of the
necessary features such as an ADC unit, digital I/O, timers/counters, memory, 32-bit
CPU, and wifi module to perform analogue signal conditioning, processing, logging,
and monitoring. Therefore, it is advisable not to combine both Arduino Mega and
NodeMCU. The researchers [11] have used an application called ThingSpeak to
generate the results obtained from the cloud, and the users can check their results by
using a PC.

In addition, the study of Ahmad et al. [16] has been concerned with the checking
of stream water quality based on five sensors which are pH sensor, turbidity sensor,
temperature sensor, salinity sensor, oxygen level sensor. The researcher used the
Arduino unit connected with five sensors and also connected to the wifi module. The
collected data on the cloud has been used to send alert messages to users by using a
mobile app.

Meanwhile, according to Jha et al. [20], they have developed a cloud-based
approach to monitoring water quality from groundwater samples at different places.
The system consists of four sensors which are conductivity, pH, nitrate, and biochem-
ical oxygen. Microcontrollers such as T1CC3200 are connected to the cloud named
Ubidots, or mobile devices use a decision tree to predict sensed data by Zigbee/wifi
technology, as shown in Fig. 2b. Data is saved in a CSVfile, submitted to theMachine
Learning (ML) module. A decision Tree-based classifier is utilized in their proposed
system to categorize instances as drinkable or not drinkable.
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Another study of a cloud-based approach based on Satish Kumar et al. [23],
the system is consists of three sensors which are pH, turbidity, and conductivity,
to monitor the water quality by taking samples of water. These three sensors are
connected to the MCP 3008. The Raspberry Pi 2 consists of LED indication, which
is used in any of the parameters that exceed the specified threshold. According to
Laluma et al. [24], Raspberry Pi’s superiority is low cost and compact size. The
automatic operation entails monitoring and controlling sensors, actuators, relays,
and motors. The Raspberry Pi gathers or reads data from many sensors in parallel
and stores it in local memory until it is sent to cloud storage [25]. The block diagram
of the proposed system is shown in Fig. 2c.

Bhagat et al. [26] developed IoT-based water monitoring to monitor water quality.
They measure four parameters which are pH, temperature, turbidity, and carbon
dioxide (CO2) in the water. The MQ135 sensor detects CO2 on the water’s surface
CO2. The Arduino Mini Pro (microcontroller) is sent to the cloud server Thinger.io
using the ESP8266 wifi module. The end-user can view real-time water parameters
on their PC or smartphone. According to Jan et al. [22], the use of Thinger.io, an
open-source IoT platform that provides users with a free lifetime freemium subscrip-
tion. Customers with limited restrictions can use this account to begin learning and
developing their projects.

According to Pantjawati et al. [27], researchers proposed and used a system of
cloud-based on three sensors which are pH, turbidity, and total dissolved solids
(TDS) sensors, to monitor the river water quality in Citarum River in Katapang
area, Bandung (Indonesia). The researchers used a microcontroller that consists of a
WemosD1R32module for analogue data that comes from the sensors to be processed
into digital data. Also, the data was connected to the wifi to send the data into space
which is a cloud. This result can be viewed in the web browser, as shown in Fig. 2d.

4 Discussion

Several controllers have been used in the literature for cloud-based approach systems,
as shown in Table 1, to monitor the water quality. All of these controllers have
specific features. If the controller has few parts, it can be affected the quality of
the system [16, 21, 27, 28]. Also, most of these controllers used are works with an
external GPRS/wifi module for connectivity to the data storage or application [16,
21, 23, 28]. In addition, wireless networking signals are exposed to a broad range of
interference as well as complicated dispersion effects that are beyond the control of
the network administrator. Therefore, the GPRS /wifi module plays a role in the side
of dependability.

Moreover, the number of sensors connected to the controller is essential to present
the data on water quality. If there are fewer sensors connected in the system of water
quality monitoring, that will provide minimal data on water quality which is not
enough information can provide for users to decide the quality of water is ok or not
[23, 27, 28]. Also, some of the previous researchers used sensors in the system but



374 N. M. Zahari et al.

Table 1 Comparison of the system

References Water quality
parameters

Controllers Wifi module Servers

Pasika and
Gandla [21]

pH, turbidity,
temperature,
water level,
humidity

Arduino Mega NodeMCU/ESP8266 ThingSpeak

Ahmad et al.
[16]

pH, turbidity,
temperature,
salinity, oxygen
level

ATmega 2560 Ethernet LAN Mobile app

Jha et al. [20] Conductivity,
pH, nitrate,
biochemical
oxygen

T1CC3200 wi-fi
launchpad board

Zigbee/Wi-Fi Ubidots

Satish Kumar
et al. [23]

pH, turbidity,
conductivity

MCP 3008 and
Raspberry PI 2
(Model B)

Wi-Fi Router (built-in
wi-fi)

URL (webpage)

Bhagat et al.
[26]

pH, turbidity,
temperature,
CO2

Arduino Pro
Mini card

ESP8266 Wi-Fi
transceiver

Thinger.io

Pantjawati
et al. [27]

pH, turbidity,
TDS

Wemos D1 R32 external Wi-Fi
Module

Adafruit cloud

doesn’t include the sensor of turbidity, which is one of the crucial sensors to monitor
the water quality [20, 28]. Furthermore, most of the researchers did not include more
servers for users to access the information on water quality like the server of GSM
[21, 23, 27, 28]. Providing more servers helps users to easier access the data and
make the system continue to work like if one server facing some problems, may
other servers possible for users to see all the data of water quality, it helps to improve
the quality of the system.

According to Jan et al. [22] and Vergina et al. [29], for optimal outcomes, devel-
opers should use machine learning (ML) approaches. ML algorithms construct a
mathematical model that can make decisions or predictions based on data samples.
For example, in this study [30], they include a section on sensing the external temper-
ature near the water storage and controlling the heater or cooler based on the temper-
ature in which the system forecasts weather conditions based on previously labelled
data and adjusts the heater and chiller to match external weather conditions.

Moreover, Jan et al. [22] also mentioned that Ubidot, ThingSpeak, Blynk,
Pachube, Thinger.io, Google Firebase, and Adafruit are all popular IoT systems.
The past researchers, such as [20, 21, 26, 27, 31], implemented these IoT in their
studies. These cloud platforms are beneficial to developers, but the IoT developers
should, if feasible, create their cloud servers.
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5 Conclusion

In summary, this review paper is a detailed review of the parameters, controller,
and communication technology that previous researchers used in the existing cloud
base approach in water quality monitoring systems. Many different controllers have
been shown in the present paper used by previous researchers. It can be concluded
that if the controller has a limited feature, it will not help to increase more about
the quality of the system that supports monitoring the water quality. Furthermore,
the parameters are the main factor to measure the quality of the water. In addition,
the recent methods of water quality monitoring done by previous researchers didn’t
include more sensors to measure the water quality. Researchers need to focus more
on the number of sensors that must be included in the water quality monitoring
system because more sensors have more data that helps to check more on water
quality. Machine learning approaches help to improve the efficiency of water quality
monitoring. Moreover, the recent water quality monitoring system needs more to
develop the communication technology to provide faster data and more accessible
access to it.
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Constructed Wetland-Microbial Fuel:
Biotechnology for Simultaneous
Wastewater Treatment and Electricity
Generation

Tean Peng Teoh, Soon An Ong, Yee Shian Wong, Li Ngee Ho,
Norazian Mohamed Noor, and Monica Matei

Abstract Shortage of energy and pollution of water are two concern global issues.
The treatment of polluted water usually requires a lot of energy. The demand for
wastewater treatment and energy shortage has attracted the interest of research
on converting pollutants to energy. Constructed wetland (CW) is environmentally
friendly technology developed for the purification of polluted water and microbial
fuel cell (MFC) is biotechnology that could turn organic pollutants into electricity.
Hence, this paper aimed to identify the advantage of integrating MFC into CW
through the study of the closed and open circuit on the wastewater treatment perfor-
mance as well as the effect of spacing between cathode and anode on the generation
of electricity in up-flow constructed wetland coupled microbial fuel cell (UFCW-
MFC) system. The wastewater treatment performance was evaluated through the
analysis of COD. The total COD removal efficiency was 99%. The closed circuit
improved 10.9% compared to the open circuit at the anaerobic compartment (S1)
in terms of COD removal. The effect of electrode spacing was investigated by
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comparing themaximumpower density produced by three different electrode spacing
between cathode and anode (15, 30, 45 cm). The highest maximum power density
was achieved at the smallest spacing of electrode (15 cm), which recorded 73.48 ±
0.31 mW/m3. In conclusion, the MFC feature (closed circuit) improved the organic
matter degradation and smaller electrode spacing benefits the energy production in
UFCW-MFC.

Keywords CW ·MFC ·Wastewater treatment · Electricity generation

1 Introduction

Constructed wetland (CW) is a method that utilizes the natural process to purify
wastewater. Treatment mechanisms of CW included microbial activities, chemical,
and physical [1]. CW has been developed to treat a wide range of wastewater,
which is not limited to municipal wastewaters but also included industrial wastew-
aters, stormwater runoff and landfill leachate because of its advantages such as low
construction and maintenance cost [2].

Microbial fuel cell (MFC) is promising biotechnology that has shown capability in
organic wastewater treatment and produces electricity simultaneously. MFC utilizes
microorganisms to degrade organic pollutants and convert them to electricity. MFC
consists of a cathode chamber and an anode chamber. The organic pollutants in
the wastewater are used by the microbes for the metabolism activities and produce
electrons at the anode. These electrons are then flowing from anode chamber to
cathode chamber through an external circuit to complete the loop [3]. The electrons
then react with the protons and electron acceptor at the cathode chamber to complete
the circuit [4].

The integrating system of constructed wetland and microbial fuel cell (CW-MFC)
is a technology that embeds the electrodes ofMFC inCW.The utilization ofmicrobial
activities for the breakdown of organic pollutants has driven the combination of these
two systems.Moreover, CWs could provide the redox gradient required for electricity
generation in MFCs based on the depth of the bioreactor and flow direction of the
wastewater [5]. The advantages of integrating MFC into CW have not been clarified.
Therefore, this paper aims to identify the advantage through the study of the closed
and open circuit on the treatment performance of wastewater as well as the effect
of spacing between cathode and anode on the production of electricity in up-flow
constructed wetland coupled microbial fuel cell (UFCW-MFC) system.



Constructed Wetland-Microbial Fuel: Biotechnology … 381

2 Material and Method

The UFCW–MFC reactor was developed using an acrylic column (height of 75 cm
and diameter of 18 cm). The reactor was established outdoor (temperature of 28 ±
4 °C). The bioreactor was packed with glass beads (size of 10 mm) up to 3 cm to
establish an even flowofwastewater. The supportingmediumof thewetland bed used
in this study was gravel. The bioreactor was developed with five sampling points at
the height of 7, 21, 36, 51, 66 cm from the bottom [6]. The macrophyte employed in
this study was water hyacinth (Eichhornia crassipes). Figure 1 depicts the structure
of the bioreactor.

The cathode and anode used were activated carbon. The total volume of activated
carbon for each cathode and anode was 2405.59 cm3. The bioreactor was embedded
with three layers of the anode at the lower region (8 cm, 23 cm, and 38 cm from the
bottom of the wetland bed), while the cathode was developed at the upper region of
the bioreactor (53 cm from the bottom of the bioreactor). Electrode spacing between
the cathode and three anodeswere 15 cm, 30 cm and 45 cm, respectively. The cathode
and anode were connected by stainless steel, carbon rod, and insulated copper wires
with an external resistance of 1000�. Themixed culture sludge obtained fromaglove
manufacturing factory wastewater plant was used for the inoculation of gravels and
activated carbon.

The synthetic wastewater consists of 1024.5 mg/L CH3COONa, 535.5 mg/L
C6H5COONa, 4.0 mg/L CaCl2·2H2O, 3.4 mg/L MgCl2·6H2O, 36.7 mg/L K2HPO4

and 7.0 mg/L NaCl. A peristaltic pump was used to feed the wastewater to the biore-
actor with a hydraulic retention time (HRT) of 1 day. The wastewater from influent

Fig. 1 Structure of
UFCW–MFC
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and all sampling points were collected for the analysis of COD. The voltage output
in the system was recorded using a data logger. Calculations were done on current
(I= V/R) to obtain power (P = IV). The power density was determined by dividing
the power with the volume (v) of the anode chamber (Pd = P/v).

3 Results

3.1 Removal of Chemical Oxygen Demand (COD)

The influent COD concentration of the synthetic wastewater was 1395 ± 22 mg/L.
Figure 2 demonstrates the COD profile of UFCW-MFC for both closed circuit and
open circuit. As shown in Fig. 2, there was a drastic drop from influent to S1 followed
by S2 to S3, which contribute 98.2% and 97.6% for closed and open circuits, respec-
tively. The results showed that COD removal was mainly occurred in the anaer-
obic region (S1–S3). The existing microorganisms at the anaerobic region utilized
the organic matter as energy sources for the microbial activity, which resulted in
the decrement of COD [7]. Further removal of unutilized organic substrates was
observed at sampling points S4 and S5, which achieved a COD removal efficiency of
99%. Supplementary aeration and macrophyte could enhance the biodegradation of
organic matter by promoting the growth of the aerobes. Therefore, oxygen released
from the supplementary aeration and E. crassipes in the aerobic region (S4–S5) may
contribute to further COD reduction in the upper bed of reactors.

The effect of circuit connection on the COD removal efficiency was shown in
Fig. 2. The effect of circuit connection on total COD removal was insignificant in
this study since most of the organic pollutants were treated at S3. The significant
effect of circuit connection on COD removal was observed at S1, which achieved
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removal efficiency of 81.9% and 71% in closed circuit and open circuit system,
respectively. The closed circuit system showed 10.9% higher compared to the open
circuit system in the anaerobic compartment. This indicated that in a closed circuit
system, the transfer of electrons could enhance the degradation rate of the organic
pollutants as well as promoting the growth of electrogenic bacteria. Oon et al. [8]
reported a similar finding, where closed circuit improved the COD reduction in the
anaerobic compartment by 8% compared to open circuit. Srivastava et al. [9] also
reported that closed circuit enhanced 12–20% compared to open circuit. This study
revealed that circuit connection could play an essential role in improving the COD
removal in UFCW-MFC.

3.2 Electricity Generation Performance

The effect of spacing between cathode and anode on power production was investi-
gated by developing three anodes in the reactor. The electrode spacing between the
cathode and three anodeswere 15 (C-A1), 30 (C-A2), and 45 cm (C-A3), respectively.
Figure 3 demonstrates the power density generated by the three different electrode
spacings. The highest maximum power density was achieved at C-A1 (73.48± 0.31
mW/m3), followed byC-A2 (58.3± 6.26mW/m3) andC-A3 (51.71± 8.91mW/m3).
The internal resistance showed a similar trend of power densities. The internal resis-
tance of the hybrid system at A1, A2, and A3were 620, 620, and 720�, respectively.
The results suggested that electrode spacing could affect the power density generated
as lower internal resistance was observed with smaller electrode spacing. Oon et al.
[10] reported a similar finding, where the smallest electrode spacing produced the
highest maximum power density.
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4 Conclusion

This paper demonstrated the benefit of integrating MFC in CW through the study of
the closed and open circuit on the treatment performance of wastewater as well as the
effect of spacing between cathode and anode on the production of electricity. MFC
feature (closed circuit) improved the degradation of organic pollutants as the transfer
of electrons stimulated the breakdown of organic pollutants as well as promoting the
growth of electrogenic bacteria. In terms of electricity generation, smaller spacing
between cathode and anode could lower the internal resistance, which increases the
electricity output of UFCW-MFC.
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Crop Water Requirement of Paddy
Cultivation in Kedah, Malaysia
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Nik Meriam Nik Sulaiman, and Noor Zalina Mahmood

Abstract In the coming decades, climate change is predicted to have an enormous
impact on the water requirements of paddy crops worldwide. Water scarcity will
becomemore severe in the agricultural sector. The purpose of this study is to estimate
the water requirements of paddy farming in Kedah for two seasons, namely the main
and off-season, using historical data. Cropwat 8.0 model was used to calculate crop
water requirements for rice agriculture to estimate cropwater requirements for paddy
cultivation. Climate data for 2015–2019, crop data and soil data from the Malaysian
Meteorological Department (MMD), website, and interviewed farmers were used as
input data for Cropwat 8.0 software to assess cropwater requirement. From the result,
crop water requirement for the main season and off-season is 454.1 and 560.3 mm,
respectively. The main season water requirement is sufficient and met the condition
with the rainfall rates. In contrast, water requirement for the off-season is supported
by the irrigation requirement to meet the need of paddy due to lower rainfall rates
during the season.

