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1. Survey of advanced projects for the construction of a resource recovery system 

that cooperate wastewater treatment with solid waste treatment to produce 

bioenergy and fertilizer 

S.Takahama* 

* National Institute for Land and Infrastructure Management, Asahi 1, Tsukuba city, Ibaraki, Japan 

 (takahama-s92gh@mlit.go.jp) 

Abstract: Wastewater treatment are promoting the effective use of biosolids generated in the treatment 

process, but there is a growing need to promote energy conservation, energy creation, and the recovery 

of substances such as phosphorus throughout the community in order to further build a resource-recycling 

society. 

Under this background, the National Institute for Land and Infrastructure Management (NILIM) is 

conducting research to establish an evaluation method to promote the construction of a new resource 

recycling system that cooperates wastewater treatment with solid waste treatment, and accepts kitchen 

waste scheduled for incineration at waste treatment plants into the wastewater treatment for conversion 

into fertilizer, for example. This paper reports on the key points for realizing the cooperation, the impact 

on wastewater treatment facilities, and the classified patterns of cooperation between wastewater and 

solid waste treatment, obtained based on the results of a survey of advanced projects.  

Keywords: Resource recovery; Biosolids as fertilizer; Cooperate wastewater treatment with solid waste 

treatment 

Introduction 

In order to drastically reduce greenhouse gas emissions, it is necessary to promote greater use of 

renewable energy. 

In the wastewater system, the use of sludge generated in the wastewater treatment process is 

being promoted. Furthermore, we need to promote energy creation and fertilizer recovery throughout the 

region to achieve a more sustainable resource-recycling society. Under this background, it is necessary 

to cooperate wastewater treatment with solid waste treatment to build a new resource recycling system 

that accepts kitchen waste and other materials that are incinerated at waste treatment plants in the 

wastewater system and efficiently recovers energy and materials throughout the region. To this end, it is 

essential to conduct a technical study on the impact of accepting kitchen waste at wastewater treatment 

plants and to establish an evaluation method for the economic and environmental effects of the resource 

recycling system. The purpose of this study is to establish such an evaluation method and to promote the 

construction of a sustainable resource recycling system.  

In this paper, we investigate the actual conditions of advanced projects through questionnaires and 

other means, summarize the important factors in realizing cooperation and the effects on wastewater 

facilities, etc., and report on the forms of cooperation between wastewater treatment and solid waste 

treatment classified based on the survey results. 

Material and Methods 

In order to grasp the actual status of resource recycling systems in advanced municipalities, we focused 

on the characteristics of facilities and regions, conducted a questionnaire survey of 12 treatment plants, 

organized the information, and classified the cooperation patterns based on the results obtained. 

Results and Discussion  

The results of the study indicate that the filtrate generated during the digestion process after the 

acceptance of kitchen waste has no particular technical impact on water treatment (Figure 1). However, 
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it is inferred that attention should be paid to the 

impact of an increase in the amount of kitchen waste 

accepted.  

On the other hand, many respondents indicated that 

it is essential for residents to separate kitchen waste, 

regardless of whether they have a separator or not, 

indicating the importance of educational activities 

for residents (Figure 2). 

Regarding the effective use of recovered resources, digestion gas power generation was most frequently 

considered at 8 treatment plants, followed by fertilizer use at 6 plants (Figure 3). 

As for the background for the cooperation, it was found that 6 treatment plants are responding to social 

demands for the formation of a recycling-oriented 

society, such as "effective use of resources (Figure 

4). It is interesting to note that in the course of the 

survey, some respondents indicated that the timing 

of facility replacement was a driving force for the 

realization of the cooperation. 

In order to categorize the cooperation patterns, we 

focused on the effective use of recovered resources, 

because the cooperation is often triggered by the social demand for effective use of recovered resources, 

and the facilities required differs depending on the effective use method. 

1) "Digestion gas power generation only", 2) "1) + sludge conversion into solid fuel", 

3)"1) + sludge conversion into fertilizer", 4)"1) + phosphorus recycling", 

5) "1) + heat utilization (mainly waste heat utilization)" 

As a typical example, the characteristics of two patterns, 1) and 3), is introduced here (Figures 5 and 6). 

Pattern 1) is the simplest pattern that generates electricity solely from digestion gas. As such, introduction 

is easy. It also has the advantage that even if the need for fertilizers or solid fuels decreases due to external 

factors in the community, it will not affect the continuation of the business. 

Pattern 3) is a pattern in which, in addition to power generation from digestion gas, the remaining solids 

are converted into fertilizer. The basic premise is that local needs are required to convert the solids into 

fertilizer, and facilities for fertilizer conversion are needed, but if these issues can be overcome, further 

effective use of resources will be possible. 

Conclusions 

For each of the cooperation patterns classified this time, we plan to create a cooperation manual for 

municipalities after studying methods for evaluating economic and environmental performance. In 

addition, the results of this survey suggest that residents' awareness of kitchen waste separation is 

important for the realization of the cooperation. These findings, apart from quantitative evaluation, will 

be utilized in the manual as points to keep in mind. 

 

                 
 

 

Figure 1. Influence of recycled flow on 

the water treatment process after 

cooperation 

 

Figure 2. Necessity of separation of 

kitchen waste by residents 

cooperation 
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Figure 3. Effective use of recovered 

resources 

 

  Figure 4. Background for cooperation 

 

Figure 5. 1) "Digestion gas power generation" 

Figure 6. 3) " 1)+ to convert sludge into fertilizer" 
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2. Mainstream partial nitritation using blue wavelength and raw wastewater  

Rajendra Singh*, Seohyun Kim**, Seongwook Oa***, Keugtae Kim**** 

* Department of Environmental & Energy Engineering, Suwon University, 17 Wauan-gil, Bongdam-

eup, Hwaseoung-si, Gyeonggi-do 18323, Republic of Korea (E-mail: 911ras@gmail.com) 

** Department of Environmental & Energy Engineering, Suwon University, 17 Wauan-gil, Bongdam-

eup, Hwaseoung-si, Gyeonggi-do 18323, Republic of Korea (E-mail: sonaten27@hanmail.net) 

*** Department of Railroad Civil & Environmental Engineering, Woosong University, Daejeon 34606, 

Republic of Korea (E-mail: swoa@wsu.ac.kr) 

****Department of Environmental & Energy Engineering, Suwon University, 17 Wauan-gil, Bongdam-

eup, Hwaseoung-si, Gyeonggi-do 18323, Republic of Korea (E-mail: kkt38@suwon.ac.kr) 

Abstract: Conventional biological nutrient removal (BNR) processes are energy-consuming processes 

due to the requirement of the aeration to supply oxygen for biological nitrification and organic oxidation, 

which costs 45–75% of the energy expenditure. The sidestream wastewater partial nitrification (PN) with 

high NH4
+-H concentration have been demonstrated; however, the process has not been successfully 

applied to remove nitrogen in raw wastewater containing low NH4
+-H concentration. This study presents 

inhibition effect of blue light on nitrite oxidizing bacteria (NOB) in the photo sequencing batch reactor 

(PSBR) containing raw wastewater. Blue light irradiation selectively inhibited NOB whereas enrichment 

of ammonia-oxidizing bacteria (AOB) occurred owing to their different sensitivity to light, resulting in 

nitrite accumulation in reactor. Based on achieved results, it was concluded that blue light irradiation 

significantly enhances the process efficiency of mainstream partial nitrification for nitrogen removal and 

energy saving. 

Keywords: Mainstream partial nitritation; NOB inhibition; nitrogen removal  

Introduction 

Saving energy with high nutrient removal efficiency has become a very important issue in WWTPs. 

Partial nitrification (PN) can save 25% aeration demand as compared to BNR by selective ammonia 

oxidizing bacteria (AOB) enrichment and NOB inhibition (Si et al. 2022). For mainstream PN process, 

NOB inhibition parameter, such as free ammonia(FA)sludge retention time (SRT), aeration, temperature, 

dissolved oxygen (DO) concentration, etc. have been reported (Kim and Park, 2021). However, 

mainstream PN targeting low concentration of ammonia contained influent of WWTPs has not been 

completely revealed and established, despite the increasing experimental successes and evidences from 

sidestream partial PN targeting high ammonia concentration. This study investigated the effect of blue 

light irradiation on selective AOB enrichment and NOB inhibition, and consequent nitrogen removal and 

nitrite accumulation in PSBR.  

Material and Methods 

To study blue light’s effect on partial nitrification, the PSBR (acrylic cylinders) was illuminated by blue 

light using 100 µmol m-2s-1 intensity. The reactors contained activated sludge and agitated mechanically. 

The raw wastewater was collected from the WWTP located in Suwon, Republic of Korea. The 

experiment operated in a process of six cycle at room temperature (25°C). Each cycle of the process 

consisted anoxic, oxic, setting, draining and idle periods, with the operation times 90 min, 150 min, 45 

min, 15 min, and 60 min, respectively. The air was continuously provided during the oxic stage at a 

constant rate of 0.1 vvm (volume to volume per minute). The wastewater (3L) was injected into the 

reactors during first 9 min of the anoxic phase. The hydraulic retention time was about 10 hr, and SRT 

ranged from 10 - 15 d. The blue light relationship profile test was carried out to study the behavior of 

nitrite accumulation when stable PN occurred in PSBR after 52 days of sludge seeding. The samples 

were collected every 30 min to estimate DO, pH, and conductivity, and filtered samples using GF/C 

analyzed  to measure the concentrations of  nitrogen derivatives, NH4
+-N, NO2

--N, and NO3
--N. 

mailto:911ras@gmail.com
mailto:sonaten27@hanmail.net
mailto:swoa@wsu.ac.kr
mailto:kkt38@suwon.ac.kr
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The change in nitrifying bacetrial community structure under blue light was also evaluated. During 

maximum nitrite accumulation, MLSS samples were investigated using earlier recognized 16S rRNA 

gene-based terminal-restriction fragment length polymorphism and cloning-Sanger sequencing methods 

(Kang et al. 2018). The sequences were analyzed at the phylum and family levels.  

Results and Discussion  

The concentration profiles of nitrogen derivatives, NH4
+-N, NO2--N, and NO3--N were evaluated to 

understand the characteristics of PN in the PSBR illuminated by blue light. The results were compared 

with the control system which is general activate sludge, but without blue light irradiation. The results 

revealed that blue light can be used as a key influencing factor of mainstream PN for energy-saving 

wastewater treatment. Although blue light was first applied as a NOB inhibition factor to the wastewater 

treatment process in our study, earlier studies have been conducted in the metabolic pathway field. 

Guerrero and Jones (1997) established the presence of c-type cytochrome in AOB and NOB and also 

confirmed that the photoinhibition was directly related to the higher absorbance at 408 nm.  

The changes in NOB community is an essential factor affecting PN. The DNA extraction and the 

analysis of 16S rRNA gene sequences from MLSS samples of PSBR and SBR was conducted to evaluate 

the changes in the bacterial communities. These sequences were identified at the family level. It has been 

reported that the AOB belongs to the family Nitrosomonadaceae comprised of a monophyletic 

phylogenetic group within the β-Proteobacteria (Prosser  et al. 2014), while Nitrospira and Nitrobacter, 

and other NOB belong to the family Nitrospiraceae and Bradyrhizobiaceae (Starkenburg et al. 2006, 

Rosenberg et al. 2014).  

 

 
Figure 1. Bacterial communities at family level in activated sludge from the sequencing batch reactor 

and the photo sequencing batch reactor at the end of cultivation. Phyla with the mean relative abundance 

>0.01% are shown. 

 

As presented in figure 1 of the NGS data obtained, the proportion of the family Nitrosomonadaceae 

were 0.126% in SBR and 0.379% in PSBR. This indicates that the relative proportion of the AOB was 

increased >2 fold by blue light illumination. On the other hand, the proportion of family Nitrospiraceae 

was considerably changed from 4.840% in SBR to 0.141% in the PSBR, which indicate significant 

decrease in the NOB proportion by blue light. In view of the achieved results, it was concluded that PN 

was performed in the PSBR because of relatively dominant AOB community caused by NOB inhibition 

with blue light. The NOB inhibition assay in the study lead to the conclusion that the blue light is a 

crucial control factor for the sustained mainstream PN in raw wastewater. 

Conclusions 

In view of the achieved results in this study, blue light could be used as a significant NOB inhibition 

factor of mainstream partial nitrification in WWTPs as NOB was found relatively extremely sensitive to 

blue light than AOB.  
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3. Combination of hydrodynamic cavitation with advanced oxidation processes: 

activation of persulfate and percarbonate  

K. Fedorov*, G. Boczkaj** 

Department of Sanitary Engineering, Faculty of Civil and Environmental Engineering, Gdańsk 

University of Technology, 80-233 Gdańsk, 11/12 Narutowicza str., Poland 

*kirill.fedorov@pg.edu.pl 

**grzegorz.boczkaj@pg.edu.pl  

Abstract: The study concerns the oxidative degradation of volatile organic compounds in water by 

hydrodynamic cavitation (HC) in combination with advanced oxidation processes. The phenomenon of 

cavitation relies on the formation of gaseous cavities in liquid due to consistent pressure reduction with 

subsequent growth of bubbles and eventual collapse, releasing a large magnitude of energy. This effect 

is sufficient to cause a cleavage of peroxy bonds of peroxides to yield corresponding radicals, i.e., their 

activation. In this study, the effectiveness of combined processes based on HC with persulfate (PS) and 

percarbonate/ozone (SPC/O3) was evaluated towards the degradation of BTEXs and 1,4-dioxane, 

respectively. HC was induced using Venturi tube at cavitation number 0.27 and the oxidants were 

injected at the upstream line of Venturi tube. BTEXs and 1,4-dioxane were extracted by dispersive liquid-

liquid microextraction and analysed by GC-FID using internal standard method. The degradation 

efficiency of 91.51, 95.50, 94.65 and 94.95% were obtained in 240 min for benzene, toluene, 

ethylbenzene and o-xylene, respectively, when HC was combined with PS (rox 5). 99.34% of 1,4-dioxane 

was degraded in 120 min using HC/SPC/O3 (rox 8). The effectiveness of hybrid processes prevailed the 

cumulative effect of individual processes, indicating a synergistic effect between combined processes. 

Keywords: Cavitation; AOPs; VOCs. 

 

 

  

mailto:*kirill.fedorov@pg.edu.pl
mailto:**grzegorz.boczkaj@pg.edu.pl


 

 

 

 

1
1 

4. Selective VFA production from whole and protein-free cheese whey.  

A biorefinery approach 

E. Rovira-Cal*,**, T. Fernández-Arévalo*, E. Aymerich*,** 

*CEIT-Basque Research and Technology Alliance (BRTA), Paseo Manuel Lardizabal 15, 20018 

Donostia - San Sebastián, Spain. (eroviracal@ceit.es, tfernandez@ceit.es, eaymerich@ceit.es) 

**Universidad de Navarra, Tecnun, Paseo Manuel Lardizabal 13, 20018 Donostia - San Sebastián, Spain.  

Abstract: Due to its high organic load, cheese whey requires a treatment before its disposal. It represents 

a great challenge but also a great opportunity for valorisation in fermentation processes. Volatile fatty 

acids can be selectively produced by operational conditions optimisation. An integrated biorefinery 

approach has been studied. First, whey proteins have been extracted by ultrafiltration with an 82% protein 

elimination. The protein-free whey has been fermented obtaining a yield of 480 mg VFA / g COD in 

CODeq and a composition of 73% butyric acid and 27% acetic acid. 

Keywords: biorefinery; fermentation; volatile fatty acid. 

Introduction 

In the UE, a total of 170 billion kg of milk were processed in 2017 in order to produce dairy products 

(Eurostat 2018). Cheese industries produce an average of 9-10 L of cheese whey (CW) per kg of cheese 

produced. The cheese industries in the Basque country represent a considerable fraction of agri-industrial 

activity, producing 32 million L of CW per year. The CW is composed 75% of lactose (w/w on dry basis) 

(Fernández-Gutiérrez, et al., 2017), representing a huge environmental problem as well as a potential 

substrate for bioprocesses such as fermentation or anaerobic digestion. Furthermore, is considered a 

“noble” residue because it does not need any pre-treatment, reducing the valorisation costs. Its current 

destinations (animal feed use and waste water system disposal) is poor in terms of biorefinery 

approaches. 

Novel treatments for cheese whey valorisation represent a great opportunity to overcome the 

environmental problem that its actual treatment suppose. Moreover, there is a great interest to find a 

biorefinery approach that can obtain one or more added value products. Volatile fatty acids (VFAs), used 

as building blocks or intermediate products in many sectors, can be obtained by fermentation. 

Biopolymers such as polyhydroxyalkanoates (PHA) are produced biologically from VFAs, and its 

thermoplastic properties depend on the specific VFAs used as carbon source. Butyric and acetic acid give 

interesting properties for the resulting PHA.  

In this study, an integrated approach for cheese whey valorisation was carried out. Protein was 

extracted by ultrafiltration, in order to obtain a concentrated fraction of protein and a protein-free and 

lactose-rich whey. The protein can be used to obtain films, while the protein-free whey has a great 

potential as fermentation substrate in a mixed culture fermentation bioprocess. The lack of nitrogen 

source in the substrate could affect the biomass growth, which will be evaluated after finding the optimal 

pH and temperature conditions for selective VFA production. Butyric and acetic acid are the target VFAs 

which could be further used to obtain bioplastics as a second added value product of the process. 

  

mailto:eroviracal@ceit.es
mailto:tfernandez@ceit.es
mailto:eaymerich@ceit.es


 

 

 

 

1
2 

Material and Methods 

1. Batch fermentation set-up 

Digested sludge from the San Sebastian WWTP has been used as inoculum. Fermentations were 

performed in duplicate, 10-day batch assays in 500 mL Pyrex bottles in two acid pHs (5.0 and 5.5) and 

one alkaline pH (10.0) and both mesophilic (37ºC) and thermophilic (55ºC) temperature ranges. Control 

tests were performed for each condition. The volume of inoculum was adjusted to provide 3500 mg 

VSS/L and the substrate was adjusted at 5000 mg VS/L. pH was adjusted daily and manually with 4N 

HCl or NaOH. 

2. Analytical methods 

Total solids (TS), Volatile solids (VS), total chemical oxygen demand (tCOD) and pH were measured 

over raw samples according to Standard Methods, 21st Edition (APHA, 2005). The soluble fraction was 

obtained by centrifugation at 12.000 rpm for 5 min, and the supernatant was filtered (Millipore 0.7 μm). 

sCOD, ammonia and VFAs were analysed from the soluble fraction as explained in García-Aguirre, et 

al. (2017). 

Results and Discussion  

1. Protein extraction 

5 and 10 kDa cellulosic membranes were studied in the lab-scale. A similar protein retention yield was 

observed in both membrane cut-offs, resulting in 82 and 77 % respectively (Figure 1). As the filtration 

rate was nearly the same in both cases (data not shown) and the elimination was higher in the 5 kDa 

membrane, this was selected as optimal molecular weight cut-off (MWCO). 

Figure 1 Cheese whey protein ultrafiltration. Comparison between 5 and 10 kDa MWCO. Initial and 

permeate protein concentration and protein elimination yield are shown. 

2. pH and temperature effect in selective VFA production and protein-free whey fermentation 

Screening conditions in laboratory batch assays led to find an optimal condition for the selective 

production of acetic and butyric acid. A selective production leads to lower purification costs or better 

substrate for further processes such as bioplastic production. Acidic pH 5.5 and thermophilic temperature 

have proved to be the best conditions for the production of butyric and acetic acid, with a total production 

yield of 540 mg VFA / g COD in CODeq and a proportion of 78 % butyric acid and 16 % acetic acid 

(Figure 2). This pH and temperature conditions were used in the protein-free whey fermentation and the 

results showed a lower VFA yield (480 mg VFA / g COD in CODeq) and a composition of 73% butyric 

acid and 27% acetic acid (Figure 3). 

A continuous fermentation is currently running with the aim of producing, at different hydraulic retention 

times (HRT), selective VFA with high productivity. A 15 L bioreactor at thermophilic temperature is 

being used. The results obtained during the following months will be presented for the congress dates. 
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Figure 2 A) VFA yield comparison in three different pH and two temperature ranges (mesophilic and 

thermophilic). B) VFA composition profile in the same pH and temperature studied in A). 

Figure 3 A) Protein-free whey VFA yield comparison with whole whey fermentation. B) Protein-free 

whey VFA profile comparison with whole whey fermentation. 

Conclusions 

The results of this study highlight the potential of cheese whey as a substrate for valorisation. 

Concentrated protein can be obtained for further processing. Selective VFA production can be achieved 

by operational parameters adjustment. Similar results were obtained for both protein-free and whole 

whey, allowing the option of a more complete biorefinery. Further steps would be the scale-up and 

coupling of both technologies, ultrafiltration and fermentation. 
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Abstract: In this study, we provide an up-to-date literature overview regarding (a)the microplastic source 

and fate in agricultural areas; (b) the co-existence of microplastics and heavy metals in soil, and their 

possible combined effect on crops, animals, and human health, and (c) possible strategies for the 

minimization of microplastics in agricultural areas.  

 

Keywords: Microplastic; Heavy metals; Agricultural soil  

 

Literature overview 

The production of plastics and their use in everyday life has increased significantly in the last decade. 

Only in agriculture, about 12.5 million tonnes of plastic products (FAO, 2021) are used as mulch films, 

tunnel and greenhouse films, irrigation pipes, etc. (Yu et al., 2022). These plastic materials undergo 

various degradation processes (photo-thermo-oxidative, hydrolytic, and bio-) and fragmentation into the 

smaller particles called microplastics (MPs, below 5 mm) which gradually accumulate in the soil (Xu et 

al., 2020). An important contribution to soil contamination by MPs may have discharges from wastewater 

treatment plants (WWTP) when used for irrigation (e.g., recycled waste wastewater) (Perez-Reveron et 

al., 2022). Fertilization practice of soil by sewage sludge from WWTP is also a recognized pathway for 

soil contamination by MPs (Corradini et al., 2019). 

The distribution of MPs in the soil is associated with their particle size and the MPs are predominant 

in soil within depths of 0-30 cm (Xu et al., 2019). The migration of MPs in soil (vertical and horizontal) 

is related to soil type and structure (e.g., loam, clay, sand) (Guo et al., 2022); soil pH (Zhao et al., 2021), 

soil biota (e.g., fungi, bacteria), soil management (cultivation and harvesting), and climate (temperature, 

wind, rain, etc.) (Yu et al., 2022).  

The MPs distributed in agricultural soils can alter the physicochemical properties of soil (e.g., porosity, 

density, structure); reduce soil fertility (nutrition content) (Wang et al., 2020). The additives (e.g., heavy 

metals, flame retardants, stabilizers that are used to enhance plastic product performance) may also be 

released into soil affecting its microbial diversity and functions. Additionally, the MPs may be naturally 

aged in the environment which leads to an increase in their surface area, while in highly irrigated 

agricultural areas, the wettability may change the MP’s nature from hydrophobic to hydrophilic resulting 

in changes in their adsorption capacity for the other contaminants. 

Heavy metals (HMs) may naturally be occurring in the environment or can be spread due to human 

activity (e.g., mining). Studies show that the sorption behavior, however, may largely depend on the type 

of the metals, and type, shape, and porosity of the MPs (Yang et al., 2022). For example, Pb, Cr, and Zn 

were found to have high adsorption capacity to MPs of polyethylene (PE) and polyvinyl chloride (PVC), 

while very small to the MPs of polyethylene terephthalate (PET). As a result, the MPs particles could 

support the transport of these HMs to the roots of growing plants and thus increase the toxic influence of 

the HMs on the food chain (Jiao et al., 2022). Estimations on MPs level in agricultural soils in Germany 

(Henseler et al., 2022) revealed a concentration within 30-50 mg/kg of dry weight on 2% of utilized 

agricultural area in 2020, predicting a two or threefold increase of the MPs in 2060. This indicates that 

the prevention of the agricultural areas from the MP’s pollution should be very seriously considered. 

