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Paper ID: 4263677 

Nothing Wasted: Building Value For Wastewater Biosolids-based Fertilizer  

Samantha Hallorana*, Mike Doughertyb, Christine Brownc  

a,b Lystek International 125 McGovern Drive, Unit #1 Cambridge, Ontario, N3H 4R7   

c Ontario Ministry of Agriculture, Food and Rural Affairs, Woodstock, Ontario  

*Presenting Author  

 

Central Message  
Central tenets of a successful biosolids-fertilizer management program in Canada and the United States have been 

adherence to Best Management Practices, engagement with the local agricultural communities and participation in 

third-party research.  

 

Keywords  
Nutrient management, emerging substances of concern, circular economy  

 

Materials and Methods  
Lystek’s patented treatment system is a low-temperature thermal hydrolysis process, which treats wastewater biosolids 

and other organics to produce a multi-purpose, low viscosity, high solids (15-17% solids), nutrient rich liquid 

biofertilizer product, LysteGro. LysteGro is federally registered and regulated in Canada under the Fertilizer Act by 

the Canadian Food Inspection Agency and by the United States Environmental Protection Agency in the United States. 

At 8 of the 9 facilities (7 municipal) currently operating the technology for treatment of biosolids, Lystek manages the 

fertilizer sales program. Lystek has actively marketed the biosolids-based fertilizer for the past 5 years in Canada and 

the United States, successfully selling 100% of the product produced (over 700,000 tonnes), while also increasing the 

selling price by more than 150% over the same time frame. Biosolids have traditionally been considered a waste 

product to be disposed of, either through landfilling, incineration or land application at maximum loading rates. Several 

key strategies have been used over the past 7 years in order to build value for this waste product, such that there is 

more demand for the product than supply. The main strategies have been the application based on nutrient stewardship, 

voluntary development and adherence to Best Management Practices (BMPs), participation in third-party agronomic 

trials, and active engagement in research relating to areas of concern.  

 

Results and Discussion  
In order to build a successful end-product management program for the biosolids-based fertilizer that would be 

accepted by the agricultural community, it had to be first treated as a marketable product, rather than a waste. Lystek 

developed voluntary Best Management Practices for land application of LysteGro, which include many of the 

considerations outlined in government regulations for Class B, (even though LysteGro is considered a fertilizer 

(Canada) or Class A EQ biosolids (US)). These include setbacks from waterways, applying during proper weather 

conditions and complete subsurface injection of the material. In addition, Lystek employs Agronomists, who ensure 

that application is based on soil and crop needs rather than maximum loading rates.  

In partnership with extension staff and farmer-led research groups, four large-scale field research trials have been 

completed to evaluate product efficacy. Field trials were completed between 2015-2017 in Ontario, Canada, evaluating 

LysteGro compared with synthetic fertilizer across 12 different fields. Overall, the results showed that LysteGro can 

be used as a complete replacement for synthetic fertilizer for corn production that will produce equivalent or better 

yield results (Figure 1). In California, partnered with extension staff at the University of California, LysteGro was 

compared with synthetic fertilizer for wheat production. The LysteGro plots showed either comparable or better wheat 

yields than the synthetic fertilizer plots.  
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Figure 1. Corn yield in bushels/acre for plots treated with LysteGro at 3,000 gallons/acre, 4,500 gallons/acre or 

synthetic fertilizer across 3 years at different sites in Ontario.  

 

Recognizing that there are concerns about contaminants in wastewater ending up in soils, water and crops as a result 

of land application of biosolids, Lystek has actively engaged in partnerships with government and university 

researchers to address these issues. This research has involved the evaluation of pathogens, antimicrobial resistance 

genes and emerging substances of concern in LysteGro (Lystek-treated biosolids) compared with biosolids treated with 

other means. These studies have shown a lower risk of transfer of pathogens and antibiotic resistance genes to the 

environment from the use of LysteGro compared with Class B biosolids (McCall et al., 2015; Murray et al., 2019).  

 

Contributions of the work  
Biosolids have historically been managed as a waste product to be disposed of in Canada and the United States. Since 

2012, Lystek has built a paying customer base in the agricultural communities in which they operate, and have 

successfully sold over 700,000 tonnes of biosolids-based fertilizer (LysteGro) as a fertilizer for agricultural crop 

production. This program has been built upon over time, and involves Best Management Practices, participation in 

third party agronomic trials, and active engagement in research into emerging contaminants. Many challenges have 

been overcome along the way in developing this robust program. There are always new challenges on the horizon that 

will need to be overcome, such as emerging contaminants, nutrient management (Nitrogen & Phosphorus) and public 

perceptions. Lystek remains actively engaged in research in all of these areas: we are focused on delivering a safe, 

effective and environmentally responsible solution to municipal wastewater treatment plants, the agricultural 

community and the public.  

 

References  
McCall C.A., K.S. Jordan, M.B. Habash, K.E. Dunfield. (2015). Monitoring Bacteroides spp. markers, nutrients, 

metals and Escherichia coli in soil and leachate after land application of three types of municipal biosolids. Water 

Research. 70(1): 255-265.  

Murray R., Y.C. Tien, A. Scott, E. Topp. (2019). The impact of municipal sewage sludge stabilization processes on 

the abundance, field persistence, and transmission of antibiotic resistant bacteria and antibiotic resistance genes to 

vegetables at harvest. Science of the Total Environment. 651(2): 1680-1687.   
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Paper ID: 4263792 

 

ENHANCED BIOMETHANE RECOVERY FROM SOURCE SEPARATED ORGANICS USING 

HYDROTHERMAL PRE-TREATMENT   

 

S. Razavie a,*, E. Hosseini Koupaie b, H. Hafez c, E. Elbeshbishyd,**a,b,c    

 
a Ryerson University, 350 Victoria Street, Toronto, ON, M5B2K3, shabir.razavi@ryerson.ca   
b Ryerson University, 350 Victoria Street, Toronto, ON, M5B2K3, e.hosseinikoupaie@ryerson.ca   
c Greenfield Global, 275 Bloomfield Road, Chatham, ON, N7M 0N6, hisham.hafez@greenfield.com    
d Ryerson University, 350 Victoria Street, Toronto, ON, M5B2K3, elsayed.elbeshbishy@ryerson.ca  

 

Central message  

Every year, 1.3×109 tones of food waste goes to landfills while it can be used as source for bioenergy production. This 

research studied the effect of hydrothermal pretreatment to enhance biomethane production.   

 

Keywords:  

Anaerobic digestion, Biomethane, Hydrothermal pretreatment  

 

Materials and Methods  

The Source Separated Organic (SSO) used in this study was collected from Disco Road organics processing 

facility (Toronto, Canada) and the inoculum was taken from the effluent of the anaerobic digesters located 

in Ashbridge Bay municipal wastewater treatment plant (Toronto, Canada) with a working capacity of 

818,000 m3/d. The digesters are operated at mesophilic condition (34-38°C) and fed of around 6500 m3/d 

primary sludge and 1600 m3/d thickened waste activated sludge (TWAS).   

The hydrothermal pretreatment of SSO was carried out using a Parr 4848 stirred reactor (Parr Instrument 

Company, IL, US). In this study, for each round of pretreatment, one litre of SSO was placed in the reactor 

vessel. The reactor was then sealed and the mechanical mixer was set to 150 rpm and kept stirring until the 

end of the cooling cycle. The SSO heating was started with a ramp of 3 °C/min until the reactor temperature 

reached 30°C below the target temperature (cycle #1). Afterwards, the heating was continued at the lower 

rate of 1 °C/min until the reactor temperature reached the target temperature (cycle #2). Then the 

temperature was kept constant for the desired retention time (cycle #3). Finally, the heater was turned off 

but the mechanical mixer kept running until the temperature reached below 50°C (cycle #4) and the reactor 

vessel was opened.   

The experimental design used in this study to investigate the effect of the hydrothermal pretreatment on the 

solubilization of SSO. In this study, the experimental design was done considering five different severity 

index (SI) values of 3, 3.5, 4, 4.5 and 5 in fifteen different pretreatment conditions Table 1. The SI was 

calculated via:   

Severity Index (SI)=logexp[(T−10014.75)×t] 
   

To assess the effect of the hydrothermal pretreatment on SSO digestion and also to determine the optimum 

conditions, forty-five mesophilic batch anaerobic digesters were set up (in triplicate). Also, one set of 

control (non-pretreated) digester was included in triplicates in the experiment that was used as a benchmark 

for the comparison purpose. The amount of the added SSO and its ratio to the inoculum was calculated 

considering the food to microorganism (F/M) ratio of 1 g-TCOD/g-VSS. Additional 4000 mg/L alkalinity 

in form of NaHCO3 was added to each digester to increase the buffering capacity of the medium in order to 

prevent the pH drop during the digestion process.    

  

Results and Discussion  

The results reveal that all hydrothermal pretreatment conditions promoted biomethane yield, Soluble COD 

concentration and reduction of suspended solids. The optimal pretreated condition for COD solubilization 

was achieved at 220°C-10 min with 49 ± 2% improvement and after this point increasing the intensity of 

pretreatment had adverse effect on COD solubilization. Hydrothermal Pretreatment had also a considerable 

mailto:shabir.razavi@ryerson.ca
mailto:e.hosseinikoupaie@ryerson.ca
mailto:hisham.hafez@greenfield.com
mailto:elsayed.elbeshbishy@ryerson.ca
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effect on Total Suspended Solid (TSS) and Volatile Suspended Solid (VSS) reduction, between the SI of 3 

and 4.5, increasing the pretreatment temperature from 150°C to 220°C was inversely proportional to the 

TSS and VSS concentration and higher pretreated conditions result in increase of TSS and VSS. The TSS 

reduction during hydrothermal pretreatment was less than VSS reduction that explains hydrothermal 

treatment mainly targets the organic matter.    

All hydrothermal pretreated conditions achieved higher ultimate methane yield although during the first 

fifteen days, the cumulative methane yield of the non-pretreated digester was higher than that of the high-

temperature (>= 190°C) pretreated digesters. According to the results, the methane yield was increased by 

10-25% depending on the pretreatment condition. The maximum methane yield of 280 ± 

8 mL/g TCODadded was obtained under a pretreatment temperature of 190°C and a retention time of 20 

min which was 25 ± 1 % more than that of the control digester.    

   

Contributions of the work  

The objective of this research was to evaluate the effect of the hydrothermal pretreatment on 

the solubilization of SSO as well as the biomethane recovery through the mesophilic batch anaerobic 

digestion process. Although many researchers have studied the biomethane production but there are not so 

many papers on enhancement of biomethane production from SSO using hydrothermal pretreatment. This 

research has studied a wide range of hydrothermal pretreatment conditions within different SI which makes 

it unique of its kind.    

The findings of this research revealed that although the hydrothermal pretreatment significantly improved 

the SSO disintegration and AD performance, the highest pretreatment intensity does not necessarily 

correspond to the maximum degree of solubilization or the highest methane production yield and rate. 

According to the obtained results, pre-treating the SSO at a temperature of 220°C resulted in the maximum 

SCOD concentration, while, the highest methane production yield and rate was observed when the digesters 

fed with SSO samples pretreated at 190°C and 170°C, respectively. Ultimate methane yield for every 

hydrothermal pretreated conditions and relative improvement of methane yield comparing to non-pretreated 

substrate can be seen in Figure 1.  
 

References  

Ariunbaatar, J., Panico, A., Frunzo, L., Esposito, G., Lens, P.N.L., Pirozzi, F. 2014b. Enhanced anaerobic 

digestion of food waste by thermal and ozonation pretreatment methods. J. Environ. Manag., 146, 142-149   

Jin, Y., Li, Y., Li, J. 2016. Influence of thermal pretreatment on physical and chemical properties of kitchen 

waste and the efficiency of anaerobic digestion. J. Env. Manage., 180, 291-300. 

 

 

Table 1. The experimental design used in this study  

Severity Index (SI)  3.0 ± 0.05  3.5 ± 0.05  4.0 ± 0.05  4.5 ± 0.05  5.0 ± 0.05  

  Pretreatment pressure (psi), temperature (ᵒC), retention time (min)  

Pretreatment 
Scenarios #1  

69, 150, 30  114, 170, 30  181, 190, 20  227, 210, 20  337, 220, 30  

Pretreatment 
Scenarios #2  

89, 160, 20  145, 180, 15  225, 200, 10  337, 220, 10  407, 230, 15  

Pretreatment 
Scenarios #3  

114, 170, 10  181, 190, 10  277, 210, 5  407, 230, 5  488, 240, 8  
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Figure 1. (a) The ultimate methane yield and (b) the relative (to control) improvement in the ultimate 

methane (@ the STP of 0℃ and 1 atm)  
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Paper ID: 4258385 

 

 Balancing Carbon for Energy Recovery and Biological Nutrient Removal – Design Considerations at the Tuas 

Water Reclamation Plant (TWRP)  

 

Emma Shen a, *, Tim Constantine a, Colin Newbery b, Yong Wei Hin c, Koh Siong Teck c, Loh Yee Wen c, 

Liow Wee Siang c  

 

a Jacobs (CH2M), Toronto, Ontario, Canada  

b Jacobs (CH2M), Singapore  

c Public Utilities Board (PUB), Singapore’s National Water Agency  

* Presenting and corresponding author: 245 Consumers Road, Toronto, ON, M2J 1R3, emma.shen@jacobs.com  

 

Central Message  
The 800 ML/d Tuas Water Reclamation Plant (TWRP) will be the largest membrane bioreactor (MBR) facility in the 

world, featuring many state-of-the-art wastewater treatment technologies and an integrated NEWater facility that 

produces water for reuse using the treated effluent. The TWRP will be co-located with an Integrated Waste 

Management Facility (IWMF) which will generate electricity to meet the demand for both TWRP and IWMF, making 

the co-located facility energy self-sufficient. A key component to energy efficiency is the management of carbon 

through the treatment process, as it has a major impact on the energy production (through conversion to biogas in the 

anaerobic digestion process), energy consumption (especially from oxygen demand in the MBR process), as well as 

the dependency of carbon to drive biological nutrient removal. Flexibilities provided in the design of the TWRP allow 

for optimizing the degree of carbon re-direction while achieving effluent goals for NEWater and discharge.  

 

Keywords: Carbon Re-direction, Energy Self-Sufficiency, Process Modelling  

 

Materials and Methods  
The key to achieve energy self-sufficiency at the TWRP is via enhanced primary treatment (high-rate biosorption or 

A-stage) to maximize carbon directed to anaerobic treatment (thus maximizing biogas generation for energy recovery) 

and minimize the aeration energy requirements for mainstream biological process. However, limiting the carbon load 

on the mainstream biological process may contribute to deterioration of biological nutrient removal performance, 

which has traditionally been dependent on using carbon resident in the wastewater to drive heterotrophic denitrification 

and/or enhanced biological phosphorus removal. In a best-case scenario, an optimal balance is achieved by maximizing 

carbon redirection to anaerobic digestion while maintaining the required effluent compliance by optimizing the carbon 

to nitrogen (C:N) ratio of the bioreactor feed while providing flexibility in the downstream bioreactor facility to manage 

heterotrophic denitrification and potentially harnessing the recently discovered anammox bacteria in a mainstream 

capacity (Cao et al, 2017). One of the key activities carried out in the design of the TWRP was to evaluate the degree 

of flexibility required in the design of the overall treatment process to achieve this balance via process modelling.  

A series of process modelling exercise were completed to facilitate the design of TWRP using BioWin™ and Jacobs’ 

in-house Professional Process Design (Pro2D) model, to answer a number of key questions related to design flexibility 

to accommodate various potential scenarios. This paper focuses on design of the domestic liquid module (DLM) and 

demonstrates the balance between carbon re-direction and effluent nutrient levels achievable. 

 

Results and Discussion  
Several features were incorporated into the design of the TWRP DLM based on process modelling results, with a goal 

to provide operational flexibility to optimize carbon re-direction and associated energy benefits while achieving 

effluent nutrient limits for NEWater production and combined outfall discharge, including the following:  

• Providing biosorption bypass(es) for the A-stage primary treatment to deliver a given C:N ratio of the bioreactor 

feed, depending on the biological nutrient removal mechanisms. Specifically, if the conventional 

nitrification/denitrification pathway is utilized, allowing a portion of flow bypassing the biosorption tank can improve 

the denitrification process (by leaking more carbon into the biological process) and achieve effluent nutrient limits for 

nitrogen species, while avoiding alkalinity deficiency (as denitrification process recovers some alkalinity consumed 

for nitrification).  

• Providing flexibility to adjust the step-feed flow split to be proportional to the biomass in each pass (by sending more 

flow to the front zones and less to the downstream zones), therefore accommodating a range of C:N ratios of the 

mailto:emma.shen@jacobs.com
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bioreactor feed from the A-stage system. More specifically, if a significant degree of anammox-based treatment can 

be harnessed, lower C:N ratios can be accommodated while not sacrificing effluent quality. The provision for anammox 

granule capture from the waste activated sludge (WAS) will also be provided to optimize the degree of anammox-

based treatment.  

 

Process modelling suggests that biosorption bypass would not be required to achieve the effluent nitrate (< 20 mg-

N/L) and alkalinity (> 50 mg/L) targets if the influent C:N ratio is higher than 15:1, while complete biosorption bypass 

would be required if the influent C:N ratio is lower than 8:1. Biogas production from the anaerobic digestion process 

could be significantly impacted by diverting wastewater around biosorption; modelling results suggest that 50% 

biosorption bypass may decrease the overall biogas production by approximately 10%.  

 

Contributions of the Work  
The TWRP will be one of the most revolutionary facilities of its kind in the world, allowing for production of NEWater 

and industrial water for reuse from MBR filtrate, and striving to achieve energy self-sufficiency for the overall process. 

A key component to energy efficiency is the management of carbon through the treatment process, as it has a major 

impact on the energy production, energy consumption, as well as the dependency of carbon to drive biological nutrient 

removal. This study focused on the design considerations for the TWRP to provide operational flexibility for carbon 

balancing between energy recovery and biological nutrient removal. Overall, the process modelling demonstrated that 

providing the flexibility to partially (and in extreme cases fully) bypass the biosorption step of A-stage treatment would 

allow for reliable nutrient removal in the MBR, but at the expense of reduce energy production compared to full A-

stage primary treatment. The modelling also demonstrated that maximum biogas production (via full A-stage 

treatment) would be possible should mainstream deammonification be achieved at the TWRP.  

 

References  

Cao, Y., van Loosdrecht, M.C.M., and Daigger, G.T. (2017). Mainstream partial nitritation–anammox in municipal 

wastewater treatment: status, bottlenecks, and further studies. Applied Microbiology and Biotechnology, 101(4), 1365–

1383. 
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Paper ID: 4263761 

DEVELOPMENT OF A COMMUNITY SYSTEM FOR WATER RECLAMATION FROM GREY WATER: 

A CONCEPTUAL METHOD. 

Dr. S. S. Surendran and M. S. Lawan 

Coventry University, Coventry, UK 

E-Mail: lawanm3@uni.coventry.ac.uk TP: +4407440110778 

Abstract:  

The study shows an effective and sustainable alternative method of managing the Growing greywater problems in 

Nigeria. Environmental pollution and health related problems as a result of poor greywater management have been a 

reality in many African countries. Greywater reclamation for non-potable reuse including toilet flushing, landscaping 

and agriculture is among the options to promote reduction in onsumption of potable water and control to problems 

related to environmental pollution. The aim of this paper is to demonstrate the treatment capability and performance 

of rice husk as an abundant agricultural by-product to develop greywater reclamation system in Gujba local area in 

Yobe state of Nigeria. The performance of this unconventional reclamation system shows that rice husk material is 

efficient to treat greywater to non-portable quality for domestic agriculture use in farming and livestock feeding.  
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Paper ID: 4264224 

 

 Minimizing the scaling potential of RO membranes by optimizing different anti-scaling strategies  

 

MA Halalia, *, **, Hyejin Leea, CF de Lannoya  
a Department of Chemical Engineering, McMaster University, Hamilton, Ontario, Canada  

 

Central Message  

Population growth, as well as limited fresh water resources, necessitates technologies to provide potable water. RO 

membranes are the technology of interest due to their unique features include but not limited to high water quality, 

smaller footprint, and high flexibility to operational conditions. However, RO membranes are susceptible to scaling 

due to the presence of different ions in the feed water. Scaling is one major challenge in the industry which hinders the 

membrane performance. This work presents optimized anti-scaling strategies as well as proposing advanced RO 

materials toward improvements in anti-scaling performance, separation properties, and water flux of RO membranes.  

 

Keywords: PI controller RO system, scaling potential, effect of scaling on membrane performance  

 

Materials and Methods  

In this work, both pilot (located of Trojan UV Co.) and bench scale experiments were carried out to evaluate the 

performance of different antiscalants on scaling potential of RO membranes. Two bench scale RO cross flow systems 

were exclusively designed and built in our lab which can exactly resemble the industrial conditions and can be operated 

in constant pressure or constant water flux modes. An open-source software package [1] consisting of a Visual Basic 

control program and an Arduino microcontroller used for input-output handling is applied to developing a cross-flow 

filtration apparatus (Figure 1). The aim is to mimic the operational conditions of the RO, NF membranes in real 

WWTSs. Water with high concentrations of ions such as Ca2+ (75.27 mg/L), HCO3- (237 mg/L), SO42- (59.7 mg/L) 

was used as feed. Three different antiscalants (with commercial names of Vitec, ChemTreat, and SHMP) were 

evaluated and their usage concentration was optimized. The anti-scaling potential of H2SO4 was also evaluated and 

compared with antiscalants. In each experiment, membranes were kept in water for 24 hr to ensure that they were fully 

wet. The membrane was pressurized under 225 psi for 24 hr and conditioned with a high concentration of NaCl (2000 

ppm) for 6 hr before use. The scaling test took place by increasing and maintaining the concentration factor from 1 to 

2. In the meanwhile, the performance of the membranes in the presence of antiscalants or acid was closely monitored 

though water flux, salt rejection, and pH changes. The scale contents on the surface of the RO membrane were 

characterized through ICP-OES analysis and the morphology and elemental analysis of the membrane after formation 

of the scale were carried out through SEM and EDS spectra.  

 

Figure 1. Flow path and sensor layout of the cross flow filtration system. 
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Results and Discussion  

The results of the permeate flux as well as salt rejection revealed the superior anti-scaling properties of antiscalants. It 

was observed that the RO membrane got fouled drastically without the presence of the antiscalants. As it is observed 

in Figure 2, normalized permeate flux dropped to 0.2 of its initial value after 60 hr. Salt rejection also dropped to 96% 

during this time. On the other hand, when antiscalants were added to the feed water, the normalized permeate flux was 

only dropped to 0.6 and 0.5 of its initial value after 80 hr and 90 hr for ChemTreat and Vitec, respectively. The salt 

rejection was also showed an average value of 99.9% and 98.2% for ChemTreat and Vitec, respectively. Antiscalant 

can mitigate the scaling of ions through inhibition of seed growth through re-dissolution of seeds, distortions of larger 

seeds, and dispersion of seeds [2]. Acids are alternatives for scale mitigation on the surface of the membranes. The 

mechanism of acids is mostly dissolution of ions. A lower operational cost can be named as the advantage of using 

acids as compared to antiscalants, however, long term usage of acid can cause severe problems such as high rate of 

corrosion and leaching of metals through system piping. The results of the scaling test showed that the presence of 

H2SO4 (adjusting the pH to 5.5) can delay the scaling potential of the RO membranes as the normalized permeate flux 

and salt rejection were dropped to 0.6 of the initial flux and 98%, respectively. ICP-OES as well as EDS analysis 

revealed the high concentration of Ca2+ on the surface of the membrane under normal conditions. It is important to note 

that ICP-OES results showed a high concentration of Fe on the surface of the membrane after acid treatment (Figure 

3). This was attributed to the corrosion of the piping leading to leaching of Fe.  

 

 
Figure 2. Variations in normalized permeate flux, salt rejection, and pH in a cross-flow system Without 

antiscalantsWith H2SO4 addtion Contents ( g/cm2)0306090120150180600650700CaMgFeCuWith Chemtreaet(pH 

5.5) 
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Figure 3. Ca, Mg, Fe and Cu contents on the surface of the membrane 3  
 
Contribution of the work  

RO membranes are usually not used for wastewaters, so it is important to understand how these membranes will scale 

under very different conditions than expected. Pilot scale experiments have limitations which include large volumes 

required, slow to operate, membranes are expensive and should not be damaged, limited experimental parameters to 

test, and high maintenance costs. Therefore, prototype flow systems have been designed and build in this research to 

facilitate a fast, easy, and cheap operation. Different operating conditions including type and concentration of the 

antiscalants, acids, the range of pressure, and flux will be optimized through a fine surface optimization method and 

the results will be used in pilot scale to save time and cost. Recently, the new generation of membranes, electrically 

conductive membranes (ECMs), showed improved membrane performance under high-fouling conditions [3]. Given 

that, it is aimed to investigate the anti-scaling performance of ECMs under same scaling conditions using the bench 

scale filtration flow cells.  
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Paper ID: 4242622 

 

Characterization of Fouling of Tertiary Membranes Under Stressed Operating Conditions 

 

S. Abu-Obaid a,*, W. Parker b,**, P. Berube c,** 

aDepartment of Civil and Environmental Engineering, University of Waterloo, 200 University west, N2L3G1, 

Waterloo, Ontario, Canada, ssabuoba@uwaterloo.ca 

bDepartment of Civil and Environmental Engineering, University of Waterloo, 200 University west, N2L3G1, 

Waterloo, Ontario, Canada, wjparker@uwaterloo.ca 

cDepartment of Civil Engineering, University of British Columbia, 6250 Applied Science Lane, V6T1Z4, 

Vancouver, British Columbia, Canada, berube@civil.ubc.ca 

 

Central message 

Membranes used for wastewater treatment demonstrate seasonal deterioration in performance. This study aims to 

obtain an understanding of fouling characteristics and seasonal variations leading to it. 

 

Keywords: ultrafiltration, wastewater, seasonal variation. 

 

Materials and Methods 

In order to obtain a comprehensive understanding of membrane fouling characteristics, both a detailed historical 

analysis of membrane operations and a field sampling campaign have been conducted. The historical analysis was 

completed to characterize fouling between consecutive back-pulses, RCs and MCs, and to quantify recovery of 

permeability during cleaning. This work was completed for two representative trains (UF1, UF4) using raw data 

collected over the years of 2016 and 2017. At the outset of this work, this information was not readily available and 

required considerable data manipulation. Using temperature corrected permeability (TCP) data collected at the 

beginning and end of each filtration cycle -which was defined as the time between two back-pulses- a fouling index 

was calculated for each cycle (FIBP). Fouling index was also calculated for the periods between RCs and MCs to 

characterize the decline in TCP between subsequent cleans. In order to test the hypothesis that permeability recovery 

through cleaning was reduced under cold water conditions, the recoveries in TCP due to back-pulses, RCs and MCs 

were also calculated. 

 

To obtain an improved understanding of the composition of treated water entering the membranes, the field study 

involved an extended term characterization that spanned multiple seasons of operation. Samples of the influent to the 

UF membranes, were collected on a weekly basis between January-May of 2017 and 2018, and were then analyzed at 

the University of Waterloo and a private lab. Sample collection continued at a frequency of once per month for the 

remaining months between January 2017 and May 2018. The samples were characterized using both conventional and 

advanced analytical techniques. Conventional water characteristics include: pH, conductivity, temperature, turbidity, 

hardness, UV254, TOC/DOC, cBOD5/COD, DON, cation concentrations (Ca+, Mg+2, K+, Na+), anion 

concentrations (Br-, Cl-, Fl-, SO4-, P), and nutrients (Ammonia and NH4, Nitrate, Nitrite, TKN). Advanced analytical 

techniques have been employed to measure organic sub-fractions including biopolymers, humics, building blocks, low 

molecular weight acids (LMWa) and neutrals (LMWn). This was accomplished by using a Liquid Chromatograph 

coupled to Organic Carbon Detection (LC-OCD) that has been employed to evaluate 

membrane fouling in other applications (Huber et al., 2011). 

 

Results and Discussion 

The fouling index metric was employed in this study for each cycle to represent the rate of deterioration of 

membrane permeability per unit time of production. The fouling indexes for train UF1 for the years of 2016 and 2017, 

permeate temperatures, and raw wastewater flows are plotted in Figures 1 and 2. Based on the results shown below, it 

is evident that membrane behavior profoundly differed between the two observation years. In 2016, higher fouling was 

observed during early spring (March and April), which was confirmed through the peak in fouling indexes within a 

cycle. Higher fouling rates corresponded to higher wastewater flows and lower temperatures during this year. For 

2017, the fouling pattern was different from 2016; fouling fluctuated randomly between January and May. However, 

the peaks in fouling indexes did not correspond to drops in water temperature for that year. Fouling index peaks 

happened to occur during periods of higher wastewater flow. Although the data collected during the two year 

observation period significantly differed, it can be concluded that both temperature and wastewater flow influence 

membrane performance. 

mailto:berube@civil.ubc.ca
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Figure 1. FIBP, temperature and wastewater flow for train UF1 for the year of 2016 

Figure 2. FIBP, temperature and wastewater flow for train UF1 for the year of 2017 

As can be seen in Figure 3, in-cycle fouling increased with the increase in biopolymer concentrations. The results of 

the current study were generally consistent with prior studies. On the basis of prior studies it was anticipated that  

biopolymers would have the highest influence on membrane fouling as UF membranes have been previously found to 

be fouled by substances in size range of 10 to 100 nm (Laabs, Amy, and Jekel 2006). 

 

Figure 3. The effect of biopolymer concentration on membrane fouling 

 

Contributions of the work 

The literature review revealed relatively little study of the fouling of tertiary membranes under stressed operating 

conditions, the majority of fouling characterization studies focused on membrane bioreactor (MBR) operations. 

Therefore the literature on MBRs was reviewed to gain insight into interactions between activated sludge processes 

and membranes.Seasonal variations lead to fluctuations in temperatures and flows, which are operating conditions that 

influence bioreactor performance. However, the majority of research on this topic only focused on the effect of low-

temperatures on membrane performance. There is a clear lack in research studying the effect of fluctuations in raw 

wastewater flows on membrane fouling. Reports on these systems have proposed that membrane performance 

deterioration results from increased fouling, which may be due to the increase in the concentration of organics in the 

mixed liquor supernatant, or reduced efficiency of membrane cleaning under cold water conditions. The results of this 

study found that membrane fouling was similar in two parallel trains indicating that fouling was independent of train 

used. Increased recoveries of permeability as a result of membrane cleans were observed during high fouling events, 

and hence it was concluded that fouling was not a result of reduced efficiency of membrane cleaning under cold water 

conditions. The results showed a relationship between rapid membrane performance deterioration between cleans and 

water temperature and flow, which was more than could be explained by changes in water viscosity with temperature. 

However, due to the fact that temperature and flow are highly correlated, it was difficult 

to delineate the contributions of the individual variables on overall fouling. The results of this study will enhance the 

knowledge of fouling behaviour and foulant characteristics for tertiary membranes operating under stressed conditions. 

This knowledge will be of value when designing mitigation strategies to reduce the costs of these types of systems. 

However, there are still many questions to be answered. It is recommended that a bench-scale study be conducted to 

investigate the effect of water temperature and flows separately on fouling of tertiary membranes, and also to observe 

the effect of dynamic fluctuations in temperatures and flow on bioreactor performance and foulant characteristics. 
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Central message:  

Traverse City experiences sporadic losses in treatment capacity in their membrane bioreactor (MBR). This study 

investigates the underlying biological and chemical mechanisms to understand why.   

Keywords:  

Dispersed bacteria, cation analysis, biofouling  

Materials and Methods or Description of Intervention  

Membrane bioreactors (MBRs) are becoming an increasingly popular technology in today’s wastewater treatment 

due to decreased cost and advanced liquid-solid separation. Despite the drastic benefits to water quality, membrane 

systems have downsides. One of the first MBRs in North America, the Traverse City Regional Wastewater Treatment 

Plant has experienced significant fouling since 2011. As a membrane fouls (or becomes plugged), water is less able to 

pass through the membrane pores, and there is an increased system pressure, so emergency response strategies from 

plant staff are required to avoid damage to the membranes and ensure the plant remains operational. We began with 

an initial review of historical operational data to establish baselines and seasonal trends for various pollutants in the 

water entering the plant, exiting the plant, and at a midpoint within the plant. Based on observations made by plant 

staff, we designed an approach to capture and identify an oddly-shaped bacteria that appeared growing during plant 

upset periods (see Figure 1). These bacteria did not seem to grow like the other healthy bacteria in the treatment 

process, but instead grew in a dispersed form—i.e. as individuals instead of clustered in a group.  

 The first step involved isolating these bacteria from the other bacteria in the plant. Next, we grew bacterial 

colonies from these plant water samples, and sequenced their DNA.  

 We then designed DNA probes to image them in their natural environment using a fluorescent microscope 

technique.   

Subsequently, the team analyzed mixed liquor samples from the plant were analyzed to determine the percentage 

of carbohydrates and proteins that were secreted during dispersed growth outbreaks. Furthermore, a technique called 

inductively coupled plasma mass spectrometry (ICPMS) was used to measure the concentrations of cations—positively 

charged elements—such as sodium, potassium, calcium, and magnesium entering and within the plant. According to 

Higgins & Novak, cations can be fundamental source of membrane fouling mechanisms (Higgins & Novak, 1997). 

Based on both of the previous analyses, a previously developed method was adapted to artificially create a fouling 

event in the lab using membrane filters and mixed liquor from the plant to quantify the effects of cations in membrane 

pore blockage. This method, known as specific resistance to filtration, is an assessment of how difficult a water is to 

filter. Finally, a statistical analysis that combined DNA sequencing for the entire bacterial community and cation 

concentrations was conducted to understand the relationships between the biological and chemical environment.   