Keywords Agricultural · Crop water requirement · Cropwat 8.0 · Paddy
cultivation
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1 Introduction

Rice is a staple food in Malaysian households. Malaysian paddy farmers met up to
70% of the country’s needs, according to official statistics. Consequently, rice and
paddy are essential components of food security, socio-cultural development, and
government strategic interventions in many developing countries [1]. Sustaining rice
production is critical to maintaining a positive balance in the economy’s social and
economic sectors [2]. As a result, maintaining sustainable rice production in the
country is extremely important to satisfy demand as the country’s population grows
and domestic consumption increases.

Weather conditions in the rice field region, such as temperature and rainfall, signif-
icantly impact rice crop growth. According to the Muda Agriculture Development
Authority (MADA), the region’s yield forecast results revealed a decrease in both
the main and off seasons until 2030. The maximum and minimum temperatures and
rainfall throughout the most season are anticipated to rise by around 0.05 °C and
0.12 mm per year, respectively, over the next few decades. It was predicted that the
yield would fall by 12.2% during the next 18 years during harvest season and that
this would occur within the main season. Numerous times, minimum and maximum
temperatures were anticipated to climb by 0.19 and 0.08 °C annually throughout the
off-season [3]. As a result, changes in the atmosphere have an impact on agricultural
activity [4].

On the other hand, precipitation is expected to decrease by approximately 0.18mm
per year between 2013 and 2030 [5]. According to the projections, in the off-season,
the yield will fall by 45.5% over the next 18 years, which is more than in the main
season compared to the standard [6]. This will be possible to determine the water
requirements for the season’s growth. Natural disasters, such as drought, impact the
timing and output of rice paddy planting [7].

Crop water requirements are the amount of water required by plants for life,
growth, and the volume of water lost through evaporation and transpiration over
the entire cultivation period. To meet the requirement, either naturally occurring
precipitation or artificial irrigation must be used. A study is required to address the
optimum use of limited water resources while improving the economic return on
water usage. This necessitates assessing crop water requirements, cropping systems,
paddy output, and meteorological and rainfall data [8]. This study aims to determine
the crop water requirements in Kedah, Malaysia, based on five years of climate data
by using Cropwat 8.0, one of the methods developed for agriculture to estimate water
consumption in agricultural production.
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2 Materials and Method

Cropwat 8.0 softwarewas used in determining cropwater requirements.Meteorolog-
ical data were obtained from themeteorological department for up to five years in this
study (2015–2019). Climate variables such asmaximumandminimum temperatures,
sunshine hours, rainfall, relative humidity, and wind speed were input data for the
software to determine reference evapotranspiration (ETo). Crop water requirement
is then calculated using Eq. 1 for the Crop Water Requirement (CWR) value.

CWR = ETo ∗ Kc (1)

Where ETo = Evapotranspiration, Kc = Crop Coefficient.

3 Result and Discussion

The amount of water lost due to crop evapotranspiration (ETc) is referred to as the
cropwater requirement. That is to say, the cropwater requirement is assigned an equal
value. The amount of evapotranspiration produced by plants shows the importance
of rice’s regular or decadal crop water requirements. According to the result, the
effective rainfall, which is output data from the cropwat 8.0 software, is 479.9 mm
and 350.1 mm in the main and off-season, respectively. The total crop water need is
454.1 mm and 560.3 mm in main and off-season, respectively shown in Table 1. This
data shows that crop water requirements are higher in the off-season (dry season)
than in the main season (rainy season). The FAO [9] also reported that crops grown
in the dry season require more water than crops grown in the rainy season.

Water requirement can affect the rice yield, as shown in Figs. 1 and 2. The produc-
tivity in the main season is higher than the production in the off-season due to many
factors, especially evaporation and climatic factors highly influenced by effective
rainfall [10]. Figure 1 shows the correlation between CWR and paddy production
for main season. Main season for rice is usually from August to January. The paddy
production and water need for 2015 were higher because in late 2015, Malaysia
suffered from El- Nino. In late 2016 which is the main season for the paddy, the rains
begin to fall and reduce the effects of the drought. Paddy production shows a reduc-
tion from 2017 until 2019 because, in these three consecutive years, flood happens at
the end of the year, which was also the main season for paddy. Hence, it shows that

Table 1 Comparison of crop
water requirement and paddy
production (2015–2019)

Season Kedah crop water
requirement (mm)

Kedah paddy
production (kg/ha)

Main season 454.1 25511

Off season 560.3 24875

Total 1014.4 50386
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Fig. 1 Relationship paddy production during main season and CWR

Fig. 2 Relationship paddy production during off-season and CW

there was a correlation between paddy production and CWR. Flood disasters result
in a lack of certain nutrients needed by paddy plants to produce yields and a lack
of zinc availability in submerged agricultural areas causing paddy yields to decline
[11].

4 Conclusion

The conclusion found a greater quantity of effective rainfall available to grow the
paddy crops in Kedah, suggesting less need for irrigation water requirement. Higher
effective rainfall suggests an adequate rainfall rate for Kedah paddy cultivation. The
total water requirement for the main and off-season was 454.1 mm and 560.3 mm,
respectively. This was due to some factors that affect the total amount, like climatic
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and environmental factors. The factors include rainfall pattern, soil characteristic,
and types of paddy as there are few paddy variants currently grown with maturities
ranging from 105 to 120 days. All those factors will affect crop yield production.

References

1. Omar SC, Shaharudin A, Tumin SA (2019) The status of the paddy and rice industry in
Malaysia. Khazanah Research Institute, Kuala Lumpur, Malaysia

2. Papademetriou MK (2000) Rice production in the Asia-Pacific region: issues and perspectives.
In: FAO report. http://www.fao.org/3/x6905e/x6905e04.htm. Accessed 30 Jun 2021

3. MADA (2017) Rice industry development program – official website muda agricultural
development authority. http://www.mada.gov.my/?page_id=13761&lang=en.Accessed10Dec
2020

4. MdYusof Z,MisiranM, Baharin NF, YaacobMF, Abdul Aziz NA, SananNH (2019) Projection
of paddy production in KedahMalaysia: a case study. Asian J AdvAgric Res 10(3):1–6. https://
doi.org/10.9734/AJAAR/2019/v10i330130

5. Farrell WE, Clark JA (1976) On postglacial sea level. Geophys J R Astron Soc 46:647–667.
https://doi.org/10.1111/j.1365-246X.1976.tb01252.x

6. Vaghefi V, Shamsudin MN, Radam A, Rahim KA (2013) Impact of climate change on rice
yield in the main rice growing areas of Peninsular Malaysia. Res J Environ Sci 7(2):59–67.
https://doi.org/10.3923/rjes.2013.59.67

7. Maidin KH, IthninMohamad CK, Othman SK (2015) Impacts of natural disasters on the paddy
production and its implications to the economy. FFTC Agricultural Policy Articles 2012–2015

8. Brouwer C, Heibloem M (1986) Irrigation water management: irrigation water needs. Train
Man 3

9. Surendran U, Sushanth CM, Mammen G, Joseph EJ (2015) Modelling the crop water require-
ment using FAO-CROPWAT and assessment of water resources for sustainable water resource
management: a case study in Palakkad district of humid tropical Kerala, India. Aquat Procedia
4:1211–1219. https://doi.org/10.1016/j.aqpro.2015.02.154

10. Kang Y, Khan S, Ma X (2009) Climate change impacts on crop yield, crop water productivity
and food security - a review. Prog Nat Sci 19(12):1665–1674. https://doi.org/10.1016/j.pnsc.
2009.08.001

11. Nor NM, Masdek NNM, Maidin MKH (2015) Youth inclination towards agricultural
entrepreneurship. Econ Technol Manag Rev 10:47–55

http://www.fao.org/3/x6905e/x6905e04.htm
http://www.mada.gov.my/%3Fpage_id%3D13761%26lang%3Den
https://doi.org/10.9734/AJAAR/2019/v10i330130
https://doi.org/10.1111/j.1365-246X.1976.tb01252.x
https://doi.org/10.3923/rjes.2013.59.67
https://doi.org/10.1016/j.aqpro.2015.02.154
https://doi.org/10.1016/j.pnsc.2009.08.001


Identification of Antibiotics as Emerging
Contaminants and Antimicrobial
Resistance in Aquatic Environment
of the Arges-Vedea, Buzau-Ialomita,
Dobrogea-Litoral River Basins
in Romania

Mihaela Ilie, György Deák, Florica Marinescu, Gina Ghita, Carmen Tociu,
Monica Silvia Matei, Ioana Savin, Madalina Boboc,
Marius Constantin Raischi, and Miruna Arsene

Abstract Water pollution by emerging contaminants such as antibiotics is a major
and current problem in the field of environmental protection. The presence of these
micropollutants in surface waters, even in low concentrations, disturbs the ecolog-
ical balance and leads to the selection and increase of the antibiotic resistant bacteria
incidence, so that the evaluation of these substances’ presence in environment has
become a necessity. The identification of six widely used antibiotics: azithromycin,
chloramphenicol, clarithromycin, doxycycline, erythromycin and oxytetracycline,
respectively was performed by UHPLC-MS/MS in surface water, wastewater and
biota (fish)matrix from theArges-Vedea, Buzau-Ialomita andDobrogea-Litoral river
basins in Romania. Clarithromycin was most commonly detected (75.00%), while
erythromycin was detected in the smallest number of samples, with a frequency
of 15.63%. Detection frequencies were 62.50% for oxytetracycline and 25.00% for
doxycycline, while azithromycin was detected with a frequency of 59.38% and chlo-
ramphenicol with a frequency of 46.88%. The investigation of antibiotic resistance
reveled significant high resistance rates in E. coli strains, particularly: ampicillin
(75%), penicillin (75%), clarithromycin (75%), cefazolin (50%), cefoxitin (50%),
amoxicillin/clavulanic acid (50%) and erythromycin (42%). The bacterial strains
isolated from the WWTP effluent and downstream of the effluent discharge of the
treatment plant exhibited the highest resistance rates to β-lactam antibiotics and
other classes of antibiotics, which could suggest that WWTP creates favourable
conditions for the transfer of resistance genes between different bacteria which are
further disseminated in the receiving aquatic environment.
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1 Introduction

Emerging pollutants such as active pharmaceutical ingredients (APIs) are a major
global problem due to the potential risk to human health and environment [1]. The
presence of these emerging micropollutants in surface waters, even in low concen-
trations, endangers the life cycle of aquatic organisms and disturbs the ecological
balance [2]. Potential humanhealth hazards caused by antibiotics through exposure to
drinking water as a source of surface water supply [3–5] require special attention and
sustained scientific research because conventional water treatment and wastewater
treatment are not effective in removing them.

Over 3,000 APIs as human or veterinary drugs are traded in the European Union
[6]. Although the environmental impact of most of these substances is largely
unknown, recent studies show that pharmaceuticals can accumulate in aquatic organ-
isms and especially fish [7]. Four antibiotic types: quinolones, sulfonamides, tetra-
cyclines, and macrolides, which are thought to be genetically toxic for fish have
been reported to bioaccumulate in fish tissues, as well as in aquatic environments
[8]. The adverse effects of these antibiotics are known to cause damage to devel-
opmental, cardiovascular, and metabolic systems, as well as in altering anti-oxidant
and immune responses, in fish [8].

Water environment that receives urban andmedical effluents is particularly threat-
ened by antibiotic pollutants due to poor treatment and the presence of pharmaceu-
ticals in the final step of classic wastewater treatment plant (WWTP), which finally
discharges into aqueous ecosystems. It may be relatedwith the emergence and spread
ofmultidrug-resistant pathogenic bacteria, and it can lead to unpredictable ecological
impacts and responses, and may have an impact on human health [9–14]. At present,
effluentwater ofWWTP is discharging directly into the aqueous environmentwithout
using advanced techniques for removing antibiotic residues and antibiotic resistance
genes, and this behaviour is considered as the main source of antibiotic residues
spreading in the environment, which finally leads to accumulation and increase of
antibiotics resistant bacteria. Moreover, studies report that the antibiotics can resist
biodegradation due to their antimicrobial nature and for this reason, antibiotics repre-
sent emerging pollutants with continual input into the environment and permanent
presence [15–18].

For a better understanding of the direct impact on the environment and human
health as a result of exposure to pharmaceutical substances and residues in the envi-
ronment as well as how they enter and persist in aquatic ecosystems, further research
is needed.

There are also serious concerns about the toxicity of antibiotics in fish, the main
problem related to their presence in fish tissues is the possibility of inducing bacterial
resistance genes [19] so further research and strategies are needed to prevent fish
exposure to pharmaceutical residues.

In this paper, the identification of six widely used antibiotics: clarithromycin,
erythromycin, oxytetracycline, chloramphenicol, doxycycline and azithromycin,
respectively was performed by UHPLC-MS/MS, in surface water, wastewater and
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biota (fish)matrix from theArges-Vedea, Buzau-Ialomita andDobrogea-Litoral river
basins in Romania. The prevalence of antibiotic resistance has also been studied for
strains of Escherichia coli isolated from wastewater and surface water samples.

2 Materials and Method

2.1 Research Area

The identification of the emerging pharmaceutical micro-pollutants from the antibi-
otic group was made from different water matrices, such as: wastewater sampled
from the wastewater treatment plants of Slobozia, Fundulea, Lehliu, Calarasi and
Ploiesti, drinking water samples from the treatment plants of Fundulea, Lehliu and
Calarasi as well as surface water samples collected from Dambovita R.—Budesti
area, Glina Wastewater Treatment Plant area, upstream and downstream of Glina
WWTP, Ialomita R.—upstream and downstream of Slobozia WWTP, Arges R.—
Hotarele and Clatesti area, Sabar R., Ciorogarla R.—upstream and downstream of
Domnesti locality, Prahova R.—upstream and downstream of Campina Wastew-
ater Treatment Plant, Dambu R.—upstream and downstream of Ploiesti Wastew-
ater Treatment Plant, Danube River—Orsova area, Tulcea (upstream, downstream),
Bastroe, Sulina, Sf. Gheorghe, Fetesti (km 43), Bala (km 9.5), Epurasu Branch,
Izvoarele, Sulina. Determinations have also been made for identifying the antibiotics
from biota samples (fish) from the area of Arges R.—Clatesti, Dambovita R.—Trout
farm from Stoenesti (Fig. 1).

At the level of the 3 river basins, water and biota samples were collected during
May 2019–May 2020, along the main rivers and their important tributaries, from 27
representative monitoring sections, 20 sections for surface water respectively and
7 sections at the wastewater treatment plants of cities such as Bucharest, Slobozia,
Fundulea, Lehliu, Calarasi, Ploiesti and Campina.

2.2 Method

At the level of the 3 river basins, samples were collected from 27 representative
monitoring sections along the main rivers and their important tributaries, 20 sections
for surface water respectively and 7 sections at the treatment plants of cities such
as Bucharest, Slobozia, Fundulea, Lehliu, Calarasi, Ploiesti and Campina. Water
samples were collected as 1 L in glass bottles by means of water sampler. After
collection, all samples were stored in coolboxes and delivered on the sample collec-
tion day to the laboratory where water samples were stored at 4 °C until analysis. All



394 M. Ilie et al.

Fig. 1 Sampling locations—river basins of Argeş-Vedea, Buzău-Ialomiţa, Dobrogea-Litoral and
the Danube River

water samples were filtered through 0.2 μm polyethersulfone (PES) filters (Sarto-
rius Stedim Biotech GmbH, Germany) before direct injection into UHPLC-MS/MS
system.

