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Abstract: Municipal and agricultural organic wastes, including waste activated sludge (WAS), food 

waste (FW) and livestock manure, are increasing its accumulation which become a serious problem in 

the worldwide. A sustainable solution would be bio-valorisation of organic wastes to high value-added 

products, such as carboxylic acid. This study focuses on co-fermentation of municipal and agricultural 

organic wastes with a high efficiency and strong robustness towards carboxylic acid recovery and 

glucocorticoids degradation, a potential COVID-19 remedy through hydrothermal pretreatment, 

ammonia stimulation and cathode electron adjustment. 

 

Keywords: Food waste; Waste activated sludge; livestock manure 

 

Introduction  

The amount of organic waste, including the waste activated sludge, municipal waste, and agricultural 

organic waste, is stunning worldwide (Chen et al., 2021). Disposal by landfills and incineration are 

clearly economic unfavourable due the loss of organic components. Anaerobic digestion for methane 

production has attracted wide attention due to the valuable product recovery (Luo et al., 2020). Recently, 

anaerobic fermentation to carboxylic acid also proposed, which possessed a better market application. 

But till now, the main concern towards the co-fermentation of organic wastes still focused on the mixture 

of volatile fatty acids (VFAs) production. Lactic acid (LA), with L- and D-isomer, is one of the high 

value-added platform molecules widely used as industry intermediate especially the precursor of 

biodegradable plastic poly-lactic acid (Thygesen et al., 2021). Therefore, understanding the metabolic 

behaviour of LA generation and consumption from the co-substrates, as well as its optical purity is also 

imperative for regulating fermentation of downstream molecules, which is unknown at present. In 

addition, WAS and livestock manure have been identified as two significant reservoirs of glucocorticoids 

(GCs) in the environment. It is also unknown if GCs are degradable during the co-fermentation. 

 

Material and Methods 

The concentration of substrate during co-fermentation of WAS and FW was 38.2 ± 0.9 g/L. Target GCs, 

including hydrocortisone (HC), betamethasone (BT), fluocinolone acetate (FA), and clobetasol 

propionate (CP) were chosen considering their widespread use and high toxicities. In each bottle, 400 

mL WAS spiked with GC at the initial concentration of 3.6 mg/g TS was mixed with a given dose of 

solid CM or DM. Four fermentation methods were introduced here. 1) thermal pre-treatment: FW was 

thermal pre-treated at 80 °C (R-80), 110 °C (R-110), 140 °C (R-140), 170 °C (R-170) and 200 °C (R-

200), respectively. Then the pre-treated FW was fermented with WAS as introduced above. 2) Different 

dosages of ammonium were added reactors: 0 (Blank), 100, 200, 300, 400, 500, and 1000 mg NH4Cl per 

litre. Furthermore, FW fermentation was operated with no amendments (Ctrl), supplemented with 

autoclaved WAS (Org-N) or with ammonium (Am-N).  3) The effect of different applied external voltage 

on lactic acid fermentation were investigated: no power supply (Blank), 800 mV, 600 mV, 400 mV, 0 

mV, 100 mV, 300 mV and 500 mV. 4) The different ratio of WAS and manure (g TS/g dw): WAS with 

CM mixed in the proportion of 1:1 (batch S + C1), WAS with CM mixed in the proportion of 1:0.2 (batch 

S + C0.2), WAS with DM mixed in the proportion of 1:1 (batch S + D1); WAS with DM mixed in the 

proportion of 1:0.2 (batch S + D0.2); blank experiments without the addition of animal manure (batch 

Mono-S). 
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Results and Discussion  

Figure 1 exhibited that suitable thermal pre-treatment temperature (e.g., 170 °C) resulted in a positive 

effect to shorten fermentation time(3d) and enhance LA production (9.59 g/(L·d)). Additionally, it could 

be observed that OA of L-LA was all promoted from reactors fed with the substrate-F employed by 

thermally pre-treatment. The values of OA were 55.2% (R-200), 25.1% (R-80), 4.8% (R-170), −0.02% 

(R-110), −0.19% (Blank) and −0.21% (R-140) on the fourth day, respectively. Intrinsically, the 

effectiveness of fermentation process from the mixed microbial consortium is largely determined by the 

microbial community structure. In this study, it appears reasonable to assume that the increased 

production of LA and L-LA was attributed to the enrichment of functional bacteria. But hydro-thermal 

is energy intensive and complex, more reliable and cost-effective approaches to provide favourable 

conditions for LAB and maintain stable L-LA production. 

 
Figure 1. Impact of thermal pre-treatment temperature of FW on total lactic acid concentration (A) and 

OA of L-lactic acid (B) during the whole fermentation period. 

 

 
Figure 2. Selected genotypes and functional genes in the repeated batch fermentation of Ctrl, Org-N, 

and Am-N. (A) Relative abundance of LAB and denitrifies at genus levels, (B) relative abundance of 

functional genes (ldhL and ldhD), and (C) regression analysis of the correlation between key LAB genera 

and abundance of ldhL. 

 

Ammonium, a major nutrient, is commonly present in many waste streams, including municipal 

wastewater, livestock manure, and landfill leachate (Mahmoud et al., 2014). As the preferred nitrogen 

source for most bacteria, ammonium addition is important for food waste fermentation to balance the 

high C/N ratio without introducing microbial competitors for LAB (Wang et al., 2019). Furthermore, 

ammonium is involved in numerous processes in mixed culture reactors that can be generally divided 

into assimilation by LAB and other bacteria for anabolism and oxidation for catabolism by competing 

nitrifiers. At the genus level, U_F_Flavobacteriaceae (62.8%), a nitrogen-fixing bacterium, was the 

largest group in Ctrl reactors (gray shadow in Figure 2a), indicating that nitrogen-fixing functions had 

evolved to meet the demand for N in this high C/N (31.1 ± 4.2) system. Samples from Ctrl, Org-N, and 

Am-N reactors had 19.4, 86.6, and 80.0%, respectively, of the total genus sequences associated with LA 

producing strains (blue shadow in Figure 2A). The relative abundance of phylotypes, including 

A B C
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Streptococcus, Lactococcus, Enterococcus, and Corynebacterium, that are most likely to produce L-LA 

(Tashiro et al., 2016) is higher in Am-N (42.2%) compared to that in Ctrl (5.3%) and Org-N (12.8%). 

Especially, Enterococcus and Corynebacterium, dominated in Am-N are capable of surviving in a high 

ammonium environment (Liu et al., 2018). Note that some LABs have both genes (ldhL and ldhD) 

encoding NADH-dependent L- and D-lactate dehydrogenases (L-LDH and D-LDH), respectively, 

responsible for L- and D-lactate generation. Consistent with the observed yields of optically active L-

LA, the relative abundance of ldhL was much higher in Am-N than that in Ctrl and Org-N reactors, 

whereas ldhD was lower in Am-N than that in Org-N treatments (Figure 2B). Furthermore, the relative 

abundance of key LAB genera (i.e., Bavariicoccus, Bifidobacterium, Enterococcus, and 

Corynebacterium in Figure 2C) was significantly correlated (p < 0.05, R2
 = 0.94) to that of ldhL (Figure 

2C). 

 

 
Figure 3. Performance of LA production applied with different voltages.  A: the maximal concentration 

of total LA; B: the corresponding productivity of lactic acid by the linearly regression; C to J: 

concentration of total, L- and D-lactate with the fermentation time. 

 

Fig. 3A explained the maximal concentration of total LA via applying different external voltages.  

Compared to Blank (14.62 g/L) without voltage applied, production of LA was increased in V+800 

(20.67 g/L), V+600 (31.20 g/L), V-0 (29.84 g/L), V-100 (32.70 g/L) and V-300 (21.63 g/L), whereas V-

100 showed the highest OA of 42.3%.  Fig. 3B exhibited the total LA productivity (g L-1 h-1) of V-0 

(0.4543), V-100 (0.6578), V-300 (0.4317) and V-500 (0.2695) was significantly improved compared to 

that of Blank (0.1392).  Fig. 3C to 3K profiled the time course of LA production, indicating that the 

fermentation time to reach the maximal concentration was shortened in V-100 (48 h) compared to that 

of Blank (96 h).  Therefore, the optimum voltage for total lactic acid generation with high OA of L-

isomer was -100 mV.  In the literature, most of the electrically-assisted digesters were conducted using 

bioanode at 800 to 1200 mV to produce methane and the cathode normally produced hydrogen (Villano 

et al., 2017). However, in this study, it was difficult to obtain a satisfying LA productivity using anode 

electro-fermentation (R-PV). To date, our study is the first attempt to achieve high-efficient LA 

production with low potential applied of cathode voltage with the mixed cultured fermentation. 

 



 

 

 

8
 

 
Fig 4. GC degradation rate constants ((A) HC and BT; (B) FA and CP) and degradation efficiencies (C) 

HC; (D) BT; (E) FA; (F) CP) during co-fermentation of WAS and animal manure at different manure 

types and ratio. 

 

Fig. 4A and 4B show the degradation of HC, BT, FA, and CP during AD fitted into the pseudo-first-

order kinetic model with R2 above 0.8. Most GCs were removed during the hydrolysis and acidification 

stage of AD, except for CP in batch Mono-S (Fig. 4C–F). The amendment of WAS with CM or DM 

could promote GC degradation rate. The GC degradation rates in WAS + CM systems were higher than 

those in WAS + DM systems. With the increase of manure proportion, the GC degradation rate increased 

(the rate constant ranked as batch Mono-S <S + D0.2 < S + D1 < S + C0.2 < S + C1). In batch S + C1, 

the degradation efficiency of HC, BT, FA, and CP at 5 d reached 99%, 99%, 97%, and 79%, respectively, 

indicating that co-digestion of WAS with CM was effective in removing GC. The degradation rates of 

HC and BT were higher than FA and CP during AD (Fig. 4). Compared with HC and BT, the stability 

and potency of FA and CP are enhanced through structural modifications, such as halogenation 

(fluorination) at the C-9/C-6 position of the B ring and by adding ester or acetal groups to the D-ring 

(Pflug et al., 2017). 
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Abstract: Optically pure lactate is a raw material for biodegradable polylactic resin. Such lactate is 

produced by fermentation, and lactate purification from cultivation broth remains a critical issue for 

reducing the production cost of polylactic resin. Crystallization of calcium lactate is a popular process 

for its purification; however, the process requires condensed calcium lactate solution, and calcium sulfate 

is produced as waste in the final step for the liberation of lactic acid. This study used chitosan as a 

neutralizer in lactate fermentation and applied anti-solvent crystallization to recover chitosan lactate. The 

anti-solvent crystallization does not need a condensation process and might divide chitosan lactate and 

constituents in the fermentation broth, providing the crystal with tiny impurities. Finally, ammonium 

lactate and chitosan were obtained by adding chitosan lactate into aqueous ammonia. The recovery ratio 

of lactate and chitosan was almost 100% when using high molecular chitosan. Recovered chitosan would 

use as a neutralizer in lactate fermentation again. 

 

Keywords: acetone; ammonium lactate; aqueous ammonia; immobilized carrier; L-lactate fermentation 

 

Introduction 

Current plastic problems draw attention to biodegradable resins again, and polylactic acid (PLA) is one 

of the most consumed ones in the world. Optically pure lactic acid, usually L-lactic acid, is a raw material 

of PLA. Such lactic acid or lactate is produced by bacteria and fungi. Lactate produced in a bioreactor 

needs to be separated from the cultural broth. Crystallization of calcium lactate is a popular and 

traditional method for its separation and purification (de Oliveira et al., 2020). However, the 

crystallization process has several disadvantages, and one of the significant ones is generating waste of 

calcium sulfate to liberate lactic acid using sulfuric acid. 

Toward the challenge of waste generation, our research group has proposed a new L-lactate 

purification process using chitosan as a counter ion of lactate (Fig. 1). We have demonstrated chitosan 

lactate production in a fermenter, its crystallization by anti-solvent addition, and the separate recovery 

of chitosan and lactate in aqueous ammonia. In this process, recovered chitosan would be used as a 

neutralizer in the fermentation, meaning no generation of the wastes. Furthermore, anti-solvent 

crystallization does not need a concentrated lactate solution to recover precipitates, avoiding the inclusion 

of impurities. 

 

Material and Methods 

Chitosan 100 (FUJIFILM Wako Pure Chemical) and chitosan oligosaccharides (Tokyo Chemical 

Industry) were used. The chitosan oligosaccharides were hydrochloride salts; therefore, dechlorination 

was carried out to produce hydrochloride-free chitosan oligosaccharides (HFCO). Chitosan lactate 

(Chitosan 100) and chitosan-oligo lactate (chitosan oligosaccharides) were prepared using lactic acid 

solution. L-Lactate fermentation was carried out using sodium-alginate immobilized Bacillus coagulans 

JCM2258 as a L-lactic acid producer and HFCO as a neutralizer for lactic acid produced. 2% HFCO 

solution was added constantly to maintain pH6. The concentration of lactic acid was determined using 

HPLC (column: SUMICHIRAL OA-5000L). 

Anti-solvent effects of compatible organic solvents against water were investigated using methanol, 

ethanol, and acetone. These organic solvents were added by given times of unit volume against aliquots 

of chitosan lactate (1%) and chitosan-oligo lactate (1% and 5%) solution, mixed intensively for 30 

seconds, and centrifuged (8,000g × 5 minutes). Chitosan and lactate were separated by adding chitosan 

lactate into an ammonia solution (28 – 30%). A certain amount of chitosan lactate was added, mixed 

intensively, and centrifuged. The recovery weight of precipitates and lactate concentration in the aqueous 
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phase were determined to calculate the recovery ratios of chitosan (monomer molecular weight basis) 

and lactic acid, respectively. A qualitative assay was carried out to confirm the precipitates as chitosan 

(Mojumdar et al., 2019). 

 

Results and Discussion  

Chitosan lactate was able to produce by the fermentation. As for the recovery of chitosan lactate, only 

the addition of acetone, twice the volume against the chitosan lactate solution, precipitated the crystal. 

In the methanol and ethanol cases, adding five times the volume of these solvents did not present any 

deposits. Acetone is the anti-solvent for the crystallization of chitosan lactate. Next, the effects of the 

molecular weight of chitosan on the recovery were elucidated (Fig. 2). Chitosan lactate with a high 

molecular weight of chitosan required less acetone volume for its recovery than chitosan-oligo lactate. 

Therefore, a higher molecular weight would be effective for the collection. Finally, the comparison 

between the two cases, 1% and 5% chitosan lactate solutions, revealed that the higher concentration 

would benefit the recovery. 

The addition of chitosan lactate into aqueous ammonia provided chitosan as precipitates and 

ammonium lactate in solution, separately. In the qualitative analysis of the precipitates, the slope factor 

between the concentration and its absorbance would indicate that the precipitates were chitosan 

compared to the chitosan standard. Both of the recovery ratios are summarized in Table 1. A higher 

molecular weight of chitosan would be better for recovering chitosan and lactate due to the lower pKa of 

the conjugated acid of chitosan. 

 

Conclusions 

A new lactate production process using chitosan, including chitosan lactate production, anti-solvent 

crystallization of chitosan lactate, and recycle of chitosan, was proposed and demonstrated. 
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Table 1 Recovery percentages of chitosan (monomer molecular weight basis) and lactate (molar basis) 

by adding chitosan lactate into aqueous ammonia. 

 Chitosan (monomer basis) Lactate 

High molecular chitosan 100 99 

Chitosan oligosaccharides 93 92 
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Figure 1 Flow diagram of the proposed lactate production process using chitosan. 

 

 

 
Figure 2 Recovery ratio of chitosan lactate with anti-solvent crystallization. ▲; 1% chitosan lactate 

solution (chitosan100), △; 1% chitosan oligo-lactate solution, ○; 5% chitosan oligo-lactate solution. 
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5. Efficient separation and extraction of K and Mn from biomass ash 
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Abstract: Manganese (Mn) is considered an important, energy-critical metal due to its leading role in 

the production of electrochemical energy-storage devices. One valuable source of Mn is 

hyperaccumulator plants used for the phytoremediation of contaminated soil. In this study, stems and 

leaves of ginger (Zingiber officinale), which accumulate Mn at moderate (~0.2 wt.%) and potassium (K) 

at high (> 5 wt.%) levels, were analysed to assess the potential of recovering metals from this plant. The 

extraction behaviors of Mn and K were studied using raw and ash samples. It was crucial to set an 

appropriate incineration temperature to selectively extract K (~96%) and Mn (~90%) over two 

consecutive steps. X-ray absorbance near-edge spectroscopy (XANES) was applied to elucidate the 

extraction process. The results revealed that selective extraction of both compounds was possible due to 

the change in Mn oxidative state during sample incineration. 

 

Keywords: Biomass waste; Metal recovery; Selective extraction 

 

Introduction  

Manganese (Mn) is identified as an energy-critical metal due to its leading role in the production of 

electrochemical energy storage devices (e.g. lithium-ion batteries), which have become extensively used 

in electrical vehicles, portable electronics, and smart grids (Hund et al., 2020). Therefore, the Mn demand 

is expected to increase in the nearest future. Mn is mainly extracted from high-grade manganese ores, 

with an Mn content of about 50 % (Schulz et al., 2017). Some plants are known to be Mn-

hyperaccumulators (Fernando al., 2013). These hyperaccumulator plants can be specifically applied in 

the contaminated areas for the purpose of soil phytoremediation (e.g., in the vicinity of the mining areas) 

(Yang et al., 2018). The accumulated Mn can be recovered from the plants through a combination of the 

extraction/precipitation processes with high quality at a rate of 90% as was revealed by Mizuno et al. 

(2008). It seems that the application of the Mn-hyperaccumulators plants can have high potential in the 

development of the phytomining techniques and may contribute to a stable supply of high-quality Mn. 

However, the studies on Mn extraction from the plants are limited. 

In this study, the stems and leaves from ginger (Zingiber officinale) with a mild accumulation of Mn 

(below 0.1 wt.%) have been investigated. The samples, however, were dominated by the high content of 

potassium (K) (over 5 wt.%). The K is also an essential element in the proper growth of plants. An 

industrial source of the K is limited while the production and consumption amount of K grows due to the 

production increase of food and energy crops. Therefore, the extraction of K was also investigated. 

Finally, the two-stage extraction process preceded by incineration of the plant samples has been proposed 

for the sequential removal of K and Mn. 

 

Material and Methods 

Dry and milled samples (130 in total) of ginger leaf and caulome were provided by the Kochi Agricultural 

Technology Center (Japan). The elemental compositions of the samples were characterized using 

portable XRF. The selected samples were incinerated using a muffle furnace at desired temperatures for 

2 hours. Two-step extraction (30 oC, 1h) was performed for the raw and ash samples (300, and 600 oC) 

using ultrapure H2O, 0.01M, and 0.1M HNO3 solution in the 1st, 2nd, and 3rd steps, respectively. The K 

and Mn in an individual extract were quantified by inductively coupled plasma atomic emission 

spectrometer (ICP-AES). The K and Mn forms in raw and ash samples were characterized by the X-ray 

absorption near edge structure spectroscopy (XANES).  
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Results and Discussion  

The extraction rates of K from the raw sample were about 60, 4, and 1%, while Mn, were about 49, 48, 

and below 1% in the 1st, 2nd, and 3rd step, respectively. The extraction rates of K from the samples 

incinerated at 300 and 600 oC were comparable to that of the raw sample and were completed in the first 

step of extraction using H2O. However, the Mn extraction behavior was significantly impacted by the 

incineration temperature: almost complete extraction of Mn was obtained in the 2nd extraction step 

(0.01M HNO3) from the ash sample at 300 oC, and in the 2nd and 3rd steps 

from the ash at 600 oC. Almost none of Mn was extracted in the 1st 

step with the H2O. It suggested that if the extraction is preceded by 

the sample incinerated at least at 300 oC, the K can be completely 

extracted in the 1st step with H2O, while the effective extraction 

rate of Mn can be obtained in the 2nd step with HNO3 solution.  

The normalized XANES K-edge spectra of Mn in the raw and ash 

samples (Figure 1) - by comparison with the reference compounds 

(MnO, Mn2O3, and MnO2)- indicate the changes in the oxidative 

state of Mn during incineration from Mn+2 (the water-soluble) to 

the Mn +3 and Mn+4 (insoluble in water). The K-edge spectra of K 

showed only an increase in intensities with the incineration 

temperature (data not shown). 

 

Conclusions 

This study shows a simple, low-energy, and cost-effective method 

for simultaneous recovery of K and Mn from the biomass ashes. 

The appropriate incineration temperature is the clue stage of this method for efficient separation of the 

Mn from the K by the sequential extraction. 
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Figure 1. Normalized Mn K-
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Abstract:. A nitrogen enrichment apparatus was used as pre-treatment for anaerobic digester for swine 

manure. Nitrogen, which was three times concentrated through the vacuum evaporation system and the 

acid trap, was used as a fertilizer for plant cultivation. The correlation between ammonia toxicity 

concentration and methane production and the limit C/N ratio were derived through 6 months of pilot 

plant operation. 

 

Keywords: Methane production ratio, Nitrogen enrichment, Anaerobic ammonia inhibition 

 

Introduction 

At the anaerobic treatment process of pig manure, toxicity frequently causes due to the high pH of influ

ent and the high concentration of ammonia. To solve this problem, a combined process with food waste

water is generally applied. In the case of pig farm complexes where the food wastewater supply is diffi

cult, a pretreatment method that can reduce ammonia toxicity when a biogas process is applied for man

ure treatment should be taken (Koster, 1986). In this study, vacuum evaporation with acid trap processes 

were used as a pretreatment device. It is possible to perform a single biogas treatment process of pig m

anure from reduction of ammonia of raw manure.   

 

Material and Methods 

A BMP test(AMPTS II-light, Bioprocess-control. Co. Ltd) was performed to determine the toxicity of 

methanogenic bacteria by ammonia and free ammonia. In six 500mL reactors, the ammonia 

concentration was 50~5000mg/L, and the TOC was operated around 30,000mg/L. The concentration of 

ammonia was adjusted with a degassing device through pH adjustment, and the pH was adjusted to 

around 7.5 after the reaction. The organic load of the reactor was operated at 1.5 kgCOD/m3/d, and 

methane and CO2 emissions were measured. After removing ammonia through a pilot plant with a 

capacity of 2,000 L, an effect verification was performed on the improvement of the methane production 

of the anaerobic digester. At this time, an experiment was conducted on the amount of methane gas 

generated in a state in which 95% of ammonia was removed by using a reduced pressure concentrator as 

a pretreatment device. 

 

Results and Discussion  

The concentration of ammonium ion (NH4
+) and free ammonia (NH3) are two main factors in inhibition 

of an anaerobic digestion system. Particularly, free ammonia (FA) above threshold concentrations is a 

powerful inhibitor in an anaerobic digester (Albertson, 1961, Yenigun et al., 2013). It was generally 

agreed that for high rate digesters, i.e. sum of free ammonia nitrogen and ammonium nitrogen 

concentrations of around 1,700 ~ 1,800 mg/L caused reactor failure (McCarty, 1961; Braun, 1981). In 

this study, when the total nitrogen concentration began to inflow below 1,000 mg/L, the methane 

production began to approach the normal value. 0.061 m3 CH4/kgVSfed 0.083 m3 CH4/kgVSfed. At HRT 

above 24 min, the gas production rate was stable between 0.31 and 0.33 m3 CH4/kgCODrm. 