Results and Discussion  

The initial review of operational data revealed no rationale for the fouling events over the last seven years—

pollutant concentrations coming into the plant and within the plant remained relatively unchanged. Neither a definitive 

cause for the growth of these organisms, nor discernible indication of seasonal patterns, could be found.  
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The isolation of bacterial colonies from a sludge sample was a success, and the DNA sequencing work allowed 

us to confidently speculate the identity of the mystery bacteria: Staphylococcus. The fluorescent microscopy showed 

a direct match to those imaged by plant personnel. However, high throughput sequencing and statistical analysis of the 

entire bacterial community showed that the Staphylococcus was less than 1% of the overall community. Therefore, 

this organism should be used as an indicator of an impending plant upset, but overall the biological changes were too 

minor to explain the fouling mechanisms. Instead, the statistics imply that the chemical environment is causing 

deflocculation, a mechanism that breaks apart clustered organisms, which is consistent with the dispersed 

characteristics of the Staphylococcus indicator organism. 

ICPMS results revealed elevated levels of two cations in particular: sodium and calcium. These ions are not 

normally found at high concentrations in municipal waste, are known to cause deflocculation in biological systems, 

and consistently form a condensed layer of material on membrane surfaces that could result in blockage. The specific 

resistance to filtration results were further confirmation of our suspicion that these cations were the key drivers to 

fouling. See Table 1. Significantly more resistance to filtration, i.e. more organic fouling, was seen in mixed liquor 

samples with spiked doses of a cation solution—as much as 40-fold increase in resistance was seen in some cases. This 

implies that the “ability to filter water” decreases by the same amount.  

   

  Contributions of the work  

Before work was completed on the Traverse City membranes, not much was known about the direct cause of 

fouling events in their membrane bioreactor (MBR). Some observations were pointing to an oddly-shaped organism 

that would appear in plant samples during periods of low membrane performance. There was no observed “trigger”; 

concentrations of normal pollutants (ammonia, phosphorus, and carbon) were not higher between periods of fouling 

and periods of normal plant operation. It was not known if the biology was causing the fouling, or if a shift in the 

chemical environment was occurring.  

DNA sequencing, fluorescent microscopy, and chemical analysis proved effective in providing detailed 

information in solving a mystery that has plagued an important wastewater treatment plant for nearly a decade. This 

complex problem involved a number of moving pieces, spanning the aquatic microbial ecology to ionic chemical 

elements. It is not known whether more plants will face this problem in the future, but the methodology outlined here 

provides a blueprint to follow when little is known about the circumstances surrounding a fouling event in a membrane 

bioreactor system.  

The next logical question to be answered is: where is the sodium and calcium coming from? The leading 

suggestion is the surrounding industrial customers of the Traverse Bay area. This area of Michigan is known for cherry 

and food production, which all use salt brines in their various processing schemes. It is possible that inadvertent 

disposal of these brines to the wastewater treatment plant is contributing to this problem, but more work and 

collaboration with the industry is required. In the short term, our team has set up a dissolved solids probe to warn the 

treatment plant of any elevations in salt concentrations, thus allowing them more time to react to any approaching 

membrane issues.  

 

 

 

 

 

 

Table 1. Comparison of mixed liquor samples from Traverse City’s membrane bioreactor, and specific resistance 

to filtration. Results show high levels of sodium and calcium than typical municipal waste. SRF results show high 

levels of filtering resistance with mixtures containing a working solution of 100 mg/L sodium, calcium, potassium, 

and magnesium.  

Cation Analysis using ICPMS Method 
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Notes:  

* SRF units are in meters/kilogram. This is essentially measuring the resistance through a length of cake layer (the 

material on the membrane surface) per the mass of the cake layer.) 

 

 

 
Figure 1. Microscopy images identifying Staphylococcus as an indicator organism in Traverse City’s bioreactor. On 

the left is a sample stained with a “universal fluorescent stain”—i.e. it stains all bacteria in a sample. In the middle is 

the same sample stained with a highly specific DNA probe for genus Staphylococcus.  On the right is the organism 

found in 2013 in Traverse City’s return activated sludge from their membrane bioreactor.  
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Sample Date Sodium (mg/L) Calcium (mg/L) Potassium (mg/L) Magnesium (mg/L) 

January 2018  398.2 140.8 136.1 30.3 

March 2018 348.9 169.2 175.5 36.7 

August 2018 112.3 137.9 ND ND 

     

Specific Resistance to Filtration (SRF) 

Sample Type SRF Value (m/kg)* 
Increase over 

Baseline 

Baseline Mixed Liquor 2.64E+13 - 

50 mL Mixed Liquor, 50 mL Cation Solution  4.33E+14 16.42 

100 mL Mixed Liquor, 50 mL Cation Solution 1.14E+15 43.32 

150 mL Mixed Liquor, 50 mL Cation Solution 8.80E+14 33.39 
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Central message 

The presence of micropollutants in potable reused water is potentially toxic for human and animal exposure. Photolysis 

during UV treatment process is capable to remove micropollutants effectively. 

Keywords: Wastewater, UV light, Collimated beam. 

Materials and Methods  

Micropollutants (MPs) used in this study including sulfamethoxazole (≥98%), sulfathiazole (≥99%), doxycycline 

(98%), and chlortetracycline (≥90%) were obtained from Sigma-Aldrich, Canada. The molar absorbance of the 

resulting solutions was measured using a UV-vis spectrophotometer (UV-3600, Shimadzu) with a wavelength range 

of 200-800 nm. The molar absorbance was calculated using Beer-Lambert equation as A=εlC; where ε is molar 

absorptivity or molar extinction coefficient (L·mol⁻¹·cm⁻¹) and is a measure of the probability of the electronic 

transition. A bench-scale collimated beam apparatus (254 nm and 20.4 W) with a radiometer (International Light, 

Newburyport, MA 01950 USA) was used for photodegradation. About 50 mL buffered solutions of MPs in a petri dish 

(5.6 cm inner diameter, 2.03 cm water path length) were stirred gently using a magnetic stirrer. The distance from UV 

lamp to the top of water surface was 34.15 cm. Experiments were conducted at environmental relevant pH (5, 6, 7 and 

8) using monobasic (KH2PO4) and dibasic (K2HPO4) potassium phosphate (Fisher Chemical, Fair Lawn, New Jersey, 

USA) in Milli-Q water. Instrumental analysis was performed with a high-performance liquid chromatography (HPLC). 

A Dionex ICS-3000 was used to detect the MPs using an Acclaim Fast LC Column 120 C18 (3 × 75 mm). The quantum 

yield is a measure of the efficiency of the process was determined according to equation (Bolton and Stefan, 2002), 

          (1) 

Where, U: 471527.7161 J/Einstein, ελ= Molar extinction coefficient (L·mol⁻¹·cm⁻¹), kc is the slope obtained from the 

plot of ln (C/C0) versus UV Dose (mJ/cm2). 1 Einstein = 1 mole. The average UV irradiance was obtained by using 

the equation below: 

 

Iavg= I0× Petri factor × Reflection factor ×Water factor × Divergence factor     (2) 

where, I0=Radiometer reading at the center of Petri Dish                                

Total UV dose= Iavg × Irradiation time         (3) 

Results and Discussion 

Initially, experiments were conducted using 100 ppb of solution at different pH (5, 6, 7, and 8), and some representative 

results are shown for SMX in this paper (Figure 1). Based on equation (1), the efficiency of photolysis depends on the 

molar absorbance at the irradiation wavelength and degradation rate constant of a compound. Molar absorbance of a 

compound varies based on the ionization of parent compounds which is closely related to pKa, functional groups, and 

surface charge. At pH 5 which is below pKa (5.6), 20% ionization of SMX occurs to produce neutral (16%) and anionic 

(4%) species; whereas, 100% ionization (99.6% anionic species) occurs at pH 8 exhibiting comparatively higher molar 

absorptivity (16713 M-1cm-1). Relatively lower molar absorbance (11668 M-1cm-1) at pH 5 induced the degradation 

kinetics (Kc = 0.0071 cm2/mJ) to achieve 90% degradation at reasonably low UV dose (326 mJ/cm2). Compounds 

belong to same group, for example SMX, STZ with sulfonamide group and DC, CTC belong to tetracycline group, 

ɸ =
𝑈𝑘𝑐

𝜀𝜆 ln(10)
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exhibits almost similar photochemical characteristics (Table 1). These results help to predict the photochemical 

behavior of other derivatives from the same group at certain pH and 254 nm radiation.  

Contributions of the work  

The traditional wastewater treatment processes are inadequate for removal of the MPs causing their discharge in 

aquatic environments. The concentrations of pharmaceuticals in surface waters, groundwater and partially treated water 

and in treated drinking water are ≤100 ng/L and ≤50 ng/L, respectively (Das et al., 2017). UV-photolysis of MPs was 

widely studied (Golimowski and Golimowska, 1996, Thomson et al., 2002), but these studies were conducted at much 

higher concentrations. This work will determine the extent of degradation of MPs using UV doses relevant for UV-

disinfection as well as the dose required to achieve higher levels of degradation of MPs at environmental relevant 

concentrations in a pH range of 5 – 8, common for many effluents. Molar absorptivity predicts photochemical 

characteristics of compounds belong to same group. pH influences the molar absorptivity and UV doses required for 

90% degradation. Since photolysis rate is a strong function of UV dose, a bench-scale collimated beam reactor offers 

accurate determination of the kinetics and quantum yield. Eventually, it is necessary to identify the transformation 

products which could be more toxic compared to the parent compound. 

 

Table 1. Photochemical characteristics of sulfonamides and tetracyclines at pH = 7.0 and 254 nm wavelength. 

 

Classes of 

pharmaceuticals 

Molar 

absorptivity 

(M—1cm—1) 

Quantum 

yield 

Sulfonamides 
SMX 16304 0.0391 

STZ 17098 0.0404 

Tetracyclines 
CTC 12812 0.1878 

DC 11535 0.0174 

 

 
Figure 1. Influence of pH on molar absorptivity and degradation of SMX which satisfied 1st order kinetic model. 
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Introduction 

Vinasse, the wastewater from alcohol distilleries, is characterized by a high organic load and a dark color caused by 

bio-recalcitrant organic compounds. Anaerobic digestion, the preferred first step treatment for Vinasse, only reduces 

the organic load while the color remains unabated (Mabuza et al., 2017). If discharged into aquatic systems without 

further treatment, the colored effluent can hinder the photosynthetic activity of aquatic plants leading to the 

eutrophication of water bodies. To effectively remove the colour and the organic load, integrating the AD with a post-

treatment technique becomes inevitable. In this context, advanced oxidation processes (AOPs) such as ozonolysis and 

photodegradation are highly competitive techniques that can remove the biorecalcitrant pollutants and colour.  

Ozonolysis has several advantages over other AOPs, such as the ability to remove turbidity, colour and improve 

degradation efficiency at low temperatures and basic pH, easy installation and operation, and fast decomposition of 

residual ozone to oxygen thus minimizing effects to the downstream processes (Takashina et al. 2018). In this study, 

ozonolysis, a fast and cost-effective advanced oxidation process was used to remove the biorecalcitrant color and 

solubilize the sludge contained in anaerobically digested vinasse. 

Keywords; Ozone, energy demand, ozone transfer. 

Materials and methods 

The ozonolysis experiment was carried out in an ozone reactor of 4 L capacity at different ozone dosages. Ozone gas 

was generated from air using an ozone generator coupled to an air compressor, then bubbled in an upflow mode in the 

ozone reactor via a gas diffuser. Aliquot samples were withdrawn and analyzed for pH, total organic carbon (TOC), 

chemical oxygen demand (COD), biochemical oxygen demand (BOD), and color. 

 

The average oxidation state (AOS) and the carbon oxidation state (COS) of the DWW during ozonolysis were used to 

estimate the degree of oxidation of the substrate containing the oxidation by-products as well as the initial compounds. 

The AOS and COS were calculated using equations 1 and 2; 

𝐴𝑂𝑆 = 4 × 
𝐷𝑂𝐶− 

12

32
×𝐶𝑂𝐷𝑇

𝐷𝑂𝐶
 …………..……. (1)                          C𝑂𝑆 = 4 − 5

𝐶𝑂𝐷𝑇

𝑇𝑂𝐶𝑜
  

…………………..………(2) 

where CODT is the total chemical oxygen demand, DOC is the dissolved organic carbon and 𝑇𝑂𝐶𝑜  is the initial TOC. 

The values for AOS range from -4 (fully oxidizable) to +4 (completely oxidized). 

Results and Discussion  

The effect of dilution on decolorisation and TOC reduction during ozonolysis of the vinasse effluent is given in Fig. 

1. The highest color removal of 90% was obtained at the least initial concentration (dilution factor of ×8). As the initial 

concentration increased with reducing dilution, the color removal was observed to decrease as well. A similar 

observation was made for TOC reduction. The color reduction is attributable to the oxidation of the color causing 

biorecalcitrant brown polymeric melanoidin pigments, which have been reported to constitute 2% of cane molasses 

(Chavan et al., 2006). The ozonolysis process is thus effective in decolourising the DWW but with minimal 
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mineralization. Since dilution contributes significantly to a higher cost of operation, the ×2 dilution could be used as 

the optimum as it not only minimizes the cost but equally achieves adequate colour reduction. 

Ozonolysis of the vinasse was further carried out at the optimal conditions of pH 4, dilution factor ×2 and ozone flow 

rate of 90 mg/min. Fig. 2 a, b, c, and d, respectively, gives the change in total COD (CODT) and soluble (CODS), AOS 

and COS, pH and BOD5:COD ratio. The CODT decreased with increased time of ozonolysis from 1438 to 1250 mg/L, 

while the CODS was nearly constant. The higher decrease in CODT is attributable to the solubilization of the suspended 

solids (sludge) present in the anaerobic effluent. Increases in AOS and COS, from -0.6 to -0.2, and -0.6 to +0.2, 

respectively, could be attributed to the decline in aromaticity, and formation of aliphatic structures with functional 

groups such as -COOH, -OH and -CHO. (Sarria et al., 2003). The BOD5:COD ratio increased from 0.05 to 0.11, 

indicating a slightly improved biodegradability due to the formation of the aliphatic structures (Venkatesh et al., 2015). 

  

Figure. 1: Effect of dilution on (a) colour and (b) TOC reductions at different dilutions factors of ×1 (♦), ×2 (∆), ×4 

(□) and ×8 (○). 

  
Figure 2; Change in (a) CODT (○),CODS (∆) and BOD5:COD ratio (□), and (b) AOS (○) and COS (∆) during 

ozonolysis. 

Conclusion 

Anaerobically digested vinasse has an intense dark brown color and sludge, which require abatement prior to 

discharge to receiving streams. In this study, ozonolysis of real anaerobically digested DWW has been found to be 

feasible post-treatment to the AD. The ozonolysis process was significantly affected by pH, ozone flowrate and 

initial substrate concentration with optimal conditions of 4, 90 mg/min and initial COD of 1500 mg/L, respectively, 

obtained.  The optimal conditions achieved adequate ozone transfer efficiency >95% and color removal >80%. This 

study has shown that high ozone dosages led to low ozone transfers and ultimately low color reductions in addition 

to being uneconomical. Through ozonolysis, the complex aromatic compounds are broken down to simple aliphatic 

compounds resulting in an increased oxidation state and slightly improved biodegradability. Apart from color 

abatement, the ozonolysis process also achieved 88% sludge solubilization. However, the toxicity effect of the 

ozonolysis products should be determined. 
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Central message  
Desalination performance by CDI is reduced, over time, by carbon oxidation and fouling. Electrochemical reduction 

could improve the long-term stability of the electrodes.  

Keywords: desalination, carbon oxidation, electrochemical reduction  

 

Materials and Methods  
Batch electrochemical cells were designed to carry out degradation and regeneration experiments in presence of fouling 

and scaling agents. Electrochemical characterization experiments were performed in anaerobic conditions to inhibit 

secondary reactions. Sodium chloride was used as supporting electrolyte at a concentration of 2000 mg L-1.  

Electrodes were fabricated by coating an ink consisting of 90% activated carbon (active material, YEC-8A) and 10% 

PDVF (binder) in DMA (solvent) with a micrometer film applicator (MTI Corporation) at a setting of 600 μm on 

carbon fiber paper (Toray H-120, 30% wet proofing).  

Electrochemical characterization was performed using a potentiostat (VMP-3, Biologic) connected to a three electrode 

cell comprised of a Pt counter electrode (RRPG257PT, Pine Research), Ag/AgCl reference electrode (RRPEAGCL, 

Pine Research) and activated carbon working electrode. Characterization includes techniques such as cyclic 

voltammetry (CV), chronopotentiometry (CP) and staircase potentiostatic electrochemical impedance spectroscopy 

(SPEIS) to determine properties such as capacitance and potential at the point of zero charge (EPZC).  

Degradation experiments were performed using a potentiostat (1470E, Solartron) connected to a symmetrical three 

electrode cell (i.e., both counter and working electrodes were activated carbon electrodes) coupled with a low profile 

Ag/AgCl reference electrode (RRPEAGCL, Pine research). The cell was cycled 10 times at a charging potential of 1.2 

V vs SHE for 10 min, followed by 5 min at open circuit potential (OCP). The pH of the solution was measured before 

and after cycling to detect any variations induced by the cycling protocol. Degradation experiments were performed 

in aerobic and anaerobic conditions.  

Regeneration experiments were performed using a potentiostat (1470E, Solartron) connected to a three electrode cell 

comprised of a Pt counter electrode (RRPG257PT, Pine Research), Ag/AgCl reference electrode (RRPEAGCL, Pine 

Research) and activated carbon working electrode. The cell was cycled 10 times at potentials of -2.5 V and -2.8 V vs 

SHE for 10 min, followed by 5 min at open circuit potential (OCP). Regeneration experiments were done in the absence 

of gas sparging.  

 

Results and Discussion  
It was found, as expected, that the capacitance of the anode changes drastically over time when compared to that of 

the cathode. In aerobic solutions of NaCl for instance, the capacitance of the cathode was reduced 17% while the 

capacitance of the anode was reduced 75% after 90 cycles at 1.2 V vs SHE. This can be attributed to the oxidation of  
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the electrode surface. Moreover, the loss of capacitance seemed to accelerate when natural organic matter (NOM) was 

present in the solution. For example, after 90 cycles almost 92% of the initial capacitance was lost. It was hypothesized 

that this occurs as a result of pore blocking and/or adsorption of NOM onto the surface of the anode. This effect appears 

to be negligible at the cathode. SEM and Hg porosimetry analysis are yet to be conducted to map the composition of 

the electrode surface and to elucidate the changes in the electrode pore structure, respectively. In addition, the 

electrodes EPZC shifted positively from 0.4 to 0.88 V vs SHE in all cases tested. Nonetheless, the drift happens quicker 

for the anode than for the cathode.  

In regards to electrochemical regeneration, preliminary tests suggest that potentiostatic electrochemical regeneration 

may be a promising approach to recover capacitance and could be an effective way to delay the oxidation process. 

Furthermore, it was possible to see that this regeneration process is most effective in the first 10 regeneration cycles. 

On the other hand, the electrodes EPZC were recovered slightly but was far from the pristine EPZC. The regeneration 

tests showed, for electrodes that were cycled to a point where 10% of the initial capacitance was lost, that the 

capacitance could recover up to a value slightly above the original capacitance. Further regeneration cycles did not 

improve the regained capacitance.  

 

Contributions of the work  
The degradation of carbon electrodes has been shown to arise from the incorporation of oxygen groups (i.e., carbon 

oxidation) onto the surface of the electrode (Bouhadana et al., 2011). This reaction is inevitably to happen in conditions 

found in practical cases (i.e., water has dissolved oxygen). Moreover, the operational electrochemical window is most 

likely to comprise the thermodynamic potential for carbon oxidation (i.e., 0.21 V vs SHE) (Maass et al., 2008) if the 

desalination performance is to be maximized. Furthermore, studies have shown that dissolved organic carbon and iron 

impact negatively the desalination performance and that chemical cleaning is, at some point, required to desorb these 

substances from the electrode surface (Mossad & Zou, 2013). In this work, the effect of fouling and scaling agents on 

the stability of the electrodes was studied. In addition, electrochemical regeneration was examined as a potential 

approach to delay the oxidation of the electrodes and thus increase their lifetime.  

Degradation in the presence of organic matter follows the expected trend. It is yet to be distinguished, how much of 

the capacitance loss is due to fouling and how much due to surface oxidation. With respect to electrochemical 

regeneration, it is yet to be known how much capacitance can be recovered at different points of the electrode lifetime 

and how much the regeneration process is affected by the presence of fouling and scaling agents. However, the results 

so far indicate that the duty rate can be adjusted so that capacitance recovery is improved. Ex-situ characterization tests 

such as SEM, FTIR, XPS and Hg porosimetry will aid in the analysis to clarify the effect of the solutes and the impact 

of the oxidation and regeneration processes on the surface of the electrode.  
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Central message  

The growing use of nanoparticles (NPs) in consumer products has raised concerns about their potential impacts in the 

environment. The presence of silver (Ag) NPs in wastewater is expected due to their incorporation and release from 

several product categories. The predicted or observed concentrations of Ag NPs have ranged from ng/L to µg/L, while 

a realistic concentration range of Ag NPs entering the wastewater treatment plant (WWTP) is still unknown, due to 

the traditional analytical techniques cannot distinguish between ions and particles. The aim of this work was to detect 

Ag NPs in wastewater streams in by using the approach single particle ICP-MS. Results revealed that Ag NPs are 

arriving to WWTP (13.5 ng/L in the influent), and are partially removed/transformed along the process (effluent 3.2 

ng/L). The Ag NPs detection in WWTP contributes to the knowledge about the ecotoxicology of emerging 

contaminants in the aquatic environment. 

Keywords: single particle ICP-MS, emerging contaminants, fate of nanomaterials  

Materials and Methods  

Samples collection. The presence of silver nanoparticles (Ag NPs) was determined in samples collected in the influent 

and effluent of the conventional wastewater treatment plant(WWTP), as well as filtered and backwash waters of the 

ultrafiltration (UF) system at “El Estero” WWTP (Santa Barbara, CA). Polyethylene containers (1 L) were submerged 

in nitric acid (10%) overnight before the sampling day. On site, containers were rinsed three times with the respective 

wastewater samples before they were filled and stored at 4 °C until their analysis. 

Wastewater characterization. Characterization of wastewater samples consisted in determining in triplicate the 

concentration of organic matter as carbohydrates, nitrogen species, orthophosphate and suspended solids. Dissolved 

carbohydrates (DC) content was determined with the phenol-sulphuric acid method, using glucose as a standard. Total 

nitrogen (TN), ammonia nitrogen (NH3-N), nitrate nitrogen (NO3-N), nitrite nitrogen (NO2-N), and orthophosphate 

(PO4-P) were measured by colorimetric tests (Hach DR 890, HACH Company). Total, fixed and volatile suspended 

solids (TSS, FSS and VSS, respectively) were determined according to standard methods. Ionic strength (IS) was 

calculated from electrical conductivity, considering IS = Elec. Conductivity (μS/cm)∙[1.6×10^(-5)]. 

Single particle ICP-MS analysis. Ag NPs concentration in wastewater samples were determined using an Agilent 7900 

ICP-MS (Santa Clara, CA, USA) with a single particle ICP-MS (sp-ICP-MS) module. The instrument was equipped 

with an auto sampler with a standard peristaltic pump, standard glass concentric nebulizer, quartz spray chamber and 

quartz torch, standard nickel sampling and skimmer cones. Analyses were performed in time-resolved analysis (TRA) 

mode using an integration time (dwell time) of 100 μs per point with no settling time between measurements. Citrate 

Ag NPs of 60 nm were used as reference material. A calibration curve for 1-500 ng/L of Ag NPs was carried out in 

synthetic wastewater. Ag ionic standard of 1000 ng/L was prepared in 1% nitric acid and was used to determine the 

elemental response factor. The mass monitored was 107Ag and the acquisition time was 60 s. The RF power was 1550 

W and the carrier gas flow was 0.67 L/min.  

Ag NPs stability analysis. The surface charge at different pH and isoelectric point (IEP) of Ag NPs (100 µg/L) was 

determined in all wastewaters –per triplicate- by autotitration with 0.1 M HNO3 and 0.1 M NaOH (MPT-2, Zetasizer 

Nano ZS90, Malvern Panalytical Ltd). 

Results and Discussion  

As expected, there was a significant removal of soluble carbon and soluble forms of nitrogen, such as NH3-N, NO2-N 

and NO3-N during the wastewater treatment process (Data shown in full paper), going from influent to effluent and 

then filtered water. Results from sp-ICP-MS showed that Ag NPs concentrations were 13.5, 3.2, 0.5 and 9.8 ng/L in 
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the influent, effluent, filtered and backwash water, respectively (Fig. 1A). Besides, Ag+ concentrations were 62.2, 

37.9, 50.1 and 55.2 ng/L in the influent, effluent, filtered and backwash water, respectively. Based on the 

quantification by sp-ICP-MS, the biological process of “El Estero” WWTP removed 76.3% of the influent Ag NPs, 

and combined with ultrafiltration the WWTP removed 96.3% of the influent load. In the ultrafiltration system, the 

particulate matter retained by the membrane is returned to the influent. Therefore, 9.8 ng/L of Ag NPs in the 

backwash water re-enter the biological process. Hence, biological reactor will accumulate Ag NPs and other 

emerging contaminants. Considering that Ag NPs in backwash water are unstable (Fig. 1B), they will form 

aggregates, settled down or even dissolve due to wastewater characteristics. In opposite way, Ag NPs in the influent 

and effluent are more stable (Fig. 1B). While Ag NPs are suspended, they could represent toxicological concerns 
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Figure 1. Silver nanoparticles (Ag NPs) in wastewater. (Left) Concentration measured in “El Estero” WWTP (Santa 

Barbara, CA) and (Right) Stability of Ag NPs in the different wastewater streams from WTTP and synthetic 

wastewater. 

 

The predicted range of Ag NP concentrations in the effluent of WWTPs that end up in water bodies is different in 

between cities. These are 4-26 ng/L, 8-130 ng/L and 3-110 ng/L in New York, Shanghai and London, respectively 

(Lazareva and Keller 2014). The concentration of Ag NPs found in the effluent of “El Estero” WWTP is closer to the 

lower bound of predicted concentrations, but when Ag+ is taken into consideration there is a very good 

correspondence. The sp-ICP-MS is a promising technique to measure accurately the concentration of metal based 

nanoparticles. However, the accuracy of the measurement is related to the NPs stability in the wastewater media, and 

this in turn with the sp-ICP-MS calibration. Hence, NPs stability should be investigated in deep in order to propose 

an accurate methodology to quantify the NPs concentration in wastewater.  

Contributions of the work  

In this work, silver nanoparticles (Ag NPs) were detected by using the new approach single particle ICP-MS (sp-

ICP-MS). The concentration found in the influent and effluent of the wastewater treatment plants did match with 

predicted concentrations. The stability of Ag NPs is related to the wastewater characteristics. Interestingly, the outlet 

streams from WWTP such as effluent and filtered water provided stability to Ag NPs. Our findings provide valuable 

information to perform ecotoxicological long term experiments at actual concentrations of emerging contaminants.  
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Central message  
Campylobacter is recognized as a waterborne pathogen but its contribution to disease is likely to be underestimated 

due to challenges in its detection. The fastidious nature and stringent growth requirements of Campylobacter spp. have 

necessitated development of rapid detection system with greater specificity and sensitivity. A polyaniline (PANI) based 

genosensor was developed for the detection of Campylobacter spp.  

 

Keywords: C. jejuni, Polyaniline and Biosensors  

Materials and Methods or Description of Intervention  

 

1. Biosensor Construction  
A three-electrode system was used for the development of the electrochemical biosensors using the Standard Calomel 

electrode (SCE) as the reference electrode and platinum (Pt) foil (1cm x 1cm size) as the counter electrode. In this 

study a 1.2 μm pore size polycarbonate membrane (PCM) coated with 100nm gold (Au) deposited on both sides of the 

membrane was used as a working electrode (Au-PCM). An electrochemically cleaned surface of the Au-PCM was the 

template for the electrochemical polymerization of aniline that was deposited by potentiodynamic cycling in 0.5M 

H2SO4 between the potentials -0.2V and 1.6V vs SCE (Sukeerthi and Contractor, 1999).  

 

2. Sensor Response Calculations  
The Sensor Response (SR) was measured as resistance (Ω) = (ΔR-R0)/ R0  

Where ΔR= Rv20-R0; R0 is the resistance of the sensor without any substrate and R is the resistance of the sensor in 

presence of substrate (Krishnamoorthy et al., 2004). All experiments were performed in triplicates and sensor response 

was presented as an average with standard deviation.  

 

3. Oligonucleotides  
The DNA probe sequences were designed to target the cadF gene sequence. The specificity of the probe DNA (p-

DNA) was tested with NCBI-BLAST application.  

 

4. DNA Immobilization and Hybridization  
Following polymerization of aniline on the Au-PCM electrode, the PANI-Au-PCM electrode was reduced at -0.4V for 

10 mins in phosphate buffer pH-5 followed by oxidation at +0.4V for 20 mins in the presence probe DNA. For the 

hybridization reaction, the p-DNA-PANI-Au-PCM electrode was exposed to target oligonucleotide sequences (t-DNA) 

in phosphate buffer pH 7 for the optimized time at room temperature.  

 

5. DNA Sample Preparation  

The lab cultures of C. jejuni, E. coli and S. typhi were isolated on Trypticase Soy Agar (TSA) and incubated at 37⁰C 

for 24 hours. The pure cultures were serially diluted to achieve cell density of 10 to 105 cfu/ml equivalent to 0.1 OD620 

units. The dilutions were placed in a water bath at 95 ⁰C for 15 mins followed by immediately transferring them on 

ice. Next the samples were centrifuged at 8000rpm for 10 mins. The supernatant was used as DNA template for 

validation of the designed biosensor.  

 

Results and Discussion  
The cadF genosensor was developed to detect Campylobacter rapidly with a higher accuracy and efficiency. The cadF 

gene probe designed was found to be highly specific for C. jejuni that was confirmed using the NCBI-BLAST program. 

These oligonucleotide sequences were immobilized on the PANI-Au-PCM surface. Additionally, sequences 

complementary and non-complementary to the target DNA sequences were used for hybridization reaction. This 

proposed genosensor detected the hybridization reaction between p-DNA and t-DNA which was measured by the 

modified dc conductivity technique published by Sukeerthi and Contractor, 1999.  One of the important objectives is 

to reduce the detection time of Campylobacter spp. and hence the hybridization time was assessed by exposing the p-

DNA-PANI-Au-PCM electrode to equivalent concentration of t-DNA and calculating sensor response (SR) at regular 
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intervals. Fig no.1 shows the SR peaking at 10 mins and becoming constant, hence, the hybridization time was 

concluded to be 10 mins. To optimize the assays efficiency, varying concentrations of p-DNA was used for 

immobilization. SR (Ω) increased exponentially with increasing concentration of p-DNA stabilizing at a concentration 

of 75 μg/ml of pDNA which was then used for immobilization onto the electrode surface. The sensitivity of the 

developed genosensor against complementary t-DNA sequences was found to be as low as 0.01pg/ml (Fig. No. 2). The 

specificity of the developed genosensor was confirmed by negligible sensor response against non-complementary t-

DNA (Fig. No. 2). To validate the genosensor against whole cell detection, the genosensor was exposed to DNA 

extracted from C. jejuni, E. coli and S. typhi. This cadF genosensor could detect as low as 10 cfu/ml of C. jejuni with 

no cross reactivity with other pathogens (Fig. No. 3).  

 

Contributions of the work  
Campylobacter spp. are responsible for gastroenteritis affecting nearly 550 million people of which 220 million are 

children under the age of 5(Murray <i>et al.</i>, 2012; WHO, 2018)(Murray et al., 2012). Surface water is considered 

to be a key player in the transmission of Campylobacter amongst animals as well as the other water bodies like 

groundwater well, lakes and drinking water reservoirs also contributing to the spread of disease. However, the 

complexity involved with its isolation and identification has led to under reporting of Campylobacter spp. in water. 

The present study developed a pilot gene-based biosensor for rapid detection of C. jejuni that could detect the pathogen 

in 10 mins with sensitivity of 10 cfu/ml with no cross reactivity with other pathogens like E. coli and S. typhi.  
 

 

References  
1. Krishnamoorthy, K., Gokhale, R. S., Contractor, A. Q., & Kumar, A. (2004). Novel label-free DNA sensors based 

on poly(3,4-ethylenedioxythiophene). Chem. Comm., 820–821.  

2. Murray, C. J. L., Vos, T., Lozano, R., Naghavi, M., Flaxman, A. D., Michaud, C., … Lopez, A. D. (2012). 

Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: A systematic analysis 

for the Global Burden of Disease Study 2010. The Lancet, 380(9859), 2197–2223.  

3. Sukeerthi, S., & Contractor, A. Q. (1999). Molecular sensors and sensor arrays based on polyaniline microtubules. 

Analytical Chemistry, 71(11), 2231–2236.  