Conclusions 
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Currently, there are no regulations or legislation on plastic products used in agriculture, as well as MPs’ 

content regarding the utilized sewage sludges in soil, although, the latter seems to have the highest input 

of the MPs to the agricultural soil (Henseler et al., 2022). Agricultural use is popular in some EU 

countries, Australia, New Zealand, and the USA, therefore the regulation on the MPs level in the sewage 

sludge should be strengthened (Milojevic et al., 2021). Moreover, appropriate practices in the agricultural 

areas (prevention, elimination of the plastic products, replacement with natural or biodegradable 

alternatives; promotion of reusable plastic products; disposal of the waste plastic products, etc.) should 

be enforced to minimize both the MPs formation and the plastic waste generation. 
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Abstract: The phages were identified from 59 metagenomic samples in the anaerobic digestion system, 

and 13,895 virus clusters were collected, where Siphoviridae and Podoviridae were the dominant. The 

virus-host prediction indicated that most of the virus cannot infect across the genus. Only 22 of 13,895 

virus clusters were found to carry the ARGs, 3 of 22 virus clusters carried high risk rank ARGs (rank I 

and II), and all of them have limited host range. The horizontal gene transfer (HGT) of ARGs identified 

between two distantly related genomes (less than 97% of 16S rRNA sequence similarity, genus level) 

could make more sense. The limited ARGs carrying virus clusters and corresponding limited host range 

indicated the limited role of virome on the spread of ARGs in the anaerobic digestion system through the 

transduction. Compared to the transduction, the conjugation could have contributed more to the spread 

of ARGs. 95 of 480 high quality metagenome assembly genomes (MAGs) were found to carry ARGs, 

and 46 of them were found to be the host of lytic virus, where most of them did not carry ARGs and were 

lytic phages. These indicated that virus in anaerobic digestion helped the reduction of ARGs not the 

proliferation. 

Keywords: Anaerobic digestion; Antibiotic resistance genes; Virome 

Introduction 

Antibiotic resistance posed a great harm to the human health, and it has been reported that about 700,000 

death is closely associated with antibiotic resistance each year. In the environmental dimension, livestock 

manure and sewage sludge were two major sources of antibiotic resistance genes (ARGs) due to the 

widely usage of antibiotics in the livestock industry and human health care. Anaerobic digestion, as one 

of the most important resource utilization method for the livestock manure and sewage sludge, has been 

widely adopted in the environmental engineering dimension. 

Concerning the spread and control of ARGs, the phages played a conflicting role. The phages could 

spread ARGs through the transduction by the temperate phages on one side, they could also kill the 

antibiotic resistant bacteria (ARB) on the other side 1,2. Which dominated the role of phages in anaerobic 

deserved further investigation, and the answer to the question could help further control of ARGs through 

the anaerobic digestion system. 

Material and Methods 

Batch anaerobic digestion experiments were established covering different substrate types (swine 

manure, chicken manure and sewage sludge). The role of substrate types on the fate of antibiotic 

resistance genes (ARGs) were compared through the qPCR and metagenomics analysis. The effects of 

substrate microbial community were also revealed though the comparison between with and without 

autoclave sterilizer. 

Results and Discussion  

The major class of ARGs belonged to tetracycline, MLS and aminoglycoside in AD of PM and CM 

accounting for 35.7% vs 35.9%, 28.4% vs 30.2% and 27.8% vs 19.8%, respectively. Most of the phages 

in AD belonged to the lytic accounting for 78.1%±5.9%. The RPKM of phage contigs in different 
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substrate AD varied not significantly, although the lower abundance in each substrate appeared in the 

thermal treatment with non-accumulated inoculum sludge. 43.4% of the phage contigs cannot be 

assigned to the family level, which indicated that there are still amounts of phages that are unknown in 

the AD system. The Caudovirales belonging to the Uroviricota is the dominant virus in AD accounting 

for 55.9%±6.6% in all the samples. The Siphoviridae and Myoviridae were the two dominant phages at 

the family level in the AD which accounted for 37.6%±6.8% and 13.7%±6.6%, respectively. There 

existed significant correlation between microbial community and virome through the mantel test, and 

Procrustes analysis indicated the important role of virome on the dynamics of microbial community in 

AD system.  

We collected de-replicated 480 high quality MAGs with completeness >70% and contamination 

<5%, and 29 of them belonged to the archaea. 95 of the MAGs was found to be carrying ARGs. 56 of 

the AR-MAGs was found to carry the virulence factors, which indicated that they may act as the potential 

human pathogens. We further try to establish the relationship between phages and MAGs. Phages were 

found to be able to infect 46 of the AR-MAGs, where most of the VCs are classified as the lytic, and 

none of them was found to carry ARGs. Thus, we can say that phages help the reduction of ARGs through 

the lytic infection of the hosts of ARGs. 

Conclusions 

Substrate types significantly impacted the fate of ARGs in ARGs, and the ARGs locating together with 

integrative and conjugative elements (ICEs) and plasmids accounted for above 60.0%. Phage-carrying 

ARGs only accounted for 0.57% in AD system, and phages help the reduction of ARGs through the lytic 

infection of the hosts of ARGs more than the proliferation of ARGs through the transduction. 
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Figure 1. The composition of the virome in AD system (left) and the outline role of phages on the 

ARGs. 
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Abstract: In this study, ferroferric oxide (Fe3O4) was coupled with a 10L anaerobic baffled reactor 

(ABR) to treat synthetic wastewater containing reactive black azo dye and starch as a sole carbon source. 

The system was run continuously at 30 ℃ with a hydraulic retention time of 18.6 h for 170 d. Fe3O4 was 

added to each ABR compartment at 10 g·L-1 from day 105. The Fe3O4 supplement significantly enhanced 

the ABR treatment performance. The COD and color removal efficiencies increased remarkably from 

44% and 42% in the Fe3O4-free phase to 85% and 76% in the Fe3O4-added phase, respectively. Microbial 

community analysis revealed the selective enrichment of key substrate-fermenting and dye-degrading 

bacteria including Clostridium tyrobutyricum and Clostridium thermarum under the Fe3O4 stimulation. 

Keywords: ferroferric oxide; anaerobic baffled reactor; azo dye 

Introduction  

Azo dye-contaminated wastewater has been a serious environmental issue in many countries and should 

be treated before being discharged. Anaerobic method is considered one of the most promising 

technologies to treat this type of wastewater. The anaerobic biodegradation of azo dyes is widely 

accepted as a nonspecific process where natural redox mediators (RMs) are reduced, allowing electrons 

to be shuttled from the co-substrate to the azo bonds (Dai et al., 2018). However, due to the limited 

amount of natural RMs available to microorganisms (Dai et al., 2018), the transfer of reducing 

equivalents becomes a rate-limiting and time-determining factor. Therefore, the supplementation of 

artificial RMs (Fe3O4), has been studied to address this limitation. In this study, Fe3O4 was coupled into 

an ABR to accelerate azo dye and organic treatment performance. In addition, 16S rRNA gene-based 

sequencing was performed to explore microorganism potentially involved in biological processes in the 

system.    

Material and Methods 

In this research, a lab-scale ABR consisting of four columns (C1, C2, C3, and C4) with a volume and 

height of 2.5 L and 30 cm each was run continuously for 170 days at 30 ºC with an HRT of 18.6 h. 

Synthetic wastewater contained a commercial reactive black (30 mg·L-1) and starch as a sole carbon 

source. The whole run was divided into three main phases (Table 1), in which Fe3O4 (≤5 µm in particle 

size) was dosed to the each ABR compartment at 10 g·L-1 from phase 2. The samples were collected 

from the ABR influent and effluent, and measured COD, color, pH, ORP, biogas, and the volatile fatty 

acids (formate, acetate, and propionate). Microorganism analysis for the retained sludge on days 101, 

138, and 163 were carried out using iSeq 100 system. Sequence reads analysis was performed using the 

QIIME 2 (Bolyen et al., 2019).  

Results and Discussion  

Overall, the removal efficiencies of COD and color increased remarkably from 42 and 44% in phase 1 

to 81 and 73% in phase 2 with Fe3O4 dosage, respectively. At phase 3, while only 49% of COD was 

reduced, the decolorization efficiency improved and reached 86% (Figure 1). The acetate accumulation 

mailto:s195005@stn.nagaokaut.ac.jp
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(85±8 mgCOD·L-1) in phase 1 was almost no longer observed in phase 2, while phase 3 observed an 

accumulation of propionate (280±22 mgCOD·L-1) (Figure 2a). The ratios of methane gas generated on 

COD reduced in Fe3O4-involved phases including phase 2 (0.60±0.07) and phase 3 (0.67±0.09) were 

significantly lower than those in phase 1 (0.84±0.06) (Figure 2b). This phenomenon was more clearly in 

C2 of the ABR, where these ratios at phases 1, 2, and 3 were 0.96±0.06, 0.08±0.02, and 0.14±0.03, 

respectively (Figure 2c). Less methane production while greater dye reduction suggests that 

decolorization may have taken precedence over methanogenesis in an iron-rich condition.  

Fermentative and dye degrading microorganisms were selectively enriched with the presence of Fe3O4. 

Clostridium tyrobutyricum and Clostridium thermarum were the most notable. Their vigorous growth is 

most likely due to metabolism being strongly promoted with Fe (II) (Lee et al., 2016). These two 

fermentative genera can contribute to enhanced dye reduction by providing electron source and 

extracellular electron shuttles enriched by the presence of magnetite (List et al., 2019). Besides, despite 

slight decreases in Methanosarcina and Methanosaeta rates with Fe3O4 supplement due to Fe(III) 

inhibition (Yamada et al., 2014), hydrogenotrophic Methanobacterium recorded strong growth in Fe3O4-

involved phases. A previous study indicated an electronic preference of methanogens for Fe (III) 

reduction over methanogenesis under iron-rich conditions (dos Santos et al., 2006). Therefore, it is 

assumed that those methanogens may have helped generate Fe (II), which could then be taken up by the 

Clostridium groups and thus indirectly participate in the enhancement of dye decolorization. 

Conclusions  

Highly colored dyeing wastewater causes serious environmental problems worldwide. This study 

investigated the anaerobic dye treatment performance of a Fe3O4-coupled ABR continuously for 170 

days. The results showed a superior performance of the Fe3O4-supplemented ABR in terms of both color 

and organic removal efficiencies. Besides, a novel hypothesis of the Fe3O4 role in enhancing azo dye 

treatment through the relationship between methanogens and dye-degrading bacteria has been proposed. 

These finding may become useful solutions for the remaining problems of current anaerobic dye 

processing systems and serve as a basis for scaling up in the future.    
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Figures and Tables 

Table 1 Summary of the ABR operating conditions in all phases (HRT=18.6 hours) 

 Unit Start-up Phase 1 Phase 2 Phase 3 

Time  day 1-8 9-21 22-29 30-103 104-144 145-170 

Inf. pH - 7.05±0.10 7.00±0.10 8.00±0.10 8.00±0.35 7.10±0.50 7.30±0.20 

Inf. COD mg·L-1 900±20 1000±65 320±20 305±10 315±30 800±50 

Inf. color Pt/Co 0 1230±40 1200±80 1300±65 1460±130 1320±50 

Fe3O4 - - - - - + + 
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Figure 1 COD and color removal performance of the ABR in all phases (COD, chemical oxygen demand; 

ABR, anaerobic baffled reactor) 

 

Figure 2 Carbon balance (a), the ratio of produced methane and removed S-COD in the ABR (b), and 

the ratio of produced methane on removed S-COD in each ABR column (c) during three phases of ABR 

operation (S-COD, soluble chemical oxygen demand; ABR, anaerobic baffled reactor).  
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Abstract: This research evaluated ferroferric oxide supplement to anaerobic wastewater treatment 

system treating simulated natural rubber processing wastewater that contains a large amount of organic 

compound and ammonia. The specific methanogenic activity test indicated that ferroferric oxide 

supplement enhanced organic removal rate with an ammonia concentration of 1,500 mg-N·L-1. On the 

other hand, a continuous flow experiment of an anaerobic baffled reactor treating natural rubber 

wastewater indicated that a large amount of biogas production ruptured the biomass retained carrier that 

contained ferroferric oxide and led to the deterioration of organic removal performance. Therefore, 

further development of effective biomass retained carrier for this wastewater is needed.  

Keywords: anaerobic treatment; natural rubber; conductive material  

Introduction 

Natural rubber processing is one of the important agricultural industries in Southeast Asian countries, 

but this industry discharged a large amount of highly polluted wastewater. The open-type conventional 

anaerobic and aerobic lagoon system has been used for treating this wastewater. Our previous site survey 

clarified that nitrous oxide that had high global warming potential was emitted from the conventional 

anaerobic lagoon (Tanikawa et al., 2016). To treat this wastewater, a high concentration of ammonia is 

one of the concerning issues. 1,700 to 14,000 mg·L-1 of total ammonia nitrogen could inhibit anaerobic 

digestion (Chen et al., 2008). A recent study reported that ferroferric oxide supplement enhanced direct 

interspecies electron transfer (DIET) and ensured the energy supply of methanogens for anti-ammonia 

inhibition (Yin et al., 2020). Therefore, this research aimed to evaluate the effect of ferroferric oxide on 

the anaerobic digestion of natural rubber processing wastewater by specific methanogenic activity 

(SMA) test. In addition, an anaerobic baffled reactor (ABR) was operated with ferroferric oxide 

supplement and evaluated its process performance by a continuous flow experiment.    

Material and Methods 

The specific methanogenic activity test was performed using 720 ml vials which were filled with 300 ml 

of anaerobic digester sludge, simulated natural rubber processing wastewater (COD= 6,000 mg·L-1, 

ammonia=1,500 mg-N·L-1), trace elements, and 0, 5, 15, 20, and 25 g·L-1 of ferroferric oxide under 

temperature of 35˚C. Initial pH in the vial was adjusted to 7.0. The amount of produced biogas and its 

composition was analyzed using a glass syringe and gas chromatograph. The 4-compartment ABR (total 

volume: 10 L, 2.5 L each) was operated under 30˚C temperature-controlled room. The simulated natural 

rubber processing wastewater (COD: 10,000~20,000 mg/L, ammonia: 500 mg-N/L) was fed to the ABR. 

At phase 3.2 L of biomass retained carrier containing ferroferric oxide was added to the ABR so that the 

total ferroferric oxide concentration was 10 g·L-1.  
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Results and Discussion  

Figure 1 (A) shows the time course of soluble COD at different ferroferric oxide concentrations. 28% of 

soluble COD removal efficiency on day 18 indicated that ammonia inhibition might be occurred in the 

blank sample. On the other hand, soluble COD removal efficiency of 5, 15, 20, and 25 g·L -1 ferroferric 

oxide supplement vials were 46%, 65%, 88%, and 88%, respectively, at the end of the SMA test. Thus, 

ferroferric oxide supplement had an anti-ammonia inhibition function during natural rubber processing 

wastewater treatment that contained 1,500 mg-N of ammonia. Figure 2 (B) shows cumulative methane 

gas produced in the methane potential experiment. 25 g·L-1 ferroferric oxide supplement was observed 

the highest methane gas production.  

The ABR was started-up with an OLR of 10 kg-COD·m-3·day-1 at phase 1. In phase 2, the influent 

COD was increased to 20,000 mg·L-1 and HRT was extended to 24 hours. The total and soluble COD 

removal efficiency at phase 2 were 40±10 and 65±10%, respectively. After adding ferroferric oxide 

containing biomass carrier (Phase 3), the total and soluble COD removal efficiency of 30±8 and 51±10% 

indicated that ferroferric oxide supplement did not enhance organic removal. This may be the biomass 

retained carrier follow-up and rupture tougher with produced biogas. Moreover, an accumulation of 

2,500 mg·L-1 acetate and 3,000 mg·L-1 propionate were observed in the first ABR column. Thus, to avoid 

inhibition by VFAs, the influent COD was decreased to 10,000 mg·L-1 in phase 4. In phase 4, the total 

and soluble COD removal efficiency were recovered to 63±10% and 89±9%, respectively.  

Conclusions 

Overall, this study confirmed the effectiveness of ferroferic oxide in mitigating the detrimental effects of 

high ammonia on COD removal, an inherent problem for natural rubber wastewater treatment systems. 

However, for continuous treatment systems, the leaching phenomenon can occur if ferroferic oxide is 

directly added. Therefore, we have developed a gel material stuffed with ferroferic oxide to avoid that 

situation. Although unforeseen problems appeared, further research and development of this material 

could become an effective solution for future rubber wastewater treatment. 
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Figure 1 Soluble COD concentration (A) and cumulative methane gas production (B) from specific 

methanogenic activity test.  

 

 

 

Figure 2 Time course of total COD (A) and soluble COD (B) during the experimental periods. 
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Abstract: Seed germination and early growth assays of lettuce were set to evaluate the agronomic 

effectiveness of alternative phosphorus (P) fertilizers obtained from nutrient adsorption on biochar 

loaded with layered double hydroxides (BC/LDHs). The former investigations demonstrate that 

BC/LDHs reduced growth characteristics of seedlings, including seedling length and fresh biomass, 

compared to the untreated seedlings. Conversely, BC/LDHs showed the positive agronomic outcome in 

the latter experiments, where the optimal application rate of 2.5% was effective in stimulating lettuce 

production. Shoot and root lengths were increased by about 24% and 45%, respectively, compared to the 

controls. Yield responses of lettuce were also improved by 15% for fresh weight and 20% for dry weight 

in comparison with those from the untreated groups. Moreover, BC/LDHs applied at 2.5% resulted in 

the excellent P accumulation in plant tissues (8.734 mg/g), which was significantly higher than that of 

the controls (7.021 mg/g). The results of this study indicated that P recovery through BC/LDHs for the 

successive usage as agricultural fertilizers is attractive in terms of their successful efficacy in both P 

treatment and horticultural crop production.  

 

Keywords: Phosphorus recovery; biochar; layered double hydroxides 

 

Introduction 

Agriculture is the main user of P, accounting for up to 90% of the total global demand (Vollaro et al., 

2017). However, non-renewable phosphate rock, the world's main source of P fertilizers, is becoming 

increasingly scarce and expensive. Furthermore, excess P in wastewater discharge needs to be removed 

to prevent eutrophication issues in aquatic ecosystems. For these reasons, P recovery from wastewater is 

considered a sustainable means to conserve finite P reserves and alleviate environmental impacts 

simultaneously. In recent years, BC/LDHs have garnered much attention due to its elevated P adsorption 

performance. For instance, Li et al. (2016) evaluated the effects of different Mg/Al ratios (2, 3, 4) in 

BC/LDHs on P adsorption ability and found that the composites with the highest Mg/Al ratio 

outperformed the others with the maximum adsorption capacity of 81.83 mg/g. According to Yang et al. 

(2019), high P adsorption performance (152 mg/g) of BC/LDHs occurred through a combination of  

interlayer anion exchange and surface complexation mechanisms. Although BC/LDHs have been 

extensively investigated for their applications in P treatment, detailed information on their potential to 

be reused in agricultural production as fertilizers after P remediation remains limited. In the present study, 

the authors aimed to investigate the agronomic performance of post-adsorption BC/LDHs by observing 

seed germination and early growth responses of lettuce plants to different dosages of BC/LDHs in order 

to validate their application feasibility as P fertilizers.  

 

Materials and Methods 

BC/LDHs were synthesized through the introduction of metal ions (Mg and Al) on the rice straw surface, 

followed by a subsequent pyrolysis procedure. The composites were then employed in the adsorption of 

P. Next, post-adsorption BC/LDHs were utilized in seed germination and early growth experiments. To 

determinate the effects of BC/LDHs on seed germination, lettuce seeds were germinated in the presence 

of different fertilizer dosages, including 0, 0.5, 1.0, 2.5, and 5.0 g, which were named F0g (control), 

F0.5g, F1g, F2.5g, and F5g. Seed germination and their growth indices were measured after incubation 

for 5 d. To further test early growth responses of lettuce to BC/LDHs, growing media were mixed with 

five fertilizer treatments of 0%, 0.5%, 1.0%, 2.5%, and 5.0% (w/w) denoted as F0% (control), F0.5%, 
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F1%, F2.5%, and F5%. Seedlings were grown in those mixtures. After 21 d of transplanting, plant growth 

parameters and nutrient contents were recorded.  

 

Results and Discussions 

The findings from Fig. 1 reveal that the highest seed germination (99%) was detected in F0g, F1g, and 

F2.5g. However, all treatments significantly obstructed seedling quality, such as their length and fresh 

weight compared to the controls. These negative responses were due to Al toxicity since Al was used in 

the synthesis of BC/LDHs. Al is known to interrupt root formation and biomass production, particularly 

for young seedlings, which are more sensitive to the Al toxicity than older plants (Shetty and Prakash, 

2020). 

 

 

 
 

 

 
Figure 1 (a) Germination rate, (b) seedling length, (c) fresh weight, and (d) dry weight of the lettuce 

seedlings from the seed germination assay. Different letters indicate statistically significant differences. 

NS indicates no significance. 

 

In the early growth assay, it was found that among the treatments studied, F2.5% and F5% showed the 

impressive ability for the improvement of all growth attributes. As there were no significant changes 

observed in those treatments, F2.5% was chosen as the optimal dosage for lettuce production. The shoot 

length of lettuce from F2.5% was 231 mm, whereas that from F0% was 186 mm (Fig. 2(a)). The root 
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length was also significantly affected by F2.5%, showing an enhancement by 45% compared to the 

controls (Fig. 2(b)). The fresh and dry weights exceeded by at least 1.1 times for lettuce grown with 

F2.5% compared to those planted with F0% (Fig. 2(c) and Fig. 2(d)). The promoting agronomic 

influences can be explained by the fact that a rich source of essential nutrients in BC/LDHs (P and Mg) 

was beneficial to vegetable growth and development, contributing to favorable crop characteristics. This 

can be supported by elemental composition results in Fig. 2(e), where P and Mg values of lettuce from 

F2.5% were greater than that from F0%.  
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Figure 2 (a) Shoot length, (b) root length, (c) fresh weight, (d) dry weight, and (e) elemental content of 

the lettuce crops from the early plant growth assay. Different letters indicate statistically significant 

differences. NS indicates no significance. 

 

Conclusions 

BC/LDHs were not appropriate for seed germination. However, its multiple agronomic benefits were 

existed during the initial growth stage, including increased shoot height, root elongation, fresh and dry 

matter accumulation, and high levels of essential nutrients in plants. The results suggest that the spent 

BC/LDHs can be reused as fertilizers, which can fulfill the aim of sustainable management of P 

utilization. Nonetheless, future studies should focus on understanding in more detail about the potential 

risks of Al in BC/LDHs, which may pose negative impacts on microbial processes in soil or growing 

media.  
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Abstract: Although the anaerobic digestate can be reused as liquid fertilizer, due to difficulty having the 

field where to use them, it is rare case that they can be utilized well in Japan. For that reason, they have 

to be biological treated in almost case. The anaerobic digestate contains rich ammonia, so that a lot of 

costs which are electricity consumption for aeration and methanol consumption for denitrification is 

needed to remove nitrogen. 

For above reason, we verified benefits of denitrification and partial nitritation (DNPN) on cost for 

nitrogen removal from anaerobic digestate in methane fermentation power plant. We controlled 

automatically the aeration volume by using the value from ammonia sensor, and existed the concentration 

of free ammonia in nitritation tank to 0.1~15 mg/L. AS a result, the ratio of NO2-N in total NOx was 

increased compared with it before DNPN started. And then, we gained the benefits that the electricity 

consumption for aeration decreased 27% and methanol consumption for denitrification decreased 67%. 