The average concentration of the recovered nitrogen concentrate was 13.4 g/L based on T-N and was 

concentrated to a maximum of 18.9g/L. As the nitrogen concentrate recovered, the concentration of 

nitrogen decreased, and when large amounts were recovered, up to 93.6% of the nitrogen content in 

livestock manure was recovered.  The pretreated pig manure was treated through a mesophilic anaerobic 
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fermenter. Pig manure from which more than 90% of ammonia has been removed has increased gas 

production by an average of 32% or more compared to when there is no pretreatment device. 

 

Table.1 The analysis of Methane production effects according to influent ammonia concentration 

Bottles # 1 # 2 # 3 # 4 # 5 # 6 

Input NH4(mg/L) 4,545 3,125 1,508 849 450 55 

CH4 Prod. 

(m3 CH4/kgCODrm) 
0.13 0.16 0.28 0.33 0.32 0.28 

m3 CH4/kgVSfed 0.061 0.083 0.163 0.179 0.181 0.075 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The schematic diagram of pilot plant 

 

Conclusions 

The toxicity of anaerobic microorganisms by free ammonia has been addressed for a long time, but the 

single anaerobic treatment of pig manure has not been sensitively analyzed in terms of economic 

efficiency. Removal of free ammonia from pig manure could activate the anaerobic treatment of organic 

matter, suggesting a new turning point in manure disposal in Korea. 
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Abstract: Euglena gracilis is a valuable microalga for the production of high-value-added materials such 

as paramylon (β-1,3-glucan). Paramylon is used as a feedstock for preparing functional food, nutritional 

supplements, and medicinal products. Increasing paramylon productivity and reducing cultivation costs 

of E. gracilis are critical challenges faced at present. This study investigated the efficiency of mixotrophic 

cultivation of E. gracilis using sewage effluent and agro-food industrial wastes to overcome these 

bottlenecks. Paramylon productivity was higher in E. gracilis cultivated in sewage effluent than that 

using synthetic medium. Supplementing agro-food industrial wastes, molasses, corn steep liquor, and 

waste wine to sewage effluent significantly increased paramylon production rate of E. gracilis. Acetate 

and ethanol in the wastes were key components to increase paramylon productivity of E. gracilis. These 

results indicate that mixotrophic cultivation using sewage effluent and agro-food industrial wastes will 

be a promising strategy for cost-effective and highly efficient paramylon production by E. gracilis. 

 

Keywords: Euglena gracilis; paramylon; agro-food industrial wastes 

 

Introduction 

Euglena gracilis is one of the most widely used microalgal species in industrial applications to produce 

high value-added products (Gissibl et al., 2019). E. gracilis can synthesize and accumulate various 

metabolites such as paramylon (β-1,3-glucan). Paramylon has various medicinal and immunomodulatory 

functions; therefore, it is used as a feedstock for functional food, nutritional supplements, and medicinal 

products. Paramylon production has received a lot of attention; however, it is still under development to 

enable highly efficient and sustainable commercialization. Enhancement of the E. gracilis paramylon 

productivity is a critical challenge. The cost of paramylon production, especially for the E. gracilis 

cultivation, is also a major bottleneck for E. gracilis-derived paramylon industry. 

E. gracilis can be cultivated via three nutritional modes: photoautotrophic, heterotrophic, and 

mixotrophic (autotrophic + heterotrophic). The growth rate and paramylon productivity of E. gracilis are 

higher in heterotrophic and mixotrophic cultivation. Enhanced paramylon production by E. gracilis in 

heterotrophic and mixotrophic cultivations using several organic carbon compounds, such as glucose, 

pyruvate, succinate, and acetate. However, the supplementation of synthesized organic compounds 

increases the cost of E. gracilis cultivation. In contrast, organic wastes from agricultural and food 

industries may be an ideal and cost-effective organic compound for E. gracilis cultivation (Kim et al., 

2020). The use of nutrient-rich wastewater as an alternative culture medium can also reduce the cost of 

E. gracilis cultivation. Mixotrophic E. gracilis cultivation using both wastewater effluent and organic 

waste can to overcome the above bottlenecks of E. gracilis paramylon production. Therefore, the 

objectives of this study were to investigate the paramylon production capability of E. gracilis in 

mixotrophic cultivation using sewage effluent and agro-food industrial waste (corn steep liquor [CSL], 

molasses, or waste wine). 

 

Material and Methods 

Axenic (bacteria-free) E. gracilis (NIES-48) obtained from the National Institute for Environmental 

Studies (Tsukuba, Japan) was used in this study. Sewage effluent samples were collected from the final 

settling tank of a conventional activated sludge process of a sewage treatment plant. Glucose, fructose, 

sucrose, ethanol, glycerol, and acetate were used as commercial organic carbon compounds. CSL, 

molasses, and waste wine were used as agro-food industrial waste compounds. To evaluate E. gracilis 
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paramylon production in synthetic medium (C medium) or sewage effluent, E. gracilis cells were 

cultured in each medium at 28 ± 1 °C and 12-h light/12-h dark conditions. To evaluate E. gracilis 

paramylon production in mixotrophic cultivation commercial organic carbon or agro-food industrial 

waste compound, E. gracilis cells were cultured in medium with one of organic compounds at 28 ± 1 °C 

and 12-h light/12-h dark conditions. During the cultivation experiments, the dry cell weight and 

paramylon production of E. gracilis in the cultures were monitored.  

 

Results and Discussion  

E. gracilis grew and accumulated paramylon when cultivated in sewage effluent. The sewage effluent 

contained contain nitrogen, phosphate, and various minerals; these nutrients and minerals might be 

sufficient for E. gracilis growth and paramylon synthesis. Organic compounds were also present in the 

sewage effluent, and thus, the organic compounds might be utilized by E. gracilis thereby increasing 

biomass and paramylon production in the mixotrophic growth mode. Therefore, sewage effluent can 

replace synthetic medium for paramylon production by E. gracilis. 

Supplementation of CSL, molasses, or waste wine in sewage effluent significantly increased both 

biomass and paramylon production in E. gracilis. These agro-food industrial wastes served as a carbon 

source for increasing E. gracilis paramylon production. CSL and molasses contained various sugars, 

amino acids, and organic acids including acetate. Waste wine contained sugars and ethanol. Acetate and 

ethanol are found to be involved in metabolic pathways including paramylon synthesis in E. gracilis. 

Therefore, acetate in CSL and, molasses and ethanol in waste wine might key compounds for enhancing 

paramylon production by E. gracilis under mixotrophic conditions. 

 

Conclusions 

Mixotrophic cultivation using sewage effluent and agro-food industrial wastes (CSL, molasses, and 

waste wine) will be a promising strategy for cost-effective, sustainable, and high-efficiency E. gracilis 

paramylon production. 
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Abstract: Plastics pollution has been one of the major environmental problems lately and thus a circular 

and more sustainable plastics strategy is an urgent requirement. In this respect, the penetration of 

bioplastics to the global plastics market is one of the most desirable pillars of the new plastics strategy, 

especially in Europe. However, the incompatibility of the price of bioplastics with the conventional petro-

chemical based plastics is still a bottleneck for the growth of the bioplastics market. Nevertheless, a 

number of research groups have shown that it could be possible to reduce the costs if bigger 

manufacturing capacities are realized. Therefore, the potential of bioplastics production is recognized as 

one of the most important drivers for market growth. This study aims to investigate the potential of 

polyhydroxyalkanoates (PHAs) production from waste vegetable oil-based biodiesel production plant 

by-products, using mixed microbial cultures in Turkey. The potential has been estimated to be 

approximately 3% of the global PHA production capacity, if realized.  

 

Keywords: PHA; waste vegetable oil; biodiesel 

 

Introduction 

Today, the production of fossil-based plastics causes enormous environmental problems. Eight million 

tons of plastic litter that ends up in the oceans and land each year is one of the most visible and alarming 

signs of these problems. In order to minimize the environmental impacts, plastics production strategies 

should be developed in a more circular approach that can be recovered and provide economic benefits. 

Biodiesel is an energy source that can be produced from animal and vegetable oils, and EU countries 

have made it mandatory to mix it into diesel oil with legal regulations, and this legal regulation has 

increased the interest in biodiesel production, especially from waste oil. The increasing demand for waste 

vegetable oils by biodiesel producers has also supported the collection and recovery of these oils. 

When vegetable or waste vegetable oil is used in biodiesel production, fatty acid methyl esters 

(biodiesel) and glycerol are obtained as the main product, mono- and diglycerides, excess reactant and 

free fatty acids are obtained as by-products. Crude glycerol has been evaluated as a source of energy and 

carbon in microbial bioconversions for the production of various chemicals, including 1,3-propanediol, 

succinic acid, ethanol, citric acid and polyhydroxyalkanoates (PHAs). As a result, biodiesel plants where 

crude glycerol is present in large quantities has a great potential to contribute to PHA production. 

 

Material and Methods 

There are 7 biodisel production facilities in Turkey, and 4 facilities produce biodiesel from waste 

vegetable oils. Two of them use 100% waste vegetable oil as raw material. In 2018, 108,609 tons of 

biodiesel was produced in Turkey and 30% (32,000 tons) of the raw material used consists of waste 

vegetable oils (Biodiesel Industry Association, 2019). 

When the mass balance of the biodiesel production process is examined, an average of 86,043 tons of 

biodiesel is produced from 100 tons of waste vegetable oil, and 10,222 tons of glycerol and 13 tons of 

fatty acids are formed as a by-product (Ağca, 2019). At the end of the process, 0.957 tons of waste 

biodiesel pitch and 0.625 tons of glycerol salt (glycerol pitch) are formed as waste. The chemicals used 

to produce biodiesel from 100 tons of waste vegetable oil are 2,175 tons of catalyst and 8.7 tons of 

methanol. Material balances for biodiesel production from waste vegetable oils is summarized in Table 

1. 
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Results and Discussion  

In 2018, 32,000 tons of waste vegetable oil was used as raw material for biodiesel production in Turkey, 

and 27,534 tons of biodiesel was produced. From this production, 3,271 tons of glycerol was obtained as 

a side stream. Crude glycerol constitutes 92% of glycerol (Kachrimanidou et al., 2014). As a result, there 

is a potential to produce 3,009 tons of crude glycerol. It is seen in the literature that 0.42 g PHB/g is 

obtained from crude glycerol with pure cultures (Kachrimanidou et al., 2021). According to this yield, 

there is a potential to produce 1,414 tons of PHB annually in biodiesel production from waste vegetable 

oil in Turkey. The summary of the calculations is shown in the Figure 1. 

In this study, the PHA conversion rate from crude glycerol using mixed mirobial culture has been 

determined at the end of the experimental studies. The process efficiency has been used to evaluate the 

actual feasible potential of PHA production together with the characteristics of te obtained bioplastic.  

 

Conclusions 

Global bioplastic production in 2021 is 2.42 million tons, with 1.82% (44.044 tons) of the total 

production of PHA (European Bioplastics, 2021). On the other hand, there is no bioplastic production in 

Turkey and it is imported completely (PAGEV, 2021). When the current potential is evaluated, it is 

clearly seen that a 3% contribution can be made to the global PHA production. This potential will be the 

driving force for PHA production in Tukey.  
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Figures and Tables 

 

Table 1 Material balances for biodiesel production from waste vegetable oils  

 

Material Unit Value 

Inputs   
Waste vegetable oil tons 100 

Methanol tons 8,7 

Catalysts tons 2,175 

Outputs   
Biodiesel tons 86,043 

Fatty acids tons 13 

Glycerol tons 10,222 

Biodiesel pitch tons 0,957 

Glycerol salts tons 0,625 

 

 

 

 

 
Figure 1 Polyhydroxyalkanoates production potential from biodiesel production in Turkey 
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Abstract: Hydrothermal carbonization (HTC) process is a promising technology for the conversion of 

wet organic residues. However, scientific literature mostly focused on the solid HTC product, often not 

considering the liquid by-product. Around 90% of the total output mass from HTC is process water (PW) 

that may cause environmental issues when improperly handled. In this work, PWs from several HTC 

treatments of agro-industrial residues were characterised and tested for different applications. Nutrient 

content was established, and germination tests were conducted to assess PW feasibility in fertigation. 

Moreover, acute toxicity tests were carried out on nitrifying bacteria to investigate PWs aerobic 

treatability, and biomethane potential tests were performed on anaerobic sludge to exploit their energetic 

content. Germination and acute toxicity tests resulted in high inhibition of seeds/seedlings and aerobic 

bacteria, justified by the high content of organic compounds such as phenols (up to 2 g/L) or volatile 

fatty acids (1-9 g/L). In contrast, anaerobic tests showed no relevant inhibition, producing almost up to 

140 mL CH4/gCOD and suggesting anaerobic treatment as a suitable option for PW. The phosphorus 

contents do not indicate a convenient recovery while high potassium concentrations were found. In 

general, tests confirmed the need for PW to be treated. 

 

Keywords: HTC; waste management; biomethane 

 

Introduction  

Hydrothermal carbonization is a wet process used to convert organic residues into a carbonaceous 

material (hydrochar) with high added value. In recent years, the interest in this technology has 

considerably grown thanks to the possibility to operate in the presence of subcritical water and to its 

flexibility, as it can operate on different types of organic matrices and may be integrated with other 

treatment processes. The amount of water used in the process is usually very high, up to 90% of the total 

input mass, resulting in process water (PW) production that must be carefully considered for its correct 

management and enhancement. So far, most of the research has focused on the properties of the resulting 

solid product and its different possible valorisation options (Maniscalco et al., 2020; Tasca et al., 2019). 

On the other hand, studies concerning process water are currently less numerous. PWs composition may 

vary according to the feedstock. To develop the HTC process on an industrial scale, it is necessary to 

identify adequate technologies for the disposal and recovery of this by-product. Process water 

characteristics could suggest both the reuse within the same HTC process (recirculation) and an external 

valorisation for the recovery of additional materials and/or energy (Langone & Basso, 2020). 

In this context, the objective of the work was to test the process waters deriving from the hydrothermal 

carbonization of various agro-industrial feedstocks for i) the potential recovery of nutrients and 

chemicals such as phosphorus, potassium, and Volatile Fatty Acids (VFA); ii) the possible use of PWs 

as fertiliser (Germination test); iii) the feasibility of biomethane production (Biomethane Potential - BMP 

test); iv) the assessment of the acute toxicity on nitrifying bacteria. 

 

Materials and Methods 

The PWs used in this work derive from HTC tests performed on several feedstocks, including spent 

coffee grounds, hemp and hemp digestate, digestate from agro-industrial residues, grape marc. All the 

HTC tests and the products characterisation, along with germination, acute toxicity and BMP tests, were 

carried out according to the methods reported in Farru et al. (2022a, 2022b). 
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Results and Discussion  

The main results from PW characterisation and toxicity tests are reported in Table 1. Process waters are 

rich in organic and inorganic compounds, representing potentially valuable chemicals or environmental 

threats. The comparative analysis between the different PWs showed a non-negligible variation in the 

physical and chemical characteristics as a function of the treated feedstocks and the operating parameters 

of the HTC process. 

The process waters analysed reported relatively low phosphorus concentrations. PW from the 

treatment of grape marc, spent coffee grounds, and digestate from agro-industrial residues holds higher 

phosphorus concentrations than those produced from hemp, and hemp digestate. Noted the low 

availability of this element on the European continent, extraction from process water could be an 

interesting option but should be evaluated based on a cost-benefit analysis. As for potassium, the process 

waters of hemp digestate, digestate from agro-industrial residues, and grape marc showed relatively high 

concentrations.  

In general, the measured concentrations for carbon, phosphorus, potassium, and calcium make the 

PWs suitable for agricultural application, particularly in fertigation. However, the presence of organic 

compounds (e.g., acetic acid and phenols) could inhibit plant development. The diluted process water 

delayed the germination process but did not inhibit it completely (data not shown). So, if applied in 

specific quantities, process water could provide the nutrients needed for the development of plants. 

The data showed that process water contains concentrations above the Italian wastewater discharge 

limits of several substances (e.g., heavy metals, phenols, chloride, P), hence, the need for their treatment. 

The acute toxicity tests demonstrate a significant toxic effect on nitrifying bacteria by all process water, 

making them unsuitable for biological treatment, unless proper acclimation is considered. Anaerobic 

digestion could be a valid alternative. The data obtained during the bio-methanation tests indicate that 

the process water resulting from the HTC process can lead to a specific production of methane in the 

range 40 - 140 mL CH4/gCOD. Anaerobic digestion could, therefore, energetically support the HTC 

process, creating a positive energy balance (Langone & Basso, 2020). In addition, the digested liquid 

residue could be easily treated at a wastewater treatment plant (Tasca et al., 2019). 

 

Conclusions 

The work carried out has contributed to the knowledge of the HTC liquid treatment residue characteristics 

and has allowed highlighting possible valorisation options in terms of materials and energy recovery. 

However, it should be noted that there are still uncertainties about the PW composition and the actual 

viability of the valorisation options identified, which highlight the need for further studies concerning: i) 

the influence of the feedstock and of the process variables on the final products obtained; and ii) the 

possible integration of the HTC process with other treatments and valorisation technologies. 

Table 1 - Summary of the main PW characterisation results. Sample codes indicate the feedstock and 

the HTC operating conditions (Feedstock_Temperature_Holding Time). IC50: dose of PW causing 50% 

acute inhibition.  

Feedstock Sample code pH 
COD 

[g/L] 

P 

[mg/L] 

K 

[mg/L] 

VFA 

[mg/L] 

Total Phenols 

[mg/L] 

IC50 

[mL/L] 

Spent coffee 

grounds 

SCG_220_1 3.86 29.85 150.5 836.2 4317.9 1867.6 8.03 

SCG_240_1 4.09 27.36 92.7 645.7 4646.3 2334.5 3.41 

Hemp 

H_180_1 3.69 29.85 33.2 1768.2 8596.9 1476.0 5.76 

H_180_3 3.66 26.12 46.7 2019.4 6673.5 1627.8 - 

H_200_1 3.55 27.11 40.6 1805.1 5066.8 1907.6 5.32 

H_220_1 3.53 23.05 16.5 1599.0 3172.5 2083.4 3.68 

Hemp 

digestate 

D_180_1 7.62 24.21 32.4 5741.2 3859.5 1565.3 6.12 

D_180_3 7.55 23.71 42.6 6474.0 3164.2 1435.4 5.48 

D_180_6 7.42 23.13 36.1 6259.3 1419.4 1445.4 13.70 

D_200_1 7.91 19.24 17.4 4759.0 3933.1 1825.0 7.89 
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D_200_3 7.81 21.06 19.3 5718.2 2591.7 1835.0 2.22 

D_200_6 7.38 19.90 9.6 6920.1 3250.4 1405.4 3.98 

D_220_1 7.34 23.38 33.4 6688.8 3828.9 2014.8 2.00 

Agro-

industrial 

Digestate 

DMIX_220_1 7.41 28.19 112.8 7124.0 7224.0 3163.7 - 

Grape marc GM_220_1 4.45 29.85 204.3 4132.1 5614.1 1475.3 0.50 
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Abstract: The agri-food industry generates around 50 % of global waste, of which only 36 % is valorised, 

although the potential recovery could reach 60 %. Agri-food residual streams can be used as feedstock 

for bio-based industries, provided that the composition, logistics and volume are carefully analysed. 

Simulation analysis of current and hypothetical value chains has the potential to help in the decision 

making of residual stream management and valorisation. The developed models in the scope of 

MODEL2BIO project include specific processes that can be combined to analyse complex systems. The 

simulation module is an interconnection of three model libraries: Production line, Intermediate processes 

and Bioprocess. Two possible value chains have been selected for optimisation and analysis in order to 

demonstrate the potential of the tool, including cheese whey and potato peel residual streams valorisation. 

 

Keywords: agri-food residual stream valorisation, bio-industry, modelling and simulation. 

 

Introduction 

Waste disposal/processing is the second major challenge for our society. In 2018, the total waste 

generated in the EU-27 amounted to 2.277 million tons, of which 88 million tonnes corresponded to 

unavoidable food supply chain wastes from farm to fork, and food wastes in the later stages of the supply 

chain (Eurostat 2018). One of the aims of the European Green Deal and the Farm to Fork Strategy is to 

determine the food waste targets for each EU member in 2023, in order to define strategies to reduce 

waste in 30% by 2025 and in 50% by 2030. In this frame, agri-food residual streams are a potential 

substitute for fossil-based resources and have an important added value, if these are used as feedstock in 

bio-based industries (BBIs). However, most organic residual streams present a high heterogeneity, which 

makes the production and separation of specific compounds difficult. Furthermore, the seasonality of 

some residual streams reduces the techno-economic feasibility of the conversion processes to valuable 

products. Therefore, a deeper knowledge of the composition, logistics and volume of organic residual 

streams could support the decision-making process to maximise the benefit of a specific raw material 

and select the most appropriate technologies for its optimal recovery. 

The EU-funded MODEL2BIO project (https://www.model2bio.eu/) (H2020-BBI-JTI-2019. No 887191) 

aims to create a Decision Support System (DSS) tool for managing residual streams produced in agri-

food companies. This will be an innovative tool that using predictive models, will be able to select the 

best ways for residual streams valorisation. Decisions will be taken considering residual streams 

composition, industry location and social and environmental factors among other. The different sectors 

and residual streams included in the project are: Dairy sector (cheese and milk), Vegetables sector 

(artichoke, pepper, tomato, potato), Beverages sector (beer and wine) and Meet sector (cattle, pig and 

poultry). 

This innovative tool is based on the interconnection of three complementary elements (simulation 

module (SM), optimisation algorithm and LCA module). This work will focus on the SM. The SM is 

able to predict mass fluxes for any bio-based residual stream alternatives using a set of compatible model 

libraries: agri-food production lines, intermediate processes (storage, mixing, separation and transport) 

and final valorisation treatments. The SM will be able to optimise the value chain, analyse operational 

conditions and perform dynamic simulations. Furthermore, it includes an operational costs analysis that 

improves the study. 

mailto:eroviracal@ceit.es
mailto:lsancho@ceit.es
mailto:sjarayv@ceit.es
mailto:eayesa@ceit.es
mailto:eaymerich@ceit.es
mailto:tfernandez@ceit.es
https://www.model2bio.eu/
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Material and Methods 

In order to simulate a whole value chain linking many valorisation processes, it is crucial that all the 

models are compatible. To guarantee this compatibility, the model library has been built based on the 

Plant-Wide Modelling (PWM) methodology. The PWM methodology (Grau et al., 2007) was proposed 

by CEIT as a systematic methodology for constructing mathematical models able to describe whole 

systems as complex as required in each case of study. The organised structure that this methodology 

presents enables the straightforward incorporation of transformations, allowing the library to be 

continuously upgraded. This methodology requires, as a first step, the compilation of the stoichiometry 

and kinetics of all the biochemical, chemical and physico-chemical transformations that can occur in our 

system, in order to create a general list of transformations for plant-wide modelling objectives. The 

second step is to define the set of components included in the model. Each component of the model is 

described based on its elemental composition in C, H, O, N, P, X and charge, which makes it possible to 

guarantee the mass and charge continuity throughout the system. 

Figure 1 contains a description of the different libraries. 

 
Figure 1. Description of the model libraries. 