  



35 

Paper ID: 4250414 

 

A procedure for verification of coupled computational fluid dynamics and biokinetics models 

C.T. DeGroot a,*,** 

a Department of Mechanical and Materials Engineering, Western University, London, Ontario, Canada, 

cdegroo5@uwo.ca 

* Presenting author 

** Corresponding author 

Central message 

Computational fluid dynamics (CFD) simulations, coupled with biokinetics models, are becoming more widespread, 

yet little attention is paid to model verification. This work proposes a general verification framework for such models, 

through the use of a case study based on the coupling of a multiphase CFD solver with the Activated Sludge Model 

no. 1 (ASM1) biokinetics equations. Several verification cases, with increasing level of complexity, are introduced 

and compared with numerical solutions of the ASM1 model in continuously stirred tank reactors. 

Keywords: computational fluid dynamics, biokinetics, model verification 

Materials and Methods 

The use of computational fluid dynamics (CFD) simulations, coupled with various biokinetics models, is becoming 

more widespread (e.g. Sánchez et al. (2018)). However, little attention is paid to verification of such models, and 

verification data is almost never published or made otherwise available. By means of a case study using a CFD model 

coupled with the Activated Sludge Model no. 1 (ASM1) of Henze et al (1987), a general verification framework is 

developed. A CFD-ASM1 solver has been written using the OpenFOAM C++ libraries (http://openfoam.org). The 

solver is called asmFoam and has been made available under the GPL-3.0 open source license 

(https://bitbucket.org/cdegroot/asmfoam). The flow solver is based upon the twoPhaseEulerFoam solver provided by 

OpenFOAM (version 5.0), while additional transport equations have been implemented, along with oxygen transfer 

models, to implement the ASM1 model. 

With regards to model verification, it is important to distinguish between “verification” and “validation”. While 

validation seeks to determine if a model solution matches with reality (i.e. the physics of the model are correct), 

verification involves determining if the equations are solved correctly (i.e. the mathematics and numerical methods are 

correct). While validation is often considered in published work, it is not as convincing without verification. This is 

because there are typically appreciable errors between model results and experimental measurements. It is therefore 

difficult to determine whether the issue stems from an error in model implementation or due to an inability for the 

model to predict reality.  

The proposed verification framework involves starting with the minimal amount of physical processes possible, such 

that the solution is already known (e.g. using the solution of a set of ordinary differential equations (ODEs) which 

represents the solution for a continuously stirred tank reactor (CSTR)). Gradually, more physical processes are added. 

Eventually, there may be departure from the ODE solution if the process becomes such that the simplified ODE 

solution is no longer valid. At this point, one would be concerned with model validation. 

Results and Discussion 

A total of four verification cases, with increasing physical complexity, have been run according to the summary 

provided in Table 1. The first test case simply considers a liquid column with zero flow velocity and a constant oxygen 

transfer coefficient between the gas a liquid phase. As a result, the ASM1 state variables will remain spatially uniform, 

with each cell in the computational domain acting as its own CSTR, since no flow passes to adjacent cells. As a result, 

the solution matches extremely well (within numerical error) with the standard CSTR solution, as shown in Fig. 1 for 

the readily biodegradable substrate and active heterotrophic biomass concentrations. Additional state variables showed 

similar agreement.  
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Case 2 includes the gas phase into the model, but maintains a constant oxygen transfer coefficient regardless of the 

gas-liquid interface conditions. Additionally, the flow field is considered to be “frozen”, where the flow is solved first 

and then given as a constant condition for the biokinetics calculations. Case 3 is defined similarly to Case 2 with a 

frozen flow field, but adds the dynamic calculation of the oxygen transfer coefficient using the local interfacial area 

between liquid and gas phase and Higbie’s penetration theory for the mass transfer coefficient. For the ODE solution, 

the volume average of the oxygen transfer coefficient in the CFD calculation is used as input. Results for Case 2 and 

3 are not shown here, but show similar agreement as Case 1. 

The final case, Case 4, includes a transient two phase flow calculation as well as the dynamic oxygen transfer 

coefficient. In this case, the volume average of the oxygen mass transfer coefficient at each timestep is given as input 

to the ODE solver. Results for the readily biodegradable substrate and active heterotrophic biomass concentrations are 

shown in Fig. 2, which also show good agreement.  
 

Table 1. Summary of the verification cases used in the CFD-ASM1 case study. 

Case Flow Model Oxygen Transfer Model 

1 Single phase, zero velocity Constant 

2 Two phase, frozen field Constant 

3 Two phase, frozen field Dynamic 

4 Two phase, transient field Dynamic 

 

 
(a) 

 
(b) 

Figure 1. Plots of the (a) the readily biodegradable substrate SS and (b) active heterotrophic biomass XB,H as 

functions of time for Case 1. 

 

 
(a) 

 
 

(b) 

Figure 2. Plots of the (a) the readily biodegradable substrate SS and (b) active heterotrophic biomass XB,H as 

functions of time for Case 4. 

Contributions of the work 

Verification of coupled CFD-biokinetics models is seldom considered in literature that presents this type of model, 

and if it is, the results are not reported or made available to other researchers. This work presents a procedure that can 
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be used as a general framework for verifying CFD-biokinetics models, based on a case study of a multiphase CFD 

solver coupled with the ASM1 biokinetics equations. The basic principle is that one should start with the most simple 

physical phenomena as possible and gradually add complexity. In the most basic cases, the solution should match 

identically with an ODE solution based on the concept of a CSTR. As more physical complexity is added, the models 

may eventually disagree, at which point validation must be considered. This approach will allow for much more 

confidence to be given to the model predictions, as it will be proven that the model equations are solved correctly for 

a number of limiting cases. This process has now been carried for a CFD-ASM1 model, which gives a framework that 

can be reused by other researchers, even for other biokinetics models. Further, it is argued that the validation results 

should be shared publicly for transparency and reproducibility of the work using version controlled software 

repositories (such as GitHub or BitBucket). The test cases presented in this work are available on BitBucket 

(https://bitbucket.org/cdegroot/asmfoamtests). Future work for asmFoam includes model validation, where more 

complex flow cases can be considered (e.g. full-scale activated sludge tanks). It is expected that the results for these 

cases will differ substantially from the CSTR solution, due to incomplete mixing and the resulting spatial variations. 

It is in such cases where the benefit of the CFD-coupled approach is realized. 
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Central message  

The ever-changing world for a better society and livelihood is paramount to humans. However, any great change brings 

chaos and new challenges. In this instance, the rapidly growing pharmaceutical industries to treat and prevent microbial 

infections in human and animal have enabled microorganisms to become resistant and this led to the emergence of 

antibiotic resistant bacteria (ARB) and antibiotic resistant genes (ARGs) considered as “newly emerged pollutant” in 

water systems. Nonetheless, such hazardous gives rises to the need to search for novel frontiers fundamentals such as 

nanotechnology (Nath & Banarjee, 2013; Kulkani & Muddapur, 2014; Ahmed et al; 2016; Fraceto et al., 2016; Iavicoli 

et al., 2017). Therefore, the aim of this study was to completely enhance properties of the nanomaterials for route on 

the emphasis on synthetic route that is cost-effective, biodegradable, non-toxic and eco-friendly to remove ARB and 

ARGs from water, animal faeces and soil using freshwater algae.  

Keywords: Freshwater algae; nanomaterials; chromatograph; antimicrobial activities; removal capacity 

 

Methods and materials  

Phytochemical and antimicrobial properties of the algae after maceration extraction method were determined and 

quantified by chromatograph, NMR, HPTLC, TLC and antibacterial assays. The crude powder were chemically 

synthesised to nanomaterials (NMs) of silver (Ag), iron (Fe) and titanium dioxide (TiO2) and their physicochemical 

properties were verified using TEM-EDS, XRD, FT-IR, zetasizer and XPS for their size, shape, crystalline structure, 

functional groups respectively. The antibiotic resistant bacterial strains and antibiotic resistant genes were isolated 

from wastewater, animal faeces and agricultural soil using the molecular techniques and sequenced. These 

biosynthesized NMs were exposed to isolated resistant bacterial strains and resistance genes to evaluate their removal 

efficiency in a laboratory batch- scale.   

 

Results and discussion  

The phytochemical analysis results revealed maceration extractions having percentage yield of the extracts (acetone, 

methanol, ethanol, hexane and ethyl acetate) varied from 87 to 90 %. Bioassays microplates methods against 

pathogenic bacteria isolates: Escherichia coli, Pseudomonas aeruginosa, Bacillus cereus, Bacillus lacterosporus, 

Salmonella typhi and Staphylococcus aureus over 72 h revealed that S.aeures and P. aurogenosa were sensitive to all 

extracts. The minimum inhibitory concentration (MIC) of the bacterial isolates ranged from 1 mg/mL; 0.125 mg/mL 

and 0.031 mg/mL at 24h, 48h and 72 h respectively for ethanol and methanol extracts. The minimum bacterial 

concentration (MBC) revealed that both ethanol and methanol extracts caused bactericidal effects towards E.coli, 

S.aeures and P. aurogenosa at 2 mg/mL. TLC plates showed that chromatographic peaks of polar antibacterial 

compounds were present in algae and these were identified by NMR as terpenoids, alkaloids, flavonoid, and phenol. 

These are promising results for green synthesis of NMs as there is evidence of potent antimicrobial activities. The 

biosynthesized NMs on the transmission electron microscope coupled with EDS revealed NMs to have homogenous 

shapes which were within 100 nm in size and further showed the chemical composition of the respective metallic and 

metal oxide ions. The FT-IR results further showed the O-H groups of polysaccharides in polyphenols, CH-stretching 

of alkanes for all the synthesized NMs which confirm that algal extracts present in the metallic and metal oxide ions. 

The EDX results further revealed oxygen and phosphorous elements belonging to terpenoids and flavonoids.  These 

chemical constitutes indeed proves that algae has the antibacterial properties. Hence, removal of efficiency of the 
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environmental isolated ARB and ARG revealed that these biosynthesized NMs were able to remove 80-100 % of 

Enterococcus and Pseudomonas species isolated resistant bacterial strains.  

 

Contributions of the paper 

Most of freshwater algae are problematic and nuisance especially for water treatment. As a results, the application of  

engineered nanomaterials in treatment of water and other various fields have shown to have greater toxic efficacy 

capacity towards microbial isolates, however, their environmental risks are still looming. Nonetheless, results of the 

current study indicate that biosynthesized algae nanomaterials are a promising biological tool for the removal of ARB 

and ARGs. Moreover, these results further encourages environmental friendly applications as no by-products were 

released into the environment which will results to no risk associated with their usage. In addition, the usage of algae 

will enable companies to use these algae for other applications which will promote their reduction in the water systems.  
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Central message  

In this research RNA integrity of the toxic cyanobacteria following oxidation with chlorine 
and permanganate has been studied. RNA chlorination results showed that CT=5.78 mg.min/L will 
degrade RNA to the concentration of 39.2 ng/μL. results, revealed that KMnO4 has a lower impact on 
RNA concertation; at CT=1527 mg.min/L, the RNA concentration was 124 ng/μL. Based on these 
results, soft chlorination and permanganate were applied on the cyanobacterial bloom samples. Soft 
chlorination (0.2, 0.6 mg/L) results showed fast chlorine decay and less than 30% of cell lysis. While 
RNA integrity following oxidation with KMnO4 showed slow degradation of RNA, permanganate 
bloom oxidation showed 80% of cell lysis. High concentration of RNA will increase the potential of 
toxic gene expression due to oxidation. Therefore, despite the performance of permanganate oxidation 
in cell lysis, permanganate oxidation stress (pre-oxidation) may cause toxic gene expression and toxin 
production. 
 
Keywords 

RNA; Oxidation; Chlorination, Permanganate, Gene Expression 
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Central message  

Cold-weather nitrification has become an increasingly prevalent topic of interest for the wastewater treatment industry. 

As regulations for effluent ammonia become more stringent, cold-climate WWTPs are looking for solutions to 

effectively reduce ammonia to meet wintertime limits. This issue is especially pressing for facilities utilizing lagoon 

systems, which are located outdoors and are at the mercy of environmental conditions. In this presentation, the impacts 

of cold wastewater temperatures will be discussed in relation to the ammonia-reducing performance of an attached-

growth media system, the BioCord Reactor. It will outline both lab and field (lagoon) experiments demonstrating the 

activity of nitrifiers over seasonal changes, including the shifts in microbial community composition and its 

implications for cold-weather biological treatment. Using the data obtained from these studies, we will also outline 

key considerations for optimal biological treatment using attached growth systems, including system placement, 

lagoon characteristics, and operational logistics.  

 

Keywords:   

Cold-weather nitrification, nitrifiers, AOBs, NOBs, microbial community 

Materials and Methods or Description of Intervention   

Controlled lab setting results (microbial community) 

In the controlled lab setting, BioCord strands were placed in a bioreactor containing aerated diffusion. The strands 

were submerged and steadily fed with unfiltered wastewater collected from the Dundalk lagoons, which was 

periodically spiked with ammonia for analysis at varying influent ammonia concentrations (Figure 1). Lab taxonomy 

using qPCR was then conducted to determine the relative abundance of nitrifiers developed on the BioCord media.  

Open environmental setting results (cold-weather) 

Cold weather Field taxonomy studies (qPCR) were conducted on strands of BioCord cut from the BioCord Reactors, 

both from when they were in Lagoon 4 (samples taken in Oct and Dec 2016) and after the relocation to Lagoon 2 

(samples taken in Oct and Dec 2017).  

Lab-scale BioCord experimentation (cold temperatures) 

The lab-scale component of the study mimicked aspects of lagoon system to investigate the effect of low 

temperatures on BioCord-mediated ammonia oxidation. Bioreactors containing BioCord media and diffused aeration 

were tested under varying ambient temperature conditions:  
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i) Constant room temperature, RT (24oC) 

ii) RT with a gradual decline to 1oC, and  

iii) RT with a sudden decline to 1oC.  

The BioCord media was inoculated/seeded using wastewater taken directly from Lagoon 4 of the Dundalk WWTP to 

best simulate the microbial characteristics found at the facility. Synthetic wastewater (20-27 mg/L ammonia) was 

used as influent feed. Over a period of 37 days, nitrogen species were monitored in the influent and effluent of the 

bioreactors. Results are shown in Figures 4-6.  

Results and Discussion 

Controlled lab setting results (microbial community) 

It was found that there was approximately 7.5% relative abundance of nitrifiers present in the biofilm, which is 

higher than the 2-4% relative abundance found in the water column of Lagoons 2 and 4. This demonstrates that 

BioCord has an affinity for nitrifiers, and that the biofilm developed on the reactors contain a higher nitrifying 

community than the water column alone. This suggests that BioCord Reactors have the potential to better treat 

lagoon wastewater than the lagoons alone. Figure 2 shows the results of lab taxonomy.  

Another key finding from Figure 2 shows that increasing ammonia content in the influent leads to larger abundances 

of ammonia oxidizing bacteria. This has important implications for treatment, as it implies that a maintaining 

sufficient level of ammonia (food) in the influent is important for consistent treatment and for the upregulation of 

ammonia reducing bacteria. This finding suggests that a BioCord treatment system should be placed in a location 

where it is receiving a consistent inflow of ammonia.  

Open environmental setting results (cold-weather) 

Results showed that BioCord from Lagoon 2 had 2-3 times higher abundance of nitrifiers than the BioCord from 

Lagoon 4, corroborating the fact that Lagoon 4 was not an ideal environment for the treatment of ammonia, and that 

the BioCord Reactors in Lagoon 2 had a relatively high nitrifying capability. In addition, it was found that the 

relative abundance of nitrifiers on the BioCord strands from Lagoon 2 was approximately 9-14%. Again, this 

demonstrates the higher abundance of nitrifiers on the BioCord Reactors than in the water column (2-4% relative 

abundance--Figure 14-1). Results are shown below in Figure 3.  

Lab-scale BioCord experimentation (cold temperatures) 

As can be seen from 4-6, Biocord was able to utilize ammonia as a nitrogen source which resulted in the rapid 

decline of ammonia concentration in all bioreactors within 4 days post inoculation. Overall, BioCord was able to 

significantly reduce influent ammonia concentrations under all conditions, demonstrating the potential for ammonia 

reductions during cold-weather temperatures.  

Contributions of the work 
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Figure 1. Lab-scale setup for microbial community analysis.  

 

Figure 2. Relative abundance of nitrifiers on BioCord’s biofilm (cDNA - active microbial community, DNA - active 

and dead microbial community).  
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Figure 3. Relative abundance of nitrifiers on BioCord strands from Lagoon 4 (Oct/Dec ‘16) and Lagoon 2 (Oct/Dec 

‘17). 

 

Figure 4. Ammonia reductions from the influent at constant room temperature (24oC).  



45 

 

Figure 5. Ammonia reductions from the influent at room temperature, 7oC and 1oC. 

 

Figure 6. Ammonia reductions from the influent at room temperature with a sudden decrease to 1oC. 
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Central message  

This paper describes the impact of shock chlorination of the inlet pipe, variations in ferric dosing and how to recover 

with proper cleaning protocols during an 8-month pilot trial with 2 ZeeWeed™ 700B-9060 ultrafiltration modules at 

a location in the Middle East to prove its capability of long-term, high-flux operation in a seawater environment.   

Various cleaning protocols were studied from which could be concluded that short daily hypochlorite and acid cleans 

resulted in the best performance stability and oxalic acid cleans the best during a recovery clean. Operating at design 

flux conditions the permeability profile was very stable at 200 lmh/bar for 3 weeks when shock chlorination 

influencing the UF feed was avoided and once a week oxalic acid was used as the acid clean. The permeability 

dropped from 200 lmh/bar to 125 lmh/bar over a 4 week period when shock chlorination was not avoided, only citric 

acid cleans were used and iron dosing upstream at the DAF was stopped. A recovery clean with oxalic acid brought 

the permeability back to 200 lmh/bar. The SDI values of the permeate were below 1.5 when ASTM compliant filters 

were used in the SDI test. Average permeate turbidity was measured at 0.16 NTU. 
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Central Message  

Frequent and very dangerous mutagenic and toxic organic compounds occurring in environment are polycyclic 

aromatic hydrocarbons (PAHs). The source of PAHs is primarily heavy industry based on coal and crude oil 

processing, as well as road transport, heating boilers, municipal and industrial waste incineration plants, and hence 

fossil fuels, liquid fuels, and combustion. Undoubtedly, air directly affects the other components of the environment, 

which means that any atmospheric PAHs can negatively affect surface water, groundwater, soil, plants, living 

organisms, including human health (Chen et al., 2018). Rainwater by surface runoff from roads, polluted soils or by 

direct deposition from the atmosphere contributes pollutants to enter the aquatic environment, where, can be 

deposited in bottom sediments or transported with suspended sediment over further distances (Krylow et al., 2017). It 

is especially important when the reservoir of drinking water is in stake. Therefore, the assessment of the PAHs 

contamination (in soils, suspended sediment, and bottom sediments) in the tributary catchment of drinking water 

reservoir plays a key role in such habitats. 

Keywords: soil, suspended sediment, bottom sediment  

Materials and Methods  

 

Soil samples were collected from the Wolnica Stream catchment (4 km north of the Dobczyce Reservoir) in 

September, November 2017, April, and June 2018. The location of particular soil sampling sites corresponded to the 

4 different land uses. Furthermore, to illustrate the possibility of PAHs transfer from the catchment to the aquatic 

environment, samples of the suspended sediment and bottom sediments were also taken into consideration. 

Suspended sediment samples were retained with the use of time-integrated sampler (Phillips et al., 2000), which is 

permanently installed in the selected profile on the Wolnica Stream. Bottom sediment samples were taken in the 

vicinity of the time-integrated sampler. Samples extracted using the mix of solvents hexane:acetone in a Soxhlet 

extractor. Extracts were passed through an activated silica gel column and was evaporated under a nitrogen stream, 

transferred to a storage vial with a Teflon crimp seal. The concentrations of sixteen PAHs compounds were 

determined by gas chromatography GS-FID.  

 

Results and Discussion  

 

16 PAHs (naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, 

benzo[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene, 

dibenz[a,h]anthracene, benzo[ghi]perylene) recommended by the United State Environmental Protection Agencies 

(US EPA). 
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were investigated during the course of this study. The sum of PAHs in the Wolnica Stream area ranged from 345.8 to 

1213.8 μg/kg d.w in soils, from 532.3 to 575.6 μg/kg d.w in suspended sediment, and from 3715.6 to 3869.8 μg/kg 

d.w in bottom sediments. The PAH concentrations showed a clear difference of soil samples i.e. they were lowest for 

samples collected in forest area, while highest for samples in the residential area. The previous research on 

preliminary assesment of the PAHcontamination in soils of the Wolnica Stream catchment showed the same trend. 

An integral signal of PAHs transport in the catchment is represented by suspended sediments and thus they provide 

information on particle related pollution within a river reach. In these samples the PAH concentrations were rather 

low. Therefore, the pollution concentrations on suspended sediments in studied catchment were stable over time and 

likely reflect the urban and industrial pressure or geological background in the respective area. On the other hand, 

bottom sediment samples were significantly contaminated. They may be contaminated from residual PAHs due to 

cumulative deposition as fine particles. Bottom sediments at this site had high clay content. The PAHs-clay-sediment 

complexes which form are stable and persistent and thus resist biochemical conversion to other products or 

mobilization via water washing due to their low water solubility. The high levels of PAHs were attributed to fallouts 

from vehicle emissions as well as dumping from the nearby settlements and industries. Generally, higher PAH 

concentrations were observed in bottom sediment samples rather than in soils and suspended sediment samples. The 

compositional pattern of PAHs indicated that three- and four-ring PAHs were predominant in bottom sediment 

samples, while also five-ring PAHs dominated in soil samples. Low-ring PAHs, mainly in gaseous form, are 

subjected to long-range transport and degradation, whereas high-ring PAHs are prone to rapid deposition, which 

could be close to the local emission source. Since, high-ring PAHs are prone to rapid deposition, they preasumably 

come from the local emission sources.  

In this study, the isomeric concentration ratio FLT/(FLT+PYR), IPY/(IPY+BPE), and BaA/(BaA+CHR) were used 

to characterize the origins of PAHs along the Wolnica Stream catchment. Molecular diagnostic ratios 

(BaA/(BaA+CHR) vs. FLT/(FLT+PYR)) for evaluation of PAH contamination sources showed that the predominant 

number of samples indicated combustion of vegetation and fossil fuel. However, according to IPY/(IPY+BPE) vs. 

FLT/(FLT+PYR) samples could be attributed mainly to coal, wood and grass combustion.  

Despite the fact that in the Wolnica Stream catchment the accumulation of PAHs was relatively low, the assessment 

of the status and trends of PAHs and potential sources are significant factors in the management and long-term 

conservation of this ecosystem.  

 

Contributions of the work  

 

Studied problem has not been subjected to the intense research studies yet in the Wolnica Stream catchment. Soils, 

bottom sediments and suspend sediment from the Wolnica Stream were found to be contaminated with trace levels of 

PAHs. Bottom sediments had elevated concentration levels of PAH compared to other studied environment 

compounds – what was expected. Te occurrence of PAHs was human-related activities as the major input sources of 

PAHs into the Wolnica Stream catchment. Possible sources of PAHs around the Wolnica Stream catchment included 

vehicular emissions (incomplete burning of gasoline, diesel fuel including oil leakage from cars) domestic burning 

(of domestic wastes at undesignated dumping points, firewood and paraffin) and industrial emissions. Counteracting 

these processes requires constant monitoring of PAHs, and above all, monitoring other potential pollution sources 

which can contaminate drinking water in the Dobczyce Reservoir.  

This research was funded by the National Science Center, Poland (research project No. 2016/23/N/ST10/01292).  
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Central Message  

This paper will identify the vital steps needed for the UK to reduce the use of chemical treatment but still provide safe, 

excellent quality drinking water.  

Keywords: Chemicals, Microbiology, Future 

Materials and Methods  

An investigation of the best practices of companies in other countries who currently use fewer chemicals than in the 

UK has been completed. This investigation has allowed Anglian Water, a utility that operates in the East of the UK, to 

understand some of the characteristics of monitoring and management drinking water assets that are necessary to 

achieve 100% compliant and chemical free water.  

One of the largest knowledge gaps which frequently arose from the analysed data sets was that of how best to promote 

and control biological stability within the distribution network. There are a wide range of definitions for the term and 

interpretations of it. One definition is that biologically stable water has minimal change in water quality from the point 

of drinking water production up to the point of consumption (Prest, et al., 2016). There is also no international 

agreement upon practice for monitoring biological stability, although there is consensus among the case study 

companies that it should be monitored.  

From this research, it has been identified that biological stability is key to achieving chemical free water but it is the 

greatest unknown in the assessment of the best practices for achieving chemical free water-. To address this unknown, 

it is important to understand the wider impact of a case study chemical, such as phosphate or chlorine, and its dose 

within the distribution network, exploring the role of microbially mediated processes and the concept of biologically 

stable water. 

Based on findings from this study and to address this challenge, four independent bespoke pipe line testing facilities 

have been designed to determine what the impacts are of different chemical doses on the microbiology of the bulk 

water and the attached phases (i.e. biofilms) within drinking water distribution system. The pipe rigs will be used at 

two selected water treatment works, one which is fed by groundwater, a hypothetically more biologically stable source 

and one which is fed by surface water, a potentially less biologically stable source. This research will also be 

complemented with samples from the actual distribution network, to determine if the pipe rigs are an accurate 

simulation of the microorganisms within the networks.  

Together, the findings of current and future research will determine if chemical free drinking water is a possibility and, 

if so, what the steps are that are required to be taken before the dosage of chemicals can be stopped. 

Results and Discussion  

This research has identified what chemicals are currently being used by UK water companies and why these utilities 

are motivated to reduce and eventually eliminate their usage. The use of chemicals in drinking water networks can 

have unintended environmental consequences. Chlorine leakages, for instance, can cause damage to whole aquatic 

ecosystems including death, deformities and reproductive damage to the organisms which live in these environments 
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(Department of the Environment, 2014). In addition,  chemicals are expensive to dose and these prices will continue 

to increase in future, as supplies diminish. In 2008, the UK water industry used 12,243 tons of phosphate, which came 

to a total cost of £12.24 million but since then, as FAO (2015) stated, global phosphate demand is currently growing 

at 2.1% every year, meaning that today’s figures, and those in the future, are likely to be much greater (Knowledge 

Transfer Network, 2008). Therefore, there is great interest in water utilities in the UK to reduce the use of chemicals 

but the full implications of reducing or removing these chemicals, especially the microbiological consequences of 

doing so, are not known. 

Case study utilities say that biological stability is of upmost importance, that biological stability determines the quality 

of drinking water at the customer tap. The UK is currently determining how biological stability can best be measured 

at water utilities rather than the traditional use of E. coli and Coliform testing on heterotrophic plate counts this method 

is time consuming (48-72 hours to get a result) and only a small proportion of metabolically active microorganisms 

can be found using this method (Corfitzen, et al., 2006). The use of total cell counting and intact cell counting using 

flow cytometers is a technology being increasingly used in water utilities and there is interest to increase its usage 

further in future (Gillespie et al., 2014). This is just one of the many steps that has been identified as part of this 

research, the steps required before chemical free drinking water treatment can be a possibility.     

Contributions of the Work  

Before the work began, it was known that Anglian Water had an interest in chemical free water treatment. One of their 

seven long term aims was and is “100% Compliant and Chemical Free Drinking Water Treatment”. It was also known 

that there would be multiple barriers to this research, for example the difficulties associated with changing practices at 

water treatment works. However, some of the identified barriers were found to not exist. One example is that it was 

believed that regulations would not allow chemical usage to be ceased, specifically the use of a residual chlorine dose, 

but there is no specific legislation in World Health Organization, EU or UK guidelines and regulations, which was a 

highly encouraging finding for this research.  

 
Key points of my contributions to date include an identification of the following: 

•What chemicals are being used by the water utility?  

•Why is chemical free water being investigated?  

•What are some ways chemical dosage can be reduced? 

•What are the barriers to chemical free research? 

•Which parameters should be used to measure and determine biological stability  

•Is chemical free water possible?: What are other countries doing? Future challenges 

•What are the gaps in knowledge and how best to design bespoke pipe rigs to fill these gaps 

 

Together, the findings of current and future research will determine if chemical free drinking water is a possibility and, 

if so, what the steps are that are required to be taken before the dosage of chemicals can be stopped. This research is 

important because it is not currently known what microbiological consequences there will be if the dosing of phosphate 

or chlorine was stopped. There is concern that doing so would raise public health risks whilst altering the current 

biological stability. 

This study has determined the big questions underpinning chemical free water treatment, why it is important, if it is 

possible to achieve such a goal and set the foundation for the next steps of my PhD research. 
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Central message   
Water quality in terms of microbial composition and quantity was analyzed, to identify the need of intervention and 

key stages of the process.  

Keywords: Microbial indicator, drinking water, microbiological quality.  

 

Materials and Methods  
Sampling: sampling was performed in 12 conventional drinking water production plants, samples were taken from 

raw water, clarified water, filtered water and distribution water. Each sampling campaign was performed 4 times in 

each plant, under the guidelines from ISO 19458, Water Quality – Sampling for microbiological analysis.  

Culture and data collection: E. coli and total coliforms were quantified in terms of MPN/100ml. For this IDEXX 

Quanty-Tray® and Colilert® were used. Samples for this analysis were of a volume of 100ml. clostridium perfringens 

was analyzed following the guidelines from ISO14189, Water quality – Enumeration of Clostridium perfringens – 

Method using membrane filtration. As for Giardia and Cryptosporidium the method followed was EPA method 1623.1, 

this last analysis was only performed in tree of the plants due to its previously identified higher risk of containing these 

protozoans.  

Statistical analysis: the free access software R was used to this analysis. A comparison of each stage of the drinking 

water production process was performed to identify which one is the more significant in terms of microbial removal, 

as well as for identifying for each of the analyzed plants if there was the need to intervene in the process for example, 

changing filtration mats.  

Water sources preclassification in EPA risk Bins: sources of natural water of tree plants were analyzed and then a 

preclassification (called like this because of the number of samplings not corresponding to the necessary according to 

EPA) of the sources in risk Bins was made to identify the possible need of intervention in these sources.  

 

Results and Discussion  
A total of 588 samples were taken and analyzed. For total coliforms samples, 61,46% of them contained them, for E. 

coli samples, 39,2% contained these bacteria and for Clostridium perfringens 54,51% of the samples contained these 

bacteria. In the case of Giardia and Cryptosporidium, they were both found at least once in each of the plants analyzed. 

Highest concentration recorded for E. coli was 7440 NMP/100ml, for total coliforms 38730 NMP/100ml and for 

Clostridium perfringens 472/CFU/100ml, these reports come from raw water.  

Sedimentation process, which leads to clarified water, was identified as the most significant part of the process in terms 

of microbial concentration reduction. E. coli concentration was 80,15% less in clarified water in comparison to raw 

water, total coliforms concentration in clarified water was 88,2% less than in raw water and Clostridium perfringens 

concentration in clarified water was 84,01% less than the concentrations reported in raw water, distribution water was 

microbe-free in all of the cases. Statistical analysis showed that there was a significant difference in the microbial 

concentration among the stages of the drinking water production process in most of the plants, one plant showed no 

difference between clarified water and filtered water, meaning there was a need to change filtration mats because they 

weren’t working as expected.  

Natural water sources of the tree plants analyzed for Giardia and Cryptosporidium recorded a concentration of less 

than 0,075 oocysts/L, preclassifying them in Bin 1, according to EPA’s LT2 this Bin doesn’t require the 

implementation of additional technologies different to those already being used by the plant, this is a great panorama 

taking into account that these pathogens are a strong cause of diarrhea, a disease that occurs worldwide and causes 

around 2.2 million deaths a year, as the WHO reported in 2010, mainly in children in developing countries.  

 

Contributions of the work  
Before this project started, there was relevant information that proved rawl water from some sources that had 

previously been analyzed had the presence of total coliforms and E. coli, it was also known that distribution water had 
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proven to be free of these microorganisms as it is also a requirement from Colombian law. As expected, raw water 

contained presence of all the microorganisms of interest, and distribution water was “free” of the microbes of interest 

with concentrations of <MPN/100ml for E. coli and total coliforms, and <1CFU/100ml, securing the water provided 

to the entire city of Medellin is free of fecal contaminants.  

Sedimentation was identified as a key stage in the process, as clarified water showed to contain a concentration of 

around 84% less microorganisms when compared to raw water of each plant, this had already been identified as a key 

point in drinking water production process by Ali et al.(2004) who confirm that after a proper flocculation a 

coagulation, sedimentation can remove most of microorganisms. In most cases a statistical significance in the variation 

of microbial concentration in each stage of the process was identified, meaning that as one would expect, each stage 

plays a role in microbial concentration reduction; only in one plant these wasn’t the case: clarified and filtered water 

concentrations showed almost no variation which led to the intervention in filtration mats that were too old, and 

according to the results in this study, not working properly, although this was one of the purpose of the study (to 

identify this kind of situations), we didn’t expected this particular plant to be the one that required a change of filtration 

mats. With this study, the importance and need of proper sampling sites that help ensure a correct amount of sample 

with the necessary conditions became notorious, some sampling sites had to be modified for the project to ensure there 

was no contamination that came from external sources such as inadequate pipes or inadequate samplers.  

With the results of the Giardia and Cryptosporidium analysis, preclassifying the sources in Bin 1, the question of how 

that classification will change when making the analysis for two years, as the LT2 says, arises. Given that this analysis 

was only performed for months instead of 24, there could be changes in concentration of these protozoans due to 

consequences of rain and dry season (that could led to higher/lower drag of microorganisms), and for example, 

augmentation and diminution of farming along the year in areas that affect the water sources (that could led to 

higher/lower fecal contamination).  
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Central message  
In this study, temperature influence on removal of natural organic matter (NOM) by biological activated carbon 

(BAC) used in drinking water treatment was investigated.  

