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Abstract:  

Nowaday, rainfall is a critical component of the water cycle and is essential for the survival of all living organisms 
on earth. Green water resource is a result of rainfall and other forms of precipitation which is stored in the soil and used by 
plants for their growth. Rainfall and river basins are closely related because a river basin is an area of land that drains all the 
rainwater from the surrounding land and channels it into a river and its tributaries, meanwhile the amount of water in a river 
basin is heavily influenced by the amount of rainfall that falls within the basin. Analyzing green water resources is an 
important step in understanding the availability and distribution of this critical resource, and in making informed decisions 
about water management and agricultural development.  

Indonesia and Laos are two Southeast Asian countries, Indonesia has a land area of 1.91 million square kilometers 
and a population of approximately 270 million, while Laos has a land area of 236,800 square kilometers and a population of 
approximately 6.5 million. The study of green water resources in the river basin is essential for both nations, given their 
significant dependence on plants, which is a major consumer of green water. Besides, these countries are renowned for their 
abundant biodiversity, including expansive rainforests and coral reefs, which provide habitat to a diverse range of flora and 
fauna. 

This research conducts a comparative assessment of the green water resources in two river basins, namely Citarum 
River in Indonesia and Nam Ngum River in Laos, covering an area of around 13,000 km2 and 25,000 km2 in West Java and 
Northern Laos, respectively. In the Citarum River Basin, agriculture is the primary economic activity and farmers in the 
region rely heavily on green water resources for their crops. Similarly, the Nam Ngum River Basin is an important agricultural 
region, where farmers rely on green water resources for crop production. CROPWAT and GIS are useful models for analyzing 
green water resources in these two river basins because they help to provide a comprehensive understanding of the water 
availability and demand for crop production in a given area. By combining the outputs of CROPWAT and GIS models, it is 
possible to identify areas of highwater demand and potential water scarcity, and to develop strategies for sustainable water 
management. In conclusion, this research highlights the importance of monitoring and managing green water resources to 
support sustainable agriculture, ecosystem health, and human well-being. The findings of the study can be used to inform 
policy and decision-making related to water resources management in the region and beyond. 
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Introduction: According to a recent report from the World Health Organization (WHO), in 2020, 2 billion people lacked 
safe services of drinking-water. Therefore, it is of utmost importance the implementation of wiser water management plans 
to cope with the ongoing water crisis. In this context, the development of effective treatment technologies capable of 
producing safe water from different water sources is needed. 
Methodology: The applied approach was based on the preparation of a simple blend PVDF/PES solution and on the 
conformation of composite membranes through the extrusion technique followed by a phase inversion process. First, 10 types 
of membranes with different polymer ratios were produced. Secondly, the membranes were characterized using different 
analysis techniques such as scanning electron microscopy (SEM), water contact angle and mechanical strength 
measurements. Additionally, experimental assays were conducted in a bench-scale membrane reactor to determine the 
membranes’ permeability. Finally, a method to produce an enhanced polymeric membrane was proposed. 
Results: Ten different composite membranes were produced (see Table 1). 

Table 1. Main results regarding the synthesized membranes characterization and performance evaluation. 

 
 
 

In general, the mechanical properties of the composite membranes were inferior to those of pure PES. However, the presence 
of PVDF on the PES polymeric matrix showed an improvement in the membrane plasticity (see “elongation at break”), which 
is an advantage during membrane operation (better fiber mobility). A trend towards an increase in the value of contact angle 
of the membranes by increasing the PVDF dose in their composition was observed, due to the more hydrophobic PVDF 
profile when compared to the PES. Pure PES and PVDF membranes showed the highest permeability values, 144 and 132 
L.m-2.h-1.bar-1, respectively. When mixing the two polymers, a considerable decrease in permeability values was obtained, 
reaching reduction values of up to 80% (80PVDF membrane). Membrane permeability showed a slight negative correlation 
with contact, suggesting that increased membrane hydrophilicity may be responsible for increased permeability. 
The composite membranes present a homogeneously mixed matrix containing both polymers, despite the poor miscibility 
between PVDF and PES (Figure 1). When using mixed 
polymeric matrices with a higher proportion of PES, it was 
possible to observe conglomerates of PVDF within the 
membrane pores (Figure 1), and vice versa. 
Conclusions: Significant changes in the membranes’ properties 
were observed by varying the polymers’ ratio. It was found that 
membranes with low ratios of PVDF/PES may be interesting for 
water treatment applications, due to the combined advantageous 
properties of PES and PVDF. 
   

Figure 1. EDS mapping highlighting fluorine/sulfur 
distribution on the (a) 10PVDF and (b) 90PVDF membranes. 
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Since the pandemic began, the water-wastewater sector has faced many pressures and a lack of answers connected 
with the SARS-CoV-2 occurrence, persistence, viability, inactivation, and dissemination through 
water/wastewater and through water/wastewater-originated aerosols. Other important aspects of the COVID-19 
pandemic in the wastewater sector were: a proper protection of technical staff and workers; a change in water 
usage patterns due to remote working, restrictions in tourism and tourism-related industry;  a drop of water usage 
and wastewater production in: industry, construction, trade, and services;  and intensive use of disinfectants. Other 
possibility was to study and predict the epidemiological trend locally by monitoring of SARS-CoV-2 presence in 
wastewater (wastewater based epidemiology - WBE).  WBE is also an order of magnitude cheaper and faster than 
individual clinical screening, with limited privacy issues and people's willingness to get tested. Additionally, 
WBE neglects undocumented cases of asymptomatic (no symptoms) and pre-symptomatic (no developing 
symptoms yet) as well as cases with non-specific or mildly symptoms, which might bias observed trends.  
In this study, the parameters important for the water/wastewater sector were monitored in long-term period (2015-
2020) during the working days, and holidays, including the 2020 lockdowns. Additionally, the influent of 
wastewater treatment plant (WWTP) was analyzed for the presence of SARS-CoV-2 genetic material (by 
Mutaplex test and by Liferiver test) in the autumn of 2020, during the second wave of the COVID-19 pandemic, 
when the highest recorded number of daily cases and fatalities was noted in Poland. According to the obtained 
results, every sample of raw municipal wastewater collected in this study was positive for the presence of five 
targeted viral RNA fragments: E gene, S gene, N gene, RdRp, and Orf1ab. The highest number of SARS-CoV-2 
N gene ranged from 100 to 2000 gc/mL and was in agreement with data presented in the literature in the same 
period of time. The long terms study (2015-2020) of wastewater quality indicated that behavioral and social 
changes during COVID-19 pandemic impacted water/wastewater services and caused the need for adaptation. 
The average concentration of surfactants detected in this study varied from 3.8 to 20 mg/L, consisting of almost 
equal share of anionic (up to 9.1 mg/L) and cationic surfactants (up to 10.1 mg/L). The elevated presence of 
surfactants and the change in organic matter structure (the increase of particulate biodegradable and simultaneous 
decrease of particulate non-biodegradable organic matter) impacted wastewater treatment effectiveness. The 
metagenomic analyses of activated sludge composition, used in this study, confirmed elevated presence of 
bacteria, which growth was linked to the adaptability to changing conditions, functional diversity and 
heterogeneity. Such changes influenced the biological processes, especially biomass separation from treated 
wastewater. It can be concluded that a baseline understanding of water/wastewater sector responses to COVID-
19 pandemic is needed to better address future crisis, not only in terms of pathogens monitoring but also to ensure 
safe water supply and wastewater treatment effectiveness. 
 
Partly funded by Ministry of Education and Science of Poland under NdS/551425/2022/2022 project. 
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ABSTRACT 
Because urban rivers are a resource for domestic, industrial, and agricultural water use, fecal pollution 
poses human health and environmental risks. In this study, we developed a simple and rapid method for 
detecting fecal pollution in urban rivers. The samples 
were mixed with the liquid medium, including a 
fluorescent substrate, and the fluorescence intensity (F.I.) 
was measured using a microplate reader to determine the 
β-D-glucuronidase (GUS) activity of Escherichia coli 
instead of E. coli concentration. The measurements of 
GUS activities for pure cultures of E. coli revealed that E. 
coli incubated with a GUS substrate accumulated GUS 
enzyme in their cells, while those incubated without a 
GUS substrate did not. The increase in GUS activity 
corresponded to the proliferation of E. coli and GUS 
activity increased linearly even during the lag growth 
phase of E. coli, indicating the presence of intrinsic GUS 
(iGUS) in E. coli cells before incubation. iGUS activity 
persisted at 81% in the chlorinated samples, even though 
the E. coli concentration was reduced by a factor of 106. 
iGUS activity persisted for approximately 3 days. 
Therefore, we assumed that E. coli present in fecal 
contaminants, in which GUS substrates are present, could 
be distinguished from those surviving in the natural 

 

Figure 1. Correlation between iGUS 
activities and E. coli concentrations of the 
RW samples. Symbols shown in black and 
gray indicate the RW samples collected 
downstream and upstream, respectively, of 
discharge points. The dashed line indicates 
the average GUS activity of the blank 
samples. 



environment for 3 days and longer by measuring iGUS activity. River water samples were collected 
upstream and downstream from the discharge outlets of the municipal wastewater treatment plants and 
a combined sewer outlet. The iGUS activities were <0.24 mMFU/mL for the upstream samples and 
>0.21 mMFU/mL for the downstream samples (Figure 1). Interestingly, E. coli concentrations were not 
necessarily associated with fecal pollution. This indicates that by setting a threshold for iGUS activity, 
our method can be used as a simple and rapid method for the detection of fecal pollution in urban rivers. 
Our method was used to confirm the spatiotemporal dynamics of fecal pollution in urban rivers. Our 
findings may be useful for decision-makers and policymakers in the wastewater management sector. 
REFERENCES 
Hisashi Satoh et al. (2022) ACS ES&T Water. 2(8), 1301–1308.  
Hisashi Satoh et al. (2021) Water Science and Technology. 83(6), 1399–1406. 
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C-Reactive Protein (CRP) sensing plays a pivotal role in medical diagnostics for the early detection 

of inflammation-related conditions [1,2]. However, its potential application in wastewater analysis has 
gained significant attention as a non-invasive and real-time method to monitor disease outbreaks 
within communities. In this study, we introduce a fiber optic sensor empowered by machine learning 
to detect CRP levels in human urine samples accurately. 

Our investigation commenced by measuring standardized CRP solutions across a wide 
concentration range (1.9 µg/L to 333 mg/L) and developing classifiers to distinguish between normal 
and high CRP levels in urine and waste water samples. Employing the ExtraTreesClassifier resulted in 
an impressive accuracy of 95% for the validation dataset, indicating the efficacy of our proposed 
approach. The significance of our findings extends beyond medical diagnostics, as we propose the 
potential application of this technology in wastewater analysis. By measuring CRP levels in wastewater, 
we can monitor and predict disease outbreaks within a population. Infected individuals excrete CRP 
through urine, leading to elevated CRP levels in wastewater during outbreaks of infectious diseases 
like SARS-CoV-2. Monitoring CRP in wastewater can serve as an early warning system for disease 
outbreaks, enabling public health authorities to take proactive measures and implement timely 
interventions. This approach has the potential to revolutionize disease surveillance, facilitating swift 
containment and mitigation strategies to safeguard public health. 

Our research demonstrates that the integration of fiber optic sensors with machine learning 
not only enables accurate CRP sensing in human urine samples but also opens new avenues for its 
application in wastewater analysis for disease outbreak monitoring. As we continue to explore these 



possibilities, the potential impact on community health and disease management becomes 
increasingly evident. 

 
[1] A. K. Shrivastava, H. V. Singh, A. Raizada, and S. K. Singh, "C-reactive protein, inflammation and 
coronary heart disease," The Egyptian Heart Journal 67(2), 89–97 (2015). 
[2] N. R. Sproston and J. J. Ashworth, "Role of C-Reactive Protein at Sites of Inflammation and 
Infection," Front Immunol 9, 754 (2018). 
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Abstract: Waste slurry produced from the primary treatment of anaerobic digestion effluent (ADE) 
employed in most agricultural practice is still limited by elevated concentrations of ammonium that 
can be toxic to most living organisms. In this project, we evaluated growth, development and use of 
microalgae on un-treated ADE. More specifically, in this work, we studied the long-term cultivation 
and growth of an isolated microalgal consortium that were capable on treating ADE while 
simultaneously optimizing limiting factors to their growth and productivity. Comparison between 
different algal cultivation systems (i.e. open ponds and closed photobioreactors) and different mixing 
mechanisms (paddle-wheel and jets) were also evaluated to optimize the microalgal growth and 
increase nutrient removal rate. Further, as part of this study, the quality and suitability of grown 
biomass as a potential feedstock were assessed. We evaluated the nutritional value, pathogen load, 
in vitro digestibility and potential physiological energy (PPE) of ADE-grown microalgae as a potential 
feedstock. Pathogen load of ADE-grown microalgae was within regulatory limits. Crude protein and 
essential amino acid content was comparable with a number of other vegetable protein sources. 
Finally, the cost assessment of integrating microalgae cultivation was conducted on multiple 
plausible scenarios to identify the economic viability of the proposed process.  
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ABSTRACT 

This study aimed to evaluate the efficacy of polyvinyl alcohol (PVA) gel beads as an immobilized biofilm 

carrier to enhance the reduction rate of ammonia-nitrogen (NH3-N) and chemical oxygen demand 

(COD) in domestic wastewater. Laboratory scale reactors were developed to assess the reduction 

levels of ammonia-nitrogen and COD with and without PVA gel beads using optimal and non-optimal 

treatment mode settings based on operation procedures from the sewage treatment plant (STP) in 

Taman Kajang Utama, Selangor. The treatment method used is sequencing batch reactor (SBR) a 

modification of conventional activated sludge system with a treatment cycle duration of 288 minutes. 

The summary of COD and NH3-N reduction performance without PVA gel beads is shown in Table 1.  

 

Table 1: COD and NH3-N Reduction Efficiency without PVA gel beads 

Scenario Treatment 
Setting 

Temp 

(°C) 

 

pH COD 

Reduction 
Rate (%) 

NH3-N  

Reduction 
Rate (%) 

C/N ratio 

1st Scenario Optimum 

 

25.0 to 
27.7 

6.5 - 
7.5 

55.95 to 
86.14 

32.41to 
44.30 

2.62/ 2.89 



Scenario Treatment 
Setting 

Temp 

(°C) 

 

pH COD 

Reduction 
Rate (%) 

NH3-N  

Reduction 
Rate (%) 

C/N ratio 

Low COD and NH3-N 
concentration at the 
beginning of the 
treatment process 

Non - 
Optimum 

25.8 to 
27.8 

6.8 - 
7.5 

58.65 to 
84.30 

44.14 to 
47.85 

6.37/ 
10.05 

2nd Scenario  

High COD and low 
NH3-N concentration 
at the beginning of the 
treatment process 

(1.2 g glucose 
(C6H12O6) were added) 

Optimum 

 

25.8 to 
27.5 

6.8 - 
7.6 

33.48 to 
59.46 

11.68to 
26.20 

20.34/ 
24.92 

 

The graph of ammonia-nitrogen and COD reduction performance without PVA gel beads for low COD 

and NH3-N concentration at the beginning of the treatment process (optimum and non - optimum 

treatment setting) is shown in Figure 1 and Figure 2. 

 

  
 

 

 

 

 

Figure 1: A) COD analysis and B) NH3-N 

analysis for optimum mode treatment 

Figure 2: A) COD analysis and B) NH3-N 

analysis for non-optimum mode treatment 



 

 

 

 

The graph of ammonia-nitrogen and COD reduction performance without PVA gel beads for high COD 

and NH3-N concentration at the beginning of the treatment process (optimum and non - optimum 

treatment setting) is shown in Figure 3 and Figure 4. 

 

  
 

 
 
 
 

The summary of COD and NH3-N reduction performance with PVA gel beads is shown in Table 2.  

Table 2: COD and NH3-N Reduction Efficiency with PVA gel beads 
Scenario Treatment 

Setting 
Temp 

(°C) 

 

pH COD 

Reduction 

 Rate (%) 

NH3-N  

Reduction 
Rate (%) 

C/N 
ratio 

1st Scenario 

Treatment with PVA 
gel-beads 

Low COD and NH3-N 
concentration at the 

Optimum 

 

24.0 to 
26.1 

7.0 -
7.6 

42.02 30.94 8.56 

Non - 
Optimum 

 

25.0 to 
27.0 

6.8 - 
7.7 

70.68 62.96 - 
65.71 

8.8/ 
11.26 

Figure 3 : A) COD analysis and B) NH3-N 

analysis for optimum mode treatment 

Figure 4 : A) COD analysis and B) NH3-N 

analysis for non-optimum mode treatment 



Scenario Treatment 
Setting 

Temp 

(°C) 

 

pH COD 

Reduction 

 Rate (%) 

NH3-N  

Reduction 
Rate (%) 

C/N 
ratio 

beginning of the 
treatment process 

 

The graph of ammonia-nitrogen and COD reduction performance with PVA gel beads for low COD and 

NH3-N concentration at the beginning of the treatment process (optimum treatment and non – 

optimum setting) is shown in Figure 5 and Figure 6.  

 

     

   
 
 
 
 
 
 

The findings showed the ammonia-nitrogen reduction by non-optimal treatment mode is more 

effective, with a maximum reduction of 65.71% compared to optimal treatment mode with a reduction 

of 30.94% and treatment without PVA gel beads (optimal and non-optimal) with a maximum reduction 

of 47.85%. The ammonia-nitrogen reduction rate using PVA gel beads for non-optimal treatment mode 

was significantly reduced from 21.15 mg/L (average) to 7.54mg/L (average) and complied with 
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Figure 7: A) NH3-N analysis and B) COD 

analysis for optimum mode treatment 

Figure 8: A) NH3-N analysis and B) COD 

analysis for non - optimum mode treatment 

A 



ammonia-nitrogen reduction parameter 10mg/L, Standard A of Environmental Quality (Sewage) 

Regulations 2009. The COD reduction using non-optimal treatment mode was also more stable with a 

reduction of 70.68%. It was also found that the COD reduction using PVA gel beads for non-optimal 

mode was better than the optimal mode, which was 70.68% compared to 42.0%, and both treatment 

modes were found to comply with COD reduction parameters 120mg/L, Standard A of EQSR 2009.  

 

Keywords: ammonia-nitrogen, biofilm carrier, COD, domestic wastewater, Polyvinyl alcohol (PVA)  
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Abstract 
The present investigation revealed the feasibility of wood-waste-derived tannin (WW@T) for the anode amendment and 
food-waste-derived hydrochar doped with iron (Fe@HC) as cathode catalyst for treating the hydrothermal process water 
(PW) and enhancing the power output via microbial fuel cell (MFC). The cyclic voltammetry and linear sweep voltammetry 
profiles of both WW@T and Fe@HC illustrated their redox mediating capabilities to enhance the bioenergy output in MFC. 
Experimental analysis showed that Fe@HC prepared using food waste proves to be an exceptional substitute for conventional 
Pt/C catalyst in MFC with significant ORR activity. Moreover, the amendment of an anodic chamber with WW@T solution 
and simultaneously utilizing Fe@HC as cathode catalyst resulted in harvesting the maximum power density of about 185 ± 
2.5 mW m–2, which was 3.6 times higher (than control experiment). Further, nearly 86.3 ± 1.2% of chemical oxygen demand 
(COD) removal was also obtained during the three days of operation period. Extracting major components of MFC (substrate, 
anode catalyst, and cathode catalyst) from waste biomass for bioenergy generation and wastewater treatment aids the concept 
of circular economy, low-cost treatment, and sustainable development goals (SDG 6 and 7). 
Introduction 
Accelerating environmental consciousness and current Environmental policies are driving the need for adopting the concept 
of circular economy in the production and waste management system. This implies that the resources should be continuously 
utilized productively to generate valuable products and energy. Hydrothermal carbonization (HTC) is one such thermal 
technology utilized for the valorisation of waste streams. However, it results in liquid by-products (i.e., HTC-PW) 
characterized by high COD, volatile fatty acids, phenols, furans, ammonium, and other products, and are often difficult to 
manage. The utilization of HTC-PW in MFC for bioenergy generation and simultaneously for its treatment could be an 
effective way for sustainable up-scaling of HTC technology. However, the efficiency of the MFC system can be enhanced 
by the application of waste-derived anode and cathode modifications.  
Methodology 
The pristine HC, Fe@HC, and WW@T were characterized for the crystalline phases through X-ray diffraction (XRD) 
patterns (X-ray diffractometer; Bruker D2 PHASER, Germany). Surface functional groups and morphology of the catalysts 
were detected through Fourier transform infrared spectroscopy (FTIR; FTIR spectrometer; Nicolet 6700; Thermo Fisher 
Scientific, US) and scanning electron microscopy (SEM; MERLIN, Zeiss, Oberkochen, Germany) operated at 10 kV and 
elemental constituents by Energy dispersive spectroscopy (EDS) operated at 15 kV, respectively.  
Results and Discussion  
The XRD pattern of Fe@HC showed significant diffraction peaks (2θ) at 26.1° (graphitic carbon), 37.4° and 49.2° 
conforming to the (121) and (221) planes of Fe3C (JCPDS No. 35−0772), respectively. Additionally, the tannin extract 
showed XRD peaks at 8.01° and 20.2°. Also, polarisation affirmed that tannin and HC-based MFC revealed the maximum 
power density up to 185 ± 2.5 mW m–2, which was 3.6−folds higher (than control experiments) along with the COD removal 
efficiency of 82.3 ± 1.2%.  
Conclusion 
The tannin and HC-based MFC proved to be a highly efficient and economical system for HTC-PW treatment.  
--- For Oral Presentation (Presenter name: Shraddha Yadav) 
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Introduction: Although several designs of membrane reactors for wastewater treatment have been investigated in the past 
decades, there is still a lack of methodology to perform a fair/precise comparison between reactors due to their specific 
characteristics (e.g., throughput capacity). Removal rate, an indicator that quantifies the removal reaction rate, in time, is 
often used. Similarly, specific energy consumption (SEC) can also be used. Nevertheless, space-time yield (STY) and 
photochemical-STY (PSTY) are suitable models that can be applied to give a clearer view of reactor performance considering 
throughput, energy consumption and removal efficiency. 
Methodology: To perform a more accurate comparison of membrane reactors, the figure-of-merits described by Leblebici, 
M.E. et al. [1] were considered. These “indicators” were adapted by considering reactor volume and additive weight-
dependent STYs and light power-specific PSTYs. Two figure-of-merit, STY (mol.cm-3.s-1 or mol.g-1.s-1) and PSTY (mol.W-