WEST® simulation platform (www.mikepoweredbydhi.com) has been used as a user-friendly platform 

to build the simulation module. This software is able to carry out dynamic simulations in order to see the 

evolution over time of the different components and steps of the process. 

  

http://www.mikepoweredbydhi.com/
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Results and Discussion  

Many scenarios can be analysed with the tool due to its potential and different valorisation alternatives. 

In this work two different scenarios have been selected.  

A) An optimization of a specific process/value chain in order to find the conditions that maximise 

production of added-value products.  

During the cheese production process, cheese whey residual stream is produced. Whey contains 

protein that can be extracted. Protein concentrate is a product of the value chain, while the protein-

free whey will be used in a fermentation process to obtain volatile fatty acids (VFA) as an added 

value product (Figure 2A). In this scenario, fermentation operational parameters are adjusted in order 

to maximise VFA production. Temperature, hydraulic retention time (HRT) and solids retention 

time (SRT) will be studied. The whole value chain will be optimised in order to find the effect of 

protein extraction on the fermentation process and the optimum extraction yield that maximise the 

VFA production. 

B) A techno-economic comparison of different valorisation routes for a specific residual stream. 

Based on the potato peel residual stream from the potato chips industry, a typical valorisation route 

(animal feed) and a novel treatment will be compared to analyse and enhance its treatment and 

valorisation possibilities (Figure 2B). Novel treatments for potato peel residual stream could be the 

polyphenols (PP) and gallic acid (GA) hydroalcoholic extraction and/or the aerobic conversion for 

microbial protein production. The by-products of these processes will be analysed in order to find if 

they can be further introduced to the typical valorisation route.  

Figure 2. A) WEST layout for the cheese whey value chain simulation. B) WEST layout for the potato 

peels value chain simulation. 

 

Conclusions 

Modelling tools for value chain simulation have a great potential for the analysis of solutions that 

experimentally would be slower and more expensive to achieve. The modelling of the process units under 

system-wide methodologies allows the connection of various treatments resulting in a broader recovery 

approach. In order to upgrade the tool, more specific models will be constructed and validated to increase 

the valorisation possibilities and the potential of the tool. 
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Abstract: In Japan, as a medium-term target for 2050 carbon neutrality, it was stated that "in 2030, we 

aim to reduce greenhouse gas (GHG) emissions by 46% from 2013." The GHG emissions were estimated 

for 4 sewage treatment plants with a capacity of 150,000 to 200,000 m3 / day in Japan from the amount 

of activity and the emission factors. The calculation results of CF (Carbon footprint) based on treated 

wastewater (=GHG emissions / Treated wastewater quantity) were 0.29 to 0.47 kg CO2 / m3 and were 

smaller than 0.6 to 0.9 CO2 / m3 reported in foreign country.  STPs with an incinerator were high, and 

the influence of advanced treatment was small. A-STP didn’t have an incinerator and advanced treatment 

hadn’t been adopted similar to Japan's sewerage sector emissions, electricity consumption CO2 accounted 

for more than half at 74%, followed by water treatment N2O at 11%. CF based on treated wastewater 

was 0.29 kgCO2 / m3. The CF of B-STP advanced treatment had been adopted was calculated 0.10 kgCO2 

/ m3 by introducing "energy-saving + energy production" measures. However it did not actually reach 

net zero, direct emissions such as N2O and CH4 will be necessary to reduce.  

 

Keywords: Carbon footprint; Energy production; Plant simulator 

 

Introduction 

In Japan as well, as a medium-term target for 2050 carbon neutrality, it was stated that "in 2030, we aim 

to reduce greenhouse gas emissions by 46% from 2013." The amount of greenhouse gas (GHG) 

emissions from the sewerage was estimated to be about 5.96 million tons-CO2 / year in 2018, and a 

significant reduction will be required.   

In addition, the new sewage treatment plant paradigm needs to be designed with maximization of 

resource and energy recovery, emphasizing the shift to energy neutrality. It had been pointed out that 

direct such as N2O and CH4, and indirect such as power consumption must be reduced in GHGs 

emissions. 

Therefore, GHGs from four sewage treatment plants in Japan were calculated and reduction measures 

from the viewpoint of energy saving and energy production were considered.  

 

Material and Methods 

The GHGs emissions were estimated for 4 sewage treatment plants with a capacity of 150,000 to 200,000 

m3 / day shown in Table 1. The basic annual characteristics, including the treatment capacity, biological 

treatment process, and sludge treatment process could be found in Table 1. The average annual values 

(based on data from the year 2017) of the influent flow rates, water qualities were also listed in Table 1.   

The amount of GHGs emissions from the sewage treatment plant were calculated from the amount of 

activity and the emission factors. For the emission factors, the coefficient of the manual for global 

warming countermeasures in sewerage (MOE Japan 2021) were used. In addition, as for the converted 

value of electric power, the nationwide average (0.587 kgCO2 / kWh) in Japan was adopted. 

 

Results and Discussion 

The calculation results of CF (Carbon footprint) based on treated wastewater (=GHG emissions / 

Treated wastewater quantity) were 0.29 to 0.47 kg CO2 / m3 and were smaller than 0.6 to 0.9 CO2 / m3 

reported in foreign country. (Maktabifard et al. 2020) STPs with an incinerator were high, and the 

influence of advanced treatment was small. Figure 1 showed the calculation result at A-STP. A-STP 

didn’t have an incinerator and advanced treatment hadn’t been adopted Similar to Japan's sewerage sector 

emissions, electricity consumption CO2 accounted for more than half at 74%, followed by water 
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treatment N2O at 11% and water treatment CH4 at 8% not similar to Poland and Finland (Maktabifard et 

al. 2022). CF based on treated wastewater was 0.29 kgCO2 / m3. 

GHG emissions reduction measures were evaluated using the sewage treatment plant simulator 

(Fukushima 2019). Figure 2 showed the calculation results of the CF based on treated wastewater of four 

treatment plants with the characteristic changes. Actual GHG emissions were taken into account, taking 

offsets from electricity generation. Energy Saving scenarios included “Introduction of high-efficiency 

air diffuser” and “Reducing MLSS”. Energy Production scenarios included “Introduction of an ultra-

high-efficiency solid-liquid separator “and “Solubilisation of excess sludge by ozone treatment”. 

The B-STP and D-STP, which adopted advanced treatment, had a greater reduction effect, and by 

"energy saving + energy creation" the B-STP had a reduction of 0.10 kgCO2 / m3, which was 60% 

reduction. Energy saving by introducing a high-efficiency air diffuser and an increase in power 

generation by sludge solubilisation were contributed. At the C-STP with an incinerator, had a reduction 

of 0.29 kgCO2 / m3, which was 20% reduction. Forty-eight percent of the remaining GHG emissions 

were incinerator N2O, so it was considered necessary to upgrade to a more efficient incinerator. We also 

calculated the CO2 offset by the recovery of phosphorus as fertilizer, but the effect was slight. 

In any cases, it had not reached net zero, and it will be necessary to reduce direct emissions such as N2O 

and CH4. 

 

Conclusions   

Japan would be also working on GHG emissions reduction at sewage treatment plants, at first we 

summarized the current situation and GHG emissions reduction measures were evaluated using the 

sewage treatment plant simulator. The CF of B-STP was calculated 0.10 kgCO2/m3 by "energy-saving + 

energy production" which was 60% reduction. However it did not actually reach net zero so further 

recovery of influent organic matter and recovery of nutrients as biomass will be important.  
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Figures and Tables 

Table 1 The characteristics of the studied STPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Item Unit Ａ-STP B-STP Ｃ-STP Ｄ-STP

Capasity m
3
/day 134,000 153,000 222,000 170,000

Water treatment CAS/AO RND/CAS CAS A2O/AO

Sludge treatment
Thickning-Digestion-

Dehydration

Thickning-Digestion-

Dehydration

Thickning-Digestion-

Dehydration-

Incineration

Thickning-

Dehydration-

Incineration

Treated quantity m
3
/day 149,000 125,000 114,000 130,000

Inflow Quality

 BOD mg/L 200 182 200 130

 SS mg/L 201 194 180 144

 T-N mg/L 42 32 43 32

 NH4-N mg/L 24 - 29 19

 T-P mg/L 3.1 4.1 5.4 3.2

Power cunsumption kWh/day 64,500 66,900 57,100 60,140

Power unit kWh/m
3 0.43 0.54 0.50 0.46

GHG emission kgCO2/day 43,820 43,180 50,010 60,460

GHGunit kgCO2/m
3

0.29 0.35 0.44 0.47

Power generation kWh/day 23,300 12,950 7,600

Self sufficncy ％ 36% 19% 13% 0%

Receiving power unit kWh/m
3 0.28 0.43 0.43 0.46

Remarks

Digestion gas was

used for power

generation and excess

gas burned

Digestion gas was

used for power

generation and drying

furnace fuel

Digestion gas was

used for power

generation and

incinerator fuel

Water treatment process；CAS(Conventional Activated Sludge), AO(Anearobic Oxic), RND(Returned Nitrification Denitrification)

Electricity 

CO2

74%

Water 

treatment 

CH4

8%

Water 

treatment 

N2O

11%

Chemicals 

CO2

7%
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Figure 1 Calculation result of GHG emissions at A-STP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Calculation results of GHG changing by countermeasures. 
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12. Experience in valorization of sugar beet pulp via hydrodynamic disintegration 
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Abstract: The aim of the study was to evaluate the possibility of applying hydrodynamic disintegration 

as a pre-treatment method for sugar beet pulp directed to anaerobic digester. The effect of the adopted 

energy density levels and shape of shredding knives on physical-chemical properties of sugar beet pulp 

was analysed. Influence of hydrodynamic disintegration parameters on specific methane production was 

assed in biochemical methane potential tests. Moreover, the study involved CFD modelling part, 

including non-newtonian fluid transient model. The research was divided into three series which differed 

in geometry of shredding knives. In all series pre-treatment of sugar beet pulp was conducted in 

hydrodynamic disintegrator (3.3 kW, 3000 rpm) at energy density of  10, 20 and 30 kJ/L. Results of 

disintegration batch tests confirmed the validity of implementation of hydrodynamic disintegration 

method before anaerobic digestion of sugar beet pulp. 

 

Keywords: sugar beet pulp; hydrodynamic disintegration; CFD  

 

Introduction 

Poland is one of the largest producers of beet sugar in the European Union. Production in the 2021/2022 

marketing year in Poland was 2.3 million tonnes (National Support Centre for Agriculture, 2022). 

Therefore, management of sugar beet pulp (SBP) obtained as a by-product of the beet sugar production 

process might be a challenge. SBP is commonly used in Polish agricultural biogas plants. Application of 

proper pre-treatment method before anaerobic digestion process may contribute to an increase in the 

amount of produced biogas or/and its better composition. One of them is hydrodynamic disintegration 

(HD) of substrate directed to the digester. HD causes a change in the physicochemical properties of the 

substrate and permits and increase in the bioavailability of substrates for bacteria performing 

acetogenesis and methanogenesis (Garuti et al., 2018). While HD has been successfully used for 

pretreatment of sewage sludge, reports regarding use this method in the agricultural biogas plants are 

still scarce.  

Therefore, the goal of the study was to evaluate the possibility of applying hydrodynamic 

disintegration as a pre-treatment method for sugar beet pulp before its introduction to anaerobic digester. 

The effect of the adopted energy density levels and shape of shredding knives (used in in order to 

overcome clogging by crushed substrate) on physical-chemical properties of SBP was analysed. 

Influence of hydrodynamic disintegration parameters on specific methane production of SBP was assed 

in biochemical methane potential tests (BMP). Moreover, the study involved CFD modelling part. 

 

Material and Methods  

The sugar beet pulp used in the study was obtained from a sugar refinery (Poland). Total solids (TS) and 

volatile solids concentration (VTS) of SBP were in a range of 15.9 – 17.1 % and  14.5 – 15.8 %, 

respectively, but TS in the samples used in the HD process was c.a. 5% (SBP was diluted with tap water). 

The disintegration process employed hydrodynamic disintegrator. The device is powered by an electric 

3.3 kW engine with rotational speed of 3000 rpm. The study was divided into two series (Series I and 

Series II) which differed in geometry of shredding knives. In both series, pre-treatment involved 

hydrodynamic disintegration at three levels of energy density (ℇL): 10, 20, and 30 kJ/L. For the purpose 

of determination of the effect of HD on the physical-chemical properties of SBP batch disintegration 

tests were performed (Zubrowska-Sudol et al., 2020). Biochemical methane potential tests were  

conducted  according to (Holliger et al., 2016) in Automatic Methane Potential Test System (AMPTS) 
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device, with the assumption that the inoculum load equals 5 g VTS/L. All chemical analyses were 

performed in duplicate and in accordance with APHA Standard Methods (APHA, 1998). The CFD model 

covered non-newtonian fluid (Herschley-Belkley) flow and was leaded in the transient mode. As the 

numerical software Ansys CFX was selected. 

 

Results and Discussion  

Results obtained in Series I show that hydrodynamic disintegration led to release of organic compounds 

from solid parts of sugar beet pulp (Table 1). An increase in energy density was accompanied by a gradual 

increase in the soluble chemical oxygen demand (SCOD) and volatile fatty acids (VFA) concentrations 

from respectively 17700 mg O2/L and 5050 mg/L for untreated samples to 23900 mgO2/L and 7410 mg/L 

for samples disintegrated at ℇL = 30 kJ/L. However, values of the efficiency of organic compounds release 

(ESCOD and EVFA) may suggest that the HD of SBP would be carried out at an energy density of 10 kJ/L. 

 

Conclusions 

Results of disintegration batch tests confirmed the validity of implementation of hydrodynamic 

disintegration method before anaerobic digestion of sugar beet pulp.  
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Figures and Tables  

Table 1 Disintegration effect with a given level of energy density for sugar beet pulp – Series I. 

Energy 

density - ℇL 

Duration 

of HD 
Temperature SCOD VFA ESOD EVFA 

kJ/L min ◦C mg O2/L mg/L 
mg 

SCOD/kJ 
mgVFA/kJ 

0 (untreated) - 23 17 700 5 050 - - 

10 0.16 25.6 22 800 7 035 510 199 

20 0.49 30.2 23 100 7 370 270 116 

30 1.14 32.4 23 900 7 410 207 78.7 

 

 

 

Fig. 1 Viscosity as a function of shear rate, 

experiment results comparison with Herschley-

Belkley model. 

Fig. 2 Fluid velocity vectors and pressure 

distribution on the rotor walls, geometry 1, 10 

kJ/L. 

 

 

Fig. 3 Shear strain rate distribution in the vertical 

section, geometry 2, 10 kJ /L. 

Fig. 4 Zones with a pressure less than or equal to 

1705 Pa(cavitation pressure for water), geometry 

3, 30 kJ / L. 
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13. Fish waste as co-substrate for anaerobic digestion - biogas and digestate 

fertilizing potentials 

 

Renata Tomczak-Wandzel, Maria Magdalena Rego Estevez, Beata Szatkowska 

Aquateam COWI, Karvesvingen 2, 0579 Oslo, Norway, retw@aquateam.no  

 

Abstract: Recirculating Aquaculture System (RAS) are commonly installed at many fish farms around 

the world. Characteristics and properties of fish sludge (faeces and food leftovers) coming from RAS 

systems classified them as valuable feedstock resource for the anaerobic digestion processes. Fish sludge 

can be treated together with other organic fractions (municipal waste) or sewage sludge (co-digestion). 

Three projects were implemented to develop knowledge and competences on the use of fish sludge in 

anaerobic co-digestion. Results showed that fish sludge obtained from different aquaculture systems 

provides different effects on the methane yield of a co-digestion process. In addition, differences within 

the treatment process to which the municipal sewage sludge is exposed to, are crucial for a co-digestion 

process to succeed. The importance of the performance of pre-trial tests to evaluate the co-digestion 

effect is emphasized here. 

 

Keywords: anaerobic co-digestion, fish sludge, disintegration 

 

Introduction 

In Western Norway, new full-scale closed and land-based aquaculture facilities were planned to be built 

due to the stricter regulations. An interesting alternative is to treat the fish sludge (faeces and food 

leftovers) from fish farming together with other organic fractions (municipal waste) or sewage sludge 

(co-digestion) in already established or planned to be built biogas plants with available capacity for new 

raw organic material (Estevez et al, 2019). Bergen biogas plant (Bergen municipality, the Water and 

Sewerage Authority (BVA)) and the Grødaland biogas plant (IVAR IKS) have spare capacity and plan 

to include other waste substrates in their plants. In order to extend the knowledge of how fish sludge can 

be implemented into co-digestion, two projects were conducted: ”RenENER-MAR” (2016-2019) and 

“RESERVE1” (2017-2020). These projects are followed by ongoing “SNIT” project (2020-2023) with 

one of the goals to verify if disintegration with FNA (free nitrous acid) can contribute to increased biogas 

production.  

 

Material and Methods 

Fish sludge coming from Western Norway’s aquaculture production of salmon in RAS systems and 

sewage sludge samples from: Bergen-Rådalen, Grødaland and SNJ were tested. The trials were 

performed by employing AMPTS© II system (Bioprocess Control, Sweden). Fish sludge in proportion 

of 5, 10, 25 and 30% in volume were mixed with sewage sludge. The trials were performed at 

thermophilic temperature (54°C) and at mesophilic temperature (37°C). Inoculum samples were taken 

from local biogas plants running at the same process temperatures. 

Recently several publications reported Free Nitrous Acid (FNA) as an effective agent in the pre-

treatment of waste activated sludge (WAS). The release of soluble organic matter from complex WAS 

composition leads to significant increase in methane production and sludge dewaterability. The aim of 

this work was to evaluate the application of WAS disintegration supplemented by fish sludge coming 

from RAS by FNA. For that purpose, series of experiments were performed. Each series consists of 2 

parts. The first part was the performance of disintegration and the second was digestion and biogas 

production measurements of disintegrated sludge. 

Chemical analyses were measured according to Standard Methods (APHA, 1995) and employing 

Hach Lange© cell kits, respectively. Digestates were analyzed for their phosphorus available form 

according to Olsen (1954) extraction method. 

mailto:retw@aquateam.no
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Results and Discussion  

Results of co-digestion differ when comparing various sewage sludge samples. For the Rogaland region, 

sewage sludge from Grødaland showed good yields (514–560 Nml CH4/g VS added) that were not 

improved at additions of 5, 10, or 30% of any fish sludge (% vol.). Only a slight improvement for fish 

sludge B was detected (Fig. 1). Sewage sludge from SNJ had a similar slight improvement when 10% of 

fish sludge D was added. Sewage sludge mix from the wastewater plants at Bergen-Rådalen region, 

containing biological, septic and also chemical sludge types, got a beneficial effect by adding fish sludge. 

The methane yield from Bergen’s plant sewage sludge (332–393 Nml CH4/g VS added) got an increase 

of up to a 40% (495 Nml CH4/g VS added) with a 25% addition of fish sludge A (thermophilic 

temperature). Table 1 shows the results of the available-P analysis and fractions (available-P/total P %). 

Grødaland sludge was the sludge presenting more available-P (ca. 40 % of its total-P content is available) 

while fish sludge had values ranging from 7 to 26 %. The study in SNIT project indicated that application 

of disintegration by FNA addition caused increase in COD release (degree of disintegration) in the range 

of 10.8-18.8% comparing to the sludge without disintegration. Combined process of FNA disintegration 

and fish sludge addition increased methane yield (Fig. 2). Elimination of odour during AD with FNA 

was noticed.  

 

Conclusions 

Biogas production from organic waste is a concept wide word applied and is in the line with many 

environmental regulations and trends referring to energy recovery. Fish sludge is has not only energy 

potential but also it has high phosphorus content while availability of phosphorus as a raw material is 

very limited in the world and predicted to be terminated in the nearest future, so recycling of P from 

waste is a desired solution. Connecting nutrient recovery with biogas production provides a sustainable 

solution that will contribute to the circular economy. The growing demand for food, including fish, 

indicates that we can expect an increase in the amount of fish waste. The development of knowledge and 

competences for the pro-environmental and economic management of this waste seems to be necessary. 
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Sample Total-P  

(mg/Kg TS) 

PO4-P   

(mg/Kg 

TS) 

Available-P 

(mg/Kg TS) 

Available-P 

/Total-P (%) 

Grødaland sewage sludge 18000 8200 7900 44 

SNJ sewage sludge 12000 2900 2240 19 

Fish sludge A  8600 2800 2240 26 

Fish sludge B  18000 3500 3900 22 

Fish sludge C  25000 11000 2060 8 

Fish sludge D  41000 5700 2880 7 

Reactor 1 (SNJ sludge) 20167 15277 1126 6 

Reactor 2 (SNJ sludge + fish 

sludge) 

35777 27864 1304 4 
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 Table 1 Phosphorous analysis for the substrate and digestate samples. 

 

Figure 1 Results of AMPTS (bio-methane potential) for different type of sewage and fish sludge. 

Figure 2 Results of AMPTS (bio-methane potential) test (SNIT project)- influence of FNA 

disintegration. SS- sewage sludge, FS – fish sludge, FNA – disintegration by free nitrous acid. 
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14. Prevention, Control, and Mitigation Approach for fat, oil, and grease (FOG) 

in Restaurant Wastewater: An approach contributing towards Environmental 

Sustainability 

 

Imran Ahmad*, Norhayati Abdullah*, Mostafa El Sheekh** 

* MJIIT, Universiti Teknologi Malaysia, 54100, Kuala Lumpur, Malaysia 

** Tanta University,Tanta, 31527, Egypt 

 

Abstract: In the revolutionizing world, one of the serious concerns is about the urbanization and 

changing habits of people. The trend of eating out at restaurants is exceedingly going to fade the culture 

of cooking at homes. The number of restaurants is increasing day by day in almost all the developing 

countries, causing the increase in the generation of restaurant wastewaters. The wastewater generated 

from the restaurants is by various activities like cooking, washing, and cleaning. Restaurant wastewater 

(RWW) has high concentrations of biochemical oxygen demand (BOD), solids, and chemical oxygen 

demand (COD). It also contains fat, oil, and grease (FOG) content which is becoming an alarming 

problem of environmental concern because of the problems associated with it. FOG build-up is an issue 

of serious concern as it can cause acute problems in the sewer lines causing blockages followed by 

backups, and sanitary sewer overflows (SSOs). The paper provides an insight to the details of FOG 

collected from a gravity grease interceptor at a specific site in Malaysia, its expected consequences and 

the sustainable plan as prevention, control, and mitigation (PCM) approach. 