Antibiotics chemical analysis.Methoddeveloped in this study for identificationof six
antibiotics: clarithromycin, chloramphenicol, erythromycin, oxytetracycline, doxy-
cycline and azithromycin respectively, by Ultra-High-Performance Liquid Chro-
matography coupled with Triple Quadrupole Mass Spectrometry (UHPLC-MS/MS)
meets the requirements at the EU level regarding the detection limit, i.e. it should
be at least the same as the predicted no-effect concentration (PNEC) values in the
corresponding matrix. The equipment used for identification of antibiotics was SPE-
online-UHPLC-MS/MS Thermo Fisher Scientific™ EQuan MAX Plus™UltiMate
3000 system coupled with TSQQuantiva triplequadrupole mass spectrometer. Chro-
matographic separation of the analyses was performed with Hypersil GOLD C18
column (50 mm × 2.1 mm, 1.9 μm) from Thermo Scientific™. The mobile phase
was a mixture of water with the addition of 0.1% formic acid (A) and acetonitrile
with the addition of 0.1% formic acid (B), eluting at a flow rate 0.3 mL/min. The
method used is the most sensitive and selective compared to other frequently used
analytical methods, allowing the detection and quantification of emerging pollutants
in the category of pharmaceuticals at ng/L level.
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Antibiotic susceptibility testing. The prevalence of antibiotic resistance was studied
for strains of Escherichia coli (n = 22) isolated from wastewater and surface water
samples. Representative colonies were randomly selected from each sample and
were purified on TrypticaseSoy Agar. The bacterial isolates were further identified
by biochemical tests—API 20E (bioMérieux).

The analysis of the antibiotic sensitivity spectrum was performed by the stan-
dardized disc-diffusion method (Kirby-Bauer), according to the criteria provided
in CLSI 2020 (Clinical Laboratory Standard Institute). The antibiotics used for
the bacterial strains studied included a number of 22 antibiotics, namely: ampi-
cillin (AMP), cefazolin (KZ), aztreonam (ATM), ceftriaxone (CRO), imipenem
(IMP), ceftazidime (CAZ), cefoxitin ( FOX), amoxicillin + clavulanic acid (AMC),
amikacin (AK), ertapenem (ERT), trimethoprim (W), tetracycline (TE), pipera-
cycline (PRL), ciprofloxacin (CIP), chloramphenicol (C), penicillin (P), doxy-
cycline (DO), gentamicin (CN), clarithromycin (CLR), sulfamethoxazole (RL),
azithromycin (AZM) and erythromycin (E) (Oxoid).

3 Results and Discussion

3.1 Identification of Pharmaceutical
Compounds—Antibiotics in the Area of the Studied River
Basins

In the analyzed surface water and biota samples, the screening for antibiotics identifi-
cation displayed their presence in variable concentrations from ng/L toμg/L. (Figs. 2
and 3).

Fig. 2 Distribution of chloramphenicol in aquatic environments from the areas under study
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Fig. 3 Identification of antibiotics (UHPLC-MS/MS)–biota (fish) sample—Danube River, km 238

Fig. 4a Identification of pharmaceutical compounds in samples collected from the Arges-Vedea
River Basin

Identification of antibiotics in the area of the studied river basins: Arges-Vedea,
Buzau-Ialomita and Dobrogea-Litoral is shown in Figs. 4a, 4b and 4c.

Among the pharmaceutical micropollutants identified in the antibiotic category,
clarithromycin (75.00%) was detected most frequently in the total samples, while
erythromycin was detected in the lowest number of samples, with a frequency of
15.63%. Detection frequencies were 62.50% for oxytetracycline and 25.00% for
doxycycline, while azithromycin was detected with a frequency of 59.38% and chlo-
ramphenicol with a frequency of 46.88%. Azithromycin and clarithromycin were
detected downstream by the wastewater treatment plants of Bucharest, Slobozia and
Ploiesti, in Dambovita R., Ialomita R. and Dambu R., respectively. The highest
concentration of antibiotics identified was in the area of Danube River, Chilia
Branch, of 8312 ng/L for doxycycline. The analysis for identifying antibiotics in
biota samples revealed a concentration of 2.21 ng/g of clarithromycin in the biota
sample (fish)—Danube River, km 238.
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Fig. 4b Identification of pharmaceutical compounds in samples collected from the Buzau-Ialomita
River Basin

Fig. 4c Identification of pharmaceutical compounds in samples collected from the Dobrogea-
Litoral River Basin
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Fig. 5 Diffusimetric antibiogram on E. coli strains (C45 and C47)—isolated from the effluent of
Ploiesti Wastewater Treatment Plant

3.2 Phenotypic Antibiotic Resistance Profiles of Escherichia
Coli Strains

After 24 h of incubation at 37 °C, the E. coli strains were classified as sensitive
(S), intermediate (I) or resistant (R) based on CLSI 2020 break points. Intermediate
strains were included in the resistant class (Fig. 5).

Resistance levels of E. coli strains were interpreted taking into account the resis-
tance ranges proposed for bacterial strains isolated from the clinic by the European
Center for Infectious Disease Control (ECDC/European Resistance Surveillance
Network EARS-Net). Thus, the following ranges were used: < 1% = insignificant,
1 to < 5% = very low, 5 to < 10% = low; 10 to < 25% = intermediate; 25 to <
50% = high; ≥ 50% = very high. (http://ecdc.europa.eu/en/activities/surveillance/
EARS-Net/database/Pages/maps).

Therefore, in the case of β-lactam antibiotics,E. coli strains isolated fromwastew-
ater and surface water showed a very high level of resistance to ampicillin (75%),
penicillin (75%) and clarithromycin (75%), a high level of resistance to cefazolin
(50%), cefoxitin (50%) and amoxicillin+ clavulanic acid (50%) and an intermediate
level to piperacycline (17%).

Resistance to third-generation cephalosporins (ceftriaxone and ceftazidime),
imipenem and ertapenem was not present in the studied E. coli strains. The
resistance level to aztreonam was high (25%) (Fig. 6). Resistance to other
classes of antibiotics (non-β-lactam) was high in essential metabolite inhibitors
(trimethoprim/sulfamethoxazole—25/33%), tetracyclines (tetracycline—25%) and
erythromycin (42%) and low in fluoroquinolones (ciprofloxacin—8%). Resistance
to amikacin and chloramphenicol was not observed in the studied E. coli strains. The
level of doxycycline resistance was low (8%).

Analyzing the levels of antibiotic resistance of E. coli strains correlated with
isolation sources (Fig. 7), it is observed that the highest rates of resistance to β-
lactam antibiotics and other classes of antibiotics were mainly recorded in strains
isolated from water sources subjected to selective pressure of antibiotics, namely:
effluent of the treatment plant (50–100%), as well as downstream from the discharge
of effluent from the treatment plant—Dambu River (25–100%).

http://ecdc.europa.eu/en/activities/surveillance/EARS-Net/database/Pages/maps
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Fig. 6 Distribution of antibiotic resistance markers (%) in E. coli strains isolated from wastewater
and surface water samples

Fig. 7 Distribution of antibiotic resistance markers in E. coli strains correlated with isolation
sources
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4 Conclusion

The investigations carried out at the level of Arges-Vedea, Buzău-Ialomita and
Dobrogea River basins and of the Danube River highlighted the presence of antibi-
otics both in the wastewater at the entrance and exit of the treatment plants and
in the Danube River and the main tributaries in the area of discharges from urban
sewage treatment plants of Bucharest, Slobozia, Fundulea, Lehliu, Calarasi, Ploiesti
and Campina, in variable concentrations from ng/L to μg/L.

Regarding the prevalence of antibiotic resistance for strains of E. coli bacteria
isolated from wastewater and surface water, a very high level of resistance to
ampicillin (75%), penicillin (75%) and clarithromycin (75%) was observed.

The results obtained in this study represent a scientific basis for the approach
according to the provisions of Directive 39/EU/2013—regarding the priority
substances in the field of water policy and the Decisions for Selection of substances
for the Watch List under the Water Framework Directive, based on their hazard
properties as well as the availability of reliable safety thresholds, including the
contribution to antimicrobial resistance for antibiotics and the availability of relevant
analytical methods for monitoring in the appropriate environmental matrix.

Acknowledgements This paper was developed through Nucleu Programme – Contract number
39N/2019 carried out with the Romanian Ministry of Research and Innovation support, within the
project “Research on the ecotoxicity of pharmaceutical micropollutants on aquatic ecosystems”.
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Influence of Glucose Supplementation
on the Organic Removal and Biomass
Growth in Anaerobically Digested
Vinasse (AnVE) by Using Aerobic
Sequencing Batch Reactor (SBR)

Wei-Chin Kee, Yee-Shian Wong, Soon-An Ong, Nabilah Aminah Lutpi,
Sung-Ting Sam, Audrey Chai, and György Deák

Abstract This paper analyses the effect of glucose supplementation in the treat-
ment of anaerobically digested vinasse (AnVE) through reduction performance and
biomass growth by using aerobic SBR system. The result revealed that the COD and
ammonium reduction with the addition of glucose supplementation (65.3 ± 6.0 and
30.0± 5.5%) was greater than the reactor without glucose supplementation (23.6±
10.8 and 18.7± 6.0%). This can be due to the additional glucose as the carbon source
for microbe metabolism nutrients. The biomass growth in the reactor with glucose
supplementation increased rapidly over time, while there was no obvious biomass
growth shown in the reactor without the addition of glucose. It is because glucose
supplementation increased biomass accumulation in biomass production. The incre-
ment of biomass in the reactor with glucose supplementation can be further explained
by the F/M ratio and biomass yield. The F/M ratio reduced when the biomass growth
increased. Thus, the biomass yield started to decrease after the operation in week 2,
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until it reached maximum biomass growth. Therefore, it concluded that the addition
of glucose supplementation in the treatment of AnVE showed a positive effect on
the removal performance and biomass growth by using aerobic SBR.

Keywords SBR · Glucose supplementation · Vinasse · Organic removal ·
Biomass growth

1 Introduction

Sugarcane vinasse has the characteristic of acidic, intensive brown-colored, and high
content of organic compounds [1]. The characteristic of sugarcane vinasse can cause
soil andwater pollution if it is disposedwithout proper treatment.Anaerobic digestion
of vinasse is known as the primary treatment option because a high percentage of
organic matter can be removed and converted into biogas as an alternative fuel source
[2]. However, the further treatment process is necessary for the anaerobically treated
vinasse (AnVE) since the high content of the organic compounds have still remained
in the residue. Aerobic digestion can be one of the effective post treatment process
to remove the remaining organic substances and colour in AnVE. Maximum COD
reduction (65.2 ± 2.5%) was achieved with the anaerobically digested molasses
wastewater containing 30 g/L glucose under aerobic SBR system at HRT 7 days [3].

Nutrient supplementation is crucial in promoting the removal performance and
biomass growth in the biological wastewater treatment. It can enhance the process
with the addition of suitable microbial nutrients to the wastewater treatment to
improve the degradation potential and stimulate bacteria growth [4]. Carbon source
availability is one of the factors to promote the biomass growth in the sequencing
batch reactor (SBR) system. Paper, textile, manufacturing, and molasses industries
require external nutrients as the supplementation to the SBR due to the nutrient-
deficient wastewater generated [5]. The types of carbon sources commonly used in
aerobic SBR are sodium succinate, sodium acetate, and glucose [6]. These carbon
sources can enhance the process performance by promoting the functional microbial
community. The high removal performances of COD, nitrogen and phosphorus was
achieved in the SBR with glucose supplementation [7]. Besides that, F/M ratio is a
process variable that can be easily adjusted in operating bioreactors. F/M ratio could
be linked to the biomass growth and the sludge loading rate.

In this paper, the effect of glucose supplementation as the additional carbon source
was determined in the treatment of anaerobically digested vinasse (AnVE) by using
aerobic SBR system. The reduction efficiency and biomass growth of the SBR system
were compared through the operation of reactors with and without glucose supple-
mentation. Food to microorganism (F/M) ratio and biomass yield were also deter-
mined to investigate the relationship between both parameters and biomass growth
in the SBR system with glucose supplementation. To the best of authors’ knowl-
edge, the finding of the glucose supplementation in the aerobic digestion system was
limited, as compared to the anaerobic digestion system. This paper can be one of the
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Table 1 The characteristic of
AnVE wastewater

Parameters Value Parameters Value

pH 8.11 ± 0.3 MLSS (mg/L) 690 ± 105

COD (mg/L) 3202 ± 424 MLVSS (mg/L) 100 ± 25

NH4
+ (mg/L) 18 ± 3

references to understand the role of glucose supplementation in contributing to the
biological wastewater treatment system.

2 Methodology

2.1 Seed Sludge and AnVE

The seed sludge was used as inoculum in this study. It was taken from an anaerobic
pond located in Malpom Industries Berhad, Penang. The AnVE from the final pond
in Fermpro Sdn. Bhd, Perlis was used as the wastewater to be treated in the opera-
tion. The wastewater samples were kept at a temperature of 4 ± 1 °C to minimize
the biodegradation in the wastewater. Glucose with a concentration of 5.0 g/L was
added as an external carbon source to the AnVE for the system with the glucose
supplementation. The AnVE wastewater was characterised in Table 1.

2.2 Reactor Set-Up and Operation

The aerobic SBRwith the 22 cm height and 20 cm internal diameter was operated for
the treatment of AnVE as shown in Fig. 1. The working volume is 4 L, which consists
of 1 L of seed sludge and 3 L of AnVE. Aeration was supplied (100 mL/min) at the

Fig. 1 Reactor configuration of aerobic SBR
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bottom of the reactor through the aeration bar by using Atinan HP-4000 aquarium
air pump. The dissolved oxygen (DO) concentration in the SBR was maintained at
2.40± 0.6 mg/L. The feed and decant processes were conducted by using peristaltic
pumps.

The operation of the SBR was conducted for 28 operational days. The hydraulic
retention time (HRT) was fixed at 4 days throughout the operation. The operation
consists of four phases in one cycle. First, 1 L of AnVE was filled into the reactor
(0.5 h). Then, the aerationwas supplied in the reactor tomaintain aerobic condition for
21 h. Themixed wastewater was settled for 2 h to separate the sludge and supernatant
before the draw phase was carried out (0.5 h). One complete cycle for the operation
is 24 h.

2.3 Analytical Method

COD was analyzed by the Dichromate Reactor Digestion Method of Wastewater
Analysis. Ammonium ion (NH4

+) was analyzed by using the StandardMethod 4500-
NH3 D. Moreover, MLSS and MLVSS were carried out with the Standard Method
2540-D method and Standard Method 2540-B, E, respectively. The results were
obtained and tested in repetition, which expressed as the mean± standard deviation.
Food to microorganism (F/M) ratio was also determined through Eq. (1).

F/M ratio = S0
τ · X (1)

Where S0 is influent COD concentration, τ is hydraulic retention time (HRT), and
X is mixed liquor volatile suspended solid (mg/L). Biomass yield can be defined as
the ratio of the amount of biomass produced to the amount of substrate consumed
[8], and was shown in Eq. (2).

Biomass yield, Y = MLV SS (g biomass produced)

COD (g substrate utili zed)
(2)

3 Result and Discussion

3.1 Reduction Performance in Term of COD and Ammonium

The reduction performance of SBR with and without glucose supplementation was
shown in Fig. 2. The COD and ammonium reduction with glucose supplementa-
tion achieved greater performance when compared to the system without glucose
supplementation. In the perspective of COD reduction, the system with glucose
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Fig. 2 COD and ammonium reduction in the aerobic SBR with and without glucose

supplementation (65.3 ± 6.0%) was 2.7 times greater than without glucose supple-
mentation (23.6 ± 10.8%). The growth of heterotrophic bacteria was promoted by
the carbon sources from the glucose supplementation, which lead to the high COD
reduction efficiency in the system [9]. While for ammonium reduction, the system
with glucose supplementation achieved 30.0 ± 5.5% reduction, which was higher
when compared to the systemwithout glucose supplementation (18.7± 6.0%). It can
be explained by the additional glucose as the carbon source for microbe metabolism
nutrients. A similar result was obtained when the glucose was added and contributed
to higher TN removal efficiency [10]. The co-metabolic enzymes required for the
transformation of refractory compounds are induced. The energy quickly regener-
ates with the rapid metabolism of glucose, which, in turn, can be used to transform
refractory compounds [11]. Evans et al. [12] reported that the addition of glucose
in the wastewater can improve the NH3-N removal efficiency, which the removal
efficiency was higher than the system without glucose [12].