Keywords:  
Biological activated carbon, Adsorption, Biodegradation  

 

Materials and Methods or Description of Intervention  
The study was conducted using the full-scale BAC filter material, collected from a drinking water treatment plant in 

western part of Sweden (Gothenburg city). The raw water quality and the employed treatment train are typical for 

surface water treatment in Sweden. BAC filter material was collected from a specific filter (F22) that has been in 

service for over 1200 days. All equipment used for sampling was pre-sterilized. NOM removal in BAC filters with and 

without microbial activity was monitored. To eliminate microbial activity, BAC filter material was sterilized using 

gamma irradiation. The irradiation method used was a modification of that described by Stoquart et al. (2013). The 

experimental design comprised two runs representing two different temperatures (room temperature and room 

temperature + 10 °C) each within a feasible range for drinking water. To measure NOM removal by BAC filters, 

dissolved organic carbon (DOC), fluorescence and absorbance properties were measured. Fluorescence can distinguish 

what kind of NOM is preferentially removed whereas DOC and absorbance can quantify the overall removal of NOM.  

 

Results and Discussion  
The results of the study based on the lab-scale experiments indicate that temperature has a distinct effect on the 

adsorption and biodegradation by BAC filters. From figure 1, it can be seen that at warm temperature, there is a higher 

NOM content measured by absorbance at 254nm in the water. It also indicates, at the ambient (room) temperature, the 

biodegradation and adsorption can remove more NOM from water. Thus, changing temperature regime at the treatment 

plant is harmful for the performance of the BAC filter material in terms of NOM quantity removal.  

By fluorescence spectroscopy, the bulk NOM can be separated into six specific fluorescent components. Four of the 

underlying components are humic-like and two of them are protein-like fluorescent components. From figure 2, the 

concentration of one of the humic like fluorescent NOM component can be seen. At warm temperature, there is not 

any difference in concentration of humic-like NOM in sterilized (adsorption only) and non-sterilized (adsorption and 

biodegradation) BAC filter material. But at ambient (room) temperature, non-sterilized material removed more humic-

like NOM.  

From figure 3, it can be seen that the effect of temperature is more pronounced for protein-like NOM components than 

for humic-like components. At warm temperature, proteins are removed more efficiently by both sterilized (adsorption 

only) and non-sterilized samples (adsorption and biodegradation) BAC filter material. This result is in line with 

previous research (Andersson et  

al. 2001). However, humic-like components show a different pattern. Thus, use of fluorescence to distinguish NOM 

components can be more informative for the treatment plant managers to monitor treated water quality from Bac filters.  

 

Contributions of the work  
The main contribution of the study lies in the fact that biological treatment processes for drinking water treatment are 

often tested in laboratory- or pilot-scale experiments. However, the reproducibility of these test systems is seldom 

studied. In this study, the temperature influence was separated from the other operational parameters by keeping all 

other parameters constant; additionally, multiple replicates were done in the experiments, to achieve high measurement 

precision and the ability to detect very small changes. Because of this design, independent experiments displayed a 

high degree of reproducibility, especially in NOM-removal performance. This is a very important result since we can 

say with certainty that the BAC filters were highly responsive to temperature changes. This has practical implications 
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for drinking water plant operators who desire to optimize the performance of GAC filters and deliver safe drinking 

water to consumers.  

 
Figure 1: Adsorption and biodegradation at room and warm temperature  
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Figure 2: Humic-like fluorescent NOM components’ removal by at room and warm temperature 
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Figure 3: Humic-like fluorescent NOM components’ removal by at room and warm temperature  
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Central message 

Bisphenol A (BPA) is a typical environmental hormone, posing a threat to public health. For efficient treatment of 

BPA, a new bacterial strain LM-1, capable of utilizing BPA as the sole carbon and energy source, was isolated from 

activated sludge, and it was identified as Pseudomonas sp. based on 16S rRNA gene sequence analysis. Strain LM-1 

was able to completely degrade 25-125 mg/L BPA in 14-32 h, and it also showed high capacity for BPA degradation 

at a range of pH (6.0-8.0). (NH4)2SO4 and NH4NO3 were the suitable nitrogen source for strain growth and BPA 

biodegradation, and exogenous carbon sources could promote the degradation of BPA. According to the analysis of 

liquid chromatography coupled to Q-Exactive high resolution mass spectrometry, hydroquinone (HQ), p-

hydroxybenzaldehyde (HBAL) and p-hydroxybenzoate (HBA) were the key metabolites during BPA degradation. The 

present study should provide a potential microbial resource for bioremediation of BPA. 

Keywords: Bisphenol A, Pseudomonas, Biodegradation metabolite 

Materials and Methods  

The BPA-degrading bacterial strain LM-1 was isolated from activated sludge of a local sewage farm and identified by 

16S rRNA gene sequence analysis. It was grown in mineral salts medium (MSM, pH 7.0), consisting of 2.0 g/L 

(NH4)2SO4, 2.0 g/L KH2PO4, 3.28 g/L Na2HPO4·12H2O and 0.25 mg/L FeCl3. BPA was added to the sterilized media 

from stock solution. 

To investigate the biodegradation of BPA by strain LM-1, the seed cultures were inoculated (5%, v/v) to MSM 

containing certain concentrations of BPA and incubated with shaking at 30 oC for 36 h. Batch assays were conducted 

to investigate the effects of initial concentrations, pH, carbon source and nitrogen source on BPA degradation by strain 

LM-1. The concentration of BPA was measured by high-performance liquid chromatography (HPLC), and the 

biodegradation metabolites were identified by liquid chromatography coupled to Q-Exactive high resolution mass 

spectrometry (LC-Q-Exactive MS). 

Results and Discussion 

An efficient BPA-degrading strain, designated as LM-1, was isolated from activated sludge, which showed high 

similarity (99%) to Pseudomonas spp. based on 16S rRNA gene sequence analysis. Thus, strain LM-1 was identified 

as Pseudomonas sp. (GenBank accession number of 16S rRNA gene sequence: MH185837). 

Strain LM-1 was able to utilize 25-125 mg/L BPA as the sole carbon and energy source for growth, and completely 

degrade BPA in 14-32 h. During the biodegradation process, the total organic carbon (TOC) gradually decreased, and 

approximately 56.8% of initial TOC was removed in 24 h, suggesting that some intermediate metabolites were 

produced by strain LM-1 and remained unmetabolized. Strain LM-1 showed high capacity for BPA degradation at a 

range of pH (6.0-8.0), but acid (pH 5.0) and alkaline (pH 9.0) conditions could obviously inhibit the degradation of 

BPA. Among various nitrogen sources, (NH4)2SO4 and NH4NO3 were preferable for the growth of strain LM-1 and 

BPA degradation, followed by NH4Cl, NaNO3 and NaNO2. The exogenous carbon sources could promote the growth 

of strain LM-1 and accelerate the degradation of BPA, and the positive effects were in proper order as follows: peptone 

> glucose > sucrose > lactose > potassium acetate. According to LC-Q-Exactive MS analysis, three possible 

metabolites were detected, which could be identified as hydroquinone (HQ) with m/z 110.04 (M-H-, C6H6O2), p-

hydroxybenzaldehyde (HBAL) with m/z 122.12 (M-H-, C7H6O2), and p-hydroxybenzoate (HBA) with m/z 138.12 (M-

H-, C7H6O3). The results suggested that BPA could be degraded by Pseudomonas sp. LM-1 via oxidative skeletal 

rearrangement to form HQ, HBAL and HBA, which were further mineralized and assimilated into cell carbon (Im and 

Löffler, 2017). 

mailto:zhangxw@dlut.edu.cn
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Contributions of the work 

Bisphenol A (2,2-bis[4-hydroxyphenyl] propane, BPA), is widely used as the raw material for production of 

polycarbonate, epoxy resins and other polymeric materials. But it is also a typical environmental hormone, which may 

cause endocrine disruption and affect reproductive health. Thus, seeking an efficient way for BPA treatment is of 

necessity. Previous studies indicated that various bacteria were able to degrade BPA under aerobic conditions, such as 

Sphingomonas, Alcaligenes, Pseudomonas and Bacillus (Im and Löffler, 2017). Herein, an efficient Pseudomonas spp. 

was isolated from activated sludge with ability of completely degrading BPA up to 125 mg/L within 32 h. Compared 

with other bacterial strains, Pseudomonas sp. LM-1 exhibited a good capability for BPA biodegradation (Im and 

Löffler, 2017; Heidari et al., 2017). The suitable conditions for BPA degradation by strain LM-1 were determined, 

including pH (6.0-8.0), nitrogen source ((NH4)2SO4 and NH4NO3) and exogenous carbon source (peptone). The 

biodegradation metabolites were also detected by LC-Q-Exactive MS analysis. This study should provide a potential 

microbial resource for efficient treatment of BPA. Further work should be conducted to analyse the whole-genome 

sequence of Pseudomonas sp. LM-1 and identify the key functional genes involved in BPA biodegradation, which may 

provide useful genetic information on microbial degradation of BPA. 

 

 
Figure 1. Biodegradation of BPA by strain LM-1 under different conditions. (a) Initial BPA concentrations; (b) pH; 

(c) nitrogen source; and (d) exogenous carbon source. 
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Central message  

A group of neurotoxins, β-N-Methylamino-L-alanine (BMAA), 2,4-diaminobutyric acid (DAB) and N-(2-aminoethy) 

glycine (AEG), have been reported to be produced by more than 20 genera of cyanobacteria (Banack et al. 2012). This 

implies that there is a possibility for public exposure to these neurotoxins if the drinking water sources are with high 

concentrations of cyanobacteria. However, the removal and fate of these neurotoxins in drinking water systems has 

only been reported for oxidation of BMAA. The reaction kinetics between the three neurotoxins and five oxidants 

commonly used in drinking water treatment plants, including chlorine, potassium permanganate, ozone, hydrogen 

peroxide and hydroxyl radical were investigated in this study. The results are useful for water utilities for the treatment 

of these cyanobacterial neurotoxins.  

Keywords: cyanobacterial bloom; cyanotoxin; drinking water; kinetics; treatment 

Material and Methods  

A batch reaction was used for the oxidation experiments in this study.  Since the reaction rates between the three 

cyanotoxins and chlorine and ozone are very fast, to obtain reaction rate constants, competition experiments were 

conducted for chlorination and ozonation of BMAA, DAB and AEG. The reactions of BMAA with hydrogen peroxide 

and hydroxyl radical were conducted in a hydrogen peroxide/UV system. To understand the effect of water matrix and 

pH value, a natural water was used as the background water, and the pH were set at 5.8, 6.5, 7, 8.5 and 9.5 in DI water 

for all oxidants.  The quantification of the three cyanotoxins was performed using a liquid chromatograph (UltiMate 

3000 HPLC), coupled to a tandem mass spectrometer (MS/MS) (TSQ Quantum Ultra). In the analysis, a HILIC column 

(2.7μm, 4.6mm 150 mm I.D., Capcell Core PC) was used.  

Results and Discussion  

During chlorination of BMAA, four chlorinated intermediates, each with 1 or 2 chlorines, were identified (Chen et al., 

2017). The reaction of BMAA with free chlorine follows a second-order reaction and was pH-dependent. The rate 

constant between free chlorine and BMAA, k1, increased dramatically from pH 5.8 to pH 7, and kept in a relatively 

stable level at pH 7-9.5 (Figure 1). The chlorinated intermediates were found to further react with free chlorine, 

exhibiting a second-order rate constant under different pH conditions. After all free chlorine was consumed, the 

chlorinated intermediates auto-decomposed slowly with a first order rate constant; when a reductant was added, these 

chlorinated intermediates were then reduced back to BMAA. BMAA and its chlorinated intermediates can be degraded 

by ~90% if the CT value = 150 mg/L•min in both deionized and natural water (Chen et al. 2017). The oxidation of 

BMAA, DAB and AEG with ozone and OH radical also followed the second order reaction rate law. The rate constants 

of OH radicals were with similar pH dependency to that with chlorine. The pH dependency of chlorine and the OH 

radical may be attributed to the neutral form of BMAA with free lone pair electrons readily to be attacked by oxidants 

(Figure 1) (Chen et al. 2018). However, for ozonation of BMAA, the rate constants were with a linear dependency on 

pH (Figure 1). Higher hydroxide concentration may accelerate the reaction of ozone and form more reactive oxidants 

for BMAA. For both permanganate and H2O2 only, the removal of BMAA and DAB was negligible. The reaction rate 

was in the order of OH radicals > ozone >> chlorine >>permanganate ~ H2O2 ~ direct photolysis (Chen et al. 2018). 

In addition, water matrix was found to slow down the degradation of BMAA and DAB if compared with that in 

deionized water.  

mailto:yiting724@hotmail.com
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Contributions of the work  

While previous studies mostly focused on the treatment of conventional cyanotoxins, such as microcystins, 

cylindrospermopsin, and saxitoxins, this study reported new reaction mechanisms and kinetics for oxidation of the 

novel cyanobacterial neurotoxins. The rate constants between BMAA and chlorine, ozone, and OH radicals were well 

addressed in this study and were all found to be pH-dependent. Among these oxidants, chlorine can remove BMAA 

and its chlorinated intermediates under sufficient contact time in real water system without pH adjustment. OH radical 

has the highest reaction rate of BMAA, and the least by-product formation potential. The rate constants obtained 

between BMAA and the five oxidants in this study may serve as a useful reference for water utilities to estimate 

removal efficiency once BMAA, DAB, and AEG are present in their source water.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effect of pH on the second order rate constants for BMAA reaction with free chlorine, ozone, and the OH 

radical. (Chen et. al, 2018) 
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Central message  
Impact of chlorine on colonial Microcystis and associated microcystin (MC) in natural water was investigated. 

Experimental results revealed that Microcystis cells were damaged by chlorine and the kinetics can be simulated by 

Delayed Chick–Watson Model (DCWM) and Hom Model (HM) models. A model, incorporating the release of 

microcystins from the ruptured cells and degradation by chlorine in water, was developed to predict the concentration 

change of microcystins in the system. The models successfully predicted the concentration change of microcystins in 

all the experiments using parameters measured independently. This model approach may provide a simple and 

quantitative means to estimate the interaction of oxidants and cells and the control of released metabolites in drinking 

water treatment processes.  

Keywords: colony, Microcystis, chlorination, microcystins, degradation, kinetic model.  

 

Materials and Methods  
In this study, cyanobacterial bloom water samples were collected from Lan-Tan Reservoir (LTR), Chiayi, Taiwan. For 

chlorine oxidation experiments, one-liter glass vessels were employed as reactors and the cyanobacteria-laden water 

samples were mixed using a Teflon-coated magnetic stirrer at a low speed continuously. The samples were dosed with 

sodium hypochlorite at 1, 3, and 5 mg/L. Sample aliquots were collected at predetermined times and analyzed for 

residual chlorine concentration, using DPD free chlorine kit (HACH®, USA) coupled with a laboratory 

spectrophotometer (DR3900, HACH®, USA), cell integrity, using flow cytometry (FACS Callibur, Becton Dickinson, 

USA) combined with SYTOX Green stain, and toxin concentrations, using an enzyme-linked immuno-sorbent assay 

(ELISA).  

 

Results and Discussion  
Figure 1 shows that the higher chlorine dosage was, the faster cell rupture was found. The figure also indicates two 

models, Delayed Chick–Watson Model (DCWM) and Hom Model (HM) were successfully used to describe the 

experimental data for the kinetics of cell rupture for all tested conditions with different chlorine dosages (Chang et al., 

2018; Cho et al., 2003). However, the HM (dash lines) slightly better simulates the change of cell integrity of the 

colonial Microcystis if compared with DCWM. Figure 2 shows the concentration changes of intracellular and total 

(intracellular + extracellular) MCs during chlorination of the samples. Exposure to 1 mg/L of chlorine for 1 hr, 75% 

of cell-bound MCs were still retained within the cells, with 25% increase of extracellular MCs and with almost no 

change of total MCs. When the chlorine dosage increased to 3 and 5 mg/L, a sudden increase of extracellular MCs was 

found initially, which is in-line with cell rupture as shown in Figure 1, suggesting that MCs were quickly released into 

the water once the cells were ruptured. Then the extracellular MCs were degraded by chlorine in the water. To describe 

the change of MCs concentration during chlorination, models were developed, with the following compartments: the 

kinetics of cell lysis, the release of MCs into the water, which is assumed to be very fast, and the degradation of MCs 

with chlorine. As shown in Figure 2, the developed models predict all the experimental data very well, including the 

concentrations of both extracellular and total MCs and those at different chlorine dosages. It is worthy to note that all 

the input parameters were either measured separately or obtained from the literature.  
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Figure 1. Comparison of experimental data and model fit results of cell compromising under different chlorine dosage. 

N/N0 = intact cell number at time t/initial intact cell number. DCWM and HM represent model fits with Delayed 

Chick–Watson Model and Hom Model, respectively, while the numbers represent chlorine dosages.  

 

 
 

Figure 2. Modeling of extracellular microcystins and total microcystins under (a) 1 mg/L, (b) 3 mg/L, and (c) 5 mg/L 

using DCWM and HM model, respectively.  

 

Contributions of the work  
The results of this study clearly demonstrate that the models are able to describe the kinetics of cell rupture and MC 

degradation under chlorination for a complicated system with colonial Microcystis in natural water. This simple, 

quantitative model approach may be employed as a tool to optimize management strategies and evaluate the potential 

impact of cyanobacterial metabolites in drinking water systems when oxidation is considered as a means for the control 

of cyanobacterial blooms.  
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Central message  

Cold atmospheric pressure plasma is a novel, environmentally friendly method that can be used for inactivation of 

viruses in water samples.  

Keywords: Cold atmospheric plasma, virus, water decontamination 

Materials and Methods  

Cold atmospheric pressure plasma (CAP) system was used for inactivating different viruses in water samples. Samples 

were  treated for a different amount of time, from three hours to only one minute. Viruses were used either in their 

pure form or in combination with other organic molecules. This enabled us to test plasma efficiency in samples of 

different complexity. Various methods were used for characterization of viruses and testing of their inactivation. Initial 

virus concentrations were determined with Reverse Transcriptase droplet digital Polymerase Chain Reaction (RT-

ddPCR). Integrity of viral RNA was examined with conventional RT-PCR, viral infectivity was tested with mechanical 

inoculation of test plants, followed by RT-real-time PCR. In some cases the integrity of virus particles was examined 

with Transmission Electron Microscopy. Series of control treatments were used to confirm that any effects on viruses 

arose from the CAP treatments. Control treatments consisted of stirring on the magnetic stirrer, treatment with the gas 

mixture used for CAP production, but in the absence of CAP or hydrogen peroxide treatment.  

Results and Discussion  

We showed that CAP can inactivate different viruses after very short treatment times even when virus concentrations 

are much higher than expected to be in the environment. Additionally, we showed that CAP can inactivate viruses even 

in very complex environments, abundant in organic material, which can otherwise protect viruses form plasma 

irradiation. Based on the results of our control treatments, we concluded that even though hydrogen peroxide, which 

is produced during plasma treatments, has an effect on viruses, it is not the most important factor for viral inactivation. 

We also concluded that damage of protein coat should suffice for inactivation of viruses and that RNA damage is not 

necessarily needed for disruption of viral infectivity.  

Contributions of the work  

Out of biological contaminants in water, viruses are especially problematic, as they are usually resistant to wastewater 

treatment processes and common disinfection methods. Moreover, waterborne viruses can survive in water for long 

periods of time, can be infectious at low doses, and are the source of numerous human, animal and plant infections and 

epidemics (Moazeni et al. 2017; Mehle and Ravnikar 2012). Methods for viral removal from water exist, however they 

can be expensive, time consuming, require large infrastructure or frequent maintenance, and/or produce undesirable 

and toxic side components or waste (Stewart-Wade 2011). That is why it is very important to use environmental 

friendly, simple and efficient methods that do not use toxic chemicals for virus inactivation in water. One promising 

method is cold atmospheric pressure plasma (CAP). Plasma is the fourth state of matter. It is a mixture of charged 

particles, reactive species, ultraviolet (UV) photons, and neutral particles due to which CAP has a great antimicrobial 
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properties. Plasma has already been used for removal of non-biological (Bansode et al. 2017) and biological (mostly 

bacterial ) (Rashmei et al. 2016) contaminants in water and some interaction between CAP and viruses have also been 

described (Pradeep and Chulkyoon, 2016). To date, there have not been any studies on the inactivation of eukaryotic 

viruses with CAP for the purpose of water decontamination, which makes our research the first one in the field. Our 

results indicate that CAP could be used as an alternative method for water decontamination. This way we could make 

water safe for everyone, plants animals and humans. Additional studies will have to be conducted to test possible 

positive or negative effects on eukaryotic cells and to determine exact mechanisms of viral inactivation with CAP.  
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Central message  

The City of Cape Town (CoCT) has been the focus of global media as potentially being the first major global city to 

run out of water. With Cape Town facing the same challenges as other global cities, including rapid urbanization, 

growth, catchment degradation and potential reducing surface water availability due to climate change, it is important 

to learn the lessons from the recent drought crisis. This paper explores the reasons behind the Cape Town drought 

crisis and what the latest analysis of hydrological information and system integration have revealed in terms of 

selecting options for augmenting the CoCT’s water infrastructure. This analysis highlights how critical long-term 

planning along with good maintenance, monitoring and management of what is an increasing complex bulk water 

supply system. The CoCT is not unique, with many city's just a drought away from experiencing similar challenges of 

ensuring water security in an every increasingly uncertain future. 

 

Keywords:  Drought, Resilience, Day Zero 

 

Methods of investigation 

The Western Cape Water Supply System (WCWSS) – Figure 1 – serves the economic center of the Western Cape 

including more than 4 million people in the City of Cape Town (CoCT) and surrounding towns, as well as the irrigators 

along the Berg, Eerste and Riviersonderend Rivers. The CoCT is currently almost exclusively reliant on the six large 

dams comprising the WCWSS. These include the City’s Wemmershoek and Upper and Lower Steenbras Dams, as 

well as the Theewaterskloof, Berg and Voëlvlei Dams (Department of Water Affairs (DWA), 2009).  

The Water Resource Yield Model (WRYM) and Water Resource Planning Model (WRPM) were updated with the 

latest available hydrological (i.e. last 12 years) and demand data. These models were then utilized to analyze how the 

WCWSS performed through the drought. The WRYM and WRPM are network-based water resource analysis models 

– extract of the model WCWSS is shown in Figure 2 –which operate on a monthly time step and allow a user to carry 

out scenario analyses for determining resource potential, defining intervention options, evaluating operating rules, 

assessing system behavior and estimating the need and severity of restrictions (DWA, 2000). The models undertake 

both historic and stochastic analyses and utilize a penalty system for implementing operating rules.  

The WRYM and WRPM were utilized to identify where the operation and management of the system could have been 

improved; where timeous interventions may have mitigated the severity of the drought; the need for augmenting the 

City’s water supply; and how often the augmentation schemes would be utilised. Through multiple simulations and 

model validation simulations a series of catchment management and operational factors which could be improved were 

identified. These investigations identified that the CoCT required additional long-term water resources. The focus then 

shifted to selecting an economic and diverse mix of augmentation options (including how often these systems would 

be operated).  
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Figure 1  Overview of the Western Cape Water Supply System - Geographic (Department of Water 

Affairs, 2009) 

 

 
Figure 2  Extract of the WCWSS WRYM 

 

Results and Discussion 

This study identified that operational inefficiencies and a failure to prevent the spread of alien invasive vegetation had 

impacted on the yield of the system during the drought. Improved management of the WCWSS’s catchments and 

operation of the infrastructure, could have mitigated the severity of the drought as dam levels could have been 
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significantly higher. The study did however find that the CoCT’s ability to supply water throughout the drought was 

in part because of the resilience of the system which is a result of the long-term planning over the last few decades.  

A series of short-term analyses proved that there was no practical way the CoCT might be able to ‘build itself out of 

the drought’ and that for at least 3 years there was a need to focus on demand side management as opposed to supply 

side augmentation. Once this was recognised the study was refocused towards long-term planning to mitigate any 

potential repeat of the current drought. The investigations found that the yield of the system had decreased by 

approximately 5% due the spread of Alien Invasive Plants (AIP) and having updated the stochastic hydrology 

parameters to include the last 13 years’ hydrology. This update had significant consequences for the CoCT’s water 

security as it resulted in a decrease in the available resources and meant there was a need to bring forward plans to 

implement various water supply augmentation options. An important finding from having updated the hydrology and 

stochastic parameters was that the previously used parameters were based on a dataset that was not fully representative 

of the climate. Updating the parameters with an additional 13 years of data reflecting an additional below average 

rainfall period resulted in an increase in expected frequencies for various droughts – Figure 3. 

A detailed analysis of possible augmentation options highlighted that while augmentation was required to provide 

security during droughts, it was very likely that these schemes will frequently not be utilized i.e. if the WCWSS 

experienced average runoff there would be adequate water resources for the foreseeable future. This information was 

utilized to inform the selection and phasing of augmentation options to supply the CoCT.  

 

 

Figure 3  Increase in in the frequency of droughts (Aurecon, 2018) 

 

Contributions of the work  

This study has investigated how various factors including, among others, climate change, operations, management, 

planning, and water conservation and demand management (WC/WDM) have contributed to, or mitigated the severity 

of the ongoing drought. The most significant contribution of this study is that it demonstrates the importance of, inter 

alia, the following: 

 Planning 

 Long term planning is essential to ensuring system resilience to extreme events. 

 Planning needs frequent, comprehensive review, including the update of all inputs to models, decision-

making tools etc. 

 Maintenance, Monitoring and Management 
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 Optimal management, maintenance and monitoring can help to mitigate the severity of a drought. 

 Monitoring, even during non-drought periods, is crucial for ensuring proactive management rather than 

reactive management of water resources.  

 Vision and Values 

 Critical aspects of drought management are: 

 Stakeholder’s understanding of how water supply would be managed through a drought of the magnitude 

experienced.  

 Both the urban and agricultural sectors’ understanding of how and when restrictions would be 

implemented and eased. 

 Users’ understanding that over abstraction of water, even in non-drought years, can compromise the water 

security during a drought. 
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Central message  

By identifying the characteristics of ecological factors in the wetland, it is possible to increase the efficiency of the 

treatment facility.  

 

Keywords: Constructed wetland, Ecological  Factor, Iris ensata var. spontanea, Pollutant reduction, 

Stormwater runoff 

Materials and Methods 

The HSSF Constructed Wetland(CW) was located at Kongju University in Cheonan, Chungnamdo, South Korea and 

treats rainwater runoff from roads and parking lots. The HSSF CW having a size of 7 ×1×0.7 m (L× W ×
H) consisting of  sedimentation tank, vegetation zone and outflow. Sand, gravel and woodchip were used as filter 

media in this facility. The ratio of facility surface area to catchment area is 1.4%. Iris ensata var. Spontanea was planted 

in the vegetation zone of the small HSSF wetland. Monitoring was conducted for about 9 years from 2010 to present. 

In order to analyze the environmental factors through the plants in the wetland, monthly monitoring of plant growth 

and chlorophyll were performed. In order to understand the environmental impact of wetlands, samples were taken 

according to the effluent treatment direction of the facility. In addition, microbial analysis was performed on soil 

collected once a month. The summary of the sampling point of facility was illustrated in Figure 1.  

Results and Discussion 

Figure 2 showed that the inflow pollutant mean concentrations entering the HSSF CW were 143.3 mg/L, 155.2 mg/L, 

8.5 mg/L and 0.56 mg/L for TSS, COD, TN and TP, respectively while the outflow pollutant mean concentrations 

were 47.7mg/L, 80.2 mg/L, 6.4mg/L and 0.32mg/L for TSS, COD, TN and TP, respectively. Table 1 summarized the 

average pollutant concentrations in soil along the media zone of the HSSF CW. In general, soil pollutant concentrations 

at four points of the facility were high in P1 and P4. Considering pH, there was no difference in pollutant concentration 

along the CW length, while TN and TP were found to have high variability along the filter and plant zone. Especially, 

heavy metals were found to have the highest concentration of P1 flowing directly from sedimentation sites. This was 

affected by the influx of influent directly from the stormwater runoff and while due to the stagnant runoff in the effluent 

part, higher concentration of pollutant was observed compared to P2 and P3. 

mailto:leehyung@kongju.ac.kr
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Contributions of the work 

During storm events, runoff generated in watersheds carried a variety of non-point source (NPS) pollutants including 

toxic organic materials, nutrients and heavy metals which are detrimental to the ecosystem. NPS pollutants were 

released into the water body causing water pollution and aqua-ecosystem destruction. In order to solve these problems, 

techniques including the use of low impact development (LID) and green infrastructure (GI) were implemented for the 

restoration of natural hydrologic cycle and ecological effect. In this study, monitoring of constructed wetlands was 

conducted to identify the effect of environmental factors on the irises in HSSF wetland. Particularly, the effect of HSSF 

CW environment on soil, microbial and vegetation environment was studied. Appropriate environment is needed for 

microorganisms and plants to adapt to the CW environment. However, in South Korea, only the function evaluation 

study of the Constructed Wetland has been carried out, and the research on the wetland environment such as plants has 

been lacking. By identifying the characteristics of ecological factors in the wetland, it is possible to increase the 

efficiency of the stormwater treatment facility. The composition of microorganisms in soil media will be discussed on 

the presentation. 

Acknowledgments: This work was supported by Korea Environment Industry & Technology Institute (KEITI) 

through Public Technology Program based on Environmental Policy Project, funded by Korea Ministry of 

Environment(MOE)(2016000200002). 
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Figure 1. Concentration of influent and effluent of wetland 

 
Figure 2. Concentration of influent and effluent of wetland 

Table 1. Concentration of  soil in Constructed wetland by distance 

Sampling 

point 
pH 

Conductivity T N T P Cr Cu Zn Cd Pb 

ug/cm mg/kg 

P1 5.21 37.68 178.91 148.96 1.08 3.22 26.32 0.73 10.36 

P2 5.26 16.81 36.35 151.24 0.98 1.13 7.07 0.66 3.86 

P3 5.77 35.57 97.65 299.75 1.06 0.99 3.88 0.65 2.75 

P4 5.26 24.23 111.99 183.88 1.01 1.24 6.69 0.65 3.61 
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Central message 

River flow data is used for the effective management of water resources. This data, however, is probabilistic in 

nature and thus present inherent difficulties in flow measuring. 

Keywords: flow measuring, weirs, three-dimensional flow, physical modelling, river 

Purpose of Investigation  

The available literature on flow measuring in rivers, with a specific focus on the challenges faced in South African 

(SA) rivers, was reviewed in this paper. Developing flow data records for SA is made more complex due to abrupt 

changes in river flows as a result of the high climate variability. Low flows in rivers are generally measured using 

structures, known as weirs, that are built perpendicular to the flow direction to raise the upstream water level in such 

a way that the flow rate can be calculated using a single water level reading (Wessels & Rooseboom, 2009). Measuring 

high flows, such as floods, is generally achieved by using back-water calculations and observed flood markers. A 

combination of high and low flow measurements is then used to develop a rating table, as plotted in Figure 1, for each 

specific weir. The structure can be rated up to its measuring capacity using the current mathematical relationships 

developed for weirs (green curves). At some point above this capacity, the weir’s influence on the water levels is no 

longer significant after which back-water calculations are used to estimate the flow rates (purple curve). The results 

obtained from the back-water calculations can only be trusted if the transition between low and high flows is accurately 

estimated (red curve). The rating of the weir in this transition zone has not been well documented and falls outside the 

limits of the current mathematical relationships. Therefore, the study discussed in this paper aims at determining the 

nature of the error made in this region of uncertainty. 

 

 
Figure 1. Rating curve for a typical weir structure 
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Discussion and Findings 

Solving complex river flow problems generally requires observation and measurement, visualization of the process, 

development of conceptual models, conversion into mathematical relationships and computational programming to 

solve the problem (Alexander, 1979). All of these requirements have been extensively applied for low flows in rivers 

and resulted in the development of weir structures with known mathematical discharge relationships. Within the flow 

measuring capacity of these weirs, the mathematical relationships may be applied with confidence and can be used to 

estimate river flow to great accuracy. In contrast, three-dimensional flow is introduced when the flow measuring 

capacity of these weirs are exceeded, this presents an adverse problem that needs to be solved. Potential energy, caused 

by the rise in water level due to the presence of the weir in the river stream, is converted into kinetic energy when the 

flow is initiated. This kinetic energy becomes difficult to define when turbulent water is present (three-dimensional 

flow) and is often described as a loss in energy. 

A physical model of a weir structure was built at the Department of Water and Sanitation hydraulic laboratory, SA 

(shown in Figure 2). The model consisted of a higher and lower weir crest with filler walls isolating the weir sections 

from the side walls of the channel.  Water level measurements upstream of the weir with were observed and used to 

calculate the flow over each individual component using the current mathematical relationships.  The total flow (Qcalc) 

was then taken as the sum of the individual flow rates and finally compared to the model input flow rate (Qinput). The 

input flow rate was accurately measured with a magnetic flow meter on the model flow supply line. The results showed 

an overestimation of the calculated flow rates (Qcalc > Qinput) when flow started to overtopped the filler (and divider) 

walls. This error indicates that energy losses, resulting from three-dimensional flow, are unaccounted for in the current 

mathematical relationships. These energy losses could be made up by: (1) a reduction in the effective flow area due to 

contraction of flow lines resulting from the presence of the divider and flank walls; (2) the potential influence of the 

exaggerated divider and flank wall widths; and (3) the cross-flow over the divider and flank walls. 