 

Keywords: anaerobic digestate; nitrogen removal;  denitrification and partial nitritation 

 

INTRODUCTION 

The nitrogen removal by biological treatment proceeds commonly as steps as follows. At first, NH4-N is 

oxidized to NO2-N by ammonia oxidizing bacteria (AOB) in aerobic condition. And then NO2-N is 

oxidized to NO3-N by nitrite oxidizing bacteria (NOB). Finally, NO3-N is deoxidized to N2 gas by 

denitrification bacteria in anaerobic condition. 

The free ammonia (FA) that is 0.1 ~ 15ppm can inhibit to oxidize NO2-N to NO3-N because FA reduces 

the activity of the only NOB not AOB. And stopping of oxidizing NO2-N can realize denitrification via 

NO2-N. We call these process "Denitrification and partial nitritation (DNPN)". The amount of oxygen 

for nitrification and organic matters for denitrification of DNPN are less than these of regular nitrification 

denitrification, so that DNPN is expected to cut the cost for nitrogen removal. So, we decided to verify 

benefits of DNPN on cost for nitrogen removal from anaerobic digestate by verification test. 

 

MATERIAL AND METHODS 

Equipment 

Biological treatment equipment was 

comprised as shown as Figure 1. 

 

Processing conditions 

The processing condition was set as 

shows table 1. 

In addition, because we would like to 

exist free ammonia conc to 0.1~15mg/L, 

we controlled automatically the aeration 

volume by using the value from  

ammonia sensor and remained 

NH4-N to about 50mg/L. 

 

 

RESULTS AND 

DISCUSSION 

Quality of 

treated water 

Figure 1 Biological treatment equipment for DNPN Table 1 Processing conditions for DNPN 

Table 2 Quality of treated water 
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As shows Table2, during DNPN, the average conc of each 

types of nitrogen were NH4-N: 45.9mg/L, NO2-N: 

38.5mg/L, NO3-N: 35.5mg/L, the ratio of nitrous acid was 

higher than before DNPN, which means that biological 

treatment shifted to DNPN process. 

 

Benefits of DNPN 

As shown Figure 2, the electricity consumption of each before and during DNPN were 3.3kwh/kg-N and 

2.4kwh/kg-N, so that it decreased 27% by DNPN. We consider that remaining NH4-N to about 50mg/L, 

stopping oxidizing NO2-N, and cutting excessive aeration contributed this result. 

As shown Figure 3, methanol consumption during DNPN was 0.26kg/kg-N, and decreased 67% 

compared with 0.78kg/kg-N for before DNPN. 

We consider that the decrease of organic matter for denitrification by increase of NO2-N contributed this 

result. 

 

 

CONCLUSIONS 

We verified benefits of DNPN process on anaerobic digestate. The electricity consumption of aeration 

for nitrification decreased 27% and the methanol consumption for denitrification decreased 67% than 

before DNPN started. 

The DNPN process will help cutting the cost for nitrogen removal from anaerobic digestate. 
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Abstract: Chemical industries manufacture a wide range of products, which periodically can change 

their production in terms of quality and quantity. Changing the production will affect the wastewater 

characterization. Besides organic load, chemical industry wastewater includes heavy metals, solvents, 

priority substances and persistent organic pollutants (POPs) (EU BREF, 2006). Therefore, chemical 

industry needs to review the treatment process efficiency regularly (SUEZ, 2020). This study includes 

identifying the main EDCs in the effluents of two different chemical industry facilities, evaluating the 

treatment efficiencies of EDCs in conventional wastewater treatment systems and investigating the 

performance of treatment and to assess the post-treatment requirement to prevent pollution of natural 

resources. 

Keywords: Endocrine disrupting chemicals (EDCs); chemical industry wastewater; treatment efficiency 

Introduction - please use 12pt Times New Roman bold for all headings 

Chemical industry is one of the most important sectors in manufacturing industry and has a high pollution 

potential therefore appropriate treatment for chemical industry effluents is required for the protection of 

water resources. Chemical industry wastewaters mostly contain organic and inorganic compounds related 

to the manufacturing operations. Most of these compounds, especially the micropollutants, including 

endocrine disrupting chemicals (EDCs) and their by-products/metabolites that are present and/or likely 

to be present in chemical industry wastewater are toxic, mutagenic, carcinogenic or non-biodegradable 

(Awaleh and Soubaneh, 2014). Chemical industry effluents are generally treated by physicochemical 

methods followed by biological treatment, mostly conventional activated sludge. Although this general 

treatment scheme has been proven to be effective for the removal of conventional pollutants, mostly 

addressed as lumped parameters such as TOC, COD and BOD (Nasr et all, 2007), their effectiveness on 

the removal of EDCs is not clearly investigated. 

This study aims to i) identify the main EDCs in the effluents of two different chemical industry 

facilities, ii) evaluate the treatment efficiencies of EDCs in conventional wastewater treatment systems, 

in order to investigate the performance of treatment and to assess post-treatment requirement to prevent 

pollution of natural resources. 

Material and Methods 

In the scope of this study, two chemical plants were selected as representatives of two important chemical 

industry categories (“organic basic chemicals, water and solvent based paint, paint binder material” and 

“auxiliary products of cosmetic and detergent, plant protection products, antifoam products, auxiliary 

products of paint industry”). Influent samples were obtained from Plant 1 (P-1) and Plant 2 (P-2) 

equalization tanks that contain mixture of wastewaters from concerned subsectors, with different NACE 

codes. Effluent samples were taken from wastewater treatment plant (WWTP) discharge points. 

Monitoring studies were carried out for 4 seasons. 

mailto:sibelmine.gucver@tarimorman.gov.tr
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In P-1, wastewaters originated by each manufacturing operation are taken into collection basins before 

they are collected in the equalization tank and mixed by over flows. Chemical treatment units are 

composed of coagulation, flocculation and two final sedimentation basins operated in series. The plant 

is obliged to fulfil the sewage discharge standards to be discharged and treated in organized industrial 

zone (OIZ) WWTP. 

In P-2, industrial wastewater and domestic wastewater originated by personnel are collected in the 

equalization tank, and thereafter sent to the wastewater pumping station for pH adjustment. After pH 

adjustment, the wastewater is fed to biological treatment. The effluent is discharged into a channel and 

is transferred into the sewage. 

Samples taken from the monitoring points have been preserved according to the parameters to be 

measured as described in the standards. Laboratory analysis were carried out with liquid chromatography 

(LC)-mass spectroscopy (MS)/MS, gas chromatography (GC)-MS/MS, GC/MS and inductively coupled 

plasma (ICP)-MS techniques according to Standard Methods (2017) and developed in-house methods. 

Results and Discussion  

Plant 1: In four monitoring periods, a total of 9 EDCs have been commonly detected in the influent of 

the WWTP. Seven of the EDCs detected in the influent in all monitoring periods have been treated with 

efficiencies in the range of 15% and 86%. However, it has been observed that effluent concentrations of 

3 compounds detected in all periods were higher than their inlet concentrations. Treatment efficiencies 

of parameters detected in the influent of P-1 WWTP in 4 monitoring periods are given in Figure 1. 

Common EDCs detected in all 4 monitoring periods consisted of 5 phthalates (DCHP- dicyclohexyl 

phthalate, dimethyl phthalate, DnOp- di-n-octyl-phthalate, MEHP- mono-ethylhexyl phthalate, mono-n-

butyl phthalate), 3 polycyclic aromatic hydrocarbons-PAHs (naphthalene, phenanthrene, pyrene) and a 

plastic monomer (styrene). 

Plant 2: During all three monitoring periods, a total of 10 EDCs have been always detected in the 

influent of the WWTP. These ten EDCs detected in the influent were treated with efficiencies in the 

range of 77% and 95%. Treatment efficiencies of compounds commonly detected in influent of P-2 

WWTP in 3 monitoring periods are given in Figure 2. 

Conclusions 

It is concluded that traditional treatment of wastewater can partially remove chemicals, but some traces 

are still detectable in effluents. In alternative wastewater treatment processes such as advanced oxidation 

with ozone, hydrogen peroxide and membrane technology such as reverse osmosis might be necessary 

for further removal of trace level micropollutants, such as EDCs. 
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Figure 1 P-1 WWTP treatment efficiencies 

 

 

Figure 2 P-2 WWTP treatment efficiencies 
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Abstract: A transition to resource recovery notion is popular around the world that aims for the removal 

of nutrients in wastewater with advanced energy efficient wastewater treatment technologies. A user-

friendly software was created on the purpose of retrofitting existing wastewater treatment plants 

(WWTP) to adapt possible changes in conditions and standards. The software is designed to be simplified 

enough for plant operators to handle, yet it incorporates enough complexity for an accurate prediction of 

biochemical conversions. As a starting point, the software is developed to predict the performances of 

Modified Ludzack-Ettinger configuration with divergent operational parameters. Features like dissolved 

oxygen control and intermittent aeration functions are implemented to provide the users a visual 

demonstration of possible energy savings. It will be a useful tool to predict the performances of different 

operating conditions for several water quality and treatment requirements, increasing the control of 

operators on the systems thanks to the simplicity of its user-friendly interface. The need for extensive 

case studies on better operational configuration will be reduced with the efficient use of the software and 

younger generations will be provided a better mean of comprehension for the operational, kinetic and 

stoichiometric parameters and their impacts on the processes.  

Keywords: Wastewater Treatment; Modelling; Energy Efficiency; Dynamic Simulation 

Introduction  

The improvement of conventional wastewater treatment configurations and development of innovative 

technologies yielded new concepts and the possibility of further wastewater treatment options. Recently, 

a transition to resource recovery notion is popular around the world that aims for the removal of nutrients 

in wastewater, such as nitrogen and phosphorus, by means of advanced wastewater treatment 

technologies in addition to carbon removal (Mo and Zhang, 2013). As a result of the global conceptual 

evolution on the prospect of resource sustainability, environmental technology is obliged to implement 

these advanced wastewater treatment systems designed for nutrient removal and in order to integrate 

with this conceptual conversion phase, comprehension of resource recovery facilities’ dynamics and 

biochemical processes that occur in these environments is vital. Modelling is considered as one of the 

key instruments that assists the environmental science community with having a better grasp of nutrient 

removal configurations and matters that comes within. The emerging developments in modelling area of 

wastewater engineering have given wastewater experts an opportunity to increase their precision in 

predicting possible irreversible future scenarios as using decent models defined by recognized 

associations substantially catalyzes experimental studies. 

On the purpose of retrofitting existing wastewater treatment plants (WWTP) to adapt possible changes 

in conditions and standards that will occur in the near future, a user-friendly software simplified enough 

for plant operators to handle was created. The objective of building this software is to provide a 

simulation platform compensating the lack of knowledge in terms of enhancement of wastewater 

treatment plants into resource recovery facilities for the users and enable them to evaluate the outcomes 

of alternate simulation scenarios by performing adjustments in the model parameters. Calibration of the 

particular software was achieved with real data taken from an existing WWTP and verification was 

carried out by comparison of outputs with a recognized simulation software. 
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Material and Methods 

The software is coded in one of the most common languages used for data science, python programming 

language. Libraries such as scipy, numpy, matplotlib and pyside2 are used for interpolation adjustments 

and solving ordinary differantial equations, processing the data and handling the outputs, results 

visualization and building the graphical user interface, respectively. Input values of the nitrogen removal 

configuration are introduced to the software via a csv (comma-separated values) file and once the 

simulation is completed, the results of anoxic reactor, aerobic reactor and effluent wastewater are 

demonstrated graphically. The output data is also saved in a csv file in the same directory as the software 

is located. 

Results and Discussion  

The software uses ASM1 (Henze et al., 2015) and has fifteen state variables in the model. Input values 

for each variable are calculated with the help of fraction constants the users provide to the software in 

each iteration. Users can perform dissolved oxygen control and intermittent aeration functions 

(Komorowska-Kaufman et al., 2006) separately during the simulations or enable both functions 

concurrently by taking into consideration that the intermittent aeration surpasses dissolved oxygen 

control during the pause period of intermittent aeration. Simulation length and step size can be adjusted 

from the settings section and if the user have already uploaded a time series input, the software recognizes 

its length, meaning there is no need for adjusting the day value. 

As shown in Figure 1 the software has a main frame where all the tools provided for simulation of 

sustainable wastewater treatment systems can be easily accessed. 

Conclusions 

For further development of the software, implementations of different C-N removal configurations, 

enhanced biological phosphorus removal (EBPR) systems, model calibration tools in addition to 

calculations of energy consumptions, operational costs and carbon generation will be accomplished. 

The software will be a useful tool to predict the performances of nitrogen removal process schemes 

for different water quality and treatment requirements, ending up increasing the control of facility 

operators over the operation of the systems due to the simplicity of its user-friendly interface and 

reducing the need for specific case studies. 
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Figure 1 Results Visualization 

  



 

 

 

 

3
6 
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Abstract: In accordance with the new paradigms of circular waste management, the critical point of the 

applied technology is to minimize amount of generated by- and final waste products, at affordable costs 

and with the implementation of energy-saving solutions. Floating Treatment Wetlands (FTW) have been 

recognized as low-cost engineered systems and promising cost-effective alternatives to “traditional” 

wastewater treatment technologies based on the activated sludge. No requirements for external chemical 

agents and low energy demand, combined with the ease of use and operation, seem to be the most 

advantageous features of FTW. These advantages can be further enhanced by integrating Microbial Fuel 

Cells (MFC) with FTW. Within the project 3M (Macrophytes-Microbiome-Modelling) identification, 

characterization, and modelling processes responsible for bioenergy production, nutrient removal, and 

micropollutants transformation in the FTW-MFC system in terms of interactions between plants and 

microbiomes, as within microbiomes itself will be studied. 

Keywords: Floating Treatment Wetlands; Microbial Fuel Cell; treatment 

Introduction 

Floating Treatment Wetlands (FTW) are a new type of constructed wetlands in which emerging 

vegetation grows hydroponically on floating frame on surface waters. The plants grow hydroponically 

and directly uptake pollutants from the wastewater (WW). Increasing the purification efficiency relies 

on establishing complex interkingdom relationships between plants and bacterial consortia in the 

rhizosphere, that greatly enhance metabolic potential of the whole system and capability to degrade more 

complex pollutants. Relatively new development in the field of WW treatment in FTWs is their 

integration with Microbial Fuel Cell (MFC), which is thought to boost remediation effects while also 

recovering bioelectricity (Colares et al.,2021).  

Within the project 3M (Macrophytes-Microbiome-Modelling) the integration of MFC with FTW as an 

innovative solution that enhances effects of remediation and enables production of bioelectricity will be 

studied. A key aspect that has not been investigated yet includes inter-kingdom communication, 

dependencies and interactions between plants and bacteria forming compacted consortia in rhizosphere 

of the FTW-MFC system. Plants exert considerable selective pressure on the development of 

“rhizosphere microbiome”, therefore hence it is critical to understand how this pressure can be influenced 

by various environmental conditions and stress inducers in FTW-MFC.  

 

Material and Methods 

The experimental works will be divided into 3 stages. In the first stage, the impact of hydraulic retention 

time HRT and organic loading rate OLR on bioenergy production and nutrients removal will be 

investigated. The kinetics of nutrient removal processes will be identified and bioenergy output will be 

measured. The experiments will be performed in mesoscale FTW-MFC reactors planted with (1) 

P.australis, (2) I.pseudocarus, and (3) a mix of both species under continuous fed with synthetic WW. 

The FTW-MFC reactors will be equipped with anode and cathode connected in an electric circuit with a 

multimeter. FTW reactors without electrodes will serve as a control in terms of microbiome composition 

development and nutrient removal rates (Fig.1). In the second stage, the adaptation of FTW-MFC 

reactors to artificial light conditions (LED) will be tested in growth chambers. The LED lighting with 
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adjustment of light color at different growth phases will be used. In the final third stage, the 

transformations of micropollutants (As, Cd and Cr, pharmaceuticals) will be analysed. Bioenergy 

generation under the abiotic stress will be assessed.  

 

Figure 1 Scheme of the experimental setup 

Results and Discussion  

The “3M” approach proposed in the current project, integrates analyses of macrophytes, microbiome, 

and mathematical modelling of the transformations processes o nutrients and selected micropollutants in 

FTW-MFC (Fig.2).  

 

Figure 2 Conceptualization of “3M” approach to FTW-MFC research 

Conclusions 

The proposed holistic approach will make a significant step towards understanding the processes and 

factors underpinning bioenergy production and micropollutants transformations in FTW-MFC. 
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14. Simultaneous N and P removal for aquaria; A new approach towards 

eliminating water exchange in recirculating aquaria system 
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Abstract: Discharge of effluents rich in nutrients such as nitrogen (N) and phosphorus (P) to natural 

water bodies is becoming challenging as it leads to environmental deterioration. A biological DHS-USB 

system was developed and has been efficient in removing ammonia nitrogen (NH4
+-N), nitrites nitrogen 

(NO2
- -N) and nitrate nitrogen (NO3

- -N) but the presence of P was still a concern. In this study, the 

suitability of precipitation of calcium phosphate as the post treatment for DHS-USB system to remove 

N and P simultaneously in an aquaria was studied. NH4
+-N, NO2

--N and NO3
--N were maintained within 

the attainment level at an average of 0.05 ± 0.06, 0.04 ± 0.05, and 10.5 ± 1.46 mg N L -1, respectively. 

Ca. Nitrosotenius and Nitrospira was detected and seemed to play major role in ammonia and nitrite 

oxidation in the bioreactor. Calcium phosphate precipitation was observed at moderate pH between 7 to 

8.5. Precipitation of calcium phosphate seemed to be suitable as the post treatment for DHS-USB system 

treating aquaria bred with fish tolerant to high pH. 

Keywords: biological nitrogen removal; phosphorus removal; recirculating system 

Introduction  

Increasing global demand for food has navigate food production from depending on natural resources to 

agri and aquaculture farming. Unfortunately, aquaculture required substantial amount of water for water 

exchange to dilute NH4
+-N concentration in the water. NH4

+-N is toxic to fish and prolong exposure to 

it may lead to fatality (Weinstein and Kimmel, 1998). Also, effluents from fish farms are rich in 

nutrients such as N and P. The release of untreated effluents contaminates natural water bodies, thus 

leading to environmental deterioration in due course. To overcome this matter, a biological nitrogen 

removal system consisted of the Down-flow Hanging Sponge and Up-flow Sludge Blanket (DHS-USB) 

system to remove nitrogenous components in the water was developed. The system had successfully 

removed nitrogenous components in the aquaria, allowing the water to be reused and recycled 

(Furukawa et al., 2017, Adlin et al., 2018). Unfortunately, water is still reluctantly exchanged from 

time to time despite low NH4
+-N concentration which brings no harm to the fish. Algae bloom resulted 

from elevated phosphate reduce visibility in the aquaria and may cause trouble to the fish when green 

water depletes the oxygen. In this study, the DHS-USB system in combination with oyster shell powder 

(OSP) was used to remove N and P and eliminate the necessity for water exchange in aquaria. There was 

a concern that reduction of phosphate may affects nitrification in the DHS reactor. In this study, the 

impact of phosphorus removal via calcium phosphate precipitation on the nitrification system was 

observed. Also, the suitability of calcium phosphate precipitation as the post treatment of DHS-USB 

system to remove P at moderate pH was studied.  

 

Material and Methods 

A 700 L aquarium consisted of ornamental carps, Cyprinus carpio was used in this study. The aquarium 

has a flow rate of at 820 L h-1 with a hydraulic retention time (HRT) of 0.85 h. The DHS reactor has a 

flow rate of 820 L h-1 and is filled with 14 L of G3-DHS sponge media as described by Nurmiyanto and 

Ohashi, 2019. Two sets of USB reactor with a flow rate of 2.4 L h-1 were filled with two liters of granular 
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sludge respectively. OSP was installed in an immersion tank after USB 1. The dissolved oxygen (DO) 

concentration was maintained above 7 mg L-1. SEM analysis was performed to observe the changes in 

OSP. Microbial community analysis was also conducted for further understanding about N and P removal 

mechanism in the reactor.   

Results and Discussion  

The target level of NH4
+-N, NO2

--N and NO3
--N in the aquaria were 0.1, 0.1, and 10 mg N L-1 

respectively. The average of NH4
+-N, NO2

--N and NO3
--N were 0.05 ± 0.06, 0.04 ± 0.05, and 10.5 ± 1.46 

mg N L-1, respectively (Figure 1). NO3
--N increased at day 30 to 60 due to the absence of carbon source. 

Addition of carbon source facilitated denitrification in USB reactor, thus enabled NO3
--N to be 

maintained below 10 mg N L-1 from day 61 onwards. This result showed that the DHS-USB system is 

capable of removing N components in the aquaria within the target level despite the addition of calcium 

phosphate precipitation as the post treatment of DHS-USB system. SEM analysis showed that 

phosphorus begun to adhere to the top surface of the OSP 14 days after installation (Figure 2). Total P 

concentration in the aquaria was 11.5 ± 0.93 mg L-1. Average removal efficiency of P was quite low at 

an average of 16%. Generally, precipitation of calcium phosphate was observed at high pH between 8 to 

10 (Moutin et al., 1992). Slow rate of precipitation of calcium phosphate may be due to pH as pH was 

maintained at moderate level between 7 to 8.5 for fish survival. Ca. Nitrosotenius and Nitrospira was 

detected and seemed to play major role in ammonia and nitrite oxidation in the bioreactor. All fishes 

survived throughout the study despite no water exchange was performed. 

Conclusions 

Negative impact of phosphorus removal via calcium phosphate precipitation on DHS-USB system was 

not observed. Calcium phosphate precipitation was possible at moderate pH between 7 to 8.5. However, 

calcium phosphate precipitation seemed to be suitable as the post treatment for DHS-USB system treating 

aquaria bred with fish tolerant to high pH. The success of this research will bring immense benefits to 

the fish breeding industry. Also, it will lead to sustainable food supply and water management, tackling 

issues of SDGs. 
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Figure 1 Concentrations of NH4
+-N, NO2

--N and NO3
--N in the aquaria over the total operational period 

 

 

 
 

Figure 2 Changes in the SEM image of the OSP in the immersion tank at day 0 and 14 
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15. Model assessment of energy recovery potential from textile wastewater by 

high-rate membrane activated sludge process-Benchmarking against sewage 
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Abstract: The study evaluated the energy recovery potential of denim processing wastewater when 

treated by a membrane activated sludge, (MAS), implementing a specific model derived for this 

configuration. Two different operation modes were selected for this purpose, namely super-fast MAS 

and high-rate MAS sustained at different sludge age ranges. The results were benchmarked against 

sewage. They revealed a conservation rate of above 60% for sewage and around 50 % for denim 

wastewater at super-fast operation declining to 50% and 40% respectively at high-rate operation; they 

also indicated that energy conservation was not a function of wastewater strength, but depended more on 

the COD fractionation indicating fractions with different biodegradation characteristics. 

Keywords: Energy recovery; membrane activated sludge; denim processing wastewater  

Introduction 

The prerequisite for energy recovery is energy conservation as excess biomass/sludge. Therefore, the 

energy recovery concept induced a significant change in activated sludge practice towards high-rate 

operation to be able to generate the maximum possible level of sludge. Gravity settling adopted in the 

majority of related research proved to be inefficient, simply because significant sludge escape occurred 

to the effluent under high-rate operation. This was a strong indication that energy conservation primarily 

required membrane separation replacing gravity settling.  

Membrane activated sludge (MAS), a specific application of membrane bioreactors (MBRs), requires a 

novel process understanding for efficiency evaluation. Basically, the cake layer developed on the 

membrane induces an effective filtration size, which is much lower than the nominal filtration size of the 

membrane module (Sözen et al., 2018). This modifies the COD fractionation since a fraction of the 

soluble hydrolysable COD, SH, soluble inert COD, SI would be entrapped and recycled back to the 

reactor. Thus, energy conservation efficiency necessitates a compatible model structure. 

In this context, the objective of the study was to evaluate the energy recovery potential of a selected 

textile industry effluent by implementing a specific model derived for high-rate MAS. The results were 

benchmarked against sewage. Emphasis was also placed upon particle size distribution analysis, an 

indispensable experimental instrument for the interpretation and modelling of MAS systems. 