 

Keywords: fat, oil, and grease; blockage; restaurants; gravity grease interceptor; recovery 

 

Introduction  

Globally the number of restaurants has met a sharp rise due to the changing lifestyle, urbanization, and 

flexibility of available cuisines. There were about 170,000 restaurants in 2015, representing an annual 

hike of 5 % as reported by the Department of Statistics, Malaysia. Increasing number of restaurants will 

also lead to the increase in the generation of restaurant wastewater (RWW) containing fat, oil, and grease 

(FOG) leading to the formation of FOG deposits in the sewer due to the typical condition of low 

temperature and pressure (Gu et al., 2015; Keener et al., 2008). Hence, posing a risk of blockage in 

public sewer systems (Abomohra et al., 2020). Moreover, if the FOG reaches the treatment plant facility 

it may inherit the operations and thus reducing the treatment efficiency. Nowadays, FOG is becoming an 

alarming problem of environmental concern. FOG can be specifically defined as the by-product  of 

cooking and cleaning activities taking place at the restaurants. FOG is composed of food scraps, meat 

fats, lard, tallow, cooking oil, margarine, meat, sauces, gravy, dressings, deep-fried food, baked goods, 

cheeses, and butter. Other sources of FOG are automobile workshop discharge and palm oil mill effluent 

(POME) (Klaucans & Sams, 2018). FOG generated by the restaurants can be broadly categorised into 

two namely used cooking oil (UCO) and grease trap waste (GTW) depending upon the concentration of 

free fatty acids (Husain et al., 2014). The trend of dining out in various countries is shown in Figure 1, 

showing that Malaysia stands out in the list. This study was carried out near the campus of Universiti 

Teknologi Malaysia, Kuala Lumpur, the complex is a cluster of about 20 restaurants. The samples 

characterized for FOG shows very high concentration of FOG in Figure 2. as the allowance in Malaysian 

standards is 10mg/l. The study provides an insight to the detrimental effects of FOG in RWW and its 

sustainable management in the form of prevention, control, and mitigation (PCM) approach. 
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Figure 1 Frequency of dining out for various countries showing the changing trend 

 

 

 

 
Figure 2 FOG concentrations in the samples collected from Gravity grease Interceptor 

 

 

 

PCM approach 

FOG has high energy value making it a promising resource for various environmental problems. Hence, 

converting FOG into renewable energy sources of various forms including biomaterials and biodiesel 

seems to be a promising solution. Moreover, FOG can be used in wastewater treatment sludge anaerobic 

co-digestion (AcoD) processes as an extra carbon source to increase the methane yield. The PCM 

approach recommended in this study is summarized in the Figure 3. 
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Figure 3 PCM approach recommended in this study to combat FOG 

 

Conclusions 

FOG present in Restaurant Wastewater (RWW) is a potential threat to the sewer lines, treatment plants 

and the environment. The study provides a sustainable solution for FOG by going through PCM 

approach. It encompasses theprevention at the first stage, then going for the control and finally the 

mitigation or conversion of FOG into useful products for energy and environment.  
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Prevention

• Don’t pour excess oil 
or grease down the 
drain.

• Scrape all extra grease 
and greasy food scraps 
off plates and 
cookwares.

• Wipe up grease with a 
paper or cloth towel.

• Only put non-greasy 
foods (e.g.,raw 
vegetables) into your 
garbage disposal.

• Seggregate used 
cooking oil (UCO).

• Train with BMP.

Control

• Installation of  drain 
screens.

• Installation of  
Hydromechanical 
grease interceptor 
(HGI).

• Proper installation of 
faucet and sink 
fixtures.

• Proper maintenance, 
operation and cleaning 
of gravity grease 
interceptor (GGI).

• Design of GGIs and 
drains on the basis of 
composition of RWW.

Mitigation

• Utilization of FAME in 
FOG for the 
production of 
Biodiesel.

• Anaerobic co-
digestion of FOG to 
obtain methane as a 
source of energy.

• UCO and FFA can be 
the source of 
producing 
Biocomposites

• Unutilized FOG 
should be disposed in a 
controlled manner to a 
sanitary landfill.
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15. Application of a catch crop at different growth periods to biological soil 

disinfestation  

 

Morihiro Maeda1, Natsumi Koma1, Shinzo Yamane2, Daisuke Yasutake3, 4, Makito Mori2, Taku 

Fujiwara4, 5 
1 Faculty of Environmental and Life Science, Okayama University, Okayama 700 8530, Japan 
2 Faculty of Agriculture and Marine Science, Kochi University, Nankoku, Kochi 783-8502, Japan  
3 Faculty of Agriculture, Kyushu University, Fukuoka 819-0395, Japan 
4 IoP Co-Creation Center, Kochi University, Nankoku, Kochi 783-8502, Japan   
5 Graduate School of Engineering, Kyoto University, Kyoto 615-8530, Japan 

 

Abstract: We propose a combination system of catch crops and biological soil disinfestation (BSD) in 

greenhouse. Results showed that catch crops absorbed mineral N remaining in soil after the main 

cropping even for short growing periods. Application of catch crop plants to BSD sufficiently decreased 

soil redox potentials (Eh).  

 

Keywords: Catch crop; Nitrogen removal; Redox potential 

 

Introduction 

Catch crops can absorb excess nutrients remaining in soil following the main cropping, and therefore 

result in less NO3 leaching and N2O emission during the fallow period (Sadamatsu et al., 2008; Maeda 

et al., 2011). On the other hand, BSD is recently common as an alternative of chemical fumigations in 

greenhouses (Momma et al., 2013). In BSD, reductive soil conditions, produced by the application of 

easily decomposable organic matter, water irrigation, and soil covering with plastic mulch films, suppress 

soil-borne pathogens. From the viewpoint of resource recycle and cost reduction in BSD, we propose the 

use of catch crops for easily decomposable organic matter in BSD in Japan. A total duration of catch 

crop growth and the following BSD should be shorter than 2 months of a fallow period in eggplant 

greenhouses under Japanese conditions. The present study assessed the effect of a catch crop at different 

growth periods on the following BSD. We examined N recovery rates and CN ratios of plants in 

greenhouse pot experiments, and measured the changes in soil Eh and mineral nitrogen (N) during BSD 

in laboratory tests. 

 

Material and Methods 

Soil was collected from a greenhouse at Kochi University, and repacked in Wagner's pots (8 kg, 30 cm 

deep) with a surface area of 500 cm2. Dent corn was grown in a greenhouse for 24, 36, or 48 days in 

triplicate, and a control treatment was also kept without dent corn for 36 days in triplicate. After harvest, 

soil was collected from catch crop treatments. Soil mixture at different growth periods were packed in a 

small pot (1 kg, 12 cm deep) with a surface area of 100 cm2.  Dent corn harvested at different growth 

periods were incorporated into the upper 6 cm of soil at 0.5% (weight basis) with a control without dent 

corn addition. Soil pots were irrigated with deionized water at water holding capacity (52 mm) and the 

soil surface was covered with plastic match film (polyvinyl chloride, 0.05 mm). All pots were kept at 

50oC for 20 days. Soil Eh was every day monitored at a soil depth of 6 cm. 

 

Results and Discussion  

Mineral N in soil was largely decreased by dent corn growth. The absorption of N by dent corn was 9.0 

g m-2 in the 24-day treatment, 18.1 g m-2 in the 36-day treatment, and 26.2 g m-2 in the 48-day treatment. 

Smaller CN ratios, indicating more easily decomposable organic matter, were found in the plant at shorter 

growth periods. Results of laboratory BSD tests showed that Eh values at the 6-cm depth decreased to -

100 mV on day 5 and -200 mV on day 14 in treatments with dent corn addition whereas that in the no 

dent corn treatment decreased slowly to -100 mV over 15 days (Figure 1). On day 20, soil ammonium-

N content in the 24-day treatment was significantly greater in no dent corn treatment (p < 0.05). No 
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nitrate-N was detected in all treatments, suggesting that anaerobic conditions were enough kept during 

the BSD period, especially in treatments with dent corn addition.  

 

Conclusion 

Our research showed that short-term dent corn as a catch crop can absorb mineral N remaining in soil 

after the main cropping, which was 18 g N m-2 on average. The catch crop was suitable for easily 

decomposable organic matter in BSD. This study was supported by a Cabinet Office grant-in-aid, the 

Advanced Next-Generation Greenhouse Horticulture by IoP (Internet of Plants), Japan. 
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Figures and Tables 

 
Figure 1 Soil Eh changes at a depth of 6 cm in different catch crop amendments. 
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16. Environmental friendly management of cyanobacteria blooms in rainwater 

harvesting ponds used for agricultural irrigation 

 

E.G. Özbayram*, L. Köker Demo *, A. Oğuz Çam*, R. Akçaalan Albay * & M. Albay* 
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Abstract: Sustainable water management is an ongoing global issue in which alternative water sources 

play a critical role in the maintenance of increasing demand. Thus, rainwater harvesting ponds provide a 

sustainable substitute for conventional water sources, especially in irrigation. Since an increase in the 

global temperature and nutrient inputs in the environment, water quality became worsened and 

cyanobacterial blooms are the most serious and widespread popular disturbances to occur in water 

sources. Some of them produce biotoxins, they threaten ecosystem health.  The aim of this study is to 

assess the effects of H2O2 on potentially toxin-producing cyanobacteria to create an innovative, 

environmental-friendly management strategy in rainwater harvesting ponds used in irrigation.  

 

Keywords: Rainwater harvesting; irrigation; cyanobacterial blooms 

 

Introduction  

Sustainability of the water resources is one of the great global concerns due to increasing population, 

rapid urbanization, and expended agricultural practices which creates pressure on the resources. Thus, 

various adaptation and mitigation strategies have been developed to cope with the water scarcity 

(Kakoulas et al., 2022) and to meet sustainable development goals, especially those related to the water 

(de Sá Silva et al., 2022).  Rainwater harvesting is an alternative water source that has been used for ages 

for potable and non-potable purposes (de Sá Silva et al., 2022). Since agriculture is the major water 

consumer worldwide which is also projected for a 53% rise in water usage for agriculture in 2050 to meet 

the food demand (Velasco-Muñoz et al., 2019), non-conventional water sources became more of an issue 

to meet the demand in which rainwater harvesting provides a sustainable alternative to irrigation.  A rise 

in the global temperature and increase in nutrient inputs in the environment negatively affect the 

ecosystem, resulting in the deterioration of the water quality. Excess development of cyanobacteria is 

one of the great challenges that the water sources faced. Photosynthetic prokaryotes, cyanobacteria, 

naturally occur in water ecosystems and proliferate rapidly under certain conditions including 

anthropogenic nutrient inputs, rising temperature, etc. (Guo et al., 2021). These dense blooms lead to 

sanitary problems and reduce the recreational value of the water. To control these dense blooms, there 

are a number of methods available in the literature. During the management of the aquatic ecosystem, 

selectivity is the main issue targeting one organism group and not harming the others such as H2O2 

(Matthijs et al., 2012). When H2O2 degrades, it releases hydroxyl radicals which damage Cyanobacteria 

cells and inhibits their photosynthetic activity (Piel et al., 2019). This prospective study set out with the 

aim of assessing the effectiveness of H2O2 application on multiple species of toxin-producing and not 

toxin-producing cyanobacteria. 

 

Material and Methods 

The cyanobacterium M. aeruginosa (PCC 7806) and Sphaerospermopsis aphanizomenoides strains, 

which are commonly found in Turkish rainwater harvesting ponds, were precultivated in Erlenmeyer 

flasks at 24 °C and a light/dark cycle of 16 h/8 h for 3-5 days to achieve the exponential growth phase. 

After measuring the initial total chl-a concentration, respective amounts of H2O2 were added to have 7 

different H2O2 doses (0, 1, 2, 4, 6, 8, and10 mg/L), including one control with no H2O2. All treatments 

were performed in triplicates. Samples were collected at 0, 4, 12, 24, and 48 hours of the experiment. 

Chlorophyll-a (chl-a) was determined according to the ISO standard method (ISO 10260,1992) and H2O2 
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concentrations were measured according to Lu et al (2011). Cyanobacteria was assessed according to 

Utermöhl (1958).   

 

Conclusions 

Cyanobacteria is an ongoing problem in water reservoirs and water treatment plants all over the world.  

Hydrogen peroxide has been demonstrated to be a promising chemical reagent to eliminate cyanobacteria 

from water bodies since it is environmentally friendly, namely, it degrades spontaneously to H2O and 

hydrogen and is harmless to non-target organisms with appropriate dosage. However, the appropriate 

effective algaecide dosages of H2O2 discrepancy are heavily dependent on algal density, colony sizes, 

and algal species. With this study, we tried to confirm that low concentrations of H2O2 can effectively 

suppress cyanobacterial blooms. The laboratory measurements are still continuing.  
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Abstract: Non-point source pollution resulting from agricultural activities may enter neighboring water 

bodies through the surface, intermediate, or groundwater flows due to rainfall or irrigation and causes 

negative impacts on water quality. This study aimed to evaluate the efficiency of using green farming 

technology for agricultural non-point source pollution control by fertilization reduction during 

agricultural practices. Cooperated with farmers in the upper catchment area of Shihmen Reservoir in 

Taiwan, biochar addition with 50% fertilization reduction was applied to control non-point source 

pollution in red plum cultivation. From the mass balance calculation, the nutrient absorption by crops 

was increased by 25.61% and nutrient mass in infiltration and runoff waters was reduced by 3.18%. 

Additionally, an empirical nutrient release model using principal component analysis and regression 

algorithm was established to estimate possible nutrient loss from the investigated farmland. However, 

the results showed that the pollution loading from non-point sources can be assessed as long as important 

environmental parameters are considered. 

 

Keywords: Agricultural non-point source pollution; Green control technology; Biochar; Fertilizer 

 

Introduction 

Agriculture is important in Taiwan, which provides food for the people living around this island. In 

conventional agricultural practices, fertilizers were often overdosed to ensure crop growth and economic 

benefits after harvest. Therefore, a considerable amount of fertilizer residues exist in the farmland. The 

residual fertilizer would be washed out during rainfall events, becoming the non-point source of pollution 

to neighboring water bodies. The fertilizer residuals in water would consume dissolved oxygen, 

impairing water quality and ecological integrity. Therefore, an investigation on the control strategies 

seems necessary to protect the water bodies from the non-point source pollution in farmlands. In this 

study, biochar was used as a soil amendment agent to control non-point source pollution in the farmland 

in which the red plum was grown. A control experiment using the conventional agricultural practice was 

also conducted for comparison. 

 

Material and Methods 

The field experiment was conducted on farmland having an area of 970 m2 of farmland in Taoyuan City 

in Taiwan. The conventional practice of fertilizer application for growing red plums followed the 

recommendation in Taiwan Good Agriculture Practice (TGAP), including the control group (R-C) 

applying 100% organic fertilizer and the experimental group (R-T) applying 50% organic fertilizer + 

biochar. Water sample collectors for infiltration and runoff waters (as shown in Figure 1) were installed. 

The collected samples were analyzed and the models for mass balance and nutrient release was 

established. 

 

Results and Discussion 

The total nitrogen, phosphorus, and potassium losses were calculated and expressed in the unit of "grams 

per square meter" in Figure 2. The losses of total nitrogen, phosphorus, and potassium in the control 

group were 7.12, 0.37, and 3.44 g/m2, respectively, while those for the experimental group were 5.07, 

0.27, and 2.79 g/m2, respectively. The reductions in nutrient loss were 28.7% in nitrogen, 25.3% in 

phosphorus, and 18.7% in potassium. Even in the condition using half fertilization with biochar, the crop 
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yield and quality could be maintained. Compared to the control group, the experimental group showed a 

better performance in fertilizer reduction. 

The addition of biochar improves the physicochemical properties of soil. The characteristics of biochar 

(e.g., porous structure, high surface area, high negative surface charge) increased the cation adsorption 

capacity. Thus, the biochar-amended soil was able to preserve more ion nutrients (such as nitrogen, 

phosphorus, potassium, etc.) in the soil, which are required for plant growth (Thomas and Gale, 2015; 

Mukherjee and Lal, 2013). The nutrient loss caused by leaching or runoff decreased as well. In this study, 

the addition of biochar also increased the pH value, nutrient availabilities, and activities of 

microorganisms in the soil, similar to previous studies in the literature (Rehrah et al., 2016; Thomas and 

Gale, 2015). The efficiency of plant nutrient uptake would be enhanced, resulting in higher crop 

production. 

The mass balance of nitrogen in the investigated area was analyzed and the results are presented in Figure 

3. The major nitrogen output was crop uptake, accounting for more than 50% of the total nitrogen 

introduced. The experimental group showed that 89.6% of nitrogen was absorbed by crops. The loss of 

nitrogen was reduced by 25.9% through runoff water and the loss through infiltration water was reduced 

by 18.9%. With the principal component analysis, the nutrient loss model was established as follows,  

Nitrogen release (g/m2) = -58.54×biochar addition - 7.242×10-2× added nitrogen + 2.446×10-4 × 

precipitation + 7.211×10-1 × soil pH value - 7.451×10-4 × soil EC + 1.480×10-2 × total soil nigrogen - 

2.804 

 

Conclusions 

The green farming technology employed in this study can effectively reduce non-point source pollution 

without impairing the overall growth and yield of crops. The nutrient balance and nutrient loss models 

established in the present study could estimate the nutrient distribution from total nutrient input, and the 

nutrient loss through runoff and infiltration was calculated. This study showed that green farming 

technology (with the addition of biochar) could also reduce the impact of residual nutrients on the 

environment. 
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Figures and Tables 

 
Figure 1 Illustration for the infiltration and runoff water collection in the experimental field. 

 
Figure 2 The nutrient losses of (a) nitrogen, (b) phosphorus, (c) potassium. 

 
Figure 3 Nitrogen distribution in the red plum experiment. 
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18. Remediation of nutrients and potentially toxic elements (Cu, Cd, Pb, As) in 

agricultural runoff receivers using floating treatment wetlands: microcosm scale 

study 

N. Nawrot*,1, K. Pazdro**, J. Walkusz-Miotk**, E. Wojciechowska*  
* Gdansk University of Technology, Faculty of Civil and Environmental Engineering, Gdańsk, Poland 
** Institute of Oceanology of the Polish Academy of Science, Sopot, Poland 
1 corresponding author: nicole.nawrot@pg.edu.pl 

Abstract: As a result of fertiliser application, agricultural areas are regularly supplied with nutrients and 

microelements that could cause damages in nearby surface waters. Floating treatment wetlands (FTW) 

are promising technique that is gaining much attention in surface water clean-up. This study summarises 

the results of nutrient removal and potentially toxic elements (PTEs): Cd, Cu, Pb, and As absorption by 

four temperate zone plants under FTW. 

Keywords: floating treatment island; potentially toxic elements; nutrients; removal efficiency; 

agricultural runoff; surface runoff receivers 

Introduction 

Surface runoff from agricultural regions is a source of nutrients and potentially toxic elements (PTEs) 

(Barco et al., 2021). Such contaminants introduced into surface water could cause negative impact on 

water quality reflected in such phenomena as gradual eutrophication and degradation of ecosystem 

health. Floating treatment wetlands (FTW), as an example of a Best Management Practice (BMP) device, 

are capable of remediating contaminated waters. However, the information regarding the uptake and 

translocation of nutrients within FTW are limited and at the same time there is lack information on two 

factors: species selection and the rate of nutrient uptake/ release over time (Garcia, 2019). Therefore, the 

main aim of our research was to compare four native macrophytes for nutrients and selected PTEs (Cd, 

Cu, Pb, As) removal under FTW microcosm scale experiment. Under this study the effectiveness of 

nutrient removal is reported and the most suitable species for PTE build-up is identified. 

Material and Methods 

The experiments were carried out in semi-controlled environment. Four plant species were chosen 

for application of FTW: Phragmites australis (Pa), Iris pseudacorus (Ip), Typha latifolia (Tl), and Alisma 

plantago aquatica (Apa). Five cuttings of each species were planted on an artificial FTW in each of eight 

35 L reactors (4 reactors for 1 species) for acclimation period. Following the acclimation period, reactors 

(R) were loaded with 30 L of synthetic wastewater containing nitrogen and phosphorus (the initial ratio 

of total nitrogen to total phosphorus – TN:TP was set at 15:5; 15 mg/L of TN and 5.0 mg/L of TP). To 

four reactors additional doses of Cd, Cu, Pb, and As were added (5 mg/L). The trial lasted 84 days. 

Results and Discussion  

Figs.1a-b show the removal efficiency of TN and TP. After 84 days of trial, all studied species 

showed good removal efficiency of TN (from 74 to 84 % for Ip and Apa, respectively) and adequate 

removal of TP for Ip and Tl (71 and 76 %, respectively) under FTW. These findings are consistent with 

other studies that have shown FTWs suitable for effective nutrients removal (Colares et al., 2018). 
Simultaneously, reactors with increasing dosages of Cu, Cd, Pb, and As demonstrated a restriction in 

nutrient removal efficiency. This might be related to antagonism in element uptake, for example, As and 

P may interact antagonistically. 

a) b) 



 

 

 

4
8

 

 

 

 

Figure 1 Removal efficiency [%] of a) TN and b) TP for Pa, Ip, Tl, and Apa; R – reactor, cont - control 

Accumulation of Pb and As is presented in Figs. 2a-b. All species bound PTE in theirs roots and 

rhizomes (below water parts – BWP). Apa was the most promising species for Pb and As clean-up. Pa 

and Ip also demonstrated promising characteristics in phytostabilisation of Pb and As. 

a) b) 

 

 

 

Figure 2 Accumulation [µg] of a) Pb and b) As by four species: Pa, Ip, Tl, and Apa; BWP–below water 

parts of plants, AWP–above water parts of plants, Start–initial accumulation in plant; *log scale 

Conclusions 

PTEs affected the removal efficiency of nutrients. The most suitable species for PTEs uptake and 

phytostabilisation was Apa. 
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19. A Sound Waste Management Strategy to Reduce the Environmental Impacts 
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Abstract: Along with population growth, the food industry has been growing. As a result, this industry 

consumes a large amount of natural resources and contributes significantly to environmental pollution. 

These issues are exacerbated by climate change, rising population, and land exploitation. This study 

investigated the environmental effects of a restaurant with the aim of determining the environmental 

impact of waste management and energy use. This study investigated the environmental effects of a 

restaurant with the aim of determining the environmental impact of waste management and energy use.  

The system boundary includes waste generation, consumption of electricity and natural gas and water, 

waste management as well as the delivery of inputs to the restaurant, and the delivery of waste to the 

disposal/recycling sites. The environmental sustainability assessment is carried out using Life Cycle 

Assessment as a tool, following the ISO 14040-ISO 14044. Results were calculated for Global warming 

(GWP), abiotic depletion (ADP fossils and elements), acidification (AP), eutrophication (EP), freshwater 

aquatic ecotoxicity (FAETP), human toxicity (HTP), ozone depletion (ODP), photochemical ozone 

creation (POCP) and terrestrial ecotoxicity (TETP). According to the findings, the amount of electricity 

consumed in the restaurant is a critical factor for the majority of the environmental impact categories. 

 

Keywords: Environmental Impacts; Restaurant; Waste Management. 

 

Introduction 

With the population growing, the food industry has been expanding. This growth is causing an increase 

in the waste production, energy use, and water consumption. Some of the most serious environmental 

and health problems in the world are directly related to the food sector.  

Wastes with a high content of recyclable and compostable organic materials are sent to a sanitary 

landfill because it is uncommon to separate wastes and send them to a waste recovery facility for 

composting, recycling, incineration, etc. As opposed to disposing of waste at sanitary landfills, 

alternative waste management methods must be used. Water conservation and the use of renewable 

energy sources should also be considered to reduce the environmental impacts caused by them. In this 

context, the goal of this study is to quantify the life cycle environmental impacts of a restaurant and 

determine hotspots across the supply chain to identify opportunities for improvement. 

 

Material and Methods 

This research aims to assess the environmental sustainability of a restaurant that serves pita, soup, stews, 

rice, and other dishes. Different energy scenarios, water reduction scenarios, and waste management 

scenarios were developed to reach environmental benefits. 