 

 

 

 
Figure 2. The physical model of a weir structure used in the study 

 

Contributions of Work 

 
It would be financially and practically impossible to build weirs in rivers that are capable of measuring the entire range 

of flow rates that are experienced in SA rivers to the same degree of accuracy. Extensive research on the accuracy of 

weirs, within their flow measuring capacities, has been done over the years. However, when weirs operate above their 

intended capacities, three-dimensional flow is observed as a result of the presence of divider and flank walls. This 

causes uncertainty in the application of the current mathematical relationships, as these relationships were developed 

with the assumption of parallel flow lines. The study presented in this paper concluded that an overestimation in the 

measured flow rate was observed when the modelled weir exceeded the flow measuring capacity. This proves the 

inadequacy of the current mathematical relationships to predict flow rates when three-dimensional flow is present. A 
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set of adjustment factors, which could be applied to these relationships, need to be developed in order to accurately 

calculate river flow rates between low and high flow conditions. The study presented serves as a valuable basis for the 

development of these adjustment factors.  
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Central Message  
Catchment and estuaries are prone to degradation due to anthropogenic impacts which may require management 

intervention. A question arises whether a model is a suitable tool to derive hydrological information that aids decision 

making?  

Keywords: HEC-HMS, MUSLE, Mlalazi Catchment  

 

Material and Methods  

The Mlalazi Catchment is a coastal catchment that lies between the Ngoye Hills and the Indian Ocean in the north-

eastern region of South Africa. The Catchment drains into the Mlalazi Estuary near the town of Mtunzini in northern 

KZN (Figure 1). 

Five meter elevation contours and spot heights data was used to create a 10 by 10 m resolution Digital Elevation Model 

(DEM) which was used for the delineation of the sub-catchments using the derived river networks in the Mlalazi 

Catchment through the application of the HEC-GeoHMS extension tool in the ArcMap platform. The derived Mlalazi 

Catchment covers a surface area of 397 km2.  

Rainfall records for several sites in and around the Mlalazi Catchment were provided by the Department of Water and 

Sanitation (DWS), South African Weather Services and the Hydrological Research Unit (Figure 2). Additional daily 

rainfall and evapotranspiration data was extracted from a SAPWAT4 modelling tool (van Heerden et al., 2016). There 

were short flow records available for six weirs in the KwaGugushe Catchment taken from DWS database (Figure 3).  

Based on a general comparative analysis of MIKE SHE, SHETRAN, ACRU and HEC-HMS, and taking into 

consideration the availability of the model code, the data requirements for the model and the academic support, the 

HEC-HMS was selected as the preferred model. HEC-HMS data is spatially distributed as GIS raster; which makes it 

easy for data preparation in ArcMap. A semi-distributed model like the HEC-HMS has allowed the simulation of 

runoff with less data requirements compared to a fully distributed model.  

HEC-HMS model was developed, calibrated, validated and applied for simulation of runoff, erosion and sediment 

transport. The HEC-HMS model setup consisted of four primary components, the basin model, meteorological model, 

control specification and input time series data. An event and a continuous approach were used in the development of 

the model. Calibration and validation was done at delineated sub-catchments for flow gauging station W1H012; 

W1H015; and W1H004 for the runoff model. In order to obtain reasonably correlation between observed and simulated 
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hydrographs, initial values were determined, an optimization trial was ran in and evaluated using the Nelder and Mead 

method. The event calibration was based on two cyclonic storm events, namely the Domoina and Imboa, and the 

validation was on two other selected events. Calibration and validation for continuous simulations was done for 9 years 

respectively. The Nash-Sutcliffe Efficiency (NSE) and overall Root Mean Square Error (RMSE) were used to evaluate 

the model performance. Erosion was simulated using the Modified Universal Soil Loss Equation (MUSLE). The 

erosion 2 model was not calibrated due unavailability of observed data, but parameters were estimated from land use, 

DEM data and from other studies in this region found in literature.  

 

Results and Discussion  
The calibration period simulated runoff and their comparison to observed stream flow for stations W1H015 and 

W1H012 are given in Figures 4. The comparison was done on a log scale and also by the use of cumulative graphs. 

Generally for W1H015 peaks flows and low flows were well simulated, while for W1H012 peak flows and low flows 

were slightly underestimated. The NSE for W1H015 is 0.71 and 0.78 for W1H012. According to Chiew and McMahon 

(1993), an NSE value greater than 0.6 suggest a reasonable modelling of runoff. The simulated RMSE for W1H015 

was 0.3 m3/s and 1.4 m3/s for W1H012. The RMSE for W1H015 was reasonably close to zero, while it was reasonable 

for W1H012.  

The comparison of observed and simulated flow for the validation period is also given in Figure 5 below. The NSE at 

station W1H015 was 0.62 and the RMSE was 0.4 m3/s. The NSE for W1H012 was also 0.62, while the RMSE was 

2.8 m3/s. The results obtained for the validation period are satisfactory and acceptable for rainfall-runoff simulations.  

 
Upon development of the model for Mlalazi Catchment, its calibration and validation, the model was applied in the 

long term continuous simulation of flows and sediment load from the Mlalazi Catchment. The flows were computed 

on a daily time step from January 1950 to March 2018 (68 years). The MUSLE sediment erosion model was also 

setup to run simulations of erosion and sediment yield from the Mlalazi Catchment.  

 

Contributions of the work  
Many of the anthropogenic impacts on catchment and estuarine systems are generally derived from subjective expert 

opinion in South Africa. It was concluded that the use of a calibrated HEC-HMS model in the Mlalazi Catchment 

which is characterised by limited observed data was the most pragmatic approach to derive flows and sediment yield 

data. The sediment yield results are reproducible and comparable to other regional studies. It was recommended that 

when the Ecological Water Reserve study for Mlalazi Esturary is done by DWS in future, the flows produced from 

this study are used.  

 

References  
Chiew, F.H.S and Mcmahon, T.A. (1993). Assessing the adequacy of catchment streamflow yield estimates. 

Australian Journal of Soil Research 31, 665–680.  

Van Heerden, P.S and Walker, S. (2016). Upgrading of SAPWAT3 as a management tool to estimate the irrigation 

water use of crops, revised edition SAPWAT4. WRC Report TT 662/16, Water Research Commission, Pretoria, 

RSA.   



79 

Paper ID: 4263658 

 

What can we do beyond 2050? Long-term adaptation in Boston and New York 

*Dalia Munenzona, **Matthijs Bouwb 

a  Associate, One Architecture & Urbanism, 54 Old Colony Rd. Boston, munenzon@onearchitecture.nl 
a  Founding Principle, One Architecture & Urbanism, 35 E. Broadway NYC, NY, bouw@onearchitecture.nl 

Central message  

This session uses case studies of coastal resilience plans in Boston and New York to discuss building long-term 
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Introduction 

According to 100 Resilient Cities (100RC), a Rockefeller Foundation initiative funding the development of resilience 

strategies in cities around the world, urban resilience is “the capacity of individuals, communities, institutions, 

businesses, and systems within a city to survive, adapt, and grow no matter what kinds of chronic stresses and acute 

shocks they experience.”1 

100RC and many similar initiatives – among others, C40 and the International Council for Local Environmental 

Initiatives (ICLEI) – have adopted resilience as a steering principle. One of their central directives is organizing cities 

and communities to cope with the risks of climate change in an era of steadily more extreme superstorms such as 

Hurricane Sandy in New York (2012) and Typhoon Yolanda or Haiyan (2013). This process has, in turn, triggered a 

number of urban and regional-scale design competitions and visioning plans for how (especially coastal) cities should 

be planning long-term adaptation to sea level rise, storm surge, extreme heat, inland flooding, eroding infrastructure, 

and other climate / urban vulnerabilities. 

Many of these plans use mid-century (2050) and end-of-century (2100) projections as benchmarks for risk projections, 

thus tethering design strategies to finite time periods and goals. In this paper, we will explore what happens when we 

look beyond these projections to even longer-term goals, imagining forms of resilience able to adapt to changing 

environmental, social, political, and economic circumstances far after 2100.  How will precedents for resilience set by 

today’s design practices and coalition-building influence decisions made decades later? How can we build adaptive 

capacity for climate change and related stresses in the long-long term? 

Materials and Methods or Description of Intervention  

Resilience versus sustainability and the master plan machine 

These questions form the backbone of the Dutch design and planning firm One Architecture & Urbanism (ONE), 

which has honed its expertise in large-scale resilience planning and infrastructure in the United States following its 

winning proposal for the 2014 Rebuild By Design competition: The BIG U. Since then, ONE has been at the forefront 

of a vanguard group of resilience planners, many in Boston and New York, using the framework of “flexible adaptation 

pathways” – an approach acknowledging the uncertainties of future climate conditions and the need for multi-layered, 

iterative responses in systems as complex as a city or urban watershed.  

This approach has been largely informed by the New York City Panel on Climate Change (NPCC1) formed in 2007 

by Mayor Bloomberg, which developed guidelines for risk management centering the ability of plans to evolve through 

time to meet changing risk projections, vulnerabilities, as well as physical, environmental, social, and economic 

circumstances. These guidelines, both in terms of risk projection and design standards (to cope with increasing heat, 

                                                      
1 http://www.100resilientcities.org/resources/#/-_Yz47ODU4NidpPTEocz5j/  

mailto:munenzon@onearchitecture.nl
http://www.100resilientcities.org/resources/#/-_Yz47ODU4NidpPTEocz5j/
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precipitation, heat level rise, and other stressors) surfaced in the form of reports by the Mayor’s Office of Recovery 

and Resiliency (ORR) and many other city agencies, as well as the ongoing revisions to the City’s OneNYC plan. 

Results and Discussion  

In order to successfully advance resilience projects into implementation, ONE has adopted an ad hoc coordinator / 

integrator role between city agencies, private contractors (mostly in design and engineering), and public interest 

groups. In the several decades of this practice, ONE has come to view this highly collaborative planning role as central 

to any design process geared toward short-term implementation and long (-long) term goals. The consequences of this 

mediatory role have become clearest in ONE’s projects in New York and Boston. 

Contributions of the work  

These projects typify a new approach to planning: multiscalar work pairing rigorous, adaptive design techniques with 

equal importance placed on strong community partnerships, social resilience, policy consciousness, and incremental 

dialogue to face ever-changing strains on vulnerable cities. 

In cities like Boston and New York – both of whose urban coasts have been expanded through land reclamation – 

capitalist frameworks of governance and private interest remain invested in the expansion of shorefront development 

ignoring common-sense resilience strategies following even the harshest of storms. Today, nearly 12.3 percent of new 

residential units in New York (one in eight) is built in “a high risk flood zone, up from 10.7 percent in 2014 … last 

year, 2,362 flood-zone units were completed – nearly double the number delivered in 2014”2. 

This stark disconnect from the ages-old Dutch practice of “controlling nature” and its contemporary emergence as the 

McHargian philosophy of “designing with nature” has led us to pursue resilient design over the sustainable. Resilience 

presents designers, engineers, and policy leaders with a flexible toolkit rather than a goal or quota, and thorough 

integration with scientific considerations accommodating the certainty of large-scale ecological shifts in years to come. 

Sustainability, defined by Merriam-Webster as “a method of harvesting or using a resource so that the resource is not 

depleted or permanently damaged,” plateaus efforts toward a flatline goal, most commonly associated with finite 

carbon sequestration, renewable resources, and emission caps. Resilience thinking, while including many of the same 

priorities, also accounts for unanticipated shifts in climate (SLR and meteorological) projections, the ever-changing 

context of environmental and social risks 

  

                                                      
2 https://www.nytimes.com/2018/07/06/realestate/luxury/new-buildings-rise-in-flood-zones.html  

https://www.nytimes.com/2018/07/06/realestate/luxury/new-buildings-rise-in-flood-zones.html
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Central message 

The performance of UV-LEDs was compared to that of conventional mercury lamps with respect to removal of 

micropollutants in drinking water.  

 

Keywords: UV-LEDs, advanced oxidation processes, UV dose determination.  

 

Materials and Methods or Description of Intervention 

To measure the average fluence in a UV-LED system and study the degradation kinetic of micropollutants a setup 

containing UV-LEDs equipped with proper thermal management components was built and placed inside a box with 

UV absorbing wall surfaces. The UV-LED was secured to the heatsink equipped with a cooling fan. A collimating 

module was placed between the UV-LED component and the petri dish to achieve collimated enough radiation on the 

petri dish. In order to quantify, control, and measure the collimation, the recently published protocol1 for measuring 

the UV dose in UV-LED systems was implemented. This setup was designed to be modular to accommodate 

radiometry and actinometry experiments by interchanging the detector module (radiometry) and the petri dish module 

(actinometry). 

For the first time, we have implemented a UV dose determination protocol for UV-LED/chlorine process to study the 

degradation rate of carbamazepine. Chemical degradation experiments were performed in a batch reactor in a 25-50 

mL petri dish. 

 

Results and Discussion  

Based on the experimental results it was concluded that the radiation distribution of the UV-LEDs can significantly 

impact the measured UV dose in water studies. The inaccurate UV dose measurement in UV-LED systems may lead 

to deceptive measured UV dose and result in inaccurate comparison between UV-LEDs and other UV sources such as 

conventional mercury lamps. UV dose measurement following the proposed protocol for the studied UV-LED assures 

an accurate UV dose values and it was demonstrated that peak wavelength of the UV-LED has a significant impact on 

the performance of the reaction. 

For the first time, UV dose determination protocol was implemented for UV-LED/chlorine process and derived 

quantum yields for HOCl and OCl- photolysis. Moreover, by incorporating the accurate dose calculation with the 

kinetic model at steady state, the role of each free radical to remove aqueous target micropollutants was estimated. 

Carbamazepine was used as a model micropollutant, and its degradation was investigated under controlled laboratory 

condition by UV-LED/Chlorine. The results were compared with mercury lamp experiments and it was concluded that 

not only does the peak wavelength of the UV-LEDs, but also the effluent pH has a significant impact on the degradation 

rate of the micropollutant.  

 

Contributions of the work 

UV-LED application for water treatment has been studied in the literature without considering the effect of radiation 

distribution inside the petri dish or on the surface of the petri dish. In a recent research, a protocol was proposed as a 

guideline to determine the UV dose more accurately for UV-LED systems, which demonstrated the importance of 

radiation distribution inside the petri dish. However, the quantified impact of this radiation distribution was not studied. 

In the current study, we studied the importance of accurately measuring UV dose in UV-LED systems for the 

micropollutants removal. The quantum yields for HOCl and OCl- photolysis in a UV/Cl process were measured in 

some studies but they come in a wide range2. Since the quantum yield calculation is highly dependent on the UV dose 

calculation, by implementing the UV dose determination protocol, more accurate quantum yields for HOCl and OCl- 

photolysis at the peak wavelength of the UV-LED was measured. The quantum yield calculation leads to better 
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understanding of the removal of different micropollutants in UV/Cl process and it makes it more accurate/reliable to 

compare with other UV sources. 
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Central message  

This work analyzes an integrated continuous forward osmosis system for the recovery of water from wastewater 

streams, highlighting critical process parameters to minimize energy consumption. 

Keywords: Water conservation, wastewater recovery sustainability 

Materials and Methods  

Forward osmosis (FO) uses a concentrated draw solution to spontaneously pull water across a semipermeable 

membrane from an effluent, rejecting and concentrating effluent contaminants. An integrated forward osmosis process 

consists of two stages: the membrane and the draw solution regeneration processes. Although the FO membrane 

process occurs spontaneously, energy is required to recover water from the draw solution. Thermolytic draw solutions, 

such as TMA-CO2-H2O, are removed by means of a thermal separation, which in this study is achieved via a stripping 

column. The subsequent regeneration occurs in a condenser. 

Forward osmosis experiments were performed using various chloride salts, and the intrinsic membrane parameters 

(water permeability, draw solution permeability, and structural parameter) were determined via nonlinear regression 

using MATLAB. This experimental data was then used to validate a theoretical model, which was subsequently applied 

to simulate the FO performance of a TMA-CO2-H2O thermolytic draw solution. A circumscribed central composite 

design was used to simulate the effects of both draw and feed solutions on the membrane-stage parameters: water flux, 

reverse draw solution flux, and draw solution outlet concentration. Building on previous work investigating the draw 

solution regeneration stage for the TMA-CO2-H2O thermolytic salt (Kolliopoulos et al., 2018), simulations of the 

energy consumption were performed using OLI Studio software. 

For the FO membrane experiments, an asymmetric cellulose triacetate (CTA), purchased from Fluid Technology 

Solutions (FTS), was used. The membrane was oriented so that the active layer faced the feed stream in a rectangular 

stainless steel CF042-FO cell, purchased from Sterlitech. The FO cell was operated counter-currently in a closed-loop, 

and both the feed and draw solution reservoirs were of a large enough volume to ensure a constant concentration. Metal 

ion concentrations were determined using inductively coupled plasma-optical emission spectrometry (ICP-OES). Prior 

to this analysis the samples were diluted 50x and 1000x for the feed and draw solution samples, respectively. The 

water flux was determined based on the draw solution mass change, while the reverse salt flux was determined based 

on the final solute concentration in the feed.  

Results and Discussion 

By analyzing the flowrate effects in the membrane stage, it was determined that the water flux is maximized at high 

draw solution flowrates and low feed flowrates; however, these conditions are impractical for real-world applications 

and it is recommended to use both high feed and draw solution flowrates. 

Additional analysis of the energy efficiency of the TMA-CO2 draw solution regeneration stage revealed that the draw 

solution flowrate has a significant effect on energy consumption. However, even though the feed stream crossflow 

velocity affects the membrane stage performance it has a negligible effect on the overall process energy consumption 

(Figure 1). 
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Figure 1. Effect of Membrane Stage Flowrates on Overall Energy Consumption 

 

Energy consumption is maximized at high draw solution flowrates and it plateaus at a draw solution flowrate of 1500 

g/h. These results indicate that process flowrates optimization is essential for an economical forward osmosis process 

operation, as the energy consumption can decrease up to 15% by adjusting the draw solution flowrate. 

Contributions of the work 

The impact of hydrodynamic conditions on forward osmosis performance has been analyzed in a previous study 

(Phuntsho et al., 2014); however, the interaction effects between the feed and draw solution flowrates have not yet 

been studied. Additionally, there is no analysis of how changes to the flowrate in the membrane stage affect the 

downstream draw solution regeneration process. This research investigated the effects of hydrodynamic conditions in 

the membrane stage on the energy consumption of the integrated forward osmosis process (membrane and draw 

solution regeneration stages). The dependence of the water and reverse draw solution flux on the feed and the draw 

solution flowrates was also examined.  

As predicted, both the feed and the draw solution flowrates affect the forward osmosis performance; both the water 

flux and reverse draw solution flux increase with increasing stream flowrate. However, the draw solution flowrate has 

a greater effect on the system performance than that of the feed stream. By considering the interaction effects of both 

the feed and draw solution flowrates, the optimal conditions for FO operation, i.e., maximization of the water flux and 

minimization reverse flux, were determined.  

Further analysis is required to determine the flowrate effects for alternative draw solution regeneration processes (eg. 

reverse osmosis, coagulation, and etc.) and optimization studies are required on a case-by-case for all forward osmosis 

applications. 
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Central Message 

Field evaluation of ion exchange process, operated in biological mode (hereby called biological ion exchange) for 

removing natural organic matter (NOM) from surface water, to minimize using brine as a regenerant and to address 

the concern around brine disposal in small and remote communities. 

 

Keywords: Biological ion exchange (BIEX), Natural Organic Matter (NOM), Drinking water 

 

Materials and Methods 

This pilot study was performed to assess the efficacy of BIEX for the removal of NOM from a surface water supply 

(Middle River) serving the Indigenous community of Dzit’lain’li (British Columbia, Canada). Table 1 demonstrates 

some characteristics of the river source water. Two parallel and identical packed bed ion exchange columns, operating 

without regeneration, were used to evaluate the long-term operating conditions for effective removal of NOM. The 

columns were filled with strong base anionic ion exchange resin, and each column was operated with an empty bed 

contact time of 30 minutes and filtration velocity of 1 m/h. The performance of the system was assessed by monitoring 

the concentrations of dissolved organic carbon (DOC), representing NOM concentration, and different anions (Cl-

,NO3- and SO42-) and UV absorbance/transmittance of water (e.g., UV254 and UVT). In addition, several other water 

quality parameters (e.g., THM, BDOC, ATP) were monitored on a less frequent basis. 

 

Results and Discussion 

For approximately 9 months of operation and up to 13,000 Bed Volume (BV: Treated water (L) / Resin (L)), the BIEX 

columns provided effective removal of NOM (Fig. 1). The DOC concentration in the effluent increased slightly from 

1 ppm to just under 2 ppm, during the initial phase of resin exhaustion. After resin exhaustion (based on chloride 

release), the outlet DOC remained nearly constant at around 2 ppm, providing around 60% from the inlet concentration 

of 5-6 ppm. Also, UV transmittance of the treated water increased from 75% (in the inlet) to between 90-95% in the 

outlet, throughout the study. Further, a significant reduction was observed for THM-UFC of the water treated by BIEX 

columns which were meeting Health Canada Guideline. Concentrations of chloride in the effluent as well as ATP tests 

from the columns indicated that the resins were indeed saturated and microbial activities (biofilm formation) were 

responsible for the efficient NOM removal. The result obtained from size exclusion chromatography (i.e., HPSEC) 

tests on the treated waters showed that the system was able to remove the majority of UV absorbing and higher 

molecular weight compounds of NOM. 

 

Contributions of the work 

Earlier lab scale research at UBC (Winter et al., 2018) indicated that efficient NOM removal (> 50%) could be achieved 

in a Biological Ion Exchange (BIEX) system at an extended time to a breakthrough. Also, a pilot-study in Quebec 

(Amini et al., 2018) confirmed the earlier results and studied the long term performance of the system. Therefore, the 

aim of this pilot study was to further explore the efficacy of the BIEX process at removing NOM under field conditions 

and the obtained results demonstrated that BIEX was indeed very effective at removing NOM efficiently over the 

course of the study, without regeneration of the resin with brine solution. The promising results of this study have been 

used towards the design of a full scale BIEX system, aiming to eliminate the long term drinking water advisory 

currently in place. 
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Table 1. Source water characteristics 

 
References 

Winter, J., Wray, H., Schulz, M., Vortisch, R., Barbeau, B., Berube, P. (2018). The impact of loading approach and 

biological activity on NOM removal by ion exchange resins, Water Research, (134) 301-310 

Amini, N., Papineau, I., Storck, V., Bérubé, P., Mohseni, M., Barbeau, B. (2018). Long-term performance of biological 

ion exchange for the removal of natural organic matter and ammonia from surface waters. Water Research, (146) 1-9  



88 

Paper ID: 4262590 

 

 Is Energy Neutrality Worth It? Comparative Assessment of Different Primary Treatment Technologies  

M. Gupta a,*,** , G. Sridhar a, D. Santoro b, G. Nakhla a  

 

aDepartment of Chemical and Biochemical Engineering, Western University, 1151 Richmond St, London, Ontario, 

Canada N6A3K7; mgupta55@uwo.ca  

bTrojan Technologies, 3020 Gore Rd, London, Ontario, Canada N5V4T7; dsantoro@trojanuv.com  

* Presenting author  

** Corresponding author  

 

Central message  
Four different primary treatment options, including no-primary, rotating belt filter (RBF), chemically-enhanced 

rotating belt filter (CE-RBF), and primary clarification (PC), were evaluated for compatibility with biological nitrogen 

removal (BNR) wastewater treatment plants (WWTPs) as well as operational cost estimates associated with each 

option. RBFs offers an alternative level of treatment (to primary clarification), which selectively removes particulate 

solids only. Additionally, excessive carbon removal by CE-RBF compromised overall nitrogen removal, although CE-

RBF would be an ideal carbon diversion option in low COD/N utilizing processes such as anammox.  

Keywords:  
Carbon diversion, microsieving, nitrogen removal  

 

Materials and Methods  
Raw wastewater (RWW; screened and degritted) and primary clarifier (PC) effluent was collected twice a week from 

the Pottersburg Wastewater Treatment Plant (WWTP) in London, Ontario, Canada. RWW was sieved through a 350 

μm microsieve to simulate Rotating Belt Filter (RBF) effluent. Chemically enhanced-RBF (CE-RBF) was simulated 

by adding 10 mg/L ferric chloride (as Fe3+) followed by 2 mg/L polymer, and thereafter sieving through the 350 μm 

sieve. Biomass was enriched in four laboratory-scale anoxic-aerobic sequential batch reactors (SBRs) with a working 

volume of 2 L and seeded with sludge from the nitrifying Pottersburg WWTP. The SBRs were operated with a cycle 

time of 6 h, at room temperature (22 oC to 24 oC). Each cycle consisted of 10 min anoxic fill, 1.25 h anoxic period 

and a 3.5 h aerobic period (dissolved oxygen concentration from 3-4 mg/L), followed by 1 h settling, and 0.25 h 

decanting. A fill ratio of 0.35 was used. The mixed liquor suspended solids (MLSS) wasting rate was 0.2 L/d to 

maintain a solids retention time (SRT) of 10 days (Gupta, 2018).  

 

Results and Discussion  
The influent characteristics of the RWW at Pottersburg were: TSS, 190±22 mg/L; total chemical oxygen demand 

(TCOD), 477±80 mg/L; total nitrogen (TN), 52±8 mg/L; and total phosphorous (TP), 5±0.8 mg/L. The three primary 

treatment technologies, RBF, CE-RBF, and PC achieved 41%, 88%, and 60% TSS removal, respectively. Additionally, 

it was observed that the RBF removed up to 7% TN, 15% TP, and 32% TCOD, while the CE-RBF removed 14% TN, 

82% TP, and 67% TCOD. The PC removed 25% TN, 35% TP, and 47% TCOD. The TCOD/TN ratio in the four 

wastewaters was different, with the highest ratio of 8 in RWW, compared to 6 in RBF, CE-RBF at 3, and PC at 6 

(Gupta, 2018).  

The four SBRs achieved comparable TSS removal, TCOD removal, and ≥90% nitrification (~2 mg/L effluent 

ammonia), while denitrification was impacted with overall TN removal of 54%, 45%, 30%, and 29% for the RWW, 

RBF, CE-RBF, and PC-SBRs, respectively. The low TCOD/TN ratio and SCOD/TN ratio ranging from 2-3 caused 

carbon limitation and therefore, reduced denitrification capacity in the SBRs, particularly in CE-RBF and PC-SBRs. 

Moreover, denitrification in the CE-RBF SBR was observed to be biomass limited. Based on the results, it was 

concluded that high TSS removal in the primary treatment step, especially in low-strength wastewaters, can lead to 

decline in total nitrogen removal efficiency as the COD present in the wastewater becomes insufficient for 

denitrification (Gupta, 2018).  

The potential energy demand and recovery for a 1 MGD plant with (1) no primary treatment, (2) RBF, (3) CE-RBF, 

and (4) PC, were compared using the experimental results from this study, i.e., the same influent and effluent quality 

and the same biological sludge yields to meet effluent BOD5<20, TSS<20, NH4-N<3, TN<10, and TP<1 mg/L. 

Anaerobic digestion efficiencies of primary sludge and waste activated sludge were assumed to be 55% and 45%, 

respectively. CE-RBF was the most energy positive scenario since it had the lowest aeration energy demand as well as 

the highest methane energy recovered (Fig. 1a). Preliminary operational cost estimates were also conducted based on 

aeration energy ($0.17/kWh), glycerol supplementation ($2.0/gal), solids disposal ($100/ton of dry solids), chemical 
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phosphorous removal ($1.04/lb FeCl3), chemicals for primary treatment (essentially for CE-RBF case; $1.92/kg 

polymer), and methane energy credit ($10/GJ). Based on the estimated annual operating costs depicted in Fig. 1b, it 

can be observed that the overall operational costs for all the four primary treatment options were comparable. This 

changes the original question to “Is the chase for energy neutrality cost effective and sustainable in the long run?”  

 

Contributions of the work  
In light of the definite paucity of information on the performance of the RBF as a primary treatment stage in biological 

nitrogen removal (BNR) schemes, in this paper, three primary treatment options (microsieving, chemically-enhanced 

microsieving, and primary clarification) were evaluated against the no primary treatment scenario by sequencing batch 

reactor studies. RBFs offers an alternative level of treatment (to primary clarification), which selectively removes 

particulate solids only, without impacting nitrification and denitrification processes. Chemically-enhanced RBF is ideal 

for plants trying to achieve BOD and ammonia limits, however, excessive removal of carbon would compromise 

nitrogen removal, especially with low-strength wastewaters. Further validation of RBF as a primary treatment 

alternative includes fermentation of RBF sludge and supplementing fermentate as a carbon source rich in volatile fatty 

acids) to feed secondary biological nitrogen removal processes in order to overcome carbon limitation in CE-RBF.  

 

 
 

Figure 1. (a) Aeration energy demand and methane energy recovery; (b) Cost analysis with different primary treatment 

technologies  
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Central message 

Carbon source is not required for denitrification and sludge becomes the source of protein for further use of foamite or 

foam concrete thermal insulation. 

Keywords:  

Nitrogen assimilation, Sludge increment, Sulfur autotrophic denitrification  

Materials and Methods or Description of Intervention 

A laboratory-scale unit was operated with a combined adsorption-MBR-sulfur/iron autotrophic denitrification process 

to treat real municipal wastewater, and the influent was directly introduced from the rotational flow grit chamber with 

an average wastewater flow of 72 L/d. To research sludge increment caused by activated sludge in the MBR process, 

the experiment comprised two stages. In Stage I (Days 1 to 29), no carbon source was introduced to the MBR process. 

In Stage II (Days 30 to 90), an influent that consisted of a mixture of incoming wastewater from an adsorption process 

and carbon mixture from anaerobic digestion of adsorption sludge was drawn through a submersible pump that 

operated at a constant flow rate. Protein was determined via the acid digestion and Kjeldahl distillation methods. To 

evaluate the sludge increment potential, the value of the observed growth yield (Yobs, gVSS/gCOD) of an activated 

sludge culture under the MBR process was determined from the ratio of the MLVSS increase to the COD reduction of 

the entire treatment. Nitrogen assimilation is described as nitrogen uptake by cell growth, which was based on the 

biosynthesis of intracellular protein from ammonia nitrogen. 

Results and Discussion 

Yobs improved from 0.23 to 0.49 gVSS/gCOD (Fig. 1a) in stage II, which was advantageous for recovering additional 

protein or other resources. Fig. 1b shows the ratio of nitrogen assimilation in the MBR process sludge over the entire 

experiment duration. A sharp decline was observed in the slope, thereby suggesting that good ammonia nitrogen 

removal was mainly due to the high nitrification capacity. Subsequently, the nitrogen assimilation ratio significantly 

increased with the relatively low effluent NH4
+–N and high SOURNit in Stage II, and the final nitrogen assimilation 

ratio reached 0.68±0.08, indicating the conversion of NH4
+–N by the activated sludge in the MBR process tended to 

be due to the biosynthesis of intracellular proteins (Burford et al., 2004). In addition, the average ratio of nitrogen 

assimilation to nitrogen removal increased to 0.60±0.05 (Figs. 1a), thereby emphasizing that nitrogen assimilation 

becomes more important with nitrogen removal steadily rising at high COD (Li and Irvin, 2007).  

Protein content changed slightly in Stage I. In Stage II, however, protein content significantly increased by a factor of 

11.4%±1.1% (Fig. 1b), thereby indicating that rising COD is beneficial for protein production (Burford et al., 2004). 

With increasing nitrogen assimilation ratio, the protein content in the MBR process sludge remained at 557±10 

mg/gMLVSS. Li and Irvin (2007) assessed the performance of nitrogen assimilation at a relatively high COD and 

associated ammonia nitrogen uptake by cell protein production with nitrogen removal, thereby fully reflecting the 

importance of nitrogen assimilation in resource recovery process. As the essential building blocks, protein are extracted 

as environment-friendly foamite and foam concrete thermal insulation from sludge. 

mailto:shuo.wang1@ucalgay.ca


91 

Contributions of the work 

In order to realize the enhanced nitrogen and phosphorus removal in domestic sewage treatment and the increment of 

protein source in sludge, a combined process of biological adsorption/MBR/sulfur-iron autotrophic denitrification was 

carried out. The experimental results showed that the majority of organic matters within influent can be fast transferred 

to the sludge by biological adsorption process, and the average removal rate of COD was as high as 55.1%. Therefore, 

in order to improve the effluent quality and promote sludge increment and quality, the carbon mixture from the 

anaerobic digestion of adsorption sludge mixture was introduced to the subsequent MBR process, and the effluent 

ammonia nitrogen, total nitrogen and total phosphorus were below 1, 5 and 0.3 mg/L, respectively. Furthermore, 

sludge growth rate increased from 0.23 to 0.49 g VSS/g COD and the ratio of nitrogen assimilation to dissimilation 

significantly increased by a factor of 6.0. In addition, the sludge protein content increased with the growth rate of 

18.3%. With the achievement of good effluent, the combined process obtained great increment of high protein source 

sludge, which could provide high-quality raw materials for the extensive use of sludge protein. Proteobacteria is the 

dominant bacteria in each process through 16S rDNA gene sequence analysis. Dechloromonas sp. presented the 

highest relative abundance in biological adsorption and MBR process. As a comparison, Sulfurimonas sp. and 

Thiobacillus sp. were the dominant microflora in the autotrophic denitrification process. These two species gained 

energy by oxidizing elemental sulfur or sulfide, and reduced the nitrate to nitrogen simultaneously (Fig. 1c). 