 

Material and Methods 

The model for MAS systems, (MASM), requires simultaneous assessment of COD fractionation and 

particle size distribution so that characteristics of a denim processing wastewater and sewage previously 

determined for this purpose were selected for the evaluation (Table 1). The model structure and related 

information on process kinetics were adopted as defined in Orhon et al. (2021). 

Energy conserved in sludge relates to the stoichiometry of activated sludge performance under selected 

operation conditions.  Recently, a new approach to define excess sludge per unit flow rate, so that each 

component could be expressed as a fraction of the influent COD, CT1 (Sözen et al., 2019): 

pXT  = PXT/Q = pXS + pXH + pXP + pXI (1) 
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or,   pXT = YNH CS1 (1 + fEX bH X) + XSR + XI1    (2) 

 

Results and Discussion 

Modelling was carried out to characterize the performance of two different MAS operations, super-fast 

MAS operated at X of 1-2 d and high-rate MAS at X 3-4 d. The results are summarized in Table 2: they 

indicated almost complete removal of soluble biodegradable COD components, SS and SH and effective 

removal of particulate fraction XS at high-rate MAS operation. 

Energy conserved as sludge was calculated on the basis of system performance under different conditions 

and displayed in Table 3. They revealed a conservation rate of above 60% for sewage and around 50% 

for denim wastewater at super-fast operation declining to 50% and 40% respectively at high-rate 

operation. 

The results showed that super-fast MAS was the best configuration because it enabled maximum 

biodegradation of soluble COD, through capturing high particle-size fractions and recycling them back 

to the reactor, thus increasing conserved energy as biomass; it also allowed only limited utilization of 

particulate COD minimizing energy loss due to oxidation-biomass synthesis. 

Conclusions 

Significant conclusive indications of the study may be summarized as: 

(i)MAS is the best option for energy recovery. (ii)MAS should be operated at super-fast mode (X < 2.0 

d) to optimize energy recovery as sludge conservation. (iii)COD conservation as sludge is not necessarily 

a function of wastewater strength, but it depends more on the COD fractionation indicating fractions with 

different biodegradation characteristics. (iv)Particle size distribution analysis should be recognized and 

implemented as a new and indispensable tool for wastewater characterization. 
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Table 1. Modified COD fractionation for selected wastewaters 

Wastewaters 

Parameters 

Domestic  

 

Denim  

 

Total COD (mg/L), CT1 415 1340 

Total soluble COD (mg/L), ST1 120 965 

Total particulate COD (mg/L), XT1 295 375 

Readily biodegradable COD (mg/L), SS1 40 280 

Total soluble hydrolysable COD (mg/L), SHT1 62 460 

Influent soluble hydrolysable COD (mg/L), SH1 15 100 

Captured soluble hydrolysable COD (mg/L), SHC1 47 360 

Total soluble inert COD (mg/L), SIT1 18 225 

Influent soluble inert COD (mg/L), SI1 10 220 

Captured soluble inert COD (mg/L), SIC1 8 5 

Total particulate hydrolysable COD (mg/L), XST1 253 360 

Total particulate inert COD (mg/L), XIT1 42 15 
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Table 2. Model assessment of MAS performance for denim wastewater and sewage 

   Denim Wastewater  Sewage 

Influent COD (mgL-1) SS1 SHI SII SP STI XTI CTI  SSI SHI SII SP STI XTI CTI 

   280 460 225 0 965 375 1340  40 62 18 0 120 295 415 

Performance (mgL-1)  SSE SHE SIE SPE STE XSR XI  SSE SHE SIE SPE STE XSR XI 

System X 

(d) 

H 

(h) 

       H 

(h) 

       

Super-

Fast 

1.0 1.6 4 36 220 5 265 191 15 0.8 1 8 10 2 21 134 42 

1.5 2.4 3 30 220 6 259 132 15 1.2 1 6 10 2 19 62 42 

2.0 2.8 2 22 220 8 252 98 15 1.5 1 4 10 3 18 37 42 

                 

High-

Rate 

3.0 3.8 1 17 220 10 248 63 15 1.8 0 4 10 4 18 20 42 

 4.0 5.0 1 11 220 13 245 46 15 2.5 0 3 10 5 18 14 42 

 

 

Table 3. Energy conservation with MAS for denim wastewater and sewage 

 Super-fast  High-rate 

x (d)→ 

PXT/CTI (%) 

1.0 1.5  2.0  3.0 4.0 

Denim 53 49 47  43 40 

Sewage 71 62 58  53 50 
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16. Carbon and nitrogen balances in pyrolysis of solid-state anaerobic digestion 

residue 

Shohei Riya*, Ryota Komura* Hiroaki Nasu* Akihiko Terada*  

* Graduate School of Engineering, Tokyo University of Agriculture and Technology, 2-24-16 Naka-cho, 

Koganei, Tokyo 184-8588, Japan 

Abstract: - 

Keywords: Solid-state anaerobic digestion; Residue; Biochar 

Introduction 

Solid-state anaerobic digestion has been gaining attention for agro-industrial waste management. In the 

digestion of lignocellulosic biomass and livestock waste, bioavailable carbon is converted into methane 

(CH4), while nitrogen is retained in the digestate. Post treatment of the digestate is important to manage 

C and N in the digestate. 

 Pyrolysis is one of the options for the  post treatment, in which biomass is converted into biochar by 

heating in the absence of oxygen (Catenacci et al. 2022). Biochar can be used as soil conditioner, and to 

mitigate greenhouse gas emission from the soil (Joseph et al. 2021). Thus, conversion of digestate into 

biochar would promising for sustainable agriculture. 

 During pyrolysis, part of carbon and nitrogen in the biomass is converted into gaseous pollutants such 

as carbon monoxide (CO), CH4, ammonia (NH3) (Clark et al. 2017). It has been reported that pyrolysis 

of biomass rich in nitrogen such as chicken manure emit 35–50% of carbon and nitrogen as gas, causing 

air pollution if no gas treatment is conducted  (Clark et al. 2017). Thus, emission of such gaseous products 

would be drawback of biochar production. 

 The aim of this study is to quantifying carbon and nitrogen mass balance in the pyrolysis of digestate of 

solid-state anaerobic digestion of pig manure and rice straw. 

Material and Methods 

A lab-scale horizontal tubular furnace system was used for pyrolysis. The system was comprised of the 

furnace, ice-cooled water trap, and gas bag. 1 g of dried digestate was pyrolyzed at temperature range of 

300–900°C with an interval of 100°C. The temperature was increased from the room temperature to the 

target temperature at 10°C/min, and kept for 60 min. During pyrolysis, Argon (99.999% purity) was 

flowed at 150 mL/min as carrier gas. After completing pyrolysis, the condensable volatiles were collected 

with quartz wool placed in outlet of the furnace and the water trap. Non-condensable gas was collected 

in the gas bag. 

 Total C and N content of the dried digestate and its biochar were measured using elemental analyser. 

NH4
+ concentration in the water trap was quantified using ion chromatography. Dissolved total C and N 

content of the water trap measured using TOC-TN analyser. Hydrogen (H2), dinitrogen (N2), CH4, CO2 

and CO content in the gas bag was measured using gas chromatography equipped with thermal 

conductivity detector. 

Results and Discussion  

Yields of biochar was 43%–61%, decreasing with temperature. C/N ratio of produced biochar was 

increased with temperature (23–40).  

C and N mass balances (Figure 1) showed that C remaining in the biochar was decreased sharply at 

300°C (64%) compared with feedstock digestate (100%), then showed almost constant value around 50% 

at 400–900°C (Figure 1a). On the other hand, nitrogen in the biochar was gradually decreased with 

temperature (Figure 1b), suggesting nitrogen is more volatile than carbon in the digestate pyrolysis. 
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In the C mass balance, proportion of gaseous products (CO, CO2 and CH4) was increased with 

temperature, ranging from 10% at 300°C to 26% at 900°C (Figure 1a). For N balance, increasing 

temperature resulted in increase in condensable N. NH3-N was increased from 6.5% at 300°C to 20% at 

600°C–900°C (Figure 1b). These results indicate that biochar production at higher temperature produces 

more pollutant gas (CO, CH4 and NH3). 

 

Figure 1 Mass balances of carbon (a) and nitrogen (b) in pyrolysis of solid-state digestion residue. 

Conclusions 

 Pyrolysis of solid-state anaerobic digestate of pig manure and rice straw showed decrease in the biochar 

yield with temperature. More pollutant gases (CO, CH4 and NH3) were produced at higher temperature 

than 600°C compared with 300–500°C. 
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17. Estimation of gel fouling cause in MBR treating real sewage 

Toru Miwa*, Yuya Takimoto**, Masashi Hatamoto, Takahiro Watari, Takashi Yamaguchi 
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**6-10 1-1-1 Higashi, Tsukuba, Ibaraki, , Japan (305-8566, yuya-takimoto@aist.go.jp) 

Abstract: The main objective of this study was to investigate the cause of gel fouling in membrane 

bioreactors (MBRs) treating real sewage. Two anoxic/oxic-MBRs (A/O-MBRs) were operated as the 

control reactor (S1) and the sludge loading rate (SLR) change reactor (S2). The reactors were operated 

under low-temperature conditions. Both reactors exhibited similar chemical oxygen demand (COD) and 

NH4+ removal efficiencies. However, membrane fouling occurred more frequently in S2 with rising 

SLR, compared with S1. Further, a gel layer biofilm developed on the membrane surface in S2, whereas 

a cake layer biofilm developed in S1. When gel fouling activated sludge filterability when gel fouling 

occurred was significantly lower than that of cake fouling. The total organic carbon (TOC) concentration 

of supernatant was lower than the influent in S2. In addition, EEM-PARAFAC analysis revealed that the 

simple aromatic protein was the main component of the gel layer which was also dominant in sewage. 

Thus, it is indicated that gel layer might be formed by sewage derived substances.  

Keywords: Sewage treatment; membrane fouling; 

Introduction  

Membrane bioreactors (MBRs) are being introduced as an alternative to conventional activated sludge 

system due to their advantages such as compact footprint, stable treatment performance and high sludge 

retention. However, biofilm formation on the membrane surface (membrane fouling) is considered as the 

biggest obstacle for MBRs, because membrane fouling significantly reduces membrane permeability and 

operational performance (Meng et al., 2017) . Membrane fouling can be classified into two types: cake 

fouling associated with the formation of a microbial cake layer and gel fouling associated with the 

formation of a transparent, porous gel. Gel fouling control is very important, as the gel layer has a 

filtration resistance that is hundreds of times higher than the cake layer. However, the formation process 

of the gel layer on the membrane surface in MBRs has not yet been clarified. Thus, many studies have 

used model components (Agar) and performed characterization (Hong et al., 2014). In this study, a gel 

layer was intentionally generated in an MBR treating actual sewage by changing sludge loading rate, and 

the factors causing gel fouling were estimated from the perspective of the activated sludge properties. 

Furthermore, the characteristics of the gel layer are clarified by comparing it with the cake layer 

generated during normal operation. 

Material and Methods 

Two laboratory-scale anoxic/oxic (A/O)-MBRs with water jackets (designated S1 and S2) were operated 

under sludge loading stable and change conditions. The A/O-MBRs consisted of 5.5 L in each anoxic 

and oxic tank. Sewage with primary treatment was used as the reactor influent. S1 and S2 were operated 

as control and MLSS changing reactors, respectively, under an HRT of 5.8 h. Targeted MLSS 

concentrations of S2 were as follows: 12,000 (stable operation), 9,000 (period 1), 6,000 (period 2), and 

3,000 mg/L (period 3). Influent, activated sludge in oxic tank, and permeate effluents were sampled twice 

or thrice per week. The samples were centrifuged at 1800 ×g for 10 min, and the supernatant was used 

for water analysis. AS in the oxic tank was filtered using 1 μm pore size filter paper (No.5C, 

ADVANTEC, Japan) for 5 min under gravity and the filtrate was quantified to evaluate activated 

sludgefilterability. All samples were filtered with 0.45μm pore size filter before EEM analysis. A 

fluorescence spectrometer (FP-8300, JASCO Corporation, Japan) was used for the EEM measurements. 

The PARAFAC model was visualized by Spectra Manager Version 2 (FP-8300, JASCO Corporation, 

Japan). 
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Results and Discussion  

Fig.1 showed that TMP and flux profiles during the operation. In S1 reactor, SO and period 1 in S2 

reactor, TMP gradually increased through the operation and membrane fouling occurred on day 20. On 

the other hand, TMP rapidly increased and membrane fouling occurred 2 and 4 times in periods 2 and 3 

in S2 reactor, respectively.  Sludge loading rate increase under low temperature caused the gel-like layer 

formation on membrane. When gel fouling occurred, activated sludge filtration quantity was higher than 

that of cake fouling. EEM-PARAFAC analysis indicated that hydrophilic humic-like substances and 

fulvic-like substances (Component A and B), simple aromatic protein (Component C) were the main 

components in the influent, SMP and effluent (Fig. 2). Hydrophilic humic-like substances and fulvic-

like substances recorded the almost same scores among all samples in both reactors in whole periods. It 

may be presumed that these substances easily pass through the membrane pores, thus these substances 

might be not degraded well and accumulated in oxic tank. In contrast, the largest score of simple aromatic 

protein was influent, followed by SMP and effluent.  The peak difference between influent and SMP in 

both reactors was assumed the follows; microorganisms in oxic tank degraded the influent substances 

for their proliferation and excreted to other substances or influent substances directly attached to 

membrane surface. Simple aromatic proteins and soluble microbial byproduct-like compounds were 

found in biofilms on membrane, and the ratio of simple aromatic protein was significantly higher than 

that of microbial byproduct-like compounds (Fig.3) Therefore, a specific accumulation of influent-

derived simple aromatic protein may have influenced the gel layer formation.  

Conclusions 

In this study, we elucidated the gel fouling cause in MBRs treating real sewage. Gel fouling occurred 

under sludge loading rate change conditions. When gel fouling occurred, activated sludge filterability 

was higher than that of cake fouling. EEM PARAFAC analysis revealed that the group of SMP, influent 

and effluent were mainly composed of humic like and fulvic like substances, and simple aromatic protein 

and soluble microbial byproduct-like substances.  Simple aromatic protein and soluble microbial 

byproduct-like were also identified in gel layer and cake layer on membrane surface. Proportion of simple 

aromatic protein was 62 % in gel layer whereas the proportion was 22% in cake layer. These results 

indicated that gel fouling was caused by accumulation of simple aromatic protein derived from sewage.  
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Figure 1 TMP and flux profile of S1 and S2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 PARAFAC 

analysis components for influent (Inf), effluent (Eff)  and activated sludge supernatant (AS). Component 

A, B and C showed humic like substances and fulvic like substances, fulvic like substances and simple 

aromatic protein, respectively. 

 

 

 

 

 

 

 

 

 

Figure 3 4 PARAFAC analysis components for biofilm when membrane fouling occurred in Period 1, 2 

and 3 in both reactors. Cake layer indicated the biofilm of period 1 in S1 and S2 reactors. Gel layer 

indicated the biofilm of period 2 and 3 in S2 reactors. Component A, B and C showed simple aromatic 

protein, soluble microbial like substances and fulvic-like substances, respectively 
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18. Nutrient Loads from a Strawberry Greenhouse 
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Abstract: To ensure good crop yield and sweetness, strawberry farmers regularly apply fertilizers that 

accumulates risk of nutrient pollutant runoff into surrounding water environment. To handle runoffs, 

strawberries are cultivated in greenhouses where water and nutrient supplies and discharges being under 

control. This study investigated the water flow through the greenhouse, and loads of nitrogen and 

phosphorus with the objective to reduce water and fertilizer usage for a strawberry commercial farm. The 

investigations were conducted in two years 2020 and 2021 in order to evaluate the effects on harvest 

yield. The supply could be cut back by 60% of water, 45% of NO3-N and 47% of PO4-P when strawberry 

was fully-grown in October to November without any harm to plant growth. The harvest yield increased 

1.5 times, that is promising for the farm’s cost cutting and eco-friendly production strategies.  

Keywords: Nitrogen; phosphorus; greenhouse 

Introduction 

Japan ranks third in the world (MAFF, 2019), and Aichi Prefecture ranks sixth within the country (MAFF 

Tokai, 2019) regarding strawberry production. In order to boost the yield, strawberry farmers regularly 

apply chemical fertilizers (Yilmaz & Yaman, 2016). The fertilizers high in nitrogen, phosphorus 

accumulate risk of nutrient pollution due to runoffs into surrounding environment. To prevent runoffs, 

hydroponic greenhouse being able to control liquid fertilizers is a good idea (Ahmed et al., 2021). 

However, the elevated fertilizer and water price is threatening farmer’s running cost, forcing to 

researches on reduction of fertilizer solution (Nguyen et al., 2021). Therefore, this study investigated 

nutrient loads from a strawberry hydroponic greenhouse to suggest reduction of fertilizer solution for a 

commercial farm.  

Material and Methods 

Strawberry (Yotsuboshi, Sakata Seed Corporation and Miyoshi Co. Ltd., Japan) was cultivated in a 1,024 

m2 commercial greenhouse (Japan Operator Co. Ltd., Japan). There were 19 lanes with the density of 

320 stems/lane. The greenhouse was automatically controlled water and nutrient supply flow rates. Input 

and output nutrient loads were manually investigated as NO3-N, PO4-P concentrations in supply and 

discharge. The investigations were conducted every two weeks on fully-grown strawberries from 

October to December, in 2020. Then, the investigations began sooner in 2021 since the transplantation 

in August. The supply and discharge samples were collected every week at the beginning, then every 

two weeks from the end of August to November 2021.  

Results and Discussion  

At the beginning of the investigation, the greenhouse nutrient discharge loads were much higher than 

runoffs from open-field cabbage cultivation which is the most production of Aichi Prefecture in Japan 

(Sukekawa et al., 2012), about 4.5 times of nitrogen and 3.6 times of phosphorus. Then, the water supply 

was gradually reduced. 

mailto:nguyen.minh.ngoc.hw@tut.jp
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Figure 1 Water flow and nutrient loads through the greenhouse. Plant uptake was measured by the 

difference between input and output. 

The water supply in 2021 was cut back by 60% of the application in 2020, during the fully growing 

period in October to November, leading to the reduction on nutrient solution supply by 45% of NO3-N 

and 47% of PO4-P (Fig.1). The decline of discharge nutrient loads decreased showed more efficient plant 

uptake. Furthermore, the yield was slightly improved despite the reduction of water, nutrients. The 2020 

harvest season got 116.7 kg/lane, whereas the 2021 yield was 171.1 kg/lane. 

Conclusions 

The supplies of water, nitrogen and phosphorus could be dramatically reduced without any harmful effect 

on strawberry growth.  The harvest yield in 2021 was 1.5 times more than in 2020, that suggested the 

reduction of 60% water, 45% nitrogen and 47% phosphorus during fully-grown period was acceptable. 

More studies on the whole plant growth are promising for better eco-friendly production and cost cutting 

strategies.  
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19. Arsenic pollution of irrigation water by a volcanic eruption and its risk 

mitigation using ICT 
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Abstract: Arsenic discharged from a geothermal source can cause serious problem in agriculture. In this 

study, the characteristics of arsenic pollution in a small river was clarified by daily sampling of the river 

water. The investigation results indicate that arsenic in the river water may attenuate by dilution of the 

tributaries during the flow process. Arsenic concentration in the river water has strong correlation with 

pH and electric conductivity. Therefore, the pollution risk of arsenic can be mitigated by ICT, in which 

the intake of irrigation water is automatically controlled on the basis of the real-time observation of water 

quality. However, the forecast information on the local weather condition should be considered because 

rainfall can cause temporal rise of the arsenic concentration with uncertainty. 

Keywords: Arsenic; pH; Dilution; Weather condition 

Introduction 

Kirishima Volcano Group is located the southern area of the Kyushu Island in Japan (Fig.1). Mountain 

Iou is one of the newest eruptive craters of the volcano group and has erupted for the first time in about 

250 years, on 19th April 2018. Acidic water (pH < 2.0) has been discharged from the volcano. The acidic 

water contained high concentration of toxic elements, especially arsenic (As). Unfortunately, the 

discharged acidic water flows into a tributary of Sendai River, which is the second largest river in Kyushu 

Island and flows through southern part of the island to the East China Sea. In addition, the river water 

was mainly used to irrigate rice paddy fields in the region. The arsenic pollution caused economic 

damage. The acidic water has still been discharged although volcanic activity becomes mild. 

The local government set a small tank near the spring to receive the acidic water in mid-May 2019. 

The acidic water has been neutralized by limestone addition in the tank and then discharged to the river. 

In addition, the local government installed water quality sensors to observe pH, electric conductivity 

(EC), and turbidity continuously. The intake of irrigation water has been controlled by the real-time 

observation. 

The objective of this study is to clarify the characteristics of the As pollution in a small river and 

evaluate the effectiveness of the risk mitigation by ICT in rice agriculture, management practices on 

irrigation water intake with real-time observation of the water quality. 

Material and Methods 

Two automatic water samplers (3700C, Teledyne ISCO, Inc., USA) were set in the river (Fig.1). One 

sampling point (I-2) is located in about 6.3-km downstream from the spring of the volcano. The other 

sampling point (I-5) is located in about 4.5-km downstream from the former point. The river water at the 

points was sampled every noon. The water samples were taken to the laboratory and stored at a room 

temperature before the chemical analysis. The sampling period was 231 days from 15th March to 31st 

October in 2019. 

Total concentrations of As were measured by an inductive-coupled plasma emission mass 

spectrometer (Agilent 7900 ICP-MS, Agilent Technologies, Inc., USA). In this study, chemical 

fractionation of As in the water sample was not conducted because the chemical form of arsenic could 

change in the sampling device during the interval of the sample collection. 
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Results and Discussion  

Temporal variations in the concentration of total As in the river are shown in Fig.2. The As concentration 

in the river exceeded 10 mg/L at the upstream point (Fig.2 (a)) from March to April in 2019. Then, the 

As concentration had decreased since May. The timing of the decrease approximately coincided with 

that of the installation of the neutralization tank. However, the peaks of the As concentration were 

observed on some rainy days. The highest concentration of total As was 93.5 mg/L on June 8 after 92 

mm/d of rainfall. The As concentration did not exceed 10 mg/L since July. However, it is notable that 

small peaks of the As concentration was observed on rainy days even in the temporal variations of low-

level concentration. The As concentration in the river water decreased along the flow (Fig.2 (b)). The 

decrease of the As concentration may be due to dilution by inflow from other tributary streams. Similar 

to the observation at the upstream point, small peaks of the As concentration was observed at the 

downstream point on rainy days. 

Arsenic concentration has strong correlation with pH and EC at the upstream point. Therefore, it is 

quite reasonable that the pollution risk of irrigation water is checked by the observation of both pH and 

EC at the upstream point. In particular, pH is more important parameter to estimate the As concentration 

in the river. The relationship between pH and the concentration of total As indicates that if the river water 

has pH above 4.2, the As concentration in the river water does not exceed the standard value, 10 mg/L. 

However, the relationship was not clear on rainy days. High-level As was observed on rainy days even 

when pH in the river water value is above 4.2. This may be because As was transferred mainly as 

particulate state in the rainfall events. Previous researches (e.g., Barats et al. (2014), Nimick et al. (1998)) 

also suggest the importance of suspended particle matter as a pollutant carrier. In general, observation 

by a turbidity meter is unstable due to its high detection sensitivity. Therefore, it is recommended that 

intake of irrigation water be controlled not only by the real-time observation of pH and EC, which can 

be indicators of dissolved As, but also by the forecast weather condition. 