The functional unit is 1000 services. On-site analyses of the restaurant were used to collect data. The 

life cycle assessment system boundary took into account restaurant waste generation, consumption of 

energy and water, as well as waste characterization and management. The system boundary also includes 

the delivery of inputs to the restaurant under study and the delivery of waste to the disposal/recovery site. 

In this study, GaBi 7.3 software was adopted for life cycle analysis. The database used was Ecoinvent 

3.1. The CML 2001 method was chosen to evaluate the environmental impacts and the results were 

interpreted. Impact categories evaluated are as follows: Global warming potential (GWP), abiotic 

depletion potential (ADP fossils and elements), acidification potential (AP), eutrophication potential 
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(EP), freshwater aquatic ecotoxicity (FAETP), human toxicity potential (HTP), ozone depletion potential 

(ODP), photochemical ozone creation potential (POCP) and terrestrial ecotoxicity potential (TETP). 

 

Results and Discussion  

In the base scenario, all waste is disposed of in a sanitary landfill, and no water or energy conservation 

measures are implemented. The results indicate that energy contributed to most of the environmental 

impact categories. Another important hotspot is the amount of waste that is disposed of in sanitary 

landfills. The contribution of water or transportation distance to impact categories are found to be very 

low. 

According to the findings, changing the electricity mix to include more wind and solar power has 

the potential to reduce environmental impacts. When the electricity mix is replaced with solar power, 

only increases in ADP elements and ODP are observed.  

The results show that adding a paper recycling process to the scenario reduces ADP element, ADP 

fossil, AP, POCP, and TETP. Including anaerobic digestion or composting in the scenario lowers the EP, 

FAETP, GWP, HTP, and MAETP by reducing the amount of waste sent to sanitary landfill. 

 

Conclusions 

Overall, the results show that the amount of electricity and natural gas consumed in the restaurant is a 

critical factor in the majority of the environmental impact categories evaluated within the scope of the 

study.  

These findings are expected to serve as a starting point for future research and to provide decision-

makers in food sector a new perspective. 
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Abstract: The study aims at evaluating carbon dioxide (CO2) and methane (CH4) emissions from soil 

receiving kitchen compost. Results showed that CH4 emissions similarly occurred between abiotic and 

biotic pathways, while CO2 was mainly produced by soil microbial respiration. Emissions of CO2 and 

CH4 increased at higher temperatures and compost application rates. In this study, 20–24% of kitchen 

compost C was changed to CO2-C, while those converted to CH4 were less than 0.1%. 

 

Keywords: Carbon dioxide, kitchen compost, methane 

 

Introduction  

Compost application may increase greenhouse gas (GHG) emissions via organic matter decomposition 

(Biala, 2011). Although kitchen compost is commonly used to improve soil quality (Arrigoni et al., 2018; 

Palaniveloo et al., 2020), GHG emissions from soil amended with kitchen compost have not been studied. 

Generally, CO2 and CH4 are assumed to be biogenically produced in soil (Liu et al., 2019). Contributions 

of abiotic pathways to the total emissions of CO2 and CH4 are still uncertain (Day et al., 2019; Jia et al., 

2021; Lee et al., 2012). The objective of this study as to determine the effect of temperature on biotic 

and abiotic CO2 and CH4 emissions from soil receiving kitchen compost. 

 

Material and Methods 

Topsoil (0–10 cm) was collected from a greenhouse in Kochi, Japan. The soil was air-dried, then passed 

through 2-mm sieve. Kitchen waste compost was produced in Saga, Japan from food waste and sawdust 

over 3 months. The compost material was dried at 70oC and ground before experimental use. Soil (10 g) 

was mixed with 0% or 1% kitchen compost and put in 100 mL glass bottles. To identify abiotic CO2 and 

CH4 emissions, samples were sterilized with the autoclave (1h at 121oC) 3 times for 3 days. All of 

samples (sterilized and non-sterilized) were incubated at 20, 30, and 35oC for 28 days under aerobic 

conditions. Emissions of CO2 and CH4 were determined on days 3, 7, 15, 21 and 28 using gas 

chromatographs with a thermal conductivity detector (TCD) or hydrogen flame ionization detector (FID), 

respectively. 

 

Results and Discussion  

During the entire experimental period (28 days), 20%, 24%, and 23% of carbon (C) derived from kitchen 

compost were changed to CO2-C at 20, 30, and 35oC, respectively, while those converted to CH4 were 

less than 0.1% at all 3 temperatures. Emissions of CO2 were mainly from the biotic pathway. Compost 

application led to greater CO2 emissions. Higher biotic CO2 emissions were observed at 30oC than at 

20oC, while those were not significantly different between 30°C and 35°C. Abiotic CO2 emissions were 

less than 5% and increased at higher temperatures. 

Emissions of CH4 increased at higher temperatures and compost application rates. At 20oC, contributions 

of abiotic and biotic pathways to the total CH4 emissions were similar, suggesting thermal degradation, 

photodegradation and chemical reaction in soil. However, at 30°C and 35°C, almost of CH4 emissions 

occurred by abiotic pathway, accounted for 65% and 76%.  
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Conclusions 

Emissions of CO2 and CH4 from soil with kitchen compost increased at higher temperatures and kitchen 

compost application rates. The CO2 emissions mainly through the biotic pathway. Abiotic was a potential 

pathway for CH4 generation, specially at high temperatures. Carbon in the kitchen compost was lost 

mainly through CO2 emissions after soil application under aerobic conditions.  
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Abstract: Agriculture contributes significantly to global greenhouse gas (GHG) emissions and ammonia, 

where animal manures contribute a notable portion of emissions. Piggeries account for roughly one fifth 

of agricultural emissions, a number which is expected to rise drastically as the demand for pork increases. 

The value of pig slurry as a feedstock for anaerobic digestion is also diminished via losses during storage. 

Thus, innovative solutions are required to mitigate emissions without impeding productivity. To this end, 

a novel slurry additive was tested on pig weaner slurry with the aim of testing the gaseous emission-

mitigation efficacy of the additive at barn temperature (22°C) to determine duration of treatment effect, 

while also ascertaining the best mode of delivery of the additive. The effect of the additive on 

downstream biogas potential of slurry was also tested using biomethane potential (BMP) assays. 

Emissions were reduced by more than 80%, with the injection method provide the best inhibition. The 

reduced emissions in storage led to increased methane output of approximately 40% from downstream 

BMP tests. This work thus indicates the potential for effectively reducing emissions from pig production 

whilst consequently retaining slurry resource value for renewable energy production. 

 

Keywords: Greenhouse gas mitigation; Pig slurry additive; Chemical amendment. 

 

Introduction  

Agriculture contributes more than 10 % of global greenhouse gas (GHG) emissions,  (Shukla, 2019) and 

more than 90% of anthropogenic ammonia (NH3) emissions (EEA, 2015). Piggeries account for roughly 

one fifth of agricultural emissions, principally from the handling of pig slurry. These emissions are 

expected to rise drastically as a 50% increase in pork demand is predicted by 2050 (EEA, 2015), thus 

effective mitigation solutions are required if emissions reductions (COP26) are to be achieved without 

impacting productivity. Furthermore, pig manure is a major source of odour, levels of which are typically 

under strict control and can govern stocking rates when deemed too high.    

Pig slurry is a suitable feedstock for anaerobic digestion, however gaseous emissions during 

storage lower its methane potential, necessitating additional purchase of energy crops which increases 

operational costs (Schievano et al., 2009). Current slurry treatment solutions for emissions reduction 

typically involve acidification which requires handling highly hazardous material and significant capital 

outlay which often makes it cost-prohibitive (Kavanagh et al., 2019), necessitating alternative treatment 

options.   

A novel, peroxide-based slurry additive that effectively reduced emissions cattle slurry stored at 

~10C (Thorn et al., 2022), was tested on pig weaner slurry. Research aimed to test the gaseous emission 

reduction efficacy of the additive at housing temperature (22°C) to determine duration of treatment 

effect, while also ascertaining the best mode of delivery of the additive. Furthermore, the effect of the 

additive on the value of slurry when used for biogas production was tested using BMP assays.  

 

Material and Methods 

Experiments were performed in 1m3 intermediate bulk containers (IBCs) filled with 750L fresh pig 

weaner slurry (mean total solids of 4.3% and volatile solids of 3.1%). IBCs were fitted with heated jackets 

to achieve the 22°C temperature of weaner sheds and either received the additive at standard dose 

(~0.9g/kg slurry) or were left as untreated controls. The additive was either injected directly into the 

slurry at the base of the IBC, or poured in and mixed mechanically. Tanks were sealed with airtight lids 

fitted with gas flow meters allowing continuous monitoring of total gas production during storage. 
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Headspace gas was measured periodically to quantify the CH4, NH3, H2S and CO2 content. Extra gas 

samples were taken for odour analysis at a certified odour laboratory. Concentrations (ppm) of detected 

odour compounds were integrated with the emissions rates to give odour emission rates (mg/hr). Samples 

at the end of trial were assessed using biomethane potential assays (BMPs). 

    

Results and Discussion  

Total emissions over the 28-day period reached 12500L from untreated tanks at 22C (Figure 1), while 

emissions from the additive treated tanks totalled 9100L when added via mixing and 4400L when added 

via injection. This demonstrated that using a simple injection method to deliver the additive enhanced its 

duration and intensity of emission inhibition.  

A single treatment dose reduced emissions throughout the trial, demonstrating most efficacy over 

the initial 14 days where gaseous emissions were reduced by ~80% in injected tanks and ~60% in mixed 

tanks, with similar reductions in rates of odour compounds, particularly hydrogen sulphide and 

methanthiol. 

BMP assays demonstrated an average 40 % increase in methane per gram (fw) of pig slurry from 

treated pig slurry compared to untreated slurry (Figure ), validating the hypothesis that capture of carbon 

in treated slurry would improve slurry viability as an anaerobic digestion feedstock.  

 

Conclusions 

The additive dose was highly effective at reducing emissions, in particular when added via injection 

method. Due to warmer temperatures, more frequent application would enhance emissions reductions, 

where application every 14 days would result in reductions exceeding 80%. The success of the pumped 

injection method of additive delivery demonstrates the applicability of an automated addition set up on-

farm. BMP assays demonstrated retention of biogas value that would otherwise be lost as gaseous 

emissions during storage. 
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Figure 1 Additive efficacy at 22C after delivery by pumped injection (red) or pouring in and mixing 

(orange) versus untreated controls (grey) 

 
Figure 2 Cumulative methane per gram fresh weight of slurry in a BMP assay, where slurry fed was 

taken from the final day of trial (n = 2) 

  



 

 

 

5
6

 

22. Recovery of valuable products from food waste fermentation: hydrothermal 

intensification and mixed microbial consortium regulation 

Xiang Li 

 

23. Applications of novel nitrogen-cycling microorganisms towards carbon 

neutral wastewater treatment 

Jianhua Guo 

Abstract: Biological nitrogen removal (BNR) is critical for wastewater treatment plants to prevent water 

bodies from serious eutrophication. However, conventional BNR processes based on nitrification and 

denitrification have several drawbacks, including substantial aeration consumption, high fugitive 

greenhouse gas emissions, requirement for external carbon sources, excessive sludge production and low 

energy recovering efficiency. The recent discoveries of novel nitrogen-cycling microorganisms (e.g. 

anammox, comammox Nitrospira and nitrite/nitrate-dependent anaerobic methane oxidation 

microorganisms) have not only advanced our understanding of global nitrogen cycle, but also provided 

new opportunities to remove these barriers. This talk will cover the new findings in the field of nitrogen-

cycling microorganims, and focus on promoting the versatile applications of novel nitrogen-cycling 

microorganisms towards carbon and energy neutral wastewater treatment.  
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24. Integration of fermentative processes and bioelectrochemical systems. 

Application to agro-industrial effluents 

F.J. Fernandez-Morales 

Department of Chemical Engineering. Faculty of Chemical Sciences and Technologies. University of 

Castilla La Mancha. Campus Universitario s/n. 13071 Ciudad Real. Spain. e-mail address: 

fcojesus.fmorales@uclm.es  

Abstract: Dark fermentation is one of the most commonly used processes to achieve the material and 

energy valorisation of waste substrates. However, the relatively low hydrogen yield has limited the 

implementation of dark fermentation processes at full scale. Parallel, during the last decades, novel 

bioelectrochemical processes have been developed. These processes are mainly characterised by its 

ability to extract the chemical energy of biodegradable substrates as electricity, as well as by its ability 

to fix carbon dioxide as valuable substrates. In this context, the present work revises the potential 

integration of the fermentative and the bioelectrochemical processes as a promising strategy to increase 

the yield of both, the volatile fatty acids and the hydrogen, at the same time that the carbon dioxide 

emission are not only reduced but even valorised. In this work, a revision of the potential application of 

these technologies to the agro-industrial effluents is presented. 

Keywords: Acidogenic fermentation; Bioelectrochemical systems; Volatile Fatty Acids; Hydrogen  

Introduction 

Fossil fuels are polluting and not renewable energy sources that will be exhausted sooner or later (Balat, 

2008). Hydrogen is the most promising chemical compound among potential fuels, and it has several 

technical, socio-economic and environmental benefits. The main advantage of hydrogen is that it is a 

renewable and clean energy carrier (Kothari et al., 2017). Because of that, during the last decades, 

research efforts have been focused on the hydrogen generation due to its wide spectrum of potential uses 

as well as its renewable generation and clean use (Kothari et al., 2017). Among the different processes 

developed, dark fermentation processes have attracted an increasing interest because of its ability to 

produce not only hydrogen, but also a wide number of volatile fatty acids from biodegradable, and 

sometimes waste, substrates with a limited environmental effect (Giovannini et al., 2018). The theoretical 

hydrogen yield from the dark fermentation of a mole of glucose is 4 mol when acetic acid is the end-

product, see equation 1. 

𝐶6𝐻12𝑂6 + 2𝐻2𝑂 → 2𝐶𝐻3𝐶𝑂𝑂𝐻 + 4𝐻2 + 2𝐶𝑂2  

∆𝐺0 = −206.0 𝑘𝐽/𝑚𝑜𝑙 

[Eq. 1] 

The hydrogen yield is lower when butyric acid is the end-product, see equation 2, being the hydrogen 

yield in this case 2 mol/mol glucose. 

𝐶6𝐻12𝑂6 → 𝐶𝐻3(𝐶𝐻2)2𝐶𝑂𝑂𝐻 + 2𝐻2 + 2𝐶𝑂2  

∆𝐺0 = −254.0 𝑘𝐽/𝑚𝑜𝑙 

[Eq. 2] 

Parallel, agro-industries generate large amounts of high loaded wastewater effluents. These wastewaters 

are characterized by their high organic content, most of these organic compounds are easily 

biodegradable, such as the glucose and fructose, which can be considered as easily fermentable to 

hydrogen and volatile fatty acids. In this context, the dark fermentation of the agro-food wastewaters 

could be a very promising technology for hydrogen generation which could even consume waste 

substrates (Shi, Li et al. 2019). 

Unfortunately, the theoretical hydrogen yields are not easily reached. Considering that the fermentative 

reactions, presented in equations 1 and 2, have negative Gibbs free energy values, the production of both, 

acetic and butyric acids, are thermodynamically favourable. Because of that, both volatile fatty acids are 



 

 

 

5
8

 

usually generated as end-product metabolites. This leads the process to hydrogen yields lower than 4 mol 

hydrogen/mol glucose and also to significant carbon dioxide productions per mol of glucose. 

Additionally, the presence of hydrogen consumers, such as homoacetogens, hydrogenotrophic 

methanogens, sulphate-reducing bacteria, etc. would reduce the hydrogen yield of the fermentative 

processes (Ribeiro et al., 2022). These facts, lead the fermentative processes to low conversion efficiency 

of substrates to bio-hydrogen. Because of that, the dark fermentative processes are not economically 

feasible for full-scale implementation. Additionally, the dark fermentation processes generate an effluent 

rich in volatile fatty acids, which should require treatment before its discharge increasing, therefore, the 

operating cost of the fermentative processes and decreasing its economic feasibility. 

Because of these drawbacks, different strategies have been studied with the aim to enhance the hydrogen 

and volatile fatty acids yields. Amongst other, the techniques studied have consisted of the 

implementation of metabolic engineering, microbial population selection, pre-treatment of the substrates 

used, reduction of the hydrogen partial pressure, optimization of operational variables, etc. 

In this work, the potential coupling of dark fermentative processes with biolelectrochemical systems is 

presented. From this coupling, the feasibility of generate electricity from the spontaneous fermentative 

reactions, the valorisation of volatile fatty acids in microbial fuel cells, the enhancement of the hydrogen 

yields, the fixing of carbon dioxide generated to produce valuable chemicals as well as the 

bioelectrochemically driven fermentation, amongst others, are presented. 
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25. Poul-AR: Pre-treatment of poultry manure enabling high yield thermophilic 

mono-digestion 
 N.Carlier*1, M. Picavet*1, JW. Bijnagte*, J. De Vrieze**  

* Colsen, Kreekzoom 3, 4561 Hulst, The Netherlands, n.carlier@colsen.nl 

** Center for Microbial Ecology and Technology (CMET), Ghent University, Coupure Links 653, B-

9000 Gent, Belgium 
1 Equally contributed 

 

Abstract: Poultry manure has a high organic content and is, therefore, a valuable feedstock for anaerobic 

digestion. Anaerobic mono-digestion of this feedstock often causes ammonia toxicity, due to its high 

nitrogen content. To reduce this ammonia toxicity and fully exploit the biogas potential of poultry 

manure, here, the manure is pretreated with the Poul-AR technology. This two-step pretreament consists 

of biological ammonification (hydrolysis), followed by ammonia stripping and recovery as an N-

fertilizer. The de-ammonified manure is fed to a thermophilic digester. Lab and pilot scale testing results 

showed an NH4-N/TN ratio > 80% at the end of the ammonification process and > 80% NH4-N removal 

during stripping. The lab-scale thermophilic digestion proved that the pre-treated manure had a biogas 

production efficiency of 75%. In September 2022 a full-scale demonstration plant will be implemented.   

Keywords: Poultry manure; Ammonium recovery; Thermophilic digestion;  

Introduction  

Increasing demand for meat products has led to more poultry farming and, consequently, more poultry 

manure production. In spite of having great fertilizer potential, its direct application has negative 

environmental impacts (e.g., nutrient leaching) (Molaey et al, 2018). The high organic content makes it 

a valuable feedstock for biogas production through anaerobic digestion. Poultry manure digestion is, 

however, challenging, due to its high organic nitrogen content. This is released as ammonium during the 

digestion process, potentially leading to ammonia inhibition of methanogenesis, (Yenigün and Demirel, 

2013; Belostotskiy et al., 2015). This limits poultry manure mono-digestion at full-scale. 

Poul-AR is a two-stage pretreatment process to make poultry manure suitable for thermophilic digestion. 

Organically bound nitrogen is biologically released as ammonia in the first step, followed by ammonia 

recovery through air stripping. The ammonia rich air is scrubbed with acid, resulting in an ammonium 

fertilizer solution. This paper reports on lab and pilot scale testing.  

Material and Methods 

Ammonification, stripping and digestion were sequentially and batch-wise carried out in a 2L lab-scale 

reactor. For ammonification, the reactor was mixed and kept at a temperature of 35 ± 2°C. Stripping was 

done at a temperature between 50 and 60°C, and 0.1M NaOH was used for pH adjustment. Digestion 

was done at a reactor temperature between 51 ± 2°C. Biogas quantity produced was measured with a 

custom-made metering device based on gas-liquid displacement.  

Pilot scale ammonification was done in a 350L stirred vessel. Manure and water were added manually 

to obtain a dry matter (DM) concentration of ~20%. The temperature was maintained at 35 ± 2°C. The 

pilot scale stripper had an effective volume of 330 L. Temperature was maintained at 60°C ± 2°C and 

Ca(OH)2 was used to maintain stripping pH above 8. Ammonia-loaded air was recovered in a scrubber 

using nitric (HNO3, 68% solution) creating an NH4NO3 fertilizer solution. 

Results and Discussion  

The lab ammonification tests showed that 75% of the ammonium was released during the first 24 h. 

Temperature was a crucial parameter affecting efficiency of the ammonification. The NH3 stripping 

efficiency at lab scale with no manual pH correction remained below 50%. Efficiency increased to over 

80% when the pH was controlled above 8 using base. Pretreated poultry manure appeared to be an 

excellent feedstock for high load (max. OLR ~5 kg ODM/m3/d) thermophilic digestion with a biogas 

production efficiency of 75% (65% CH4 in the biogas).  
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At pilot scale, on average 85% of organically bound nitrogen was liberated as ammonium during 

ammonification. On average 81% of the ammonium was recovered from ammonified manure through 

24h-batch stripping, base was added to maintain pH above 8. These results confirmed previous lab scale 

experiments. 

Lab and pilot scale results were used to scale up Poul-AR technology. The first full-scale demonstration 

installation will become operational in September 2022. Figure 1 shows the process scheme. It will treat 

19,250 ton DM/d and recover 1,050 kg N/d. Poultry manure feed composition is presented in Table 1. 

The Poul-AR test results at lab and pilot scale and predictions for the full scale are summarised in Table 

2. On average, a production of 12 ton/d of a 35% (NH4)2SO4 fertilizer is expected. Expected biogas 

production is 6200 Nm³/d or 500 Nm³ biogas/kg ODS fed. 

Conclusions 

Lab & pilot tests proved that the Poul-AR technology recovers ammonia as a high-value fertilizer and 

that thermophilic mono-digestion can be successfully operated. Further investigations of this process on 

full scale start in September 2022. 
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Figures and Tables 

 

 

Figure 1: Flow scheme of Poul-AR installation 

Table 1: Manure characteristics 

Parameter Value Unit 

Maximal flow 35 ton/d 

Dry matter 55 % 

Organic dry matter 66 %DM 

COD 436 kg/ton 

TN 30 kg/ton 

 

 

Table 2: Performance Poul-AR installation 

Proces Parameter Unit Lab scale Pilot 

scale 

Full scale 

expectation 

Hydrolysis NH4-N/TN ratio 

 

% > 75 > 85 > 80 

Stripping NH4-N removal 

 

% > 80 > 81 > 80 

Anaerobic digestion Biogas production 

efficiency  

% 75 - 75 
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26. Effect of oxidation reduction potential on methane emission from anaerobic 

septic systems 
 

AA Tiareti*, M Matsumura*, T Hidaka**, F Nishimura***, Y Nomura*, T Fujiwara* 

* Department of Environmental Engineering, Graduate School of Engineering, Kyoto University, C1-2, 

Kyoto-Daigaku-Katsura, Nishikyo-ku, Kyoto, 615-8540, JAPAN 

** Department of Environmental Engineering, Graduate School of Engineering, Kyoto University, C1-

2, Kyoto-Daigaku-Katsura, Nishikyo-ku, Kyoto, 615-8540, JAPAN, hidaka.taira.4e@kyoto-u.ac.jp 

*** Research Center for Environmental Quality Management, Graduate School of Engineering, Kyoto 

University, 1-2 Yumihama, Otsu 520-0811, JAPAN 

 

Abstract: Wastewater treatment, including septic systems, is among the sources of anthropogenic 

emissions of greenhouse gas (GHG), such as methane. Relationship between oxidation reduction 

potential (ORP) and methane emission is evaluated to monitor anaerobic status in wastewater treatment 

for minimizing methane emissions. Laboratory-scale anaerobic digestion experiments were performed 

to understand the effect of ORP on methane emission. Nitrate was used as an electron acceptor instead 

of oxygen to control ORP in reactors. The results showed that sudden OPR change corresponded with 

completion of denitrification, and methane production proceeded at ORP below −350 mV (vs Ag/AgCl). 