3.2 Biomass Growth

Table 2 shows the MLVSS, F/M ratio and biomass yield during the operation of
aerobic SBR with and without glucose supplementation. The biomass growth in
terms of MLVSS showed a gradual increase from 4540 mg/L to 8780 mg/L in 28
operational days. This result revealed that the addition of glucose into the activated
sludge system can significantly improve the biomass growth. The result can be further
explained from the system without glucose addition. The MLVSS concentration
was 2485 ± 108 mg/L in the system without glucose supplementation, and minor
decrement of the biomass growth observed in the reactor. A significant enhancement
in algal biomass yields was reported by Xiong et al. [13] when the glucose was added
in the culturing medium. A similar result was reported by Gabriele et al. [14] that the
biomass in algal production was accumulated when the glucose supplementation was
provided. The glucose supplementation promoted algal growth and the accumulation
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Table 2 MLVSS, F/M ratio and biomass yield in the operation of aerobic SBR with and without
glucose supplementation

Week Glucose Without glucose

MLVSS
(mg/L)

F/M ratio Biomass yield MLVSS
(mg/L)

F/M ratio Biomass yield

1 4540 0.51 0.08 2640 0.33 −0.10

2 5320 0.36 0.14 2480 0.26 −0.28

3 7220 0.28 0.35 2420 0.28 −0.13

4 8780 0.23 0.30 2400 0.27 −0.05

of chlorophyll can be prevented. However, excessive biomass growth may lead to
the formation of more sludge in the condition with glucose supplementation; Thus,
The MLVSS concentration can be maintained at desired concentration by applying
daily sludge discharge in the reactor [15].

The F/M ratio was inversely proportional to the biomass growth in the aerobic
SBR with glucose supplementation. The result showed that the F/M ratio decreased
from 0.51 to 0.23 in the four weeks operation. This was due to the fact that the
intensive growth of the biomass with the fixed organic loading throughout the oper-
ation of aerobic SBR with the addition of glucose. A low F/M ratio can improve the
sludge flocculation and the removal of organic substances [16]. Thus, the biomass
settleabilitywas also increased.However, the failure of cell growth and sludge defloc-
culationmay also occur if the F/M ratio becomes too low. F/M ratio can also be linked
with biomass yield. Biomass yield achieved the lowest in week 1 (0.08). It can be
explained by the microorganism in the process of adapting to the environment. The
biomass yield increased to 0.35 in week 3, which can be related to the rapid biomass
growth after the early stage of the acclimatization phase. However, the biomass
yield showed a downward trend in week 4, which was 0.30. It can be due to the
reactor reached maximum growth rate and low F/M ratio; Thus, the biomass yield
was reduced. The F/M ratio in the aerobic SBR without glucose supplementation
was in between 0.26 to 0.33, since the biomass concentration was slightly reduced.
The reduction of biomass growth can also reveal from the biomass yield, which was
negative throughout the operation.

4 Conclusion

This research focused on the effect of glucose supplementation through the determi-
nation of reduction performance andbiomass growth in the treatment of anaerobically
digested vinasse (AnVE) by using aerobic SBR system. The COD and ammonium
reduction with the addition of glucose supplementation were 65.3 ± 6.0 and 30.0
± 5.5%, respectively. The results were greater than the condition without glucose
supplementation, which only achieved 23.6 ± 10.8% of COD reduction and 18.7
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± 6.0% of ammonium reduction. The glucose supplementation was added as the
carbon source for microbe metabolism nutrient. Thus, it can improve the removal
performance. A similar result was observed in the biomass growth. The biomass
growth in the reactor with glucose supplementation increased over time, while the
biomass growth in the reactor without the addition of glucose was negligible. The
F/M ratio and biomass yield were determined in the reactor with glucose supplemen-
tation. When the biomass growth increased, the F/M ratio reduced and the biomass
yield started to decrease after the operation in week 2 until it reached maximum
biomass growth. Therefore, it can conclude that the addition of glucose supplemen-
tation showed a positive effect on the removal performance and biomass growth in
the treatment of AnVE by using aerobic SBR.
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Abstract Zeolite is an abundant mineral in Indonesia, but is not maximally utilized.
Natural zeolite possesses several properties, such as dehydration, adsorption, ion
exchange, catalysis, and separation. In general, natural zeolite contains both organic
and inorganic impurities that cover their pores. Thus, natural zeolite should be
initially activated to improve its absorption. This study aimed to determine the effect
of NaOH solution concentration, temperature, volume, and zeolite diameter on the
adsorption capacity of zeolite. Thehighest adsorption capacity of 7.03%wasobtained
at the optimal concentration of 1.0NNaOHsolution (100 °C)with a volume of 50mL
at a diameter of 2.00 mm during chemical activation.
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1 Introduction

The name zeolite is derived from the word “zein,” which means to boil, and “lithos”,
which denotes rock, and the mineral is called as such because of its boiling char-
acteristics or expansion when heated. This describes the mineral behavior, which
quickly releases water when heated, thereby appearing to boil. Zeolite is a hollow
crystal formed by a network of 3D tetrahedral silica alumina. It has a relatively
regular structure with a cavity filled with alkali or alkaline earth metal as its load
balancer. Cavities constitute a complete system in which channels are occupied by
water molecules [1].

Natural zeolite possesses several properties, such as dehydration, adsorption, ion
exchange, catalysis, and separator. Dehydration mainly removes water molecules
from the zeolite framework, thus enhancing zeolite activity with the heating process.
Dehydration causes the pore structure of the zeolite to open and results in a large
internal surface area, thereby adsorbing a large number of substances other than
water and being able to separate the molecules of a substance based on molecular
size and polarity. Natural zeolites present a frame structure, containing an empty
space occupied by cations and water molecules that freely allow ion exchange or
chemisorption [2]. Given its crystalline intracavity, zeolite can be used as a catalyst.
The catalytic reaction is influenced by the size of the oral cavity and flow system,
because this reaction depends on the diffusion of reactants and reaction products.

Natural zeolite must be activated before being used as adsorbent to open more
pores and increase surface area. Zeolite activation process can be conducted using
physical and chemical methods. Physical activation involves heating the zeolite with
the intention of evaporating the water trapped in the pores of the zeolite crystal. Thus,
the surface area of the pores increases. Heating is performed in a conventional oven
at a temperature of 300 °C to 400 °C (for the laboratory scale). Chemical activation
is conducted using a solution of H2SO4 acid or alkaline NaOH for the purpose of
cleaning the pore surface, removing impurities and rearranging the location of atoms.
A chemical reagent is added to the zeolite, which is placed in a round bottom boiling
flask within a specified period. The zeolite is washed with deionized water until
neutral and then dried [3].

In general, natural zeolite contains organic and inorganic impurities covering
the pore. Thus, zeolite must be initially activated to improve absorption [4]. This
study was carried out by observing the ability of zeolite in adsorbing synthetic metal
concentration in the water and assess the effect of activation on the performance
of zeolite as metal adsorbent. This study also aimed to determine the effects of
temperature, volume, andNaOHsolution concentrationon the adsorptionof synthetic
metal concentration in the water, as well as to observe the characteristics of zeolite
in absorbing metal concentration at various temperatures.
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2 Materials and Method

Rock zeolite, which underwent processing stages prior to screening, and NaOHwere
used in this study. An oven, an evaporating dish, a round bottom boiling flask, control
heating mantle, and a simple reflux apparatus were also employed such as in Fig. 1.

Zeolite is a sorption material, and its size and weight are fixed. Thus, the chemical
activation period lasted for 3 h. The independent variable in this study was the
chemical activation temperature (without heating, 25 °C, 50 °C, 75 °C, and 100 °C).
The concentrations of NaOH solution used were 0.25, 0.5, 0.75, 1.0, and 1.25 N,
and the volumes of NaOH solution were varied between 50 and 250 mL at 50 mL
increments (50, 100, 150, 200, and 250 mL). Experiments were conducted using a
descriptive method by constructing a chart to determine the optimum value of the
independent variable used.

Zeolite was crushed, flaked, and passed through a sieve to obtain the desired
size (i.e., 2.00 and 3.35 mm). Chemical activation was then performed using NaOH
solution for 3 h. Zeolite was washed with deionized water until neutral, pH 7 and
then dried in an oven at 105 °C for 24 h.

Experiments were conducted at room temperature using the constant conditions
of all pertinent factors, such as dosage, agitation speed, and contact time, to study
metal (Zn) concentration removal by adsorbent [5]. Adsorption tests were conducted
in the reaction mixture consisting of 200 mL of Zn solution with a concentration of
20 mg/L.

Fig. 1 Simple reflux apparatus with a control heating mantle
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3 Result and Discussion

3.1 Effect of NaOH Solution Concentration
on the Adsorption Capacity of Zeolite

The increased concentration of NaOH solution increased the adsorption capacity
of zeolite. The optimum concentration for use in a chemical activation step using
alkaline solution, or NaOH in this case.

Figure 2 shows that the optimal concentration of NaOH solution was 1.0 N
(Volume of NaOH solution to each fixed concentration = 250 mL at 50 °C), which
obtained the highestmetal concentration adsorption capacity (6.01%). Chemical acti-
vation using alkaline solution could dissolve the alkaline-soluble impurities (e.g.,
silica and alumina) that are located outside of the crystal structure and cover the
pores of the zeolite surface.

As shown in Fig. 2, the metal concentration adsorption capacity of zeolite
decreased when the concentration of NaOH solution was 1.25 N. When the NaOH
solution exceeded the optimal concentration, the elements outside the surface and the
sides of the crystal were dissolved. The dissolution of elements reduced the surface
area of zeolite crystal and, consequently, the adsorption capacity of the zeolite itself.

Results showed that 1.0 N was the optimal NaOH solution concentration to
dissolve the impurities on the zeolite crystal. However, 1.25 N NaOH solution
concentration considerably increased the viscosity of the solution, resulting in
reduced diffusivity of the solution into the pores. Reduced diffusivity in NaOH solu-
tion causes numerous impurities to remain in the pores. This phenomenon decreases
the crystal surface area and results in low adsorption capacity of the zeolite [6].

Fig. 2 Effect of NaOH solution concentration on the adsorption capacity of zeolite
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Fig. 3 Effect of NaOH heating temperature on the adsorption capacity of zeolite

3.2 Effect of Heating Temperature on the Adsorption
Capacity of Zeolite

Figure 3 shows that metal concentration adsorption capacity of zeolite increased
with increasing heating temperature during chemical activation. Among the four
temperatures (25 °C, 50 °C, 75 °C, 100 °C) used, 100 °C (Volume of NaOH solution
to each fixed concentration = 250 mL at 1.0 N NaOH) resulted in the highest water
vapor adsorption capacity.

At 100 °C, more zeolite crystals are evaporated, thereby resulting in a more open
zeolite pore structure, as well as wide internal structure that is capable of adsorbing
a large variety of substances, such as water vapor. Thus, zeolite can function as a gas
or a liquid absorbent.

As shown in Fig. 3, the adsorption capacity of zeolite without heat treatment is
extremely low (1.5%). This low capacity was due to cavities in the zeolite crystals,
which some already contained water. This phenomenon enables zeolite to approach
saturation, decreasing the ability of zeolite to absorb moisture from the environment,
compared with zeolite with most water removed in their cavities [7].

3.3 Effect of NaOH Solution Volume on the Adsorption
Capacity of Zeolite

The highest metal concentration adsorption capacity of zeolite was obtained after
using 1.0 N NaOH with a volume of 50 mL during chemical activation, as shown in
Fig. 4 (NaOH concentration equal to all volume = 1.0 N at 100 °C).

Small volume increased the diffusivity of a solution. A 50 mL volume resulted
in highest adsorption capacity of zeolite. This volume (the lowest in the NaOH
volume series) produced the largest diffusivity, resulting in a more efficient and
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Fig. 4 Effect of NaOH solution volume on the adsorption capacity of zeolite

better dissolution of impurities on the zeolite crystal surface, as well as in the pores
of the zeolite itself. Thus, the zeolite surface increased, resulting in increased metal
concentration adsorption capacity of zeolite.

Figure 4 shows the absorption capacities of zeolite [lowest (5.61%) and highest
(6.33%)] and the independent variable of NaOH normality [lowest (4.41%) and
highest (6.01%)]. This result indicates the small absorption capacity of the former
(0.72%) compared with the latter (1.6%). The effect of independent variable volume
of NaOH is smaller than that of NaOH concentration [8].

3.4 Effect of Diameter Zeolite on the Adsorption Capacity
of Zeolite

Chemically activated zeolite with 2.00 mm diameter exhibited the highest metal
concentration absorption of 7.03% (Fig. 5). This result is attributed to the large
surface area caused by the small diameter of the zeolite. A large surface area leads to
more free space and zeolite pores. The empty spaces in the zeolite function as a place
to accommodate the adsorbed metal concentration, and the zeolite pores function as
an entry point of adsorbed metal concentration. Thus, empty spaces and higher pore
number enable the zeolite to adsorb more metal concentration [9].
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Fig. 5 Effect of diameter zeolite on the adsorption capacity of zeolite

4 Conclusion

The highest adsorption capacity of 6.01% was obtained at the optimal concentration
of NaOH solution with normality of 1.0 N, temperature of 50 °C, and volume of
250mL. This result indicates that metal concentration adsorption of zeolite increased
with increasing NaOH solution concentration.

The highest adsorption capacity of 6.24%was obtained at the optimal temperature
of 100 °C,NaOHsolution concentration of 1.0N, and a volumeof 250mL.This result
indicates that metal concentration adsorption of zeolite increased with increasing
temperature during chemical activation.

The highest adsorption capacity of 6.33% was obtained at the optimal NaOH
solution volume of 50mL,NaOH solution concentration of 1.0N, and temperature of
100 °C. This result indicates that metal concentration adsorption of zeolite decreased
with increasing NaOH solution volume.

Finally, the highest adsorption capacity value of 7.03% was achieved with a
zeolite diameter of 2.00 mm after chemical activation. This result indicates that
metal concentration adsorption of zeolite increased with small zeolite size.
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and Ammoniacal Nitrogen Removal
from Natural Rubber Wastewater Using
Kenaf Fiber
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Abstract The high quality and grade of latex or rubber skim for rubber industries
products need to chemical added. Ammonia used in the preservation and processing
ware contributed the high concentration of chemical oxygen demand (COD), color
and ammoniacal nitrogen in natural rubber wastewater. Adsorption using agriculture
material is one of newmethod in wastewater treatment for the removal pollutants and
also environmentally friendly. In this study kenaf fiber has been used as adsorbent
in wastewater treatment system and focus on COD, color and ammoniacal nitrogen
removal from natural rubber wastewater. Alkali modification and acid modification
on kenaf fiber were performed using 0.1 M sodium hydroxide (NaOH) and 0.6 M
citric acid (CA). The efficiency of COD, color and ammoniacal nitrogen adsorp-
tion was investigated. Percentage removal of COD, color and ammoniacal nitrogen
between kenaf fiber treated using NaOH and kenaf fiber treated with citric acid was
compared. The maximum removal of COD, color and ammoniacal nitrogen were
obtained at dosage 4 g of citric acid treated kenaf fiber with maximum adsorption
is 80%, 75% and 86%, respectively. The removal of COD, color and ammoniacal
nitrogen by kenaf fiber treated using citric acid more effective than the kenaf fiber
which treated using NaOH in COD, color and ammoniacal nitrogen removal from
natural rubber wastewater.
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1 Introduction

Natural rubber, an elastic hydrocarbon polymer, originally derived from a milky
colloidal suspension or latex of Hevea brasiliensis. The processing of raw natural
rubber can be divided into two types of processes; the production of latex concen-
tration and the production of Standard Malaysian Rubber (SMR) [1]. The Natural
rubber processing sector is an industry which produces raw materials for manufac-
tory of rubber industrial products, automotive products, latex product andmany kinds
of adhesives. The major used of natural rubber are tire and footwear industries [2].
Large amount of effluentwas produced from rawnatural rubber since it required large
amount of water for its operation. In general, rubber wastewater has high concen-
tration of ammonia, COD, BOD, nitrate, phosphorus and total suspended solid [3].
High concentration of nitrogen component in rubber wastewater, mainly the ammo-
niacal nitrogen as a result of the use of ammonia in the preservation to control the
quality and grade of latex. High concentration of nitrogen and ammonia in natural
rubber wastewater if discharge to water bodies, it could contribute to undesirable
eutrophication and lead to death of some aquatic organisms living in the water [4].