1.s-1), were developed. 
Results: Four figure-of-merits were compared: SEC, removal rate, and adapted STY and PSTY. The reactor flow-
along/through mode was considered. Conversion of units is needed for the equations presented. 
SEC (kWh.m-3) is defined as the electrical energy required to treat a water volume, and is calculated via Equation 1. Where 
P is the light electric power (W), and Q is the volumetric flow rate (cm3.s-1). 
Removal rate of a Model Compound, r’MC, (mol.min-1) is 
calculated using Equation 2. Where c0 is the compound 
initial concentration (g.cm-3), c𝑡 is the concentration at the time 𝑡	
(g.cm-3), MMC is the compound molar mass (g.mol- 1). 
Considering reactor volume, STY is calculated via Equation 3. 
When considering membrane additive weight, STY is calculated 
via Equation 4. Where Vr is the reactor volume (cm3) and 
madd is the membrane additive weight (g). 
NLP (W.cm-3) is the normalized light-power (Equation 5). 
Where P is the light power (W). PSTY (mol.W-1.s- 1) is 
calculated by dividing STY by NPL (Equation 6).  
SEC proved to be an interesting parameter to compare 
reactors, taking into account both water productivity and power 
consumption. However, SEC does not provide clear information 
about the reactor efficiency on solute removal. Similarly, 
although removal rate constants quantify the removal rate 
(in time) precisely, these are limited as important parameters 
are neglected (e.g., light energy, membrane additive amount). 
On the other hand, the adapted figures-of-merit introduced in this work, STY and PSTY, showed to be a great approach to 
compare reactors. STY essentially reflects the effect of reaction mass/photon transfer rates on reactor productivity. 
Nevertheless, PSTY has the advantage of encompassing the main contributing factors for reactor performance: removal rate, 
energy efficiency and throughput. 
Conclusions: A figure-of-merit, able to efficiently compare the performance of membrane reactors was developed. The 
modified PSTY was found to be the only evaluated figure-of-merit able to perform a fair comparison of reactor performance 
since it considers reactor throughput together with energy and removal efficiency. 
References: 
[1] ME Leblebici et al., Chemical Engineering and Processing: Process Intensification 97, 106 (2015). 
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Microplastics are small (<5 mm), have been found in all marine compartments, from sea ice to 
sediments, beaches and the open ocean. Policy, at least in the South African context, dictates that 
partially treated (primary or preliminary treated) wastewater from coastal cities could be deposited 
into oceans (Department of Environmental Affairs, 2014; GA regulations, 2022). Microplastics would be a 
considerable proportion of this mixture. Also in this mix would be microorganisms and always 
Enterobacteriaceae. These bacteria are ubiquitously associated with gut content of humans and 
other animals. The aim of this presentation is to focus on some of the national and international 
policies and regulations on marine outfalls and whether wastewater treatment plant (WWTP) 
bacteria could form biofilms on such microplastics, allowing these bacteria a dispersal route into 
oceans.  To demonstrate the relevance of the WWTP bacteria in the biofilms on the microplastic, the 
study aimed at identifying and characterizing the Enterobacteriaceae isolates. A desktop study 
focused on regulatory framework for marine outfalls in South African coastal cities. The experiments 
challenging the regulations were based on microbiology of the effluent (partially and fully treated). 
Microcosms using artificial seawater, spiked with partially and final treated wastewater from a full-
scale WWTP were used. Methods such as scanning electron microscopy, selective microbiology 
media, antibiotic susceptibility testing, pathogenicity determination and molecular techniques were 
used to demonstrated biofilm development, isolate and characterize the bacteria. Several dominant 
Enterobacteriaceae genera was isolated and characterized. Of concern is that some of these were 
isolated from all three compartments of the wastewater treatment train, potentially demonstrating 
their ability to survive due to protection in biofilms. Resistance to beta-lactam antibiotics (ampicillin 
and augmentin – ampicillin-cluvanate) was common and ranged from 68% to 89% amongst isolates. 
Furthermore, some of these were also resistant to carbapenems (doripenem and imipenem; 9% to 
27%) or in some cases showed reduced susceptibility (27% to 32%). Some of the isolates were 
resistant to up to 10 of the antibiotics tested. Based on the ability to produce extracellular enzymes, 
many of these isolates could be classified as are potential pathogens. PCR analysis showed that many 
of the isolates contained the genes int1, blaFOX and blaMOX. Bacteria containing the int1 thus could 
transfer the carbapenem and other antibiotic resistance genes to bacterial species in biofilms. Some 
Enterobacteriaceae species may cause gastroenteritis, urinary tract infections etc. First line 
treatment options include ampicillins and when these are ineffective, carbapenems are next options. 
A concern is that microplastics, colonized by antibiotic resistant pathogens could disperse into ocean 
environments, causing a global threat to humans and other organisms using this habitat. The 



microbiological data suggest that more directed studies should be conducted to determine whether 
the current policies and regulatory frameworks for the release of sewage through marine outfalls is 
sufficient to protect the marine environment from antibiotic resistance pollution. With the global rise 
in antibiotic resistant infection, and annual mortality expected to increase to 10 million by 2050 
where about 60 to 80% would be from the developing word (World Bank, 2016 report), finding ways 
to reduce antibiotic resistant bacteria and genes into the environment is important. In this case 
reducing microplastics entering the oceans may address two of the current looming environmental 
catastrophes, the pollutant microplastics as well as antibiotic resistance. 
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Abstract 
 

The poor implementation of urban practices and weak policy enforcement are factors worsening the 
quality of natural drinking water sources in most urban areas of developing countries. A mixed 
approach guided by the water safety plan framework was employed. This involved an empirical study 
carried out among residents to identify the origin of drinking water sources and associated hazards 
linked to poor environmental practices.  Laboratory investigations (physicochemical and chemical– 14  
indicators, as well as biological – 2 bacteriological indicator organisms) were used to assess the health 
risks in selected samples of natural (groundwater, Aba River water, rainwater) and secondary 
(beverages, packaged water, and piped water) drinking sources in Aba, southeast Nigeria. A concise 
review of relevant environmental policies and laws was conducted to determine the control measures 
in place to protect the drinking water sources   
The results of the study revealed that groundwater is the origin of drinking water sources, the 
prevailing drinking water facility types are improved sources (i.e., 50 % tube-wells, 48 % secondary 
drinking sources, and 2 % treated piped water), 76 % of respondents do not pretreat before drinking 
and some urban practices that harm the quality of water were identified in the area. The chemical risk 
assessment showed that the mean values of the major and trace substances in the drinking water 
sources were within the standard limits recommended by the WHO. However, the bacteriological 
results revealed health risks in samples of natural (17 %) and secondary (14 %) drinking sources, which 
tested positive for either E. Coli or/and Total Coliform bacteria. It was found that existing control 
environmental instruments were inefficient due to overlapping duties of implementing government 
agencies, corruption, and lack of political will to do the things that protect the drinking water sources.  
The research concludes that deteriorating spatial chemical changes and bacteriological contaminations 
found in the area were caused by poor environmental practices. To prevent this degree of health risks 
in drinking water sources, relevant authorities should develop a safe drinking water abstraction plan 
that protects the groundwater, and more power devolved to local governments to enforce 
environmental instruments that protect the water sources in the area. Again, the regulatory agencies 
should ensure that only safe secondary drinking products are sold to consumers.    
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Abstract 
Poor water quality presents a major challenge in fish farming production systems since it stresses fish 

leading to poor appetite, slow growth and greater susceptibility to diseases, consequently resulting into 

poor yields. This study investigated the effluent water quality from a pilot scale high rate algal pond 

(HRAP) system established at The Faculty of Natural Resources and Environmental Sciences, 

Namasagali Campus, Busitema University. The HRAP system was continuously fed with water from a 

section of River Nile in Namasagali sub-county, Uganda and monitored from January to April 2023. 

The aim of the study was to ascertain the suitability of the physico-chemical effluent water quality for 

application in fish farming. Results of the analysis compared with international standards revealed that 

the HRAP effluent temperature of 25.4±0.87oC, dissolved oxygen of 3.12±0.33 mg/l, pH of 9.34±0.29, 

electrical conductivity of 134.41±10.87µS/cm, nitrite-nitrogen of 0.2±0.02 mg/l and nitrate-nitrogen of 

0.28±0.1 mg/l were within recommended values for fish farming.  Nonetheless, the ammonium-nitrogen 

of 0.16±0.03 mg/l, Phosphate-phosphorus of 8.87±1.17 mg/l, total suspended solids (TSS) of 

32.75±17.77 mg/l and biological oxygen demand (BOD) of 33±3.77 mg/l were higher but not 

significantly different (p>0.05) from the standard acceptable values. The high TSS and BOD 

concentrations are due to high algal biomass production apparent in the HRAP system. These results 

suggests potential for adoption of this HRAP technology to consistently produce quality water suitable 

for reuse in fish farming. We however, recommend treatment of the effluent using an appropriate system 

before introduction into fish ponds to efficiently harvest the algal biomass for possible processing into 

value added products. 

Key Words: Effluent water quality, Fish farming, High rate algal pond, Solar power 
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Using the excess anaerobic treatment capacity available in wastewater treatment plants (WWTPs) 
provides an attractive channel for food waste treatment.  Therefore, this study aimed to develop a co-
digestion strategy for food waste and wastewater sludge aiming at increasing food waste treatment 
capacity and methane recovery from existing sludge digesters in WWTPs in Hong Kong. It offers several 
benefits, such as balancing nutrient contents, buffering capacity of the system, diluting toxic compounds, 
and favouring the growth of microbial communities. Our previous studies demonstrated a higher 
methane recovery using food waste/sludge co-digestion than FW mono-digestion; however, 
accumulation of VFAs including acetic, butyric, propionic acid, and long-chain acids at inhibitory levels 
is an issue of concerns. The high solids contents of food waste will limit the hydrolysis of soluble organic 
matter hindering the methanogenesis process. Thus, this study investigated the impact of addition of 
carbon-based conductive materials (i.e., biochar, and iron conductive materials) during co-digestion to 
improve direct cell-to-cell electron transfer between microbial groups. Furthermore, several other 
important factors, including biochar dosage, reaction temperature, inoculum/substrate (I/S) ratio, and 
different total solid content, were investigated in the presence of biochar in the anaerobic co-digester. 
Biochar supplementation led to enhanced process stability, which likely resulted from improved 
syntrophic VFA oxidation, facilitated by specific biochar properties. The addition of biochar increased 
the methane yield by ~24.5% compared to the control without biochar. The biochar surface area offered 
substantial support for direct interspecies electron transfer (DIET) activity, and biofilm mediated growth 
of methanogens i.e., Methanosarcina, Methanosata, and Methanobrevibacter. Furthermore, carbon-
based conductive material digestate favourably enhanced the seed germination index, C/N ratio, and 
availability of the plant micronutrients N, P, and K, as well as reduced ammonium inhabitation, which 
was conducive to land applications. Our proposed process has a dual advantage because biochar addition 
can help increase the efficiency of the AD process, while the use of leftover biochar digestate in the 



composting process can increase the value of the digestate. Recycling of food waste through WWTPs 
facilitates sustainability and circularity of waste management as well as the carbon neutrality target of 
HK.  
 
Keywords: Anaerobic co-digestion, Food waste, Biochar-enriched digestate, sewage sludge 
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Abstract 
Microalgal-based wastewater treatment is an efficient approach for treating, recycling, and valorizing 
wastewater in an environmentally friendly manner. However, the challenges, such as poor light path due 
to wastewater turbidity and the costly dewatering process, limit the application of suspension-based 
treatment. To address these issues, biofilm-based cultivation offers a promising alternative with several 
advantages, including better exposure to light and CO2, easy harvesting (by scrapping), and higher 
biomass productivities. We investigated perfused biofilm cultivation of Chlorella sp. to treat anaerobic 
digestate food effluent (ADFE) utilizing cellulose nitrate (CN) membrane and commercial papers (quill 
board paper) as carrier materials. Biomass productivity of 5.52 ± 0.548 and 8.30 ± 1.366 g m-2 d-1 was 
achieved with CN membrane and quill board paper, respectively. The removal efficiencies of 98 % for 
ammoniacal nitrogen, 69 % for phosphate, and 64 % for chemical oxygen demand (COD) were achieved 
with CN membrane carrier. Conversely, when using a quill board paper carrier, we achieved 99% 
removal of ammoniacal nitrogen by day 4 while reaching removal rates of 72 % for phosphate and 40 
% for COD at the end of the 14-day monitoring period. Biomass yield and nutrient removal efficiency 
observed in this study highlights the potential of biofilm-based cultivation of microalgae as an effective 
approach for treating and valorizing ADFE. Furthermore, the biofilm system presented in this research 
offers a potential cost-effective approach by using low-cost carriers (quill board paper), easier harvesting 
methods (such as scrapping or rolling the paper), higher biomass, and efficient nutrient removal. 
Key words: ADFE treatment, Biofilm cultivation, CN membrane, Quill board papers, Nutrient removal  
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Abstract 

Growing scarcity of fresh water reserves and ever-increasing demand for water have led to a 
condition where the option of reuse of treated wastewater need to be encouraged. Innovative 
wastewater treatment plants aiming not only at treating the wastewater, but also providing benefits, 
such as facilitating reuse of treated water and resources recovery are need of the day. Conventional 
sewage treatment either require huge land or high capital, maintenance and operational costs, 
and/or huge energy requirements; which make it unsuitable for developing countries. Energy efficient 
low-cost wastewater treatment systems are the best choice for such countries. Anaerobic treatment 
systems excel in such respect. A pilot-scale (400 m3/day) up-flow anaerobic sludge blanket-moving 
bed biofilm (UASB-MBB) reactor followed by a high-rate algal pond (HRAP) was designed, constructed 
and operated to remove organic matter, nutrients and pathogens from low strength sewage 
(chemical oxygen demand, COD of 230 mg/L) generated on campus. This UASB reactor demonstrated 
total COD removal efficiency of 63 to 77%. The HRAP demonstrated N removal of 85±3%, P removal 
of 91±1% and up to 3 log coliform reduction, producing treated effluent suitable for restricted 
horticulture reuse. Biomass granulation has been achieved in the UASB reactor, which has not been 
reported earlier while treating such low strength sewage. Granulation was possible due to proper 
hydrodynamic design of the reactor. 

Decentralized sewage treatment plants (STPs) are installed on campus with capacity of 300 and 1350 
m3/day to meet the target of producing treated water with < 3 mg/L of biochemical oxygen demand 
(BOD) and zero coliforms. These plants were having anaerobic and aerobic moving bed biofilm 
reactors (MBBRs) followed by lamella clarifier, dual media filter, ozonation, UV, chlorination and 
activated carbon filter. These plants are producing treated water safe to reuse for any non-potable 
purpose. Life cycle costing of these STPs was evaluated and for 300 m3/day capacity plant the cost of 
per m3 of sewage treatment is ₹ 15.68 (approx. USD 0.2), whereas for 1350 m3/day capacity plant it is 
₹ 10.53 (approx. USD 0.13). Such lower life cycle cost of sewage treatment shall make it attractive 
preposition for application in developing countries to treat sewage in decentralized way and 
encourage reuse of treated water to reduce stress on fresh water resources. 

Bio-electrochemical systems (BESs) are emerging technologies having a potential to offer sustainable 
wastewater treatment and simultaneously recover valuables. However, to make this technology 
competitive yield of electricity/valuables recovery need to be increased with emphasize on 
decreasing fabrication cost of this device. Microbial fuel cell (MFC) is one of the popularly adopted 
configurations of BES, and scientist have widely explored it for treatment of various wastewaters and 
recovering electricity for onsite use. The research efforts undertaken at IIT Kharagpur on 
development of low-cost ceramic membrane separator and non-platinum-based electrode catalysts 
for application in MFC considerably reduced the fabrication cost. A largest pilot-scale MFC (1500 L) 
based onsite sewage treatment system is set-up at IIT Kharagpur campus. This ‘Bioelectric Toilet 



(BET)’ performed satisfactorily for more than two years. It is producing reusable quality treated water 
for flushing the toilet and produce electricity for illumination of toilet cabin and premises at night.  

Keywords: Anaerobic treatment; decentralized sewage treatment; life cycle costing; microbial fuel 
cell; resource recovery 

  



Bio-sorption of Arsenic, Iron, and Manganese from Groundwater Using 
Lemon Peel and Peanut Husk Charcoal  
Prof Shaibur Rahman Molla 
 
Biography:  
I am a Professor in the Dept. of Environmental Science and Technology, Jashore University of Science 
and Technology,  Bangladesh. I have more than 18 years of teaching and research experience in the 
field of Environmental Science and published more than 100 papers. I did my MS and Ph.D. in Japan.  

Bio-sorption of Arsenic, Iron, and Manganese from Groundwater Using Lemon 
Peel and Peanut Husk Charcoal  

Molla Rahman Shaibur*, Kulsuma Akter Prianka 
Laboratory of Environmental Chemistry, Department of Environmental Science and Technology, 

Faculty of Applied Science and Technology, Jashore University of Science and Technology, Jashore 
7408, Bangladesh 

*Presenting Author: shaibur75@yahoo.com (Oral Presentation) 
Brief Introduction: Groundwater (GW) contamination with arsenic (As), iron (Fe), and manganese (Mn) has been identified 
at disastrous levels in some developing countries like Bangladesh (Shaibur, 2019; Shaibur and Howlader, 2020). Even low 
concentrations of As in drinking water can have detrimental consequences on health (Rahman et al., 2020). Iron and 
manganese in drinking water are also unhealthy (Shaibur and Das, 2023). Very high concentrations of heavy metals from 
GW need to be removed. To do that some low-cost bio-adsorbents can be used considering the socioeconomic condition of 
Bangladesh. Lemon peels and peanut husks are abundantly found in Bangladesh. Therefore, making charcoal from those 
could be used to remove the mentioned metals from GW. The objectives were to observe the effectiveness of those adsorbents 
to remove the excessive metals from GW.    
Materials and Methods: The raw materials were collected from the local areas of Jashore, Bangladesh as described earlier 
(Shaibur et al., 2022) with some modification. The adsorbents were used at the rate of 5.0 mg L-1 with 0, 20, 50, 60, 100, 
120, and 180 minutes of contact time at pH 7.0 ± 0.2. All batch experiments were conducted in a jar test instrument (JLT4, 
VELP Scientifics, Italy). 
Results: The initial concentration of As in the GW sample was very low. So the effectiveness of lemon peel charcoal (LPC) 
and peanut husks charcoal (PHC) to remove As from the GW did not receive much attention. But, it was found that LPC 
removed the soluble Fe from the GW at 99.09% at 50.0 minutes. On the contrary, PHC removed the Fe from GW at 99.14% 
from the aqueous solution at 100 minutes. This result certainly proved that LPC and PHC both are effectively capable of 
removing the Fe from the liquid medium. Again in the case of Mn, it was found that LPC removed the highest Mn of 68.83 
% at 180 min. contact time. Nevertheless, PHC removed about 74.18% Mn from the GW samples. It seems that PHC could 
be used more effectively to remove Mn from the solution though this supposition demands further study. The present result 
was supported by our SEM and FTIR analysis. The characteristics of charcoal were changed after the adsorption of metals 
(Fig.1)  
Conclusions: The study showed the LPC and PHC can remove Fe and Mn effectively from GW.  

Before Adsorption  After Adsorption 

  

(a) 500 nm, LPC (b) 500 nm, LPC 



  

(c) 500 nm, PHC (d) 500 nm, PHC 

Fig. 1: SEM images. LPC (lemon peel charcoal): (a) before adsorption, (b) after adsorption. PHC (Peanut husk charcoal): 
(c) before adsorption, (d) after adsorption at 500 nm for both cases. 
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Abstract: Blackwater refers to toilet effluent comprising flushing water, human excrement, and urine. It contains 
dangerous pathogens, high organic pollutants, nitrogen, and phosphorus, posing a contamination risk if directly 
discharged untreated. To address this and promote sewage reuse while mitigating environmental issues from rural 
toilets, a process of in-situ solid-liquid separation of blackwater followed by multi-stage biological treatment was 
developed. The study employed an advanced oxidation (AO) - enhanced biological process using biofilm carriers 
to treat prefiltered blackwater. A small-scale pilot system was constructed for blackwater treatment experiments, 
assessing the AO process's removal efficiency for primary pollutants and operational control. Solid-liquid 
separation with a biomass-based filter medium retained approximately 60% of nitrogen and nutrients in the filter 
residue, suitable for use as fertilizer. The results showed significant reductions in effluent quality from the AO 
unit, with chemical oxygen demand (COD) below 50 mg/L, NH3-N, and total nitrogen (TN) concentrations below 
5.0 and 50 mg/L, respectively. Effluent total phosphorus (TP) concentration ranged from 20 to 30 mg/L. Coupling 
the system with UV disinfection achieved reclaimed water irrigation standards in China. Alkalinity played a 
crucial role in enhancing ammonia nitrogen nitrification during treatment. The study demonstrated that the 
improved AO process effectively treated prefiltered blackwater, providing high-quality reclaimed water for reuse. 
This approach holds promise for addressing sanitation challenges in developing regions, offering a sustainable 
solution for blackwater management while safeguarding the environment. 

Keywords: household; biomass filter; AO enhanced process; high quality effluent; reuse 
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Phototrophic Attached Growth Wastewater Treatment 
Abstract: Safe collection, treatment, and disposal of wastewater in developing countries is a major challenge facing 
communities. The inherent drawbacks of end-of pipe conventional technologies for wastewater treatment have led to 
serious thinking on alternate, low cost, natural and energy saving technologies on water treatment with considerable 
research is on-going all over the world in this area. Our innovative phototrophic biofilm full-scale reactor was evaluated 
over the eight-month period to determine its capacity to remove organic pollutants and achieve the maximum ammonium 
oxidation and phosphorus removal in municipal wastewater with ≤0.2 KW/h/m2 energy consumption. 
 
Introduction: 
The basic principles of conventional wastewater treatment systems have changed little over the last 150+ years, save for 
higher levels of mechanisation, resulting in higher energy consumption, complexity of operation and cost (Biological 
Wastewater Treatment edited by Mogens Henze, et al. 2008). Faced with multiple global challenges of limited fossil 
energy reserves, climate change due to GHG emissions, water stress from increasing population and climate change, a 
more environmentally friendly solution needs to be found. 
Methods: 
The phototrophic-based full-scale development reactors were located at the Kunshan, China, (31.335228, 120.892774) and 
the reactors consisted of a number of rotating finned elements, weirs, rotation air distribution piping and sensing elements as 
depicted in Fig.1. The system was seeded with phototrophic species collected from a local stream. 
The characteristics of the municipal influent of the phototrophic reactor are depicted in Table1. 
During the process, phototrophic biofilm was monitored and identified morphologically under a light microscope. 
Continuous, flow proportional samples from the inflow and outflow of the full-scale reactors were analysed for COD, NH4, 
total N and total P using colorimetric cuvette tests (Method: photometric, DMP, MerkMillipore, Germany). In addition, key 
operating conditions of PAR (DLI), DO, pH, ORP and temperature were continuously monitored throughout the process 
(Boelee et al. 2012). 

                   
Results: 
This full-scale study investigated the treatment and energy efficiency, and biomass production in an attached growth, 
phototrophic reactor for the treatment of wastewater under Chinese climatic conditions. The real biomass production rate 
ranged between 2.7 and 5.5 g dry weight/m2 /d, and the NH4 removal was 42 g/m2/day (m2 = biofilm surface area) and the 
average results for effluent concentration during eight-month trial of nitrogen, and phosphorus were 0.1 mg/L and 0.4 
mg/L, respectively (Table 1).  