Conclusions 

Our investigation reveals that arsenic pollution of the river water by a geothermal source is naturally 

mitigated by dilution of the tributaries during the flow process. The pollution risk of As can be mitigated 

by ICT, in which the intake of irrigation water is automatically controlled on the basis of the real-time 

observation of water quality and forecast information on the local weather condition. 
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Figures and Tables 

 

Figure 1 Sendai River watershed and the investigation points. 
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Figure 2 Temporal variations in the total arsenic concentrations of the river at (a) the upstream point 

(Point I-2) and (b) the downstream point (Point I-5). 
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Abstract: Biobutanol is promising bioenergy for the realization of the sustainable development goal - 

affordable and clean energy.  However, environment and cost issues associated with the feedstock hinder 

effective biobutanol production.  To reduce the feedstock cost and appropriately manage food waste, 

dough waste and okara waste were co-fermented into biobutanol.  Results showed that Clostridium sp. 

strain BOH3 produced 15.9 ± 0.90 g/L butanol and 25.4 ± 1.43 g/L acetone-butanol-ethanol solvents 

from 80 g/L food processing waste with 85% dough and 15% okara.  Compared with 80 g/L dough waste 

as the sole substrate, co-fermentation of okara and dough waste improved butanol and solvent production 

by 91.6% and 108.2%, respectively.  Meanwhile, sole fermentation of okara produced negligible amount 

of solvent with acids as the main product.  Co-fermentation exhibited strong synergy on biobutanol 

production and phase shift from acidogenesis to solventogenesis by upregulating the activity of amylase 

and butanol dehydrogenase and moderating carbon-to-nitrogen ratio.  Therefore, co-fermentation is an 

effective strategy for food waste management and bioenergy production, and source separation of food 

waste are accordingly recommended to be refined based on nutrient composition.  

Keywords: Acetone-butanol-ethanol fermentation; Food processing waste; Bioenergy 
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of solvent with acids as the main product.  Co-fermentation exhibited strong synergy on biobutanol 

production and phase shift from acidogenesis to solventogenesis by upregulating the activity of amylase 
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Abstract: The objective of this study was to implement a respected constructed wetlands model (the k-

C* model) into the Sim4Reuse software that was created under the Fit4Reuse project. Analysis results 

of twelve divergent plot systems, having six horizontal and six vertical constructed wetlands, were taken 

into consideration during the calibration process. Differences between the plants and substrates used in 

these constructed wetland systems were evaluated for demonstrating the impact of each parameter on the 

treatment efficiency in terms of COD, nitrogen, and phosphorus concentrations. Outputs of the 

simulations performed with Sim4Reuse software, written in python programming language, were 

verified for each system with an additional set of codes written in Go programming language. 

Keywords: Resource Recovery; Dynamic Simulation; Constructed Wetlands 

Introduction  

Constructed wetlands (CWs) are simple, inexpensive, and robust systems that provide us the opportunity 

to accomplish wastewater treatment in a natural way while consisting of many physical, chemical, and 

biological processes that occur concurrently and influence each other in the treatment process 

(Langergraber, 2008). Macrophytes play an important role in the treatment process of CWs making them 

a crucial part of the designing phase (Haberl et al., 2003) while on the other hand, the media materials 

(soil, sand, rocks, and gravel) enable microorganisms to maintain on a huge surface area, supporting the 

macrophyte growth, and acting as filtration and/or adsorption medium for contaminants (Valipour & 

Ahn, 2016). 

In this study, a mathematical model known as the k-C* model has been implemented to the Sim4Reuse 

software, adopting the equations and coefficient values given in (Kadlec & Wallace, 2009). Analysis 

results of twelve divergent plot systems, having six horizontal and six vertical constructed wetlands, were 

taken into consideration during the calibration process of software and the correlation between each plant 

and media material used in plot systems with carbon, nitrogen and phosphorus removal efficiencies were 

investigated. 

Material and Methods 

A set of analysis results including the influent and effluent concentrations of COD, NH4
+-N, and PO3-P 

taken from twelve parallel plot systems of CWs were used while performing dynamic simulations with 

the software. The plants used in horizontal and vertical CWs are Iris Pseudocorus and Phragmites 

Australis, respectively. Gravel, pumice and agriperlite were used as media materials for horizontal CWs 

whereas sand, vermiculite, and cork were used for vertical CWs.  

The calibration of model parameters was accomplished both by additional scripts written in Go 

programming language and python programming language, containing error prediction methods. Each 

calibrated coefficient was then used in the simulations performed. Outputs of the simulations were 

compared with the effluent analysis results and were demonstrated graphically as it can be seen in Figure 

1. 
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Results and Discussion  

In this study, integration of the k-C* model into the Sim4Reuse software has been achieved and 

calibration of the model was accomplished using the data of twelve divergent CWs.  

Overall, it was seen that higher treatment efficiencies were acquired with vertical CWs when compared 

to the horizontal CWs. As the plants used for contaminant removal and nutrient recovery only differ 

along with the type of CWs, it is not appropriate to compare their removal efficiencies.  

On the other hand, it was observed that using different types of media materials on plot systems had 

significant impacts on removal rates of each CW and coefficients acquired by the calibration process 

were defined accordingly.   

Conclusions 

On the purpose of having a better comprehension on the parameters that affect the treatment efficiencies 

of CWs, modelling studies with the developed software has been demonstrated to be a successful tool by 

this study.  
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Figures and Tables 

 

 
Figure 1.  

Figure 1 Comparison of effluent COD concentrations (mg/L) belonging to simulation outputs of 

horizontal CW no.1 and horizontal CW no.4, compared with the corresponding effluent analysis data 
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Abstract: In recent years, a numerous macronutrient recovery processes from waste streams in the form 

of so-called waste-derived fertilizers have been developed. However, it is already clear that in order to 

close nutrient cycles, no single technique will be the ultimate solution. The integration of struvite 

precipitation from anaerobic digestion liquors with absorbance of the remaining ammonia to sulfuric acid 

via gas-permeable membranes was identified as a promising approach. The technology ensures solving 

operational problems of the WWTPs, i.e., pipes clogging and NH3 emissions, while offering two crystal-

type fertilisers, including a slow release struvite (MgNH4PO4) and ammonium sulfate ((NH4)2SO4). The 

poster aims to present the technology key operational parameter, as well as the results of the lab-scale 

research on their optimization. While for the struvite precipitation the most important factors were pH 

above 8.5, turbulent mixing and the  Mg:P  and N:P ratios at least equal 1, for the ammonia absorbance 

to acid crucial were pH above 8 and below 2 for the solution and acid respectively, and 2 𝐿 ∙ ℎ−1 of the 

acid flow rate. Further experiments on the reactors work phases, minimizing the NH3 loss in the first 

reactor the process of the final products drying are required before the pilot-scale tests running. 

Keywords: waste-derived fertilisers, gas-permeable reactor, phosphorus precipitation 
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Abstract: Volatile fatty acids (VFAs) are used as inputs in many industrial sectors. Petrochemical routes 

are applied for the traditional generation of VFAs. Nonetheless, recent scientific advances point out the 

possibility of generating VFAs from waste as a sustainable and feasible alternative. By doing so the 

wastes can be denoted as useful resources. Pilot scale treatability studies are performed. Evaluation of 

the results are generally conducted only by considering efficiencies. However, a double check is required 

by adopting a spectrum of environmental impacts with life cycle assessment (LCA), before scaling up 

the pilot facilities to a full-scale ones. The objective of this study is to investigate the environmental 

impacts of a pilot anaerobic digestion plant producing volatile fatty acids from waste in Stockholm by 

using LCA methodology. Modelling performed with GaBi Professional 7.3.3 software, Ecoinvent 

database and CML2001 method are adopted. Thirteen environmental impact categories are investigated. 

The methanogenesis stage of the anaerobic digestion process is inhibited to produce VFA rich liquid in 

an efficient way. The raw material consists of a mixture of pre-digestion sludge taken from two different 

treatment plants and food waste. Electricity and chemical supply, anaerobic digestion and sludge 

incineration are included in the system boundaries.  

Keywords: Volatile Fatty Acids; Environmental Impacts; Life Cycle Assessment 

Introduction  

Many industrial sectors such as textile, pharmaceuticals, food, biopolymer, biodiesel and biogas 

production, etc. require an input of volatile fatty acids (VFAs). The traditional way of obtaining VFAs 

is through petrochemical routes. As significant amounts of unwanted environmental impacts are 

generated when petrochemical routes are used to produce VFAs, possibility of getting VFAs from waste 

and/or treatment sludge gains importance. Before establishing and operating a full scale anaerobic 

digestion fed with wastes and sludge it is necessary to find out the optimal operational conditions. For 

this purpose, pilot scale treatability studies are used. The results of pilot plants are usually evaluated by 

referring to efficiencies obtained and then a scale-up to envisage full scale plants are conducted. Such an 

assessment can be quoted as inadequate due to the fact that only efficiencies and not environmental 

impacts are considered. Life cycle assessment (LCA) methodology is a handy and valuable tool to predict 

environmental impacts of products, processes and services. Therefore together with efficiency data, 

evaluation of environmental impacts from pilot scale plants is of importance. In this respect, the objective 

of this study is to investigate the environmental impacts of a pilot anaerobic digestion plant producing 

volatile fatty acids from waste in Stockholm by using LCA methodology. The waste fed to the system is 

a mixture of sludge taken from two different treatment plants and food waste. Electricity and chemical 

supply, anaerobic digestion process and sludge incineration are included.  

Material and Methods 

The experimental data used in LCA is obtained from a pilot scale anaerobic digestor fed with sludge 

taken from two different treatment plants and food waste. The methanogenesis stage of the anaerobic 

digestion is inhibited to produce VFA-rich liquid production more efficiently. The input used as raw 
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material of the system, consists of a mixture of treatment sludge taken from two different treatment plants 

and food waste. The LCA is performed as given in ISO 14040/14044 guidelines (ISO 2006 a; ISO 

2006b). A gate-to-gate LCA approach is carried out. As the functional unit is 1 kg VFA, all the data and 

results are presented per 1 kg VFA. Ecoinvent database and CML2001 method are used. Abiotic 

depletion–elements (ADP-elements), abiotic depletion–fossil (ADP-fossil), acidification (AP), 

eutrophication (EP), freshwater aquatic ecotoxicity (FAETP), global warming (GWP), human toxicity 

(HTP), marine ecotoxicity (METP), ozone layer depletion (ODP), photochemical ozone 

formation(POFP) and terrestrial ecotoxicity (TETP) potentials are the evaluated environmental impact 

categories. 

Results and Discussion  

For all the runs, the reasons of environmental impacts are the same. Inorganic emissions to atmosphere 

is the main cause of AP for all the runs. More than 80 % of EP is of emissions to fresh water, while the 

rest comes from emissions to atmosphere. FAETP results from emissions to fresh water. Generation of 

GWP is due to inorganic emissions to atmosphere, where contribution of CO2 is about 85 %. 

Approximately 72 % of HTP arises because of emissions to atmosphere and rest comes from discharges 

to freshwater. Discharges to fresh water and emissions to atmosphere contributes to MAETP by 78 and 

21 %, respectively. Organic emissions to atmosphere causes ODP. Around 70 and 30 % of POCP is due 

to inorganic and organic emissions to atmosphere. Apart from ODP, and TETP, elevations on all impact 

categories are observed due to the usage of solar cells instead of grid mix. The mentioned increase ranges 

from substantially small (in case of FAETP) to substantially huge (with more than fourfold for ADP 

elements). In case of getting energy from wind turbines rather than grid mix, significant reductions in all 

impact categories are obtained. Usage of energy from wind turbines are recommended as an 

environmentally friendly alternative. 

Conclusions 

Before establishing and operating a treatment system the optimal operational conditions should be 

investigated. The results of treatability studies are usually evaluated by referring to efficiencies without 

giving attention to not environmental impacts. A complete and comprehensive appraisal on the other 

hand should base on efficiencies and environmental impacts. 
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24. Toxicity assessment of domestic effluents for reuse in irrigation 
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Abstract: 
One of the measures that can be taken against water scarcity and droughts due to global climate change 

is the use of alternative water resources in agricultural irrigation. Treated wastewater is one of those 

alternative water sources. However, many hazardous substances that are likely to be present in treated 

wastewaters at undetectable concentrations may exhibit toxic, ecotoxic and/or phytotoxic effects. 

Therefore, in addition to the physicochemical characterization, it is also of great importance to assess the 

aquatic toxicity, ecotoxicity and phytotoxicity of effluents prior to reuse. In this study, a test battery 

comprised of three different bioassays was utilized to assess the toxic, ecotoxic, and phytotoxic impacts 

of four streams sampled from a BioWWTP treating domestic wastewater. Experimental results implied 

that the plant was effective in reducing the toxic effects of the incoming wastewater and discharging an 

effluent with no aquatic toxicity, thus pointing to the potential of reusing the treated stream for irrigation. 

 

Keywords: Toxicity; ecotoxicity; phytotoxicity; irrigation 
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Abstract: In this work it has been studied the feasibility of obtaining H2 from agro-industrial effluents. 

The study has been carried out by using synthetic wastewaters composed of the main organic substrates 

contained in the agro-índustrial wastewater, the glucose and the fructose. From the results obtained, an 

unstructured model describing the kinetic and stoichiometric of the process was developed. 

 

Keywords: Acidogenic fermentation; biohydrogen, mixed culture; modelling 

 

Introduction 

Fossil fuels are polluting and not renewable energy sources that will be exhausted sooner or later. 

Hydrogen (H2) is the most promising compound among potential fuels, and it has several technical, socio-

economic and environmental benefits. The main advantage of hydrogen are that it is a renewable and 

clean energy carrier (Lyberaton et al., 2013). Approximately 95 % of commercially produced hydrogen 

comes from carbon-containing raw materials, primarily fossil in origin (Elam et al., 2013). In contrast to 

these technologies, biological hydrogen production from the organic substrates contained in wastes or 

wastewaters is a very inexpensive and very simple prospective method (Lyberaton et al., 2013). Parallel, 

agro-industries generate large amounts of high loaded wastewater effluents, which are occasionally 

discharged into the municipal wastewater collection system (Ozbass et al., 2016). These wastewaters are 

characterized by their high organic content (most of it being composed by easily biodegradable 

compounds) being the most important glucose and fructose, dissolved and suspended solids and 

fluctuations in the amount of effluent produced (Bartracek et al., 2017). These characteristics suppose a 

serious drawback for the treatment in municipal wastewater treatment plant and agro-industries 

wastewater must be previously treated. In this context, the aim of this work was to study the H2 

production from dark fermentation of the most important substrates contained in the agro-industries 

wastewater, glucose and fructose, isolated and mixed. 

 

Material and Methods 

The acclimatized microorganisms used in this work was taken from a Sequential Batch Reactor (SBR) 

where an acidogenic mixed culture was obtained by biokinetic control. Batch cycles were carried out for 

more than five months in order to obtain a stationary mixed culture. The wastewater used for the 

experiments was a synthetic wastewater containing glucose, fructose or both of them as organic substrate 

and nutrients. In order to study the dark fermentation processes of the glucose and fructose (main sugar 

of agro-industries wastewater) isolated or mixed were carried out several batch tests.  

 

Results and Discussion  

A mathematical model was fitted to the experimental results obtained when operating with the glucose, 

the fructose and the glucose and fructose mixed. The results of the fitting works on the hydrogen 

generation are presented in Figure 1. 
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Figure 1 Hydrogen production experimental and modelling results. 

In this Figure it can be seen a very good prediction of the evolution of the main acidogenic fermentation 

parameters.  Similar results were obtained when modelling the SCFA and volatile solids concentrations. 

 

Conclusions 

The agro-industrial wastewaters present a very high hydrogen production potential and could be used for 

energy valorization. The maximum specific growth rate and the hydrogen yield experienced when 

fermenting glucose was higher than when fermenting fructose. The main short chain fatty acids generated 

were acetic, butyric and lactic. The model developed accurately describe the system behaviour and could 

be used for the design of agro-industrial wastewater treatment reactors. 
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Abstract: This study investigated the feasibility of excess sludge minimization in a Membrane 

Bioreactor (MBR) system with a pre-denitrification scheme, by adding an anaerobic sludge retention 

reactor in the sludge return line, thus realizing an Oxic Settling Anaerobic (OSA) configuration. The 

pilot plant was fed with real wastewater and the anaerobic reactor was operated with two different 

hydraulic retention times (HRT), respectively 4 and 6 hours. Sludge minimization, nitrogen and carbon 

removal, membrane fouling tendency and biokinetic behaviour through respirometry were investigated. 

The observed results demonstrated that the combination of MBR and OSA systems can significantly 

reduce the excess sludge production (88%, in Period II, compared to Period I). However, the different 

configurations did not show significant effects on nutrients removal efficiencies. 

 

Keywords: Wastewater treatment; activated sludge; biological reactors; sludge minimization; oxic-

settling-anaerobic (OSA) 

 

Introduction -  

Nowadays, there is a great environmental concern: the reduction of excess sludge production in 

wastewater treatment plants (WWTPs). Indeed, it was estimated that in 2020 in Europe about 13 million 

tons of dry matter of biological sewage sludge were produced by urban WWTPs (Collivignarelli et al., 

2019). Some solutions such as landfilling and incineration of the excess sludge can cause risks for the 

environment and human health, since they may contain heavy metals, pathogens and organic 

contaminants (Collivignarelli et al., 2021). Nowadays, several technologies have been proposed to 

minimize the production of excess sludge, based on chemical, physical, thermal as well as biological 

processes (Zhang et al., 2021). 

Among the existing technologies, the biological ones are the most interesting from an environmental 

point of view, because they are more sustainable than chemical processes (Collivignarelli et al., 2021). 

The aim of the present study is to evaluate the sludge minimization in a MBR plant by adding an 

anaerobic sludge retention reactor (ASRR) in the sludge return line, thus realizing an Oxic Settling 

Anaerobic (OSA) configuration. Sludge minimization, nitrogen and carbon removal, membrane fouling 

tendency and biokinetic parameters were assessed. Three experimental periods were investigated: Period 

I, by using a MBR reactor; and Periods II and III, by using an MBR-OSA reactor with two different 

hydraulic retention times (HRTs), 4 and 6 hours. 

 

Material and Methods 

A MBR pilot plant was realized at the Water Resource Recovery Laboratory of Palermo University. The 

initial MBR configuration was conceived for carbon and nitrogen removal according to a pre-

denitrification scheme. It was subsequently modified by adding and anaerobic reactor in the sludge return 

line, thus realizing a MBR-OSA configuration. Therefore, the pilot plant was characterized by the 

following units: one anoxic reactor and one aerobic reactor followed by a membrane bioreactor with an 

ultrafiltration hollow fibres membrane module. The membrane reactor was equipped with a clean-in-

place (CIP) system for ordinary backwashing. An oxygen depletion reactor (ODR) was inserted in the 

internal recycling line between the aerobic and anoxic reactors allowed dissolved oxygen consumption 

before entering the anoxic reactor. An anaerobic side-stream reactor (ASSR) was inserted in the RAS 

line, to realize the OSA configuration. The experimental campaign was divided into three different 

periods, namely Period I, Period II and Period III, respectively. In Period I the plant was operated 

according to MBR configuration. In Period II an MBR-OSA configuration was realized by inserting an 

ASSR reactor in the RAS line, the latter characterized by a HRT of 4 hours. In Period III, the plant layout 

was the same of the previous Period II, but the HRT of the anaerobic reactor was increased to 6 hours. 



 

 

 

 

6
6 

 
Figure 1. Schematic layout of MBR-OSA system 

Results and conclusions  

Results show that the presence of the anaerobic reactor in return sludge line did not affect the system 

performance in terms of pollutant removal. Indeed, the organic carbon removal was excellent throughout 

experiments, with efficiencies ranging from 97 to 98%. Moreover, nitrification was not affected by the 

presence of the anaerobic reactor, with average efficiencies in the different periods up to 98%; these 

results were confirmed by respirometric batch tests that highlighted a good development of nitrifying 

biomass. Period III showed an improvement of PO4 removal efficiency, likely due to the alternation of 

anaerobic and aerobic conditions, typical of OSA systems that likely enabled the growth of phosphorus 

accumulating organisms (PAOs). Concerning sludge production, the yield coefficient Yobs in Period I 

(MBR configuration) was already lower compared to conventional activated sludge (CAS) processes, 

with an average value of 0.23 gTSS g-1COD; nonetheless, the implementation of anaerobic reactor in 

Periods II and III enabled to reduce significantly the Yobs, with average values close to 0.1 gTSS g-1COD.  

The achieved results in the present study demonstrated that the implementation of OSA configuration in 

the original MBR scheme enabled to decrease the excess sludge production. Moreover, the system 

removal efficiencies were not affected by the implementation of the anaerobic reactor, while, the 

presence of anaerobic condition may promote phosphorus removal from the liquid phase, due to the 

alternation of anaerobic and aerobic conditions typical of OSA systems that might enable the growth of 

phosphorus accumulating organisms. 
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wastewater 

A. Mineo*, L. Isern – Cazorla**, M. E. Suárez Ojeda**, G. Mannina* 

* Engineering Department, Palermo University, Viale delle Scienze ed. 8, 90128, Palermo, Italy, email: 

antonio.mineo01@unipa.it; giorgio.mannina@unipa.it. 

** GENOCOV, Department of Chemical, Biological and Environmental Engineering, School of 

Engineering, Universitat Autònoma de Barcelona, 08193, Bellaterra, Barcelona, Spain. 

Abstract: Polyhydroxyalkanoates (PHA) are intracellular biopolymers and are considered very 

promising alternative to petrochemical based plastics thanks to their outstanding characteristics in terms 

of biodegradability. The production of PHA from wastewater contains several challenges and is still a 

complex process where technological barriers need to be overcome. The present study presents a 

comprehensive experimental study aimed to gain insights with the final goal to enhance the production 

of PHA from sewage sludge (SS) and wastewater. To these aims a pilot plant was build and monitored 

testing different organic loading rates (OLR) and food to microorganism ratios in the accumulation 

experiments. Specifically, the pilot plant was made of a fermenter coupled with a membrane batch reactor 

(MBR), a nitritation sequenching batch reactor (N-SBR), a selection SBR and accumulation reactors. 

Further, an advanced protocol for PHA recovery has been applied. Experimental results show a high final 

PHA accumulation rate (namely, 60%). Such value was obtained in correspondence to a maximum PHA 

accumulation rate from feast and famine cycles of around 13%. Starting from the highest values of PHA 

accumulation rate, extraction tests were carried out. Results showed a final PHA recovery yield and 

purity of 89.17 and 90.52 % thus demonstrating a very high potentiality of the overall applied method. 

Keywords: water resource recovery; sewage sludge; wastewater treatment. 

Introduction 

The amount of sludge produced from wastewater treatment plants (WWTPs) is increasing every year. 

The disposal of sewage sludge is generally solid waste landfills thus throughout a non-environmental 

sustainable option (Dobrenko and Joarder, 2011). In view of a circular economy approach, sewage sludge 

can be a very interesting feedstock for producing PHA. Despite the economic advantage of using mixed 

microbial cultures (MMCs) and sewage sludge as a feedstock, few studies have been carried and 

challenges related to the low carbon content feedstock and the downstream process to accumulate PHA 

have to be faced (Kumar et al., 2022; Guzik et al., 2020). The aim of this work is to optimize the PHA 

production process by evaluating the influence of different factors in the biomass selection and PHA 

accumulation and extraction step. 

Material and Methods 

A pilot plant was built at the Water Resource Recovery Laboratory at Palermo University (Mannina et 

al., 2021). The selection SBR consisted of a 76 L glass reactor controlled by a PLC (Crouzet). The aerobic 

dynamic feeding strategy (ADF) was used applying cycles of 12 h (Conca et al., 2020). The synthetic 

substrate composition was adopted from Frison et al. (2021). Accumulation tests were carried out 

adapting as described by Mannina et al. (2019) by using a homemade software which automatically fed 

the substrate while controlling the dissolved oxygen (DO) with a probe. Intracellular PHA content was 

determined by gas chromatography (Montiel-Jarillo et al., 2017). Finally, an advanced PHA extraction 

protocol (Mannina et al., 2019) was applied. 
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Results and conclusions  

In table 1 the overall performance of the three S-SBR are reported. Lower OLR (S-SBR 3) resulted in a 

more efficient reactor for nutrients recovery, despite not being as efficient at storing PHA. The opposite 

trend can be seen for the highest OLR studied which achieved high PHA storage yields (13.68 % w/w) 

despite having high HV monomer fractions as already reported by Pardelha et al. (2012). At the end of 

the selection/enrichment process, the biomass was tested in accumulation experiments using 2 different 

F/M.  