Kenaf (Hibiscus cannabinus L), is one of the members of hibiscus family. Kenaf
is a type of fast-growing plants which is capable of growing to over three meters
within three months. Kenaf has become the choice in industry because this material
is easily stored and stable in most condition [5].

In this study, kenaf fiber was treated with Sodium hydroxide (NaOH) and citric
acid (CA) to produce adsorbent for the removal COD, color and ammoniacal nitrogen
from natural rubber wastewater.

2 Materials and Method

2.1 Material

Kenaf core fibrewas obtained fromLembagaKenaf andTembakauNegara,Malaysia.
Kenaf with size of 150–300 µm was selected and used. Two types of chemical
modification of kenaf were prepared. First, kenaf was modified with 0.1 M of NaOH
and secondly, kenaf was modified with 0.6M of citric acid. The NaOH and citric acid
treatment of the kenaf fibres was performed according to previous method reported
by Sajab et al. [6].
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2.2 Method

The chemical compositions of kenaf fiber was analyzed by using TAPPI standards
methodT222 om-88, chlorinationmethod andKurschner-Hoffnermethods for deter-
mine lignin, hemicellulose and cellulose content from sample. In order to analyze
the morphological features and surface structure, fiber will be tested using Field
Emission Scanning Electron (FESEM).

The adsorption studies were carried out to determine the adsorption of COD,
color and ammoniacal nitrogen from natural rubber wastewater by treated kenaf. The
COD, color and ammoniacal nitrogen concentrations were determined using closed
reflux and Colorimetric Method (5220-D). The adsorption studies was carried out
with treated kenaf fiber dosage ranging 0.5 g to 8.0 g by remained the original pH of
wastewater, speed and contact time at pH 8, 225 rpm and 120min, respectively. Color
measurement was reported as true color assayed at 455 nm using a HACH/DR6000
spectrophotometer and reported as platinum-cobalt (Pt–Co) method. The ammoni-
acal nitrogen measurement was reported as Nessler’s method, sing an ultraviolet
visible spectrophotometer (Model HACH DR6000). The present of COD, ammoni-
acal nitrogen and color removal was calculated using Eq. (1) where Co and Ce are
the initial and equilibrium concentration of COD and ammoniacal nitrogen (mg/L).

Percentage removal(%) = (Co− Ce)

Co
X100 (1)

3 Results and Discussion

3.1 Characteristics of Adsorbent

The chemical kenaf fiber composition analysis such as cellulose, lignin and hemicel-
luloses were determined accordance with respective TAPPI standards method T 222
om-88 for lignin content, Kurcnher-Hoffner method for cellulose and chlorination
method for determination of hemicellulose in sample [7]. From Table 1, determined
that kenaf fiber contains high in cellulose content (52.4%), followed by 28.7% of
hemicellulose contents. kenaf fiber gives low lignin contentwith 18.9%. Lower lignin

Table 1 Chemical
composition of the kenaf fiber

Properties Percentage (%)

Cellulose 52.4

Hemicellulose 28.7

Lignin 18.9
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Fig. 1 FESEMmicrographs of a untreated kenaf fibre bAlkali-treated kenaf cAcid- treated kenaf

content is normally found in nonwooden fiber, function as adhesive to bind the cellu-
lose in fiber and makes the fiber strength increase and difficult break [8]. At the
beginning of this study, one parameter was studied, with all the other parameters
kept constant.

The morphology of the untreated kenaf and treated kenaf was observed and
analyzedwithFieldEmissionScanningElectron (FESEM) [9]. Figure 1a–c shows the
FESEM image micrograph of the untreated kenaf, alkali-treated kenaf by NaOH and
Acid-treated kenaf by citric acid. The micrographs reveal the change occurred after
treatments. The surface of untreated kenaf fiber looks rough and some has irregular
pore and without smooth surface and lots of impurities (Fig. 1a). The alkali-treated
kenaf fiber (Fig. 1b) had a smoother surface likely due to remove of certain amounts
of wax, hemicelluloses, lignin and other impurities. The study by Siti [9] also yielded
a similar result when fiber treatment with NaOH removed undesirable material and
separated fiber bundle into individual fibers. However (Fig. 1c) acid-treated kenaf
fiber show the surface has a cleaner and finer surface than alkali-treated kenaf fiber.

3.2 Comparison of NaOH Treated and Citric Acid Treated
Kenaf Fiber

The COD, color and ammoniacal nitrogen adsorption experiments effect of dosage
was conducted. Figure 2 the graph showed the percentage of COD removal by alkali-
treated and acid-treated kenaf was increased when the dosage of absorbent was
continuing increased until it was achieved the optimum value where the maximum
percentage of COD for alkali-treated and acid-treated kenaf is 80% with 4 g dosage
and 75% with 5 g dosage, respectively. However, when the optimum value was
achieved, the percentage of removal will decrease when the dosage is increased. The
study byPadmavathy et al. [10] also yielded a similar resultwhereas adsorbent dosage
increases keeping all the other parameters at constant value removal efficiency first
increases, reaches maximum and then decreases.
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Fig. 2 Effects of adsorbent dosage in alkali-treated and acid-treatedkenaf onCODnitrogen removal

Figure 3 shows the situation of percentage of ammoniacal nitrogen removal by
acid-treated kenafwere similarwith alkali-treated kenafwhere the removal efficiency
first increases, reachesmaximumand then decreases. However, the higher percentage
removal of ammoniacal nitrogen by acid-treated was higher than alkali-treated were
obtained at dosage 4 g with percentage removal is 86%, 79%, respectively.

The effect of different optimum dosage varying from (0 g to 8 g) towards the
percentage reduction of color as shown in Fig. 4. The reduction percentage efficien-
cies of color increases significantly with of adsorbent dosage from 0.5 g to 5.0 g.
The best optimum result was considered at 4 g for acid-treated kenaf and 5 g for
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Fig. 4 Effects of adsorbent dosage in alkali-treated and acid-treated kenaf on color removal

alkali-treated kenaf with removal percentage of color were 75% and 67%, respec-
tively. Subsequently, further increments in the dosage does not increase in removal
percentage of factors because utmost all color was adsorbed in rubber effluent when
further increment in dose was 4.5 g. More rapidly increasing in adsorption with
increasing the amount of adsorbent due to higher surface area and accessibility more
adsorption site [11].

4 Conclusions

Kenaf fiber have been successfully modified using citric acid. The citric acid treated
kenaf fiber showed higher adsorption percentage removal towards COD, color and
ammoniacal nitrogen than that of kenaf fiber treated using NaOH. The maximum
adsorption of COD, color and ammoniacal nitrogen is 80%, 75% and 86%, at 4 g
adsorbent dosage with pH 8 and 120 min of contact time were obtained from experi-
ments. Kenaf fiber can be one of alternative adsorbent inwastewater treatment system
since it is effective, environmentally friendly and can reduce environmental pollution.

Acknowledgements The authors acknowledge the financial support provided by the ministry of
higher education through Mybrain scholarship.
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Potential of Pretreated Spent Coffee
Ground as Adsorbent for Oil Adsorption

Nur Farhana Najwa Nasaruddin, Hairul Nazirah Abdul Halim,
Siti Khalijah Mahmad Rozi, Zulfakar Mokhtar, Lian See Tan,
and Nurfatehah Wahyuny Che Jusoh

Abstract Spent Coffee Ground (SCG) has the potential of becoming a low-cost
adsorbent for oil removal. However, the effectiveness of SCG as an oil adsorbent is
limited by its hydrophilicity. In this work, chemical pretreatment of SCG with acid
and alkali was evaluated as a means of enhancing its performance for adsorbing
palm cooking oil. The surface morphology of raw and pretreated SCG samples
was characterised using a Scanning Electron Microscope (SEM). The functional
groups were analysed using Fourier Transform Infrared (FTIR) spectroscopy. A
comparison between adsorption performances was performed in terms of contact
time in batch adsorption experiments to determine the adsorption capacity of SCG-
based adsorbents with oil. The SEM results showed that more developed pores were
present on the acid- and alkali-treated SCG samples compared to on the raw SCG
sample, while the FTIR results indicated the elimination of hydrophilic cellulose and
hemicellulose on these samples. According to these results, both acid- and alkali-
treated SCG have better tendencies of adsorbing oil compared to raw SCG. The
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maximum oil adsorption capacity (2.549 g/g) occurred after 150 min of contact time
between alkali-treated SCG adsorbents and oil.

Keywords Biomass adsorbent · Acid and alkali pretreatment · Oil adsorption
capacity

1 Introduction

The beverage industry in Malaysia is dominated by coffee drinks based on an anal-
ysis on beverage consumptions in 2016. With approximately 60.83% of respondents
claiming to drink coffee daily [1], huge amounts of SCG, which are solid residues
that are collected after the ground coffee beans have been brewed, would be disposed
of as either domestic or industrial effluent [2]. As the waste of a high commodity
product, SCG are readily available at a low cost, which allows them to be exploited
for other purposes.

With the threat of climate change, researchers are working hard at finding ways to
mitigate oil pollution problems that arise from industrial activities. Several technolo-
gies have been implemented, such as adsorption using commercial adsorbents for the
removal of oil from industrial effluent. Alternative adsorbents based on biomass have
also been studied, such as rice husks, kapok fibre, and potato peels [3] in the effort
to reduce the expensive cost of commercial adsorbents. However, the utilisation of
SCG as oil adsorbent has rarely been reported. The moisture content of this potential
adsorbent may range between 50% w/w and 85% w/w, which can be influenced by
the brewing method [2]. In addition, SCG present a higher water holding capacity
than other biomass adsorbents, such as rice husk, sugar cane bagasse and corn crops
because SCG comprise of higher fibre content. Raw SCG have higher water holding
capacity (5.73 ± 0.10) compared to oil holding capacity (5.20 ± 0.30) [4].

The modifications of adsorbents using acid and alkali pretreatments are some
of the techniques in improving surface polarity and hydrophobicity. A recent study
by [5] reported that after coking coal was pretreated with 1 M H2SO4, increases
in surface area, pore volume of micropore, as well as hydrophobic properties of
the adsorbent were observed. According to [6] and [7], an alkali pretreatment can
increase an adsorbent’s capacity for adsorbing non-polar materials by increasing its
alkali groups and changing its surface polarity. For example, [7] reported that the
surface properties and adsorption capacity of activated carbon was enhanced via
NaOH pretreatment. Therefore, this study has focused on utilising acid and alkali
pretreatment to enhance the adsorption capacity of SCG for oil. A comparative study
on the raw and pretreated SCG samples was conducted to analyse any improvements
on adsorption performance.
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2 Materials and Method

2.1 Material and Chemical

In this work, spent coffee grounds were used as adsorbents, which were collected
from McDonald’s Kangar, Perlis. Concentrated sulphuric acid (H2SO4, 96%) and
sodium hydroxide pellets (NaOH) were purchased from Fisher Scientific, Malaysia,
and were used in the SCG pretreatment process. Palm cooking oil was used as the
adsorbate in this study.

2.2 Method

2.2.1 Acid and Alkali Treated Spent Coffee Ground

First, the SCG were rinsed with distilled water and placed in an oven (Binder,
Malaysia) for 24 h at 70 °C. The dried sample was sieved into uniform particle
of size (500 μm - 2 mm). Then, 20 g of the dried SCG was immersed in 100 mL
of 1 M H2SO4 and continuously stirred on a hotplate for 1 h, at room temperature.
Afterwards, the samplewas left unstirred for 24 h. Acid residuewas repeatedly rinsed
out of the sample using distilled water until neutral pH was achieved, and then, the
clean sample was dried at 70 °C overnight. The SCG were also treated with 1 M
NaOH under similar conditions [8, 9].

2.2.2 Characterization of Adsorbents

A scanning electron microscope (SEM) (Jeol, Japan) was used for the raw, and the
acid- and alkali-treated SCG samples to analyse their surface textures and the devel-
opment of porosity. The functional groups were analysed using Fourier Transform
Infrared (FTIR) spectroscopy (Perkin Elmer, Massachusetts, USA).

2.2.3 Comparison on the Performance of Adsorbents

The performances of raw, and acid- and alkali-treated SCG samples were compared
in terms of different contact times in a batch adsorption process. The experiments
were conducted for 30–240 min, with an increment of 30 min for every time interval
[10]. Approximately 1 g of each sample was weighed and wrapped in a 5 × 7 cm
nylon teabag, which was immersed in 20 g of oil in a 100 mL glass beaker without
agitation. The experiments were conducted at different contact times at a constant
room temperature. After a specific time, the teabag was taken out from the glass
beaker and placed on a filter funnel for 15 min to let the oil drip off. Then, the sample
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was weighed, and the adsorption capacity (g/g) was calculated using the following
Eq. (1) [11]. Each experiment was conducted three times under identical conditions.

q = MF(g)−MI(g)

MI (g)
(1)

where,

MI is the mass of adsorbent before adsorption and

MF is the mass of adsorbent after adsorption

3 Results and Discussion

3.1 Characterization of Adsorbents

3.1.1 Textural Characterization of Raw, Acid and Alkali Treated SCG

Figure 1A–C shows the textural characterisation of the raw SCG, acid-treated SCG,
and alkali-treated SCG, respectively. The SEM image of raw SCG showed a fairly
dense morphology composed of thin sheets of materials that resembled sawdust, as
similarly reported by [4]. However, large pores were clearly seen on the surfaces
of the acid- and alkali-treated SCG samples. These results showed that H2SO4 and
NaOH treatments were effective for creating well-developed pores on the surface of
SCG [8, 12].

3.1.2 FTIR Analysis

Figure 2A-C shows the FTIR spectra of raw SCG, and acid- and alkali-treated SCG.
The spectrum of raw SCG in Fig. 2A shows a fairly broad peak between 3,600 and
3,200 cm−1, which can be relate to the hydroxyl group of O–H stretching vibra-
tion. Meanwhile, the bands at 2968 and 2897 cm−1 corresponded to the asymmetric
stretching of C–H bonds of the methyl group (−CH3) in the caffeine molecule [4,
13]. The small bands located at 1788 and 1751 cm−1 can be assigned to the C = O
stretching of hemicellulose. These results showed that the rawSCG sample contained
several functional groups, such as hydroxyl, alkanes, and carbonyls.

Figure 2B shows the spectrumof acid-treated SCG sample. Similar bands between
3,600 and 3,200 cm−1 appears to be less intense, very broad, and has shifted slightly
compared to the band for the raw SCG sample (see Fig. 2A). This difference
showed reduced hydrogen bonds in cellulosic hydroxyl groups, which decreased
the hydrophilic behaviour of pretreated SCG. Both peaks at 2924 and 2858 cm−1

can be attributed to the C–H stretching vibration. A similar observation was reported
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Fig. 1 SEM images at 500×magnification (A) of raw SCG (B) acid-treated SCG (C) alkali-treated
SCG
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Fig. 2 FTIR spectra of A raw SCG B acid treated SCG C alkali treated SCG
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in another study [14]. The new peak at 1743 cm−1 can be associated to the C = O
stretching vibrations. This band is related to the formation and increase of carbonyl
groups via the degradation of β-linkages by acid treatment [14].