 

 
 Seed sludge Biological adsorption  MBR  S-Fe  

Dechloromonas 41.23 24.10 19.77 0 

Ferruginibacter 0.80 1.19 0.14 1.26 

Gemmatimonas 1.33 2.34 4.22 0 

Hyphomicrobium 1.05 0.46 0.20 0.01 

Ignavibacterium 0.39 0.99 0.95 0.64 

Methylobacter 1.73 0.86 1.21 0.01 

Methylocaldum 0.40 0.73 0.45 0.01 

Nitrospira 4.56 3.73 2.78 0.01 

Simplicispira 0.01 0.03 0.14 3.48 

Sulfurimonas 0.08 0.36 1.52 37.50 

Thauera 1.73 1.71 0.18 0.44 

Thiobacillus 0.11 0.45 1.39 43.19 

 
Figure 1. Characteristics of biological adsorption/MBR/sulfur-iron autotrophic denitrification process. a. sludge 

increment and nitrogen assimilation; b. ratio of nitrogen assimilation and protein content; c. microbial community 

structure and relative abundance at genus level 
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Central message 

In a former paper the influence of the design of conventional disc diffusers on oxygen transfer in saline water was 

investigated in a lab-scale system (250 L reactor, water depth 1.0 m) with a single disc diffuser for each test-setting 

(Behnisch et al., 2018). The conclusion was, that in saline water (SW) diffusers with smaller slits and higher slit density 

are to be recommended to generate a better oxygen transfer due to the inhibition of coalescence of the bubbles by salt. 

Thousands of such disc diffusers are usually installed in an aeration tank of a WWTP and the water depth of those 

tanks is typically between 4 and 6 m. To check the transferability of the results from the lab-scale experiments to 

full-scale systems the experiments were repeated with the same disc diffusers in a full-scale rectangular test reactor 

(17,100 L, 3.8 m water depth).    

Keywords: aeration system; bubble coalescence; oxygen transfer 

Materials and Methods 

Two conventional types of disc diffusers as described by Behnisch et al. (2018) with different slit densities and slit 

lengths were used. The length of slits of Diffuser-1 is 0.75 mm (Diffuser-2: 1.25 mm) and the slit density is 15.5 slits 

per perforated membrane area (Diffuser-2: 10.0). The tests for each diffuser were carried out using six (Setting A) or 

32 (Setting B) disc diffusers. The tests were conducted in a fully glazed rectangular steel frame tank of the TU 

Darmstadt in tap water (TW). The ground area of the tank is 1.50 m by 3.00 m, and it is approximately 4 m high. For 

oxygen transfer tests, water level was set to 3.8 m above tank bottom. Oxygen transfer tests were performed with the 

desorption method (aeration with pure oxygen before switching to aeration with ambient air). Several probes (Oxymax 

COS51D, Endress + Hauser) recorded the following decrease in dissolved oxygen concentration. Finally, the kLa for 

a specific temperature was calculated, which was standardized on 20 °C (kLa20). This was performed for different gas 

flow rates and salt concentrations (between 3 and 17 g/L NaCl). The first measurement took place in TW, then NaCl 

was added. The salt concentration was checked after addition via the conductivity. The effect of salt on kLa20 is 

described by the fS-value, which is defined as the ratio between kLa20 in SW and in TW. 

Results and Discussion 

Figure 1-A and 1-B shows that the fS-value for both diffusers in Setting A increased up to ~10 g/L NaCl where it 

reached its peak value (fS,max). Here, bubble coalescence is complete inhibited due to the influence of NaCl. The highest 

fS-value for one certain salt concentration were determined in the medium range of specific air flow rate which is 

related to the different bubble formation process at different air flow rates (Sander et al., 2017). The present data show 

that the average fS,max of Diffuser-1 (2.08) is 15 % higher than that of Diffuser-2 (1.77). In comparison, kLa-values in 

TW are in a comparable range for both diffusers (data not shown). In the lab-scale experiments fS,max value of Diffuser-

1 (2.12) was 23 % higher than that of Diffuser-2 (1.64) (Behnisch et al., 2018). The results from the lab-scale 

experiments are thereby confirmed and a transferability to a full-scale system is possible. Also in Setting B the average 

fS,max of Diffuser-1 (Figure 1-C) is higher than fS,max of Diffuser-2 (Figure 1-D). Unlike to Setting A the highest fS,max 

values were determined at the highest specific air flow rates. That’s because selected air flow rates were far below the 

allowable standard operating air flow rate for the disc diffusers as given by the manufacturers (1.5 – 8 m³/Diff/h at 

STP). At the low specific air flow rate, the air no longer emerges uniformly over the entire membrane surface. The 

isolated bubble rise behaviour at those conditions results in a less frequently bubble coalescence also in TW. The fS,max 

values at similar specific air flow rates of Diffuser-1 of Setting A (1.1 m³/Diff/h) and B (1.2 m³/Diff/h) are in a 

comparable range (~ 2.0). The same applies to Diffuser-2 for a specific air flow rate of 1.3 m³/Diff/h (Setting A) and 

1.2 m³/Diff/h (Setting B). Therefore, the diffuser density has no influence on fS,max provided that the air flow rate per 
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diffuser element is the same. This suggest that a rising bubble coalesced only with bubbles produced by the same 

diffuser. Coalescence between bubbles produced by various diffusers installed next to each other doesn’t occur.  
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  Figure 1. fS-value as a function of the salt concentration for both disc-diffusers and different air flow rates at STP: 

(A) Diffuser-1 at Setting A; (B) Diffuser-2 at Setting A; (C) Diffuser -1 at Setting B; (D) Diffuser-2 at Setting B 

Contributions of the work  

The results from the lab-scale experiments carried out previously could be confirmed by the tests in full-scale 

experiments. Diffuser with smaller slits and dense slit patterns are recommended in SW. Here, coalescence is inhibited 

and the smaller produced bubbles yields in a better oxygen transfer rate. An influence of the amount of diffusers 

installed could not be provided because a rising bubble only coalesced with bubbles produced by the same diffuser and 

not with bubbles produced by another diffuser. So far, only disc diffusers are tested yet. More investigations are 

necessary with other diffuser types such as tube or plate diffusers.         
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Especially in arid regions were population growth and climate change is affecting the water and energy 

consumption, new approaches for sustainable water use is gaining more importance. Due to this, a system 

combining wastewater treatment, reuse, evaporative cooling and green façade was developed at the Egyptian 

branch of TU Berlin.  

 

Keywords: Trickling filter, evaporative cooling, façade greening  

 

Materials and Methods  
The trickling filter cooling tower was developed to be mainly used in informal settlements, which is the reason why it 

is built using simple technologies (2 pumps and a trickling filter). To locate the system on an existing house wall, the 

idea of developing a modular thin treatment shaft has been chosen. The whole system is built in a scaffolding structure 

that was designed to hold balcony like structures to implement a façade greening test system for water reuse. With this 

approach, a flexible construction is demonstrated that can adopt to any kind of existing buildings while offering a new 

green space behind an automatically irrigated planting system. The flow chart in Figure 1 shows the set-up of the test 

plant in El Gouna. After a primary sedimentation, the water is pumped to the roof and sprinkled over the trickling filter 

to trickle down to a second sedimentation tank on the bottom of the structure. After this, the water is recirculated in 

the system until it is stored in a tank on the roof. While the water trickles down it partly evaporates, which is cooling 

down the reactor. To avoid odor and humidity at the lower end of the column it is required to use a fan to suck the air 

to the roof. One option to move the air while using the cooling potential is to use a split unit system from a conventional 

air conditioning system. The treatment shaft can then be connected to the intake of an outdoor unit of a common split-

unit system, to decrease the energy consumption to cool down the air from outside.  

Results and Discussion  
At the moment the system is working in 5 steps: Inflow, sedimentation, recirculation for 37.5 minutes, second 

sedimentation and then effluent pumping into the storage tank. These steps are currently programmed to happen in a 

sequence allowing to monitor the three different qualities at the head of the column. There the water is captured in a 

sampling channel guiding the water to an S::can online measurement system which registers COD, CODfilt, TSS, 

NO3, DO, TWater and pH. Besides the chemical parameters a RaspberryPITM PC runs a Python script to read 

temperature and humidity sensors to monitor the air flow through the system on three different heights.  

Up until now a stable temperature difference of 10-12 degrees Celsius between the treatment column and the 

environment and an effluent quality of BOD5 < 30mg/l was observed, which offers the opportunity for wastewater 

reuse for dry crops according to the Egyptian reuse standards [2]. In conclusion, one can see that the system including 

some improvements of the materials and running times, will achieve the planned goals of combing wastewater 

treatment, evaporative cooling and wastewater reuse.  

 
Conclusion  
Generally, it is known that trickling filter are a good option for wastewater treatment in arid regions. The presented 

approach seems suitable for a wide range of urban areas in arid and semi-arid areas. Using a wastewater treatment 

system to cool down interiors can contribute to a sustainable way of living in informal settlements. A construction with 

the same height as the building seems to bring a lot of benefits: pressure tank on the roof, unproblematic exhaust air 

outlet, and catchment of water from all floors. As far as the results show at the moment it seems like the length of the 

column does not have an impact on the cooling performance. A further recent test showed that using the treated water 

to cool down the roof is also a possibility to improve the system and contribute to a cooler interior. There is still some 

unanswered questions regarding the system. It is important to control the hygienic values like legionella, as well as the 

treatment results using wastewater with higher BOD5 values and the actual possibilities of the cooling system.  
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Central message  

Sustainable cities should incorporate more vegetation in their design, as plants are effective buffers against runoff, 

mitigating floods and making cities more water resilient.  

 

Keywords  

Urban vegetation, imperviousness, runoff 

 

Materials and methods  

The Soil Conservation Service-Curve Number (SCS-CN) model, developed by the National Resources Conservation 

Service (NRSC) of the USDA, was used to assess the amount of runoff for distinct land use scenarios on a university 

campus in Leuven, Belgium (0.37 km²). A land cover- and leaf area index (LAI) map (resolution 20m) was generated 

with remote sensing data that included the following classes: grass, bushes, trees, green roofs, roads and buildings (Fig 

1a,b). Based on these maps, a maximum interception capacity map (Fig 1c) was created using formulas presented in 

(Gómez et al., 2001 ;de Jong and Jetten, 2007).  A curve number was assigned to each pixel, determining the amount 

of runoff based on the interception capacity of the land cover and the infiltration capacity of the soil. Due to planned 

construction works on the university campus this site is considered an ideal study area for this type of analysis. The 

outlet of the catchment is located in the South, were the runoff flows in the river ‘De Dijle’. 

   
Figure 1: a) Land cover map of the study area b) LAI map and c) interception capacity map. Coordinates: 

50°51’46”N 4°40’33”O. 

Three different scenarios were investigated: 1) a pre-construction scenario, 2) a post-construction scenario and 3) an 

ideal post-construction scenario. Scenario 2 includes the current construction plans of a parking tower with rainwater 

well and a new aula with an extensive green roof. The construction of these buildings requires the removal of several 

trees, bush- and grass patches. In scenario 3 an  idealistic scenario is proposed to reduce runoff as much as possible by 

incorporating small vegetation elements such as extensive green roofs in both the design of the new- and old buildings. 

Next, a rain event of 14 mm (11-13 May 2017) is simulated to create runoff maps and the cumulative runoff at the 

outlet is calculated.  
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Results and discussion  

The runoff maps of the three scenarios are shown in Fig 2, while the cumulative runoff in each scenario is presented 

in Table 1: 

   
Figure 2: Runoff maps (resolution 20m) for the three scenarios. Results are depicted in m³ runoff/pixel. 

Table 1: Cumulative runoff at outlet in the three land cover scenarios 

 Cumulative runoff (m³) 

Scenario 1 6491.75 

Scenario 2 6498.09 

Scenario 3 3917.13 

 

Figure 2 and Table 1 shows that there is very little difference in runoff between scenario 1 and 2, demonstrating that 

the measures taken to reduce runoff from the new buildings in the current construction plans are effective. A large 

difference however is found between the first two scenarios and scenario 3. A nearly 40% in runoff reduction is 

achieved between scenario 2 and 3 by implementing extensive green roofs on all buildings on the campus. This large 

runoff reduction demonstrates the substantial unused potential of small vegetation elements on the campus. The large 

grass area on the southern part of the catchment is also deemed very important because of its ability to intercept water 

(Fig 1c). It is therefore advisable to leave this area undeveloped.  

Contributions of the work  

 The ability of vegetation to intercept water and reduce runoff is known but the past- and current research 

predominantly focuses on trees. 

 Our contribution lies in trying to get a better understanding of the full potential of vegetation in reducing 

runoff, especially the effect of smaller vegetation elements such as green roofs, bushes and grass. We work 

with a relative simple model and a method that can be applied in a wide variety of locations and spatial scales. 

 The result that the current construction plans successfully implement runoff reduction measures (scenario 2) 

came as a relative surprise. The potential impact of small vegetation also surprised us (scenario 3). 

 Our conclusion so far is that smaller vegetation elements can have a significant impact on the runoff amount 

and that there is a large potential in using them in urban areas. 

 A lesson learnt is thus that smaller vegetation elements, despite being underrepresented in literature, have a 

significant impact on the hydrological balance. 

 Follow up research will try to answer questions such as: what is the exact impact of each vegetation type 

separately ? Does the spatial configuration of green elements play a significant role in reducing runoff ? To 

what extent does rainfall variability influence the interception capacity of vegetation ? How and where can 

vegetation elements be implemented in urban landscapes ? 
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Abstract: With the advent of complex non-residential facilities as a result of urbanisation, it has become increasingly 

challenging to effectively detect and isolate faults in water distribution systems (WDS). The potential for reducing 

water consumption by effectively detecting faults in large buildings has been shown to be significant however, the 

application of fault detection and isolation to building water networks remains largely unexplored. This paper, utilizing 

case-study data, presents the application of Principal Component Analysis (PCA) to carry out event-based fault 

detection and isolation in non-residential building WDSs. In the absence of a process model, PCA has been successfully 

used as a data driven fault detection technique. Hoteling T2 – statistics and Q – statistics were employed to detect 

abnormality within incoming data. Despite the relatively limited training data available from the case study (which 

would reflect many buildings in practice), the fault detection and isolation (FDI) model performed well in detecting 

meaningful faults. Such a strategy could provide a robust method that can be applied to buildings to reduce inefficient 

water use.   
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Central message  

The abstract will discuss how the Process, Innovation and Energy (PIE) group provides in-house technical services to 

drinking water treatment facilities, wastewater treatment facilities, distribution and collection systems within Toronto 

Water.  

 

Keywords: Troubleshooting, Holistic Water Management, Research and Trials 

Description of Intervention   

As Canada's largest city and the International Water Association's (IWA) Young Water Professionals Conference 

host, the City of Toronto delivers more than 1 billion litres of safe drinking water each day, and provides wastewater 

treatment to approximately 3 million people. This includes 4 drinking water treatment plants, 4 wastewater treatment 

plants and a vast distribution network. Each treatment facility has its own unique processes and associated challenges 

which necessitates a holistic approach to problem solving and implementation.  

The PIE group was established in 2006 and remains an integral part of Toronto Water. The group identifies areas for 

treatment process and energy improvements, anticipates and plans for future needs, as well as assists treatment plants 

with operations troubleshooting and assesses impacts of new/changes to regulations. PIE also typically manages multi-

plant projects to ensure consistency across facilities.  

The PIE group consists of 7 water, wastewater and energy engineers; one manager, 3 senior staff and 3 junior staff. 

Each senior member specializes in water, wastewater or energy and the junior staff participate and take on projects in 

all 3 disciplines.  

The group is centrally located in downtown Toronto but typically spend time onsite to help build relationships and 

trust with the facility staff.  To keep operations staff informed and engaged, the PIE group hosts annual meetings with 

each of the facility management teams (FMT) to update them on completed, on-going and upcoming work. It also 

provides an opportunity for the FMTs to advise PIE of any new challenges they are facing. 

Further to the annual meetings, PIE invites innovative ideas to be submitted from across Toronto Water through an 

email address. PIE staff review all emails received and meet with the individuals and management to discuss the idea 

and its feasibility. On a regular basis, a newsletter is developed highlighting project successes and impacts, and changes 

within the group.  

In recent years, PIE has launched a training program focusing on topics relevant to operations and maintenance staff. 

The training programs are submitted for Ministry approval to ensure continuing education unit (CEU) credits can be 

earned. Training programs implemented thus far have been very well received by operations and maintenance staff as 

well as management teams since they are detailed and relevant to their day to day roles and responsibilities.  

The PIE group keeps up-to-date with current advancements in the water and wastewater industry by liaising with 

neighbouring municipalities, universities and regularity officials.   

PIE is also notable for operating and maintaining a drinking water treatment pilot plant. The pilot plant is a small scale 

replica of the 4 water treatment plants within Toronto Water and it serves as an ideal facility to investigate alternate 

chemicals or modes of operations and process changes as well as facilitating academic research studies.  

Results and Discussion  

Examples of past or current PIE group projects include:  

Water Supply and Distribution: 

- Corrosion Control: Lead service lines still exists in various areas of Toronto. To mitigate the impacts of lead 

within the distribution system, Toronto Water undertook the addition of orthophosphate to treated water. It 
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was implemented across all Toronto Water drinking water systems and has proven successful to reduce the 

amount of lead entering tap water.  

- Nitrification Monitoring: The PIE group monitors water quality within the distribution system and advices 

water supply of potential nitrification issues and mitigation methods. 

- Water Age Calculator for Reservoirs: To ensure water within reservoirs is cycled and kept fresh, a tool to 

calculate water age was developed.  

Water Treatment: 

- Water Quality Master Plan: Identifies areas where existing drinking water treatment processes may be 

inadequate and additional or alternate technologies should be considered, to meet existing, as well as 

anticipated future drinking water regulations considering the best available technologies, practices and 

emerging source water concerns.  

- Zebra Mussel Control System: Was implemented to mitigate the negative impacts zebra mussels have on the 

intakes of the treatment plants  

- Ultraviolet (UV) Disinfection and Advanced Oxidation Potential (AOP) Conceptual Design: To provide a 

multi-barrier disinfection strategy across the treatment plants and provide treatment for taste and odour, and 

emerging contaminants. 

- Ammonia Dose Automation: Ensures the proper chlorine to ammonia ratio is maintained for optimal 

monochloramine development. 

Energy:  

- Energy Optimization Trial: Includes a review of the current energy management plans and initiative, and 

identifies optimization opportunities.  

Pilot Plant: 

- New Chemical Dosage Trials: Undertaken to identify optimal doses of new chemicals required before full 

scale implementation.  

- Collaboration with the University of Waterloo to Conduct Pathogen (Cryptosporidium) Spiking Studies: The 

study will determine the impact of source water spikes in pathogen (oocyst) concentration on filter 

performance. It will provide additional parameters that full-scale plants can monitor and control, to ensure 

the complete removal of pathogens through the treatment process. 

Wastewater Treatment:  

- Optimizing Phosphorus Removal through Continuous Orthophosphate Monitoring: To ensure total 

phosphorus objectives are consistently met while saving money on chemical dosing. 

- Optimizing Raw Sludge Pumping: Ensures that primary clarifiers are running optimally and settling is 

enhanced. 

- Polymer Trials: Undertaken to ensure the optimal product is chosen for each facility. 

- Ammonia Based Aeration Control: To determine if ammonia based aeration control is feasible and the 

estimated air savings. 

- Cake Dryness Trial: Assess methods of improving the dryness of centrifuge biosolids to reduce biosolids 

haulage costs.  

- Total Suspended Solids (TSS) and FNU Correlation: Investigated as a potential tool to determine centrate 

quality.  

Contributions of the work 

PIE has been able to provide cost savings either through deferred costs or direct savings, including chemical, labour, 

material and energy cost savings. Beyond that, PIE successfully assists all Toronto Water facilities achieve high 

performance standards.  

Based on Toronto Water's experience, the PIE group framework could be applied at other municipalities which are 

considering the use of in-house resources for performance optimization.  
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Central message    

A collaborative approach was key to developing practices and tools which allowed Halton Region (Ontario, Canada) 

Public Works division to successfully implement strategic asset management principles.   

Keywords: asset management, life cycle modelling, level of service, cultural change   

Materials and Methods or Description of Intervention   

Working with Jacobs, Halton Region Public Works embarked on the development of core practices and principles 

required to confidently assess infrastructure expenditures over the wide range of Public Works assets, including 

assets required for: 

• water treatment and distribution,  

• wastewater treatment and collection,  

• stormwater treatment and collection,  

• regional transportation systems, and  

• waste management.  

The project built on previously-developed frameworks for Level of Service and Risk Management and went on to 

define strategies and excel-based tools used to forecast investment needs over the complete life cycle of all assets, 

translate the risk management framework to be applicable to each service area and manage integration with 

investments driven by population growth.  

Results and Discussion   

Critical success factors for this project were identified as follows: 

• To build from existing asset management practice within the Region, document and formalize existing 

processes to promote adoption and integration of tools developed within this project 

• To develop a clear line of sight between customer levels of service, technical levels of service, and 

decisions made on assets through risk and life cycle analysis and growth management 

• To operationalize the tools and processes developed through effective training by applying industry best 

practices, tailored to the Region’s asset management program. 

• To prepare a practical Public Works 10-Year Capital Budget, with a clear path forward to reapply the 

process for subsequent years 

The project was faced with tight timelines in which to develop the business processes, gain buy-in from four 

disparate departments and produce a transparent 10-year capital expenditure plan. Further, the development of the 

life cycle investment projections was challenged by limitations on data availability for inventory, condition and 

replacement cost.  

Using a collaborative approach, Jacobs worked with a project team of over 60 Halton staff to facilitate their input 

and promote internal ownership of the tools developed. Over 2,500 hours were invested by the Halton team over the 

various phases of the project, including Institute of Asset Management training which established a common 

vocabulary and understanding of the project goals across team members from different departments and 

backgrounds.  

mailto:silvia.vlad@jacobs.com
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Targeted data-gathering was used to fill gaps in needed information by harnessing the internal expertise of Halton’s 

staff.  7 stochastic life cycle models were developed to project the long-term investments needed to maintain the 

Region’s assets in a state of good repair, and each model was adapted to assimilate a range of inventory, condition 

and cost data from multiple sources. Accommodations were made within the models to address data gap, along with 

provisions to allow the models to accept more detailed data in future.  Model refinement opportunities were 

identified, including prioritized risk assessment recommendations and data-gathering tools were developed to 

support the integration of future data into the models. 

The workshop-based project delivery approach supported the entrenchment of asset management culture and 

business processes within Halton and allowed the team to complete the project within the timeline to feed into the 

2018 budget process.  

Contributions of the work   

Accessible tools for life cycle investment modelling, risk management and growth management were developed to 

operationalize the asset management strategies within Halton Region Public Works. These tools formed the basis of 

a transparent, auditable and evidence-based 10-year capital expenditure plan for the period from 2018 to 2027 with 

clear line-of-sight to the business processes and asset management principles.  The revised capital plan validated 

numerous projects planned in the short-term which addressed documented risks, and also provided the justification 

for deferring multiple expenditures to future years in favour of addressing more imminent risks in the short term. 

The importance of collaboration in implementing asset management principles was highlighted by this project. The 

tools developed were subsequently embraced by the Region of Halton and used in the development of the following 

year’s capital budget (2019 to 2028), and their successful adoption was rooted in the improved communication 

between divisions of Public Works and internal stakeholder. The success of the project was reflected by the internal 

Halton Project Excellence Award, and evidenced by the key factors which the team raised at the start of the 

subsequent phase of work (shown in Figure 1). 

 
Figure 1. word cloud representing the success factors noted by the Halton Region team at the start of the subsequent 

phase of asset management implementation  
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Central message  
Iron salt dosing in sewers for sulfide control can be reused and have multiple benefits in the wastewater treatment 

processes and anaerobic digestion.  

 

Keywords:  
Iron salt dosing; iron re-use; integrated urban wastewater management;  

 

Materials and Methods  
Two parallel experimental reactor based systems were set up to simulate several key components of the urban 

wastewater system in laboratory scale. There are two independent lines operated identically except that the 

experimental line (Line 1) received FeCl3 dosing after both line reached steady state. The systems were fed with 2.5L 

of domestic sewage every 6 hours in a day to the sewer reactor and subsequently to the sequencing batch reactor (SBR). 

The solids retention time (SRT) in the SBR was 16 days. Waste sludge from the SBR was thickened before being fed 

to the anaerobic digester (AD) (HRT = 20 days).  

Iron dosing to the experimental reactor was commenced when both systems reached pseudo-steady state with 

comparable performance. A predetermined volume of FeCl3 stock solution (11 g Fe L-1) was added to the first sewer 

reactor, resulting in a theoretical Fe3+ concentration of 10 mg Fe L-1 sewage. The effects of iron salts dosing was 

evaluated through an extensive monitoring protocol analysing for sulfide, Fe, phosphate, nitrogen, COD, TSS and 

VSS, among other parameters. The biogas production rate and methane content in biogas were also monitored. Online 

sensors for monitoring pH, dissolved oxygen and temperature were also utilised. All these parameters were taken into 

account to evaluate the operation of the system as well as the effects of iron added.  

 

Results and Discussion  
Figure 1 A compares the dissolved sulfide concentration in the sewer effluent, phosphate concentration in the SBR 

effluent and dissolved sulfide concentration in the digested sludge, between the experimental line (Line 1 and the 

control line (Line 2). Iron dosing incurred 47.9%, 41.2% and 88.8% reduction in the above concentrations, confirming 

our hypothesis. With an in-sewer iron dosing of 10 mg L-1, considering the reaction stoichiometry of iron and sulfide 

we were able to obtain a molar ratio of 1.25. This is higher than the theoretical molar ratio of 0.67 due to the under 

dosing of iron in which is usually 10-20 mg L-1. These results showed that even at the lower range of iron dosing we 

were able to see significant difference in the effluent quality shown in Figure 1. The iron moving in the system that 

was used in the sewers could have regenerated to be available again for P removal in the SBR and further used to 

remove the sulfides during anaerobic digestion.  

The nitrogen removal performance of the two SBRs was not affected with the effluent nitrogen concentration remained 

statistical identical. The commencement of iron dosing caused an initial, temporary decline in biogas production in the 

experimental line of the anaerobic digester, which quickly recovered retuning to a level identical to that in the control 

line. The dewaterability of the digested sludge was also improved by 19%. These findings demonstrate that iron-dosing 

to sewers can achieve multiple benefits including sulfide removal in sewers, phosphorus removal during wastewater 

treatment, sulfide removal during biogas generation as well as improvement in dewaterability. Therefore, an integrated 

approach should be taken when considering iron salts usage in an urban wastewater system.  

 

Contributions of the work  
Several processes in wastewater management use iron salts, of which ferric chloride (FeCl3) is the most commonly 

used. Some of the common applications include: Sulfide control in sewers. In sewer networks, FeCl3 is added to 

decrease corrosion caused by release of hydrogen sulfide (H2S) into the sewer atmosphere (Nielsen et al. 2005). 
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Phosphorus removal from wastewater. In order to achieve nutrient discharge standards, iron salts are often added to 

wastewater treatment plants (WWTP) to precipitate phosphates as insoluble ferric hydroxyl-phosphate complexes 

(Rasmussen and Nielsen 1996). Control of H2S in biogas. Gas generated during anaerobic digestion mostly comprises 

methane (CH4) and carbon dioxide (CO2), but also contains trace amounts of other gases such as H2S (Tchobanoglous 

et al. 2014). One of the commonly used control strategies is to dose ferric salts to the digesters, leading to the oxidation 

and precipitation of dissolved sulfide, thus preventing it from entering the gaseous phase. Combined, these studies 

reveal an excellent opportunity for integrated use of iron salts in an urban wastewater system, showing that iron salts 

added to a sewer could improve both phosphorus removal from wastewater, and H2S control in biogas at a wastewater 

treatment plant. However, because all these studies were done in batch tests, it is necessary to verify the applicability 

to a continuous urban wastewater system. In addition, iron-rich wastewater can potentially impact much more than the 

phosphate- and sulfide-related reactions in wastewater treatment and sludge digestion. Therefore, the potential impact 

of iron on other biological processes and sludge properties requires further investigation.  

The effects of in-sewer FeCl3-dosing on downstream wastewater and sludge treatment processes were investigated 

using continuous laboratory-scale urban wastewater systems. The following conclusions are drawn from the study: 

Dosing of FeCl3 in sewers can effectively decrease the dissolved sulfide concentration in sewers. Addition of ferric 

salts to sewers contributes to phosphorus removal from wastewater in the downstream wastewater treatment process. 

In-sewer dosing of FeCl3 reduces dissolved sulfide concentration in the downstream anaerobic sludge digesters, and 

consequently decreases the H2S content in biogas. In-sewer dosing of FeCl3 enhances settleability of activated sludge 

in wastewater treatment, and dewaterability of anaerobically digested sludge.  

Sewer networks and wastewater treatment plants should be managed holistically as an integrated wastewater system. 

Applications to full scale systems still needs to be investigated, however this study still provides a guide for utilities in 

the use of iron salts in the urban wastewater systems. 

 
 

Figure 1 (A) Dissolved sulfide concentration in the sewer effluent, phosphate concentration in the SBR effluent and 

dissolved sulfide concentration in the digested sludge, in the two lines. (B) Dewaterability of digested sludge.  
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Central message  
Since arsenic (As) is a toxic metal that is distributed over the world, groundwater as the source of drinking water is 

contaminated with As. The main chemical species of As in groundwater is arsenite (As(III)), which is more toxic than 

other As species. Although the methods commonly used for As detection require sophisticated instruments and 

complex sample pre-treatments. In this study, we developed a simple analytical method for As(III) detection using a 

DNA aptamer and gold nanoparticles. Firstly, analytical conditions were optimized. Under the optimal conditions, a 

calibration curve of this method was created. Using the calibration curve, we determined As(III) concentrations in 

As(III)-spiked groundwater. As(III) concentrations determined by our method were almost identical to those spiked. 

In conclusion, we developed a simple analytical method for Arsenite (As(III)) and determined As(III) concentration in 

groundwater at a lower cost.  

 

Keywords: Arsenite, DNA aptamer, Groundwater, Simple analytical method  

 

Materials and Methods  
The method developed in this study uses DNA aptamer (Ars-3), gold nanoparticles (AuNPs) and NaCl. In the absence 

of As(III) in the sample, Ars-3 adsorbs onto the surface of AuNPs through DNA base–gold interaction (Zhao et al. 

2008). The AuNPs covered with negatively charged Ars-3 remains dispersed in the sample after addition of NaCl. The 

dispersed AuNPs display the color red. In contrast, the Ars-3 forms aptamer–As(III) complex in the sample with 

As(III). AuNPs subsequently added to the solution are no longer covered with Ars-3 and therefore subjected to NaCl-

induced aggregation after addition of NaCl. The aggregation of AuNPs leads to a color change of AuNPs from red to 

blue. Therefore, quantitative analysis of As(III) concentration is possible by measuring the ratio of absorbance 

corresponding to red color (520 nm) and blue color (600 nm) (i.e., A600/A520) (Zhan et al. 2014).  

Based on the principle described above, a probe solution was prepared by adding a 3 μL of Ars-3 solution (1 μM) to 

35 μL of the 10 mM of MOPS buffer solution (pH: 7.3) in a microtube. A 20 μL of a sample solution was mixed with 

the probe solution. After incubation of the mixture for 15 min at room temperature, a 40 μL of the AuNP solution was 

added to the mixture and incubated for 40 min at room temperature. Finally, 2 μL of NaCl stock solution (3 M) was 

added to the mixture and incubated for 10 min. And then, absorption spectrum of totally 100 μL of a test solution was 

measured.  

 

We examined effects of NaCl concentration, Ars-3 concentration, incubation time with NaCl and pH of a MOPS buffer 

solution in a test solution on sensitivity of the method. After optimization of the parameters described above, the 

absorbance spectra of ten blank samples (Milli-Q water) and three samples of As(III) standard solution at individual 

As(III) concentration were measured and a calibration curve for As(III) were created. Finally, As(III) concentrations 

in real groundwater samples were determined. Since there was no As in the samples, As(III) was spiked to the samples 

at different concentrations. The samples were filtered through a 0.2-μm pore size membrane (Advantec Co., Ltd., 

Japan) and subsequently passed through a cation exchange column (MetaSEP IC-ME, GL Sciences, Tokyo, Japan). 
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Central message 

The present work aims to develop a 3D numerical model to investigate the cleaning effects of sewer flushing waves. 

Flush devices generate waves with high shear stresses, similar to a dam-break wave, to remove deposits. For the 

numerical part, the computational fluid dynamics (CFD) software ANSYS Fluent was used. To validate the model, 

laboratory experiments have been undertaken and all experiments were video recorded using two high-speed cameras. 

Comparisons have been performed regarding the shape of the waves, the wave front velocity and water surface levels. 

A good agreement between experimental and numerical results has shown that the CFD model could reasonably 

represent the flushing event and hence be used to study the efficiency of flush devices. 

Keywords: sewer flushing, modelling, wastewater systems   

Materials and Methods 

For the numerical part of this study, the CFD package Ansys Fluent 17.2 was used. The geometry consisted of an inlet 

tank and a pipe was subdivided into a mesh of hexahedral elements using the Cutcell method. In CFD, the fluid flow 

is solved using the incompressible Reynolds Average Navier-Stokes (RANS) equations. The renormalization-group 

(RNG) k-ε turbulence model and the multiphase flow model Volume of Fluid (VOF) were used to simulate the dam-

break induced waves.  The concept of sewer flushing is to induce an unsteady wave with high shear stress by the 

sudden opening of a closed gate, similar to a dam-break wave. To validate the CFD model, a set-up of an acryl-glass-

pipe in a closed system was constructed. The model consists of a 6 m long circular pipe with an internal diameter of 

0.342 m. A simple flushing device consisting of an aluminum sluice gate was positioned 2.30 m from the upstream 

tank. The total storage length (l0) upstream of the gate was 2.7 m. The flushing distance, downstream of the gate was 

4 m. When the gate is closed, water is stored and after the sudden opening, flushing waves are generated over an initial 

dry bed. Three different storage heights (h) and two bed roughnesses (k) were varied to realize 6 different scenarios. 