Table 1 Average removal efficiency, feast / famine and PHA content for the three S-SBR. 

Parameter S-SBR 1 S-SBR 2 S-SBR 3 

OLR (g COD/L·d) 1.3 1.8 0.8 

sCOD removal efficiency (%) 95.34 ± 4.70 94.73 ±3.06 98.60 ±0.89 

NH4+-N removal efficiency (%) 82.27 ± 13.52 69.94 ± 14.03 85.23 ± 12.22 

PO4
3—P removal efficiency (%) 

 

56.16 ± 33.38 

 

45.30 ± 33.12 

 

80.88 ± 7.17 

F/F ratio (min/min) 

 

0.19 ± 0.08 

 

0.28 ± 0.01 

 

0.16 ± 0.08 

Intracellular PHA (PHB + PHV) content (% w/w) 

 

6.61 

(5.3 + 1.31) 

 

13.68 

(8.21 + 5.47) 

 

6.02 

(5.01 + 1.01) 

In table 2 the general information of the experiments carried out with the S-SBR 2 biomass is reported. 

Biomass accumulated less PHA when lower F/M ratio was applied while it reached up to 60.38 % in 

experiment B which is a considerable high amount. This result is slightly higher than other accumulation 

tests performed with a composite substrate and biomass enriched with ADF (Mannina et al., 2019; Munir 

et al., 2020). One of the factors could be the highly extended length of our experiments performed with 

the automatic substrate injection (Figure 1). 

Table 2 Operational characteristics and results of accumulation experiments 

 

The extraction was carried out for last three samples taken during the accumulation test B (table 2). The 

recovery of PHV (69 ± 4 %) was lower than PHB (82 ± 3 %) while no significative difference between 

the two polymers was found for purity (88 ± 5 and 90 ± 2 %). Despite the encouraging results in purity 

and recovery percentage of PHA, they highlight how difficult it is to extract PHA from MMCs than from 

pure cultures (Majone et al., 2017). Nonetheless, using an economic and environmental friendly 

surfactants such as ammonium laurate (Samorì et al., 2015) shows that it is possible to develop an eco-

friendly PHA extraction once the current challenges in biomass pre-treatment are overcome. Overall, 

results are encouraging to promote the transition from WWTP to wastewater recovery facilities once the 

real wastewater effect will be evaluated.  

 

Acc. test Pulse volume (mL) COD supplied (gCOD/L) VSS (g/L) F/M (g COD/g VSS) PHA content (% w/w) 

A 5.5 11 3 3.7 42.32 

B 10 17 3 5.7 60.38 
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Figure 1 Trends of DO and PHA cell content (% w/w) throughout the entire experiment B. 
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Abstract: Ozone is a powerful oxidant, capable of hydrolyzing and solubilizing organic and inorganic 

compounds, as well as reducing the concentration of active microorganisms, which, in the proper dose, 

could favours a greater performance of anaerobic digestion. In the present work, the influence of an 

ozonation pre-treatment is evaluated for its use before the acidogenic anaerobic co-digestion of two 

organic wastes, vinasses and biosolids, in the thermophilic range (55ºC). The ozone pre-treatment was 

applied with the aim to hydrolyse and solubilise the organic substrates as well to sterilize, at least 

partially, the wastes. The two wastes studied (ozonized and non-ozonized) have been characterized and, 

additionally, a hydrogen potential tests (HPT) were carried out at different doses of ozone. The main 

conclusion is that when biosolids are ozonated at 0.018 gO3/STo they show a 60% increase in TOC, 

while a decrease (35%) is observed for vinasses. Likewise, the application of this optimized dose of 

ozone to biosolids generates an increase of approximately 30% in the H2 production and in the total VFA 

content (increase of 169%) and in their individual composition. Because of that, it was considered that 

he most appropriate strategy to carry out the treatment of the mixture in co-digestion is to ozonize the 

biosolids and subsequently carry out the mixture with the vinasses. 

Keywords: Bio-hydrogen, co-digestion, biosolids, vinasses. 

Introduction 

Anaerobic co-digestion of organic wastes is an effective technology for the management of two or more 

substrates with different characteristics. The mixture of different substrates improves the balance of 

nutrients in the digestion medium, increases biogas production, and dilutes potentially toxic compounds 

and inhibitors (Rubio et al. 2019). Ozone is a powerful oxidant, capable of hydrolyzing and solubilizing 

organic and inorganic compounds, and reducing the concentration of microorganisms. Therefore, in the 

right dosage, it favours a higher performance of anaerobic digestion (Weemaes, 2000). In the present 

work, the influence of an ozonation pre-treatment is evaluated for its use before the acidogenic anaerobic 

co-digestion of two organic wastes, vinasses and biosolids, in the thermophilic range (55ºC), in order to 

improve the production of volatile fatty acids. 

 

Material and Methods 

Biological sewage sludge // Biosolids (B) and wine vinasses (V) have been described in previous 

works. Also the hydrogen potential testing (HPT) methodology, analytical methods and ozonation 

procedure can be found in other studies (Rubio et al., 2017; Tena et al., 2019). Ozone doses between 

0.018 (BL) and 0.069 (BH) gO3/gTSo were applied to B and the equivalence in (gO3/gCODTo // 0.045 

and 0.084) for V, to evaluate the effect on their properties. 

 

Results and Discussion 

Ozone treatment of B with optimized dose (0.018 gO3/gTSo) increases TOC by 60% and TN by 54% due 

to hydrolysis of particulate matter (Figure 1-A) ((Martín et al. 2002; Weemaes 2000). For V (Figure 1.B), 
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the equivalent dose expressed as gO3/gCODTo (0.045) reduces its TOC content by 35% and TN by 101%, 

which would not facilitate its subsequent co-digestion.   

 

Figure 1 Evolution of total organic carbon (TOC) and total nitrogen (TN) (mg/L) with the ozone doses 

expresses as gO3/gTSo for biosolids (A) and as gO3/g CODT for wine vinasses (B).  

In the HPT (Figure 2.A), biosolids subjected to low doses of ozone (BL) (0.018 gO3/gTSo) generated 

the greatest volume of biohydrogen (30% increase with respect to untreated biosolids, (B)) (Rubio et al., 

2017; Tena et al., 2019). The highest dose tested (0.069 gO3/gTSo) does not suppose an increase in 

hydrogen production due to the destruction of the initially hydrolyzed biodegradable matter by the proper 

ozonation process (Weemaes 2000). Biosolids treated with the optimized dose (BL) cause an increase in 

VFA production, both in terms most of the individual acids and total acidity (increases of 169%) (Figure 

2.A). The hydrolysis of the biosolids matrix caused by ozone treatment implies a modification of the 

VFA pattern obtained. 

 

Figure 2 A. Final hydrogen production (mL) of Hydrogen potential test (HPT) for ozonized biosolids. 

B. Evolution of VFA individual (ppm) and total acidity (TA, gacetic acid equiv/L), upper graph, for ozonized 

biosolids // B: 0 BL: 0.018 and BH: 0.069 gO3/gTSo.  

Conclusions 

The application of an appropriate ozone dose for the treatment of biosolids, causing an increase in the 

production of hydrogen and VFA, both in terms of total acidity and some individual acids. The proposed 

process for co-digestion involves pre-treatment of biosolids at low ozone doses and subsequent mixing 

with wine vinasses. 
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Abstract: The research aimed to evaluate the suitability of drinking water treatment sludge for 

agricultural purposes. The assessment was based on the Regulation of the Polish Minister of Environment 

on municipal sewage sludge [Journal of Laws 2015, item 257] and the Regulation of the Minister of 

Agriculture and Rural Development on the implementation of certain provisions of the Act on fertilizers 

and fertilization [Journal of Laws 2008, No.119, item 765]. The results showed that the sludge from 

water treatment processes can be used as a safe and environmentally effective organic-mineral fertilizer. 

Keywords: fertilizers, agricultural purposes, drinking water treatment sludge 

Introduction 

Controlled spreading of sludge on agricultural land includes applications on pasture and cropland, 

forests, plant nurseries, public parks, lawns, and home gardens. However, some ecological reuse methods 

include sludge capping and phosphorus immobilization in eutrophic lake recovery, pit filling and 

reclamation. This way of sludge disposal is because the physicochemical and biological nature of soils 

could allow the assimilation of the applied wastes without adversely affecting soil quality and even with 

the probability of its enrichment (Ahmad, 2016; Babatunde and Zhao, 2007). So far, sewage sludge is 

well recognized for its agricultural use. However, little information is available on sludge from water 

treatment.  

 

Table 1. Basic requirements for sludge intended for agricultural disposal according  

to the Polish Law 2015, item 257 

Conditions 

of use 
Indicatior Unit 

In agriculture and 

for land 

reclamation for 

agricultural 

purposes 

For land 

reclamation for 

non-agricultural 

purposes 

Others 

Heavy 

metals 

Cadmium 

[mg∙kg-1 

TS] 

20 25 50 

Copper 1000 1200 2000 

Nickel 300 400 500 

Lead 750 1000 1500 

Zinc 2500 3500 5000 

Marcury 16 20 25 

Chrome 500 1000 2500 

Bacteria Salmonella [-] 

They can be used if not 

Salmonella bacteria were isolated 

in 100 g of sediment 

- 

mailto:dominika.poproch@doktorant.pk.edu.pl
mailto:bartosz.luszczek@wodociagi.krakow.pl
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Intestinal 

parasites 

Ascaris sp., 

Trichuris sp., 

Toxocara sp. 

(ATT) 

[in 1g TS 

of 

sludge] 

0 ≤300 

The research aimed to evaluate the suitability of sludge from three water treatment plants for agricultural 

purposes. The assessment was based on the Regulation of the Polish Minister of Environment on 

municipal sewage sludge [Journal of Laws 2015, item 257] - table 1 and the Regulation of the Minister 

of Agriculture and Rural Development on the implementation of certain provisions of the Act on 

fertilizers and fertilization [Journal of Laws 2008, No.119, item 765]. According to this Regulation, the 

permissible value of contaminations in organic and organic-mineral fertilizers must not exceed (per 1 kg 

of total solids (TS) of fertilizer): Cr – 100 mg, Cd – 5 mg, Ni – 60 mg, Pb – 140 mg, Hg – 2 mg. 

Material and Methods 

The paper analyzed the results of sediments from water treatment processes. Samples for the study came 

from 3 water treatment plants located in the City of Krakow: Raba, Rudawa, Dłubnia. They were 

analyzed for dry matter, dry organic matter, the presence of Salmonella and eggs of intestinal parasites 

(ATT index), as well as heavy metals content. Analyses were performed at an accredited laboratory. The 

results obtained were compared with the guidelines in the Regulation of the Polish Minister of 

Environment on municipal sewage sludge [Journal of Laws 2015, item 257] - table 1 and the Regulation 

of the Minister of Agriculture and Rural Development on the implementation of specific provisions of 

the Act on fertilizers and fertilization [Journal of Laws 2008, No.119, item 765]. 

Results and Discussion  

The results of laboratory analysis are shown in Tables 2, 3 and 4. Salmonella and ATT index were not 

detected in any of the samples analyzed. In addition, trace amounts of heavy metals were recorded. Each 

parameter met the legally required values. Figures 1, 2 and 3 show technological diagrams illustrating 

the processes taking place at the water treatment plants analyzed. 

 

Table 2. Results of analysis of sludge from water treatment processes – Raba 

Indicatior Unit 1 2 3 4 5 6 

TS [%] 15.1 17.8 13.2 16.3 15.5 16.8 

VS [% TS] 25.1 28.8 23 32.8 34.7 24.9 

Cadmium 

[mg∙kg-1 TS] 

0 0 0 0 0 0 

Copper 92.4 96 78 102 96 98 

Nickel 71 53 65 73 63 78 

Lead 0 0 0 0 0 0 

Zinc 147 98 139 24 99 134 

Marcury 0 0 0.078 0.104 0.172 0.75 

Chrome 0 0 0 0 0 0 

Salmonella [-] 
not 

present 

not 

present 

not 

present 

not 

present 

not 

present 

not 

present 

ATT 
[in 1g TS of 

sludge] 

not 

present 

not 

present 

not 

present 

not 

present 

not 

present 

not 

present 

 

Table 3. Results of analysis of sludge from water treatment processes – Rudawa 

Indicatior Unit 1 2 3 4 5 6 

TS [%] 34.9 35.8 32.7 30.7 27.7 44.8 

VS [% TS] 20.3 20.8 22.2 21.5 30.5 22.1 
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Cadmium 

[mg∙kg-1 TS] 

0 0 0 0 0 0 

Copper 0.16 34 25 23 34 38 

Nickel 0 0 0 0 0 0 

Lead 0.46 68 83 75 55 65 

Zinc 2.9 593.0 351.0 367.0 418.0 447.0 

Marcury 0 0 0.209 0.077 0.098 0 

Chrome 0 0 0 0 0 0 

Salmonella [-] 
not 

present 

not 

present 

not 

present 

not 

present 

not 

present 

not 

present 

ATT 
[in 1g TS of 

sludge] 

not 

present 

not 

present 

not 

present 

not 

present 

not 

present 

not 

present 

 

Table 4. Results of analysis of sludge from water treatment processes - Dłubnia 

Indicatior Unit 1 2 3 4 5 6 

TS [%] 33.5 32.9 33.4 36.4 38.0 36.1 

VS [% TS] 13.2 13.0 14.8 14.7 19.0 13.5 

Cadmium 

[mg∙kg-1 TS] 

1.7 0 0 2.5 0 0 

Copper 32 36.5 0 51 27 30 

Nickel 113 27.6 0 41 36 0 

Lead 39 74.4 35 44 53 134 

Zinc 241.4 157.7 189.0 177.0 194.0 208.0 

Marcury 0.19 0 0.2 0.2 0 0 

Chrome 135.3 29.1 13 18 0 0 

Salmonella [-] 
not 

present 

not 

present 

not 

present 

not 

present 

not 

present 

not 

present 

ATT 
[in 1g TS of 

sludge] 

not 

present 

not 

present 

not 

present 

not 

present 

not 

present 

not 

present 

Conclusions 

Based on the analysis, it can be concluded that water treatment sludge from all tested water treatment 

plants meets the requirements of Polish Regulations. Sludge from water treatment can be used in 

agriculture as organic-mineral (Raba and Rudawa) and mineral fertilizers (Dłubnia). 
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Abstract: The emerging mixed culture carboxylate platform producing medium chain carboxylates 

(especially caproate) in the chain elongation process can be an alternative to popular biotechnology 

technologies producing biogas. Lactate-based carboxylate platform is becoming more and more popular, 

however there are many limitations affecting production stability. The objective of the study was to 

improve lactate-based chain elongation and to investigate how the feedstock composition affects the 

efficiency and stability of  chain elongation. Herein, an effective method of stable caproate production 

in lactate-based carboxylate platform was provided 

Keywords: carboxylate platform; chain elongation; caproate 

Introduction 

The constantly growing demand for primary energy and depleting fossil fuel resources are conducive to 

the search for new energy solutions based on the renewable resources. The biorefinery sector, where 

organic wastes can be an alternative source for energy and valuable products, is crucial to the circular 

economy. More and more attention is paid to newly developed carboxylate platforms based on chain 

elongation (CE) process, leading to the formation of medium chain carboxylates (MCCs). The CE has 

its roots in anaerobic digestion: short-chain carboxylates accumulated during acidogenesis and 

acetogenesis are elongated into MCC instead of forthgoing through methanogenesis to methane (Hunter 

et al., 2021). The most common MCC is caproate which can be widely used in the chemical, 

pharmaceutical and food industry as well as a precursor for the liquid fuels production in a subsequent 

chemical conversion processes (Angenent et al., 2016).  

The basic metabolic requirement to carry out the CE is a presence of electron donors (providing 

acetyl-CoA to the reverse β-oxidation cycle) and electron acceptors in the feedstock (Han et al., 2018). 

Various chemical compounds such as ethanol or methanol can play the role of electron donors in the CE 

(De Groof et al., 2019), however, recently more and more attention has been paid to a lactate-based CE. 

Lactate is present in many waste streams and feedstock such as acid whey from the dairy industry, grass 

silage juice or maize silage; it can also be synthesized in-situ in lactic acid fermentation of many wastes, 

including food waste or lignocellulosic biomass. 

The concentration of electron donor and electron acceptors in the feedstock may affect the CE 

performance and the strategies for MCCs production (Wu et al., 2019). The objective of the study was 

to understand how the feedstock composition affects CE and the "selection" by microorganisms of the 

metabolic pathway. This will help improve efficiency of lactate-based carboxylate platform. Microbial 

community analysis was conducted to shed a light on the competition between microorganisms. 

Material and Methods 

Batch tests and continuous processes were carried out. Four different ratios of lactate to acetate (L:A) 

were assessed in batch trials as demonstrated in (Brodowski et al., 2022a). Continuous mixed culture 

fermentations were conducted as demonstrated in (Brodowski et al., 2022a; Brodowski et al., 2022b). In 

the first continuous experiment, different ratios of lactate to acetate were assessed and in the second 

continuous experiment, lactate conversion to caproate was carried out with and without the external 

acetate. The concentrations of the analytes were monitored using an HPLC and GC. All the details 

concerning the measurements’ conditions were previously described in (Brodowski et al., 2022a). Details 
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of microbiome analysis (16sRNA metasequencing) were described in (Brodowski et al., 2022a; 

Brodowski et al., 2022b).  

Results and Discussion  

The tested L:A ratios influenced carboxylates selectivity in batch trials. In batch trials with lactate as the 

sole carbon source, propionate production was predominant but when a higher relative acetate 

concentration was used, the production of butyrate and the CE to caproate was favoured. The co-

utilization of lactate and acetate in a continuous process increased the production of caproate and ensured 

stable CE performance compared to the phase with lactate as the sole carbon source, however, controlling 

the relative concentration of lactate and acetate during co-utilization was not an effective strategy for 

increasing caproate production. The addition of an external acetate was presented as a method for stable 

CE performance in carboxylate platform. 

Conclusions 

The composition of feedstock in lactate-based carboxylate platform affected chain elongation (i.e. 

caproate production). Moreover, the efficient method of stable caproate production was demonstrated.  
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Abstract: Methanotrophic bacteria are capable of growing on methane as a sole carbon source and could 

be used for microbial production of biopolymers such as polyhydroxybutyrate (PHB), an alternative to 

conventional plastics. The use of mixed methanotrophic cultures and cheap feedstock such as methane 

makes this bioprocess economically and environmentally attractive. Methanotrophic bacteria are 

ubiquitous and by probing diverse environments novel methanotroph-dominated mixed cultures with 

high PHB production potential can be obtained. In this study, biogas was used as a sole carbon source 

for the enrichment of methanotrophic bacteria from five environmental sources in two variants of 

nitrogen source in the media. Obtained cultures were analyzed for microbial community and PHB 

production potential. Three cultures were grown on nitrate as nitrogen source was dominated by 

Methylocystis sp. and showed to have the most promising PHB production up to 0,039 ± 0.001 g/L with 

27.15 ± 1.97 % PHB content for the activated sludge inoculum. 

  

Keywords: methanotrophs; biogas; polyhydroxybutyrate (PHB) 

 

Implementation of gas fermentation as a means for the production of commodity chemicals and other 

valuable products using greenhouse gasses (GHGs) such as methane could support the development of a 

sustainable future and help mitigate climate change. Appling gas fermentation processes for microbial 

production of polyhydroxybutyrate (PHB) is a promising approach to creating biopolymers that could, 

at least partially, replace conventional plastics. Using methane as a cheaper alternative to conventional 

carbon sources along with the possibility to mitigate methane emission by using methane as a sole carbon 

source for methanotrophs makes the application of this bacteria attractive for biopolymer production [1]. 

Running the process by mixed cultures rather than pure strain cultures has additional advantages for the 

microbial processes as it does not require sterile conditions and the due to the possible positive effect of 

the interactions occurring within the microbial community on the methanotrophs growth and PHB 

production. As methanotrophic bacteria can be found in various environments conducting screening 

experiments of samples from diverse environments could lead to obtaining novel methanotrophs-

dominated mixed cultures with high production potential for a targeted product e.g. PHB.  

In this study, five environmental samples were used as inocula for the batch enrichment of 

methanotrophic bacteria with biogas as the sole carbon source. Samples were collected from; biocover 

soil of freshly formed landfill (LB1), biocover soil from aged landfill (LB2), biocompost (BC), peat bog 

soil (PB), and activated sludge (AS) from a wastewater treatment plant. Cultures were grown on a 

medium containing either nitrate (NMS medium) or ammonium (AMS medium) as a nitrogen source to 

evaluate the effect of nitrogen source on microbial community structure and biopolymer production 

potential. A series of six transfers were conducted to achieve stable enriched cultures and then subjected 

to nitrogen starvation to synthesize PHB. Analysis of microbial composition after the enrichment and 

amount of PHB were used to determine the most promising culture in terms of biopolymer production. 
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 Cultures resulting from the conducted enrichment showed different PHB-producing potentials 

depending on the nitrogen source in the medium. Cultures grown in AMS showed the highest content of 

PHB accumulated in biomass up to 49% for PB for NMS cultures its accumulation was 20% on average 

(Fig. 1.A). However, the trend was very much different when expressed as total PHB concentration in 

the culture for which cultures grown on nitrate achieved much higher concentrations compared to those 

grown on ammonium (Fig. 1.B). As NMS medium supported better biomass growth it resulted in 

obtaining higher PHB concentration for those cultures with up to 0,039 g/L with 27% PHB content for 

the activated sludge inoculum. Moreover, AS NMS culture gave results similar to that of a reference 

culture of pure strain Methylocystis hirsuta CSC1, which was previously shown to produce PHB from 

synthetic biogas [2]. From microbial community analysis, it was also observed that the type of nitrogen 

source used during enrichment affects the differentiation of microbial community and as shown by 

taxonomic distribution (Fig. 2) All cultures enriched in NMS medium showed the dominance of 

methanotrophic bacteria either from Methylobacter or Methylocystis genus confirming successful 

enrichment of methanotrophic bacteria in mixed cultures. Comparison of results from PHB accumulation 

with microbial composition analysis showed that cultures dominated by the Methylocystis genus showed 

the highest PHB production. Methanotrophic cultures enriched on NMS from activated sludge, aged 

landfill biocover, and peat bog soil were selected for further investigation due to exhibiting the most 

promising PHB production. 
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Figure 1. The level of PHB produced after 48h of accumulation phase; A: expressed as % content in the biomass, B: expressed as 

concentration [g/L] in the culture. LB1 – newly formed landfill biocover soil, LB2 – aged landfill biocover soil, BC – biocompost, 

PB – peat bog soil, AS – activated sludge 

Figure 2. Relative abundance of different bacteria genus in the cultures after the enrichment 
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Conducted research presents the feasibility of using technical biogas from a wastewater treatment 

plant (WWTP) as a selective factor for the enrichment of efficient PHB-producing methanotrophic 

cultures. Obtained results are promising for further process optimization and development of strategies 

for PHB and polyhydroxyalkanoates copolymers synthesis from biogas produced at WWTP. Successful 

development of methane-based microbial production of valuable biopolymers could become an 

important part of the circular bioeconomy in the future.  
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Abstract: Biofilms can be pervasive and problematic in water treatment and distribution systems but are 

difficult to eradicate due to hindered penetration of antimicrobial chemicals. Here, we demonstrate that 

indigenous prophages activated by low-intensity plasma have the potential for efficient bacterial 

inactivation and biofilm disruption. Specifically, low-intensity plasma treatment (i.e.,35.20 W) elevated 

the intracellular oxidative reactive species (ROS) levels by 184%, resulting in the activation of prophage 

lambda (λ) within antibiotic-resistant Escherichia coli K-12 (lambda+) [E. coli (λ+)]. Following a 

cascading effect, the activated phages were released upon the lysis of E. coli (λ+), which propagated 

further and lysed phage-susceptible E. coli K-12 (lambda−) [E. coli (λ−)] within the biofilm. In a mixed-

species biofilm on a permeable membrane surface, our “inside-out” strategy could inactivate total 

bacteria by 49% and increase the membrane flux by 4.33-fold. As a proof-of-concept, this is the first 

demonstration of indigenous prophage activations by low-intensity plasma for antibiotic resistant 

bacterial inactivation and biofilm eradication, which opens up a new avenue for managing associated 

microbial problems. 