From the spectrum of alkali-treated SCG, as shown in Fig. 2C, a similarly broad,
and the most intense band can be seen between 3,600 and 3,200 cm−1, compared to
the bands of the other two samples. This shift could be due to the hydrolysis effect of
the NaOH treatment. The consequent breakdown of ester or ether bonding led to the
removal of lignin or hemicelluloses from SCG and created a free O–H group [15].
Double peak at 2922 and 2850 cm−1 can also be seen, which represented the C–H
stretching vibration. However, it can be observed that carbonyl band was not present
in the alkali-treated SCG spectrum due to the dissolution of lignin and hemicellulose
in the alkaline solution [14]. Instead, a new, fairly strong peak at 1562 cm−1 can be
seen, which corresponded to C=C stretching. This phenomenon showed that alkali-
treated SCG might have a greater oil adsorption performance than acid-treated SCG
and raw SCG due to the elimination of hemicellulose, which consists of hydrophilic
functional group.

3.2 Comparison on the Performance of Adsorbents

Figure 3 shows the effect of contact time on the oil adsorption capacity of the raw,
acid-treated, and alkali-treated SCG samples. Minimum adsorptions were recorded
at the earliest of 30 min of contact time for all samples (0.201 g/g for raw, 0.375 g/g
for acid-treated, and 0.611 g/g for alkali-treated SCG). Then, a slow increment can
be observed between 30 to 90 min of contact time. This observation could be linked
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to the external diffusion of palm oil on the surface of the sorbent, which was just
starting to break through the pores [16].

Figure 3 shows that adsorption capacity has significantly increased between 90
to 120 min of contact time for all samples. Maximum adsorptions were recorded at
150 min for acid-treated (1.930 g/g), alkali-treated (2.549 g/g), and raw (1.625 g/g)
SCG samples. This behaviour was progressively observed due to the internal diffu-
sion of oil into the pores of the adsorbents, which became significantly enhanced once
external diffusion was established within 30 to 90 min of contact time. At maximum
adsorption capacity, available sites on the adsorbent surfaces would mainly be occu-
pied by oil. However, starting from150min onwards, a slight decrement in adsorption
capacity was observed for all samples. This is due to the desorption of oil from the
binding sites. Previous studies have reported similar results for the effect of contact
time on oil adsorption using lansium parasiticum shell and chicken feather [17, 18].

The results showed that alkali-treated SCG were the best adsorbents compared
to the raw and acid-treated SCG. Based on the results obtained at 150 min of
contact time, alkali-treated SCG showed 1.57 times higher improvement percentage
compared to raw SCG. This conclusion was made based on the FTIR results that
indicated the elimination of hydrophilic hemicellulose from the alkali-treated SCG,
leading to a greater oil adsorption performance.

4 Conclusion

The potential use of SCGas adsorbent for oil removalwas studied by treating the SCG
with H2SO4 and NaOH. The SEM results showed that more pores had developed on
acid- and alkali-treated SCG compared to on the raw SCG sample. The FTIR results
indicated that the hydrophobic functional groups were enhanced following the acid
treatment due to the reduction in hydrogen bonding in the cellulosic hydroxyl groups.
Meanwhile, the alkali treatment has led to the elimination of hydrophilic hemi-
cellulose, which then resulted in a decreased hydrophilic behaviour and increased
hydrophobic behavior. Both acid- and alkali- treated SCG samples showed enhanced
oil adsorption capacitywhen compared to rawSCG sample.Maximumoil adsorption
capacity was obtained by the acid-treated SCG sample (1.930 g/g) and alkali-treated
SCG sample (2.549 g/g) at 150 min of contact time. Therefore, it was concluded
that both H2SO4 and NaOH pretreated SCG can potentially be used as oil removal
sorbents.
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Rainwater Harvesting System: Design
Performances of Optimal Tank Size
Using Simulation Software

Farisya Aliya Hilmi and Azianabiha A Halip Khalid

Abstract Rainwater harvesting (RWH) system has become a high potential source
of water supply in urban areas. It is a practical solution to combat water crisis and
can also contribute to reduce a storm’s peak flow. This research aims to determine
the feasibility and design performance of RWH for Kolej Melati, UiTM Shah Alam,
Selangor. The performances of various storage tank sizeswere calculated using Tanki
NAHRIM 2.0. Finding from the software simulation was used to select the optimum
tank size which provide highest water saving and reliability. The monthly analysis
of the RWHS shows promising results of collectable water on the demand, in which
the average reliability was higher than 50%. The result showed that the best tank size
Kolej Melati is 100 m3. About 46.6% of rainwater from roof can be used that provide
83.7% of water demand. This amount is equivalent to 2639.56 m3 to fulfill the water
requirement for 297 days per year. Therefore, the proposed implementation of RWH
system in Kolej Melati is highly viable and the outcome could support green campus
initiative by the university.

Keywords Rainwater harvesting · Optimum tank size · Tangki NAHRIM ·Water
saving efficiency

1 Introduction

Water availability is important for the health and productivity of the environment,
ensuring the continuous supply of a variety of goods and services to support human
well-being. Our earth is comprised of 71% covered in water which are mostly found
in oceans and largewater bodies.Water has been used by humans for various purposes
either outdoor or indoor such as for drinking, watering garden and transportation.
With such increasing in urbanization, water has been one of the highest demands
and there is greater pressure to conserve existing water supplies [1]. According to
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Water World Council [2], the world population will rise by another 30–40% for the
next fifty years and hence contribute to an increase of water demands which later
will have significant outcome on the environment.

Malaysia is one of the countries that receive high rainfall in which the annual
average rainfall for PeninsularMalaysia, Sabah and Sarawak are 2420mm, 2630mm
and 3830 mm respectively. The high volume of rainwater in Malaysia has been
taken as an alternative source to supply water by using rainwater harvesting system.
However, the continuous growth of population and increasing in urbanization and
industrialization have increase the demand of water. Therefore, in the planning and
management of available water supplies, the principle of sustainability must be
considered. In Sustainable Development Goal (SDG 6) has emphasizes the impor-
tance of conserving and handling water resources in a sustainable manner. The
Malaysian government has taken many constructive steps to resolve the issue of
water scarcity, including recycling and reuse of grey or waste water, increasing water
tariffs, raising public awareness and encouraging the use of RWH system [3].

Besides, Malaysia has endured droughts and floods in various areas, so studying
the feasibility of alternative water supplies in Malaysia to manage and preserve the
sustainability of urban townships is important [4]. For the utilisation of rainwater as a
water resource, the use of appropriate rainwater harvesting technology is significant.
Rainwater harvesting system able to solve the issue of water shortage at the same
time and minimise dependency on domestic water supply [5].

Rainwater Harvesting (RWH) system is a method to collect or store rainwater
from roof as a catchment which later can be used as non-potable purpose such as
landscape irrigation, toilet flushing and laundry [6]. It is also known as one of the
sustainable methods as it emphasizes the using of natural resources. It can be used as
potable usage but the microbial component needs to be reduced or removed with a
proper treatment [7]. Even though it needs to be treated to satisfy legal requirements,
rainwater has always been known to have considerable potential to add to the supply.
This paper presents a study on the feasibility of RWH for Kolej Melati UiTM, Shah
Alam and the design performance based on the optimum tank size by using Tangki
NAHRIM 2.0.

2 Method

2.1 Sampling Location

UiTM campus Shah Alam was selected as the location of this study. A residential
college of Block 4B of Kolej Melati (Fig. 1) was chosen to identify the optimum
tank size. It is inevitable to develop RWH technology with one of its most important
components, precipitationmust be considered. A secondary data of hydrological data
of rainfall was obtained from Drainage and Irrigation Department Malaysia (DID).
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Fig. 1 Melati residential college, UiTM Shah Alam

The previous 15 years of rainfall data from the year 2003 to the year 2017 were used
in the study.

2.2 Tangki NAHRIM 2.0

The latest TangkiNAHRIM2.0 softwarewas used to determine the optimum tank size
for the selected location and to assess the viability of using rainwater tanks as a source
of water addition. There are specific inputs such as rainfall data, roof information,
water demand and the tank capacity needed to be filled in to get the optimum tank
size for rainwater harvesting. The steps of the design are as the following:

2.2.1 Rainfall Data

To begin the analysis, UiTM Shah Alam rainfall station (Station No: 3014091) was
selected. Table 1 shows the average annual and monthly rainfall. These rainfall data
were used to analyse the potential of rainwater harvesting. Potential of rainwater
harvesting can be calculated using the following equation [8]:

PRH = ART × RC × RI (1)
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Table 1 Average rainfall for
station no: 3014091 per year
and month

Year Rainfall (mm) Month Rainfall (mm)

2003 1912.5 January 222.3

2004 2557.5 February 167.5

2005 1977.9 March 198.7

2006 3107.6 April 235.1

2007 2002.8 May 170.7

2008 3309.2 June 129.9

2009 2451.7 July 162.9

2010 2416.1 August 137.1

2011 2122.6 September 173.6

2012 2247.8 October 212.2

2013 1833.6 November 321.3

2014 2344.0 December 266.6

2015 2595.0

2016 2319.6

2017 2471.5

Table 2 Runoff coefficient
for roofing material [9]

Type of roof Runoff coefficient

Galvanized iron sheet >0.9

Tiles 0.8–0.9

Concrete 0.6–0.8

where, PRH is the potential rainwater harvesting (m3), A is the area of the rooftop
(m2), RC is the runoff coefficient (−), and RI is the rainfall (m).

2.2.2 Roof Information

Block 4B Kolej Melati has approximately 1026 occupants. The roof measurements
considered basedonGoogleEarthwere 104m long and31mwide. Thus, resulting the
catchment area to be about 3224 m2. The rooftop runoff coefficient varies depending
on the roof’s material and slope as presented in Table 2. The building has runoff coef-
ficient of 0.8 for concrete tiles material. First flush used was 1 mm as recommended
by NAHRIM.

2.2.3 Water Demand

The required water demand for domestic use can be referred in guidelines provided
by Urban Stormwater Management Manual (MSMA 2nd Edition) by Department of
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Table 3 Rainwater
consumption for domestic use
[10]

Application Average
consumption

Average total
rainwater demand

Toilet
- Single flush
- Dual flush

9 l/flush
6 or 3 l/flush

120 l/day
40 l/day

General cleaning 10–20 l/min 150 l/day

Sprinkler/
Handheld hose

10–20 l/min 1000 l/hour

Washing car 10–20 l/min 100–300 l/wash

Table 4 Water demand litres
per day for block 4B Kolej
Melati

Application Unit Average water
used

Total water use
(litres/day)

Single flush toilet
with 9 l/flush

72 no 120 l/day 8640

Irrigation andDrainage (DID) as shown in Table 3. The toilet flushingwas considered
as the major non-potable used for the residential college. The total water demand is
8640L/day.Therefore, the annual rainwater demand is 3153.6m3/year. The estimated
water consumption was calculated in Table 4.

2.2.4 Tank Capacity

The maximum volume of water captured from the roof area to the rainwater
harvesting system is used to construct the rainwater tank. The assumption on the tank
size was based on previous research with almost similar amount of water demand.
The smallest size to be about 10 m3 and largest size 100 m3 with an increment of 10
m3 [11].

2.2.5 Reliability

Volumetric reliability is defined as the total volume of captured rainwater supplied
divided by the total water demand and time reliability is the percentage of time when
demand is fully met [12]. The following formula were used to determine the time
and volumetric based reliability:

Reliabili t yRatio = Deliverd Value

Demand Value
(2)

T R = 1− d f

n
× 100 (3)
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where TR is the time reliability, df is the number of failure days and n is the total
number of days.

3 Result and Discussion

3.1 Feasibility of RWH Based on Hydrological Data

Before evaluating rainwater harvesting as a prospective source of water supply addi-
tion, it is critical to obtain and analyse rainfall data for at least the previous 10 years
to obtain a good grasp of the rainfall pattern in a given location [13]. Precipitation
data is required to calculate the volume of water that can be collected, considering
rain depth and roof area, and then comparing that to the volume of demand needed.
According to the rainfall data provided by Department of Irrigation and Drainage for
year 2003 to 2017, the rainfall recorded are starting from January to December every
year. From the data given, the pattern of the rainfall at station UiTM Shah Alam has
be obtained.

The variation of historical data of annual rainfall for UiTM Shah Alam station is
shown in (Fig. 2) where the mean annual rainfall is 2378 mm. The highest annual
rainfall intensity recorded was in the year 2008, which is 3309.2 mm. The second
highest rainfall is in 2006 with 3107.6 mm. Given the high seasonal variations,
rainwater harvesting system will contribute to ensuring water supply for domestic
and other needs [14]. All areas in Malaysia are subject to heavy rainfall with 80% a
year which is between 2000 to 2500 mm of rain each year [15]. Hence, it is feasible
for implementing RWH system as the intensity is more than 2000 mm. The result
for the volume of the rainwater that can be harvest in a month using the Eq. (1)
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Table 5 Potential of rainwater harvesting per month for catchment area of 3224 m2

Month Rainfall (m) Coefficient Catchment area (m2) Potential rainwater
harvesting (m3)

January 0.2223 0.8 3224 573.36

February 0.1475 0.8 3224 380.43

March 0.1987 0.8 3224 512.49

April 0.2351 0.8 3224 606.37

May 0.1707 0.8 3224 440.27

June 0.1299 0.8 3224 335.04

July 0.1629 0.8 3224 420.15

August 0.1371 0.8 3224 353.61

September 0.1736 0.8 3224 447.75

October 0.2122 0.8 3224 547.31

November 0.3213 0.8 3224 828.70

December 0.2666 0.8 3224 687.61

showed that November and December were the highest with 828.70 m3 and 687.61
m3 respectively (Table 5). This is because these months falls in northeast monsoon
season.

When assessing the possibility of implementing rainwater harvesting systems,
some factors such as localwater demand, cost feasibility, and precipitation are consid-
ered to ensure the success of the system. The process for sizing a rainwater harvesting
tank is based on historical rainfall data that may be used to estimate the amount of
rainwater runoff gathered from the chosen roof [16]. Due to its location in the humid
tropics, Malaysia has a high number of rainy days (138 to 181 days per year) thus
the RWH system should be used to its full potential in order to save the most water
in the reservoir that will be used during the dry season [8].

3.2 Design Performance Analysis

3.2.1 Water Saving and Storage

The storage and water saving efficiency for 8640 L per day of water demand for
toilet flushing purpose is shown in Fig. 3. The water-saving and storage efficiency
would grow with tank capacity for sizes ranging between 10 m3 and 100 m3 with the
efficiency varied in the range from 35.9% to 83.7% and 19.9% to 46.6% respectively.
Despite the small percentagevariations, they resulted inwater savings of several cubic
meters each year and enhance the water supply network. In terms of cost, it was more
cost effective to choose smaller tank considering economic purpose [13].
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Fig. 3 Water saving and storage efficiency for tank size ranging from 10 m3 to 100 m3

Water saving efficiency is also known as volume reliability. It is calculated by
referring on Eq. (2). The tank volumetric reliability (%) was used as a measure of the
tank performance to assess the rainwater tank’swater saving efficiency [17]. Based on
water-saving efficiency curve, it shows that harvested rainwater can satisfied more
than 80% of total water demand for tank capacity of 80 m3 and larger. However,
increasing the size of the tank by 10 m3 for the given ranging capacity will only
saves less than 5% of the total water consumption. A 50 m3 storage capacity could
provide 71.7% water demand which can save 1132.14 m3 of water per year.

One of the key motivations for RWH is to save water, particularly in urban areas
where fresh water is scarce [17]. Table 6 shows the volume of water that can be
saved per year by implementing RWH system. It was found that for tank capacity
of 20 m3 and larger, it can provide more than half of the water demand which is
1576.80 m3/year. Therefore, smaller tank capacity can be considered to be used as
water saving efficiency is met nearly above half (50%) of the demand.