 
 
CONCLUSIONS: 
The full-scale study investigated the nutrient removal and 
biomass production in an attached growth phototrophic 
organism reactor for municipal wastewater treatment 

under Kunshan climate conditions. The biomass production rate ranged between 2.7 and 5.5 g dry weight/m2/d, and the 
average nitrogen and phosphorus removal rate were 99,9% and 96,6% respectively. The wastewater contained sufficient 

Parameter 
(Treatment of municipal wastewater) 

Influent Final effluent 

Average Average % Removal 

Bio-chemical oxygen demand BOD mg/l 307 4 98.7% 

Chemical Oxygen Demand COD mg/l 748 6 99.2% 

Suspended Solids TSS mg/l 351 0.7 99.8% 

Ammonia Nitrogen NH4-N mg/l 68 0.1 99.9% 

Total Nitrogen T-N mg/l [With ASDN] 74 0.1 99.9% 

Total Phosphorus, T-P mg/l 11.7 0.4 96.6% 

Pathogens – E-Coli count (CFU/100 ml)   800  

Energy Consumption kWh/m2  0.2  



organic and inorganic carbon to sustain phototrophic growth, and CO2 addition was not applied. While a direct relationship 
was observed between light intensity and nutrient removal, the limiting parameter for volumetric flow treatment capacity of 
the reactor was the oxidation of ammonia. The target effluent concentrations of 0.1 mg N/L and 0.4 mg P/L were achieved. 
It is expected that the low light intensity, temperature, and the high pH during the day were limiting microalgal growth in 
this reactor. 
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ABSTRACT 
Building Desalination Plants in Tropical Island Communities and Keeping Them Working  
Neil Palmer BE MEngSc FIEAust CPEng 
Chief Technical Officer, Osmoflo 
The author worked in Fiji many years ago as Senior Engineer responsible for operating and 
maintaining Suva’s sewerage system.  During that period, he was introduced to some of the problems 
encountered where well-intended aid donors and suppliers whose equipment often failed and could 
not be repaired after the expats had gone home. 
While much has been spoken about this almost universal problem over the years, recent experience 
with several tropical island communities has suggested provision of affordable robust equipment 
which operates sustainably is still challenging.  
Case studies will be presented of projects which have been designed to leverage the experience and 
know-how of experienced operations and maintenance people from donor countries to team and 
work co-operatively with national people.  In one case, such co-operation and teamwork has meant 
that a desalination plant has been operating for more than 7 years at an astonishing 98% availability.   
The key to this is ensuring national operators participate in training, upskilling and teambuilding 
provided by donor country operators.   Opportunity for national operators to travel and gain 
operations experience in the donor country is also provided.  Support further includes remote 
monitoring and control (when required) of the facility via satellite communications links to a 24/7 
control room in the donor country.  The links include two-way video capability if clear support 
instruction is required in emergencies.   While there is a cost to this approach, it makes no sense to 
spend money on a facility and then have it fail through inadequate resourcing of operations and 
maintenance.   
In the first case study covered, the facility and its long-term reliability ensured both water quality and 
security for the community which in turn transformed the community’s health and well-being.  
Further projects are planned along the same principles.   
Donor countries are coming to recognise the importance of funding ongoing operations and 
maintenance support after the ribbon cutting ceremonies are over.   
More recently, there has been interest in renewable energy due to the high cost of electrical energy 
especially if it comes from diesel powered generators.   Potential for desalination from photovoltaic 
energy, solar powered thermal desalination and wave energy will be briefly covered.      
Provision of capital projects along with ongoing operations and maintenance support is considered 
essential to meet United Nations Sustainable Development Goal #6: “ensure availability and 
sustainable management of water and sanitation for all”.     
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Abstract 
The use of faecal sludge (FS) in anaerobic digestion requires a perfect knowledge of their composition. Considered 
as a very heterogeneous material, the high variability of FS can disturb anaerobic digesters’ functionality and impact 
biogas production. Unique in the West African sub-region, Kossodo’s biogas plant, located in Ouagadougou 
receives sludge from the city's septic tanks (ST) and pit latrines (PL). To evaluate the quality of sludge discharged 
in this treatment plant and its ability for the anaerobic digestion (AD), a characterization of FS from 130 faecal 
sludge trucks from several sanitation facilities was carried out. Physico-chemical including heavy metals, 
microbiological parameters were analyzed using standard protocols. This characterization showed an average of 
raw sludge contents of 1.12% of total solid (TS); 54.74% of volatile solid (VS); 9253 mg/l of chemical oxygen 
demand (COD); 1645 mg/l of biochemical oxygen demand (BOD5). Concentrated sludge showed high levels of total 
coliforms, E. coli, helminth eggs, and heavy metals compared to the raw sludge. Heavy metal analysis showed 
results below recommended limits for anaerobic digestion with a classification in decreasing order of toxicity of Zn> 
Mn> Cu > Cr > Ni > Pb > As ≥ Hg. The Carbon to Nitrogen (C/N) ratio of 6.7 ± 2.4 of these sludges indicates that 
faecal sludge only is not suitable for anaerobic digestion. Sludge settling increased the C/N ratio by 46%. However, 
the C/N ratio obtained still does not meet the recommended optimal operating conditions between 20 and 30 for 
good anaerobic digestion. The evaluation of the methanogenic potential of raw and concentrated FS gave 
respectively averages of 61 ± 0.4 and 156 ± 3.2 NL CH4/Kg VS. A co-substrate addition could improve the 
methanogenic yield of these sludges. This study presents a database on the characteristics of faecal sludge, as a 
reference for recovery options. 
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ABSTRACT 
 
Water Corporation uses polymeric ultrafiltration (UF) membranes to treat high NOM surface waters, 
secondary treated wastewater for recycling and as pre-treatment for seawater RO in desalination. 
Ceramic membranes are of interest due to their durability against cleaning chemicals and their ability to 
operate at a high sustainable flux with higher recovery, smaller footprint and longer membrane life (>20 
years).  Optimising coagulation and ozone dosing is critical to maximising the benefits of ceramic 
membranes and establishing sustainable and cost-effective treatment compared to polymeric UF 
alternatives.  In order to test the suitability of ceramic membranes in treating surface waters impacted 
by the taste and odour compounds geosmin and MIB, Water Corporation, in collaboration with PWNT, 
carried out a 20-month pilot trial (2020-2022) in Manjimup, Western Australia. The trial utilised a 
ceramic microfiltration (MF) membrane with a nominal pore size of 0.1 µm (Metawater, Japan) coupled 
with coagulation and ozonation pre-treatemt. Process performance and water quality parameters with 
and without coagulant and ozone pre-treatments were assessed.  
Results showed that ozone and coagulant (ACH) pre-treatments were essential for sustained high flux 
operation (>100 L/m2.hr (lmh) and up to 450 lmh). Sustainable operation at 250 lmh flux and 1hr 
filtration was achieved with coagulant (ACH = 2 - 3 mg/L as Al+3) and ozone (0.4 – 0.6 mg/L O3 in the 
feed water). Operation with coagulation only (no ozone) was possible up to 100 lmh but rapid TMP 
development was observed when coagulation was turned off.  The removal / oxidation of geosmin and 
MIB was ozone dose dependent, with higher ozone doses resulting in higher removal / oxidation. With 
bromide present in the dam water (0.2 - 0.3 mg/L), ozone dosing for geosmin and MIB removal had to 
be balanced against bromate formation as higher ozone doses and higher pH increased bromate 
formation potential. Operational strategies were developed to minimise bromate in the filtrate.  Pink 
filtrate (permanganate formation) was also observed on some occasions when ozone pre-treatment 
was utilised and manganese in the raw water was high (> 0.03 mg/L). Total coliforms and E. coli and 
were not detected in filtrate samples. 

The robustness of the ceramic MF membrane with coagulation and ozonation has been well proven as 
the subject membrane element has now been used in three different extended trials, at different 
locations and applications (including wastewater recycling) and continues to provide excellent service. 



Overall, the pilot has demonstrated the feasibility of ceramic membranes to treat and effectively 
address health and aesthetic challenges associated with a surface water source in regional Western 
Australia. 
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Title: Collaborating with government for improved WASH services in Papua New Guinea 
 
Presenter: Meredith Hickman, Director of Policy and Programs, WaterAid Australia 
 
In this presentation WaterAid share results of over 5 years of collaboration with national and 
subnational government in Papua New Guinea to improve access to water sanitation and hygiene, 
and recommendations for being a good partner to government in remote low resource settings.  
 
Papua New Guinea (PNG) has the lowest water, sanitation and hygiene (WASH) access indicators 
amongst the 15 developing Pacific Island nations. The latest (2021) update of the UN’s Joint 
Monitoring Program (JMP) estimates access to basic safe drinking water and basic improved 
sanitation in PNG in 2020 at 45% and 19% respectively.  While access to handwashing with soap is 
28%.   Approximately 75-80% of the population of PNG reside in rural areas and largely rely on 
subsistence farming for their livelihoods. Rural communities often have limited capacity to protect 
themselves from climate-induced natural disasters such as drought, flooding and storm surges. The 
rugged mountainous terrain as well as limited access to basic infrastructures such as roads and 
bridges hinder rural communities access to critical services such as healthcare, education, WASH 
services and broader development opportunities. Women are particularly vulnerable due to the lack 
of access to land, income, credit and other resources. This lack of access impedes their ability to cope 
with climate stresses and disasters. 
 
The Department of National Planning and Monitoring (DNPM) based in Port Moresby faces significant 
challenges in extending sustainable, inclusive, and climate resilient WASH services across rural and 
remote areas of the country. At the local level, District Government staff are often under-resourced 
and unclear on the best way forward to improve WASH services for their constituents. To start to 
address these challenges, DNPM, WaterAid, and Wewak District have coordinated across multiple 
projects, seeing significant improvements and strong leadership and action from PNG government 
staff.  
 
Reflecting on our engagement in this collaboration with government, WaterAid identifies the 
following core elements contributing to the progress made: Establishing long term commitment and 
stable relationships; understanding and addressing power across the operating context; taking a 
holistic system strengthening approach; linking pilots with building broader capacity to scale; 
focusing on finance pathways; building a shared understanding and locally relevant mechanisms for 
gender equality and social inclusion outcomes. 
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Community Scale Desalination: an important solution that is poorly understood 
Dr Mat Francis1, Jay Williams2 and Dr Dani Barrington2 
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Climate change and increasing populations are causing Pacific Island Countries (PICs) to experience 
increasing freshwater stress, particularly in rural and remote communities. Traditional water sources 
including rainwater and groundwater are becoming more unreliable due to shifting rainfall patterns 
and saline intrusion into aquifers. Increasing cyclonic activity in the region is also reducing the reliability 
of centralised water treatment systems with extensive distribution networks. Combining readily 
available seawater with desalination is increasingly forming part of PICs response to the water security 
crisis. Community scale, decentralised seawater desalination units can produce water where it is 
needed, reducing the need for water carting (including the distribution of plastic water bottles and 
resultant plastic waste) and removing the need for extensive distribution networks. 
The main technology used for seawater desalination, Reverse Osmosis, is a mature technology that has 
been supplementing municipal water supplies since 1977. In response to a series of droughts between 
1980 and 2000, more than 20 desalination systems were installed in PICs. These systems were 
predominantly seawater Reverse Osmosis systems. By 2000, at least 75% of these units were no longer 
operational. Although the longevity of systems may have improved in some PICs, many operational 
desalination systems in this region, both old and new, are powered by diesel generators, leaving 
communities reliant on an exterior commodity that exacerbates the climate crisis to solve the water 
security crisis. Renewable energy systems and breakthroughs in community scale reverse osmosis 
technology offer an alternative which allows water to be generated locally using local solar or wind 
energy. 
However, the capital cost of renewable energy powered desalination systems can be higher than fossil 
fuel systems given renewable energy systems will often have lower daily production capacity. If these 
projects will cost utilities and donor partners more per water volume, the technology must be given 
the best chance to succeed given fewer systems can be funded from the same pool of money. Previous 
work has found that insufficient training and taking into consideration the self-identified needs of end 
users are major factors determining the success of WASH technologies. The exact number of seawater 
desalination systems that have been installed in PICs, why they have failed and how many systems are 
still operational is poorly understood as information on these units is limited. We will be presenting on 
the available literature around why some seawater desalination systems in PICs have historically failed 
to reach their design life and present ways of overcoming these obstacles including the use of flexible 
renewable energy systems.  
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Abstract 

The on-site wastewater treatment approach is feasible in areas still not connected to sewer networks 
and newly developed ones where the centralized facility is inadequate. Packaged treatment systems 
can provide a turnkey solution for advanced on-site treatment and are suitable for installation at 
individual households or a decentralized community level. Johkasou is a decentralized on-site water 
purification system used in Japan before WWI (1911). This study aims to evaluate the performance of 
Johkasou model AIJ-7 (Flow, 7 m3/d), suitable for approximately 50 persons or 10 households on site 
attached biomass based small-scale wastewater treatment plant (WWTP). Johkasou package WWTP 
was operating at different hydraulic retention times (HRT) of 22, 26, and 31 hours with wastewater 
temperatures varying from 15-25 °C with a novel configuration of 1) separation and sedimentation 
chamber (SSC), 2) anaerobic contact media chamber (ACMC), 3) Moving bed chamber (MBC), 4) 
sedimentation chamber (SC) and 5) disinfection chamber, respectively. The media ratio in the 
anaerobic chamber is 50%, and in the aerobic chambers is 30%. HRT is a crucial parameter that 
affects the treatment system's performance at low temperatures. The plant was operated under 
varying load conditions with a sludge recirculation rate was 2 times of inflow from SC to the SSC. 
Results revealed that variation in HRT enhanced the performance, and it was observed that the 
highest removal was observed at HRT of 22 h for water temperature (~25 °C) and at HRT of 31 h for 
low water temperature (~15 °C). After achieving a steady state, the average removal of COD, BOD 
and TSS was observed >89%, >90% and >90%, respectively. Johkasou reduced T-N below 10 mg/L 
when the system was fully stabilized and the adjustment of internal recirculation. Vacation stress 
analysis was conducted, and it was observed that a recovery time of about 48 hours is required to 
stabilize when there is no influent for eight consecutive days. Working stress analysis revealed that 
turning the blower off for around 4-6 hours a day does not impact the system's performance and 
contributes to a 25% reduction in electricity costs. Also, it was confirmed that the addition of 
appropriate Poly Aluminium Chloride (PAC) could reduce T-P below 1 mg/L. Fecal Coliforms (FC) were 
not detected in the treated water as the chlorine agent disinfected it using a chlorine tablet of a 
dosing concentration of 5 mg/L. The treatment cost of Johkasou is estimated at around 0.3 USD/m3 
(24 INR/m3). The outlet from the Johkasou is further treated with a tertiary unit which consists of a 
pressure sand filter (PSF) and an activated carbon filter (ACF). AIL-7 type Johkasou system, an 
advanced on-site treatment system with a novel configuration, achieved > 80% TN and > 90% BOD 
under varying load conditions, which the tertiary treatment unit can further reduce. The microbial 
population characteristics were determined under these conditions. The fourth sedimentation 
chamber mainly contained carbon degrading, nitrifying and denitrifying bacteria such as 
Lactobacillus, Clostridium, Olsenella, Gemmatimonas, Nitrospira, Clostridioides, Treponema, etc. The 



biodiversity within the system was confirmed to achieve better removal effects. Hence, the overall 
performance of the Johkasou AIJ-7 was well-designed for excellent carbon and nitrogen removal. 
 
Keywords: Carbon and Nitrogen removal; Hydraulic retention time; Johkasou 
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HEALTH AND ECONOMIC CONSEQUENCES OF INADEQUATE WATER QUALITY AND 
WASTEWATER: A COST OF ILLNESS STUDY FOR URBAN HOUSEHOLDS 
Sukanya Dasa., Mehak Malharia, Markus Starklb, Pulak Mishrac 
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Access to clean and safe water is essential for maintaining public health, yet millions of urban 
households worldwide continue to suffer from water-related illnesses caused by using and consuming 
untreated and contaminated water, posing a substantial burden on public health and economic resources. 
As a part of the research study undertaken by the EU-India Consortium project “Identifying best 
available technologies for decentralized wastewater treatment and resource recovery for India” 
(SARASWATI 2.0), this study proposes to address the issue of health damages of water-related illness 
from a field survey of the study sites. The Cost of Illness the methodology will be employed to quantify 
the economic burden of waterborne diseases and their impact on households and society. By adopting 
the health production function approach, the model will be developed based on the theory of utility-
maximizing consumer behavior to value the health damages incurred by urban households due to water-
related illnesses and consequently, the probability of disease for a home will be estimated. The 
monetization of health losses borne by households will provide a measure of the minimum willingness-
to-accept of the households for cleaner technologies to avoid damage from contaminated water. The 
findings of this study will contribute towards a better understanding of the health and economic 
implications of inadequate water quality, thereby highlighting the importance of implementing water 
safety measures and prioritization of resources for designing effective interventions for water treatment 
and sanitation improvement. 
 
The abstract is submitted for SARASWATI 2.0 workshop 
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One of the criteria of Green Campus is water management on campus, such as water conservation 
programs, water recycling programs, use of water-saving equipment, and use of treated water. Udayana 
University can fulfill these criteria by adding facilities, creating a water recycling program, especially 
for water used in laboratories.. 
Data was taken from the Analytical Laboratory, a laboratory with many activities. Waste samples 
produced by the Analytical Laboratory were taken and analyzed in November 2023. The results of the 
analysis show that many parameters exceed the quality standard thresholds of Regulation of the Minister 
of Environment of the Republic of Indonesia Number 5 of 2014 concerning Standard Waste Water 
Quality, such as the concentration of dissolved solids (TDS), suspended solids (TSS), metals Cr, Cd, 
Hg, Pb, As, Se, Cu, Fe, in liquid waste. 
A waste treatment system that can reduce heavy metals and is integrated with a park concept is a 
constructed wetland with a phytotreatment method. This system works based on the ability of plants to 
absorb contaminants in the soil through the roots. The operating system used is a batch system with 
vertical or horizontal flow direction. The plant used is the ornamental plant Costus spicatus, which has 
many fibrous roots, is strong and spreads in the soil to help the growth of decomposing microbes and 
act as an absorbent. Wastewater treated in the constructed wetland will be used for watering plants and 
flushing the toilets. 
 
Keywords: Constructed Wetlands, Laboratory Waste, Green Campus 
 
 
  



Constructed Wetlands: Nature-Based Solutions for wastewater challenges 
in Developing Countries 
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Due to inadequate infrastructure and investment, low and middle income countries (LMICs) are facing 
challenges in fecal sludge (FS) and municipal wastewater (WW) management. Since, both sewered and 
onsite sanitation infrastructures are present in LMICs, a co-treatment of FS and WW could be an option. 
However, the knowledge resources in-terms of co-treatment guidelines and research findings are scarce 
and difficult to access in LMICs. As such, the main aim of this study is to evaluate the effects of different 
volumetric mixing ratios of settled FS and WW on the performance of a Sequence batch reactor (SBR). 
FS was collected from the lined two-chambered septic tank (without outlets) present at staff’s 
accommodation unit of Kathmandu University (Dhulikhel, Nepal) while WW samples were collected 
from the laterals of another accommodation units of the same campus premises. Two SBRs,  reactor one 
(R1) and reactor two (R2) operated in 24 hours cycle at four different volumetric ratios (5%, 10%, 20% 
& 40%) of FS and WW. The reactors were operated for 68 days, where 22 days are the start-up period. 
pH, temperature, turbidity, Chemical Oxygen Demand (COD), ammonia, phosphate, nitrate, and Total 
Suspended Solid (TSS) from the daily collected samples were analyzed using standard methods.  
 
The removal of COD, ammonia and phosphate was high during the start-up phase and the volumetric 
mixing ratio of 5% (FS:WW). However, the pH dropped when the volumetric mixing ratio was increased 
beyond 10% mixing ratio which could be due to the nitrification.  pH was maintained at neutral (7.0) in 
the process by adding Sodium Hydroxide (NaOH). Overall, the average ammonia removal rate was 
89.6% and 87.6%, respectively for R1 and R2, and the average COD removal rate was 86% and 85%, 
respectively for R1 and R2 during all the tested mixing ratios (Figure 1). The phosphate removal rate 
was found to be low which could be due to absence of anaerobic stage during the SBR cycle. Sludge 
wasting was not practiced during the operation which led to high biomass (6,500 mg MLSS/L) and low 
Food to microorganism’s ratio. Furthermore, the operational cycle could be reduced 18 hrs and beyond 
in future research. To address growing demand for FS and WW treatment, co-treatment in SBR may be 
an attractive solution. 
 

 
Figure 1. COD removal, COD removal % and MLSS concentration in R1 (A) and R2 (B) at different 

volumetric mixing ratios of FS and WW 

(A) 

(B) 
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Abstract: The decentralized nature of information and the widespread use of mobile devices for accessing 
content makes the water sector an excellent platform for using the Internet of Things (IoT) paradigm to 
streamline procedures, benchmark standards and create a sustainable environment. Smart devices play an 
essential role in deploying digital solutions through IoT. They help connect the physical world with the 
digital universe and are regarded as fundamental entities within a network integrated through IoT. The 
study provides a better understanding to assess the critical success factors (CSFs) for smart device 
implementation in the water sector. The factors are obtained from the literature and shortlisted with the 
help of experts using the Delphi method. Kappa statistics are used to further validate the experts’ 
consensus. The significant factors identified were Leadership, Usability, Cost of Implementation, 
Technology Awareness, Data privacy, Interoperability and Community Partnership. Mental modeler 
software has been used to construct a fuzzy logic cognitive mapping (FCM) of CSFs to represent causal 
reasoning in diagraphs. Scenario analysis was conducted for each CSF. The study provides 
recommendations for policymakers to develop precise strategies for integrating IoT in the water industry. 
Keywords: Water Industry, Fuzzy Logic Cognitive Mapping, Smart Devices, Internet of Things, Decision 
Making. 
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The treatment of wastewater in small communities is a critical issue for environmental 
protection and sustainability. Membrane bioreactor (MBR) technology is a promising approach 
for wastewater treatment in small communities, but it is susceptible to shock loading from 
industrial wastewater releases. This study assesses the current capability of an MBR-based 
WWTP in Saudi Arabia to meet guidelines under shock loading. Using a full year's worth of 
data, this study investigates the handling of hydraulic and pollution loading shocks with 
innovative data analytical techniques. This research also identifies the optimal way to integrate 
industrial and municipal wastewater treatment and provides recommendations for operational 
procedures and design modifications to upgrade small WWTPs for current operational 
conditions. 
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Rising population and rapid urbanization has led to growing amount of waste water being produced in 
India’s major cities, often outpacing the existing treatment capacity. Setting up of additional large scale 
waste water treatment plants require incurring huge infrastructural costs and continuous operational and 
maintenance costs which can result in higher water bills for users particularly in low income urban areas. 
Decentralized waste water treatment plants offer small scale solutions by treating and managing 
wastewater locally, often on-site or within a small community or neighborhood, for the areas which are 
not connected to or where centralized waste water treatment plants may not be a feasible option. As a 
part of the research study undertaken by the EU-India Consortium project “Identifying best available 
technologies for decentralized wastewater treatment and resource recovery for India” (SARASWATI 
2.0), this study aims to explore the costs and benefits associated with implementing decentralized waste 
water treatment and reuse at two locations in India- Kharagpur & Bhubaneswar, using the Net Present 
value (NPV) approach. The approach of the Cost-benefit analysis employed here is comprehensive, i.e., 
it takes into account both market as well as non-market benefits offered by the decentralized waste water 
treatment technologies. Monetization of the non-market benefits associated with resource reuse and 
health is further elaborated upon by using valuation techniques including contingent valuation methods 
(CVM) and Cost of Illness (COI).  
 
The abstract is submitted for SARASWATI 2.0 workshop. 
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Decentralized Wastewater Treatment Systems 
Dr Sara Heger 
 
Biography:  
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Characterizing Challenging and High-Strength Wastewater Sources in Decentralized Wastewater 
Treatment Systems 
More decentralized wastewater treatment systems are being negatively impacted by the use and 
disposal of varying chemicals, cleaners, medicines, and anti-bacterial products.  This presentation will 
discuss challenges related to RV parks, convenience stores, home breweries, salons, dog grooming, 
medications in-home health care, and others.  Data from related studies will be included and 
potential solutions offered.  It then provides examples of challenging waste streams that can impact 
wastewater treatment from homes and businesses. Numerous strategies for dealing with challenging 
wastewater will be discussed.  This will include oversizing the soil treatment area, including advanced 
pretreatment, increasing management and usage education.  Source segregation and flow 
equalization will also be discussed to either reduce the load or spread the load out more evenly.  
Management of fat, oil, and grease through practices and grease traps needs to be addressed in any 
system with elevated levels.    Recirculation and the addition of oxygen in an advanced system may 
be needed to deal with high organics and nitrogen.  Strategies to work with system owners will also 
be discussed and case studies provided. 
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ABSTRACT 
Introduction: Sustainability transition in the environment domain makes use of many resources. 
However, the quantitative assessment of resources from a Nexus perspective and its 
interdependencies varies largely between industry and community levels; thus, a true socioeconomic 
and environmental sustainability assessment remains challenging. Therefore, the presented study 
develops a framework encompassing the interlinkages of water, energy, and health of aquatic 
ecosystems-agrifood (WEE-F) Nexus into the textile industry ecosystems to explore environmental 
sustainability. 
Objective: This paper aims to investigate the pathway of resource Nexus components' 
interrelationships between the textile industry and environment within a mix-method research design.  
Methods: Using the wastewater management system of the Bangladesh textile industry and thematic 
analysis of key informant interviews and focus group discussions with industry and community 
representatives, the study illustrates the different stakeholders’ perceptions regarding wastewater 
and Nexus dimensions. The survey design has applied statistical analysis with a smart partial least 
squares-structural equation model (SPLS-SEM) based on wastewater management data collected from 
the 94 compliance and 76 non-compliance textile industries. 
Results: The initial findings of the qualitative approach reveal the adverse consequences of textile 
wastewater on community livelihood due to the negative effect on resources such as freshwater, agri-
food, and the health of aquatic ecosystems, and hindering the existing socioeconomic and 
environmental sustainability. 
Conclusion: The outlook of the quantitative analysis indicates the resource Nexus components’ 
relationships, which may help to derive the sustainability transition in textile wastewater management 
as a synergistic context of resource Nexus and can be measured to attain robust socioeconomic and 
environmental sustainability decision-making. 

 
1 Doctoral Researcher | Faculty of Environmental Sciences | Technische Universität Dresden (TU Dresden) | 01217 
Dresden | Germany | Email: kamol.gomes@tu-dresden.de | United Nations University | Institute for Integrated 
Management of Material Fluxes and of Resources (UNU-FLORES) | 01067 Dresden | Germany | Email: gomes@unu.edu  
2 Professor of Faculty of Business and Economics | Technische Universität Dresden (TU Dresden) | 01217 Dresden | 
Germany | Email: thomas.guenther@tu-dresden.de 
3 Research Associate | Leibniz Institute of Ecological Urban and Regional Development | 01217 Dresden | Germany | 
Email: j.morris@ioer.de 
4 Professor Director | United Nations University | Institute for Integrated Management of Material Fluxes and of Resources 
(UNU-FLORES) | 01067 Dresden | Germany | Email: guenther@unu.edu 
5 Professor of Human Geography | Faculty of Environmental Sciences | Technische Universität Dresden (TU Dresden) | 
01217 Dresden | Germany | Email: Judith.miggelbrink@tu.dresden.de 
6 Associate Program Officer | United Nations University | Institute for Integrated Management of Material Fluxes and of 
Resources (UNU-FLORES) | 01067 Dresden | Germany | Email: caucci@unu.edu 



  



Effective Nitrate Removal from High-Nitrate Wastewater using Ion 
Exchange Membrane Bioreactor (IEMB) Technology 
Mr Vishnu Vardhan, Ms Gayathri  Ramalingam, Dr. Ligy Philip 
 
Biography:  
Research Scholar at IIT Madras, India in Environmental Engineering Division, currently working on the 
removal of nutrients and harmful oxyanions from water and wastewater using Ion Exchange 
Membrane Bioreactor. My interests are water and wastewater treatment, resource recovery, circular 
economy, and life cycle assessment.  