Keywords: Biofilm control, low-intensity plasma, oxidative stress, prophage activation, cascade effect 

Introduction  

Biofilms, which are microbial agglomerations encased in their extracellular polymeric substrates (EPS), 

are pervasive and problematic in water treatment and distribution systems. Conventional biofilm control 

approaches are chemical intensive that may generate harmful disinfection byproducts and accelerate 

infrastructure corrosion. Recent advances in phage ecology and successful cases of phage therapy have 

prompted increased attention to phage biocontrol. Current attention mainly focuses on lytic phage 

addition, whose effectiveness can be hindered due to unknown target bacteria and inefficient phage 

delivery. Alternatively, prophages (i.e., lysogenic phages that integrate their genome into the host 

genome) are frequently carried by bacteria. Such latent prophages can be activated and enter the lytic 

lifecycle under particular environmental stress. The resultant phage propagation and bacterial lysis within 

biofilm can overcome the above-mentioned technological barriers of the conventional phage-based 

biofilm control strategies. Bacterial genome interference and associated SOS response are crucial to 

trigger prophage activation. Cold atmospheric plasma (CAP) can produce a wide range of highly reactive 

species (e.g., •OH, 1O2, •O2-and O3), and may activate prophages and thus lyse the bacteria in a novel 

“inside-out” strategy.  

This study aims to investigate prophage activation with low-intensity CAP (LICAP) and explore the 

potential for biofilm eradication. Escherichia coli K-12 (lambda+) (E. coli (λ+)) and Escherichia coli K-

12 (lambda-) (E. coli (λ-)) were used to explore the mechanism of bacteria inactivation and biofilm 

eradication after different LICAP treatment time.  



 

 

 

 

8
3 

Material and Methods 

Bacterial strains in this study included E. coli (λ+) with prophage λ (ATCC 10798) and E. coli (λ−) 

without prophage λ (ATCC 23724) were purchased from ATCC. A dielectric barrier discharge (DBD) 

experimental system consisted of an alternating current high-voltage power supply, a quartz reactor and 

a digital oscilloscope. The working suspensions of bacteria with different ratio of E. coli (λ-) and E. coli 

(λ+) were then treated with plasma for the designed exposure energy density. 

Total induced phage particles were enumerated with the quantitative polymerase chain reaction (qPCR), 

while the infectious phages were quantified with the plaque assay. The variations in intracellular ROS 

levels and reductase activities were evaluated.   

Results and Discussion  

As shown in Figure 1A, longer exposure resulted in more substantial inhibition of E. coli (λ-), however, 

the extent of E. coli (λ+) inhibition exhibited a bell-shaped curve as exposure time ranged from 10 to 50 

min. The most prominent inhibition for E. coli (λ+) occurred after 30-min LICAP exposure, whose 

growth rate decreased by 92% relative to the control group. The lysate of E. coli (λ+) instead of E. coli 

(λ-) formed clear phage plaques on the bacterial lawn (E), and the induced phage was observed in the 

TEM (F). Specifically, the levels of active phages increased from 1.60 × 105 to 6.80 × 105 PFU/mL when 

the exposure time increased from 10 to 20 min (Figure 1B). However, extended exposure time resulted 

in a continuous decrease in active phage levels. As shown in Figure. 1C, the biomass of E. coli (λ+) and 

E. coli mixture biofilms decreased by 40% and 46%, respectively, while that of E. coli (λ-) biofilm 

increased after LICAP treatment. Consistently, phages were released from the LICAP-treated E. coli (λ+) 

and E. coli mixture biofilms (Figure 1D), indicated that activated phage lambda propagated at the lysis 

of phage-susceptible E. coli (λ-). 

 
Figure 1 Regrowth rate k of E. coli (λ -) and E. coli (λ+) (A), induced active phage amounts (B) after 

LICAP.  Reformation curves (C) and phage quantification (D) of E.coli (λ-), E.coli (λ+) and E.coli 

mixture biofilm bacteria after 20-min LICAP treatment. Plaque (E) and TEM image of lambda phage 

induced from E.coli (λ+) (F). 

Prophage activation was attributed to the oxidative stress induced by LICAP. As shown in Figure 2, short 

LICAP exposure (i.e., 10 and 20 min) did not significantly increase the cellular ROS generation or the 

cell membrane permeability due to the defense system (e.g., cell membrane and cytoplasmic antioxidant 

enzymes). Consequently, considerable amounts of phages were released at the lysis of E. coli (λ+). 

However, the increase in oxidized deoxyguanosine levels (8-OHdG) triggered the bacterial SOS response 

system and activated the latent prophages. In contrast, extensive LICAP exposure (i.e., 40 and 50 min) 

exhausted the bacterial defense systems, resulting in irreparable cell damage and direct bacteria 

inactivation.  
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Figure 2 Oxidative damage on the bacterial surface from LICAP treatment. 

 
Figure 3 Contributions of different reactive species on prophage activation. 

As shown in Figure 3, LICAP can produce a wide range of highly reactive species, such as •OH,  •O2
-, 

1O2, ONOO-, and the contributions of reactive species on prophage activation in solution during plasma 

treatment followed the sequence of •OH > 1O2 > solvated electrons (eaq
-) > •O2

- > ONOO-. Therefore, the 

ROS and eaq
- induced by plasma both have great potential for direct and indirect participating in the 

nonselective reactions of prophage induction. 

Conclusions 

This study highlights LICAP-generated ROS can activate indigenous prophages, inactivate biofilm-

dwelling bacteria, and destabilize the biofilm. 
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Abstract: Electro-fermentation (EF) is an attractive way to implement the chain elongation (CE) process, 

by controlling the fermentation environment and reducing the dosage of external electron donors (EDs). 

However, besides the coexistence performance of external EDs and electrode, applications of EF 

technology on the fermentation broth containing both EDs and electron acceptors during CE process, are 

all still limited. The current study investigated the contribution of EF to caproate production, under 

different acetate: ethanol ratios (RA/E). The effect of multiple EDs, both from ethanol and the bio-cathode, 

on caproate production, was also assessed. A proof-of- concept, based on experimental data, was 

presented for the EF-mediated ethanol-driven CE process. Experimental results showed that ethanol, 

together with the additional electron donors from the biocathode, was beneficial for the stable caproate 

production. The caproate concentration increased with the decrease of RA/E, while the bio-cathode further 

contributed to 10.7%–26.1 % increase of caproate concentration. Meanwhile, the hydrogen partial 

pressure tended to 0.10 ± 0.01 bar in all controlled EF reactors, thus favouring caproate production. This 

was attributed to the increased availability EDs, i.e., hydrogen and ethanol, generated by the electrode 

and electrochemically active bacteria (EAB), which might create multiple additional pathways to achieve 

caproate production. Molecular ecological networks analysis of the key microbiomes further revealed 

underlying cooperative relationships, beneficial to the chain elongation process. The genus 

Clostridium_sensu_s-tricto, as the dominant microbial community, was positively related to acetogens, 

EAB and fermenters. 

Keywords: Electro-fermentation; Chain elongation; Medium chain fatty acids; Ethanol 

Introduction  

Anaerobic fermentation of organic wastes to produce medium chain fatty acids (MCFAs), with 

hydrophobicity and high energy density, has emerged a feasible sustainable solution for recovering 

valuable resources from waste activated sludge (WAS) (Wu et al. 2019). Electrical fermentation (EF) 

has been increasingly considered to implement the chain elongation (CE) process, by controlling the 

fermentation environment and reducing the external electron donors (EDs) dosage (Yong Jiang et al. 

2020). Previous studies have reached a caproate concentration of 739 mg/L when using the electrodes as 

independent ED (Van Eerten-Jansen et al. 2013); however, acetate reduction to butyrate was not feasible 

when using electron as the sole ED, due to the kinetic and thermodynamic limitations, with highly 

endergonic reactions (ΔG0 = 27.1 kJ/mol) even at high hydrogen partial pressure (PH2) values (Gonz´alez-

Cabaleiro et al. 2013). Therefore, it is necessary to investigate the concurrence of external EDs and 

electrodes for the promotion of CE process, and ethanol is the most common ED. 

In our study, the effect and feasibility of multiple EDs, by biocathode and externally added ethanol, 

on the caproate production from acetate, using a series of single chamber microbial electrolysis cells 

(MECs) were evaluated, and microbial community in response to caproate production were revealed. 

Material and Methods 

The MEC reactors were fed with the mixture of acetate and ethanol with a molar ratio (RA/E) of 1:0, 1:1.5 

and 1:3. Each group was set up as open circuits (OC) and closed circuits (The MEC mentioned above) 
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in triplicate. The pH of the medium was controlled at 6.0 ± 0.1. Subsequently, MECs operation was 

divided into two phases: initially, the pH varied as the reaction proceeded (Phase 1), while it was kept 

stabile at pH 6.0 in Phase 2.  

Gases, alcohols and C2–C6 carboxylic acids were measured via gas chromatograph (Agilent 7890 B, 

USA). Cathode potential was automatically measured by a multichannel data potentiometer (Model 

2700, Keithley Instrument). Both cyclic voltammetry (CV) and electrochemical impedance spectroscopy 

(EIS) scanning were conducted via an electro-chemical workstation. 

Results and Discussion  

 
Figure 1 Caproate specificity (A), the distributions of carbon (C) and electrons (D)  

As shown in Figure 1A, caproate specificity in the closed-circuit groups was higher than that in the 

open-circuit groups. The result indicated that a small partial electron provided by the electrode could 

significantly affect the product spectrum. Absolutely, the high carbon recovery efficiency and electron 

recovery efficiency on caproate in closed-circuit groups also prove this result (Figure 1B and 1C). And 

the recovery efficiency of caproate has significancy increase in RA/E = 1:3 group. 

 
Figure 2 Current density (A), cyclic voltammetry (B) and electrochemical impedance spectroscopy (C) 

of different MECs groups.  

The electron transfer effect increased with the improvement of electrochemical performance, which 

also increased the MCFA yield. The current density was 1.45 A/m2 in RA/E = 1:3 (Figure.2A). Figure 2B 

showed that the oxidation peak appearing at 0.36 V vs. SCE in RA/E = 1:3_pH 6 was from Geobacter 

sulfreducens. In addition, the maximum double-layer area in RA/E = 1:3_pH 6, represented as a strong 

electron storage capacity. The results of EIS showed that the diffusion resistance (Rdiff) decreased with 

the increase of ethanol (Figure 2C). Previous studies have shown that lower Rdiff could accelerate the rate 

of electron and mass transfer between the electrode and EAB. 
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Figure 3 Abundance of predominant genera(A) and Molecular ecological networks visualization of 

OTUs in the closed circuits (B). 

MiSeq sequencing revealed that the bio-electrochemical ethanol-driven CE process was mediated by 

a phylogenetically diverse microbial consortium, with Clostridium_sensu_stricto predominating 

(Figure3A). Clostridium_sensu_stricto was widely identified as dominant microbes for MCFAs 

production and showing positive correlations with other functional consortia, e.g., acetogens, EAB, and 

other fermenters (Figure3B). 

Conclusions 

The results showed that the coexistence of ethanol and the bio-cathode promoted the shift of product 

spectrum towards caproate. The findings provide a proof-of-concept for the application of EF, mediated 

by multiple EDs, on MCFAs production. 

References 

Wu, Q., Bao, X., Guo, W., Wang, B., Li, Y., Luo, H., Wang, H., Ren, N. (2019). Medium chain carboxylic 

acids production from waste biomass: current advances and perspectives. Biotechnol. Adv. 37, 599–615.  

Yong, J., Na, C., Wei, Z., Lixia, Z., Raymond, J. Z. (2020). Electro-fermentation regulates mixed culture 

chain elongation with fresh and acclimated cathode. Energy Convers. Manag. 204, 112285. 

Van Eerten-Jansen, M.C.A.A., Ter Heijne, A., Grootscholten, T.I.M., Steinbusch, K.J.J., Sleutels, T.H.J.A., 

Hamelers, H.V.M., Buisman, C.J.N. (2013). Bioelectrochemical production of caproate and caprylate from 

acetate by mixed cultures. ACS Sustain. Chem. Eng. 1, 513–518 

Gonz´alez-Cabaleiro, R., Lema, J.M., Rodríguez, J., Kleerebezem, R. (2013). Linking thermodynamics 

and kinetics to assess pathway reversibility in anaerobic bioprocesses. Energy Environ. Sci. 6, 3780–

3789. 

  



 

 

 

 

8
8 

34. Overcoming carboxylic acid inhibition by granular consortia in high-load food 

waste fermentation for efficient lactate accumulation  

Xianbao Xu*, Yanan Liu*, Gang Xue*, Xiang Li*, Jacek Makinia** 

* College of Environmental Science and Engineering, Donghua University, 2999 North Renmin Road, 

201620, Shanghai, China. lix@dhu.ehu.cn 

** Faculty of Civil and Environmental Engineering, Gdansk University of Technology, ul. Narutowicza 

11/12, 80-233 Gdansk, Poland. jmakinia@pg.edu.pl 

Abstract: Granular sludge, a self-aggregating spherical biofilm, possesses a better stability compared to 

flocculent sludge under extreme conditions. This study compared the ability of anaerobic granular sludge 

(AnGS) and flocculent waste activated sludge (WAS) to convert food waste (FW) into highly-valuable 

optically active lactic acid (LA), a central and versatile intermediate platform molecule. LA was 

accumulated to 52.7 gCOD/L with optical activity (OA) of 77% using granular consortia exhibiting a 

48% increase in the yield over flocculent WAS. An initial delayed utilization of carbohydrates and 

subsequent enhanced glycolysis (13 vs. 6 gCOD/(L*d)) occurred with AnGS, contributing to its high 

carbon flux to LA. With flocculent WAS, fast consumption of carbohydrate led to a broad volatile fatty 

acid spectrum. Furthermore, the AnGS consortia were dominated by LA bacteria (81%), including 

Bacillus, Lactobacillus, and Bifidobacterium, much higher than with the WAS consortia (48%). The 

AnGS was more tolerant to LA inhibition, preventing cytoplasmic pH decrease (intracellular H+ in AnGS 

was 42% lower than in WAS) from the dissociation of carboxylic acid inside the cells. This might be due 

to its particular multi-layered aggregate EPS structure and the enhancement of H+-transporting ATPase 

(increased by 120% in AnGS). This study provides a practical way to overcome carboxylic acid 

inhibition and increase the recovery of value-added platform molecules from organic wastes. 

Keywords: Lactic acid; Food waste; Valorisation; Granular sludge; Flocculent sludge 

Introduction  

Anaerobic fermentation of organic wastes to optically active lactic acid (LA) is a feasible sustainable 

solution for recovering valuable resources (Xue et al. 2018). Previous studies have proved that a high 

concentration of LA (≈30 gCOD/L) was achieved during food waste (FW) fermentation inoculated with 

waste activated sludge (WAS) (Xu et al. 2020). However, due to the severe acidification of FW (pH<4), 

accumulative LA is easily transformed into an undissociated form, which reversely inhibits the 

fermentation process using floccular WAS. Alternatively, anaerobic granular sludge (AnGS) with a 

spatially ordered consortium offers a great opportunity to resist product inhibition (Xu et al. 2022).  

In this study, AnGS was compared with floccular WAS as an inoculum for LA production from food 

waste (FW) fermentation. Product inhibition during FW fermentation using AnGS and WAS was 

evaluated, and a mechanism of protection against the product inhibition of AnGS was proposed. 

Material and Methods 

L- and D- isomers of LA were determined on an UltiMate 3000 high-performance liquid chromatography 

(HPLC) system (Thermo Scientific, USA) equipped with an Astec CLC-D column (5 µm, 15 cm × 4.6 

mm). The UV detection wavelength was set at 254 nm and the mobile phase was 5 mM CuSO4 at a flow 

rate of 1.0 mL/min. The cells in AnGS and WAS were stained with the transmembrane fluorescent probe, 

BCECF-AM (10 uM), which specifically binds to the intracellular H+, and then incubated at 37˚C for 30 

min. Specifically, the stained samples were performed using a confocal laser scanning microscope 

(CLSM) (Leica, Germany) at excitation of 488 nm and emission of 535 nm to determine the intracellular 

pH. 
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Results and Discussion  

 
Figure 1 LA production using WAS and AnGS (A), effect of granular structure of AnGS on LA 

production (B), and schematic microbial form of WAS and AnGS (C). 

As shown in Figure. 1A, the production of LA was significantly higher using AnGS (52.7 ± 0.93 

gCOD/L) than WAS (40.0 ± 1.52 gCOD/L) during FW fermentation. In addition, the optical activity of 

L-LA using AnGS (76.6 ± 11.02%) was also significantly higher than that with WAS (-75.1 ± 11.29%), 

suggesting its higher commercial value. Notably, the production of LA decreased significantly from 43.0 

± 3.69 gCOD/L to 11.4 ± 2.66 gCOD/L if the AnGS was broken up (Figure. 1B). The observed decrease 

was probably due to the disruption of the multi-layered aggregate EPS structure exposing functional 

microflora to harmful external factors during fermentation (Figure. 1C). 

During glucose fermentation with initial inhibitory LA, AnGS has shown a better performance of LA 

production (23.9 ± 3.31 gCOD/L) compared to WAS (12.4 ± 1.63 gCOD/L). As shown in Figure. 2A, 

the relative activity of H+-transporting ATPase was higher in the presence of AnGS than with WAS. The 

intracellular H+ in AnGS was indeed lower than WAS by 43.2% by the fluorescent probe (BCECF-AM, 

10 uM) using a confocal laser scanning microscope (Figure. 2B). 
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Figure 2 The relative activity of the functional gene H+-transporting ATPase and mean density of stained 

sludge (pHi) (A), and CLSM image of stained WAS and AnGS (B). 

 
Figure 3 Schematic of anti-LA product inhibition effect of AnGS compared with WAS. 

As shown in Figure. 3, undissociated LA can easily diffuse across the cell membrane, causing 

acidification of the cytoplasm and failure of proton motive forces, and eventually influencing the 

transmembrane pH gradient and decreasing the amount of energy available to microflora (especially 

floccular WAS). This study firstly proposed to use AnGS to resist such inhibition of LA production based 

on its multi-layered aggregate EPS structure and the enhancement of H+-transporting ATPase. 

Conclusions 

This study highlights AnGS as an overlooked inoculum for mixed-culture fermentation of FW that can 

enhance the production and recovery of valuable chiral molecules.  
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Abstract: The anaerobic treatment of tannery effluents from the different process stages are limited 

by the various toxicants that are mainly added as feed chemicals. The segregated effluents present 

an opportunity for co-treatment to abate inhibition, supplement deficient nutrients and/or promote 

resource recovery using anaerobic digestion. This study investigated the feasibility of anaerobic co-

digestion of beamhouse (BH) and pre-treated tanyard (TY) effluents using the standardised 

biochemical methane potential (BMP) protocol. It was established that all reactors were active, 

while those with higher TY compositions and operating at very high/low inoculum to substrate 

ratios (3<ISR≤2) suffered severe methanogenesis inhibition. Process efficiency and kinetics 

(maximum CH4 production rate and reaction rate constant) improved with increasing BH 

composition and/or ISR. The logistic, modified Gompertz and cone model showed a better fit to 

the experimental cumulative CH4 data (0.827≤Adj R2≤0.999), respectively. The optimal operating 

conditions (ISR=2.5, 100% BH and 20 days’ retention time) demonstrated the feasibility of a 

circular bioeconomy and net positive tannery operations where 639 mL biogas/gVS (59% CH4), 

13% and 18% of the inlet sulfur and nitrogen, respectively, are recoverable as products. The process 

also recovered reusable process/irrigation water, recyclable digestate as a biofertiliser and/or 

ceramic aggregate with energy recovery.  

Keywords: Anaerobic co-digestion; Circular bioeconomy; Tannery effluents; Kinetics; 

Optimisation  

Introduction  

This is the first paragraph – text set with no indent but justified. This is our preferred style for all 

first paragraphs after headings [12pt Times New Roman].   

All subsequent paragraphs are indented and justified.  

The Introduction section should clearly state the background and the objectives of your work. 

No extensive literature review is needed for an outline paper but major accomplishments with the 

respective literature influencing your work should be mentioned.  

Material and Methods  

Tannery effluent samples were collected from a local tannery in South Africa that processes about 

3500 – 4000 bovine hides and 5000 – 8000 ovine skins per day via wet-blue tanning. A Merck 

Spectroquant Pharo® Spectrophotometer (Darmstadt, Germany) together with Merck cell tests/kits, 

ion-chromatography, inductively coupled plasma (ICP) atomic emission spectroscopy (AES) and 

loss of mass on ignition standard methods were used to determine the physicochemical 

characteristics of TEs. The biogas quality was determined using a Geotech biogas 5000 analyzer 

(Warwickshire, England) according to the manufacturers’ instructions. The biomethane potential 

protocol (BMP) described by Holliger et al. (2016) was followed in this study. Thirteen bioreactors 

for AcoD experiments were set up following a full factorial central composite design (CCD) for 

ISR (1–4) and SSR (0–100%BH) as variables (Table  

1.1).  
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Results and Conclusions  

The characteristics of BY and TY effluents were within the concentration ranges reported in 

literature (Mpofu et al., 2021a) and their variation over time was insignificant (ANOVA, p>0.05). 

The TS, TVS, TN, BOD and COD concentrations of BH were notably higher than those in the TY 

as BH processes are the main source of suspended solids, sulphide, BOD, and COD in TEs (Buljan 

and Král, 2019). The C:N ratios (2.49–8.94) of some BH batches were optimal, while those of TY 

(1.02-1.46) were below optimal, and therefore potentially susceptible to NH3 and volatile fatty acids 

(VFA) inhibition. The NH3 and Cl- concentrations of both effluents were comparable (ANOVA, 

p>0.05). TY batches exhibited higher SO4
2- concentrations (2090–4200 mg/ℓ) than BH (1120–2400 

mg/ℓ) as chrome sulfate is used as a tanning agent. The metal concentrations of BH and TY batches 

displayed similar trends (r=0.73–0.99, F test, p<0.05) except for Ni, Pb and Cr. The concentrations 

of K, Na, Ca and Mg in BH and TY were equally high as they are added in different forms 

throughout the tanning process.  

Optimisation of anaerobic biodegradability and resource recovery  

It was established that all reactors were active, while those with higher TY compositions and 

operating at very high/low inoculum to substrate ratios (3<ISR≤2) suffered severe methanogenesis 

inhibition (Figure 1.1). Process efficiency and kinetics (maximum CH4 production rate and reaction 

rate constant) improved with increasing BH composition and/or ISR. The logistic, modified 

Gompertz and cone model showed a better fit to the experimental cumulative CH4 data (0.827≤Adj 

R2≤0.999), respectively. The highest µm were found in reactors operating at 100% BH and ISR=2, 

3 and 4 respectively, while highest K were found in R3 and R10 operating at 50% and 75% BH and 

ISR=3 and 4, respectively. These results confirm that from the range of parameters tested, higher 

% BH and ISR≥3 provided the most ideal environment for proliferation of methanogens. The 

μm=0.04–74.2 mℓCH4/gVSd and K=0.06–0.16 day-1 results in this study were somewhat 

comparable to μm=0.171–17.5 mℓCH4/gVSd and K=0.025–0.268 day-1 reported by Mpofu et al. 