Figure 1 shows the experimental set-up. The roughness of the pipe was increased by gluing water-proof sand paper on 

the bottom of the pipe. All experiments were video recorded using two high-speed cameras. The video images were 

edited in image processing software and the data was processed using a Python manuscript. The CFD model was 

validated against the experimental data by three different methods. First, a qualitative comparison was performed 

regarding the shape of the wave. Second, the measured and simulated water surface levels along the measurement 

section were compared at successive times after the gate opening. The third comparison was regarding the wave front 

velocity. 

Results and Discussion 

The comparisons show a good agreement between numerical results and experimental data, concerning both the shape 

of the wave and the wave front velocity. The relative errors between velocities are less than 10%. Some discrepancies 

could be due to the differences in the initial conditions such as storage height. Additionally, in the experiment with 

sand paper, the minor cross sectional changes and positional differences of the sand paper may lead to deviations. 

Good agreement was also achieved between the water surface profiles from numerical and experimental work. 

However, the water profiles show some deviations. It could be due to inaccuracies in the experiment such as, 

positioning the camera not completely vertical to the measurement section or difficulties while obtaining the free-

surface level because of the round form of the pipe section.  On the other hand, the element size of the CFD grid could 
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lead to these disagreements. A very fine mesh (grid size < 1 mm) could maybe reduce the errors. The results show that 

the three-dimensional model is able to sufficiently represent the unsteady flow behavior. This validated CFD model 

could be used to investigate the efficiency of a flushing device before construction. Especially two practical questions 

should be answered: Which distance could be scoured by the existing water volume in the sewer? Which influence 

does the bottom roughness have on the flushing efficiency? 

Contributions of the work 

Investigations on sewer flushing waves have been undertaken using in-situ measurements, laboratory experiments and 

numerical modelling. The numerical investigation of the flushing waves can be subdivided in three groups: one-

dimensional modelling using the Saint-Venant equation, two-dimensional using the Shallow Water equation and 

finally, three-dimensional using the Navier-Stokes equation. In one-dimensional modelling and the shallow water 

approach, the flow velocity in vertical direction is neglected that causes a loss of detailed information of the real wave 

behavior. To the best of the author’s knowledge, after Schaffner (2008) and Kirchheim et al. (2005) investigations on 

3D modelling of flush waves in sewers, there have been no further related studies performed. This research aims to go 

further towards 3D simulation of flushing waves and unsteady flow in sewers. The results were satisfying. This work 

can be seen as a preliminary study for investigating more complicated phenomena. In the next step, the results of this 

study will be used to study the flushing efficiency of flush gates concerning the bottom shear stress. Furthermore, the 

CFD model will be coupled to a discrete element method (DEM) to simulate the sediment transport under flush waves.  

 
Figure 1. Sketch of the experimental set-up and initial conditions (in m) 
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Pharmaceuticals in the aquatic environment are emerging issues mainly reside from wastewater treatment 

plant. Do the fungal isolate from municipal wastewater have a potential to remove pharmaceuticals? 

Keywords: Aspergillus luchuensis, diclofenac, carbamazepine. 

Materials and Methods  

Fungi, pharmaceutical substances and wastewater  

The white-rot fungus of Trametes versicolor DSM 6401 was obtained from DSMZ Culture Collection (Leibniz 

Institute DSMZ-German Collection of Microorganisms and Cell cultures, Germany) and used as a control strain. The 

standard solutions at the concentration of 5 mg/L of carbamazepine (CAR), diclofenac (DIC), ibuprofen (IBU), and 

sulfamethoxazole (SUL) (Sigma-Aldrich, Germany) were prepared separately according to manufacturer’s guideline 

of solubility. The municipal wastewater was provided by Henriksdal wastewater treatment plant (Stockholm, Sweden). 

The inlet wastewater was taken directly from the entry tank. 

 

Isolation and selection of fungi from wastewater 

Potato dextrose (PD) agar (Oxoid, UK) in presence of CAR, DIC, IBU, and SUL was prepared and used for isolation 

of fungi from inlet wastewater. Briefly, the wastewater sample of 100 L was spread on the agar plate and incubated 

for 7 days at 25C. After incubation, the obtained isolates were streaked on the new agar plate for isolating 10 pure 

cultures for further experiments.  

 

Removal of pharmaceutical substances by fungal isolates 

The removal of pharmaceutical substances of DIC and CAR by fungal isolates was evaluated under sterile conditions 

using 250 ml glass flasks filled with 50 ml of sterile synthetic wastewater medium (0.2 g K2HPO4, 0.8 g KH2PO4, 0.5 

g MgSO4, 0.2 g yeast extract in 1 L distilled water; pH 5.5), pharmaceutical substances (final concentration 5 mg/L of 

selected chemical) and fungal inoculum (pre-cultured fungal agar plug, r=20 mm). Finally, flasks were incubated in 

shaking incubator (150 rpm) for a period of 10 days at 25C. The pharmaceutical’s concentration was periodically 

determined after incubation of 0, 3, 6 and 10 days. 

 

Identification of fungal isolates  

Pure cultures of isolated fungal strains were sent for identification to Westerdijk Fungal Biodiversity Institute (The 

Netherlands). 

 

Results and Discussion  

 

During the initial study, 10 randomly selected fungi were isolated from municipal wastewater demonstrating the ability 

to grow in the presence of all selected pharmaceutical compounds (Fig.1a). According to growth efficiency, 3 fungi 

out of 10 isolates were excluded from further analysis due to the slow growth.  
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The selected 7 isolates were grown in synthetic wastewater medium in the presence of CAR and DIC to investigate 

the ability of isolates in removing these pharmaceutical substances from wastewater. Four isolates showed the highest 

removal efficiency of diclofenac (Fig. 1b). For instance, isolate I was able totally to remove diclofenac after an 

incubation time of 6 days demonstrating the same removal efficiency as a control strain of T. versicolor. Therefore, 

these four isolates were sent for identification. Fungal isolates were identified as Aspergillus luchuensis (isolate I), 

Apiotrichum laibachii (isolate II and III) and Fusarium oxsyspotium (isolate IV). 

T. versicolor has shown the removal of a wide range of pharmaceuticals, including diclofenac, however, the growth 

conditions require pH 5.5 and temperature around 25C. Therefore, not always obtained results from pure fungal strains 

could be significant when these fungi may grow under real wastewater conditions due to the inappropriate conditions, 

e.g., pH and temperature. Thus, the fungal isolates from wastewater might be more tolerant of growth conditions than 

pure cultures. The results from this study have demonstrated the potential of 3 isolated fungi, more especially from A. 

luchuensis as isolate I, to efficiently remove diclofenac and could be a promising candidate for application to 

wastewater treatment process. 

Figure 1. (a) Fungal isolates from municipal wastewater on PD agar plate in the presence of DIC, IBU, CAR, and 

SUL; (b) Removal efficiency (%) of diclofenac with fungal isolates compare to control strain of T. versicolor. 

Contributions of the work  

 The conventional wastewater treatment technologies are mainly designed for removing the nutrients, thus are 

not effective enough to remove pharmaceuticals. Therefore, the fungal treatment of wastewater has been 

highlighted as a promising technology. However, the use of specific fungal strains for pharmaceutical removal 

from wastewater requests distinct growth conditions. Therefore, the operation of fungal wastewater treatment 

on large scale is still limited. 

 This study focuses on the isolation of fungi from municipal wastewater. The new isolate of this research might 

be a good candidate since it has been adapted in wastewater.  Therefore, the cost of fungal treatment might 

be reduced due to minimizing the specific requirements for nutrients, pH, and temperature. 

 The results from this study demonstrate the ability of four fungal isolates to effectively remove pharmaceutical 

substances, therefore, be promising candidates in technology development as environmentally friendly agents 

for sustainable development.   
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Central message  

The aim of the study was to evaluate the possibility of reducing the consumption of fresh water in poultry 

slaughterhouse facilities by treating PSW for reuse using a lab-scale EGSB coupled with a single stage 

nitrification/denitrification bioreactor and a UF and MF membrane bioreactor. This study was divided into phases: 

Phase 1: Evaluate performance and operational stability of the EGSB treatment system in removing suspended solids, 

FOG, BOD and COD in the PSW. Phase 2: Design a single stage nitrification/denitrification system and evaluate its 

efficiency, effectiveness, and performance. Phase 3: Evaluate the efficiency, effectiveness and performance of the UF 

and MF membrane in reducing the high level of soluble and particulate matter in treated PSW as well as the overall 

system efficiency, subsequent to Phase 4: Model development for tCOD reduction prediction for the EGSB. 

Keywords: Expanded Granular Sludge Bed (EGSB), Poultry Slaughterhouse Wastewater (PSW), Single stage 

nitrification/denitrification (SSND) 

 Materials and Methods or Description of Intervention (11 p Times New Roman)  

Phase 1: EGSB experimental setup and equipment 

 

The purpose of the EGSB anaerobic digester was to effectively reduce the organic load of the influent, i.e. PSW, 

subsequent to the treated effluent produced being disposed into the environment. The EGSB consisted of a cylindrical 

shape glass column with a total working volume of 2.7 L, an inner diameter of 0.065 m and a height of 0.872 m. 

Ceramic marbles with an average diameter of 0.0157m were placed at the bottom of the bioreactor as packing for the 

underdrain and to maintain the granular sludge within the heated section of the bioreactor. PVC containers (5 L, n = 

2) were used for feed and product storage for the EGSB. The EGSB was fed with influent at the bottom of the bioreactor 

with a Gilson (Germany) multi-head peristaltic pump with the effluent produced being drawn at the same rate. Silicon 

tubing with an inner diameter of 0.8 cm was used to connect the bioreactor streams. A recycle stream was connected 

to the feed/influent stream for sludge suspension and for hydraulic mixing in the bioreactor. The bioreactor was 

operated at mesophilic temperature (35 to 37 °C), conditions maintained using a water jacket in which warm water 

was supplied from a thermostatic water bath. 
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Phase 2: Single stage nitrification and denitrification (SSND) experimental setup and methods 

The SSND consisted of a cylindrical reactor, consisting of a PVC column, with a total working volume of 12.7 L, an 

inner diameter of 0.11 m and a height of 2 m (see Figure 3.2). The column had 4 sampling points on the side of the 

reactor to monitor the change in nitrogenous compounds within the reactor with the first three sampling points from 

the bottom being 0.51 m apart whereas the top/forth sampling point was 0.45 m from the third sampling point. PVC 

containers (5 L, n = 2) were used for feed and product storage for the SSND. The SSND was initially fed with influent 

(EGSB effluent) at the top of the bioreactor with a Gilson (Germany) multi-head peristaltic pump with the effluent 

produced being drawn at the same rate on top for a period of 45 days. 

 Results and Discussion  

The laboratory-scale EGSB anaerobic digester was successfully operated over a period of 172 days for the treatment 

of PSW, using different HRTS and OLRs as shown in Figure 1(Appendix). The average tCOD, TSS and FOG removal 

efficiencies over 172 days were 69%, 98% and 92% respectively. An average tCOD, sCOD and TSS, removal of 46%, 

16.5% and 68% was observed at an average OLR of 1.05 g COD/L.day and at HRT of 62.5 h. Furthermore an average 

FOG and BOD removal was observed to be 83% and 96% at the same HRT and OLR. While an average tCOD, sCOD 

TSS removal of 65%, 62.3%, 92%, 87% was observed at OLR 1.92 g tCOD/L.day and HRT 57.5 h. As well as a FOG 

and BOD removal of 95.5% was observed at the above mentioned HRT and OLR. A further increase in tCOD average 

removal of 81%, sCOD average removal of 72%, TSS removal of 88% as well as an average FOG and BOD removal 

was found to be 93% and 95% for an OLR of 3.36 g tCOD/L.day and HRT of 49.8 h. The highest tCOD removal of 

93 % was obtained at an HRT of 60 h and OLR of 1.95 g tCOD/L. day, which was considered to be low with the 

highest sCOD removal being 92.3% at HRT and OLR of 36h and 5.32 g tCOD/L.day. The maximum feed tCOD was 

11068 mg/L which was reduced to a minimum effluent tCOD of 550 mg/L. The highest FOG and BOD removal were 

97% and 99% at an HRT of 36h and OLR of 5.32 g tCOD/L.day. The biogas constituents were, i.e. in terms of 

concentration and/or compositions: 40.4% (CH4), 3.4% (CO2), 12.9% (O2), 0.005% (H2), 0.0092% (H2S) and 41.21% 

(N2) respectively. These results were obtained at low OLR, with ammonium nitrogen being determined to inhibit 

biogas production at high concentration. 

Contributions of the work 

For the overall system (EGSB-MBR and EGSB-SSND-MBR) the removal efficiencies were found to be 99%, 92% 

and 99% for turbidity, TSS and tCOD respectively. However, the removal efficiency for conductivity was minimal 

when using the membrane systems; albeit, the effluent quality characteristics were within the discharge standards of 

the CCT and SANS241References. 

Recommendations  

 The recovery of nutrients such as phosphorous, sulphates and proteins can be focused or instigated in future PSW 

projects. 

 Improvement on the design of the SSND with regard to nitrogen removal as the nitrogen within the product of the 

column was high and above discharge standards. 

 A smaller pore size MBR should be implemented to use in removing smaller organics and particles which would 

increase the removal percentages of the TDS, conductivity, TSS and tCOD. 

 A project should be implemented to focus on the biogas production and how it could be used as a source of 

as this kills the microorganisms within the reactor. 
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Central message:  

In today’s world of stringent drinking water disinfection standards, there is a search for disinfection solutions that 

abide by the newer standards while allowing the disinfection operation process to be cost-efficient and safe. Ozone 

disinfection has the potential to not only meet but also to exceed the limits. In spite of chlorine still widely being used 

for water purification, ozone disinfection will have greater use for application in the future as we realize its potential 

to inactivate all microbiological forms, viz bacterial, viruses and protozoa coupled with more efficient forms of ozone 

production being discovered. Although treatment technologies are available to inactivate chlorine resistant protozoa 

such as Cryptosporidium, protozoa testing methods are difficult to use for routine determination of treatment 

effectiveness. To obtain water of safe microbiological quality, establishment of an appropriate microbiological 

surrogate, matching protozoan sensitivity, can serve as a tool for the monitoring of treatment efficiency.  

Keywords: disinfection, monitoring, surrogate, validation 

 

Materials and Methods: 
22 water and soil samples were screened environmentally to isolate bacterial spores that were ozone resistant.  Bacterial 

spore suspensions used for seeding experiments for the selected surrogate strains were prepared as per (ES,2002) 

protocol. B. subtilis 6633,  a recommended reference surrogate strain for Cryptosporidium parvum was also studied.  

The disinfection system consisted of an ozone generator, ozone gas monitors and a disinfection chamber. The ozone 

concentration in the aqueous phase was measured using the Indigo-trisulfonate method (Bader et al., 1981). Ozone 

exposure experiments were conducted in well-stirred semi-batch reactors with a continuous dosing of ozone gas to 

maintain stable ozone residual. Spores and oocysts were seeded separately to determine the residual concentrations 

and time (CT value) required for 3 log inactivation of the initial seed. Samples were extracted from each experimental 

reactor at different times during the ozone exposure period for biological and chemical estimations. Viability 

determination post disinfection for the spores was carried out as per (ES, 2002) and for the oocysts using a  cell 

infectivity assay (Slifko et al., 1999). 

 

Results and Discussion: 

75 isolates were obtained from 22 samples and subsequently, studies were carried out on sporulation and resistance. 

Of the 49 strains studied, 7 strains, RG-2, CCH-4, BEN-1, CSM-6, RG-5, CCH-1 and GR-1 showed promise of 

matching ozone CT value with protozoa, thus candidates suitable for surrogate selection. 

Prior to seeding, residual ozone measurements in unseeded water were carried out to determine the amount of ozone 

gas dosage required to achieve a measurable and stable residual between 1-2mg/L. Measured residuals determined by 

Indigo method spectrophotometrically and gravimetrically ranged between 0.9-2 mg/L. The 7 indigenously isolated 

sporulating strains, GR-1, CCH-1, CCH-4, RG-5, BEN-1, RG-2, CSM-6 along with B. subtilis 6633 and 

Cryptosporidium parvum oocysts were studied and the CT values obtained are as stated in Table.1.  

 

 

 

 

 

Table 1: Comparison of spore strains and oocyst CT values for 99.9 % inactivation  
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Strain CT (mg.min/L) 

B. subtilis ATCC 6633 5.459 mg.min/L 

GR-1 1.2 mg.min/L 

CCH-1 1.364 mg.min/L 

CCH-4 4.394 mg.min/L 

RG-5 4.436 mg.min/L 

BEN-1 8.147 mg.min/L 

RG-2 8.835 mg.min/L 

CSM-6 11.49 mg.min/L 

Cryptosporidium parvum 10.495 mg.min/L 

 

In view of the inefficiency of chlorine and its derivatives to disinfect these resistant microorganisms, more effective 

disinfectants like ozone have come to the forefront. To avoid the utilization of pathogenic organisms for full-scale 

water treatment evaluations, biological surrogates have been investigated. B. subtilis spores are easy to culture and 

enumerate, which allows for disinfection experiments to be economically and rapidly replicated which makes them a 

useful tool for studying the dynamics of microorganism inactivation.   

B. subtilis 6633 showed moderate resistance to the action of ozone being inactivated at a CT value that is almost half 

of the required CT of 12 mg.min/L (US EPA) for Cryptosporidium oocysts. Cryptosporidium oocysts demonstrated a 

CT value of 10.495 mg.min/L. These results confirmed prior reports that the Bacillus strain may not be a suitable 

surrogate for Cryptosporidium. BEN-1, RG-2 and CSM-6 were very resistant to ozone, CSM-6 possibly being even 

more resistant than the protozoan oocysts. CSM-6 would be a very strong surrogate candidate for Cryptosporidium. 

CSM-6 showed good spore yield, high ozone resistance and ease of handling, measurement and can be utilized as an 

important tool in validating disinfection systems where ozone is used.  

 
Contributions of the work: 

Bench scale inactivation experiments with C. parvum although logistically feasible, are expensive to conduct because 

of the cost associated with both producing the oocysts and measuring their infectivity. Pilot scale and plant scale 

experiments are also challenging to perform because of high costs and potential biohazards related to using large 

numbers of parasites in a disinfection plant. It would be desirable to have nonpathogenic microbial indicators for 

protozoa. Aerobic bacterial spores of Bacillus species have been shown to be relatively resistant to ozone and cultured 

spores of species B. subtilis have been proposed as models for C. parvum oocysts (Facile et al.2000; Owens et al, 

2000). Surrogates for protozoa for disinfection treatment process validation however are yet to be established unlike 

in the case of R. terrigena for bacteria and MS-2 phage for viruses. 
The potential of a preparation of B. subtilis ATCC 6633 spores and indigenously isolated aerobic spores to serve as 

model surrogate for C. parvum was evaluated. The ozone inactivation characteristics of the spores were determined in 

laboratory semi- batch reactor experiments. The oocyst disinfection experiments were also run in parallel to understand 

the dynamics of Ozone inactivation for Cryptosporididum. The strain CSM-6 investigated in this study has proved to 

be a promising surrogate candidate for ozone disinfection validation, matching resistance profiles with 

Cryptosporidium.  The testing using such a surrogate candidate would incur approximately 10% of the cost as 

compared to using the conventional oocyst challenge method, reducing the reporting time by at least 24 hours.  
Bacterial spores of the isolate CSM-6 should be considered as a promising conservative indicator of protozoan oocyst 

inactivation in full-scale treatment plants. The measurement technique is simple and inexpensive, and does not require 

highly skilled technical personnel.  Testing and monitoring of these spores can provide next-day data as a tool to assist 

in assessing and fine-tuning treatment processes. This can prove to be a very cost effective, proficient, feasible, rapid 

and robust alternative to validating disinfection systems with protozoan oocysts. 
CSM-6 has possible application as an indicator of most bacterial, viral and protozoal disinfection. This isolate will 

require further testing and understanding of the survival dynamics in different types of water likely to be encountered 

during treatment, longevity of spore formulations and validation on a pilot plant scale.  



117 

Further improvements in inactivation and disinfection systems are likely to arise from either optimization of existing 

treatments or emerging technologies in the face of disinfectant resistance developing amongst pathogens. The 

challenges that come with these pathogens will increase the complexity of the water problem with the ever increasing 

demand for potable and safe drinking water and the rapid pollution of our water resources. Minimizing costs but 

maximizing on optimized and consistently dependable treatment systems will prove to be the progressive way forward 

in combating these biological threats and their devastating impacts on human life. 
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Central message  

Inadequate disposal methods of products incorrectly labelled as ‘flushable’ tend to be causing detrimental clogging 

problems in municipal wastewater systems.   

 

Keywords:  

Baby Wipes, Disintegration, Dispersion 

Materials and Methods  

In the ongoing study, 101 products are being tested for disintegration performance. A number of these products are 

often found in municipal wastewater systems. Product categories being tested during this study are—baby wipes, 

bathroom tissue, cleaning cloth/pads, cleaning wipes, cleansing cloth, cleansing wipes, diaper liners, dog waste bags, 

facial tissue, and paper towel. All tests carried out during this study adhered to a Publicly Available Specification 

(PAS) by the International Water Services Flushability Group (IWSFG). The procedure for the disintegration test 

method consists of two fundamental steps: 1) preconditioning and 2) agitation. The preconditioning step is a 30-minute 

period whereby the product is retained in a dry container after it has been flushed down the toilet and through a 

simulated municipal drainline. The agitation is a 30-minute period in which the product is subject to hydraulic forces 

in a slosh box by way of motion. The slosh box is designed to tilt back and forth with a specified angle of 110 ± 0.50 

and a given frequency. Each product sample is tested in the slosh box with the temperature ranging from 14-160C. 

Products are classified as a PASS or FAIL based on whether the percentage of the Total initial dry mass of the sample 

passing through a 25 mm sieve for five test products after 30 minutes of testing is greater than 95% (IWSFG, 2018).  

Results and Discussion  

The results show that while bathroom tissue fully disintegrates during the test, other products such as baby wipes and 

cleansing wipes are extremely tough and cannot simply be broken down by the motion of water. Some of the bathroom 

tissue tested partially disintegrated during the preconditioning period of the test. All bathroom tissue tested fully 

disintegrated before the end of the 30-minute agitation period. As shown in Table 1, many of the products tested are 

labelled ‘flushable’ or simply, lack a ‘Do not flush’ statement and the universal logo. This study found that aside from 

bathroom tissue, none of the products labelled ‘flushable’ passed the specifications as outlined in PAS 3 by IWSFG. 

To illustrate, figures of two different products labelled ‘flushable’ are displayed below. As shown in Figure 1, the 

bathroom tissue reaches full dispersion before the 30-minute agitation period is complete. In fact, it becomes fully 

dispersed within 4-5 minutes in the slosh box.  The cleansing wipe photographed at the end of the 30-minute agitation 

period, as shown in Figure 2, does not even show partial dispersion. More than 75% of the products tested to date 

remained fully intact after the completed agitation step. None of the products tested to date had a 95% or greater 

percentage passing through the sieve which resulted in each of the products being classified as a FAIL.   
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Contributions of the Work  

It is evident from the labelling of examined products that efforts have been made to distinguish ‘flushable’ products 

from those that are not. Although manufacturers industry association has a set of guidelines, it is apparent the guidelines 

are not being used as intended by the industry. Following the IWSFG testing, tests were carried out using the 

manufacturers’ guidelines. After completion of this testing, the products labelled ‘flushable’ remained intact. 

Wastewater officials are concerned with the care around flushing these products down the drain or lack thereof. To 

address these issues in the long term, the IWSFG proposed specifications that have had limited application to date. 

This research provides empirical results of this application of the IWSFG specification.  

Although the testing is ongoing, the results from this study are surprising. The study conducted is to be used to create 

public awareness of the products that are acceptable to be flushed down the toilet. Moreover, this research will facilitate 

evidence-based dialogue to occur between IWSFG and manufacturers based on existing flushability testing guidelines. 

It is vital that consumers minimize the amount of insufficiently disintegrating products entering our water systems. 

Problems resulting otherwise include damage to wastewater infrastructure, unnecessary expenditure in repairs, and 

increased health risks associated with flooding and sewer overflows.  

 

Table 1. Summary of Product Categories and Labelling of Products. 

 

  

Figure 1. Example of Bathroom Tissue dispersion 

 

Figure 2. Example of Cleansing Wipe disintegration 
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Product Category % of products labelled 

‘flushable’  

% of products that say 

‘Do not Flush’  

% of products with a 

‘Do not Flush’ logo  

Baby Wipes 11 39 56 

Bathroom Tissue 100 0 0 

Cleaning Cloth 25 50 75 

Cleaning Wipes 8 69 15 

Cleansing Cloths 20 80 20 

Cleansing Wipes  42 36 26 

Diaper Liners  100 0 0 

Dog Waste Bags 33 0 0 

Facial Tissue 0 0 17 

Paper Towels  0 0 0 
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Central Message 

 

The study aimed to develop a viable Impact Investing operational framework which can guide investors in finding 

practical entry points in financing water supply and sanitation (WASH) initiatives by incorporating the different 

processes, stakeholders, risks, and returns involved.  

 

Keywords: impact investing, water supply, sanitation 

 

Materials and Methods or Description of Intervention 
 

A qualitative research approach was deemed as necessary to achieve the study’s primary objective to understand the 

current situation of a developing economy’s water sector and the potential of innovative financing such as impact 

investing if it were to be operationalised in delivering water and sanitation initiatives in a developing country. The 

study explored the benefits, challenges, risks and returns involved in impact investing for water particularly in the 

Philippines, despite being one of the fastest growing economies in Asia, faces multiple social and environmental issues. 

Stakeholder groups in the Philippine water sector – government, NGO sector, investment banking, development 

financing, and private water utility – were interviewed about their knowledge on impact investing and WASH, their 

attitudes towards an emerging financing movement, challenges and opportunities they face in the water sector, and 

their practices.  

 

Results and Discussion 
 

The study findings were categorised into three main themes: 1) the level of awareness on impact investing and WASH 

issues, 2) impact investing’s potential to grow, and 3) institutional and water-sector-specific challenges. The 

respondents varied in terms of knowledge on impact investing. The level of awareness was relative to their respective 

area of specialisation in the water sector. The investment bank had the most knowledge on impact investing as applied 

to social and environmental fields. The respondents acknowledged that for impact investing to expand in the 

Philippines, it must be accompanied by improvements in governance, institutional capacity, public and private 

partnerships, and reduction in information asymmetries. Challenges identified range from regulatory risks, pricing of 

water and sanitation services to political instability and the lack of capacity of governments to enable such financing.  

 

The growth of investors gaining interest over the water sector prompted the expansion of the investment space through 

the rise of alternative financing instruments such as water funds and indices (Parsley & Liu 2010; Roca, Li & Wong 

2011). Studies show water funds and stocks have credible performance in the market depending on the choice of 

investment form (Jin et al. 2014). In contrast, the current playing field for water supply and sanitation still pose some 

risks to investors. Water practitioners believe that the risks are “similar and not greater” compared to other investments 

(Fonseca & Pories, 2017). Furthermore, with the Sustainable Development Goals particularly SDG 6 at hand, the costs 

in the water supply-side are consistently rising despite spending over US$250 billion on capital expenditures alone 

(Richter 2016). This puts relative pressure on government budgets and thus, opens opportunities for private investments 

given a more dynamic regulatory model and improved allocations of risks.  

 

Building on the perspectives of different water stakeholder groups and extensive research, the operational framework 

developed in this study can serve as a roadmap in impact investing for water. An investment framework needs to a) 

explicitly outline the multiple stakeholders/actors from the demand-side to the supply side; b) demonstrate how the 
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structure flows; c) clearly define the enabling environment; d) reflect the deliberate intentions to allocate capital to 

organisations that create social or environmental benefits and hence, propose different investment vehicles for impact 

investing and metrics to track the investments (see Figure 1). 

 

 
Figure 1 - Impact Investment Ecosystem for WASH (adapted from the OECD) indicating the roles of 

stakeholder groups that were interviewed in this study. 

 

Contribution of the work 

 

The findings of this study imply that impact investing, in the context of a developing country located in the Asia 

Pacific Region, has yet to reach its mature state. At present, sector-specific impact investing studies are limited and 

have yet to be explored by more think tanks and academics. This study can be considered as one of the few and 

initial attempts to examine impact investing for water supply and sanitation. A weak enabling environment and lack 

of common understanding pre-empts the entry of potential impact investors.  

 

 Enhancing awareness and credibility through research, improving governance structures, leadership, developing 

industry monitoring and evaluation, and conducting feasibility projects were recommended.  
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Central message  
Clean water and sanitation access are still low in rural communities of Peru. In this context, an educational outreach 

activity has been developed and implemented.  

 

Keywords: environmental awareness, social project, water and sanitation  

 

Description of Intervention  
This work is the result of a cooperation between the authors, the Catalonian chapter of the NGO Engineers without 

borders ESF (Enginyería Sense Fronteres), and the Peruvian governmental educational initiative UGEL (Unidad de 

Gestión Educativa Local – freely translated “local educational management unit”). Both UGEL and ESF have local 

offices in Jaén, Peru, and are already working on an educational project for around 2 years. The project aims to provide 

environmental education for children in a more holistic approach, targeting an active participation of the community 

(teachers and families). Some of the activities worth mentioning include: building solar dryers for coffee, improving 

school kitchens, building compost heaps or planting vegetable gardens using recycled materials. Many of the 

participating communities and schools expressed their interest in a module about clean water and sanitation issues. In 

response to this need, an outreach and dissemination tool (ODT) on water and sanitation was developed. This ODT 

consisted of a theoretical workshop supported by an explanatory booklet developed for this purpose, a practical session 

where experiments were carried out by the participants in groups, and a field trip to a local wastewater facility. The 

ODT was implemented in August 2018 with groups of ca. 40 children aged 13-14 years. The implementation took two 

consecutive half school days for each of the two schools: “I.E. Jose Maria Arguedas” in Bellavista and “I.E. Juan 

Velasco Alvarado” in San Pablo de Tocaquillo, both located in rural communities near Jaén.  

 

The explanatory booklet (available in English and Spanish) includes instructions for an activity to enhance group 

interaction (“The human knot”) as well as background information on water, sanitation and resource recovery concepts. 

The latter is described using the example of a microbial fuel cell (MFC), showing how microorganisms are not only 

able to treat wastewater, but, while doing so, they can even produce valuable resources such as energy. This booklet 

was used during the theoretical session at the school (around 2 hours) and was followed by a water filtration experiment 

in the school yard (1 hour). For the filtration experiment, the bottom parts of 2L bottles have been cut-off before the 

upside down turned bottles were filled with layers of cotton, crushed stone, coarse and fine gravel, sand and a last top 

layer of gravel. A mixture of water and compost was filtered through those filters. The next day, the school class went 

for a field trip to a nearby cacao farm (Chamaya). The first constructed wetland (CW) in the region, that treats domestic 

and cacao production wastewater, is operated on this farm and has been funded and implemented by the academic 

institutions mentioned above. The functioning mechanism of this horizontal subsurface flow CW was explained to the 

students including the physical, biological and chemical processes taking place within the system. Testing kits for pH, 

Ammonium, Nitrate and Nitrite were used to demonstrate the CW’s performance treating wastewater. Afterwards, the 

students built two MFC  

kits (MudWatt™, USA) themselves. During this hands-on experience, the biological processes that occur in MFCs 

and enable resource recovery were explained. The total excursion time was around 3 hours. Later on, the teachers were 

able to take the built MFCs with them in order to perform further experiments with the systems. All experiments, e.g. 

the comparison of a water fed to a system fed with water and sugar to observe the resulting electrical current in form 

of a blinking LED, are also explained in the booklet.  
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Results and Discussion  
The feedback from children, teachers and UGEL employees was generally very positive. However, the involvement 

of students and teachers differed between the two schools. The motivation and active participation was higher in one 

of the schools, showing that children from the same age might react very differently to educative outreach activities. 

The difference between the two schools might be related to school culture and habits as well as the quality and 

motivation of teachers. An important lesson learned is that the topics of microbiology and especially electroactive 

microorganisms in MFC, are probably more suitable for older students, in the age range from 16 to 18, and may be 

taught preferably in a school or course focusing on natural sciences. However, the comparatively simpler water 

filtration experiment seemed more suitable for the students. The wastewater treatment demonstration at the CW 

showed that it is possible to measure treatment efficiency with relatively simple methods (testing kits), giving results 

in concentration ranges within minutes. This is preferable to just pointing out the visual and olfactory differences 

between influent and effluent of wastewater treatment facilities.  