Abstract for Australian IWA conference.pdf (could not be inserted) 
  



Efficiency and scale-up assessment of three plasma reactors for emerging 
contaminants removal: a comprehensive study 
Mr Deepchandra Joshi, Dr. Mikhail  Vasilev, Dr. Veda Prakash  Gajula, Prof.  Selma Mededovic  
Thagard, Prof. T.R.  Sreekrishnan 
 
Biography:  
I am a PhD student and Fulbright scholar from IIT Delhi, India specializing in plasma systems for 
resolving emerging contaminants in wastewater. My research focuses on scaling up plasma-based 
treatment for commercial implementation. 

 

 

 

 

 

Deep_India.pdf (could not be inserted) 
  



Electroconductive moving bed membrane bioreactor (EcMB-MBR) for 
single-step decentralized wastewater treatment 
A/Prof Wenchao Xue, Ms. Nutkritta  Udomkittayachai 
 
Biography:  
Dr. Wenchao Xue is an Associate Professor at the School of Environment, Resources and Development 
of the Asian Institute of Technology (AIT). Her research interests cover environmental membrane and 
electrochemical technologies, resources/energy productive wastewater treatment, monitoring and 
elimination of environmental emerging contaminants, and sustainable watershed management. 
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Membrane bioreactor (MBR) is an advantageous technology for wastewater treatment. However, efficient 
nutrient removal and membrane fouling mitigation remain major challenges in its applications.  
In this study, an electroconductive moving bed membrane bioreactor (EcMB-MBR) was proposed for 
simultaneous removal of organics and nutrients from domestic wastewater. The EcMB-MBR was composed of 
a submerged MBR, filled with electrodes and free-floating conductive media. Conductive media were 
introduced to reduce energy consumption in an electrochemical MBR, to improve nitrogen removal, and to 
mitigate membrane fouling.  
 
The results showed that COD, total nitrogen, and total phosphorus removal was up to 97.1 ± 1.4%, 88.8 ± 
4.2%, and 99.0 ± 0.9%, respectively, in comparison with those of 93.4 ± 1.5%, 65.2 ± 5.3%, and 20.4 ± 11.3% in 
a conventional submerged MBR. Meanwhile, a total membrane resistance reduction of 26.7% was obtained in 
the EcMB-MBR. The optimized operating condition was determined at an intermittent electricity exposure 
time of 10 min-ON/10 min-OFF, and a direct current density of 15 A/m2. The interactions between electric 
current and conductive media were explored to understand the working mechanism in this proposed system. 
The conductive media reduced 21% of the electrical resistivity in the mixed liquor at a selected packing density 
of 0.20 (v/v). The combination of electrochemical process and conductive media specially enhanced the 
reduction of nitrate-nitrogen (NO3--N) through hybrid bio-electrochemical denitrification processes. These 
mechanisms involved with electrochemically assisted autotrophic denitrification by autotrophic denitrifying 
bacteria. As a result, 5.2% of NO3--N remained in the effluent of EcMB-MBR in comparison with that of 29.5% 
in the MBR. Membrane fouling was minimized via both mechanical scouring and electrochemical 
decomposition/precipitation of organic/particulate foulants. Furthermore, a preliminary cost analysis 
indicated that an additional operating cost of 0.081 USD/m3, accounting for 10 – 30% increment of the 
operating cost of a conventional MBR, was needed to enhance the nitrogen and phosphorus removal 
correspondingly in the EcMB-MBR. 

 
Fig. 1 Schematic working mechanism of the EcMB-MBR technology 
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ABSTRACT 

In Western Australia, around 70% of Aboriginal 
communities are not connected to a regulated water 
service. Water Corporation has assumed 
responsibility to supply water and wastewater 
services for 141 Aboriginal Communities in Western 
Australia and upgrade to regulatory standards, 
taking over from the Department of Communities. 
Challenging standard design and delivery 
approaches, balancing competing priorities and a 
culturally intelligent engagement-led approach is 
critical. 

Early engagement is essential to enable First Nations 
voices. Focusing on local solutions, Water 
Corporation have engaged the incumbent service 
providers to promote continuity and support 
Aboriginal-owned business. Capital delivery 
processes are adapted to incorporate Aboriginal 
perspectives, allowing time for engagement and 
relationship building. Standard design approaches 
are questioned to deliver fit-for-purpose water 
quality solutions in small regional communities that 
fit skills and resources available to regional service 
providers. 

Case studies include adjusting track and pipe 
alignment to protect culturally significant flora, 
designing media loading and control systems to suit 
service provider  

 

needs, and providing stand-alone solar power 
system for sustainable power supply. Understanding 
nuanced stakeholder needs and balancing standard 
and novel approaches is key to positive outcomes. 
Effort invested in relationships and assessing design 
alternatives provides fit-for-purpose solutions and 
satisfied community, service providers and internal 
stakeholders. 
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According to the World Health Organization, by 2025, half the world’s population will be living 
in water-stressed areas. Hence, access to clean, safe drinking water is already crucial for each 
society and is Goal 6 of the United Nation’s Sustainable Development. In the Sub-Saharan region there 
are still the countries where the access to the drinking water is limited. That is why the presented study 
provides an overview of the quality of surface water and groundwater in rural and peri-urban 
areas of Madagascar, Uganda, and Rwanda.  

The basic parameters recommended inter alia by the WHO including inorganic ions 
determined via ion chromatograph DIONEX 3000 equipped with the conductometric detection and 
organic pollution: in the form of total organic carbon (TOC) measured by a TOC-VCSH/CSN 
Analyser, non-ionic surfactants (SNI), cationic surfactants (SC), anionic surfactants (SA), sum of 
phenolic compounds and formaldehyde measured via cuvette tests and Spectrophotometer 
Spectroquant Pharo 300 Merck was performed. pH and conductivity were measured using a HQ40d 
(HACH, Germany) and EcoSense pH/SC 1030 A (YSI, USA) portable multi-meters in the field. Presence 
of Escherichia coli (EC) and Total Coliforms (TC) was analysed using Aquagenx CBT EC+ TC 
(Compartment bag test) most probable number (MPN) Kit. Obtained data were compared with the 
threshold values suggested by World Health Organization and/or European Union Directive 
2020/2184 on the quality of water intended for human consumption.It has been found that F-, Cl -, NO3 

-, Na+ and K+, were detected above the threshold values, which are 1.5 mg/L, 250 mg/L, 10 mg/L, 200 
mg/L and 30 mg/L, respectively. All samples, where those parameters were above the threshold were 
located in Madagascar (rivers and deep well used as a drinking water source). Moreover, presence of 
EC and TC (>100 MPN for both parameters) in studied samples in Madagascar (deep well, Mahajanga) 
has been found. In Uganda and Rwanda surfactants (CA and CS) has been detected in all studied 
drinking water samples. The values were in the range of 73-650 µg/L and 130-220 µg/L for CA and CS, 
respectively. 

Both environmental and sanitary condition of studied samples calls for the action to improve 
wastewater treatment (municipal, industrial and medical) for safeguard surface water and groundwater 
bodies, which are used for drinking purposes.   Moreover, due to the high risk of spread by 
micropollutants (lack of wastewater system facilities) and pathogenic microorganism (lack of 
disinfectants and the implemented microbiological safety protocols), Africa may constitute a global 
threat to the aquatic environment. Hence, water resources purification and sanitation are the main 
goal in this area to help eliminate long-range atmospheric transport of micropollutants and neglected 
tropical diseases. Besides protecting local communities, such activities provide holistic thinking, linking 
health of humans and environment quality in the global scale. 
 

Special thanks for the financial and material support to the Foundation for Development of 
Civil Engineering and Xylem Water Solutions Polska for the field campaign in 2022. 
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It is known that environmental pollution, especially water pollution in rivers, is caused by livestock 
waste that is thrown away into rivers without any treatment. In Bali, there has been an increase in the 
development of pig farms, but the rising in the number of pig farms has not been accompanied by 
effective pig waste management. Most of the pig breeders discharge their wastewater into the 
environment and even make drains directly into the river. 
This study identifies the level of environmental pollution caused by pig waste and analyzes the proper 
processing of pig waste. This research was conducted by distributing questionnaires to several pig 
farming areas in three districts in Bali, which are Denpasar, Badung, and Gianyar.  And also taking 
samples of pig waste for analysis in the laboratory. 
The results of the questionnaire stated that most pig farmers have not managed their waste optimally. 
Only a few have prepared a place to store pig waste. All parameters of pig wastewater discharged into 
water bodies (COD, BOD, TSS, TDS, and NH3) exceed the quality standards of wastewater for pig 
farms stipulated in Bali Governor Regulation no 16 of 2016. Technology such as Anaerobic Baffled 
Reactor is needed in handling this pig waste, this technology is easy for pig breeders to implement and 
is also economically affordable for pig breeders to procure. 
 
Keywords: Environmental Pollution, Pig Waste, Anaerobic Baffled Reactor 
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Evaluation of the hot bubble pilot plant for effluent evaporation and water desalination 
A. Garrido Sanchis1  
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Introduction My previous work showed the potential for the bubble column evaporator (BCE) to assist in water sterilisation. 
This research investigated the upscaling of a BCE towards a commercial prototype which involved the design and build of a 
commercial prototype of the hot bubble pilot plant (HBPP) (Wei and Garrido Sanchis, 2021; Garrido Sanchis and Jin, 2020). 
This was deployed in both laboratory and field conditions on various samples representing water sources used at piggeries 
with differing levels of contaminants (synthetic piggery effluent and brackish water). The HBPP uses hot dense bubbles as 
heat and mass carriers to evaporate the solution with improved evaporation efficiency, compared with that of conventional 
thermal evaporating technologies (Garrido Sanchis and Jin, 2020; Garrido Sanchis et al., 2019). The hypothesis for this 
experiment was that the utilisation of combustion gases from liquified petroleum gas (LPG) at a range of inlet temperatures 
for wastewater treatment and brackish water desalination will provide a no-cost water treatment technology. 
 
 
Results The amount of evaporated water vapour was higher for the 0.5 M NaCl solution than for the synthetic piggery 
effluent at inlet air temperatures of 80 °C and 120 °C but didn’t changed at 160 °C. However, when combustion gases at 120 
°C were used to produce bubbles in a 0.5 M NaCl solution the evaporation efficiency increased by 37% with that of air at 
the same temperature. The best way to adapt the technology is to use combustion gases from gas engines (Table 1). This 
sterilises the piggery effluent and produces pure water without additional energy requirements. Combustion gas has a 
temperature of approximately 500 °C, which is an ideal source of inlet gas. Currently, biogas flaring waste is outputted to 
the atmosphere, however, an extra step can integrate the gas in this process which will become economically attractive. 
Heating air with solar at 130 °C offers another energy-efficient alternative with an energy consumption of only 420 W. 
 
Table 1. HBPP power requirements to produce 120L/h of Sterilised water and 0.745L/h of pure condensed water when 
operated with hot air, combustion gases and solar heated air with inlet gas at 130 °C. 

Setup Inlet Gas 
Temp (°C) 

Inlet Gas 
Flow (L/min) 

Power Air 
Pump (W) 

Power Air 
Heater (W) 

Power 
Total (W) 

Hot air 130 340 420 2 680 3 000 
Combustion gases 130 340 0 0 0 
Solar heated air 130 340 420 0 420 

 
Conclusions and implications The results prove that the new small-scale industrial HBPP can evaporate brackish water and 
piggery effluent at virtually no cost when operated with exhaust gases, producing high-quality water that fits within 
international drinking water standards. Conductivity, chloride, sulfate, total nitrogen, calcium, magnesium and sodium were 
much lower than the acceptable level for drinking water proving that the HBPP can provide quality condensed water. 
 
Acknowledgments Supported in part by Australian Pork Limited (2018/0074). 
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Abstract 

In this investigation, a wide range of purple non-sulphur bacteria (PNSB) was screened based on their ability to utilize volatile 
fatty acids (VFAs) as carbon source. The PNSB isolates that showed the highest pigment production were selected, and a 
mixed consortia was developed.  The developed consortia were used in a 20 L batch-scale study which was conducted for 5 
days in the presence of incandescent infrared light in photoheterotrophic mode, where the fermented wastewater (FWW) was 
used as substrate, which was collected from the acidogenic continuous stirred tank reactor (CSTR) fed with sewage. The 
efficiency of nutrient and soluble organics utilisation from fermented wastewater using the PNSB consortia was evaluated. 
Results depicted that PNSB consortia has assisted in the removal of chemical oxygen demand (COD, 76%), VFA (50%), 
ammonia-nitrogen (NH4+–N) (20%) and phosphate (80%) from the FWW with concomitant enhancement in biomass and 
pigment production. 

Introduction 

Traditional wastewater treatment methods are primarily aimed at eliminating contaminants, whereas sustainable wastewater 
treatment technologies aim to concentrate and transform by-products recovered into valuable resources. PNSB, which have 
the ability to convert VFA and nitrogen into biomass in a photoheterotrophic mode, have been identified as a highly effective 
option for efficient nutrient extraction from wastewater. The economic and environmental advantages offered by PNSB-
based wastewater treatment shall make it a more appealing alternative to conventional treatment processes.  

Methodology 

The experiments were conducted in a temperature (37 ± 1 °C) controlled and enclosed wooden chamber, under an 
incandescent infrared light bulb (> 700 nm). The lighting cycle followed a 12-h light and 12-h dark pattern. Various 
inoculums collected from the different stages of 1.35 MLD sewage treatment plant (at IIT Kharagpur), pond sediment, food 
waste fermenter, and microbial fuel cell effluent were used for the primary screening of PNSB to ensure a diverse range of 
microorganisms based on their ability to utilize acetate and propionate as carbon source in a selective modified media. 
Further, secondary screening for the isolates were carried out depending upon the highest pigment generation capability and 
the best isolates were selected. Subsequently, an enriched consortia was developed using these selected isolates, which served 
as the source of inoculum for further studies. To assess the effectiveness of the developed consortia, a batch study was 
conducted in a 100 L reactor with working volume of 20 L of FWW collected from acidogenic CSTR (100 m3/d) mixed with 
the consortia (at a concentration of 10% v/v).  The experiment was conducted for 5 days, maintaining similar lighting 
conditions and various parameters including total solids (TS), volatile solids (VS), COD, VFA, biomass, pigment, phosphate, 
and NH4+ – N were measured at regular intervals of 24 h. 

Results and Discussion 

A total of 30 isolates resulted from primary screening were subjected to secondary screening, where the isolates were 
evaluated through spectral scans ranging from 200 nm to 1100 nm to determine the presence of carotenoid peaks (at 320 nm 
and 380 nm) and bacteriochlorophyll peaks (at 590 nm, 800 nm, and 880 nm). Consequently, 10 best pigment producers 
were selected to develop an enriched PNSB consortia. The utilization of the PNSB consortia resulted in significant removal 
rates: a 76% decrease in COD from 292 to 70 mg/L, a 50% reduction in VFA from 102 to 51 mg/L, a 20% decrease in NH4+ 
- N from 28 to 22.4 mg/L, and an 80% decrease in phosphate from 6.2 to 1.2 mg/L. Moreover, there was a substantial increase 
in PNSB biomass from 115 to 555 mg/L. It was observed that carotenoid peaks were more prominent than bacteriochlorophyll 
peaks. This increase in biomass and pigment production can be attributed to the conversion of COD, VFA, NH4+–N, and 
phosphate present by the PNSB consortia.  

Conclusion 

The PNSB consortia that were developed demonstrated the ability to effectively remove organic matter and recover nutrients 
from wastewater in the form of biomass.  

Keywords: Purple non sulphur bacteria, Wastewater treatment, Nutrient recovery, Biomass, Pigment 
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Wastewater-based epidemiology (WBE) is indeed a valuable tool that can provide insights into the health and 
behaviours of a population. By analysing wastewater, scientists can gather information about the presence and 
concentration of various substances excreted by the human body, including pharmaceuticals, illicit drugs, and 
pathogens. One of the significant advantages of WBE is its ability to provide population-level data, allowing for 
the monitoring of entire communities rather than relying solely on individual clinical testing. This is particularly 
useful in situations where resources for individual testing are limited or where testing is primarily focused on 
individuals with severe symptoms. In the case of infectious diseases, such as COVID-19, WBE can be used to 
detect the presence of the virus in a community. Fragments of the SARS-CoV-2 virus have been found in feces 
and urine, regardless of the course of the disease. By monitoring wastewater samples from different locations, 
scientists can track the development and spread of the COVID-19 epidemic in a population. This information can 
help public health authorities make informed decisions regarding preventive and control measures, such as 
implementing targeted interventions and isolation protocols. Thus, WBE provides a complementary approach to 
traditional clinical diagnostic methods by offering a broader picture of community health. It was recognised by 
the World Health Organization (WHO) as useful tool to effectively combat epidemics. So, the development of 
new methods for on-line detection of infectious agents, such as the use of biosensors, is indeed a promising avenue 
for advancing WBE.  
The aim of the study was a development of a fiber optic sensor (FOS) with an optical microsphere for detecting 
SARS-CoV-2 in sewage. Photonic biosensors offer several advantages for rapid and real-time detection of 
pathogens in wastewater. They can provide fast results, often within minutes, eliminating the need for time-
consuming processes like sample preparation, RNA extraction or PCR. By modifying the surface of the FOS, it 
can be designed to specifically detect the virus of interest, in this case, SARS-CoV-2. The sensitivity and 
specificity of the FOS was determined through a series of tests to ensure its accuracy in detecting the virus. These 
tests helped to establish the performance characteristics of the sensor and its ability to reliably identify the 
presence of SARS-CoV-2 in wastewater samples. Furthermore, the measurement signals obtained from the sensor 
were used to generate data sets that can be utilized in machine learning models. This predictive capability can be 
instrumental in providing early warnings and identifying potential infection outbreaks, allowing for timely 
intervention and control measures to limit the spread of viral particles. The integration of biosensors and machine 
learning in WBE has the potential to enhance the effectiveness and efficiency of monitoring infectious diseases 
in communities. However, it's important to note that the development and validation of such technologies require 
rigorous testing to ensure their reliability and accuracy. It is crucial for the successful implementation of FOS in 
disease surveillance and outbreak prediction. 

Partly funded by Ministry of Education and Science of Poland under NdS/551425/2022/2022 project 
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Financing Sustainable Water Services – MDBs’ perspective 
Importance of providing sustainable water services in developing countries cannot be emphasized 
enough. According to the WHO/UNICEF Joint Monitoring Program, there are currently more than two 
billion people without access to safely managed drinking water and more than four billion people 
without access to adequate sanitation. In addition, climate change poses a significant challenge to 
the water sector through more intense and frequent floods and droughts. Multilateral Development 
Banks (MDBs) such as the World Bank have financed water sector projects in developing countries 
for more than the last couple of decades and contributed to some progress in increasing access to 
these water services. To achieve the Sustainable Development Goal (SDG) 6, however, the level of 
investment registered over the last decade needs to more than triple. As MDBs need to step up and 
increase funding available for the water sector to help developing countries achieve SDG6, it is 
important to reflect and learn lessons from the past water projects. This session will discuss some of 
those lessons from these water projects supported by MDBs, mainly in South Asian countries like 
Bangladesh and Sri Lanka. The discussion will focus on sustainability aspects, such as financial 
sustainability, roles and responsibilities of national and local authorities, capacity building for water 
service providers for managing water infrastructure, community involvement, and so on.   
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Fit for Purpose On-site & Decentralised Wastewater Systems for Developing Countries 
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There is a wide variety of on-site and decentralised wastewater treatment and dispersal technologies 
available. These systems can be simple, such as a composting toilet or involve complex technologies 
such as membranes. The complexity of the system has a significant impact on the capital and 
operating expense. A large proportion of the world population requires on-site wastewater 
treatment systems, as they live in regional, rural, or remote areas without access to municipal 
services. Not all on-site and decentralised technologies are suited to all locations. It is very important 
to ensure that the technology selected is ‘fit-for-purpose’ for the specific site.  
Fit-for-purpose involves multiple parameters. The treatment and dispersal system must be suitable in 
regards to the inflow wastewater chemistry & volume, provide the required treated water quality, be 
suitable for the site conditions (soil type, electrical power availability, setback requirements, etc), and 
be able to be successfully operated and maintained in the long term. The capital and operational cost 
of the treatment system must also be able to be afforded by the user. Many on-site and 
decentralised systems have failed to be fit-for-purpose in installations in developed nations, resulting 
in treatment failures. This is also true for many installations in the developing world.  
Developing Nations have a pressing need for robust and reliable on-site and decentralised 
wastewater treatment systems. Sanitation is a key UN Sustainable Development goal. Applying the 
fit-for-purpose design principle for on-site and decentralised installations in the developing world will 
be key to meeting the sanitation goal.  
This paper will discuss how to apply fit-for-purpose design principles to a wide variety of on-site and 
decentralised treatment and dispersal technologies. The materials required to construct the systems 
will be outlined. As well as, the operational and maintenance needs of each treatment and dispersal 
system. The treated water quality will be discussed, as will, practical water recycling options.   
The aim of this paper is to help people determine what on-site and decentralised wastewater 
treatment and dispersal systems are suitable for their application.  
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Flow-electrode capacitive deionization addresses water security threats from seawater intrusion in 
developing coastal regions 
Wenchao Xue*, Wanni Zhang 
Department of Energy, Environment and Climate Change, School of Environment, Resources and 
Development, Asian Institute of Technology, P.O. Box 4, Klong Luang, Pathumthani 12120, Thailand 
(E-mail: wenchao@ait.ac.th) 
The rising demand brought about by human development and the continuous consumption of limited 
freshwater resources have become one of the key contradictions affecting sustainable development 
in developing counties. Especially in coastal areas, seawater intrusion intensified by climate change 
makes freshwater a scarce resource. To alleviate such pressure, the development and application of 
proper desalination technology are essential. Flow-electrode capacitive deionization (FCDI) is an 
emerging desalination technology for its low energy consumption, high desalination efficiency and 
continuous operational mode.  
This study aims to investigate the desalination performance and energy efficiency in FCDIs, and 
demonstrate its feasibility for long-term operation. A laboratory-scale FCDI was used to optimize a 
number of key operating parameters as well as the chemical composition of multiple carbon-based 
flow-electrodes. A sensitivity analysis indicated that operating voltage was the dominant parameter 
among several other operating parameters. A best SARmax of 1.59 ± 0.02 μg‧cm-2‧s-1 was obstained with 
a hybrid electrode composed of carbon black and graphene nanoplatelets at 1.5/0.5 wt.%. Long-term 
operation results showed that the tested FCDI system was able to constantly maintain a desalination 
efficiency of 1.0 g�L-1 feedwater (NaCl) at 40 ~ 60% for multiple operating cycles. Over 99.8% of 
electrode material regeneration and desalination efficiency recovery was able to be obtained during a 
60-hour operation, demonstrating that the FCDI system showed strong stability and long-term 
operation potential. 

 

 

Fig. 1 Desalination curves (A), salt adsorption rate & 
efficiency (B), energy efficiencies consumption per 
(C) of FCDIs applying selected individual carbon-
based flow-electrodes, and the EIS plots (D) of 
corresponding electrode materials. 

Fig. 2 Variation of effluent concentration, 
desalination efficiency, and ENRS of FCDI system 
during long-term operation. 
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Abstract 
Public health concerns related to pathogenic protozoa are widespread, causing significant morbidity and 

mortality worldwide. Due to the lack of rapid and cost-effective diagnostic methods, timely treatment 

and control interventions are hindered. In this study, loop mediated isothermal amplification (LAMP) 

methods were optimised and evaluated for the rapid detection of human 

pathogenic Cryptosporidium species in environmental samples. Real-time fluorescence and colorimetric 

detection were tested simultaneously. As a reference method, the results were compared to the well-

established droplet digital polymerase chain reaction (ddPCR) method. Both LAMP-based methods 

successfully detected the Cryptosporidium parvum (GP60 gene) and the entire Cryptosporidium genus 

(SAM gene) from environmental samples with 100% specificity and no cross-reactivity. Furthermore, 

both colorimetric and fluorescent methods demonstrated a high sensitivity, with the same limit of 

detection (LOD) of 1.1 copies of C. parvum per 25 µl reaction (0.02 ng/µl). For real-time fluorescence 

monitoring, the LAMP reaction can be completed within 28 min, and for visual detection, within 30 min. 

In addition, both fluorescent and colorimetric LAMP methods showed substantial agreement with the 

reference method (ddPCR) used. The developed protocols were able to detect C. 

parvum and Cryptosporidium spp. in 50–85% (n = 60) of environmental samples (treated and untreated 

wastewater, sludge, and surface water) compared to 58–98% (n = 60) detected by ddPCR. The results 

further demonstrate that LAMP is an efficient technique for detecting Cryptosporidium spp. in 

environmental samples due to its simplicity, low cost, sensitivity, and specificity. Therefore, it has great 

potential as a useful diagnostic tool for disease control and public health protection. 