(2021b), while codigesting slaughterhouse and TE.  

The optimal operating conditions (ISR=2.5, 100% BH and 20 days’ retention time) demonstrated 

the feasibility of recovering 639 mℓ biogas/gVS (59% CH4), 13% and 18% of the inlet sulfur and 

nitrogen, respectively. The CH4 yields from this study were comparable to 261–437 and 314 

mℓ/gVS reported by Vazifehkhoran et al. (2018) while co-digesting general TWW with cleaning 

(drainage) effluent and wheat straw (1:9 w/w) at ISR=3, respectively. The measured 13–59% 

average CH4 quality was due to parallel reactions that produced CO2, CO, H2S, and N2. Importantly, 

the action of syntrophic sulphur reducing and oxidising bacteria that coexisted with methanogens 

assisted in the degradation of toxicants such as VFA and NH3 and played a role in the recovery of 

resources.   

Additionally, the process recovered reusable water for irrigation and/or for recycling into the 

tanning process, and digestate as a biofertiliser and/or ceramic aggregate with energy recovery. The 

study demonstrated the feasibility of a biocircular economy and net positive tannery operations with 

potential cost savings in electricity demand (22%), wastewater disposal (22%) and landfilling of 

solid waste (62%) (Table 1.2).  

  

Table 1.1: Experimental design matrix showing the gas yields and biodegradability results.  

Reactor  A:Composition  

BH  

B:ISR  Biogas  

Yield  

Methane  

Yield  

Average  

Methane   

Biodegradability indicators  

(% Reduction)  

TOC  Sulfate  TS  VS  COD  

  (%)    (mL/gVS)  (mL/gVS)  %  (%)  (%)  (%)  (%)  (%)  

R1  50  2.5  473  196  41  51.8  37.1  32.2  46.0  67.4  

R2  25  2.0  139  25  18  56.7  68.0  16.9  18.9  49.0  

R3  75  3.0  600  218  36  37.7  38.8  26.0  34.3  65.9  
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R4  50  2.5  415  161  39  42.0  63.3  32.5  49.3  64.7  

R5  0  2.5  0  0  ND  29.3  40.5  19.6  34.8  55.3  

R6  50  1.0  57  7.6  13  13.1  44.5  17.9  29.7  12.3  

R7  75  2.0  0  0  ND  44.2  58.9  29.9  42.8  70.2  

R8  100  2.0  692  357  52  39.3  53.9  37.6  52.5  68.4  

R9  50  2.5  460  162  39  56.0  53.7  30.3  44.7  64.6  

R10  50  4.0  296  79  27  29.8  45.2  30.6  42.2  50.2  

R11  25  3.0  153  39  25  37.9  84.6  25.4  36.7  84.4  

R12  50  2.5  440  173  39  25.5  65.9  28.0  46.1  68.8  

R13  50  2.5  329  120  36  58.8  69.5  27.3  45.7  64.3  

R14  100  3.0  393  150  38  12.2  75.0  13.4  45.6  62.5  

R15  100  4.0  257  89.7  35  17.0  37.1  24.7  54.5  57.0  

R16  0  2.0  0  0   ND  45.3  48.9  17.1  24.3  65.5  

R17  0  4.0  0  0  ND  21.9  33.5  33.9  49.5  47.8  

  

Table 1.2: Evaluation of costs at full scale application for a medium sized tannery  

Potential savings   

Biogas generated (m3/tVS)  639  

Electric energy production potential (MWh)  9.89  

Reduction in wastewater disposal  22%  

Reduction in landfill solid waste disposal  62%  

Reduction in electric consumption (%)  22.5%  

Reduction in carbon emissions (%)  38%  

Potential electricity cost savings (US$)  1177  

Wastewater discharge potential savings (US$)  711  

Reduction in waste disposal costs (US$)  665  

Potential revenue  

Potential impure sulfur sales (US$)  
1064  

Potential biofertiliser/compost sales (US$)  2752  
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Figure 1.1: Cumulative methane yields of reactors operating at different inoculum to substrate 

ratios (AD) and beamhouse effluent composition: 25% (A), 50% (B), 75% (C), 100% (D).  
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Abstract: The sewage disposal systems as well as water supply systems are an indispensable 

element of any larger agglomeration. Composite materials found its use as a material of choice in 

the sewage and water supply industry. They are used in creation of objects such as sanitary facilities, 

pipelines, storage reservoirs and the construction of modern sewer and water supply networks as 

well as their renovation. This review aims to take a closer look at various cases where composite 

materials were applied as a solution in sewage and water supply systems and what makes the 

composite such a well-suited material for the task. A significant increase in the interest in these 

materials is due to composites; properties, durability, strength, lower energy consumption in the 

production process and cheaper transport. Composite materials are always ahead of steel, cast iron, 

concrete, etc., in CO 2 emissions. Moreover, these specific materials have a long-life service cycle 

of approximately 150 years or more and are corrosion-free. Nowadays, further sustainable 

development depends on access to clean water and a derivative of the availability of its resources 

and means of transport. Therefore, it’s great potential to use composite pipelines with their very 

low flow rate, which directly impacts the costs of drinking 

water pumping and irrigation systems. 

 

Keywords: GRP; composite; sewage disposal systems; water supply systems 

 

Introduction 

Already in ancient times, attempts were made to discharge sewage by gravity to the bottom located 

reservoirs or rivers. At some stage in the development of each civilization it became clear that that in 

order for it to develop further, people must be provided with a certain basic level life, which in addition 

to access to drinking water includes the discharge of pollutants from populated areas. In medieval Europe, 

most cities did not have such sewage systems which led to frequent epidemics and hence very high 

human mortality. Over time, new materials and technologies began to appear which enabled construction 

of extensive sewage networks under cities and smaller centres of residence. These traditional materials 

include: stoneware, cast iron, concrete and steel. Currently, the sewage industry has developed a lot. 

Wires made of traditional materials such as stoneware, cast iron, concrete or steel are increasingly being 

replaced by modern design solutions made of plastics and composites, which thanks to their unique 

properties open up new opportunities for the development of the sanitary industry (Knight et al., 2003). 

 

Materials and Methods 

For years traditional pipes were made out of steel, ductile iron, stoneware, bricks and concrete. All those 

materials react with water and sewage, which leads to corrosion and significantly limits their life cycle 

to about 30 to 50 years. Microorganisms cause corrosion, e.g., in traditional pipe materials. Bacteria 

living in slime and sewage sludge decompose organic and inorganic sulphur compounds, producing 

hydrogen sulphide (H2S), which, when combined with oxygen (O2), forms sulfuric acid (H2SO4), which 

is very corrosive to the internal pipe surface 

In the mid-twentieth century, it was discovered that composite pipes cope very well with corrosion 

and degradation of the pipe material. Glassfibre Reinforced Plastic pipes, which in short are called GRP, 

were introduced to the market in the late 1960s. Pipes raw materials consist of polyester resins, glass 

fibre reinforcement (which can be continuous or chopped) and fillers (usual quartz). Available production 

technologies are continuous filament winding, centrifugal casting and cross winding. Standardized 

performance requirements are described in norms and standards. As it was presented in Fig. 1, GRP pipes 

have a very long-life cycle, which is determined nowadays to be even 150 years (Jonsson, 2019). 
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Figure 1 Typical Flowtite pipe tests: The horizontal axis is the time to failure, and the vertical scale is 

the strain on a logarithmic plot. Each sample on the graph represents a pipe that was put under strain 

until it failed. According to the statistics, a straight line that fits the data is calculated. 438,000 / 0.67% 

With typical long-term deflection of 3% (resulting in 0.27% for current designs), the calculated margin 

is approximately 2.5%; adapted from Jonsson, 2019. 

 

Results and Discussion 

The market for materials used in the production of sewer pipes is very diverse thanks to a large number 

of companies specializing in specific materials, and technologies. This competition results in a great 

variety of available solutions system, each of which has its own advantages and disadvantages, very often 

leaving behind the designer has a large selection as to the material and technological solution that best 

suits for the given situation. 

An important category to be considered when selecting a specific material for sewage system is a type 

of medium. Most often in case of sewage systems this medium is domestic and industrial wastewater, 

which can create an aggressive environment inside the pipe which negatively affects its resilience. A 

good example of this effect is a concrete pipe that is subjected to sulphate corrosion. In this case, the 

inner part of the concrete pipe should be covered with a layer made of thermoplastics, which in turn will 

drastically increase the price of the entire installation. 

A cheaper solution to this problem would be to use a vitrified clay pipe having very high chemical 

resistance, however, it should be remembered that in this case the diameter of the pipe would probably 

have to be reduced which isn’t possible in many cases. 

In addition to chemical resistance, mechanical strength is equally important, which in the case of pipes 

laid, for example, under a busy street, it is crucial for correct, failure-free operation of the system. Both 

thermosets and polymer concrete work very well in this case. These are not cheap solutions, but they do 

comprehensive protection not only from mechanical damage, but also from the already mentioned 

chemical damage. 

Another important consideration pertaining the material selection process is the cost of installation of 

the system which can be expensive. Pipes made of materials such as concrete and stoneware require the 

use of crane due to their heavy weight. Large mass also affects the length of the individual panels which 

has to be shorter and requires use of more couplings, which aside of additional costs carries the risk of 

more frequent failures of the system. 

There are cases where the geotechnical conditions are as unfavourable as in the case of the City of Los 

Angeles, which is continuously exposed to potential risk earthquake. In addition, the installation is 

located in the city centre and a possible failure it would risk paralyzing the city. In this case, they work 

very well GRP materials that, in addition to high mechanical strength, offer high strength chemical. 

Additionally, these pipes can be produced with non-circular profiles which makes them perfect for 

purposes such as relining old sewers. 

 

Conclusions 

Based on the available analyses, some of the best materials that fit directly into the Green Deal 

philosophy, enabling the development of green technologies, creating sustainable industry and transport, 
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and thus a clean environment, are various types of composites. In addition to being environmentally 

friendly they offer high durability, chemical resistance, mechanical strength, lower energy consumption 

in the production process and cheaper transport. Composite materials are always ahead of steel, cast iron, 

concrete, etc., in CO2 emissions (Fjeldhus, 2012). Moreover, these specific materials have a long-life 

service cycle of approximately 150 years or more and are corrosion-free. 
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Abstract: In this research, potential operational strategies were investigated in order to find the optimal 

range for DO and temperature for controlling the N2O production during the nitrification process. In 

parallel, nitrite oxidizing bacteria (NOB) activity could also be limited under optimal conditions to make 

the process more cost-effective and energy-saving. In this regard, under a lab-scale environment, DO = 

0.7 mg/l was detected as the optimal range for inhibiting NOB activity and maintaining AOB activity. 

Moreover, the importance of developing mathematical modelling methods has gained significant 

attention in order to better understand the possibility of minimizing GHG in WWTPs. 

 

Keywords: N2O emission; Nitrite Oxidizing Bacteria (NOB); minimizing GHG; ASM model 

 

Introduction 

During nitrification processes, nitrous oxide (N2O) as a major greenhouse gas (GHG) in wastewater 

treatment plants (WWTPs) is produced which needs to be controlled by internal and external strategies. 

Various factors such as DO, temperature, and pH could be incorporated into the mitigation of N2O 

emission in WWTPs. N2O in WWTP is primarily produced during biological nitrogen removal processes, 

including autotrophic nitritation (aerobic ammonium oxidation to nitrite) and heterotrophic denitritation 

(reduction of nitrite) . The emission factor of N2O, suggested by IPCC (2014), is 1.6% of the influent 

total nitrogen (TN) load. This factor was obtained as an average of various short-term or long-term 

monitoring campaigns. In fact, accurate estimation, control, and mitigation of N2O emissions is crucial 

for environmental protection due to a high contribution of N2O to the WWTP carbon footprint 

(Maktabifard et al., 2020). 

 

Material and Methods 

There has been a growing number of successful applications of mechanistic modelling for N2O prediction 

in real WWTPs . However, these models are complex and highly sensitive to changes in operational 

conditions. They usually require a rigorous calibration procedure (Hwangbo et al., 2021). A high 

calibration complexity of those models resulted from the fact that N2O is only an intermediate in the 

nitrogen transformation chain (Hwangbo et al., 2021). In the present study, a standard RSM model was 

implemented in “OriginPro” to determine the interactions of two process variables including DO 

concentration and temperature influencing on the N2O production (response) in nitrogen removal system. 

A mathematical model between the response (Y) and eight independent inputs(𝑥𝑖 , 𝑥𝑗) was described by 

a second-order polynomial equation : 

Y = β0 + ∑ βi𝑥𝑖
𝑛
𝑖=1 + ∑ βii𝑥𝑖

2 +𝑛
𝑖=1 ∑ ∑ βij𝑥𝑖𝑥𝑗𝑖<𝑗 + 𝜖  

Where β0 is a constant coefficient, βi are the linear coefficients, βii are the quadratic                                                                                              

coefficients, βij are the interplay coefficients, 𝑥𝑖 and 𝑥𝑗 are inputs, and  is the residual error. 

Moreover, the analysis of variance was used to determine which model inputs were statistically 

significant (p 0.05), and then the importance level was used to determine the level of significance on the 

response for each input parameter and their interaction (Eq. 2): 

𝑃𝑖 = (
𝑏𝑖

2

∑ 𝑏𝑖
2) (𝑖 ≠ 0)                    

  

Where 𝑃𝑖  is the importance level of each single model input or their interaction (𝑏𝑖). 

 

Results and Discussion 

In this study, a mathematical method proposed by (Mehrani et al., 2022) was used to determine the 

interaction among different operating factors along with N2O emission and nitrification rates according 

to a conventional models and machine learning model for prediction of nitrous oxide (N2O) production 

in a nitrifying sequencing batch reactor.  In parallel, Nitrite Oxidizing Bacteria (NOB) activity could be 

also limited under optimal conditions to make the process more cost-effective and energy-saving. 

Regarding this, under lab-scale environment, DO=0.7 mg/l was detected as optimal value for inhibiting 

(1) 

(2) 
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NOB activity and enhancing AOB activity (Shourjeh et al., 2020). For this aim, first of all, biological 

processes were simulated using a validated two-step ASM (mechanistic model) for expanding the series 

of grab samples of nitrogen species and biomass components into an extensive data set similar to the 

recorded liquid N2O sensor. In the next step, the ML algorithm was used to predict the target variable 

(liquid N2O concentration). The measurements of the N2O production followed same trend within 

different operational conditions, while the peak of N2O production needs to be evaluated to better 

understand the level of its sensitivity to DO and  temperature changes (Fig. 1 and Tab. 1). Moreover, the 

importance of developing mathematical modelling methods have gained significant attention in order to 

better understand the possibility of minimizing GHG in WWTPs.  

Conclusions 

In the face of global climate change, the calculation of CO2-footprints to quantify greenhouse gas (GHG) 

emissions has become an issue also for WWTPs. One of the most relevant gases, which is produced 

during nitrogen removal processes, is nitrous oxide (N2O) with a high global warming potential (GWP) 

of 298. In our study, the effects of DO and temperature changes on the nitrification process and N2O 

production were studied for batch test experiments in a lab-scale environment. Increasing DO 

concentration could increase the emission of N2O and autotrophic activities during the nitrification 

process. When DO concentration was elevated to 1.5 mg/l for all temperatures, N2O was significantly 

increased to 0.16 and 0.18 mg/l, resulting that there was a direct relation between nitrous oxide emissions 

and DO changes during the nitrification process. The results also showed that the activity of AOB and 

NOB was directly affected by the increase in DO and temperature, while both AUR and NPR were 

approximately doubled.  
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Table 1. Possible combination of different process parameters (temperature and DO) on the response 

(N2O production) 

Iteration  

number 

Temperature  

(ºC) 

DO  

(mgO2/l) 

N2O production  

(mg/l) 

1 10 0.5 0.04 

2 16 0.5 0.12 

3 30 0.5 0.08 

4 10 0.7 0.1 

5 16 0.7 0.15 

6 30 0.7 0.07 

7 10 1.0 0.17 

8 16 1.0 0.19 

9 30 1.0 0.17 

10 10 1.5 0.09 

11 16 1.5 0.18 

12 30 1.5 0.13 
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Figure 1. N2O changes under different DO and temperature conditions 
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Abstract: To maintain agricultural production in a resource-constrained environment, it is essential that 

current reserves be maximised while also encouraging their recycling. Furthermore, considerable value 

may be generated from methods of using previously thought waste products. This study proposes a 

distinctive fertiliser blend of two waste materials: low-grade Rock and human urine, to investigate 

alternative replenishing ways. The use of this combination has been proved to be a viable alternative to 

produced inorganic fertilisers. Cicer arietinum crop tests were carried out on a red loamy soil utilising 

RP enriched urine at diverse application rates (pH of 8.11). Plant growth response testing revealed that 

using this fertiliser combination in the same ratio produced results equivalent to using the mineral 

fertiliser Di-Ammonium Phosphate. As a result, the usage of RP enriched urine provides a great deal of 

prospects for waste reduction, waste utilisation, and enhanced resource performance all at the same time. 

Keywords: Sustainability, waste recycling, alternative fertilizer 

Introduction  

Cropping arable land for human use has an influence on the inherent availability and distribution of 

nutrients found in the soil. Cultivated fields need the addition of soil-enhancing fertilisers on a regular 

basis to preserve long-term soil fertility and a quality yield. In commercial agricultural production, this 

has been done via the use of synthetic chemical fertilizer. In past few years, urea and ammonium nitrate 

have proved to be the most used nitrogen (N) sources for soil additions in agricultural fertilisation. In 

many locations, phosphorus (P) is the predominant growth limiting soil nutrient; phosphate fertilisers 

have contributed an important part in raising agricultural productivity and bringing global food supply 

to present levels. Soil health has suffered because of poor soil nutrient management and the continued 

use of artificial fertilizers (Sarkar et al., 1997). Innovative strategies and procedures for increasing 

agricultural productivity must be envisioned and implemented to guarantee the most effective use of 

available resources and the long-term sustainability of food supply. In this context, human urine has been 

proposed as a sustainable, high-quality, low-cost alternative fertiliser capable of supplying a rich 

reservoir of minerals to increase agricultural output (Wohlsager et al., 2010). This research suggests a 

novel method for enhancing soil fertility by combining the application of low-grade RP and human urine 

on the plant development response properties of Chickpea (Cicer arietinum). 

 

Material and Methods 

Human urine was obtained from twenty healthy young male volunteers. Fresh samples of urine were 

collected in plastic sealed canisters and refrigerated at -20°C to reduce ammonia volatilization. Jordan 

Phosphate Mines Company Limited's Eshidiya mines produced RP tailings with 43.8% tricalcium 

phosphate (20.05% P2O5). Plant growth studies were conducted at the VIT University Research Farm 

in Vellore, India. The soil used was red loam soil with 4.33% gravel, 92.84% sand, and 2.83% fines. Air-

dried soil was placed in trays (0.44 0.32 0.14 m) and 8 replications were carried out. Trays were arranged 

in six different arrays. On a grid of four rows by twelve columns, each array comprised eight copies of 

the six soil treatments. It was determined that the plant growth data had a normal distribution with 

uniform variances. The data was statistically analysed in Microsoft Excel using ANOVA followed by 

Tukey- HSD as a post-hoc test at a level of significance of P 0.05. 
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Results and Discussion  

The crop experiment findings presented here imply that waste products like as low-grade RP and human 

urine might be employed to restore nutrients to impoverished lands. A proportional agronomic accuracy 

of 1.2 computed using experimental results from 8 simulations confirms the viability of employing these 

waste products as recycled crop fertilisers (Table 1). Rodhe et al., (2004) observed that utilising human 

urine may achieve crop yields comparable to 90% of those of similar ammonium nitrate fertiliser in their 

investigation on the N impact of fertilisers on barley in a Swedish environment. The pH of the soil rose 

substantially following the treatment, from 8.11 to 8.32, owing mostly to urea hydrolysis. Because of 

increased K and Na availability, the treated soils' Cation Exchange Capacity (CEC) increased 

dramatically. The high nitrogen concentration of urine, together with Cicer arietinum's nitrogen-fixing 

activities, increased the overall nitrogen content of the soils. 

 

Conclusions 

The current research developed a technique for fertilising crops by combining low-grade RP and human 

urine. Numerous plant growth indices indicate that such fertilisers have a significant potential to function 

as substitutes to chemical fertilizer currently in demand. The application of human urine in agriculture 

via urine diversion and eventual use as a N source for improving yield offers two major benefits: it 

minimizes health hazards to persons by diverting urine from polluted water networks while rapidly 

recovering nutrients back into agricultural systems. Additionally, the usage of low-grade RP offers a 

long-term solution for feeding P to plants, particularly in regions where high-grade RP deposits are 

scarce. It ensures the use of both low-grade RP and human urine while also serving like a low-cost 

alternative to inorganic fertilizer including DAP. According to the study's conclusions, waste materials 

may deliver considerable social and environmental benefits. 
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Figures and Tables 

Table 1 Response of plant parameters (Cicer arietinum) and effectiveness of different treatments 

    

 

 
 

  



 

 

 

 

1
0

3 

39. Decision support system for wastewater and biosolids reuse in agriculture 

applications 
 

Spyridon Kyritsis1, Prodromos Koukoulakis2, Ioannis Kalavrouziotis1,* 
1 School of Science and Technology, Hellenic Open University, Patras, Greece 
2 Hellenic Agricultural Organization “Demetra” Soil Science Institute, Thessaloniki, Greece 

* ikalabro@eap.gr 

Abstract 

Treated Municipal Wastewater (TMW) and biosolids contain valuable constituents such as organic 

matter, plant nutrients, and energy. Large quantities of TMW and biosolids are being produced globally. 

Those effluents are disposed of in the surface water systems or accumulate in the soil, causing 

environmental problems. Safe reuse of TMW and biosolids in agriculture could reduce the use of 

inorganic fertilizers, reduce unexploited rejected wastewater and sludge, and contribute sustainably to 

the environment. However, the decision-making for the safe and orthological reuse of wastewater and 

sludge is a complex task. The Decision Support System (DSS) developed by the Laboratory of 

Sustainable Waste Management Technologies offers an attractive solution for safely reusing and 

effectively managing the effluents mentioned above. The DSS aims to: (i) increase agricultural 

production, (ii) improve soil fertility and productivity, (iii) reduce applied fertilizers, (iv) reduce 

lubrication costs, (v) protect the environment against the accumulation of heavy metals in soil, and plants, 

(vi) control soil pollution from the accumulation of heavy metals, (vii) lessen pressure on the 

environment from the accumulation of excessive amounts of TMW and biosolids, improving the quality 

of life. The DSS predicts (i) soil pollution from heavy metals due to long-term reuse, so the necessary 

measures are taken promptly to avoid the adverse consequences, (ii) rational and optimum fertilization 

of crops, minimizing the use of fertilizers and protecting the agroecological environment from the 

unnecessary nutrient load, which otherwise could have unfavorable effects on life quality. It is 

emphasized that the DSS contributes to the safe reuse of TMW and biosolids in agriculture and is a 

valuable tool for achieving rational fertilization of crops, reducing the cost of fertilization, controlling 

soil pollution with heavy metals, protecting the environment, and improving the quality of life. The 

system is flexible and accepts changes or modifications of its modes of operation. For the time being, the 

use of this DSS could effectively alleviate various problems related to the reuse till a cost-effective 

removal of toxic heavy metals are possible to transform the TMW and biosolids in agriculture and 

generally in the ecosystem as safe as possible, protecting the human life and the environmental quality. 

 

  



 

 

 

 

1
0

4 

 

  

 

 

 

 

 
 

 