ORP can be used for monitoring anaerobic status in biological waste and wastewater treatment including 

septic systems for controlling methane emissions. 

 

Keywords: Anaerobic digestion; electron acceptor; nitrate 

Introduction 

Climate change concerns have prompted efforts to reduce greenhouse gas (GHG) emissions, such as 

methane. Septic systems are one of the major onsite sanitation facilities used in many developing 

countries for domestic wastewater treatment (Sotelo et al., 2019). Huynh et al. (2021) investigated GHG 

emissions from septic tanks, and concluded that lower oxidation reduction potential (ORP), higher liquid 

temperature, and higher biodegradable carbon mass associated with longer septage storage periods are 

key conditions for methane emissions. ORP is a promising indicator for understanding the condition of 

septage in terms of methane emission.  

ORP values in the present manuscript are reported in mV vs Ag/AgCl as a reference electrode. 

Effects of ORP on biological waste and wastewater treatment have been widely studied. Relationship 

between dissolved oxygen (DO) and ORP in anaerobic digestion shows that ORP −96 mV and −495 mV 

are equivalent to DO 0.1 mg/L and 1×10−8 mg/L, respectively. ORP at a typical anaerobic digestion 

operation is reported to be around −500 mV (Nguyen et al., 2019). Simultaneous denitrification and 

methanogenesis with ORP change have been widely studied (Tai et al., 2006). However, their main 

purposes are to improve treatment performances, and discussion on ORP for preventing methane 

emission from septage is limited. However, precise measurement of DO lower than 0.1 mg/L is difficult, 

and ORP is preferable to DO under anaerobic conditions. 

The objective of this study is to evaluate relationship between ORP and methane emission to 

monitor anaerobic status in wastewater treatment to minimize methane emissions. Laboratory-scale 

anaerobic digestion experiments were performed to understand the effect of ORP on methane production. 

Nitrate was used as an electron acceptor instead of oxygen to control ORP in reactors in the present 

study. 

Material and Methods 

Laboratory-scale batch reactor experiments were performed using a 1 L bottle in a similar manner to the 

authors' previous study (Tamaki et al., 2019). Four experimental sets were performed, and nine different 

reactor operations (R1−R9) were compared (Table 1). Each experiment lasted for 7 d. In the first 

experiment (Experiment 1), aeration and mixing were performed in R1 before the start of the experiment, 
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while R2 was used as a typical anaerobic digestion reactor. In the second experiment (Experiment 2), an 

excessive amount of KNO3 was added with and without dog food (DF) in R3 and R4, respectively. In 

the last experiment (Experiments 3 and 4), KNO3 which was able to be denitrified was added with DF in 

R5, R6, R7, R8, and R9.  

Results and Discussion  

In R1, whose sludge had been aerated before the experiment, had higher ORP than in R2, but the 

difference of 50 mV lasted for only 1 d. In R3 and R4, where denitrification was not completed and 

nitrate was remaining, ORP was around −400 mV at the start, continued to increase, and reached around 

−150 mV at the end of the experiment. The NO3
−-N concentrations in R3 and R4 were high enough to 

inhibit the methane fermentation condition. In R5, R6, R7, R8, and R9, added nitrate was completely 

denitrified by the end of the experiments, and sudden ORP change was observed when denitrification 

was completed (Figure 1). In R8 and R9, methane was not detected in the generated biogas. It seems 

that most biodegradable organic matter was used for denitrification rather than methane fermentation, 

although ORP reached around −500 mV at the end. In R6 and R7, denitrification was completed, ORP 

decreased to around −500 mV within one day, and methane generation was detected. These results show 

that methane production proceeds at ORP below −350 mV, and in particular, around −500 mV (Figure 

2). This range corresponds with previous research and theoretical calculation based on thermodynamic 

software. 

Conclusions 

ORP can be used to monitor anaerobic status in biological waste and wastewater treatment, including 

septic systems, for controlling methane emissions. 
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Table 1 Experimental conditions for batch operations 

 

 
Figure 1 ORP change in Experiments 3 and 4. 

 
Figure 2 Relationship between the average ORP and methane production. 

  

Experiment set Reactor condition Aeration DF (g-wet) KNO3 (g) COD/N (-)

Experiment 1 R1-a Aerated 0.71 − −

Experiment 1 R1-b Aerated 0.70 − −

Experiment 1 R2-a − 0.70 − −

Experiment 1 R2-b − 0.71 − −

Experiment 2 R3-a − 0.70 2.41 2.8

Experiment 2 R3-b − 0.70 2.40 2.8

Experiment 2 R3-c − 0.70 2.40 2.8

Experiment 2 R3-d − 0.70 2.40 2.8

Experiment 2 R4-a − − 2.40 0

Experiment 2 R4-b − − 2.40 0

Experiment 4 R5-a − 0.70 − −

Experiment 4 R5-b − 0.70 − −

Experiment 4 R6-a − 0.70 0.45 15.2

Experiment 4 R6-b − 0.70 0.45 15.2

Experiment 3 R7-a − 0.70 0.90 7.6

Experiment 3 R7-b − 0.70 0.90 7.6

Experiment 4 R8-a − 0.70 1.50 4.5

Experiment 4 R8-b − 0.70 1.51 4.5

Experiment 3 R9-a − 0.70 1.80 3.8

Experiment 3 R9-b − 0.70 1.80 3.8
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27. Potential of low-frequency ultrasound in improving biogas production from 

dissolved air floatation waste from dairy wastewater 
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Abstract: Ultrasound pre-treatment is effective in improving anaerobic degradability of various 

feedstocks. In this study, low-frequency ultrasound was applied to improve the anaerobic digestibility of 

dissolved air floatation (DAF) waste from dairy effluent. Ultrasound treatment was effective to 

disintegrate the separated sludge generated by DAF by solubilising organic content for AD. Continuous 

ultrasound was able to reduce the free long chain fatty acids in DAF waste. Digestion tests were 

performed on batch bottles fed either with untreated or continuous sonicated DAF waste, at low and high 

food/inoculum (F/I) ratio, namely 0.5 and 3.0. The positive effect of ultrasounds on specific methane 

production was significant, and the lag phase of the digestion was strongly affected by F/I ratio. 

Ultrasound pre-treatment is ideal to improve the biogas production at high F/I ratio. 

 

Keywords: Anaerobic digestion; Ultrasound; Dairy waste 

Introduction 

Dairy industry discharges large amounts of wastewater containing complex organic substrates, including 

protein, carbohydrates, and lipids (Karadag et al., 2015). Lipids are usually removed by DAF process to 

ensure the efficiency of anaerobic treatment of dairy wastewater (Harris and McCabe, 2015). Therefore, 

DAF waste contains high concentration of lipids with high energy potential. However, the anaerobic 

digestion of lipids-rich waste is limited by several problems including adsorption, sludge floatation, 

washout, and inhibition (Holohan et al., 2022). It is necessary to apply pre-treatments on the feedstock 

to alleviate the negative impacts of the lipids and enhance biogas production. Ultrasound pre-treatment 

is effective in degradation of various agricultural wastes, but few studies reported on the effect of 

sonication on lipids-rich wastes. To assess the potential of pre-treatment in improving the anaerobic 

digestion of DAF waste, this study aims to: 1) evaluate the impacts of different ultrasound operation 

mode on DAF waste; 2) assess the impacts of continuous ultrasound pre-treatment on the anaerobic 

digestion of DAF waste at different organic load. 

Material and Methods 

Ultrasound treatment on DAF wastes was performed by 20 kHz ultrasonic homogenisers with 300 W 

power input. Two operation modes were tested: 1) pulse mode, 10 s on/10 s off for 30 mins; 2) continuous 

mode, non-stop for 15 mins. The final energy inputs for both operation modes were about 255 kJ. The 

effects of ultrasound pre-treatment on the anaerobic digestion of DAF waste were assessed by the 

biomethane potential (BMP) test according to the standard protocol. BMP test was carried out at 37℃ 

with shaking at 100 rpm. Anaerobic granular sludge collected from a full-scale anaerobic reactor treating 

dairy wastewater was used as inoculum. Untreated and continuous sonicated DAF waste was supplied as 

substrate at F/I ratio 0.5 and 3.0. DAF waste was sonicated continuously for 15 mins. pH, conductivity, 

total solids (TS), volatile solids (VS), and chemical oxygen demand (COD) were performed according 

to the standard methods; biogas, volatile fatty acids (VFA), and free long chain fatty acids (LCFA) were 

analysed by gas chromatography. 

mailto:y.liu12@nuigalway.ie


 

 

 

6
6

 

Results and Discussion 

The DAF waste was characterized with high concentrations of LCFAs, accounted 50% of TCOD (Figure 

1). Ultrasound treatment released the soluble organic content in DAF waste, with 1.8 and 1.5 times 

increase, pulse mode and continuous mode respectively. Ultrasound treatment reduced the concentration 

of free LCFAs in DAF wastes. The reduction of free LCFA (equivalent to COD) was 38.8% and 11.2% 

with continuous mode and pulse mode, respectively (Figure 1). These results suggested that ultrasound 

can potentially improve the anaerobic digestion of DAF waste by releasing soluble organic contents. 

Moreover, continuous ultrasound treatment can potentially alleviate the negative impacts of high lipids 

content on the anaerobic digestion of DAF waste by reducing the free LCFAs.  

The specific methane production of untreated DAF waste was 1194 ml ± 6 CH4/g VS fed and 657 

± 3 ml CH4/g VS, at F/I ratio 0.5 and 3.0, respectively (Figure 2). With low substrate load, high methane 

production with short lag phase was recorded suggesting that DAF waste is suitable for methane 

production in low-rate anaerobic digesters, with long retention times. However, high substrate load 

prolonged the lag phase and significantly reduced the methane yield of the process, which resulted from 

the inhibition of high concentration of LCFAs on the AD. The application of continuous ultrasound pre-

treatment improved the anaerobic degradability of DAF waste. Particularly, at F/I ratio 3.0 the methane 

gain increased 32% after sonication compared to untreated one. The improvement was attributed to the 

solubilisation of organic compounds by sonication. However, ultrasound pre-treatment was not able to 

shorten the lag phase. High concentrations of oleate were observed until the methane production started 

indicating the AD was inhibited. Interestingly, the palmitate degradation rate was faster after the 

sonication, which could enhance methane production.  

Conclusions 

To conclude, DAF waste is a suitable substrate for anaerobic digestion with high methane potential, but 

high substrate loading will inhibit methane production due to the inhibition of LCFA. Ultrasound pre-

treatment can efficiently solubilise the organic content from DAF waste. Continuous ultrasound 

treatment can reduce the free LCFA concentration in DAF waste and improve the anaerobic digestion of 

DAF waste with better methane yield and methane production rate.  
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Figure 1. Total COD (TCOD), Soluble COD (SCOD), LCFA, and VFA concentrations before and after 

ultrasound pre-treament: Pulse mode (left), Continuous mode (right) 

 

 
 

Figure 2. Cumulative methane yield of untreated (C) and pretreated (P) DAF waste at different F/I ratio. 
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28. Optimising start-up of anaerobic digestion of organic waste using CSTR prior 

enrichment of biogas through bio-methanation 

 

M.S. Hellal1,2,G. Cema1*,K K. Kadimpati1, A. Ziembińska-Buczyńska1, J. Surmacz-Górska1 

 * 1Environmental Biotechnology Department, Faculty of Power and Environmental Engineering, 

Silesian University of Technology, Akademicka St. 2, 44-100 Gliwice, Poland (grzegorz.cema@polsl.pl) 
2 Water Pollution Research Department, National Research Centre, 33 El-Bohouth St., Dokki, Giza 

12622, Egypt. 

 

Abstract: This study is focusing on optimising the start-up and operation of CSTR for biogas production 

from organic wastes via anaerobic digestion prior bio-methanation application. Two CSTRs was installed 

with effective capacity of 5 L and loaded with inoculum sludge with VS concentration of 2.7% and fed 

with mixed waste sludge with OLR of 1.3g VS/L and SRT of 21 days at mesophilic condition with 

temperature of 37 ºC for duration of 150 days. The produced biogas was monitored continuously via gas 

counters connected to PC while the gas composition was measured after collection in Tedlar gas bags 

using gas chromatography while the pH and temperature were monitored on daily basis. Also, samples 

from each reactor were collected and analysed in terms of physico-chemical composition. The results 

showed the reactors stability was adjusted during the start-up after tracking and maintaining deficiencies.  

the gas production was stable and increased from 1.6L to 2.2L/d while the gas composition improved as 

methane and CO2 content increased from 30% to 52% and 20% to 28% while nitrogen and oxygen 

content decreased from 39% and 8% to 10% and 1%. The optimised start-up of reactors condition made 

CSRT ready for application of bio-methanation process through hydrogen supply to the reactors.   

 

Keywords: Anaerobic digestion; biogas; bio-methanation 

Introduction  

Anaerobic digestion (AD) is a biological treatment method for reducing and stabilising various types of 

organic matter in the absence of oxygen, while at the same time producing biogas. AD of organic waste 

to biogas is a complicated microbiological process involving the joint activity of several groups of 

microorganisms with different metabolic capacities and growth requirements (Angelidaki et al., 2011). 

Operating parameters such as pre-treatment type, supply of substrate, duration of degradation, process 

temperature and stirring are of critical importance and have to be set properly to ensure high activity and 

gas yields with minimised risk of inhibition or washout of critical functions and microorganisms(Divya 

et al., 2015). Laboratory scale AD reactors are advisable to optimise and evaluate a specific biogas 

process or substrate  prior application of a full-scale process. The study of laboratory-scale experiments 

in terms of start-up and operation, preparation of substrate, application of process additives, etc., and 

monitoring and evaluation of the biogas process is important. By performing such study, different factors 

can be evaluated alone or in combination under controlled conditions, without risking loss of stability 

and/or loss of gas production in the full-scale application. The objective of this study is to optimize the 

start-up of AD   using CSTR for the production of methane prior upgrading for bio-methanation process.  

Material and Methods 

Two laboratory‐scale AD reactors was fabricated with a capacity of 5 L for each(Figure 1). The reactor 

chamber was stirred with the use of paddle‐type mixers, and the temperature was kept at level of 37–38 

°C by means of a water jacket connected to circulating water baths with digital temperature controller 

(VWR International, USA). The reactors was loaded with   inoculum from 

closed  fermentation  chambers in  Gliwice WWTP, Poland with VS content of  2.3% while substrate 

used was collected  from the mixed sludge waste at the same treatment plant with average VS contents 

of 2.7%. Both reactors were operated at OLR of 1.3 g VS/L and SRT of 21days. pH and temperature 

measurements were carried out in the reactors on daily basis. The volume of produced biogas was 

mailto:grzegorz.cema@polsl.pl


 

 

 

6
9

 

measured continuously with use of gas counter (RITTER MGC-1 V3.4, Germany) PC software. 

Periodically, the composition of biogas was measured by collecting in Tedlar gas bags and injection to 

gas chromatography (Agilent…….). Also, the composition of substrate and digestate from each reactor 

was monitored weekly in terms of soluble COD, TS, VS, TN, ammonia, VFA and alkalinity.  

.   

 

 

 

 
 

 

 

 

 

 

 

Figure 1 Schematic diagram of Lab-scale CSTR 

Results and Discussion  

The monitoring results of the two CSTRs showed that some process instability during the first 60 days 

regarding the gas produced and composition. As shown in Figure (2a,b) the amount of gas produced  is 

variable and was in average of 1600 ml/day. Also, the results of gas composition analysis(Figure 2 c,d) 

indicated low quality of biogas produced and it was highly contaminated. The methane content in the gas 

was in average of 30 %  which is very low percent while there was large amount of nitrogen and oxygen 

in the biogas and their percent reached to about 40% and 8% while the CO2 concentration was about 

20%. The quality of gas was not satisfactory as results of air contamination during the daily manual 

feeding and discharge mode of the reactor which allow air to entre the reactors. The modification of 

feeding/discharge regime to prevent air from flow inside the reactor, the stability of gas production was 

noticed and the average daily produced gas from both reactors was 2200 mL. Also, the gas composition 

analysis showed increase in methane concentration to about 52% and CO2 to about 28% while the 

nitrogen and oxygen concentration reduced to 11% and 1.5 % respectively. The obtained results of gas 

composition was in agreement with other studies on AD of organic wastes which revealed methane in 

the range of 50-70%, CO2 20-30%, nitrogen 10-15% and oxygen 1-3% (Li et al., 2011; Ossa-Arias and 
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González-Martínez, 2021; Thanarasu et al., 2022). Also, the pH and temperature was stable during the 

period of operation and it was about  6.96 and 37.5 ºC. The sludge analysed from both reactors showed 

VS content of about 2.1% and VS/TS of about 68%. Also, the average VFA concentration was 135 mg/L 

while the alkalinity was about 4200 mg/L.  

 Figure 2 Performance of the reactors for biogas production: (a) daily gas amount, (b) produced amount 

per g VS, (c) and (d) gas composition in the two reactors.  

Conclusions 

After optimizing the start-up of CSTR for AD of organic waste for biogas production after a period of 

operation showed stability of the reactors for biogas production with satisfactory methane concentration 

(52%) and CO2 of 28% which is suitable for applying of bio-methanation process through hydrogen 

supply from external source.  
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29. Effect of low-thermal pretreatment of WAS on methane production during 

anaerobic digestion  
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Poland.(hubert.bylinski@pg.edu.pl) **Department of Environmental Engineering Technology, Gdansk 
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Abstract: This study presents biochemical analysis of the low-thermal pretreatment (LT-PT) of waste 

activated sludge (WAS) on the efficiency of methane production during anaerobic digestion (AD). 

Different LT-PT conditions were tested in terms of temperature (45°C/50°C/55°C/60°C) and time of 

exposition (up to 48 h) to obtain a significant impact on methane production. Effects of LT-PT were 

evaluated by increase of soluble chemical oxygen demand (sCOD), volatile fatty acids (VFAs) 

concentration and methane production (biochemical methane potential, BMP) values. WAS samples 

treated at 55°C/60°C for 48h provided the highest amount of methane (198.8±5.5 N mL CH4/g VS and 

194.3±4.2 N mL CH4/g VS, respectively).  According to the cluster analysis, they had significantly 

different properties than WAS subjected to LT-PT at 45°C/50°C.  

 

Keywords: low-thermal pre-treatment; biogas; waste activated sludge  

Introduction  

One of the most popular method used for stabilisation of primary and secondary sludge is anaerobic 

digestion (AD). However, despite the undeniable benefits of AD, in conventionally degraded WAS the 

organic matter conversion efficiency is below 35%, which is still economically unfeasible for small-scale 

WWTPs (Mata-Alvarez et al., 2014). This is mainly due to the limited biodegradability of WAS, which 

contains bacterial cells as well as a significant amount of extracellular polymeric substances (EPSs), both 

important in the formation of sludge flocs and bioaggregates during activated sludge processes (Ding et 

al., 2015). Thus, in order to disrupt and lyse  of WAS components, various pre-treatment methods can be 

applied (Kor-Bicakci & Eskicioglu, 2019). The aim of this work was the evaluation of the effectiveness 

of lowthermal pretreatment (LT-PT) of WAS to enhance the further AD process.  

Material and Methods  

WAS samples were collected from the municipal WWTP Gdynia-Debogorze located in Pomeranian 

Voivodeship, Poland. LT-PT was performed in laboratory-scale reactors with a total volume of 20 L. 

During these experiments, 15 L of WAS was fed into the reactor. Altogether, four 48 h tests were carried 

out at temperatures of 45°C, 50°C, 55°C and 60°C. Efficiency of the LT-PT process has been evaluated 

based on the following parameters: pH, conductivity (multi-parameter meter HL-HQ40d, HACH, 

Germany), volatile fatty acids (VFAs), soluble chemical oxygen demand (sCOD), ammonia (NNH4+), 

total nitrogen (TN), total phosphorus (TP) and ortho-phosphate phosphorus (PPO4) using XION 500 

spectrophotometer Dr. Lange (GmbH, Germany). The methane yield of LT-PT sewage sludge was 

determined using Automated Methane Potential Test System II (AMPTS II; Bioprocess Control AB, 

Lund, Sweden). To investigate the impact of LT-PT on methane yield during AD, exploratory data 

analysis was performed.  
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Results and Discussion   

Figure 1 present characteristics of WAS after 24h and 48h of low-thermal pre-treatment in different 

temperatures. Based on these study results, it can be observed that both the duration of exposure and the 

temperature of the process have a significant impact on both DD and sCOD. For each temperature, the 

highest values of DD were observed for samples pretreated for 48h. After 24h of WAS pretreatment, the 

DD values were between 18% (for 45°C) and 30% (for 60°C); after 48 h, the DD values were between 

27% (for 45°C) and 42% (for 60°C). It was also observed that after 12 h, the highest  

VFA concentration was in WAS samples pretreated at 50°C (up to 3,000 mg/L). However, in WAS 

pretreated for 48 h the highest VFAs contents were observed at 60°C (> 4,000 mg/L).  

  
Figure 1 Characteristic of WAS after 24h and 48h of low-thermal disintegration in different 

temperatures.  

LT-PT of WAS has increased the  methane production during AD process. BMP values obtained in this 

study are presented in Table 1, showing higher methane production for pretreated WAS compared to raw 

WAS, even after 24 h of process. The highest methane production was observed for WAS pretreated at 

55°C and 60°C for 48h (198.8±5.5 N mL CH4/g VS and 194.3±4.2 N mL CH4/g VS, respectively).  

Table 1 Biomethane potential values obtained in this study.  

  BMP [Nml CH4/g VS] (mean value ± SD)  

Untreated sludge  139.1±2.7  

Disintegration time  45°C  50°C  55°C  60°C  

24h  162.6±4.3  149.4±3.1  149.1±4.8  185.6±5.a3  

48h  182.6±6.4  179.7±2.9  198.8±5.5  194.3±4.2  

In Figure 2, a cluster heatmap of LT-PT and AD process parameters with respect to sample 

composition and processing conditions is displayed. The clustering visible in the heatmap clearly indicate 

that the LT-PT conditions (especially time and temperature) significantly impacted the chemical structure 

of the sludge. The analysis of the smallest clusters (further from the root) suggests that the most important 

factor for all samples is the temperature of LT-PT, as those clusters are mostly formed from samples that 

was pretreated for the same time and at the same temperature.  
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Figure 2 Cluster heatmap of disintegration and fermentation processes with respect to sample 

composition.  