 
 

Keywords 
LAMP Cryptosporidium spp., wastewater, Colorimetric detection, Fluorescent LAMP 
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Biography:  
Dr Thobela Conco holds a PhD in Biotechnology and Master in Biotechnology from the Durban 
University of Technology. As a scholar, she has published widely in wastewater microbiology with a 
focus on microbial interactions and emerging contaminants in international peer reviewed journals. 
She has also successfully supervised undergraduate students.    

Abstract 

In   wastewater   treatment, free   living amoeba (FLA) will inevitably   prey   on   human   pathogens   

that are antibiotic resistant. Hence, using a metagenomics method, we aimed to investigate the presence 

and impact of FLA-pathogen relationships on the dissemination of both bacterial infections and 

antibiotic resistance genes in biological treatment plants. Nine Acanthamoeba species and two 

Entamoeba species were discovered in the secondary effluents and final effluent samples from the three 

WWTPs. All treatment facilities had FLAs from Acanthamoeba spp. which were the most prevalent.  

Metagenomic analysis of the secondary and final effluent samples showed that a total of 16 bacterial 

pathogens were present in the FLA. The most prevalent internalized bacteria in all samples were P. 

aeruginosa, S. maltophilia, A. spanius, C. testosteroni, and E.cloacae. Furthermore, ARGs that confer 

resistance to a number of antibiotic classes were discovered in FLA retrieved   from   secondary   and   

final   treated   effluents.   ARG   types   predominated   in   secondary   and   final chlorinated effluent 

samples, including those that conferred resistance to cephalosporins   and phenicols. Results   further   

showed   that   FLAs   retrieved   from   final   chlorinated   effluents   harbored   ARG   subtypes 

conferring   resistance   to streptomycin (aadA), trimethoprim (dfrA15), sulfonamides (SulII), 

quinolone(qnrE1), phenicols  (oqxB9,   oqxA9  and  oqxA10),   cephalosporin   (blaEC-19,   blaACT-38  

and  blaACT-12),tigecycline (tmexD2), rifamycin (rphC), kanamycin (aph(3')-IIc) and fosfomycin 

resistance genes. This study has shown that FLA-pathogen associations have a significant impact on the 

persistence and spread of both ARBs and ARGs in treated effluent. 

  



From Wastewater to Watts and Warnings: Photosynthetic Microbial Fuel 
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Dr Yoong Sin Oon, Dr Yoong-Ling Oon, Dr Min Deng, Dr Lu Li, Dr Kang Song 
 
Biography:  
Dr. Yoong-Sin Oon delves into innovative bioelectrochemical systems for wastewater treatment and 
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Functionality of wastewater treatment plants in low and middle-income 
countries 
Ms Meredith Hickman 
 
Biography:  
Meredith Hickman is Acting Director of Policy & Programs at WaterAid Australia, leading a team of 
technical experts and WASH project staff driving the strategic direction of WaterAid’s work in 
Southeast Asia and the Pacific. Prior to joining WaterAid Meredith supported initiatives around 
governance, accountability, and decentralisation.   

Oral Presentation Abstract 
 
Topic: Waste water collection and treatment  
 
Title: Functionality of wastewater treatment plants in low and middle-income countries 
 
Presenter: Meredith Hickman, Acting Director of Policy and Programs, WaterAid Australia 
 
On August 8 Australia’s Foreign Minister Penny Wong and Minister for International Development 
and the Pacific Pat Conroy launched the new Australian Development Policy and Development 
Finance Review. In his speech Minister Conroy stated “Multilateral development banks, supported by 
Australia, also have a vital role to play. We are focused on supporting reforms so the banks can 
deliver innovative forms of finance and high-quality, climate-resilient infrastructure... ...that 
maximises use of local content and employment with long-term maintenance guarantees.” 
 
In this presentation, WaterAid will reflect on this statement and the implications and opportunities 
relating to wastewater treatment and sanitation. Over one billion USD in official development 
assistance (ODA) is spent each year on wastewater treatment plants (WWTPs). This is more than 
twice what is spent on basic sanitation. Many of these WWTPs are not functional or only partially 
functional. There is not enough publicly available evidence to establish how many.  
 
Findings from WaterAid’s 2019 review Functionality of wastewater treatment plants in low- and 
middle-income countries will be shared as well as updated insights from local practitioners. The desk 
review describes the flows of official development assistance to wastewater treatment plants and 
synthesises evidence on functionality. It analyses the causes of failure, highlights successes, and 
outlines the response needed from governments and donors. This review was written by Sue Cavill 
(independent consultant), Kevin Tayler (independent consultant) and Andrés Hueso (WaterAid). 
 
WaterAid’s review found the poor record of functionality of WWTPs is caused by problems with their 
design and operations and maintenance (O&M) – including poor technology choices, weak capacity, 
insufficient funding for O&M, and upstream issues – and underpinned by institutional constraints. 
Perverse incentives in the system – including the donors’ infrastructure centred approach – favour 
the construction of expensive WWTPs, but don’t help ensure they are properly operated and 
maintained.  
 
Governments and donors need to radically rethink their investments in WWTPs by making service 
sustainability central to the design and technologies chosen, prioritising capacity strengthening, 
promoting institutional reforms and adopting a holistic approach to urban sanitation. Bilateral donors 
and development banks could play a catalytic role by: reviewing the sustainability of WWTPs in their 
portfolios; systematically monitoring the sustainability of the plants they fund; rebalancing their 
investment in basic sanitation vs large systems; making capacity building and institutional reform 
central to their operations; reviewing how they design and negotiate their support for sanitation 
operations and services. 



 
  



Governance and Monitoring of Industrial Wastewater discharges in Sri 
Lanka 
Mrs Chamila Madhubhashini Samarasinghe Samarasinghe Arachchige 
 
Biography:  
S.A.C.M Samarasinghe is an Civil Engineer in National Water Supply and Drainage Board in Sri Lanka 
and have more than twenty years of behavior insights experience of construction and project 
management of water and wastewater management projects. She is Postgraduates from University of 
Colombo and ICE UK. 

Theme: Governance and monitoring of wastewater discharges 
Title: Governance and Monitoring of Industrial Wastewater Discharges in Sri 
Lanka 
S.A.C.M Samarasinghe 
Engineer, National Water Supply and Drainage Board, Sri Lanka 
Email: maduba77@yahoo.com 
Abstract: 
Almost every type of industrial manufacturing process produces some quantities of waste material. 
According to Central Environmental Authority (CEA) of Sri Lanka, It has been estimated approximately 
major industrial parks of Sri Lanka generate 30 million cubic meters of wastewater per year and 
approximately ten percent of wastewater produced by industries are discharged to environment without 
any treatment. On the other hand wastewater generation is increasing in volumes and complexity and 
disposing of wastewater without causing adverse effects to the environment has become a major issue. 
Monitoring wastewater discharge can also provide basic data that will be valuable in the design of a 
wastewater treatment system to meet regulatory requirements. 

The specific objectives of the study was to review of the governance and monitoring strategies of 
industrial wastewater discharge and address the pollution mitigation strategies to overcome the 
detrimental effect upon the environment. The study was conducted to assess governance and define and 
review pollution mitigation strategies, and related lows, and regulations of monitoring wastewater 
discharge in Sri Lanka. 
 
In Sri Lanka, the discharge of industrial wastewater is managed through a licensing scheme called 
Environmental Protection License (EPL) Scheme by the Central Environmental Authority (CEA). The 
Central Environmental Authority (CEA) was established in August 1981 under the provision of the 
National Environmental Act No:47 of 1980 and The CEA was given wider regulatory powers under the 
National Environment (Amendment) Acts No:56 of 1988 and No:53 of 2000. Under the current National 
Environmental Act, industries discharging wastewater into the environment are required to meet the 
relevant concentration based standards established by the CEA. At present, general standards as well as 
some industry specific standards are used for regulating industrial wastewater discharges. There are no 
regulations to restrict the quantity of pollutants discharged into the environment. The focus was to limit 
the concentration of pollutants produced. Standards were set in terms of milligrams per liter and similar 
measures. There are a number of problems with the traditional approach. As a result of this, pollution 
load into the environment and the excessive use of resources cannot be controlled adequately. 
This study clearly demonstrate thus large industries discharging a high volume of wastewater and a high 
pollution load into the environment (Load = Concentration x Flow) will pay the same amount as a small 
industry with a low flow and a low pollution load. There is no protection against the cumulative effects 
of pollutants. 
It is recommended to apply the new load-based licensing (LBL) approach applies the ‘polluter pays’ 
principle which introduces a powerful mechanism to control to reduce and prevent air and water 
pollution. The fundamental shift in the new LBL approach is to use pollutant ‘load’ (the amount of 
pollution) as the basic unit of measure, rather than pollution concentration. LBL focuses on the total 
amount of pollution emitted each year. The annual license fee is calculated on the potential 
environmental impact of that pollution, not on concentration levels.  
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Civil and Environmental Engineering graduate. Senior research scholar at the Indian Institute of 
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Groundwater remediation and risk management of typical pesticide site 
pollution in central China 
A/Prof Yufeng Xie 
 
Biography:  
Graduated from Peking University, has long been engaged in water pollution prevention and 
remediation, and is an expert in the field of soil ecological environment in China. Responsible for over 
20 projects related to groundwater investigation, assessment, or remediation of contaminated sites. 
Obtained multiple invention patents and papers. 

With the rapid development of urbanization in China and the adjustment of 
industrial structure, issues such as the management, restoration, and land redevelopment 
of contaminated sites left after industrial relocation have gradually emerged in the 
public's view. After the relocation of chemical enterprises, the soil and groundwater at 
the original site may be contaminated to varying degrees, posing a threat to human 
health. It is urgent to implement remediation or risk management. The content of 
organic pollutants such as benzene series compounds and chlorinated hydrocarbons in 
the soil and groundwater of a pesticide production enterprise in central China was 
measured as the research object. The pollution range and quantity were determined. 
After clearing and disposing of the heavily polluted soil, vertical and horizontal barrier 
walls and curtains were laid, and the polluted groundwater was extracted and treated 
with clean water for recharge. After measuring and testing the engineering performance 
indicators, including barrier range, barrier thickness, permeability coefficient, etc., as 
well as sampling and testing analysis of wastewater, exhaust gas, groundwater, ambient 
air, etc., the results show that the risk control engineering meets the design requirements 
and expected effects, which can provide reference for similar pollution sites. 

 
  



High rate algal ponds to treat wastewater in rural communities: The South 
Australia experience. 
Prof Howard Fallowfield 
 
Biography:  
Professor of Environmental Health, Howard has over 30 years research and development experience in 
wastewater pond technologies.  He has pioneered adoption of high rate algal ponds (HRAPs) for 
application in regional and rural communities in South Australia. His current research is focussed on 
developing new operating strategies for HRAPs. 
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Mr Mark Ellery 
 
Biography:  
Mark is an independent water, sanitation and local governance consultant based in Western Australia. 
With more than 20 years of experience in the water sector, Mark has an understanding of the 
application of policies, projects and behavior change in low-income and high-income countries, in 
emergency response, reconstruction and development. 

INVITED SPEECH ABSTRACT  
 

How have we failed the community management of water and sanitation services? 
 
A shift in the 1980’s from the centralized provision of water supply and sanitation to a demand 
responsive approach (DRA) was heralded as a service delivery revolution for developing countries. 
Despite some incredible success stories, community-based management has failed to live-up to the 
promise of reliably delivering the SDG target of ‘safely managed water and sanitation services for all’. 
Drawing on a range of experiences with community management in Asia and the Pacific, this 
presentation will highlight some of the perverse consequences of transferring water and sanitation 
assets to communities without the associated liabilities.  
 
This presentation will seek to summarize some of the institutional reasons: 
- why community managed handpumps appeared to disappear in Pakistan; 
- why community managed handpumps don’t manage arsenic contamination risks in 

Bangladesh;    
- why community managed water schemes are not registered as assets in Indonesia; 
- why community sanitation displace the poor in low-income-communities in Bangladesh;  
- why community managed piped water networks are routinely cut in Vanuatu; 
- why community managed bank accounts are not owned by the community; and  
- why community managed schemes continue to exclude as much as they include.  
 
The point in highlighting these institutional challenges is to conclude with some principles for 
community management that: (a) retain the ownership of assets together with their liabilities, (b) 
ensure that all service providers are bound by a ‘quality of service’ agreement, and (c) provide a 
source of third-party arbitration. We will collectively fail to achieve the SDG target 6 of ‘safely 
managed water and sanitation service for all’ if we continue to transfer water and sanitation assets 
without the associated liabilities to communities. 
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Biography:  
Analyst chemist and lecturer at the Gdańsk University of Technology specializing in the analysis of 
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How to meet sustainable development goal 6 at the medical 
care units in Madagascar?  

Case study of Beyzym Clinic, Manerinerina, Region Boeny 
 

Małgorzata Szopińska, Daniel Kasprowicz, Aneta Łuczkiewicz, Marcin Frankowski, Anetta 
Zioła-Frankowska, Sylwia Fudala-Książek 

 
As it is stated in the United Nation Sustainable Development Goal no 6 “Ensure access to 

water and sanitation for all” the most basic human need for health and wellbeing is access for safe 
water, sanitation and hygiene. That is why, water resources need protection in rural areas and 
developing countries, especially in so called hotspot areas. Hotspots include medical facilities and 
industries that may produce wastewater highly contaminated in specific micropollutants and/or 
microorganisms that are also difficult to utilise. Such research areas are the most challenging for water 
and wastewater technology development but, when successful, have a wider range of applications. 

Under this study detailed characterisation of drinking water and wastewater (inc. laboratory 
wastewater) has been performed to obtain the environmental impact of Beyzym Clinic 
(Manerinerina, Region Boeny, Madagascar) to natural water resources. Samples of drinking 
water (n=12) and wastewater (n=3) have been collected in June and July 2022. Basic physical and 
chemical analysis for the detailed characteristic of samples was performed with the application of (1) 
ion chromatography (Cl-, Br-, NO3-, NO2-, PO43-, SO42-) and (2) inductively coupled plasma mass 
spectrometry for (Al, Cd, Co, Cr, Cu, Fe, Hg, Ni, Pb, Zn) (3) spectrophotometry (non-ionic surfactants 
(SNI), cationic surfactants (SC), anionic surfactants (SA), total chloride, free chloride and combined 
chloride concentration). Moreover, basic physio-chemical parameters (pH, conductivity, total dissolved 
solids) were performed in-situ.   

In drinking water samples concentration of Al, Fe and Mn were found above the suggested by 
WHO and/or European Union Directive 2020/2184 on the quality of water intended for human 
consumption threshold levels: which are: 100µg/L, 200µg/L and 20 µg/L for Al, Fe and Mn, 
respectively. One of the potential secondary contamination sources is non-treated wastewater, where 
the concentrations of Al, Fe and Mn are up to 10 times higher than in water samples. In wastewater 
samples load of organic compounds (COD: 224-1374 mg/L including SA 3.6-5.4 mg/L; SNI 4.1-6.3 
mg/L and SC 0.08-0.25 mg/L) is also calling for the treatment actions before discharge to the recipient.  

Based on preliminary results, application of additional wastewater treatment system in 
the medical facilities is highly recommended. Application of advanced oxidation methods (inc. 
ozonation or/and electrolysis) would be an excellent opportunity to protect water recourses by the fit-
for-purpose application of green technology. It also creates the opportunity  to achieve the SDG no 6 
and the visionary  aim of the “Water-Smart Society” at the local level. The effect of good purification 
and sanitation on water resources will be crucial for both circular economy and water safety reasons in 
the water scarce countries. 

  
Financial support of chemical studies from Gdańsk University of Technology by the DEC-

20/1/2022/IDUB/13b/Ag under the ARGENTUM grants - ‘Excellence Initiative - Research University’ 
program is gratefully acknowledged. Special thanks for the financial and material support to the 
Foundation for Development of Civil Engineering and Xylem Water Solutions Polska for the field 
campaign organisation in 2022. 

 
 
  



Hydrothermal carbonization of human excreta: innovative sanitation 
practice for sustainable recovery of nutrients and energy 
Prof Amit Gross 
 
Biography:  
Amit Gross, director of the Zuckerberg Institute for Water Research, Jacob Blaustein Institutes for 
Desert Research, Ben Gurion University of the Negev. His research interests include conversion of waste 
to resource by treatment and efficient use of marginal water and sludge. supervised >60 graduate 
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Wastewater Quality 
Introduction 
Urban drainage channels are important routers of water pollutants to freshwater systems. Najafgarh drain 
constitutes one such network in the Delhi megacity of Northern India and is known to contribute maximum 
pollution to the Yamuna River. Being an extension of the Sahibi River, this drain was originally designed as a 
stormwater canal but presently it is receiving wastewater discharges from numerous subsidiary drains. The 
drainage basin constitutes a diversity of land use patterns possibly contributing a wide array of water pollutants 
to it. However, certain gap areas exist in the literature for this drainage system and based on this background, the 
present study was designed with the following objectives, (1) to understand the water quality of Najafgarh and its 
subsidiary drains; (2) to assess the land use and land cover (LULC) in the proximity of the study area; (3) to 
evaluate the relationships between the water quality of Najafgarh drain and corresponding LULC at multiple 
buffer scales; and (4) to assess LULC change in the study area (1999-2019). 
Methodology 
Twenty-four sampling sites were chosen on Najafgarh and its subsidiary drains. Surface water quality 
was examined for physicochemical and microbiological parameters along with microplastics during pre-
and post-monsoon seasons (2019). Land use assessment for the study area was conducted using ArcGIS 
Desktop Advanced 10.8.1 and Erdas Imagine software. Statistical evaluation of the dataset was 
performed using SPSS v.16.0 and Microsoft Excel (2007). 
Results 
The water quality of Najafgarh drain is primarily a product 
of the wastewater discharges from various secondary drains 
and LULC in its proximity. Out of the eight selected 
subsidiary drains, Goyla dairy outlet, Basaidarapur drain, 
and Supplementary drain were identified as the hotspots for 
organic load, heavy metals, and microplastics pollutants, 
respectively. Further, evaluation of the associations 
between water quality and LULC (using reach scale and 
riparian scale buffers) showed significant positive 
correlation of majority of water quality parameters with 
built up area. The LULC change analysis revealed an 
increase in the built-up area from 1999-2019 (Figure 1). 

Conclusions 
Despite being designed for stormwater channelization, Najafgarh drain is receiving a diversity of water 
pollutants from small and large subsidiary drains constituting a mix of agricultural, residential, and 
industrial effluents. Urban sprawl in the drainage basin has contributed to this scenario as the 
deterioration in water quality indicators was found to be positively associated with the increase in built-
up area. Untapped subsidiary drains and consistent increases in anthropogenic pressures are severely 

Figure 1. LULC analysis in the study 
area 



harming this urban water infrastructure. Through this study, the necessity of such investigations in the 
local infrastructure has been highlighted which could help in solving water pollution issues associated 
with similar water bodies at the national and global levels. 
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Abstract:  

Ecological sanitation is gaining recognition as a vital approach for addressing sanitation challenges 
while promoting environmental conservation. This paper explores the innovation outlooks shaping 
ecological sanitation's future, encompassing technological advancements, behavioral shifts, and policy 
frameworks. 

Advances in ecological sanitation technology are driving the development of efficient and user-friendly 
systems. Smart toilets integrated with sensors and data analytics enhance water efficiency and 
hygiene. I.e., DEWATS utilizes nature-based solutions like constructed wetlands and biofiltration to 
purify water while conserving energy. Waste-to-energy solutions are transforming organic waste into 
valuable resources through technologies such as anaerobic digestion, pyrolysis, and microbial fuel 
cells, aligning with the circular economy concept. 

Decentralized sanitation solutions are gaining popularity, offering context-specific alternatives to 
conventional centralized systems. Smart sanitation, integrating digital technologies, enables real-time 
monitoring, predictive maintenance, and data-driven resource management optimization. 

Behavior change campaigns and educational initiatives are critical in promoting sustainable sanitation 
practices. Effective awareness strategies engage communities and foster a cultural shift towards 
responsible sanitation behavior and waste management practices. Cross-disciplinary collaboration 
emerges as crucial, reflecting the complexity of ecological sanitation challenges. Experts from 
engineering, environmental science, public health, and social sciences collaborate to develop holistic 
solutions addressing technical, social, and cultural dimensions. Policy and regulatory support are 
essential to incentivize eco-sanitation adoption. Forward-thinking policies create an enabling 
environment for implementing sustainable sanitation solutions. 

Keywords: ecological sanitation, innovation outlooks, sustainable practices, resource management, 
decentralized solutions, circular economy, innovative sanitation, behavior change, cross-disciplinary 
collaboration, policy support, sustainability goals. 
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2. Chartered Professional Engineer, Perth WA 

INTRODUCTION 

Tjuntjuntjara is a remote Aboriginal community, located in the Great Victorian Desert in Western 
Australia. The community population of around 250 relies on two sources of water; limited freshwater 
from a shallow borefield, and Reverse Osmosis treated high saline deep groundwater. 

State and Commonwealth Governments allocated funding to develop housing and upgrade essential 
services to improve the health and liveability of the community. Providing potable water and sanitation 
for the increasing population in this community was challenging. Major challenges were the scarcity of 
water, extreme salinity, unacceptable quality of fresh water, unpredictable rainfall, lack of location-
specific data, difficulty implementing new technologies due to unreliable power and internet, and high 
operational costs due to remoteness. These challenges are further exacerbated by climate change. 

METHODOLOGY 

The sheer scarcity of water prompted us to think outside the box and resort to non-conventional 
approaches to develop solutions to devise a strategy to fulfil all water requirements by managing the 
available limited water in the community. We conducted a preliminary site visit followed by a desktop 
study using previous historic data from a range of sources. With our studies, it was convinced that 
Integrated Water Management (IWM) was a viable approach to circumvent the water limitations and 
produce fit-for-purpose water to fulfil numerous water requirements in the community while addressing 
the complexities associated with this approach. Accordingly, we lined up a team of consultants and 
formulated an integrated water management planning team.  

During the preliminary study, we considered all available water sources; groundwater, rainwater, treated 
wastewater and stormwater and suggested six options for consideration. We discussed and contrasted 
these options in detail at a workshop and agreed on the best option to proceed. During detailed planning, 
we prepared a list of new infrastructure required, a work plan, and cost estimates. After the designs, we 
established multiple projects. The new infrastructure consisted of new bores, a bore water monitoring 
system, dual water reticulation; drinking water (class 1) and non-drinking water (class 2), water storage 
tanks, pumps and transfer main, flush toilets with leach drains, sewer reticulation with pumping systems, 
and wastewater treatment ponds. After the completion of the projects, the new assets were handed over 
to the Regional Service Provider for operations.   

RESULTS 

Through this challenging venture, we delivered a viable solution for water and sanitation issues in the 
community, yielding a plethora of experiences that could be carried forward for the future development 
of remote community infrastructure.  



CONCLUSIONS 

The IWM approach has given viable solutions for addressing water and sanitation challenges in this 
community, within constraints. We recognised the benefit of using traditional Aboriginal knowledge of 
land and water resources when finding solutions for remote community problems. For the future 
development of these communities, it is crucial to focus on more collaboration, capacity building of 
these communities, making reliable data available, and establishing well-defined policies and robust 
governance structures.  
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Abstract: 
Water management in urban areas is a critical challenge in the face of increasing population growth 
and climate change impacts. Water Sensitive Urban Design (WSUD) offers a holistic approach to 
address this challenge, integrating sustainable water practices into urban planning and design. A key 
aspect of WSUD is the accurate design of groundwater levels, which plays a pivotal role in maintaining 
sustainable water resources and mitigating the adverse effects of urbanisation, ensuring sustainable 
development and resilient communities.  
Groundwater level design impacts various aspects of urban water management, including recharge, 
stormwater management, and ecosystem preservation, qualitatively and quantitatively. Accurate 
groundwater level design helps mitigate the adverse impacts of urban development on the 
environment. It facilitates the preservation and restoration of natural ecosystems, including wetlands, 
rivers, and groundwater-dependent vegetation. Proper management of groundwater levels helps 
maintain ecological balance and biodiversity, fostering resilient urban landscapes. Also, it supports the 
mitigation of water-related hazards, such as flooding and subsidence. Spatial prediction of 
groundwater levels is essential to inform decision-making processes and optimise the design of water-
sensitive urban elements. 
This study focuses on the significance of utilising numerical groundwater flow modelling to achieve 
precise groundwater level design in urban areas. By incorporating hydrogeological data and hydraulic 
principles, numerical models enable a comprehensive understanding of the complex aspects of urban 
areas. Numerical groundwater flow models provide a robust platform for simulating groundwater 
levels, considering factors such as recharge rates, land use changes, and climate variations. These 
models aid in identifying optimal strategies which align with the principles of WSUD. 
To demonstrate the significance of groundwater level design, a case study was selected to assess the 
accuracy of groundwater level prediction by using a steady-state numerical groundwater flow model. 
The study begins with the calibration of a numerical groundwater flow model using comprehensive 
parameterisation through regularised inversion technique. Model calibration ensures that the model 
accurately simulates groundwater levels and it quantifies the uncertainty of the model prediction. 
Statistical error measures are used to evaluate the true predictive performance of the model by cross-
validation techniques using independent measurements of hydraulic heads. 
The study critically assessed the use of the numerical groundwater flow model as a supervised tool for 
spatial prediction. The performance of the method was evaluated, and the benefits of using numerical 
models for groundwater level design in the context of water-sensitive urban design were identified. 
Additionally, areas of high uncertainty are identified, aiding in the prioritisation of data collection 
efforts and the selection of appropriate modelling approaches to reduce uncertainties. 