Table 6 Volume of water
(m3/year) that can be saved
for different tank sizes

Tank capacity
(m3)

Water demand
(m3/year)

Water saving
efficiency (%)

Water saved
(m3/year)

10 3153.6 35.9 1132.14

20 3153.6 51.3 1617.80

30 3153.6 60.6 1911.08

40 3153.6 67.0 2112.91

50 3153.6 71.7 2261.13

60 3153.6 75.3 2374.66

70 3153.6 78.1 2462.96

80 3153.6 80.3 2532.34

90 3153.6 82.2 2592.25

100 3153.6 83.7 2639.56
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Storage efficiency curve is generally low compared to water saving efficiency
curve. This is due to the amount of rainfall is quite high, so the low water demand
causes spillage. It shows that almost half percent can be achieved if the tank capacity
is 90 m3 and above. To properly utilize the high amount of rainfall volume, the water
demand must be increased to improve storage efficiency [13]. The tank size with
reliability of more than 70% can be selected as optimum tank size [11]. Therefore,
the tank capacity of 100 m3 is chosen as an optimum size for Kolej Melati, UiTM
Shah Alam. About 83.7% of water demand can be provided which equivalent to
2639.56 m3 of water per year and 46.6% of rainwater from roof can be used.

3.2.2 Yield Spillage

A behavioural model was used to assess the effectiveness and performance of rain-
water collection systems. This Tangki NAHRIM 2.0 software adopting a yield after
spillage (YAS) model in which the concept is rainwater is collected until the storage
is full. From the data provided, volume and time reliability can be analyse. Figures 4
and 5 show the volume and number of yield and spillage in each tank size for average
annual and number of days. The reliability of the time is calculated using Eq. (3) and
the result is tabulated in Table 7.

Based on Fig. 4, the volume of spill is higher than the volume of yield. However,
the spill shows decreasing over the increasing of tank capacity while yield shows
increasing in pattern. TheYAS rule states that the yield is the lesser of the demand and
supply [18]. From tank size 80 m3 up to 100 m3, the yield shows slightly consistent
increase in which it matched with the water saving efficiency pattern. Whereas the
spillage consistent with the trend storage efficiency. Thus, a larger tank should be
provided so that the volume of spilled water can be minimized [19].

As shown in Fig. 5 is the time reliability. The pattern for yield and spill is contrast
compared with (Fig. 4). The number of days rainwater yield satisfied the demand as
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Table 7 Time reliability for
water demand of 8640 L per
day

Tank capacity (m3) Yield (day/year) Time reliability (%)

10 104 28.5

20 160.5 44.0

30 197.9 54.2

40 224.1 61.4

50 244.9 67.1

60 260.6 71.4

70 274.7 75.3

80 284.1 77.8

90 291.7 79.9

100 297.9 81.6

tank size increases, roughly from 28.5% to 81.6% of days per year. On the other hand,
the number of days per year for spillage decrease as tank size increases ranging from
99 to 59 days. For the tank capacity selected (100 m3), the number of days rainwater
yield fulfilled demand is 297 days per year which is about 81.6% and spillage occur
at 59 days per year.

3.2.3 Percentage Tank Volume

Percentage tank volume is to determine the condition of water in tank based on
number of days per year. It is divided into five classes which are the tank volume at
75% to 100%, 50% to 75%, 25% to 50%, less than 25%, and empty. The condition
of water in tank within 15 years are illustrated in Fig. 6. From chart, the volume of
water to full the tank increases as the tank size increase while the volume of water
tank to empty decreases. The larger tank capacity will capture more rainwater and
increase the period as it can store for a longer time compared with the small tank
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Fig. 6 Condition of water in tank within 15 years

capacity [13]. Furthermore, the smaller tank capacity will increase the spillage due
to a large amount of rainwater enter the tank, hence, increase in the percentage time
for tank volume to empty as it has higher water demand.

4 Conclusion

In conclusion, the rainfall data was chosen based on the nearest station from the study
areawhich is UiTMShahAlam station. The average annual rainfall is 2378mm, thus,
it is highly feasible for implementing rainwater harvesting system. The potential of
rainwater that can be collected was identified based on the average monthly rainfall
data. Next, a few inputs such as catchment area, roof information, water demand in
litres per day and tank capacity were collected. From these, the optimum tank size
for Block 4B Kolej Melati UiTM Shah Alam was determined. The tank size of 100
m3 is selected as the optimum design. Based on this optimum size, about 46.6%
of rainwater from roof can be used that provide 83.7% of water demand which
equivalent to 2639.56 m3 to fulfil the water requirement for 297 days per year. Most
importantly, the system is expected to save water bill of approximately RM 4249.69
based on current tariff for government department.
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Study on Suspended Particles Velocity
at Ogee Dam Spillway Using Discrete
Particle Method (DPM) and Particle
Image Velocimetry (PIV)

Nazirul Mubin Zahari, Mohd Hafiz Zawawi, Lariyah Mohd Sidek,
Mohamad Aizat Abas, Farah Nurhikmah Ghazali, and Nurul Husna Hassan

Abstract Theories of dam construction thatwere created eventually laid the ground-
work for dam safety, allowing for the design of higher-quality dams to be built. Dam
engineers continued to experimentwith new technology to build dams in a safer,more
cost-effective, and environmentally friendly manner. The Discrete Particle Method
(DPM) is commonly used in various study. Objective of this study is to identify a
different velocity of different particles influence at ogee dam spillway using Discrete
Particle Method (DPM). Simulation of 1:1 and 1:40 scaled model and experimental
1:40 scaledmodel had been done. This studypresents a validation of particles velocity
on 1:40 scaled ogee dam using Particle Image Velocimetry (PIV). Three different
types of particles namely as silt, sand and gravel was use in DPM simulation. The
results indicate a pattern of particle velocity peak at certain point. Percentage different
for 1:40 scaled simulation and PIV experimental is less than 10%.
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1 Introduction

Dam safety theories evolved over time allowed for better dam design. Dam engineers
continued to experiment with new technology to build dams in a safer, more cost-
effective, and environmentally friendly manner. Discrete Particle Method (DPM)
has been widely used in testing a variety application [1, 2]. Numerical software was
utilized to simulate particle behavior in terms of velocity parameter. The software
allowed the user to create amodel, inject particles based on their attributes, and collect
velocity information for the particles. Many investigations on numerical simulations
based on ogee dam spillway have revealed a variety of issues [3–5].

Particle Image Velocimetry (PIV) validation was performed to confirm that the
results are useable and acceptable [6–9]. PIV works by introducing seeding particles
into the fluid flow that act as tracking particles and tracking themovement of tracking
particles when illuminated. PIV is a non-intrusive experimental method to visualize
the fluid flow velocity vector. The capability of PIV as a flow velocity visualization
tool had been proved viable in various applications, such as water filtration unit [10],
ogee spillway crest [6], encapsulation process [1], aeration study [8] and electrostatic
precipitator [11]. Objective of this study is to identify different velocity of different
particles influence to ogee dam spillway using Discrete ParticleMethod (DPM). This
study also introduces a validation of particles velocity on 1:40 scaled ogee dam using
PIV.

2 Materials and Method

2.1 Numerical Modelling of Suspended Particles

This section describes methods to use numerical simulation software to simulate
suspended particles in a dam spillway. The fluid-particle interaction between the
continuous phase fluid flow and dam structure, as well as the suspended particles,
will be examined in this simulation. The Navier–Stokes equations, which include the
continuity equation and momentum equation, were used to govern the continuous
fluid phase [12]:

∂ρ

∂t + ∇(ρu) = 0, (1)

∂
∂t (ρu) + ∇(ρu · u) = −∇P + ∇τ + ρg, (2)

where t is the time, ρ is the fluid density, u is the flow velocity, τ is the shear stress
and gravitational acceleration, g.

The particulate phase of sediment presented in water wasmodelled by the discrete
phase model (DPM) [1, 13]. By the forces balance, the trajectory of the sediment



Study on Suspended Particles Velocity at Ogee Dam Spillway … 449

(a) (b)

Fig. 1 a The boundary conditions assigned on the fluid domains in the numerical simulation (ISO
view) b Point of interest of 1:1 model (from side view)

particles as suspended in the water can be determined with known particle’s velocity,
up:

∂
∂t up = 18μ f

dpρpCc

(
u − up

) + −→g ρp−ρ

ρp
+ −→

F x , (3)

where μ f is the dynamic viscosity of the fluid, ρp is density of particle, dp is the
diameter of particle and Cc is the Cunningham correction factor.

Two models were drew using CAD software which are a scale 1:1 and 1:40.
The characteristic length of the dam with scaled down dimensions were formed by
considering the complexity of the geometry. Using two-way interactions of multi-
phaseVOFandDPMmodel, the environment of a standard reflowprocess is recreated
in numerical simulation. The discrete particle phase will allow for exact trajectory
particle prediction. The schematic boundary diagram with inlet, outlet of water flow,
L (characteristic length) and Y (height of the point location) are shown in Fig. 1.
The mesh developed for the current model is based on tetrahedrons mesh. The fluid
domain divided into three parts which are air, water and particles. The magnitude
of the velocity of the water flow into the inlet is set at 0.032 m/s and 0.005 m/s for
1:1 and 1:40 scale respectively. Three different size of particle was used as input
namely silt (1400 kg/m3), sand (1800 kg/m3) and gravel (2000 kg/m3) and particle
size 0.00125 m, 0.7 m and 4 mm respectively.

2.2 Scaling Formulation

The flow conditions in the physical model should be as close to those in the prototype
as possible. This model is meant to show how geometrically similar, kinematically
similar, and dynamically similar the prototype. Scaling down model to 1:40 scale
size was done using similarity method. In this study, the scaled down dimension of
the dam was expressed in terms of its length. The L length for 1:1 scale model is
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Table 1 Scaling parameter

Parameter Scale Relationship
1:1 model (p),
1:40 (m)

Ratio Scale Value
of each parameter

1:1 Scale Value 1:40 Scale Value

Geometric (L) S = Lp/Lm 1/40 31 m 0.78 m

Inlet Velocity (V) Vp = Vm * S0.5 1/6.32 0.32 m/s 0.05 m/s

Scaled Gravel (D) S = Dp/Dm 1/6.667 4 mm 0.6 mm

31 m and scale size for 1:40 is 0.78 m. The comparison of spillway length when
scaled down is shown in Table 1. Shield Number was used to scale the particle size
from 1:1 to 1:40. The Shield Number [14] general equation was used as follows:

τ = ρ × √
gyS (4)

τ ◦ = τ

(ρs − ρ) × g × Dp
(5)

where, ρ is the fluid density, ρs is the particle density, S is the references slope, y is
the references water depth, τ is the shear stress and gravitational acceleration, g and
Dp is particle diameter.

For velocity similarity, Froude number was used to scale the velocity of the model
from scale 1:1 to 1:40. Froude number should be constant between full scale model
and scale downmodel [15]. The following formulawas used, where, V is the velocity,
g is gravitational constant, and L is the characteristic length.

Fr = V√
gL

(6)

2.3 Particle Image Velocimetry (PIV) Experimental

Figure 2 presents the particle image velocimetry (PIV) experimental setup for
conducting the validation process on ogee dam spillway 1:40 physical model. In
setting up, a camera video is placed perpendicularly to the laser to capture the flow
of water from the side. For fluid scenario, amount of polyamide seeding particles
(same density ofwater)were added to thewater as trackingwater particlesmeanwhile
for particle scaled gravel, 0.6 mm diameter were use as tracking particles velocity.
Upon commencing the experiment, the ambient is kept dark to ensure the camera is
capturing the thin illuminated by laser light. All images were analysed using PIVlab
to obtain the flow velocity and flow vectors.
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Fig. 2 Arrangement of PIV
experimental and Point of
interest location

3 Result and Discussion

3.1 Fluid and Particle Velocity

Figure 3 shows the results of numerical simulation based on fluid and 3 different
particles as describe in Sect. 2.1. Figure 4 shows results of fluid velocity and particles
velocity by point. On the right of the graph shows the Y (m) which is height of the
point located. The pattern of velocity is different at each point and each case. For
particle velocity, highest trend of velocity is sand particle with diameter of 0.7 mm
and sand density is 1800 kg/m3. Overall trend of highest velocity for water occurs at
point 4 which is 13.93 m/s. Point 4 have a highest flow because of the downfall of
water on that point toward settle basin area (point 6). Velocity from point 5 to point
6 is slowing in range 10.71 m/s to 6.43 m/s. This trend of velocity affect a velocity
of particles since particles velocity depends on water velocity [5, 15].

4 Validation

The validation from the software has to be investigated to make sure the results
obtained from the simulation were accurate. 1:40 model is simulated to validate
a 1:1 scale and 1:40 model was validated by Particle Image Velocimetry (PIV)
in experimental. Figure 5 presents the velocity of fluid and scaled gravel simula-
tion 1:40 results comparison with PIV at two-point locations. Simulation 1:40 for
particular point was used to validate with PIV. Validation at two locations namely
Point 2 (P2) and Point 6 (P6) for fluid velocity and scaled gravel velocity. The
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(a) (b)

(c) (d) 

Fig. 3 Simulation Results for a fluid velocity, b Silt Particle Velocity, c Sand Particle Velocity, d
Gravel Particle Velocity

Fig. 4 Results Fluid and Particle Velocity of 1:1 Scale
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Fig. 5 Validation results for 1:40 Simulation and PIV

percentage difference at P2 for fluid and particles velocity respectively are 7.69%
and 2.42% respectively. The percentage difference at P6 for fluid and scaled gravel
velocity respectively are 5.94% and 6.29% respectively. According to the results, it
is acceptable range of different percentage less than 15% [12, 15].

5 Conclusion

This study is helpful in identifying a part of the ogee dam spillway indicate high
velocity.On simulation 1:1, general trend of highest velocity occurs at point 4 because
of the downfall of water on that point and velocity is slowing toward to point 6. For
simulation 1:40 is validated with PIV and shows the discrepancy percentage is less
than 10%.
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Synergistic Effect Between Iron
and Food/Microorganism (F/M) Ratio
in Biological Wastewater Treatment

Leela Sri Subramaniam, Nabilah Aminah Lutpi, Yee Shian Wong,
Soon An Ong, Nazerry Rosmady Rahmat, and Chairat Siripatana

Abstract Biological wastewater treatment is mainly dependent on the actions of
microorganisms that can be used to treat wastewater. Microorganisms will start to
stick together when they degrade the organic matter in wastewater for food and
flocculate to settle the pollutants. This study aimed to investigate the effect of food to
microorganism (F/M) ratio and iron in a biological process using aerobic treatment.
For this purpose, four aerobic tanks (A, B, C, D) were set up using activated sludge
as the seed sludge, air pump as air diffuser to provide oxygen to the system, and
three litres of synthetic medium as carbon source for each tank. A specific amount
of iron (II) sulfate was added into tanks B, C, and D with the weight of 3 g, 6 g,
and 9 g, respectively. Tank A act as a control, and no iron dosage was added. The
F/M ratio for tanks A, B, C, and D were 0.8, 0.5, 0.4, and 0.3 mg BOD/mg MLVSS,
respectively. The aerobic tanks were operated for 40 days in sequential batch mode
and sampling was collected four times per week to observe the COD and MLVSS.
This study has found that Tank D shows the best performance compared to all tanks
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with 84.71% COD removal efficiency and a fivefold increment of microorganism
growth rate. These findings suggest that a relationship exists between the iron and
F/M ratio to enhance the aerobic treatment process.

Keywords F/M ratio · Iron · Aerobic · Biological wastewater treatment

1 Introduction

Biological wastewater treatment is a method used to treat wastewater using microor-
ganisms. Microorganisms consume pollutants or organic matter as nutrients in
treating wastewater to grow, live and reproduce. Biological wastewater treatment or
pollutant degradation process can be done with or without oxygen. Aerobic wastew-
ater treatment is with the presence of oxygen, while anaerobic wastewater treatment
is without oxygen [1].