Conclusions  

LT-PT has a significant impact on the WAS characteristics and on methane production during AD 

process. The increase of WAS biodegradability was reflected in the DD values (up 42% after 48 h/60°C 

disintegration). LT-PT of WAS samples at 55°C/60°C for 48 h provided the highest amount of methane 

(198.8±5.5 NmL CH4/g VS and 194.3±4.2 NmL CH4/g VS, respectively). Data analysis obtained in this 

study showed significantly different properties of WAS subjected to LT-PT at 55°C/60°C in comparison 

to WAS subjected to LT-PT at 45°C/50°C.  
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Abstract: The aim of this study is the investigation of the effect of temperature (45 – 60 oC), under 

aerobic conditions, on the hydrolysis of OFMSW. To this end, an artificial substrate resembling a 

hypothesized average composition of OFMSW particular for the region of Northern Poland was utilised. 

The substrate was minced and then thermally disintegrated under aerobic conditions. According to the 

obtained results the thermal hydrolysis at 55 oC, for three days performed marginally better resulting in 

mean 29.8 % disintegration efficiency, although results did not differ much between temperatures. 

Production of Volatile Fatty Acids (VFAs) decreased with increasing temperature. An efficiency drop 

was observed when air supply was decreased to permit semi-anaerobic conditions, indicating the effect 

of enzymatic hydrolysis over thermal disintegration in this temperature range. 

 

Keywords: OFMSW; low temperature disintegration, hydrolysis; VFAs 

Introduction 

OFMSW is regarded a reliable, sustainable – with limitations – and readily available resource, which 

shows potential for the extraction of energy and the production of high added value products such as 

numerous organic compounds and biopolymers. The valorisation of the OFMSW is achieved through 

anaerobic digestion (AD) and is currently gaining ground over the use of other organic substrates due to 

its potential. The limiting step during this process, however, has still been hydrolysis (Eastman and 

Ferguson, 1981). Thus, currently research re-examines the biomass hydrolysis as a separate step from 

the acido/acetogenesis and methanogenesis in AD (Chaterjee and Mazumder, 2019). 

The objective of the study was to enhance the OFMSW hydrolysis by the application of thermal 

disintegration (45 oC – 60 oC). The LTD efficiency was measured by assessing the solubilisation of the 

organic matter and the production of VFAs, both key factors in the next step of AD, acidogenesis. 

Moreover, a basis was established for further study, resolving various technical issues. 

Material and Methods 

An artificial substrate resembling a hypothesized composition of OFMSW typical for the Pomeranian 

region was selected considering the regulations about organics disposal by the municipal segregation 

system (Table 2). The regulations prohibit the disposal of meat, fish and used oil. The products were 

acquired from the local market. The substrate was prepared in 30 kg batches, components were minced 

in a thermomix apart from paper towels and green residue which were reduced to size manually; every 

component was layered on top of a canvas and manually homogenised. The mechanically processed 

substrate was then packed and frozen to -18 oC until tested. 

Every batch run was performed in a 20 L bioreactor for a period of 72 hr. Four kilos of substrate were 

thawed overnight in room temperature, they were diluted 1:4 to around 3.6 w/w % TS, brought to 

temperature and sampled every 24 hr. Mixing frequency was kept constant at 35 Hz and aeration through 

air diffusers was intermittent. For every temperature in LTD (45 oC, 50 oC, 55 oC and 60 oC) at least three 

batch runs were conducted. 

Total solids (TS) were calculated according to standard methods (USEPA, 2001). RedOx, pH and DO 

were analysed immediately after sampling using the Hach HQd portable meter and the corresponding 

probes. Soluble CODs and VFAs were measured using the Hach Lange DR 3900 spectrophotometer and 

the corresponding cuvette tests. A disintegration degree was measured against a baseline solubilisation 
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rate after alkalic total fusion, according to the method proposed by Müller et al. (1998). The alkalic fusion 

CODa was measured as the soluble COD after alkalic fusion of 0.5 lt substrate in 0.5 lt 1M NaOH for 48 

hr. 

Results and Discussion 

During the experiment, the 30 kg batches of substrate prepared displayed a varying initial CODs from 

14.2 mg/L to 22.8 mg/L as a result of adjustments to the size reduction of the green residue and the paper 

towels. The decrease of air supply resulted in methane and carbon dioxide production and lower VFAs 

yield indicating the presence of anaerobic microniches with methanogenic activity (Figure 2c). The 

process efficiency was reduced denoting that LTD depends on microbial activity (Figure 2). 

The results of the thermal hydrolysis lied within the range of one standard deviation (Figure 3). 

Percentage increase of CODs reached as much as 70 % in individual runs, the mean increase, however, 

was quite lower (Figure 3a). The disintegration degree – the percentage of the particulate organic mass 

undergone hydrolysis – was adequately high after three days of treatment, 23 – 30 % (Figure 3b). 

Although no temperature produced significantly different results, the 55 oC performed marginally better 

regarding the disintegration degree which reached 47 % in individual runs. 

As expected, increasing VFAs concentration corresponded with decreasing pH; pH dropped from 5.2 

– 6.2 initially to as low as 4.2. Finally, a negative trend of the VFAs concentration was observed against 

increasing temperature (Figure 3c). 

Conclusions 

Low temperature hydrolysis was run marginally more efficiently at 55 oC. The combination of both 

aerobic conditions and anaerobic microniches performed worse in comparison to fully aerobic conditions 

and displayed the effect of the microbial activity on the process. These results concern batch tests, 

continuous operation, however, may perform differently. The next step will be the enzymatically assisted 

hydrolysis in batch sequence. 
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Table 2 Artificial substrate composition. 

Ingredient w/w % Ingredient w/w % 

Bread 5.00 Bananas 5.50 

Rice, boiled 5.00 Lemons 5.50 

Pasta, boiled 5.00 Coffee, spent 0.25 

Potatoes 22.00 Tea, spent 0.25 

Carrots 12.00 Paper towels 1.50 

Cabbage 7.00 Grass 0.50 

Tomatoes 10.00 Leaves 0.50 

Apples 20.00 Sum 100.00 

 

Figure 2. Results of OFMSW subjected to LTD in fully aerobic vs. aerobic – semi-anaerobic conditions 

at 55 oC.  

 
Figure 3. Mean percentage increase of CODs, Disintegration Degree (DD) and VFAs of OFSMW 

subjected to LTD at 45 oC (blue); 50 oC (green); 55 oC (yellow); 60 oC (red). 
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Abstract: Membrane bioreactor (MBR) systems can achieve high effluent quality with low footprint. 

However, MBR is an energy-intensive technology, and fouling increases operation costs (energy 

consumption due to filtration pumps and chemical cost for cleaning). Optimization of the filtration cycle 

is important to find the balance between the permeate quality and the operation cost. In this study, a pilot-

scale MBR with UF membranes followed by a disinfection system was monitored in view of producing 

water suitable for reuse in agriculture sector. To determine the best membrane operation strategy, cost-

benefit analysis was used to compare three different ratios of filtration to backwash time. The shadow 

price concept was used for the quantification of the benefits of water reuse in agriculture. The results are  

Keywords: Cost-benefit analysis; water reclamation; optimization  

Introduction 

The water amount consumed by agricultural activities will increase because agricultural production is 

expected to expand by 70% in 2050 (The World Bank, 2020). Moreover, extreme climatic events and 

rain irregularity caused by climate change will make access to usable water difficult (WEF, 2020). 

Treated wastewater is a reliable and continuous water source for areas facing water crises because of 

climate change (Lazarova et al., 2013; Mannina et al., 2022). Reusing treated wastewater in agriculture 

achieves water, organic, and nutrient (nitrogen, phosphorus, potassium) recovery (Ricart and Rico, 2019; 

Ofori et al., 2021). Moreover, producing irrigation water from wastewater reduces the amount of 

greenhouse gas (GHG) emissions compared to natural water extraction operations or high energy-

consuming treatment technologies such as desalination (Alcon et al., 2012). Ultrafiltration (UF) 

membrane is one of the most used technology to produce irrigation water from wastewater, because it 

has high total suspended solids (TSS), organic matter, and pathogen removal capacity (Oron et al., 2008). 

Membrane bioreactor (MBR) process (combining activated sludge process and membrane filtration) has 

several advantages over conventional systems (using settler for solid/liquid separation): (i) lower 

particular matter escape from the effluent, (ii) higher sludge retention times, and (iii) disinfection of the 

effluent (Judd and Judd, 2006). However, operation costs related to membrane fouling are the main 

drawback of this technology (Perez, et al. 2022). Backwash and chemical cleaning of UF membranes are 

widely applied to eliminate fouling (Lin et a., 2010). The filtration cycle of filtration and air/water 

backwashing mitigates membrane fouling (Cornelissen et al., 2007). In view of reducing the MBR 

operation costs (both in terms of energy and chemicals), the filtration cycle should be optimized savings 

(Yang et al., 2021).  

In this study, domestic wastewater was treated by an UF MBR pilot-plant, and the permeate was 

disinfected to produce water suitable for agriculture. The membrane system was operated with a periodic 

filtration and air/water backwash cycle. Cost-benefit analysis was used to compare three different ratios 

of filtration to backwash time. Energy and chemical costs were included in operational costs, and the 

shadow price concept was used for the quantification of the benefits of water reuse in agriculture.   

Material and Methods 

The pilot plant was realized at the Water Resource Recovery Laboratory Palermo University (Figure 1) 

(Mannina et al., 2021). The pilot plant consisted in a pre-denitrification scheme (anoxic and aerobic tank) 

followed by and MBR. The pilot plant was continuously fed with real wastewater produced within the 

University of Palermo Campus. Standard methods were used to measure TSS, BOD5, E.coli. Permeate 

turbidity was measured by using a portable Hanna HI93703 turbidimeter. Hollow fibre UF membrane 

having 1.4 m2 surface area (pore size: 0.03 m) was used to separate biomass from treated water. Sodium 

hypochlorite (NaOCl) was used for membrane chemical cleaning and as disinfectant (5 mg Cl2/L). The 

disinfection contact time was selected as 30 min.   
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Figure 4. The flow diagram of the pilot-scale treatment plant 

The average TSS, BOD5 concentration, and E.coli count of the influent wastewater were respectively 

560 mg/L, 167 mg/L, and 2,3x104 cfu/100 mL. Table 1 summarizes the filtration and backwashing times 

investigated during three scenarios (S1, S2 and S3). 

Table 3. Experimental design 

Parameter Unit S1 S2 S3 

Filtration time (F) min 9 6 3 

Backwash time (B) min 1 1 1 

Total cycle time min 10 7 4 

F/B ratio - 9 6 3 

 

The operational cost included chemical and energy costs of the MBR plant. The unit cost of chemical 

cleaning was taken as 0.127 €/cleaning. The benefits have been calculated by using shadow prices of 

desired (water) and undesired (TSS, BOD5, turbidity, and E. coli) parameters according to European 

Commission criteria for minimum quality of reclaimed water (Regulation 2020/741). The shadow prices 

for desired and undesired parameters have been taken from literature (Hernandez-Sancho et al., 2010).  

Results and Discussion  

The performance of scenario S1 are summarized in Table 4. By analysing data of Table 2 one can observe 

that the permeate quality is in line with the minimum reclaimed water criteria according to European 

Regulation 2020/741. S2 is currently under operation and S3 will be tried afterwards. The benefit of 

water reuse will be calculated and cost of operation will be estimated for all operation scenarios. 

Table 4. The permeate quality of operation scenario 1 

Parameter Permeate Class A (Regulation 2020/741) 

TSS 0.02 mg/L 10 

BOD5 9 mg/L 10 

Turbidity 1.6 NTU 5 

E.coli 0 cfu/100 mL 100 

Conclusions 

Reclaimed water is beneficial for irrigation in areas facing water crises because of its continuity. 

Furthermore, sustainable development goals can be achieved by circulating resources (water, organics, 

and nutrients) from waste to production by water reuse in agriculture. However, there is a trade-off 

between treatment performance and operation costs that need to be achieved by identifying the optimal 

operational conditions. 
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Abstract: Hydroponic effluent is rich in nutrients such as nitrogen and phosphorus, and by using it for 

algae cultivation, it contributes to the realization of a circular economy and biorefinery system. In the 

present study, the macroalga U. prolifera was cultivated by continuously introducing hydroponic effluent 

and seawater into a 1000 L culture tank, and the flow rate of hydroponic effluent was increased with its 

growth. The specific growth rate of U. prolifera was 0.31 day–1, and 90% of NO3-N and 44% of PO4-P 

derived from the hydroponic effluent in the inflow were removed during 8 days of cultivation. The 

removal performance of PO4-P was lower than that of NO3-N. This is because the molar ratio of inorganic 

nitrogen and phosphorus (N/P ratio) in the hydroponic effluent was about 4, while the N/P ratio of U. 

prolifera is 17. The overload of phosphorus increased the concentration of PO4-P in the effluent. This 

indicates that the optimum load of U. prolifera should be estimated by considering the N/P ratio of 

hydroponic effluent. 

 

Keywords: Hydroponic effluent; Algae cultivation; Ulva prolifera 

Introduction 

As the population grows, the demand for food products will increase, and agricultural productivity is 

expected to improve. Hydroponic culture, an approach for growing plants using nutrient solutions, has 

been used in farming as an alternative to soil culture. Closed hydroponic culture can save water and 

nutrients by cyclic use of nutrient solution, but some of the nutrient solution is discharged into the 

receiving water bodies. We have previously found that hydroponic effluents are rich in nutrients such as 

nitrates and phosphates (Nagare et al., 2021) and can be used for the growth of macroalgae (Nomura et 

al, 2019). Macroalga Ulva prolifera, which is edible in Japan, has a high commercial value as green laver 

(Ohno et al., 1993) and accumulates polysaccharide ulvan that has potentials to produce valuable 

products such as pharmaceuticals. Utilization of hydroponic effluent for cultivating U. prolifera 

simultaneously achieves nutrient removal and food production, contributing to the realization of a 

circular economy as well as biorefinery system. 

In the present study, pilot-scale cultivation of U. prolifera was conducted using hydroponic effluent. The 

specific growth rate of U. prolifera and removal performance of nutrients were discussed. 

Material and Methods 

The hydroponic effluent from eggplant cultivation (Kochi, Japan) was collected on October 19, 2021. 

The reactor was configured as shown in Figure 1A. The cultivation experiment of U. prolifera was 

carried out outdoors from October 25th to November 2nd, 2021. U. prolifera was cultivated by 

continuously introducing hydroponic effluent and seawater into a 1000 L culture tank. Table 1 

summarizes the concentrations of nutrients (NO3-N, NO2-N, NH4-N, and PO4-P). The initial wet weight 

(X0) of U. prolifera was 56.35 g and the wet weight (X) was measured every two days during cultivation. 

Figure 1B shows the flow rates (inflow) of hydroponic effluent and seawater, and the flow rate of 

hydroponic effluent was increased with the growth of U. prolifera. The hydraulic retention time was 

mailto:nomura.yohei.3r@kyoto-u.ac.jp
mailto:fujiwara.taku.3v@kyoto-u.ac.jp
mailto:mhiraoka@kochi-u.ac.jp
mailto:aonda@kochi-u.ac.jp
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around 8 h, and the cumulative photon flux and water temperatures during the cultivation experiment 

were 224 mol m–2 and 19–27°C (average temperature 22°C), respectively. 

Results and Discussion 

Figure 2A shows the time profile of the wet weight of U. prolifera. The wet weight reached 740.26 g 

after 8 days of cultivation, and the specific growth rate was 0.31 day–1. The specific growth rate of this 

study was lower than that of our previous study (Hiraoka et al., 2020), but U. prolifera could be cultivated 

using hydroponic effluent. Figure 2B depicts the concentrations of NO3-N, NO2-N, NH4-N, and PO4-P 

in the outflow. Despite the increase in flow rate of hydroponic effluent, NO3-N concentration in the 

outflow was approximately 0.2 mg/L from day 2 onwards. On the other hand, PO4-P concentration in the 

outflow increased after the second day. Based on the calculation of the loadings of NO3-N and PO4-P in 

the inflow and outflow, 90% of NO3-N and 44% of PO4-P derived from the inflow were removed during 

8 days of cultivation, and the removal efficiency of PO4-P was lower than that of NO3-N. In our previous 

studies, the elemental composition of U. prolifera was C154: N17: P1 (Hiraoka et al., 2020), and it was 

deduced that 17 is suitable for the N/P ratio of the culture medium. The molar concentration ratio of 

inorganic nitrogen (Inorg-N = NO3-N + NO2-N + NH4-N) to inorganic phosphorus (Inorg-P = PO4-P) in 

the hydroponic effluent used in this study was about 4. In the flow rate setting of the hydroponic effluent 

in this cultivation test, most of the supplied nitrogen was absorbed by U. prolifera, but it is considered 

that the PO4-P concentration in the outflow increased due to the overload of phosphorus. In future studies, 

the optimum load of U. prolifera should be estimated by considering the N/P ratio in the hydroponic 

effluent. 

Conclusions 

The 90% of NO3-N and 44% of PO4-P contained in the hydroponic effluent were removed by the growth 

of U. prolifera. The optimum load should be estimated in future studies by considering the N/P ratio in 

the hydroponic effluent. 
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Table 1 Nutrient Concentrations in hydroponic effluent and seawater used as inflow. 

Nutrient Hydroponic effluent Seawater 

NO
3
-N (mg N/L) 118±6.59 1.89±0.42 × 10

–2
 

NO
2
-N (mg N/L) 9.11±0.58 × 10

–3
 4.47±0.88 × 10

–3
 

NH
4
-N (mg N/L) 3.83±1.09 × 10

–1
 9.21±2.39 × 10

–3
 

PO
4
-P (mg P/L) 62.4±2.05 6.14±0.72 × 10

–3
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Figure 1 A: Configuration of reactor. B: Flow rates (inflow) of hydroponic effluent and seawater. 

 

 
Figure 2 A: Time profile of wet weight (X) of U. prolifera. B: Concentrations of nutrients in outflow. 
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Abstract: Culture of Chromochloris zofingiensis NIES-2175, which was formerly identified as Chlorella 

zofingiensis, was studied both to remove nutrients and to produce valuable carotenoids from hydroponic 

effluent, which usually contains high concentration of nutrients. The algae produced several carotenoids 

including astaxanthin and β-carotene more in mixotrophic culture with glucose than with other carbon 

source and autotrophic culture. Carotenoids synthesis in mixotrophic culture with glucose was also 

explained by increased transcription of several genes relating carotenoids synthesis. A simulation 

demonstrated the microalgae is capable to remove nitrogen in the hydroponic wastewater.  

 

Keywords: microalgae; hydroponic effluent; water treatment  

Introduction  

Hydroponics is a soilless cultivation system, which has received attention recently because of its affinity 

for industry and its less water consumption compared with typical soil culture. A highly concentrated 

nutrient solution is used in the system to be discharged after use because of the imbalanced composition 

and accumulation of hazardous substances and pathogens. The effluent contained 9.8–526 mg N/L of 

nitrate and 3.0–131 mg P/L of phosphorus in our survey in Kochi, Japan (Nagare et al., 2021).   

Such high concentrations of nutrient may result in water pollution without adequate treatment, but the 

cost of the treatment is the issue. Thus, a treatment method was studied not only to remove nutrients but 

also to produce valuable resources to improve the economic efficiency. The valuable resources are 

carotenoids, natural antioxidative pigments, in this research. Fundamental performance of microalgae 

was investigated in artificial media focusing on carotenoids production.  

Material and Methods  

An microalgae Chlomochloris zofingiensis NIES-2175 was obtained from the Microbial Culture 

Collection at the National Institute for Environmental Studies, Japan. The alga was formerly classified 

as Chlorella zofingiensis, that is known to produce astaxanthin, one of the carotenoids (Liu et al., 2014).  

Batch culture experiment was conducted to compare the specific growth rates between the carbon 

sources and wave lengths of light. The carbon sources used were carbonate, glucose, acetate, and 

pyruvate. The carbon sources were put into CZ-M1 media with the concentration of 585 mmol C/L in 10 

mL glass vials.  Another batch culture experiment was conducted in a 300 mL flask to observe the changes 

in water quality, carotenoid concentration and transcription of genes relating to carotenoid synthesis.  

Results and Discussion   

Specific growth rates were evaluated at three different nutrient concentrations, three temperatures (15, 

25 and 35°C) and three pHs (4.5, 5.5 and 6.5). The conditions were made based on the concentrations of 

hydroponic effluent. The specific growth rates were significantly affected by the temperature more than 

concentration and pH. The specific growth rates at pH 5.5 and 25°C ranged between 0.15 and 0.41 d−1.  
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The algae showed a remarkable specific growth rate in glucose medium both in the dark (i.e., 

heterotrophic) and mixotrophic conditions (Fig.1). The result showed that the glucose media had a 

specific growth rate of 0.44 d−1, 0.58 d−1, 0.51 d−1 for dark conditions, blue and red light environments 

respectively, compared with other carbon sources in each condition. This indicates that the glucose 

medium is the best carbon source for the growth of C. zofingiensis. Astaxanthin production was also 

enhanced by glucose addition as reported by Liu et al. (2014).  

Then, further batch culture experiment was conducted. After the addition of glucose, algal biomass 

increased rapidly (Fig.2). During the culture, carotenoids content changed: lutein was the main 

carotenoid, while it decreased once, the increased once again three days along with astaxanthin. 

Transcription of LYCe gene, which relates to the lutein synthesis increased for the first three days.   

Simple process simulation was conducted to evaluate the volume and biomass concentration required 

to remove nitrogen. Fig. 3 shows the results of two cases. The first case is a relatively easy case to remove 

100 mg/L of nitrogen with a high specific growth rate of 0.41 d−1 which was the highest rate observed in 

the batch experiment. In this case, the effluent nitrogen concentration is reduced to 10 mg/L with a 

biomass concentration of 1,000 mg/L and a retention time of 4 days. Another case is a difficult case to 

remove 530 mg N/L with a small specific growth rate of 0.15 d−1. In this case biomass concentration of 

5,000 mg/L and retention time of 10 days are required to reduce the nitrogen concentration to 50 mg/L.  

Conclusions  

C. zofingiensis can remove nitrogen in the hydroponic effluent with high concentration of more than 500 

mg/L in 10 days. However, glucose is required to produce astaxanthin and other carotenoids.  

Acknowledgements 

This work was supported by Cabinet Office grant in aid, the Advanced Next-Generation Greenhouse 

Horticulture by IoP (Internet of Plants), Japan.  

References  

Liu, J., Sun, Z., Gerken, H., Liu, Z., Jiang, Y. and Chen, F. (2014). Chlorella zofingiensis as an alternative 

microalgal producer of astaxanthin: biology and industrial potential. Mar Drugs 12(6), 3487-3515. 

Nagare, H., Nomura, Y., Nakanishi, K., Akao, S. and Fujiwara, T. (2021). Characterization of Effluent 

Water Quality from Hydroponic Cultivation System. Journal of Water and Environment Technology 

19(2), 64-73.  