In conclusion, the application of numerical groundwater flow models enhances spatial prediction 
capabilities, provides insights into the optimisation of water-sensitive urban elements, supports 
informed decision-making processes and promotes sustainable water practices.  
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• Gate-to-gate LCA of five commercial struvite recovery technologies conducted. 

• Effects of feedstock P concentration and electricity generation evaluated. 

• Chemicals have a key role in environmental footprints of struvite recovery. 

• Environmental footprints have strong correlation with operation electricity demand. 

• Substitution renewable energy could decrease environmental impacts significantly. 
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Abstract 

Nutrient control in wastewater is essential for protecting surface waters from eutrophication. Recovering 

phosphorus as struvite (magnesium ammonium phosphate) from wastewater is an effective strategy 

which provides value-added by-product from the treatment process and helps to mitigate a challenging 

maintenance problem. Feasibility of struvite recovery is already both technically and economically has 

been proved by many full-scale commercial plants worldwide. However, there are growing concerns 

around the environmental impacts due to the consumption of additional chemicals and energy. The 

environmental sustainability of struvite recovery from wastewater can be evaluated using life cycle 

assessment (LCA). 



Therefore, a comparative life cycle assessment of struvite recovery with different technologies and from 

effluent after anaerobic digestion was carried out in this study, including Phosnix, Ostara’s pearl, 

Multiform, Phospaq, and NuReSys. Moreover, the impact of alternative electricity sources and different 

phosphorus concentrations have been addressed. The results indicates that chemical compounds and 

electricity generation mix have a determinative effect on the environmental impacts of technologies. 

Ostara's Pearl exhibits higher carbon emissions and energy consumption for feedstocks with medium 

and high P concentration, while Phospaq offers a more sustainable option. In cases of lower P 

concentration, NuReSys has the largest energy and carbon footprint, and Phospaq remains an 

environmentally friendly choice. The work presented in this research could be a guide for researchers 

and operators to understand (i) The environmental performance of these technologies, (ii) How to 

approach a wide range of wastewaters with different nutrient concentrations, and (iii) Bring attention to 

the importance of source of operational electricity for sustainability projects. Such an effort significantly 

contributes to promote circular economy and sustainable wastewater management.  
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INTRODUCTION 
The developing technologies including more efficiency energy recovery system in wastewater 

treatment plants (WWTPs) strives to obtain a balanced circular economy. Considering potentially 
hazardous waste produced in WWTPs, waste activated sludge (WAS) - by product from biological 
wastewater treatment, needs to be safely disposed. Usually, anaerobic digestion (AD) is commonly used 
as a stabilization of WAS. During this process methane  can be promising source of the renewable energy 
[1]. In some cases, in order to increase the biogas yield during AD process, various types of wastes, 
including food or agricultural waste can be added to WAS. Additional support of methane production 
can be achieved by some pretreatment operations of substrate prior to AD, using e.g.: chemical, 
mechanical or thermal methods. In this study, the efficiency of low-thermal pretreatment (LT-PT) of 
WAS with cow dung was determined by changes in the substrate physicochemical characteristics and 
biogas production during AD.  

MATERIALS AND METHODS 
The experiments of LT-PT were done in small WWTP located in Kozyczkowo (Pomeranian 

Voivodeship, Poland). Cow dung used as a co-substrate was collected from local farm. Studies were 
carried out at temperatures: 45°C, 50°C and 55°C and mixing frequency 30Hz. The samples from the 
reactor were collected at regular intervals (after 12, 24, 36 and 48 hours), centrifuged at (10000 rpm;30 
min) and the supernatant was filtered using 0.45µm pore size filters. The following parameters were 
tested to control the efficiency of the process: pH, conductivity (multi-parameter meter HL-HQ40d, 
HACH, Germany), volatile fatty acids (VFAs), soluble chemical oxygen demand (sCOD), ammonia (N-
NH4+),  soluble total nitrogen (sTN), total phosphorus (TP) and ortho-phosphate phosphorus (P-PO43-) 
using XION 500 spectrophotometer Dr. Lange (GmbH, Germany). AD process was carried out using 
Automatic Methane Potential Test System (AMPTS, Bioprocess Control, Sweden) for a period of 21 
days. 
 
RESULTS AND CONCLUSIONS 
Application of LT-PT affects on increase of biodegradability of substrate, which was observed based on 
the changes in soluble COD and VFAs concentration. Both of these parameters have highest increase 
after 48h of process at 55°C (soluble COD: 17190 mg/L in comparison to 6916 mg/L for untreated 
samples; VFAs concentrations: 5850 mg/L in comparison to 1762 mg/L for untreated samples). Usually, 
regardless of LT-PT conditions (temperature and time), sCOD and VFA concentration increasing at least 
about 30%. It is affected on higher bioavailability of organic substances, which can be readily used by 



methanogenic bacteria. Biomethane potential values (BMP) calculated for substrate pretreated at 55°C 
by 48h increasing 40% in comparison to untreated substrate. Generally, LT-PT of WAS with cow dung 
addition can be regarded as a promising method to enhance methane production during AD. 

REFERENCES 
[1] Kasinath A. et al. 2021, Biomass in biogas production: Pretreatment and codigestion, Renewable & 
Sustainable Energy Reviews, 150, 111509. 
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Title: Managing Public Health Risks After Unprecedented Floods: Lessons from the 2023 Kimberley Flood 
 

Introduction:  The Kimberley region of Western Australia experienced unprecedent heavy rainfall and severe 

flooding caused by Ex-Tropical Cyclone Ellie in December 2022 and January 2023. The floods caused 

significant damage to infrastructure leaving affected communities without access to essential services, including 

the potential for disruption to drinking water and wastewater services. 

This conference presentation aims to provide an overview of the Kimberley floods, specifically focusing on the 
detrimental impact on drinking water and wastewater systems in impacted communities. It highlights the role 

played by the WA Department of Health’s Environmental Health Directorate Water Unit, as the state’s regulator 

of drinking water and wastewater infrastructure for safeguarding public health, in providing advice and guidance 

to mitigate public health risks during the preparedness, response and recovery phases of the disaster.  

 

Methodology: This presentation draws on the first hand experience and expertise of the Environmental Health 

Directorate Water Unit in the Kimberley flood event response. The information and insights presented are based 

on the unit's involvement in offering expert advice and support to various state and local agencies involved in 
the management of the flood event. Lessons learned from the flood event have been analysed to identify key 

factors that contributed to successful mitigation of public health risks, and opportunities for future improvement. 

 

Results: The flood event revealed several important lessons that can inform future preparedness, response, and 

recovery strategies. Comprehensive knowledge of affected systems and effective communication between inter 

and intra-agency stakeholders emerged as critical factors for successful response efforts. Moreover, the 

significance of simple and concise public health messaging was highlighted as imperative for enabling the 

community to understand and adhere to essential health guidelines. Establishing clear escalation points for 
response and recovery also improves timely decision-making and streamlined coordination among relevant 

entities. Lastly, the supportive role of the regulatory body in facilitating recovery efforts proved effective in 

restoring normalcy and enhancing public health outcomes. 

 

Conclusions: By disseminating these valuable insights from the perspective of a regulator involved in the 

Kimberley flood response, this presentation seeks to contribute to improved preparedness, response, and 

recovery strategies for similar events in the future. The identified lessons can inform optimal decision-making 
processes and enhance coordination amongst agencies to improve the overall flood response framework and 

foster better public health outcomes.  
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Abstract:	Matthew	Dadswell	 
	 
Matthew Dadswell is the Head of Water Policy Division at the Commonwealth Department of 
Climate Change, Energy, the Environment and Water (DCCEEW).   
  
Working on international and national water policy, most recently Mr Dadswell has supported 
the Australian Government in negotiating a new agreement to implement the Murray-Darling 
Basin Plan. 
  
Mr Dadswell will be drawing upon his extensive experience across agricultural, natural 
resource management, and environmental policy and programs to provide insight	into	
effective	and	sustainable	water	management.	 

	 
His discussion will explore the benefits of national leadership, frameworks and principles to 
underpin the sustainable management of our water resources. 
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Abstract 
 
Introduction: What factors affect flood disaster management in Katakwi district. 
 
Methodology: The study focused on 238 randomly selected internally displaced camp residents. Key 
informant interviews were conducted and data qualitatively analyzed to assess issues that impeded 
successful mitigation of flood disasters. 
Results: Continued degradation of wetlands for crop cultivation and cattle over grazing were partly 
responsible for increased flooding during rainy seasons and drought during dry seasons. The absence 
of accessible micro-finance credit schemes to support recovery efforts of the communities’ drastically 
undermined measures to reduce the impact of flood disasters. The district was reported to have lacked 
contingency plans to show the risks and likelihood of related disasters occurring with potential effects 
at the community level hence impeding disaster management and preparedness. Both the government 
of Uganda and the local government of Katakwi district had not practically earmarked emergency funds 
for disaster response. The affected communities had no storage facilities for emergency relief items 
like medicine and food. The idea of having community level food stores and granaries died out and this 
amplified the flood disaster with famine making disaster management difficult. The poor nature of the 
community’s temporary mud bricks and wattle roofed huts exacerbated the impact of the floods since 
many huts were just washed down prompting more relief items like tents straining the relief efforts. 
Conclusion: Gross awareness creation at the community level and alternative means of livelihood that 
do not constrain non-renewable resources have to be persistently addressed to mitigate against 
natural disasters in the district. 
 
Key Words: Disaster risk reduction, flood disaster management 
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The Neil McDougall Park Lake Remediation project (NMD) represents a new approach for addressing urban 
lake issues globally, which are challenged by environmental and human health impacts resulting from pollution 
and a drying climate. NMD strives to an exemplary nature-based solution (NbS) founded in ecological 
engineering and applied science to resolve the complex problem facing the lake. 
In Australia, urban lakes are a core part of our liveable neighbourhoods and a refuge for aquatic species; hence, 
developing solutions to restore their balance and functions is paramount. A green infrastructure (GI) approach 
to the initial investigative and conceptual design phases of NMD led to the inclusion of broader social, economic 
and environmental criteria in the solution. Driven initially by aesthetic nuisance and public health risk associated 
with duckweed and cyanobacteria proliferation, NMD became a means for not only addressing water health; but 
also for delivering improved public amenity and reducing lake management costs. 
NMD is a blue-green asset integrating treatment wetlands, riparian vegetation, stormwater traps, and an in-lake 
aeration and circulation system, to help restore the ecological balance of the lake and mitigate the conditions 
that support harmful algal blooms (HABs). The project proves that a diverse suite of site-specific quantitative 
and qualitative Water Sensitive Urban Design (WSUD) outcomes can be achieved when integrated multi-
disciplinary investigation and conceptual design underpin subsequent design, construction and operation 
phases. 
Stage 1, a treatment train including a gross pollutant trap, sedimentation basin, surface flow and sub-surface 
flow wetlands, and in-lake re-circulation and mixing pumps, was completed in late 2022. The first year of water 
quality monitoring data shows nutrient removal rates in the wetlands of 21% for Total Nitrogen (TN) and 47% for 
Total Phosphorous (TP) in summer, and 38% for TN and 46% for TP in autumn. 
This project was undertaken by Syrinx Environmental in collaboration with the City of South Perth.  Project 
research and design were fully funded by the City. 
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INTRODUCTION 
Due to strict regulations to limit the discharges of nutrients, several plants need to be upgraded in Brazil 
to meet the more stringent effluent standards. In the present research, a potential upgrade was studied 
through modelling a wastewater treatment plant composed of a UASB followed by a 5‐Stage Bardenpho 
activated sludge process (AS), treating 15,000 m3/day. 

METHODOLOGY 
The main goal of this study was to assess the shortage of carbon sources (due to the UASB and therefore 
the potential bypass of raw sewage to the AS) and the effects of the configuration and operational 
conditions (such as the oxygen and nitrate intrusion into the unaerated zones, and the actual dissolved 
oxygen (DO) availability in the aerobic stages). To model the plant, the steps recommended by the 
STOWA protocol were followed to develop, calibrate and validate a model to describe the current 
situation (CS). The model was built in Biowin, and calibrated and validated with inputs from the 
historical database (2015 to 2022), and a 6-day sampling campaign performed in January 2023. Using 
the validated model, 3 different scenarios (Sc) were made to compare the CS with the configuration 
initially designed for the plant (Sc-1); proposition of improvements (Sc-2); and study of impacts on the 
different configurations of a-recycle (Sc-3). 

RESULTS 
Comparing Sc-1 and CS, it was possible to make a diagnosis, noticing the absence of the EBPR process 
(only chemical removal of phosphorus), inefficient denitrification process, excess aeration, and short 
circuits in the internal flow rates. Moreover, the model indicates that the plant operates with a carbon 
deficit. Hypothesis confirmed with a 57% increase in carbon availability (BOD) by bypassing the raw 
sewage, the effluent total phosphorous (TP) and total nitrogen (TN) concentrations could decrease up to 
28% and 93%, respectively. Nevertheless, the maximum nutrient removal performance was observed 
when modelling the enhancements proposed in Sc-2. In Sc-3 the a-recycle configuration of the plant 
performed better for TP and ammonia removal, and worse to remove nitrate and TN, compared with the 
traditional configuration. 

CONCLUSION 
Based on the modelling results: carbon scarcity was the main limiting factor for BNR, followed by the 
excess of aeration, issues in the internal flow rate, and O2 and NO3 intrusion into the anaerobic zone. To 
counteract those limitations and maximize the BNR processes, the modelling assessment indicated: (a) 
to increase the RS bypass from 41% to 90%; (b) increase the a-recycle ratio from 2.95 to 4 Qi; and (c) 
decrease the DO in the aerobic zone to ~2.4 mgO2/l. 
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Abstract: 
 In specific water and sewage companies, the microbial contamination of drinking water is done by 
cultivation method, which is time-consuming and takes 3 to 4 days depending on the level of 
contamination. At this time, the citizens are using the water in question. Molecular methods have high 
sensitivity and speed for rapid evaluation, and they can detect contamination in a shorter time. In this 
research, Multiplex PCR was used to detect water pollution in terms of coliform coli, E. coli and 
Clostridium perfringens. 
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Nationally Developed Homeowner Materials                                     With EPA 
funding NOWRA in partnership with the Rural Community Assistance Program has developed an 
interactive homeowner/public training module for residential decentralized wastewater systems to 
provide septic system owners and the public with best management practices to keep their septic 
systems functioning properly.  These materials focus on the importance of wastewater treatment, an 
overview of treatment in an onsite system, typical onsite system features, final treatment and 
dispersal, management, maintenance, safety, and system troubleshooting. While the material’s 
target audience is property owners who have an onsite system, the concepts are also applicable to 
the public, realtors, local health officials, and septic system professionals. The training materials 
include a printed or electronic Onsite Wastewater Treatment System User Guide and educational 
materials which can be offered in person or virtually.  The training materials include a pre/posttest, 
four modules on (1) an overview of septic system treatment, (2) management, (3) home 
management tips, and (4) troubleshooting.  Information about how to access and utilize these free 
materials will be provided and the session will focus on the last part of the training – troubleshooting. 
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Abstract 
Novel Rotating Media Biological Contactor Technology for Decentralized Sewage 

Treatment Plant – first pilot in India 
Anju Singh1, Prakash Shirsat2, Markus Starkl3, Anjali Kothe1, Shubham Kaushik1 
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India, facing rapid urbanization and population growth, is grappling with the challenges of inadequate 
sanitation infrastructure and environmental pollution caused by untreated sewage. In response, small-
scale decentralized sewage treatment plants (STPs) have emerged as a viable and sustainable solution 
for sewage management. Thousands of STPs are in operation and under construction currently using 
various technologies. Under the European Union (EU) -Department of Science and Technology (DST) 
sponsored Water project SARASWATI2.0 currently in progress, the design of a conventional Rotating 
Biological Contactor has been modified using rotating media which increases the surface area for the 
growth of bacteria and other microorganisms resulting in a higher rate of biological treatment. The 100 
MLD pilot is a combination of robust and compact technology (RMBC and Sand filtration) for water 
reclamation. The plant consists of 100 CMD primary & secondary treatments, 50 CMD tertiary 
treatments, and 4 disinfection units of chlorination, UV-disinfection, ultrasound, and electrochemical 
technology of capacity 10 CMD each. The treated water from STP is used for the applications like 
gardening, toilet flushing, car washing, sewer cleaning, construction works, etc. The plant is designed 
to meet the Biochemical Oxygen Demand (BOD) of ≤ 10 mg/l, Nil Total Suspended Solids, pH of 6.5 
– 8.3, Nitrogen as Ammonia of ≤ 10 mg/l, Nil Faecal Coliforms in 100 ml, DO not less than 2 mg/l, no 
colour, no odour, no helminth eggs, and Turbidity to be <2 NTU. The arrangement is made to tap the 
flow from the wet well/screen chamber of the sewage pumping station by installing submersible pump 
sets of suitable capacity & quantity as per the approved design to cater to designed flows with 1 working 
+ 1 standby. Probes like DO meter, pH meter, turbidity meter, flow meter, and PLC, are used for 
automation. The automation system controls all pumps, and equipment for the operation of STP. 
Provision is made for each facility to operate the processing unit manually if for any reason the need 
arises. The control system is selectable to either "Off”, "Manual" or "Automatic" modes. Online quality 
& operation monitoring system is provided with suitable PLC. Online meters are installed for the 
measurement of flow, DO & pH. The alarm system is provided for operational failure intimation.  The 
pilot has been in operation since February 2023 is being regularly monitored for all routine parameters 
and the implementation of STP is found to meet the legal requirements as will be reported in the 
publication. LCA was also performed on the pilot using the GaBi software and the ReCepi 2016 method. 
The LCA provided the impacts of the STP on the environment and health as discussed in the paper.  
The widespread adoption of small-scale decentralized STPs in India faces challenges and there is in 
general a high demand in India for reliable and robust decentralized wastewater treatment plants. Hence 
an extensive detailed study is required to understand and establish the baseline data on the working of 
advanced technology in small-scale decentralized sewage treatment plants. 
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The National Onsite Wastewater Recycling Association (NOWRA) is the largest organization in the 
U.S. dedicated to educating and representing members within the onsite and decentralized industry. 
NOWRA was founded in 1991 to promote sound federal, state, and local policies, to improve 
standards of practice, and to increase public recognition of the need for and benefits of onsite and 
decentralized wastewater infrastructure. With a membership of more than 5,500 individuals, our 
members include educators, regulators, engineers, contractors, manufacturers, suppliers, service 
providers, and other parties in the protection of the United States water resources and environment. 
All segments of the industry are represented on NOWRA’s Board of Directors providing broad 
perspectives to promote and sustain our industry and service to the public. NOWRA has local 
constituent groups throughout the United States. NOWRA provides a national forum to address the 
challenges facing our industry. NOWRA provides education and training programs for professionals 
and brings uniformity to the industry. As the national educational resource and clearinghouse for 
onsite and decentralized systems and promoter of best management practices, NOWRA plays a lead 
role in state and federal legislative initiatives to protect water sources, human health, and the 
environment. NOWRA works to educate the public and policymakers about the advantages and 
benefits of onsite and decentralized wastewater management and serves as an advocate at the 
federal and local levels to encourage legislative and regulatory changes that facilitate the expanded 
use of these systems.  NOWRA lobbies to increase the funding to assist those without the financial 
means to obtain or upgrade their decentralized wastewater treatment system. 
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Opportunities for holistic water management in remote Aboriginal communities - learning from experience 
 
The delivery of water and wastewater infrastructure in WA’s remote Aboriginal communities has been 
largely based upon conventional engineering practices with severely constrained funding. Given the 
remote and often harsh environments in which these communities are based, in hand with constrained 
funding, it is not surprising that the management of this infrastructure has been criticised. The 
combined total of these assets is currently estimated at over $1 billion. 
 
Whilst the design of these assets has endeavoured to reach pragmatic ‘fit-for-purpose’ solutions, the 
outcomes can be unsatisfactory when compared to the expectations in more urban settings. Drinking 
water quality would be the most frequently criticised issue to make it into the media followed by 
wastewater-related issues such as overflows.  
 
This presentation will endeavour to show another way forward – based on the author’s experience - 
which is capable of achieving more than just improved, typical water and wastewater “KPIs”. While 
remoteness, harshness and dynamic variations in population will not change in remote communities, 
there does now exist an opportunity for two significant variables to change: a significant increase in 
funding and the engineering design approach. 
 
Increased funding will be possible through the recent transition of all water and wastewater assets to 
the Water Corporation from the state’s Department of Communities, as the Water Corporation is able 
to access significantly greater funding from Treasury. A change to the prevailing engineering design 
paradigm however will need to come from within the Water Corporation. 
 
There are some, albeit not many, examples of alternative engineering design approaches to water and 
wastewater systems in remote, difficult and challenging environments. The RISE program currently 
implementing co-designed water and wastewater systems in both Indonesia and Fiji is one example.  
 
What does this alternative engineering design approach look like? This presentation will demonstrate 
with both national and international examples, how co-designed, holistic systems can be capable of 
resource-recovery, water efficiency, improved drinking water quality whilst creating employment, with 
improved environmental and aesthetic outcomes for the remote communities themselves. 
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Introduction 
The concern regarding the presence of antibiotics in the environment is growing due to the proliferation of 
antibiotic-resistant bacteria. This phenomenon is widely recognized as one of the major threats to public health. 
Consequently, it becomes imperative to address this issue through effective treatment of wastewater generated 
by pharmaceutical industries, as it frequently contains significant concentrations of antibiotics. One promising 
approach to tackle this problem is the integration of advanced oxidation processes (AOPs) with Light Emitting 
Diode (LED) technology, a rapidly advancing sector. This combination offers an interesting alternative for the 
removal of organic pollutants, including pharmaceutical compounds. 
The objective of this research was to assess the treatment of wastewater generated from the cleaning of 
pharmaceutical industry reactors by means of electrochemical AOPs at a pilot-plant scale, employing a LED 
photoreactor and a raceway pond reactor coupled to an electrochemical flow cell. 
Methodology   
The concentration of the selected antibiotics (amikacin and clindamycin) during the process was monitored using 
HPLC-DAD. The UV-C/H2O2 process was conducted in a LED photoreactor (8L), wherein water was recirculated 
through two quartz tubes containing a total of eight UVC-LED stripes (four stripes per tube), symmetrically placed 
along the tubes. Solar electro-photo-Fenton at circumneutral pH using EDDS as iron complexing agent was 
carried out in a raceway pond reactor (8L). Both reactors were connected to an electrochemical flow cell 
responsible of H2O2 generation.  
Results 
The UV-C/H2O2 process allowed achieving the removal of the selected antibiotics in very short times, below 15 
min, demonstrating the high versatility of the LED photoreactor. In order to optimize energy consumption, the 
results showed that it is advisable to initiate the electrogeneration of H2O2 prior to activating the LEDs. This allows 
for the accumulation of a small quantity of the oxidant agent within the reactor. 
Similarly, solar electro-photo-Fenton process allowed reaching the complete removal of the selected antibiotics 
in only a few min of reaction. The results also showed that the accumulation of H2O2 in the reactor before Fe-
EDDS addition is also recommended, otherwise, the complex can be photolyzed before its reaction with hydrogen 
peroxide from which hydroxyl radicals are generated. 
Conclusions 
Electrochemical Advanced Oxidation Processes, operated under either artificial or natural solar radiation, 
represent a promising solution for the in-situ treatment of pharmaceutical industry wastewaters and, consequently, 
for preventing antibiotic resistant proliferation. 
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PHYSIOCHEMISTRY AND MICROBIAL ECOLOGY OF A LEACHATE TREATMENT WETLAND 
Authors: Annachiara Codello, Ljiljana Pantelic, Kathy Meney 
Municipal landfill leachates are a major environmental concern and one of the most challenging types 
of wastewater to treat due to the complex mixture of contaminants and their numerous treatment 
challenges. Constructed wetlands have been shown to, with an appropriate design, be an effective, 
sustainable and environmentally friendly solution for landfill leachate treatment. 
Here, we present findings on the efficacy of contaminant removal and the role of the bacterial 
community in a full-scale wetland and biofilter system that received a saline landfill leachate from 
municipal waste in Copping (Tasmania).  
This was a fully closed-circuit system based on phytoremediation technology that integrated a series 
of treatment cells with treated leachate returning to the existing leachate storage lagoons. Each 
treatment cell incorporated a combination of biological and physicochemical processes such as 
aeration, volatilisation, filtration, passive chemical oxidation and precipitation, adsorption, ion 
exchange, photolysis, biodegradation, and phytoremediation. 