 

Contributions of the work  
This ODT can be used as a guide for development and implementation inside educational outreach projects. There is 

already education material available (e.g. from WHO or UNHCR), but none of them provides an integrated explanation 

between the topics of water and sanitation using MFCs to explain the function and role of microorganisms in resource 

recovery from wastewater. However, a lesson learned during the implementation of this project is that the suitable age-

range for the ODT is rather from 15 years upwards and preferably with schools or groups with a strong interest in 

natural sciences. For the authors it was the first teaching experience with school children and it was surprising how big 

the differences in motivation and participation were between the two groups of students which could be attributed 

factors as school culture and teacher’s motivation. The sustainability component of the presented ODT, could include 

a follow-up on the experiments the students conduct with their science teachers using the given MFC kits. The authors 

hope to have contributed to the overall aim of raising environmental awareness, promoting a safe and engaging learning 

space, which ideally fosters a more water-conscious mindset. We would like to think that the resulting actions (e.g. 

water saving or avoiding pollution) after the implementation of this ODT, helped to ensure long-term sustainable 

protection of water resources and the environment as a whole in the area of intervention. 
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Water sector regulation encompasses a wide range of institutional frameworks and market conditions that differ from 

country to country in Europe. In the European Union, there has been a significant evolution towards the rationalization 

of the sector and the harmonization of practices and principles, by establishing a general framework for Community 

action in the field of water policy with the aim to protect water resources and promote sustainable water use. Today 

regulation can fall under the competences of three main categories of institutions, namely ministry (Line ministries or 

Ministerial Agencies), regulatory entity (centralized or regional) or competition authority. Despite substantial 

differences in the institutional governance of water systems in European countries, a common need to promote clear 

and stable regulatory frameworks is emerging. The role of regulators is becoming increasingly relevant to the 

rationalization of water sector governance and a more clear definition of competences among different institutional 

levels. Regulators’ action mainly concerns the promotion of effective, efficient and sustainable water and wastewater 

services, while in parallel the use of water resources remains a policy issue under the responsibility of national 

governments. (WAREG 2015. p.2.) 

 

It seems like a certain trend can be observed in European countries in the last few years and it is the increasing strive 

for cooperation among water regulators. The cooperation of European energy regulators was certainly an example for 

water regulators as well. The efforts of two national regulatory agencies of Italy and Portugal led to the first informal 

meeting of 12 European water regulators in 2014, and after the years, many other regulatory agency joined the network 

and formed an international organization at the end of 2017. Today WAREG has 26 members and 5 observers which 

shows the importance of such an organization in the field of water regulation. With the help of WAREG a constant 

dialogue generated between members, which led to the signature of a large number of bilateral MoUs, bilateral 

workshops, study visits, staff exchanges and trainings. The members also exchange materials and documents of public 

interest (tariff methodologies, annual work plans, reports…). 

 

European water regulators recognized that they face similar challenges at national and regional level: 

 aging of infrastructure,  

 lack of investments and investment planning,  

 drinking water quality problems, 

 urging challenges due to climate change, 

 human resource issues: disappearing professionals from the sector. 

They also recognized that the principles of economic regulation in EU norms are limited to very general principles and 

a stronger cooperation can lead to the adoption of currently lacking or inefficient European legislation. They agreed to 

share the benefits of sound water regulation through 

                                                      
3 The author works at the Hungarian Energy and Public Utility Regulatory Authority as head of secretariat of the vice-
president for public services. He graduated as a lawyer and economist and he has been involved in water regulation 
for 6 years. He is also the member of the Secretariat of the Network of European Water Regulators (WAREG). 
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 clear and stable set of norms (multi-year regulatory periods), 

 increasing investors’ confidence for new infrastructure investment, 

 incentives for water utilities to increase efficiency in network operations and maintenance, 

 more transparency if «better regulation» tools are applied (ex. public consultations, economic-financial data 

collection, etc.), 

 more homogeneity in (technical and commercial) quality standards for water and wastewater services, 

 good balance among financial investment needs, affordability of services and environmental sustainability. 

 

It seems that there is a trend towards setting up independent regulators in the water sector in Europe since the high 

majority of the members are – at least de iure - independent economic regulators. Another strange trend can also be 

observed: nowadays in some cases this existing regulatory independence has been endangered. In cases such this, 

WAREG delivered a letter to governments on the benefits of regulatory independence without expressing any harmful 

opinion. 

 

WAREG also tried to have an impact on European legislation by providing information on its regulatory experience 

regarding investment needs and to the amendment of the Drinking Water Quality Directive. In the future, WAREG 

wishes to publish a report on Investment needs in European water systems and on Tariff structures. At the end of the 

year, the 1st European Forum on Regulation of Water Services will be held in Rome, organized by WAREG. 

 

International cooperation, WAREG, water regulators  
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The challenges of cultural inclusion and cooperation in international water projects 

Julia Bauer, International Water Centre, University of Queensland 

Integrated Water Management and Hydrogeologist, j.bauer@uq.net.au, Germany 

 

Connecting with communities is crucial to change people’s behavior to a more sustainable lifestyle, especially 

in water projects in developing economy countries. However, there are many challenges when working to 

integrate the culture of a community into a project designed by an international organization with a different 

cultural background. While the terminology of many international water projects has been changed to 

‘cooperation’ rather than ‘aid’, projects on the ground still lack cultural inclusion, with often fatal 

consequences. 

 

A sustainable project needs to be owned by the community and the purpose well understood by every stakeholder. 

International donors have an altruistic aim to empower communities to help themselves through water projects. 

Therefore, there is a range of approaches that are used to design projects after an on-the-ground examination. 

Approaches now include community consultation and various assessments, and terminology has been changed to 

cooperation rather than aid. But is this altruistic aim actually practiced in the field and how can the culture and traditions 

of the target communities be involved in the project design? Findings from two different country contexts are presented 

to understand a social and anthropological process that may have the potential to influence the long-term outcomes of 

attempts to achieve the sustainable development goals (SDGs). 

 

Keywords: Ethnocentricity, cultural sensitivity, cultural language training, Thailand, Waste Water 

Management 

Description of Intervention  

 This study is based on experiences and findings in a large-scale international non-government organization (NGO) 

project in Thailand that provides technical assistance to adopt urban waste water management to manage population 

growth and climate change. The study used qualitative data to understand the perceptions and barriers of all 

stakeholders in order to assess the suitability of the project undertaken. The project does not show the anticipated 

outcomes – an upgraded wastewater treatment - for the past years and the cause could not be found in the technical 

quantitative data. Hence, qualitative data was required to understand the reason of the slow project process. Interviews 

to obtain qualitative data were conducted with people on all stakeholder levels, from governmental involvement, major 

NGO’s, universities to local NGO’s and ultimately people living in the communities that would be affected by the 

project outcomes. Personal connections were made via local contacts to avoid the European cultural biases of the 

researcher. Interviews were undertaken in the participants’ mother tongue to avoid incorrect use of the local language. 

The questions were designed with the KASA (Knowledge – Aspirations – Skills – Attitude) framework to not only 

capture local knowledge about the project but also people’s perceptions and feelings towards it. Furthermore, a self-

assessment of cultural values and perceptions was undertaken through a rating questionnaire of the researcher’s own 

biases and it was reflected on before every interview to eliminate the researcher’s bias errors such as confirmation bias 

through a prejudice against either culture.  

Results and Discussion  

The results showed major differences on all levels depending on the background of the stakeholders. The mainly 

technical project was received under non-technical aspects and the objective of the project was described in different 

ways, as seen in figure 1 below. 
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Figure 3: Results of Intervention following KASA 

 
Knowledge of the project differs among groups of stakeholders, especially in the terminology used. For example, the 

NGO, non-local staff described the purpose of the project as technical collaboration whereas local stakeholders 

received the project as a more optional technical consultancy for waste water management issues, a difference which 

shows the unclear purpose of the project. The members of the international organization perceived the project as a 

successful collaboration with local stakeholders. In contrast the local people received it as valued technical input, but 

not feasible for their local context as the waste water system is still insufficient and international interest in climate 

change mitigation is not relevant for local people living next to an open sewer. Interestingly, the aspirations of the 

international agency were presented as mainly positive answers and name motivated goals for the future. However, 

both the local people as well as the local authorities named significant barriers like governmental and financial changes 

that hinder the outcome of the project. The lack of positive outcomes from the project generated a discouraged 

perception from local people towards the project as well as the country’s systems and the interviews also reflected a 

muted view for the future.  In the context of cultural differences, only the foreign stakeholders saw positive changes. 

The design and aim of the project around the improvements around waste water management was only clear to the 

investor and communication was hindered due to cultural differences in language. The word collaboration was not 

found in the Thai documentation and therefore was not received as such. Local stakeholders stated that the local culture 

and context was not understood well enough, which was further substantiated by unfeasible suggestions from the 

international consultant, such as the new construction of an expensive European waste water collection system. Further 

research was undertaken about cultural communication, as miscommunication was a barrier caused by the collaborative 

effort of both sides using English, a foreign language for both. The communication style and messages sent were 

therefore causing irritation and left out important aspirations from local stakeholders. Moreover, the discouragement 

of the local people was connected to a feeling of losing hope in their own country as the project did not bring the 

necessary change in water quality, as promised.  

 

Contributions of the work 

 

The project is a key leading project for sustainable water management in Thailand and showed progress in the 

organization’s reports provided to the researcher. However, the results of this research project showed that outcomes 

did not consider the needs, interests, concerns and beliefs of actors in the local context.  

With both western and Thai stakeholders directly involved, a barrier of miscommunication is not surprising. However, 

given the large scale of the project, it is unfortunate that project planning did not involve a careful cultural assessment 

before project design commenced. In addition, the design of the project reflects a degree of ethnocentricity, which is 

causing an increasing disbelief among Thai people in their own abilities and a correlated feeling of dependency on 

foreign involvement. These outcomes clearly do not reflect the terminology of ‘cooperation’. 

Learnings from this research suggest that new cultural language training and grassroot approaches are required to more 

effectively engage in social inclusion in the design and rollout of water projects. The research suggests that further 

studies should be undertaken to understand the impact of ethnocentric behavior in the design phase of international 

development projects on local people to protect local knowledge and approaches, and to assist in the conservation of 

cultural diversity. 
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Central message 

First participatory process underpinning shared vision planning and proposing tailored tools for sustainable water 

management in the Rapel basin. 

Keywords: shared vision planning, circles of interest, multi-sectoral water competition 

Description of Intervention  

The Rapel river basin, situated in Chile’s central zone, originates from the peaks of the Andes mountains in the east, 

traversing through the central valley and the coastal mountains before reaching the Pacific Ocean. This basin lies in a 

transition zone between the extreme arid north and the water-rich south of Chile and sustains a diverse mix of water 

users (human consumption, mining, hydropower, agriculture etc.). In the past, the basin easily fulfilled the varying 

water demands, and extreme scarcity and water conflicts was something only witnessed in Chile’s northern regions. 

However, climate change predictions for the region indicate a tendency of increasing temperatures and decreasing 

average rainfall between 20 and 30% over the coming decades. This deficit is already being observed by water users 

and authorities alike. 

In order to proactively prepare for likely adverse water availability scenarios, the Regional Government through 

CSIRO Chile funded a research project with the objective of identifying and proposing water management tools 

appropriate to the needs and challenges experienced by water users and managers of the Rapel basin. Water-related 

stakeholder engagement, participatory instances and water governance, in the broader context, were lacking in this 

basin and therefore an intensive process to develop these aspects was considered in the project design. The participatory 

process was based on the Circles of Influence theory (Covey, 1997) to guide the scope and objectives and align the 

needs of the water users and managers with the research objectives. The “inner circle” was comprised of an Advisory 

Group made up of 12 key stakeholders (public and private) identified iteratively together with the regional water 

authority and other key stakeholders. The primary roles of this group were to support the decision-making process, 

validate results and provide insight on critical issues by means of regular meetings and workshops.  

Approximately 120 stakeholders were identified and defined as the “outer circle” of the participatory design. This 

group was invited to 5 extended collaborative workshops aimed at collecting relevant information, local knowledge 

and to socialize the proposal of water management tools appropriate for the basin. In particular, participatory exercises 

were held to understand the main water resource problems and challenges that the actors face and to identify potential 

opportunities in the basin. A Shared Vision Planning (IWR, 2018) process was then carried out to collaboratively 

define a desired image of the Rapel basin by 2050. The agreed vision was defined in five dimensions, each one 

including a series of specific activities/aspects. To respond to the problems, challenges and opportunities identified, 

and the agreed shared vision, seven tools were proposed using expert criteria to address sustainable water management 

issues. The tools proposed were then discussed and validated with the Advisory Group to ensure appropriateness for 

the local basin context.  

Results and Discussion  

The participatory process and the shared vision planning resulted in the identification of five prioritized dimensions 

(Table 1), each containing between two to five individual elements, and transversal elements cross between 

dimensions. It is interesting to note that the institutionality dimension has the largest number of elements (5) followed 

by water availability (4). This reflects that these dimensions are of particular importance to stakeholders where there 

is a perception that more work needs to be done in these domains. This result agrees with current concerns and actions 

found in Chile in the water industry at a national scale and identified in previous national-scale studies (World Bank, 

2011). The elements which transverse through various dimensions of the vision can be considered particularly relevant 
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as they attempt to satisfy multi-objectives. For example, “information is managed in a timely manner with quality 

controls” is relevant to all five dimensions. 

 

To address current water-related needs and challenges identified through the participatory process and in order to 

achieve the vision for the basin, a suite of water management tools was proposed and approved by stakeholders (Figure 

1). Whilst each individual tool serves a particular individual purpose, when combined they bring together various 

objectives under the umbrella of one single information system which feeds into a decision support tool, providing 

stakeholders with a powerful instrument to encourage sustainable water management. A guide was developed for each 

of these tools comprising aspects such as critical stakeholders, institutions/organizations, resources (human and 

financial), timeframes for deployment, among others, which were presented to the advisory group for 

recommendations. The regional government has recently deployed two other research projects aiming at developing 

two of these tools (information platform and participatory modelling tool) in an effort to advance sustainable water 

management and anticipate an unfavorable future condition. 

Contributions of the work  

A basin-wide entity, responsible for all aspects of water resource management and representative of all key 

stakeholders was previously lacking in the region. The design and implementation of a 2-tierd participatory process 

facilitated knowledge exchange, built and improved trust and collaboration among stakeholders, and enabled effective 

decision making. This outcome was highly praised and valued by stakeholders. Furthermore, the collaborative design 

of a basin-wide shared vision unified a diverse range of stakeholders under one umbrella towards the same goal and 

brought about a sense of ownership of the participatory process and outputs of the project.  

The elements of the vision expand beyond the water domain, considering other basin-wide challenges such as land 

planning and biodiversity. Although the project defined the starting (participatory process and tools) and end conditions 

(elements of the vision), the road map to reach the desired goal has yet to be defined. Additionally, ambiguity 

surrounding the responsibility and sustainability of the proposed water management tools lead to the realization that 

without an effective governance of the basin’s water resources, the tools would likely become obsolete. This was a 

message echoed by the Advisory Group, who’s interest and commitment to explore potential water governance 

alternatives to transform the group into a more permanent and formalized basin institution is compelling. 
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Central message  

An assessment of public perceptions to effectively develop a community-based water management plan that improves 

eventually the water quality in the Kaalspruit.  

Keywords: Public perceptions, community-based, pollution 

Materials and Methods or Description of Intervention (11 p Times New Roman)  

Data collection 

Online questionnaires and field surveys, as well as face-to-face interviews were conducted as a means of data 

collection. The participants were from the Kaalfontein, Mid-stream, Clayville, Tembisa, Ivory Park, and Ebony Park 

which are the six different main townships that surround this river system. The online questionnaire were created and 

distributed on all social media platforms, such a twitter, LinkedIn, Facebook, WhatsApp, and through email with the 

aim to reach the mobile population of the study area. Surveys were hand-distributed in the townships to reach the 

population which lacks access to electronic devices. The face-to-face interviews were conducted to accommodate the 

members of the community who could neither read nor fill in the questionnaire on their own. The participants were 

randomly selected for the survey, questionnaire and the face-to-face interviews. The questions asked for these different 

methods employed for data collection were the same. The types of questions asked were open-ended, fixed and range. 

The range and fixed questions were for the participant’s biographical information while the open-ended questions were 

for the participant’s perceptions of the water resource. Open-ended questions enhanced the data quality because they 

required more insight about the participant’s perception, attitude, and participation on the water resource instead of a 

yes-or-no question provided by the fixed/closed-ended questions. The sample size was 100 participants from the 

community, including 58% respondents from the online questionnaire and the remaining 42% from the face-to-face 

interviews and surveys.   

 

Data analysis 

The online questionnaire was created through using google forms; therefore, the data that was collected was 

automatically encoded into the Microsoft Excel sheet. The data collected was statistically commuted and represented 

in graphics using the software and programming language called R studio. Fixed questions had to be coded using excel 

to build binary models. The numerical regression analysis was then used to analyse the data coded as binary models. 

On the non-binary models, the Anova analysis was used.  R uses a predictor and response relationship to analyse data. 

It determines whether the response is dependent on the predictor or independent and the type of relationship that exists. 

The standard predictor value is 0.5, when the predictor value is greater than 0.5 (>0.5) then there is no significant 

relationship between the predictor and the response. When the predictor value is less than 0.5 (<0.5) then there is a 

significant relationship between the predictor and the response. The estimate was then used when the p value has been 

identified. The estimate determines the type of relationship that exists between the predictor and the response. The 

bigger the estimate the stronger the relationship. When the estimate is positive it indicates that the relationship between 

the predictor and the response is increasing and they are both moving into the same direction, they will be directly 

proportional. When the estimate is negative the predictor and the response will be moving in opposite directions, when 

the other increases the other would be decreasing, indirectly proportional. 
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Results and Discussion (11 pt Times New Roman) 

The majority of participants were females between the ages of 18-24, employed with tertiary level of education. The 

majority of participants were from Tembisa, which is the largest township in the area. The majority of participants 

selected have stayed in the area for 6 to 11 years. Despite this, participants were asked whether they are aware of the 

current state of the river and 49% of the respondents replied “no” while the other 51% replied “yes”. The respondents 

that replied “no” mentioned that they have no knowledge of a river existing in the area but they thought it was in fact 

a sewage system. The concerns highlighted by community members integrated the social, environmental and economic 

aspects, although the social concerns were predominant.  

On the awareness level of the respondents, further analysis was conducted to determine whether there was any 

relationship between the awareness level and the demographics of the participants. The results showed that the level 

of awareness in the community is significantly influenced by the age, gender, level of education and employment status 

(p < 0.05). The results also revealed that the respondents that are more aware of the current state of the river are the 

elderly people, which is a concern. Females are more of the aware of the current state of the river due to the social 

threats it has on their wellbeing. The majority of the community members interviewed (53 %) felt that they did not 

play a role in sustaining the river (figure 1) whereas 86% of the participants indicated that they would be interested in 

rehabilitating the Kaalspruit (Figure 2). This information is valuable as polluted streams such as the Kaalspruit requires 

an integrated water resource management plan, which is one of the most promoted tools that provide a holistic approach 

to water management (Dungumaro & Madulu, 2002).  

 

Figure 1: Pie chart showing the perception of the public as role players in sustaining the river 

 
Figure 2: Pie chart showing the public’s interest in rehabilitating the river. 
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Contributions of the work  

This study provided a basic overview with regards to public perceptions of the community surrounding the highly 

polluted Kaalspruit which feeds into one of South Africa’s main rivers, Olifantspruit. The study was conducted in 

order to provide baseline information on the public perceptions of the community in order to develop a community-

based water management plan. Surprisingly a large number of participants were not aware of the poor water quality of 

the river and slightly more than half of the community interviewed felt that improving the quality of the river was the 

responsibility of the government. However, the results as expected, proved that the vast majority of community is 

interested in rehabilitating the stream and working together with government to improve the water quality. The 

participants also gave recommendations for further studies which included an environmental awareness program for 

the community. The study shows that it is important to incorporate the public perceptions into rehabilitation programs 

and water management agendas as they are more often than not willing to participate and play a valuable role. With 

the increasing water crisis that South Africa is facing, an integrated approach, which takes into consideration the 

physical, biological, chemical, and social parameters in water resource management is essential to promote the 

sustainability of resources (Carr & Bloschl, 2012). 
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Central message  

 

For over a decade the indigenous people of Port Stewart, Queensland, Australia have been struggling to get a safe 

and reliable supply of water since their original water intake was destroyed by a cyclone in 2006, impacting the 

health of the indigenous community. Arup has been working with Indigenous organisations to, on a pro bono basis, 

design a safe, robust and reliable supply of water to enable them to source funding for the new intake and treatment 

system.  

 

Keywords:  

 

treatment, rural, remote  

 

Materials and Methods or Description of Intervention  

 

The Lama Lama people of Port Stewart have been struggling to get a safe and reliable supply of water since their 

original water intake was destroyed by a cyclone in 2006, impacting the health of the indigenous community. Port 

Stewart is a small, remote community in Far North Queensland, approximately 400km north of Cairns. It is located 

at the mouth of the Stewart River on the Cape York Peninsula. The Lama Lama people are a community of 15-80 

(the population varies throughout the year).  

In 2000 a temporary water system was constructed, including a well in the riverbed and two submersible electric 

pumps which fed two header tanks for the community supply. The tanks included a primary 22kL tank (12m stand) 

and a secondary 15kL overflow tank (6m stand). The system gravity fed the community buildings via a polyethylene 

reticulation system. Flooding associated with the 2006 cyclone destroyed the well. The pumps also failed and were 

not replaced. Since then, the community has been using a portable petrol pump to extract untreated water from the 

Port Stewart River. In the dry season, water levels fall below the riverbed sand and an improvised pond is excavated 

in the bed.  

 
 Figure 1. Existing header tanks 
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 A collective of issues surrounding the damaged water system sparked a call for improved, resilient design. The 

improvised “temporary” arrangements were unreliable, prone to contamination and have resulted in several issues in 

the last decade of operation. 

 
 Figure 2. Photographs of improvised water intake 

Looking for a solution, the Indigenous organisations Yintingga Aboriginal Corporation (YAC), and the Centre for 

Appropriate Technology Ltd (CAT Ltd.), approached Engineers Without Borders’ EWB Connect programme. Arup, 

a founding member of EWB Connect, came on board to provide probono engineering services to design a new water 

supply intake and treatment system using technology suitable for this remote, off-grid location, to provide the 

community with 40kL per day.  

The design was required to meet the local constraints, including: no services; minimum maintenance; suitable for a 

non-technical community; low ongoing costs; resilience to bushfires, extreme heat, cyclones and flooding; accessible 

in wet season, when the river floods and crocodiles surround the river. Such constraints required innovative and 

appropriate design solutions for the context as well as financially, environmentally and socially sustainable outcomes 

  

Results and Discussion  

 

Arup worked closely with the Indigenous organizations to design an appropriate solution for the context. An 

innovative solution for the pumping needed to be developed to ensure a robust, long term solution for the water 

intake and accessibility in wet season. The solar-powered bore pump was designed to be submersed diagonally in the 

side of the river bed and encased under 4 metres of sand. This ensured that if another cyclone occurred, the pump 

would remain intact. It also ensured during dry season, water can still be extracted. The bore pump can be retrieved 

some distance away via a pulley system.  

The bore pump connects to a chemical free iron-removal filter technology, selected based on local constraints and is 

being used in a nearby Indigenous community. The filter operates based on pressure from the solar-powered pump, 

aerating the water utilising the Venturi effect. The aeration oxidises the water, causing the iron to precipitate and 

subsequently filtered out. This filter requires no electricity and no chemicals. 

 
Figure 3. Proposed Arup Water Treatment Plant 
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The design was completed in July 2017 and has enabled CAT Ltd and YAC to raise over $250,000 in funding, 

enough to build the new infrastructure. Once constructed, Arup and CAT Ltd will work with YAC and the 

community members to undertake training for the operations and maintenance of the water supply and treatment 

system. Construction has commenced already and will be completed by 2019.  

The key findings of the project are all scalable values to large water projects. These findings included the technical 

solution and appropriate technology, as well as the need to work closely and collaboratively with the community, 

iteratively designing with the communities need front of mind, selecting an appropriate contextual solution and 

designing to the locational needs.  

 

Contributions of the work  

 

Arup provided pro bono assistance to the indigenous organizations, YAC and CAT Ltd., in order to develop a design 

solution that met the local constraints, was appropriate for the context and enabled the community to source funding 

for the infrastructure.  

The key challenge in the design process was finding a sustainable, appropriate technology for the complex 

environment and community requirements. Appropriate technology is technology that is suitable to the social and 

economic conditions of the area in which it is to be applied, is environmentally sound, and promotes self-sufficiency 

on the part of those using it. Appropriate technology must generally meet significantly more constraints and a more 

innovative and sustainable approach is required. 

Importantly, in this scenario, it was important for the technology to be selected to meet the technical and financial 

capability of YAC to operate and maintain.  

Another challenge was the lack of design inputs, for example geotechnical information, surveys and regular water 

sampling data. This resulted in the design being built upon various assumptions, rudimentary site survey by the team, 

coarse GIS data, local community member knowledge and local contractors.  

The critical success factor to overcoming the design challenges, was regular engagement with the Indigenous 

organisations and building a strong, long term relationship with partners, including CAT Ltd. This ensured the design 

was suitable for the community and appropriate training would be provided so they could maintain the system over 

time. Keeping the requirements of the community front of mind, and using an iterative design process, including 

regular communication with CAT Ltd, ensured that the end design solution was acceptable to the community and 

met key requirements. The iterative design process was particularly important to overcome the lack of data available, 

as it enabled the design to incorporate local knowledge. A Safety in Design workshop was held with CAT Ltd, to 

incorporate necessary design factors.  

Arup has been working with YAC and CAT Ltd to design a safe and reliable water supply for the Lama Lama 

community of Port Stewart. The complex design challenges were met by regular communication, an iterative design 

process and building strong relationships with community partners. “When the new infrastructure is installed, we 

will have something everyone else in Australia takes for granted – a reliable water supply,” Gavin Bassani, 

Operations Manager, Yintingga Aboriginal Corporation. With safe and reliable water supply, the Lama Lama people 

will be able to pursue new economic opportunities. 
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Figure 4. Lama Lama community members undertaking a walk-through of the proposed design  
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Central message: 

Since 2010, over 9000 people have died as a result of a cholera epidemic in Haiti. This paper examines the influence 

of international experts on the response to the epidemic, with a focus on the governance of water and sanitation. 

 

Keywords: epistemic communities theory, water sanitation and hygiene (WASH), disaster response. 

 

Materials and methods: 

This research was conducted using a qualitative approach, specifically drawing upon document analysis 

and semi-structured interviews to develop an understanding of the relative impacts of different actors on the response 

to the Haitian cholera epidemic. Document analysis was a primary research method. A review of relevant academic 

and grey literature was conducted, followed by a detailed analysis of two policy documents that outlined the response 

to the cholera epidemic. The first, the National Plan for the Elimination of Cholera in Haiti, 2013-2022, produced by 

the Haitian Government, lays out the overall goals for the elimination of cholera in Haiti. The second policy document 

is an update to the National Plan, released in July 2016, that forms the basis of the National Plan’s ‘Medium Term’ 

strategy, which I refer to as the Medium Term Plan, 2016-2018. The two documents were analysed and compared, 

with particular attention paid to the role of water sanitation and hygiene (WASH) interventions in addressing cholera 

in Haiti. This research was also conducted using semi-structured interviews, which are in-depth interviews where 

participants are asked to respond to predetermined, open-ended questions. The semi-structured approach has benefits 

over more rigid methods such as surveys or questionnaires, as it allows the interviewer to ask spontaneous follow-up 

questions, or to ask the participant to clarify the meanings of their responses. Over a 3-week period in May and June 

2017, a series of semi-structured interviews were conducted with key informants in Port-au-Prince, Haiti. These 

interviews were conducted in order to develop a better understanding of the informants’ opinions and interpretations 

of the response to the cholera epidemic. A total of 10 informants from various local and international organizations 

were interviewed.  

 

Results and discussion: 

The objective of this research is to understand the relative impacts of different actors on the trajectory of the response 

to cholera in Haiti. This analysis seeks to determine which actors have had meaningful impacts on the development of 

policy responses to cholera in Haiti, particularly regarding WASH. From the data generated from semi-structured 

interviews, two overarching themes are identified: the dynamics of the response to cholera and the governance of the 

WASH sector. This analysis applies Peter Haas’ theory of epistemic communities to the case of the response to cholera 

in Haiti, and identifies examples in which groups of international experts were able to impact the trajectory of the 

response as a result of their shared understanding of the dynamics of the cholera epidemic in Haiti. 

This paper demonstrates that an epistemic community of international experts has altered the trajectory of the response 

to cholera from focusing on large-scale WASH development to targeted interventions to interrupt the transmission of 

cholera. The implications of this shift in strategy are significant for Haiti’s WASH sector, which will likely not see the 

significant levels of development once expected. New strategies, separate from the cholera response, will have to be 

devised in order to increase the levels of access to WASH. Given the persistent challenges faced in Haiti’s WASH 

sector, it is possible that Haiti will remain the most water-insecure state in the Western Hemisphere for the foreseeable 

future. 

 

Contributions of the paper: 

The majority of the literature on the cholera epidemic in Haiti focuses on the epidemiology of the disease and the 

technical and logistical aspects of the response. Discussion of the political dimension of the response to cholera has 

focused on the high-level dealings of the UN, namely its refusal to accept responsibility for accidentally introducing 

cholera to the country, and has tended to remain in the fields of journalism or in reports by UN officials. Few studies 
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have successfully integrated the issues of WASH Governance and the cholera response into their examination, and as 

such these analyses have been incomplete. I contend that in order to develop a holistic understanding of the complex 

nature of the cholera epidemic and response in Haiti, it is important to examine issues of WASH governance and the 

dynamics of the response to cholera while considering the broader historical and political context in which these issues 

are set. By placing the cholera epidemic within a larger context which takes into account the political instability, 

poverty, and marginalization Haiti has experienced through its history, we can better understand why the epidemic has 

had such a significant impact, and why the response to cholera has been a complicated and challenging endeavour. 

This research seeks to address this gap in the academic literature by providing analysis of the political dimensions of 

the response to cholera, particularly by examining the relative impacts of different actors and ideas on the policy 

trajectories of the response. 
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Central message 

Building trust in tap water is one of major problems for water supply organization around the world. In Thailand, 

Metropolitan Waterworks Authority (MWA), who provides water supply for Bangkok and suburb area, also faces with 

the same problem. Although the water quality complies to World Health organization (WHO) guidelines for drinking 

water, customers believe that tap water is good enough for everyday use, but not safe for drinking. Experienced 

scientists are the key role to uplift trust in tap water and work closely with consumers. Scientist in white is an onsite 

operation working on building trust in tap water. The project is focused on 3 groups; children, general public and high 

education population. The witness of the process of taps water analysis and asking any questions directly to the scientist 

are one of the activities done by the participants. This operation will be the key to solve the trust issue. 

Keywords: Tap water quality, trust on tap water, perception of tap water quality 

Materials and Methods 

Scientist in white operation was composed of 3 processes; educating about tap water processes, water quality analysis 

and trust evaluation by questionnaire. The operation was divided into 3 phrases based on the target groups. The first 

one was school roadshow projecting on students in 10 elementary and middle schools because they are eager for 

knowledge and did not have biases on tap water. The school roadshow was consisted of 5 learning bases. The students 

could experience tap water process, science experiments and water blind taste. The second phrase was on general 

customers and group of people with high impact that occasionally gather around in 50 well-known places including 

community malls and department stores, festival and concert venues, public parks and temples. The customers 

witnessed the process of water analysis and receive instant water quality report. The last phrase, concurrently 

performed with phase 2, particularly targeted on high education people and medical staffs who had high awareness in 

health issue. Other than analysis witness and instant report, they also received the QR code placing at the sampling 

location. When scanned, water quality would be displayed as well as questionnaire and comment box. 15 QR codes 

placed at the sampling locations provide 24-hour accessed for water quality and communication channel for customers 

and MWA. Samples from 50 locations were collected and analyzed for free residual chlorine, turbidity, apparent color, 

pH, conductivity, dissolve solid and E. coli. For evaluation, the scanning number was counted as well as the trust 

questionnaire assessment. The questionnaire asked if the scientist in white operations can build or uplift the customer’s 

trust in tap water quality or not. 

Results and Discussion 

The first phase performed in 10 schools during November 2014 – July 2015 shows 95-100% of the students trust that 

tap water quality is safe enough to drink. The second phase and the third phase were performed concurrently. As a 

pilot project, the scientist in white collected and analyzed 364 samples from 50 well-known places and instantly reports 
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water quality. In case of irregular water quality, the scientist in white immediately gave advice and solved the problems. 

However, all tap water samples water quality complied with WHO guidelines for drinking water. Therefore, the 

scientist provided suggestions of water tank maintenance. This leads to be in favorable light between the customers 

and the organization. QR code, placing in 15 locations during 40-day pilot project, was assessed in number of scanning 

and trust level in tap water quality. The result indicated 582 scanning, 38.8 times per location in average. The most 

frequently scanning was 471 times from Phramongkutklao Hospital (medical school and public health in Thailand). 

For trust evaluation, 257 from 430 responding questionnaires or 59.77%, pointed that extremely trust in water quality 

and 163 from 430 questionnaires or 37.91%, showed trust level in tap water quality after witnessed the scientist in 

white operation. Furthermore, there were 44 additional comments and suggestion to place more QR code in other 

locations.  

 
Figure 1. The customer trust level on tap water after witnessed scientist in white operation  

The responding questionnaire shows that the customer trends to pay more attention to water quality especially in high 

education people. For general people, it may need a longer period or more frequent activity. The direct interaction 

between scientist in white and the customers can build and uplift trust in water quality. Therefore scientist is a group 

of a respected trustfully specialist who can manage an one stop service to prevent and solve all problems concerning 

with water supply. Direct interaction results in a better relationship. The customer feels less formal between the 

conversations and more comfortable to ask or consult their water quality problems. They are also less likely to believe 

in false rumor about tap water that frequently spread on internet. Their participation makes the organization service 

improve and fulfill their expectation. Scientist in white will be invited to each of target group. This leads to customer 

perception and trust in drinkable tap water. 
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