A bioreactor for wastewater treatment should provide suitable operational condi-
tions for microorganisms to breed and increase growth by using energy in organic
matter. In aerobic wastewater treatment, for instance, the degradation of the wastew-
ater process will be efficient with oxygen and a sufficient amount of food provided
for the microorganism [2]. F/M ratio is significant because it ensures the food and
microorganism amount are balanced in the aeration tank. The optimum and ideal
F/M ratio ranges from 0.2 to 0.6 kg BOD/kg MLVSS in a complete mix system [3].
A perfect F/M ratio could treat wastewater efficiently. A high or low F/M ratio could
not give an excellent dense floc because of the dispersion, resulting in an inadequate
settlement of sludge [4].

Limitations of biological wastewater treatment are due to the slow biodegradation
processes. Cell recovery is challenging because substrates could significantly impede
the recovered cell’s activity. On the other hand, iron can help the process by acting
as a supplement for microorganisms [5]. The synergistic effects of microorganisms
and iron can be explained by the fact that the presence of iron produces changes
in microbial activity and community structure that are beneficial to the effective
degradation of environmental pollutants.Microbes that are insufficient in iron dosage
could be less in performance, leading to a poor disperse and poor dense floc [6].
Synergistic effects between iron and microbes on the contaminant degradation make
the role of iron beyond that of a nutritional necessity [6]. Therefore, the study aims to
investigate the synergistic effect between iron and F/M ratio in treating wastewater
using the aerobic treatment process.
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2 Materials and Method

2.1 Activated Sludge and Synthetic Medium Composition

The activated sludge used for the study was obtained from wastewater treatment
plant in Wang Bintong, Perlis. The sample was preserved and refrigerated at 4 °C
prior to use in the study to decrease the biological degradation and acidification.

The synthetic medium used in the aerobic wastewater treatment contained sucrose
as the sole carbon and energy source and supplements, including ammonium chlo-
ride and potassium dihydrogen phosphate based on Carbon: Nitrogen: Phosphorus
(C:N:P) ratio of 100:5:1. This medium composition was applied for all experiments
investigating the effect of iron dosage and F/M ratio in treating wastewater using
an aerobic process. The pH value of the synthetic medium was adjusted to be in a
neutral range between 6.5 and 7.5 using sodium bicarbonate.

2.2 Method

Four aerobic tanks (A, B, C, D) were set up using activated sludge as the seed sludge,
air pump as air diffuser to provide oxygen to the system, and three litres of synthetic
medium for each tank. A specific amount of iron (II) sulfate was added into tanks
B, C D with the weight of 3 g, 6 g, and 9 g, respectively. Tank A act as a control,
and no iron dosage was added. The F/M ratio of each tank was calculated using
Eq. 1, whereby the ratio for tanks A, B, C, and D were 0.8, 0.5, 0.4, and 0.3 mg
BOD/mg MLVSS, respectively. The tanks were operated for 40 days in sequential
batchmode. Samplingwas done four times perweek to observe theCODandMLVSS
performance for each tank. All wastewater parameters were analysed using Standard
Methods for the Examination of Water and Wastewater [7].

F

M
= BOD5mg

L × (Volume of wastewater,L)

MLVSSmg
L × (Volume of wastewater,L)

(1)
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Fig. 1 Performance of a Tank A with F/M ratio 0.8 mg BOD/ mg MLVSS; b Tank B with F/M
ratio 0.5 mg BOD/ mg MLVSS; c Tank C with F/M ratio 0.4 mg BOD/ mg MLVSS; d Tank D with
F/M ratio 0.3 mg BOD/ mg MLVSS
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3 Result and Discussion

3.1 Performance of Organic Matter (COD) Removal
and Microorganism Growth Rate (MLVSS) at Different
F/M Ratios and Iron Dosage.

Figure 1 shows the relationship between the F/M ratio and the performance of all
tanks. Tank A with 0.8 F/M ratio has the most minor performance compared to the
other three tanks. Tank A could only remove organic matter from 34,550 mg/L to
16,640 mg/L, 51.84% of COD removal. Nevertheless, the microorganism’s growth
rate for Tank A still shows almost threefold increment from the initial amount of
13,700 mg/L MLVSS. Tank B with a 0.5 F/M ratio has better performance than
Tank A. Tank B could remove organic matter by 65.23%, from 26,910 mg/L to
10,360 mg/L of COD removal. The microorganism growth rate increased by three-
fold, which was 17,500 mg/L MLVSS initially. Tank C with a 0.4 F/M ratio could
remove 72.73% of COD, and the microorganism was increased by fourfold from
18,200 mg/L to 75,300 mg/L of MLVSS. However, Tank D depicted the highest
performance compared to other tanks. Tank D with a 0.3 F/M ratio achieved
the highest organic matter removal by 84.71% of COD removal, initially from
27,420 mg/L and decreased to 7340 mg/L of organic matter. Tank D also showing
the highest growth rate of microorganisms which was almost fivefold. Overall in this
research, Tank D shows the highest performance compared to all other tanks then
followed by Tank C, Tank B, and Tank A (Tank: D > C > B > A). These results
confirm the synergistic effect between iron and F/M ratio and in agreement with
Eljamal et al. (2020) findings which showed an increment of 15% of COD removal
and 25% of microorganism growth rate after adding the iron [5].

Research conducted by Wu et al. (2018) stated that the amount of food or organic
matter andmicroorganism in the reactor should be stable and balanced for the aerobic
treatment process to work efficiently [4]. The range of F/M ratio that works best in
a system ranges from 0.2 to 0.6 kg BOD/ kg MLVSS [3]. A high or low F/M ratio
could make microorganisms shocked because of the imbalance in the wastewater.
Other than that, according to Hamza et al. (2018), the stable long-granule stability
process appears to be favorable when the reactor’s F/M ratio is 0.5 - 1.4 g COD/g SS
[8]. However, granules cannot be observed in this research because the granulation
process usually takes at least 90 days of observation; meanwhile, this research was
only observed for 40 days because the system has achieved a steady-state COD
removal period as depicted in Fig. 1.
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4 Conclusion

Mixed liquor volatile suspended solids (MLVSS) represent the microbiological
suspension composition changes in respect to variation of iron dosage in the aerobic
system of the biological wastewater treatment process. In conclusion, Tank D shows
the best performance compared to all tanks with an optimal F/M ratio of 0.3 and 9 g
of iron dosage, resulting in 84.71%COD removal efficiency and a fivefold increment
of microorganism growth rate. This study indicates that a relationship exists between
the iron and F/M ratio for the enhancement of the aerobic treatment process. The
experiments from the study confirmed that the F/M ratio and the amount of iron
added influence the tanks’ performance in COD removal and MLVSS increment.
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The Effect of NaOH-Na2CO3
Precipitation Bath Concentration
on Adsorptive Performance
of Crosslinked and Non-crosslinked
Chitosan Beads for Azo Dye Removal

Lui-Ruen Irene Teo, Voon-Loong Wong, and Siew-Shee Lim

Abstract The newly formed chitosan (CS) gel beads were primarily synthesized in
a precipitation bath which contains 1 M NaOH and Na2CO3 at varied concentration
(0.2, 0.4 and 0.6 M). The CS gel beads formed with 0.2 M Na2CO3 exhibited the
highest porosity (ε%) (97.10%) and dye uptake% (64.34%) after 72 h. Besides, the
porosity and adsorptive performance for CS gel beads with 0.4M and 0.6MNa2CO3

were lower as compared to the pure CS gel beads due to low interconnection density
caused by the deeper pores. To counteract the destabilizing effect, glutaraldehyde
(GA) solution was added to the CS gel beads for chemically crosslinking. As result,
all the GA-CS beads demonstrated noteworthy dye uptake% up to 99.6% after 4.5 h
with disregards of precipitation bath concentration. This study had proven on the
stabilising effect provided by GA crosslinking on the outstanding methyl orange
(MO) adsorptive performance.
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1 Introduction

Textile industry is the major contributor towards the hazardous dyes release due to
incomplete dye exhaustion [1]. These dye effluents are subjected to high persistent
colour and chemical oxygen demand (COD) which are aesthetically and environ-
mentally unacceptable [2]. At present, adsorption by using CS, a natural biopolymer
derived from chitin deacetylation, has been widely reported in the literature due to its
noteworthy features of environment-friendly, outstanding dye removal performance,
cost-effectiveness, ease of derivation, facile and controllable operation [3]. Besides,
modifications onto CS adsorbents are highly recommended to improve its surface
area and strength for effective adsorption at industrial scale [4]. Therefore, porogenic
solvents such as Na2CO3 are utilised in CS gel beads synthesis to induce pores [5].
Additionally, chemically crosslinking agents such as GA are commonly introduced
to produce a mechanically and chemically stable CS adsorbent [6].

In the present study, the effect of NaOH-Na2CO3 precipitation bath concentration
on the structure of the newly formed CS gel beads was investigated. The CS gel
beads were developed via phase inversion methods in a basic NaOH gelling solution
supplemented with Na2CO3 at a varied concentration to enhance CS surface area.
Furthermore, the effect of chemically crosslinking of CS gel beads with GA solu-
tion was studied. The key objective of this research is to elucidate the fundamental
phenomenon of adsorption science in MO dye removal by using the newly formed
CS gel beads and GA-CS beads.

2 Materials and Method

2.1 Material

CSpowder (DD%>90%) and acetic acid (HAc) (glacial 99.9%)were purchased from
FulltimeAsia Sdn. Bhd.NaOH (≥99%) andNa2CO3 (≥99.9%)were purchased from
Merck, Germany. GA (25.55%)was purchased fromCalbiochem, United States.MO
powder (85%) were purchased from QREC (Asia) Sdn. Bhd.

2.2 Synthesis of CS and GA-CS Beads

CS solution (3 wt%) was prepared by dissolving 6 g of CS powder into 194 g of HAc
(3 wt%) under stirring for 3 h. A 200 mL precipitation bath solution of 1 M NaOH
with various Na2CO3 concentrations (0.2, 0.4 and 0.6 M) was prepared at a fixed
volume ratio of 1:1 for CS gel beads synthesis. Spherical CS gel beads were obtained
by dropwise addition of CS solution into NaOH-Na2CO3 bath using a syringe pump
(NE-1000, Netherlands) at 0.5 mL/min. The bead sizes were mainly controlled by
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Table 1 Synthesis of CS gel beads and GA-CS beads for MO adsorption studies

Process conditions CS gel beads GA-CS beads

CS (wt%) HAc (wt%) NaOH (M) Set Na2CO3 (M) Set Na2CO3 (M)

3 3 1 1 0.0 5 0.0

3 3 1 2 0.2 6 0.2

3 3 1 3 0.4 7 0.4

3 3 1 4 0.6 8 0.6

a 22-gauge needle tip. After solidification, the CS gel beads were thoroughly rinsed
with distilled water to remove the alkaline residues until neutral pH. Next, some
batches of newly formed CS gel beads were chemically crosslinked in 2 wt% GA
solution for comparative studies. Similarly, the crosslinked GA-CS beads were also
thoroughly rinsed. After rinsing, both CS gel beads and GA-CS beads were dried in
an oven at 60 °C for 3 h. Table 1 tabulates the process conditions of synthesizing CS
beads for MO adsorption studies.

2.3 Porosity Analysis of CS Gel Beads and GA-CS Beads

The porosity (ε%) of CS beads were calculated based on the weight differences of
CS beads before and after drying by using Eq. (1) [7]. All the experiments were
conducted in duplicate to get the mean values for analysis purposes.

ε% =
(WW−WD)

ρw

WD

ρCS+ (WW −WD)
ρw

(1)

where, WW (g) is the weight of wet CS bead before drying; WD (g) is the weight of
Batch dried CS bead; ρCS (ρCS = 1.07 g/cm3) is the density of CS solution; and ρw

(ρw = 1.00 g/cm3) is the density of water.

2.4 Batch Adsorption Studies

Adsorption was performed based on experimental sets in Table 1. 0.35 g of dried
CS and GA-CS beads were separately added into MO dye solution (30 ppm, 50 mL
each) and agitated by using an incubator shaker at 200 rpm under ambient temper-
ature. A constant amount of dye sample (1 mL) was eliminated from the solution at
predetermined time intervals for spectrophotometric quantification of dye concen-
tration. The adsorption capacity was calculated in term of uptake% based on Eq. (2).
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All the experiments were conducted in triplicate to get the mean values for analysis
purposes.

Uptake% = C0 − Ct

C0
× 100 (2)

where, uptake% is the MO dye uptake efficiency (%), C0 is the initial concentration
of dye solution (ppm) and Ct is the concentration of dye solution at time t (ppm).

3 Result and Discussion

Figure 1 illustrates the CS gel beads and GA-CS beads formed before drying and
after drying, whereas Table 2 summarises the ε% of CS beads formed based on
experimental sets in Table 1. Besides, MO uptake% was analysed and illustrated

Fig. 1 CS gel beads and GA-CS beads illustration. Both beads were measured in ImageJ software
(v1.53e, Java 1.8.0, USA) to identify the bead dimension (diameter)

Table 2 Porosity for CS and GA-CS beads based on experimental sets in Table 1

Set WW, mean (g) WD, mean (g) ε(%) Set WW, mean (g) WD, mean (g) ε(%)

1 14.02 0.44 97.05 5 9.66 0.75 92.68

2 14.33 0.44 97.10 6 10.12 0.75 93.00

3 13.46 0.45 96.89 7 9.37 0.73 92.72

4 11.60 0.45 96.38 8 10.08 0.74 93.08
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Fig. 2 The MO uptake% on the CS and GA-CS beads: a CS gel beads before b and after c the
adsorption; and d GA-CS beads before e and after f the adsorption

in Fig. 2. Theoretically, CS gel beads with the highest porosity exhibit the highest
adsorption capacity, resulting in highest uptake% [5]. Based on Table 2, CS gel beads
showed the highest ε%under Set 2 > Set 1 > Set 3 > Set 4. Based on Fig. 2a, these CS
gel beads demonstrated the highest uptake% under Set 2 > Set 1 > Set 4 > Set 3. The
highest ε% and uptake% of Set 2 had shown that the presence of Na2CO3 porogenic
solvent could aid in inducing pores to enhance the accessible adsorption sites for
better dye adsorptive performance. Nevertheless, when the Na2CO3 concentration
was further increased from 0.2 M to 0.6 M, the ε% and uptake% were reduced. This
is because the deeper pores formed at higher Na2CO3 concentration will contribute
towards low interconnection densities [8]. As a result, destabilising effect happen and
cause the reduction of accessible adsorption sites. Moreover, Wahba [8] had studied
on the properties of CS gel beads synthesized via ionotropic gelation with sodium
tripolyphosphate (TPP) at varied Na2CO3 concentration. His result had proven that
CS gel beads with 0.2 M Na2CO3 were too shallow to initiate the reduction in
interconnection density. Thus, this has further supported the present work in which
the highest uptake% was achieved for CS gel beads with 0.2 M Na2CO3.

The poor mechanical strength and stability of CS have restricted its practical
application at larger scale. Chemically crosslinking of CS gel beads with GA serve
as one of the possible approach while contemporaneously remain its original features
[9]. As for GA-CS beads, the highest ε% were illustrated under Set 8 > Set 6 > Set
7 > Set 5. Based on Fig. 2d, the GA-CS beads demonstrated a remarkable uptake%
up to 99.6% at the 4.5th hours. In addition, the effect of the NaOH-Na2CO3 bath
concentration shown minimal effect on the adsorption capacity of GA-CS beads.
The dye adsorptive performance of GA-CS beads had outstood the CS gel beads
specifically because of the stabilising effect provided by GA crosslinking [8].
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4 Conclusion

GA-CS beads exhibited an excellent MO uptake% of 99.6% as compared to the CS
gel beads (57–64%). GA-CS beads showed a relatively faster removal rate in which
equilibrium reached after 3 h of adsorption. Conversely, the CS gel beads required a
longer adsorption time to reach equilibrium.However, NaOH-Na2CO3 concentration
showed more significant effects on MO adsorption using CS gel beads.
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