Chemical water quality analyses coupled with DNA metabarcoding microbial analysis were used to assess the 
treatment removal and to understand the underlying processes in each treatment cell and the system as a 
whole. 

Our results indicate that the wetland cells operated in a successive fashion, progressively reducing 
concentrations of key contaminants including electrical conductivity (EC), chemical oxygen demand 
(COD), ammonia, total nitrogen, dissolved sodium and chloride. This was paralleled by the presence of 
a unique bacterial population that was significantly different taxonomically and functionally between 
the system’s cells.  
Overall, our findings demonstrate the potential of modular wetland systems, indicating that the 
wetland cells were mature, well adapted to each cell of the wetland and performed different functions 
that contribute to the sequential leachate treatment through the system.  
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Abstract 
 
GHD undertook the design and procurement for the East Bay Water Transmission Pipeline 
(EBWTP) project for Manila Water Company, Inc (MWCI).  MWCI is the concessionaire for 
the East Zone service area of Metro Manila and part of the Province of Rizal, serving over 6 
million customers in one of Asia’s Mega Cities. The project was managed and delivered by 
GHD’s Manila Water team with support from specialists across GHD’s APAC region. 
 
The project was conceived in response to the ever-increasing need to secure potable water for 
the growing population of the East Zone.  Water sourced from Laguna Lake will be treated and 
conveyed via the EBWTP to the City of Taguig, and with a provision to deliver water to Talim 
Island, a remote island within the lake. Works are logically divided into the 24 km traditionally 
trenched 1,400 mm dia. terrestrial section and a 34 km 1,200 mm dia. sub-lacustrine (below 
lakebed) pipeline. Construction of the EBWTP is currently being undertaken in municipalities 
in Rizal, mostly in rural areas more than 70 kilometres from Metro Manila. 
The project will deliver an additional 200 MLD of potable water to the influence area of Taguig, 
in the southern part of Metro Manila.  This supply will provide water for an additional 1.1 
million people, decrease the pressure on the existing water sources and provide headspace for 
growth of Metro Manila. The 34 kilometres sub-lacustrine section traverse the Central and 
West Bays of the lake, buried within the fine lakebed sediments. 
 
Laguna Lake is the largest freshwater lake in the Philippines with a surface area of over 900 
square km, has an average depth of only 2 meters, and is subject to currents, significant wave 
states and seasonal level variation.  Accordingly, construction within the Lake presented a 
range of challenges including construction access across lengthy shallow near shore zones, 
management of the fine sediments during excavation and backfilling, protection of the 
environment and adjacent aquaculture, consideration of seismic impacts and a construction 
methodology suitable for the shallow constrained lake conditions. 
 
The East Bay Water Transmission Pipeline is the first of several major water supply pipelines 
proposed to be constructed with Laguna Lake and represents a significant change in the pipe 
materials, design approach and construction methodology for water supply systems in the 
Philippines. 
 
The presentation will provide an informative comparison between the materials, design and 
construction approach adopted between the terrestrial and sub-lacustrine pipeline sections for 
the same project. 
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Abstract  
The load of anaerobically digested wastewater released from red meat processing industries in 
Australia can reach 90,000 kL d⁻¹ with an average total nitrogen concentration of 248 mg L⁻¹. 
microalgae can be coupled with the released wastewater to assimilate nitrogen and to produce high 
value protein. The objective of this research is to study the cost of treating red meat processing 
wastewater using microalgae and the possibility of producing value added products from the biomass 
residue. The methodology section was divided into wastewater characterization, product selection 
and market value specification, process development and design, cost estimation, and feasibility 
analysis. The results indicate that the cost of treating wastewater using microalgae in large scale 
capacity would be competitive with current available technologies for advanced wastewater 
treatment. The production of value added products from agricultural wastewater could cover the 
cost of both upstream and downstream processing at very large scale of production. However, the 
outcomes suggest that scaling up to increase the profit from wastewater effluents would be a real 
challenge in Western Australia due to the high cost of transferring wastewater and carbon dioxide.  
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Abstract 
Kathmandu Valley (KV), a small intra-mountain lowland area in Nepal, is situated at an 
altitude of about 1,300 m. The valley constitutes the country’s single largest urban 
economy and has a population of 2.5 million. The urban conglomerate is governed by 18 
administrative units (AUs) including 2 metropolitan cities. As of the roaring population 
growth in the valley, there has been a high demand for municipal services such as public 
toilets (PTs). This research aims to investigate the existing conditions of PTs in the 
valley, governance issues, and the scope for improvement. The methodology included a 
literature review, field survey, and stakeholder consultation. The availability, 
accessibility, and acceptability of PTs at strategic locations in AUs were investigated. A 
pre-defined checklist was used to collect the information and audit the functionality of 
hardwares (e.g. faucet), availability of basic resources (e.g. soap), accessibility (e.g. 
hours of operations), and acceptability (e.g. cleanliness). The operators were also 
interviewed to gather data on the number of daily users, frequency of cleanliness, 
revenue generated, and effluent management. Users were also interviewed onsite to 
understand the nature of the usage, accessibility of the PT, and suggestion for its 
improvements. Key informant interviews with relevant government and municipal 
authorities were further conducted to gather information on standard operating 
procedures, revenue collection policies, and future plans.   
The population (including floating) density in the AUs varied from 4 to 120 per hectare. 
As of July 10, 2023, a total of 73 PTs were found operational in the 18 AUs, out of which 
48 were from the Kathmandu Metropolitan City. The density of the toilet varied from 
0.02 to 0.3 Nos. per sq. km and no. of toilets per 100,000 population varied from 1.2 to 
5.5. A typical and well-managed public toilet was found to have 133 users in a day, out 
of which 15% were females and less than 5% visited for defecation purpose. However, 
the PTs in Pashupatinath Temple were found to have higher number of users. A total of 
11 PTs were found on the premises of this temple which is visited by approx.. 5000 
individuals every day. This figure reached upto 1.5 million in special days in a year. Most 
of the audited PTs had inadequate basic resources and lacked cleanliness. However, the 
privately managed PTs were found better governed compared to the ones managed by 
the state-owned agencies. The study also identified that the PTs did not have facilities 



for all segments of the population. Two types of fee structures were found: a flat rate of 
NRs. 10 per use, and NRs. 5 for urination and NRs. 10 for defecation. The revenue 
collected ranged from NRs. 400 to NRs. 2,500 per day from each unit. Some of the state-
owned PTs were found to pay a monthly revenue of only NRs. 4000. The current 
institutional arrangement for the establishment and operation of the PTs was found 
based on ad-hoc policies and a business-as-usual mode. Based on the findings, reform 
and innovation measures have been suggested for improvement.  
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Centralized wastewater management (CWWM) has long been implemented and utilized to treat 
wastewater in highly populated or urbanized areas (Nguyen 2005; Suriyachan et al. 2012; Roefs et al. 
2017). However, a centralized system is costly in terms of implementation and maintenance. Therefore, 
many researchers have proposed decentralization wastewater treatment (DWWM) with local 
governance as a alternative (Larsen and Maurer 2011, Prateep Na Talang, Sirivithayapakorn & Polruang 
2022). DWWM is an effective method that collects, treats, disposes/reuses wastewater at or near the 
source of discharge (Istenic, Bodík & Bulc 2015; Risch, Boutin & Roux 2021). But a decentralized 
system can only offer low-capacity treatment and is less suitable for urban areas. Applying both 
centralized and decentralized systems can be an optimal solution for urbanizing areas. However, there 
has been a lack of research on the application and management of both centralized and decentralized 
wastewater treatment systems, especially in emerging countries (Tchobanogious et al. 2004; Massoud 
et al. 2009; Nguyen et al. 2019; Prateep Na Talang, Sirivithayapakorn & Polruang 2022). This paper 
fills this gap by assessing the potential to apply both wastewater treatment systems in urbanizing areas 
of Vietnam.   
 

Looking at Vietnam wastewater management situation, the rapid urbanization makes the quality 
of the natural environment more impaired, affecting the quality of life of the people. In Hanoi – the 
capital city, domestic wastewater accounts for a large proportion, about 67.6% of the total wastewater 
generated in the area and only about 20.62% of the city's total domestic wastewater is treated (Ministry 
of Natural Resources and Environment, 2017). To improve the water environment in Hanoi, wastewater 
has been treated using both centralized and decentralized wastewater management systems. This 
research aims to examine the state of applying both centralized and decentralized wastewater 
management systems in Hanoi, Vietnam. In doing so, the research answers two research questions: 1) 
What is the current state of wastewater management in Hanoi, and 2) How effective were the use of both 
systems from the wastewater management experts' perspective?   

 
To answer these questions, the research conducted in-depth interviews with 18 experts in 

wastewater management in Vietnam. The results showed evidence of efficiency in managing wastewater 
using both centralized and decentralized systems such as integrating and increasing the performance of 
wastewater treatment in both high-density and scattered low-density areas, reducing water pollution and 
improving the ecological environment in the suburban areas. The findings also presented vital areas for 
improvement such as system management complexity, need for human resources of all levels, educating 
local residents, and lessons learned for regulatory and state management agencies.   

 
In terms of theoretical contribution, the research further strengthens the argument that utilizing 

decentralization with centralization helps to integrate and increase the performance of wastewater 
treatment in urbanizing cities. In terms of practical contribution, the research presents complex problems 
when applying and managing both systems which can serve as reference for policy makers and 
governance forces in other urbanizing areas.   
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In the world, 663 million people still lack access of improved drinking water sources. Water is 
fundamental for human life, and thus access to clean water is a basic human right. Cambodia is 
considered one of the most water-abundant countries in the region. Rivers and streams, lakes, 
aquifers and marine water are important sources for national economic development in many 
sectors, such as agriculture, manufacturing and small-scale industries, hydropower, navigation, 
tourism, environmental protection and daily life.  
 
To achieve the targets of access to water supply and sanitation by 2025, the Cambodian government 
has established the National Strategic Development Plan 2014-2025 for operation. Rainwater is in 
abundance in Cambodia, there is enough annual rainfall to cover both domestic water supply and 
irrigation needs. But for rainwater system to be considered an improved source the water must be 
stored in a single tank over 3,000L. It also requires certain types of roofing and storage to ensure the 
water is clean enough to drink at all times.  
Rainwater systems are ideal for Cambodia, where many people already have the right types of 
roofing installed but current systems are too small to store water for the dry season and do not store 
the water in a safe manner. 
 
RWC has a strong experience in project implementation in WASH in particular rainwater harvesting 
formalization in rural Cambodia through technical engineering design, prototyping and modelling and 
social mobilization. RWC was awarded from Energy Globe Award – Australia as national award in 
2016 on its rainwater harvesting formalization project as to increase access to domestic water supply 
and environmentally friendly. Currently, RWC is a member of International Rainwater Harvesting 
Alliance (IRHA) based in Geneva, Switzerland in which main focused on rainwater harvesting for food 
security, water supply and climate resilience. 
 
This abstract combines the findings of studies undertaken by RWC and the key learning from current 
projects in development on “supporting local communities on improve access to improved water 
source and safe drinking water in rural Cambodia” with funding support from Catholic Agency for 
Oversea Development (CAFOD) since 2019-2023. The first step is to describe the community’s 
perception of traditional rainwater harvesting in rural Cambodia while the second step is to 
demonstrate on how the risk managed rain rainwater harvesting systems promoted by RWC in 
community and its sustainability aspects. Importantly, the third step is to present the recent project 
in development on the formalization of rainwater harvesting in difference community access to 
improved and safe drinking water with funding support from CAFOD in which covers community led 
rainwater actions, producer group of rainwater harvesting, local governance and capacity building 



program in the communities groups. The paper also presents the next step of interventions for 
increased effectiveness of rainwater harvesting formalization in Cambodia. 
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In recent years, the problem of excessive thallium (Tl) element in drinking water source water of 
Huashan stream basin in Pinghe County, Fujian Province has aroused public concern. In this context, 
Tl pollution in rivers, soil, groundwater and vegetation in Huashan stream basin in Pinghe County was 
analyzed, multi-compartment ecological risk assessment was carried out, and pollution control 
countermeasures were proposed.  

The TI concentration in Huashan stream basin showed a decreasing tendency from the upstream 
(Xiazhai Town) to downstream. The average thallium content in surface soil of Huashan stream basin 
was slightly higher than that of Fujian Province (1.01 mg/kg), and also higher than that of Fujian 
Province (0.81 mg/kg). As for soil samples in Xiazhai Town, there was an area of high soil TI 
concentrations in the northewest quadrant extending from abandoned concentrating mill, mineral 
processing factory, and tailing pond, which covers the main mining area in town. Thus, the spatial 
distribution of soil TI was mainly determined by the mining activities, such as powder emission, 
wastewater discharge and mineral storage. Moreover, there were three “individual hotspots” of TI 
which were probably affect by the plant fertilization. 

The effect assessment results showed that the short-term risk of TI exposure to aquatic organisms 
could be neglected in this study. As for long-term risk, HC5 (HC means hazardous concentration), 
HC20, and HC50 for aquatic ecosystem were 0.285, 1.38, and 7.16 µg/L, respectively. In soil ecosystem, 
the HC5, HC20, and HC50 were 0.270, 0.514, and 0.913 mg/kg, respectively. The probabilistic method 
(JPC) integrating the exposure and effect distributions was further applied to determine the 
likelihood of adverse ecological effects quantitatively. The overall risk probability (ORP) was 
calculated as 28.4%, 4.22%, 2.64%, and 1.74% for soil, Huashan stream basin, drinking water source, 
and border area of basin, respectively. 

The main land use type in Huashan stream basin is orchard land, almost all of which is pomelo. 
According to Tl pollution status in Huashan stream basin, controlling soil acidification, reducing or 
limiting the use of chemical fertilizer and physiological acid chemical fertilizer contained Tl, and 
changing tillage management system according to local conditions are effective ways to reduce the 
environmental migration and bioavailability of Tl in Huashan stream basin. 
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Abstract:   
Wastewater treatment systems using microalgae called High Rate Algal Ponds (HRAP) have been 
increasingly considered as alternative solutions to activated sludge systems. Oxygenation of the HRAP 
by microalgae replaces artificial aeration, which can represent 60 to 80% of operating costs in classical 
activated sludge wastewater treatment plants. Microalgae produce oxygen for degradation of organic 
matter by heterotrophic bacteria, while utilising the inorganic carbon produced from its respiration. The 
microalgae-bacteria consortium removes organic and mineral pollutants from wastewater.  
There is some debate on the necessity to add carbon dioxide to HRAPs to improve microalgal growth 
and wastewater treatment, potentially increasing their capital and operating costs and limiting wider 
application.  However, microalgae may also use organic molecules present in wastewater as a carbon 
source simultaneously with inorganic carbon produced from both algal and bacterial oxidation of organic 
carbon, questioning the need for external carbon dioxide addition. Although bacteria can consume a 
wider range of organic compounds than microalgae, previous studies showed a high affinity of 
microalgae with certain organic molecules (especially volatile fatty acids, mono and disaccharides) that 
could be present at relevant concentrations in wastewater. Considering the complexity of wastewater-
microalgae consortium, investigations at laboratory scale can make an important contribution to 
understanding carbon fate and role in microalgae-bacteria interactions in HRAP systems. Laboratory 
photobioreactors (PBR) using sterile synthetic wastewater allow consortia cultivation in axenic, 
controlled conditions, avoiding potentially confounding factors like suspended solids or toxic 
compounds, enabling a focus only on microorganisms’ dynamics. Adapting the carbon supply and/or 
choice of inoculated species permits discrimination of the relative contributions of different trophic 
modes or microorganisms to the systems’ oxygen and carbon balance, while collecting data on both 
liquid and gas phases throughout the day-night cycle. Better understanding carbon dynamics may then 
lead to more efficient systems, obviating need for carbon dioxide addition leading to wider acceptance. 
However, the relevance of laboratory experiments to the performance of large scale HRAPs has been 
questioned. Uniquely, in this study, the outcome of laboratory scale experiments aimed at simulating 
microalgae-bacteria interactions in HRAP systems are placed in context, by considering the behaviour 
of a large-scale (5000m2) HRAP treating wastewater from the community (1700 inhabitants) in 
Peterborough, South Australia. The purpose was to evaluate to what extent laboratory photobioreactors 
can inform population interaction dynamics in the HRAP. The Peterborough HRAP and laboratory PBR 
differ in size and geometry, impacting heterogeneity and light transfer, which were characterised and 
compared through experimental and simulation work. The relevance of the choice of the carbon for the 
synthetic wastewater used in laboratory photobioreactors and its impact on oxygen and carbon balance 
and dominance of species in the reactor will be discussed. In conclusion, data collected in PBR is 
expected to bring further understanding of the contribution of heterotrophy to microalgal growth in 
wastewater and its impact on the symbiosis with bacteria. Evaluating total carbon availability will 



determine the likelihood of growth limitation occurring and the need or otherwise for carbon dioxide 
addition.   
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Brief Introduction: Groundwater is predominantly contaminated with arsenic (As) and iron (Fe) which 

need to be removed (Shaibur et al. 2019; Rahman et al. 2020; Shaibur et al. 2022). We tried to remove 

those elements with low cost adsorbent e.g. mahogany-fruit (Swietenia mahagoni) husk charcoal (MHC) 

and banana (Musa acuminata) peduncle charcoal (BPC) found available in Bangladesh (Shaibur et al. 

2022). The sample water contained 0.057 mg As L-1, and 4.827 mg Fe L-1.  

Materials and Methods: Three consecutive experiments were conducted considering pH, contact time, and 

adsorbent dosage.   
Results: 
Experiment 1: The pH was 3, 5, 7, and 9 with 250 mg L-1 adsorbents. Regarding As, the MHC removed 

almost 91.05% at pH 5.0 and BPC removed almost 86.67% at pH 9. But in the case of Fe, the MHC 

removed almost 100% at pH 7 and pH 9 and BPC removed the same quantity at pH 5, pH 7, and pH 9, 

indicating that adsorption was strongly pH dependent. Experiment 2: The contact times were 0, 5, 10, 

20, and 40 minutes with 250 mg L-1 adsorbents. The maximum amount of As and Fe removal was 100% 

with MHC and BPC charcoal at 5 minutes. The pseudo-first-order kinetic, pseudo-second-order kinetic 

and intra-particle diffusion model were analyzed. With a higher correlation coefficient, the rate of 

adsorption followed the pseudo-second-order kinetic model. Experiment 3: The doses were 0, 50, 150, 

250, and 350 mg L-1 with pH 7. In the case of MHC, the highest percentage of As removal was 79.47% 

and Fe removal was 100% at 350 mg L-1 adsorbent dose. In the case of BPC, the highest percentage of 

As removal was 79.29% and the highest removal of Fe was 100% at 350 mg L-1 adsorbent dose. 

Furthermore, Scanning Electron Spectroscopy (SEM) was used to get the morphology and Fourier 

Transformed Infrared Spectroscopy (FTIR) was used to get the surface properties of the adsorbent.  

Conclusion: The outcome of the experiment revealed that the MHC and BPC can be applied for removing 

As and Fe from groundwater as the cheap adsorbent.  
References:  
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Kashiani, Gopalganj, Bangladesh. Environmental and Biological Research, 1(1), 84-105. 
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The Bay of Plenty Regional Council (BOPRC) is a government agency based in Rotorua New Zealand. In 
partnership with Te Arawa Lakes Trust and the Rotorua Lakes Council, the BOPRC are implementing the 
Rotorua Te Arawa Lakes Programme. This is intended to remove 320 tonnes of nitrogen annually from Lake 
Rotorua by 2032, and restore the water quality of Te Arawa lakes via a number of interventions.  In 2020 
BOPRC partnered with Syrinx to undertake an analysis and comparison of individual wetland sites, develop a 
prioritisation framework for selecting key sites, and quantify potential nutrient removal from different types of 
wetlands. Analysis of catchments surrounding Lake Rotorua revealed that there are a significant number of 
small remnant wetlands and cleared wetlands in the hinterland rural areas around the Lake, suggesting that 
their cumulative restoration can contribute considerably to the required N reduction targets.  
This case study will discuss the process and learnings to date from a collaborative, scalable wetland 
restoration and constructed wetland project, in a rural farm setting.  In addition to nutrient reduction, this 
project has high potential to restore peats and improve carbon sequestration, improve biodiversity, and 
provide local economic opportunities for landowners as an additional economic stream.  
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Urinary Tract Infection (UTI): A common bacterial infection affecting the urinary system, leading 
to symptoms like frequent urination, burning sensation, and cloudy urine. Urosepsis: A severe 
condition caused by untreated UTIs, where the infection spreads to the bloodstream, potentially 
leading to organ failure and life-threatening complications. Prompt treatment is vital. UTIs and the 
associated risk of urosepsis represent critical public health concerns. To address this, we present an 
innovative optical method supported by machine learning, specifically designed for mass screening of 
UTIs and urosepsis in urine samples. [1,2] 

Our study involves obtaining spectra through spectroscopy measurements of artificial urine 
samples spiked with bacteria from solid cultures of clinical E. coli strains, allowing for the precise 
differentiation of infections. To ensure reliable classification, we rigorously tested 27 machine learning 
algorithms, achieving a remarkable accuracy rate of up to 97%. The method's practicality is further 
reinforced by its successful validation on urine samples from 241 patients, demonstrating its real-world 
applicability and robustness. However, the true strength of our proposed solution lies in its potential 
for mass screening applications in wastewater. 

With a sensor design that emphasizes simplicity, mobility, and versatility, this optical method 
can be seamlessly integrated into existing wastewater analysis frameworks. Moreover, its cost-
effectiveness makes it an attractive option for large-scale deployment in wastewater treatment plants 
and other critical infrastructure. By enabling mass screening of UTIs and urosepsis, this innovative 
approach holds the promise of identifying potential health risks early on, leading to timely 
interventions and effective preventive measures. Ultimately, its implementation in wastewater 
analysis can significantly contribute to safeguarding public health and ensuring the well-being of 
communities on a broader scale. 
 
[1] Johansen, Truls E. Bjerklund, et al. "Prevalence of hospital-acquired urinary tract infections in urology 
departments." European urology 51.4 (2007): 1100-1112. 
[2] Guliciuc, Mădălin, et al. "The urosepsis—a literature review." Medicina 57.9 (2021): 872. 
[3] Wityk, Paweł, et al. "Optical Method supported by Machine Learning for Urinary Tract Infection Detection and 
Urosepsis Risk Assessment." Journal of Biophotonics (2023): e202300095. 



  



Sediment Microbial Fuel Cells: Innovations in Wastewater Treatment, 
Energy Recovery and Nitrogen Cycling 
Dr Yoong-Ling Oon, Dr Yoong-Sin Oon, Dr  Min Deng, Dr Lu Li, Dr Kang Song 
 
Biography:  
Dr. Yoong-Ling Oon specializes in bioelectrochemical systems for wastewater treatment and energy 
recovery focusing on nutrient removal, nitrogen cycling and carbon neutrality. Committed to advancing 
sustainable solutions, Dr. Oon combines innovative approaches with practical applications, aiming to 
bridge the gaps while ensuring efficient wastewater treatment in resource-constrained settings. 

Abstract - Yoong-Ling OON (A).pdf (could not be inserted) 
  



Soft Plastics, Micro Plastics and Water Pollution 
Dr Avanish Panikkar 
 
Biography:  
Avanish is experienced in consulting, research, academic and industrial sectors in environmental 
engineering. A Certified Environmental Practitioner, lead Environmental Auditor, and a senior adjunct 
lecturer with Griffith University, he has published peer reviewed papers and book chapters. His doctoral 
thesis focused on innovative low-cost domestic organic waste and wastewater management. 

Soft Plastics, Micro Plastics and Water Pollution 
 
Dr Avanish Panikkar 
GHD Sydney 
 
Topic: Reducing industrial pollutants in water bodies 
Type: Oral presentation 
 
Abstract 
Discarded plastic materials have been causing problems and pollution in our waterways for 
many decades. The slow disintegration of soft plastics in water environment, including 
freshwater bodies and oceans, cause generation of micro and nano plastics entering the 
unsuspecting natural environment. This leads to severe health issues for living organisms 
including humans. 
Plastic materials find their way into living organisms in various ways – ranging from soft 
plastic lures found within fish, shark nets ingested by seals, floating plastic debris consumed 
by turtles and birds etc. Plastics also undergo fragmentation in natural environment from 
photochemical, mechanical and biological processes becoming micro-nano plastics. Nano 
plastics are also found in nature left over from cosmetic and other anthropogenic sources. 
Several studies have reported on prevalence of micro plastics in drinking water, causing 
potential human health impacts and lately, even in the air, causing respiratory illnesses. One 
recent study reported that single-use plastic items were among the top ten litter items at their 
study site. Due to their inherent nature of being light weight and endurance, soft plastic 
materials are the most abundant fugitive waste material. The recent covid pandemic 
exacerbated the situation whereby single-use plastic PPE materials were widely used but 
without proper management methods enforced / implemented. 
Microplastics are now known to exist in every continent on earth – they know no difference 
between rich or poor countries, deserts or polar regions. The plethora of plastic types 
contribute to the variety of types of micro and nano plastic particles in the environment. 
Persistence of these particles in the soil biota has been shown to cause pollution in food crops 
thereby entering the bodies of those who consume it, while presence in the air finds a way 
into the bodies via inhalation. Accumulation of plastic particles within humans can cause to 
diseases as indicated by various reports.  
This is a concern where waste and water pollution are both happening simultaneously. 
Whether it is regarding the giant plastic gyre of northern pacific, or mountains of waste 
dumped in developing world, it is evident that a new paradigm shift is required in resource 
management in the field of plastics. Safe alternative materials need to be prioritized. A 
circular economy where every plastic is captured and repurposed, whether with virgin 
materials if required (such as for health and food safety reasons) or otherwise (converting 
soft plastics into garden furniture as per current options or into fuel oil). This should feature 
along with other top priority environmental matters such as climate change and 
deforestation.  
This presentation looks at the wider problem, various sources, findings from literature survey 
and presents some possible solutions, while accepting that further ongoing studies are 
required to ascertain the extent of problem at hand, and to develop solutions to manage the 
same. 
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Solar Sludge Drying Beds- A Novel Technique in Sludge Processing 
Dhanesh Gunatilleke 
Biological wastewater treatment involves the transformation of dissolved and suspended organic 
contaminants to biomass and evolved gases (CO2, CH4, N2 and SO2). The activated sludge process is 
the most widely used biological wastewater treatment technique for both domestic and industrial plants 
in the world. The waste activated sludge or excess activated sludge is removed from the treatment 
process to keep the ratio of biomass to food supplied in the wastewater treatment plant in balance, and 
is further process prior to disposal. 
A method used to enhance the dewatering and drying of liquid, thickened, or dewatered bio solids in 
energy efficient manner is solar drying in covered drying beds. Solar drying beds consists of green house 
which transfer solar radiation as main energy source for drying, rectangular concrete drying beds, 
ventilation openings/louvers, sensors to measure atmospheric drying condition, a mobile 
electromechanical device (called wende wolf) that agitates and moves the drying bio solids and a 
microprocessor that control the drying environment. The microprocessor evaluate the climatic condition 
in order to optimize the moisture absorbing potential of the ambient air. The ventilating fans provides 
movement of air circulation to exhaust the moistened air. The wende wolf turn over the sludge bed, 
bringing the moist biosolids to the surface to accelerate drying process to produce dry pellets having a 
dry solid content 85% or more depending on exposure time along with pathogen destruction due to high 
temperature development during day time.  
The 42m long 12m wide first solar drying bed in Sri Lanka was established to process 4980kg dry solids 
per day at the recently commissioned Jaela-Ekala wastewater treatment plant at a cost of Rs 55 million 
in year 2011. The walls and the roof is covered with polycarbonate sheeting to allow solar radiation of 
the sunlight penetration and to prevent interference to the drying process by rain.  The 20% dry solids 
after mechanical dewatering by the belt filter press will be converted to dry pellets up to 85%-90% dry 
solids depending on exposure time and to suit end use.  With input energy of 2-3kWh/kg DS will 
ultimately realize energy output of the pellets having 8-11MJ/kg DS with a density of 0.7 -0.8t/m3. The 
pellets can either be used as co composting purpose as the properties of the sludge is not altered or as an 
energy source at dendro power plant/insineration plant or cement co processing with a  reduction of NOx 
emisions by 40% according to Japanese experience or co composting as landapplication in line with EU 
Council Directive 86/226/EEC meeting limit values for heavy metals.  
Key words: Biosolids, energy, green house, pellets, solar sludge drying beds  
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Abstract: 
To combat the salinity problem in coastal areas, the Department of Public Health Engineering (DPHE) has 
installed 970 Solar-powered desalination systems (SDS) in 61 Upazilas of 16 coastal districts under the green 
pilot project. For understanding the potential for future expansion of SDS, the study evaluated 81 randomly 
selected SDS units across the installation sites. Qualitative (user and caretaker feedback and key informant 
interviews) and quantitative (structured questionnaire and water quality) data were collected. The functionality of 
the SDS was physically examined, raw and treated water were analyzed for Electrical Conductivity (EC) and Fecal 
Coliform (FC) following standard protocols.  
Among the 81 units, 78% SDS were found functional and 22% non-functional. Pump failure (50% of cases) and 
natural disasters (23% of cases) were the major causes for being non-functional. Once the system malfunctions, 
it commonly takes about 7-14 days for repair because spare parts (83% cases) and repairmen (86% cases) are 
usually unavailable at local level. Users reported getting 40-50 litres of water daily from each SDS unit consisting 
of 5 solar panels. In 69% cases, users get water when they go for collecting water. But water generated from SDS 
is inadequate for large user groups (schools or govt. institutions). The SDS treated water is used mainly for 
drinking (77%). 96.7% of users consume water directly without boiling, and they did not face any kind of water 
borne illnesses (98% cases).  

97.1% of the users and 98% of the caretakers responded that SDS produces salt-free water, and the laboratory 
test affirmed their perception. Laboratory analysis showed that EC value for 94% of SDS treated water samples 
were within permissible limits (<1000 µS/cm). In 65% cases, users harvest rainwater using panels of SDS, as an 
added benefit. Bacteriological analysis of SDS treated water showed that 64% water samples were free from FC 
(no risk of contamination) and remaining 34% samples had low to medium risk of contamination (WHO 
classification). Evaporated water from SDS is not supposed to contain microbial contamination, but its presence 
could be due to the mixing with rainwater, lack of disinfection, and improper cleaning practices of the treated water 
tank. 75.8% of the users agreed that SDS treated water is the most acceptable source at local level because of 
not having any visible impurities or odour. It is unlikely to be effective if another popular technology (tubewell) is 
available. 62% of the users were satisfied with the SDS system, while 34% were not because it does not produce 
the required amount of water to meet their demand. 

The SDS, on principle, is highly effective in removing physical, chemical and biological contaminants from water. 
Appropriate demand management, proper site allocation, availability of spare parts in the local market, a qualified 
workforce for operation and maintenance, practicing water safety plan and post-treatment provision for dual water 
sourcing system, design improvements to withstand natural disasters and service contracts with suppliers are 
essential for having SDS as an effective solution to address water challenges in Bangladesh's water-scarce areas. 
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Standardization and sustainability of sanitation systems 

 

Lacking sustainability has been a major problem of investments in sanitation technologies. As 
experience has shown, project failures in the sanitation sector often occurred during the implementation 
phase due to negligence of context-specific economic, social and institutional sustainability aspects, and 
both conventional as well as various alternative solutions of sanitation service delivery have failed in 
the past (e.g. Starkl et al. 2013). Non sewered sanitation solutions have been a promising solution to 
cope with the problem, however, a review carried out has demonstrated that such technologies are not 
yet mature enough for wider market application, and a technical standard to ensure technical maturity 
has been proposed (Starkl et al., 2015).  

Subsequently, two technical standards addressing non-sewered sanitation systems have been 
developed, in which the authors were involved in. ISO Standard 30500 (Non-sewered sanitation 
systems) was published in 2018, and ISO Standard 31800 (Faecal sludge treatment units) was published 
in 2020. Both standards address also various sustainability aspects that may affect the overall 
sustainability of non-sewered sanitation systems. Starkl et al. (2018) discuss these sustainability aspects 
in more detail.  

ISO 31800 and ISO 30500 attempted to include various sustainability aspects by using verbs such as 
“shall” and “should” for environmental and technical aspects related to sustainability such as recovery 
of nutrients, water, and energy. In particular setting environmental thresholds has proven difficult during 
the standard development. Basically, two approaches were in conflict: on the one side the wish to 
establish reliable minimum thresholds to globally ensure a high level of treatment, and on the other side 
the argument to consider specific local situation and technical limitations.  

In addition, both standards included an Informative Annex on sustainability as an attempt towards 
including socio-economic and institutional sustainability aspects in a technical product standard.  

Based on the experiences with the above mentioned ISO standards, this presentation will discuss key 
aspects of sustainability of (new) technologies for sanitation and wastewater management, and to what 
extent they can be standardized. Further, possible barriers and drivers for sustainable sanitation & 
wastewater systems will be discussed. 
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Tannery Waste Treated with Water Hyacinth and Arum Shoot Powders 
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Department of Environmental Science and Technology, Faculty of Applied Science and Technology, 

Jashore University of Science and Technology, Jashore 7408; Bangladesh; *Corresponding and 

Presenting Author E-mail: shaibur75@yahoo.com (Poster) 

Introduction: In Bangladesh, tannery wastes are indiscriminately discarded and polluting the 
environment (Shaibur et al., 2019). This is because; the treatment of liquid waste is very expensive and 
laborious and the Bangladeshi people are not aware about environmental pollution. Bio-adsorbent is 
considered as the easy and inexpensive process to remove the contaminants from the tannery wastes. 
Considering the facts, a study was performed to find out the success of two available bio-adsorbents e.g. 
water-hyacinth (Eichhornia crassipes) shoot powder and arum (Colocasiae sculenta) shoot powder in 
eradicating chromium and copper from tannery waste. Tannery waste contains large amounts of Cr and 
Cu in dissolved condition.  
Materials and Methods: To achieve the target, water hyacinth and arum were collected from the local 
areas and the adsorbents were prepared. Firstly, these adsorbents were added to chromium and copper 
customary solutions and with tannery effluents to determine their efficacy in removing the pollutants. 
Removal of Cr and Cu from the standard solution and tannery were inspected in batch experiments at 
different contact times with the same bio-adsorbent concentration of 5.0 mg L-1. In this experiment we 
also used SEM and FTIR instrument to observe the analytical accuracy.  
Results: The highest content of Cr was removed from the standard solution and from the tannery waste 
with water hyacinth adsorbent were 85.29% and 87.50%, respectively at 180 mins. The water hyacinth 
bio adsorbent removed the utmost amount of Cu, 87.96%, from the standard solution at 180 mins, 
whereas 83.35% was for tannery waste at 120 mins. The bio adsorbent of arum removed the utmost 
amount of Cr, 79.46%, at 180 mins from the standard solution, while 77.08% of the pollutant was 
removed from the tannery waste for the same. The utmost amount of Cu, 78.57%, was removed from 
standard solution at 180 mins with the arum shoot powder, while 75.0% was the utmost amount from 
the tannery waste at the matching contact time. Our present result result was supported by the SEM and 
FTIR analysis.  
Conclusion: The water hyacinth shoot powder was more effective than the arum shoot powder in 
removing Cr and Cu from both the solutions. From these results it can be said that the water hyacinth 
shoot powder and arum shoot powder could be used as the bio-adsorbent for Cr and Cu removal from 
tannery waste.   
Keywords: Adsorbents, Bhairab river, Cu(II), Cr(VI), Removal Efficiency, Tannery Effluents 
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Abstract 
Technology-wise assessment of Decentralized Small-Scale Sewage Treatment 

Plants in India 
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1 Department of Environmental Engineering and Management, National Institute of Industrial Engineering, Mumbai 400087, India 
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3Department of Integrated Biology and Biodiversity Research, University of Natural Resources and Life Sciences, 1180 Vienna, Austria 
 

Water scarcity and increasing pollution levels pose significant challenges to traditional centralized 
wastewater treatment systems. Decentralized small-scale treatment plants (DSSTPs) have emerged as a 
viable alternative to address these challenges. This paper seeks to investigate DSSTPs for sewage 
treatment in India with capacities of 1 and 5 million liters per day (MLD). It highlights various 
advantages of decentralized methods, including increased resource efficiency, reduced transmission 
losses, and enhanced resilience to system failures and natural disasters. The paper then explores the 
technological aspects of DSSTPs. It thoroughly examines various technologies suitable for small-scale 
treatment plants, such as the Activated Sludge Process (ASP), Sequencing Batch Reactors (SBRs), 
Moving Bed Biofilm Reactors (MBBRs), Membrane Bioreactors (MBRs), Fixed Activated Sludge 
(FAS), Upflow Anaerobic Sludge Blanket (UASB), and Wetland Systems (WSPs). These technologies 
provide numerous benefits, including low energy consumption, and effective removal of pollutants. 
Understanding the capabilities and limitations of these technologies is critical for the effective 
implementation of DSSTPs and the achievement of sustainable sewage management. Furthermore, the 
article looks at the design and operational aspects of DSSTPs. It investigates the operational, non-
operational, partially operational, under construction, and planning status for performance optimization 
as well as the compliance and under maintenance status of actual vs installed capacity. Finally, the 
research findings show that Sequencing Batch Reactor (SBR) technology is more extensively employed 
than Activated Sludge Process (ASP) technology, and ASP technology chosen over Moving Bed Biofilm 
Reactor (MBBR) technology. Overall, it was found that the selection of a sewage treatment method in 
India is generally based on several factors like site-specific needs, treatment objectives, and cost 
considerations. 
 
Keywords - Decentralized small-scale treatment plants (DSSTPs), Moving Bed Biofilm Reactor 
(MBBR), Activated Sludge Process (ASP), Sequencing Batch Reactor (SBR), Upflow Anaerobic Sludge 
Blanket (UASB), Wetland Systems (WSPs). 
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The Future of Wetlands 
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Wetlands have largely been overlooked and misunderstood in terms of the profound role they play in 
balancing hydrological flows, in carbon and nutrient cycling, in GHG emissions, in mitigating heat, in 
supporting biodiversity, in decentralized water supply, and in economic resources.  Globally, we have 
abused wetlands by using them to dispose of harmful wastes, by infilling because we believed they 
harbored diseases, or because we needed the space for ‘more important’ landuses such as 
agriculture and urban development.  Today we have lost 3.4 million km2 of wetland area (Fluet-
Chouinard et al 2023), which is equivalent to around half of Australia, and just under the size of the 
EU. 
Following three centuries of wetland loss, the world is now changing their minds about wetlands, as 
we experience the effects of climate change and as we understand what in fact we have lost, and 
how important wetlands are in dealing with the global climate and biodiversity crises. There are 
significant changes at the policy and regulation level globally and within various jurisdictions 
including Australia, the EU, the US, that are imposing targets for restoration, pollution reduction, and 
protection of wetlands. There are growing economic studies that have valued the market and non-
market benefits of wetlands at $AUS 47 trillion/year, and public and private finance markets that 
have invested billions to underwrite wetlands as essential nature-based solutions to climate 
resilience, reversing biodiversity loss and maintaining economic livelihoods. 
However, while wetlands are now indeed fashionable and there is urgency in scaling up, those of us 
who work in restoring and constructing wetlands know the power and the pitfalls of this nature-
based technology, and the complexities associated with scaling and managing these systems.  History 
has shown mixed success with constructed wetlands, which reflect barriers to adoption, fear of 
ecological technologies, myths associated with these systems being cheap and zero maintenance, 
inadequate local capacity building, poor design, among other issues. As we embark on creating 
thousands of new wetlands globally, how are we going to ensure they will sustainably deliver the 
functions, values and ecosystem services we need?  How do we best address the risks and costs 
associated with designing, managing and maintaining these decentralized systems? How do we value 
these wetlands so that they deliver economic benefits to local communities whether in the remotest 
of regions, or in the heart of cities, and how can we best aggregate value to attract financial 
investors? 
We propose that part of the solution lies with three directions: i) integrating wetlands with the 
internet of things – a means of enabling remote management and transparency of data, ii) adopting 
natural capital accounting and disclosure measures and standards - a means of calculating and 
reporting on costs and benefits in a language useful to attracting global finance markets and 
investors, and iii) localizing local economy opportunities with traditional owners to safeguard the 
future of wetlands.   
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The provision of safe drinking water in Jaffna, Sri Lanka 
Mr Ayadurai Somesan 
 
A] Abstract 
 
I will talk about a solution for the provision of safe drinking water on a fully sustainable at low cost. 
The area is the town of Jaffna, the capital of the Jaffna Peninsula in the Northern province of Sri 
Lanka, population around 700,000 inhabitants. The peninsula is topographically a featureless flat 
landmass of around 1230 sq.km area including inland saline lagoons, entirely surrounded by sea and 
bereft of topographical features such as hills, valleys nor rivers, with the highest elevation of around 
10.5 metres above m.s.l.  
 
The Issue:  
As shown in brief details below, the only source of fresh water for the Peninsula and all its 
inhabitants is the shallow ground water which has been and continues to be totally unfit for human 
consumption. My talk presents a low cost and fully sustainable solution for the provision of safe, 
good quality water for drinking and cooking.  
 
The low cost, fully sustainable solution: This solution will be achieved by enabling each household to 
install and maintain simple rainwater saving systems. Simple calculations show that there is more 
than adequate nett rainfall in any one year to make this a viable option. The size of storage volume 
needed per average household is 6 cubic metres, so long as this harvested rainwater is used only for 
drinking and cooking food. Water from the ubiquitous shallow household wells is entirely adequate 
for all other purposes including ablutions and washing clothes. 
 
B] Background to the physical conditions of Jaffna Peninsula 
 
Geomorphology: 
The peninsula is entirely composed of Limestone of Miocene age formed in shallow warm seas 
around some 400 million years ago, leaving masses of fossilised molluscs such as sea shells of snails, 
clams, oysters etc, embedded in the limestone matrix. This landmass is almost like a text book 
example of Karstic limestone with numerous underground interconnecting channels from the size of 
a few millimetres in diameter to over a metre in diameter, many of which continuously discharge the 
shallow ground water to sea.  
 
Water Resources:  
As there are no rivers nor even tributaries in the peninsula, the rainfall that occurs runs off to sea 
with a substantial part infiltrating to the ground below. The runoff to the sea occurs through very 
shallow depressions at ground surface level which then exit to the sea. Due to the very small 
gradients that these natural drainage lines have, when there is no rainfall runoff, sea water enters 
these lands through these drainage lines, especially at high tide times. 
 
Rainfall:  
Jaffna Peninsula has a Tropical Monsoonal climate with a Heavy N.E. Monsoon from October to 
January when some 90 % of total annual falls occur and the minor S.W. monsoon June to August. The 
annual total varies from around 700 mm to 1,100 mm. The Temperature varies from 26 to 33 deg. C. 
and the climate is classified as largely semi arid to hyper arid. 
 
Water Quality of the shallow ground water in Jaffna Peninsula: 
Water Quality of the shallow ground water in the Peninsula has been unfit for human consumption 
even from before the 1950s. The “Jaffna Rehabilitation Report (JRP)” prepared by the German 
Government Agency GTZ in January 2002 and written by Eng. Harald Kraft shows this in clear and 
unmistakable terms. This report carried out Chemical and biological analyses of the shallow ground 
water in the peninsula and came to the conclusion that the shallow ground water in the Peninsula is 



unfit for human consumption. More recent studies have shown that this continues to be so, and 
worsens on the four counts below as compared to WHO Standards of drinking water: 

1. Presence of extremely high counts of live E.Coli in 100 percent of the shallow well water 
samples 

2. Unacceptably high levels of salinity 
3. Unacceptably high levels of dissolved agricultural fertilisers including Sulphates, Nitrates and 

Phosphates 
4. Unacceptably high levels of dissolved pesticides and insecticides including Folidol, and organo 

- chlorine / phosphate compounds. 
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P.R. China 
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* Corresponding author: E-mail. zifuli@ustb.edu.cn 

Abstract:  
This abstract outlines a collaborative initiative between UNICEF China and Chinese institutions to 
catalogue and promote innovative Water, Sanitation, and Hygiene (WASH) solutions developed or 
available in China. The primary objectives of this partnership are to identify reliable, user-friendly, 
affordable, and climate-smart WASH technologies. 
The collaboration entails conducting an extensive survey to gather comprehensive product 
specification data, including information on associated emissions and water usage, for each WASH 
technology product in China. This data will contribute to creating an extensive WASH technology 
product catalogue. To enhance accessibility and knowledge sharing, the collaboration partners 
developed a bilingual online platform for the catalog's digital interface. This platform will facilitate 
access to the WASH technology product catalogue in China and other developing countries. Users and 
manufacturers can submit updates on existing products and add new ones, ensuring the record 
remains up-to-date and adaptable to evolving needs. 
By disseminating information through the online platform, UNICEF aims to support the widespread 
adoption of reliable, affordable, and environmentally conscious WASH technologies, benefiting 
communities within China and across other developing nations. 

Keywords: WASH; Technology product; Catalogue; online platform 
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Water reuse through membrane technologies for a dairy industry using a Water Pinch 
simulation software 
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Introduction: Although being an activity of great social/economic importance, dairy industries include many processes 
which present high water demand, resulting in the generation of significant amounts of effluents. In this context, wastewater 
treatment and reuse routes appear to be an option for minimizing freshwater usage and effluent generation in the industry. 
Therefore, the main objective of this work is to evaluate possible reuse routes of the effluents from a dairy industry, 
considering the water quality requirements for each use. 
Methodology: First, the dairy industry case study was described. All water consumed and effluents generated by the 
industrial process were quantified. Samples of these effluents were collected and characterized. In addition, the water quality 
parameters required for different industrial activities were assessed. The data related to the treatment efficiencies using a 
membrane bioreactor (MBR) and NF systems previously conducted by the authors was considered. Total dissolved solids 
and chemical oxygen demand were taken as leading water quality parameters in the water streams. Finally, water pinch 
analysis was carried out through the application of the collected data on the Water Pinch software to assess the potential to 
reduce industrial water usage and effluent generation. Both direct reuse/recycle and regeneration schemes were investigated, 
and water reuse routes were proposed. 
Results: Considering the main activities developed at the dairy industry it was possible to identify 6 main water uses, namely: 
(i) clean-in-place (CIP); (ii) toilets; (iii) food processing; (iv) cooling; (v) heating; and (vi) others (various uses). Results 
from water pinch analysis showed that all recovery schemes do improve freshwater consumption. In this context, four reuse 
routes were proposed: Route 1 – Only direct reuse/recycle; Route 2 – Direct reuse/recycle of effluents in the CIP and reuse 
after regeneration with MBR in the general processes; Route 3 - Direct reuse/recycle of effluents in the CIP and reuse after 
regeneration with MBR+NF in general 
processes; Route 4 - Direct 
reuse/recycle of effluents in the CIP, reuse 
after regeneration with MBR+NF in the general 
processes and reuse of the NF 
concentrate.  
As expected, Route 4 was the most efficient 
among those evaluated, attaining a water 
consumption reduction of 69.5% (from 2209.5 to 
636.3 m3d-1); while the reductions in routes 1, 2 
and 3 were 27.6%, 35.7% and 52.3%, 
respectively.  

        
Figure 1. 
Flowchart 
of water 
reuse by 
Route 4. 

Conclusions: This study indicates the viability of applying a treatment system based on membrane technologies for water 
reuse purposes. A proposed route (Route 4) showed the best performance in terms of reduction of freshwater consumption 
(69.5%) in the dairy industry. Additionally, other aspects must be taken into consideration when implementing a water reuse 
plan (e.g., cost of separate pipes for each effluent). 
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Water Services in Developing and Developed Countries 
Ashok Sharma, Institute of Sustainable Industries and Liveable Cities, Victoria University, Melbourne, Australia 
 
 
Reliable, safe and continuous water supply systems are essential for both 
developing and developed countries for their socio-economic development and 
industrialisation.  
 
During 2022, 2.2 billion people still lacked safely managed drinking water, out of 
which 1.5 billion with basic services, 292 million with limited services, 296 million 
with unimproved and 115 million drinking surface water (UNICEF and WHO, 
2023a). 
 
Generally most of the countries are facing issues related to resource constraints due 
to population growth and climate change impacts including rapid urbanisation, aging 
infrastructure and sustainable wastewater disposal to minimise impact on water 
resources.  These are some of the factors affecting water demand, its availability 
and quality.  
 
Developing countries have adopted integrated water management and water 
sensitive urban design approaches, integration of centralised and decentralised 
system, hybrid water systems and worked towards developing necessary policies 
and guidelines to address population growth, climate change and infrastructure 
associated issues. However, these approaches are not being fully adopted in the 
main stream due to technical, capacity and economic constraints. 
 
 In developing countries, while water management has improved in urban areas 
mostly covered by piped systems providing generally intermittent supply, however 
peri-urban and rural areas still struggling for sustainable water supply systems and 
services. 
 
The paper will mainly discuss technical, economic, environmental, capacity and 
policy constraints in providing sustainable water services in developing countries.  
 
 