  

 
blank carbonate glucose acetate pyruvate 

 Carbon source   

Figure 1 The specific growth rate of C. zofingiensis at different conditions and varying carbon sources.  
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Figure 2 Changes in water quality and carotenoids during the batch culture experiment of C. zofingiensis.  
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Figure 3 Effluent nitrogen concentration after algal treatment. These figures show the simulation results 

changing hydraulic retention time and biomass concentration in the reactor. Left side figure is for the 

easiest case (N0 = 100 mg/L and μ = 0.4 d−1), while the right is the results for the most difficult case (N0 

= 530 mg/L and μ = 0.15 d−1). The minimum HRT was set as 1/μ.  
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Abstract: Duckweed has attracted considerable attention as a promising biomass for the production of 

bioenergy, animal feed, and human nutrition. Duckweeds can be efficiently cultivated in wastewater, 

which contains abundant nutrients to support their growth. However, the influence of the organic 

compounds present in wastewater on duckweed biomass production is poorly understood. The aim of 

this study was to evaluate the influence of typical organic compounds (sugars, amino acids, and organic 

acids) on the productivity and biomass composition of duckweed, Lemna minor. The results revealed 

that some sugars (D-glucose, sucrose, and D-trehalose) and amino acids (L-glutamine and L-asparagine) 

enhanced the productivity of valuable duckweed biomass rich in starch and protein, respectively. 

 

Keywords: Duckweed; Biomass production; Organic compounds 

Introduction 

Duckweeds (Lemnaceae family) are small, free-floating aquatic plants that are distributed globally in 

eutrophic water environments. They are useful for removing nutrients from wastewater because of their 

high tolerance to various environmental pollutants and other abiotic stresses. Furthermore, owing to their 

fast growth and high starch and protein content, duckweeds have attracted attention as a promising 

biomass feedstock for the production of bioenergy, animal feed, and human nutrition. Thus, duckweeds 

offer a co-beneficial process that achieves both wastewater purification and valuable biomass production 

(Toyama et al., 2018). 

In general, wastewater contains not only nutrients (nitrogen and phosphorus) that support plant 

growth, but also a variety of organic compounds. For example, wastewater generated from food-

processing industries may contain sugars, amino acids, and organic acids. However, little is known about 

the influence of organic compounds on the productivity and chemical composition of duckweed. 

Therefore, this study was conducted to evaluate the influence of sugars, amino acids, and organic acids 

on the growth and biomass composition of duckweed (Lemna minor). 

Materials and Methods 

Seventeen sugars, 20 amino acids, and 10 organic acids were selected as the test compounds (Table 1). 

Ten fronds of surface-sterilized L. minor were transplanted to 60 mL of modified Hoagland medium in 

a 100-ml flask in the presence or absence of each sugar (10 g/L), amino acid (5 mM), and organic acid 

(1 mM). They were cultured in a growth chamber under constant light and thermal conditions (28°C, 40 

µmol/m2/s, 16 h/8 h day/night cycle) for eight days, with medium replenishment after four days to prevent 

nutrient depletion. Duckweed growth was evaluated using the relative growth rate for eight days. In 

addition, the starch or protein content of the biomass was measured. 

Results and Discussion  

Among the 17 sugars tested, supplementation with D-glucose, sucrose, and D-trehalose notably enhanced 

duckweed growth. In addition, starch production was significantly increased by supplementation with D-

glucose, D-mannose, D-fructose, sucrose, and D-trehalose (Figure 1). The increase in starch production 

by D-glucose, D-fructose, and sucrose was likely caused by their utilization in starch synthesis. In 



 

 

 

8
7

 

contrast, it is reported that trehalose 6-phosphate is synthesized in response to the sucrose content in the 

plant body and functions as a signal molecule to mitigate glucose degradation (Figueroa and Lunn, 2016). 

Thus, it is likely that D-trehalose supplied to duckweed induced the starch accumulation through its 

phosphorylation in duckweed bodies. 

Among the 20 amino acids examined, duckweed growth was significantly promoted by L-glutamine. 

Conversely, growth was noticeably inhibited by 15 amino acids, except for L-glutamine, L-asparagine, 

L-aspartic acid, L-glutamic acid, and glycine. Protein production was significantly enhanced when L-

glutamine or L-asparagine was added (Figure 2). It is likely that L-asparagine, L-aspartic acid, L-

glutamine, and L-glutamic acid were actively taken up by the duckweed and utilized to synthesize other 

amino acids and proteins, which led to the growth promotion. In addition, because L-asparagine and L-

glutamine are the major nitrogen forms flowing through sieve tubes in the plant body (Hayashi and 

Chino, 1990), they would be easily metabolized, and facilitate protein production. 

No promotion or inhibition of duckweed growth occurred in the presence of organic acids, except for 

significant growth inhibition by butyrate and propionate. Butyrate and propionate appear to accumulate 

in duckweed bodies because of their lipophilic nature, which leads to pH reduction and, consequently, 

inhibits duckweed growth. 

Conclusions 

In this study, several types of sugars and amino acids that can significantly enhance the productivity of 

starch and protein in L. minor were identified. Wastewater containing these organic compounds is a 

promising culture medium for the efficient production of the value-added duckweed biomass. 
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Table 1 Organic compounds tested in this study. 

Sugar Amino acid Organic acid 

D-Glucose D-Trehalose L-Alanine L-Leucine Acetate 

D-Xylose Lactulose L-Arginine L-Lysine Lactate 

D-Mannose D-Raffinose L-Asparagine L-Methionine Propionate 

L-Arabinose L-Rhamnose L-Aspartic acid L-Phenylalanine Pyruvate 

D-Galactose Xylitol L-Cysteine L-Proline Butyrate 

D-Fructose Ribitol L-Glutamine L-Serine Fumarate 

Lactose D-Sorbitol L-Glutamic acid L-Threonine DL-Malate 

Sucrose D-Mannitol Glycine L-Tryptophan Succinate 

D-Maltose  L-Histidine L-Tyrosine (+)-Tartrate 

  L-Isoleucine L-Valine Citrate 

 

Figure 1 Starch production in duckweed (Lemna minor) in the absence (control) or presence of sugars. 

The values sharing the same letter indicate no significant differences (ANOVA, p < 0.05). 

 

Figure 2 Total protein production in duckweed (Lemna minor) in the absence (control) or presence of 

amino acids. The values sharing the same letter indicate no significant differences (ANOVA, p < 0.05).  

  

c

b b

c

b

c

b

c

a

c
c

c
c c c

c

0

1

2

3

4

5

6

7

8

9

C
o

n
tr

o
l

D
-G

lu
c
o
s
e

D
-M

a
n
n
o

s
e

D
-G

a
la

c
to

s
e

D
-F

ru
c
to

s
e

L
a

c
to

s
e

S
u
c
ro

s
e

D
-M

a
lt
o
s
e

D
-T

re
h

a
lo

s
e

L
a

c
tu

lo
s
e

D
-R

a
ff
in

o
s
e

L
-R

h
a
m

n
o
s
e

X
y
lit

o
l

R
ib

it
o
l

D
-S

o
rb

it
o
l

D
-M

a
n
n
it
o

l

S
ta

rc
h

 p
ro

d
u

c
ti
o
n

 (
m

g
)

cd

b

a

cd c c

cd

e
e

d

e

0

1

2

3

C
o

n
tr

o
l

L
-G

lu
ta

m
in

e

L
-A

s
p

a
ra

g
in

e

L
-C

y
s
te

in
e

L
-A

s
p

a
rt

ic
 a

c
id

L
-G

lu
ta

m
ic

 a
c
id

G
ly

c
in

e

L
-H

is
ti
d
in

e

L
-I

s
o
le

u
c
in

e

L
-T

ry
p
to

p
h
a
n

L
-T

y
ro

s
in

e

T
o
ta

l 
p

ro
te

in
 p

ro
d

u
c
ti
o
n

 (
m

g
)



 

 

 

8
9

 

35. Unsaturated constructed wetlands with manganese oxides as a post-treatment 

for denitrifying woodchip constructed wetlands - removal of pesticide metabolites 

and other contaminants 

 

A. Sochacki*, J. Vymazal*, Z. Vaňková *  

* Czech University of Life Sciences Prague, Faculty of Environmental Sciences, Kamýcká 129, Praha – 

Suchdol, 165 00, Czech Republic (sochacki@fzp.czu.cz; vymazal@fzp.czu.cz; vankovaz@fzp.czu.cz) 

 

Abstract: The goal of this work was to evaluate the occurrence and removal of pesticides and their 

metabolites and associated contaminants in pilot-scale constructed wetlands (woodchip-filled 

denitrifying systems) and to provide a method for enhanced elimination of these pollutants from 

agricultural drainage. Pilot- and small-scale systems were used to evaluate the efficiency of the treatment 

under anoxic and oxic conditions (post-treatment) and with manganese oxides as an amendment. The 

results indicated frequent detection of the metabolites of chloracetanilide metabolites (metazachlor was 

used a model compound) and their poor removal in anoxic constructed wetlands filled with woodchips. 

Oxic constructed wetlands filled with manganese oxides offered improved removal of metazachlor 

metabolites and organic matter, phosphorus and numerous other compounds. 

 

Keywords: constructed wetlands, agricultural drainage, pesticides 

Introduction  

The occurrence of pesticide metabolites in the aquatic environment is a major problem in the Czech 

Republic and worldwide (Hvězdová et al. 2018; Postle et al., 2004). One of the main routes for their 

transfer into the aquatic environment is agricultural drainage waters. Constructed wetlands (CWs) offer 

cost-effective solution for treating highly variable tile drainage flows, namely to reduce nutrients load 

(mostly nitrates) and discharge of some pesticides into water bodies (Tanner et al., 2005; Vymazal et al., 

2020). The fate of pesticide metabolites in CWs treating agricultural drainage has been poorly studied. 

Importantly, the conditions in commonly applied denitrifying woodchip CWs are not supporting 

sufficient degradation of most of the pesticides. Moreover, the effluent from anoxic CWs filled with 

woodchips may contain elevated concentrations of organic carbon (leached from woodchips), 

phosphorus, and reduced inorganic species that may induce oxygen depletion in the recipient. Thus, the 

CWs treating agricultural drainage water should presumably include an oxic post-treatment step to 

improve the treatment performance. A promising amendment for the post-treatment step is manganese 

oxide material that can both serve as an oxidant and sorbent. The goal of this study was to provide 

assessment of the removal of chloroacetanilide herbicides and their metabolites in CWs treating 

agricultural drainage and to determine the efficiency of post-treatment oxic step for the removal of 

metazachlor metabolites, reduced species and organic matter from the effluent of anoxic CWs filled with 

woodchips. 

Material and Methods 

This study included two complimentary systems: a pilot-scale system treating agricultural drainage water 

and a small-scale column system treating pond water spiked with metazachlor (MTC) oxanilic acid 

(MTC-OA) and ethanesulfonic acid (MTC-ESA) metabolites. In 2018, three parallel pilot-scale CWs 

were built at the discharge of tile drainage at Velký Rybník, about 130 km southeast of Prague (Czech 

Republic). The surface area of each wetland is 90 m2. Two wetlands were filled with a mixture of gravel 

(4-8 mm) and birch woodchips with 10:1 volume ratio. All wetlands are run as subsurface horizontal 

flow CWs. The experimental small-scale CWs were composed of two treatment steps: an anoxic 

treatment step followed by an oxic step set up in an outdoor column system fed with pond water spiked 

with MTC-ESA (3.5 µg/L) CW in Velký Rybnik. The oxic post-treatment step comprised free-drained 

columns filled with either sand or manganese oxide (MnOx; pyrolusite) and was fed with the effluent of 

the anoxic step. All the columns were planted with Glyceria maxima.  
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Results and Discussion  

The pesticides and their metabolites that were frequently detected in the pilot-scale system were 

chloracatenilide herbicide metabolites. The parent compounds were detected with negligible DF. For 

example, DF for metazachlor (MTC) in the pilot-scale system was only 3%, but the detection frequency 

for its ESA and OA metabolites was 45% and 37%, respectively and the concentration was as high as 

several micrograms per litre (Figure 1). Their removal in three parallel horizontal-flow CWs at this 

location was negligible. In the small-scale system, the removal efficiency of MTC-ESA and MTC-OA 

in the MnOx treatment line was 15.1% and 13.5%, respectively, whereas in the sand treatment line it was 

7.1% and 1.0%, respectively. The removal of MTC-ESA in the anoxic step was 6.6% and for MTC-OA 

it was -5.4%. This negative removal suggests the transformation of MTC-ESA to MTC-OA. Importantly, 

MnOx also exhibited superior removal of organic matter (70%), phosphorus (68%) and numerous other 

contaminants in comparison to the oxic system filled with sand, in which the removal efficiency was 

negligible for most of the compounds (Figure 2). 

Conclusions 

The DF of pesticide metabolites in agricultural drainage can be much higher than for the parent 

compounds. The metabolites of chloracetanilides were frequently detected and were poorly removed in 

the pilot-scale CWs. Oxic CWs with inert medium offer negligible post-treatment and need to be 

amended with reactive medium like manganese oxides. Such enhanced CWs offer slightly improved 

removal of MTC-ESA and MTC-OA, but can be highly efficient for the elimination of organic matter, 

phosphorus, and numerous other contaminants. 
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Figure 1 Detection frequency and concentrations of chloracetanilide pesticides and their metabolites in 

the pilot-scale system 

 

 
Figure 2 Results from the small-scale system: removal efficiency in the oxic step 
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Abstract: The paper evaluates biodegradation characteristics of wastewaters generated from a mixed 

organized industrial district in the Marmara Region. It involves detailed characterization, respirometric 

measurement, and modelling study for kinetic description of the composite mixed OID effluent. The 

existing wastewater treatment plant has physical, chemical with rapid mixing, flocculation and settling; 

and an extended activated sludge system to meet the discharge limitations. The composite effluents had 

an average total COD of 2030 ± 965 mgL-1, whereas the discharged effluents after chemical treatment 

were predominantly particulate and the average total COD value was 822 ± 205 mgL-1 with a 

biodegradable fraction of 94% and the suspended solids concentration was 235 ± 187 mgL-1. The results 

showed that the autotrophic growth rate was significantly slower compared to domestic sewage effluents. 

 

Keywords: textile wastewater; modelling; kinetic  

Introduction 

The mixed organized industrial district (OID) in this study, is a large industrial park and houses more 

than 250 different industrial plants, predominantly involving various textile operations and mechanical 

and metal production, together with chemical and plastics, etc. In this context, the objective of the study 

was to evaluate the biodegradability and nitrification of a mixed organized industrial district effluent 

after chemical treatment. The study involved aside from conventional characterization, a detailed COD 

fractionation, and assessment of significant kinetic and stoichiometric parameters for carbon removal 

and nitrification based on model calibration of oxygen uptake rate profiles. A multi-component model 

incorporating single hydrolysis kinetic and endogenous decay were as used for the kinetic model 

interpretation.  

Material and Methods 

The study was conducted in a mixed organized industrial district located in the Marmara Region. The 

biological treatability of wastewaters generated from the OID was evaluated by determining the inert 

fractions and biodegradability footprint of organics together with the nitrification process. The 

wastewater treatment plant with 40000 m3/day of flowrate has physical, chemical, and biological 

treatment units. Respirometry based biological treatability test was performed on effluents after chemical 

treatment using acclimated biomass. The biomass sampled from the wastewater treatment plant was used 

in batch respirometric experiments (Ekama et al., 1986). The activated sludge reactor was operated at 20 

days sludge age (SRT) and 2.0 days hydraulic retention time (HRT). The respirometric tests for the 

composite sample were conducted with the initial food to microorganism ratio (S0/X0) 0.10-0.23 mg 

COD/mg SS.day at 20 ± 1 oC. The oxygen uptake rate (OUR) measurements were performed with Ra-

Combo continuous flow respirometer (Applitek Co., Nazareth, Belgium). The COD measurements were 

determined using the procedure defined by ISO 6060 (ISO, 1986). For soluble COD determination, 

samples were subjected to vacuum filtration by means of Millipore membrane filters with a pore size of 

mailto:soylud@itu.edu.tr
mailto:ozyildizg@itu.edu.tr
mailto:tolmez@itu.edu.tr
mailto:ubay@itu.edu.tr
mailto:dilaraozturk@gtu.edu.tr
mailto:bciftcioglu@gtu.edu.tr
mailto:ilke.palaozkok@uis.no
mailto:ubay@itu.edu.tr
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0.45 µm. The oxygen uptake rate profiles were used to estimate the biodegradable COD fractions and 

kinetic parameters of the model. Model parameters were estimated according to Insel et al. and 2003, 

Henze et al., 2000 using AQUASIM software program (Reichert et al., 1998). 

Results and Discussion 

The mixed OID effluent had an average total COD of 2030 mgL-1 and the total COD after chemical 

treatment was 822 ± 205 mgL-1, which was found to have a high biodegradable fraction. On average, 

94% of the total COD (CT1) of the chemical treatment effluent was found to be biodegradable (CS1) with 

6% soluble and particulate inert fractions. The readily biodegradable COD fraction (SS1) accounted for 

21% of the total COD. The slowly biodegradable COD component (XS1) was determined as the largest 

COD fraction representing 74% of the total COD (Table 1).  

The activated sludge reactor operated in this study was fed with the chemical effluent. The 

reactor effluent had a pH value of 8.6 ± 0.4. The total and soluble COD concentrations in the effluent 

were 139 ± 27 and 99 ± 17 mgL-1, respectively. The suspended and volatile suspended solids in the 

effluent were measured as 154 ± 43 and 82 ± 45 mgL-1, respectively. Additionally, total kjeldahl nitrogen 

(TKN), total phosphorus (TP) and oxidized nitrogen (NOx)concentrations were measured as 10.2 ± 1.4 

mgNL-1, 6.9 ± 0.9 mgPL-1and 46 ± 5.6 mgNL-1, respectively. 

The oxygen uptake rate (OUR) profiles obtained from respirometric tests were used to estimate the 

kinetic parameters of the model. The modelling results showed that the kinetics of the heterotrophic 

organisms has shown in accordance with the domestic wastewater, however, looking at the maximum 

autotrophic growth rate ( ) it can be seen that the value 0.38 d-1 is lower than the values seen for 

domestic wastewater in the literature. Even though the experiments were conducted on the chemically 

treated effluent, it is seen that some nitrification inhibiting compounds are still present in the wastewater. 

Conclusions 

Significant conclusive indications of the study may be summarized as: 

• It has been concluded that the chemically treated effluent has still high concentrations of 

biodegradable organic matter present.  

• COD removal was achievable at high efficiency and it has been seen that the biological 

treatability of the chemically treated wastewater was very high.  

• Due to the presence of inhibitors the nitrification process was slower, therefore for attempting 

biological nitrogen removal this issue needs to be taken into consideration. 
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Figure 1. Experimental and modelling results  

Table 1. Modeling results for the composite wastewater after chemical treatment  

Model Parameters Unit Run 

Maxsimum Autotrophic Growth Rate  day-1 0.38 

Half Saturation Constant for XA KNH mg N/L 1.0 

Maxsimum Heterotrophic Growth Rate 
 

day1 6.5 

Half Saturation Constant for XH KS mg COD/L 5.0 

Maximum Hydrolysis Rate kh1 day-1 2.2 

Half Saturation Constant for Hydrolysis kX1 day-1 0.03 

Toplam COD CT1 mg COD/L 180 

Biodegradable COD CS1 mg COD/L 170 (94%) 

Readily Biodegradable COD SS1 mg COD/L 37 (21%) 

Hydrolysible COD XS1 mg COD/L 133 (74%) 

Activity fa % 0.58 

Endogenous Decay Rate for XA (bA): 0.1 day-1, Yield for XA (YA): 0.24 cell COD/g N 

Endogenous Decay Rate for XH (bH): 0.1 day-1, Yield for XH (YH): 0.60 cell COD/g COD 
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Abstract: The aim of this work was to investigate the effect of mid-temperature alkaline pre-treatment with 

NaOH and a mixture of NaOH and Mg(OH)2 on wasted activated sludge (WAS) disintegration, methane 

yield and digestate dewatering properties. The use of small doses of 13.6 g NaOH/kg TS and 30 minutes of 

heating at 60oC, allowed to obtain the degree of sludge disintegration of 25%. As a result, the methane yield 

increased by up to 11% in a 21.5-day anaerobic digestion trial. Application of 10.2 g Mg(OH)2/kg TS for 

pre-treatment allowed to obtain the dewaterability of digestate similar to non-pretreated WAS. 

 

Keywords: activated sludge disintegration, biogas production, dewatering 

Introduction  

In a circular economy concept, all of the material from waste should be recovered and returned back to 

the society. For years, wastewater treatment plant (WWTP) had been considered solely as a facilities to 

recover water, however recently there has been a lot of effort put on the recovery of phosphorus, nitrogen 

as well as carbon. During the wastewater treatment processes significant amounts of sewage sludge are 

formed (Kacprzak at al., 2017). The most commonly used method for sludge treatment is anaerobic 

digestion (AD), where the mass of sludge is reduced and energy is recovered in form of biogas (methane). 

Currently, a lot of emphasis is placed on increasing the efficiency of biogas production by co-digestion 

of sewage sludge with agro-industrial waste (Budych-Górzna at al., 2016) with the aim to achieve energy 

self-sufficiency of a municipal WWTPs, and in the case of surpluses, to become energy producers. 

One of the way to increase biogas production is to enhance the digestibility of waste activated sludge 

(WAS) via a variety of pre-treatment methods (Wacławek et al., 2019, Zhen et al., 2017, Cano et al., 

2015). The pre-treatment is essentially aimed at breaking down flocs of WAS and hydrolysing 

extracellular polymeric substances. The destruction of bacterial cells leads to a release of organic matter 

contained in the cells into the liquid phase. Dissolved organic matter is more available to the 

microorganisms resulting in increased methane yield (YCH4). 

Alkaline pre-treatment is relatively simple to implement in the full scale WWTP (Zhen et al., 2017) 

because it does not require sophisticated devices and is easy to operate. Among the alkaline reagents, 

NaOH was found to be the most effective in sludge solubilization and enhancing biogas production (Li 

et al., 2008), although high doses (up to 200 mg/gTS) were required (Li et al., 2012). This led to a need 

for pH correction prior AD. Combination of alkaline pre-treatment with NaOH together with mid-

temperature (<100oC) conditions could potentially lead to even doubling of methane production (Liu et 

al., 2019).  

The aim of this work was to investigate the effect of mid-temperature alkaline pre-treatment with 

NaOH and a mixture of NaOH and Mg(OH)2 on WAS disintegration, methane yield and digestate 

dewatering properties. Low alkaline doses were chosen in order to lower potential operational costs, 

eliminate the need of pH correction, avoid salinity increase and enable potential implementation at the 

industrial scale.  

Material and Methods 

Mechanically thickened WAS for batch tests was collected from the Central WWTP (1,200,000 people 

equivalent, Poznan, Poland). It was diluted to 5% TS and treated under various conditions. Portions of 1.5 

kg were put into 2L beakers with mechanical agitator (140 rpm) and chosen doses of reagents (30% NaOH, 

mailto:malgorzata.komorowska-kaufman@put.poznan.pl
mailto:piotr.oleskowicz-popiel@put.poznan.pl
mailto:magdalena.budych-gorzna@aquanet.pl
mailto:magdalena.budych-gorzna@aquanet.pl
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53% Mg(OH)2) were added. The initial dose of 2 ml 30% NaOH/L (i.e. 16.0 g NaOH/kg TS) was chosen 

according to the previous study (Budych-Górzna et al., 2021). Lower doses of NaOH equal 14.6 and 13.4 

g NaOH/kg TS alone and with combination with 10.2 g Mg(OH)2/kg TS were also tested. Tests were carried 

out in temperature of 20 oC and 60 oC, with time of 20, 30, 60, 90 and 120 minutes. The pH and temperature 

were measured every 5 minutes. Soluble chemical oxygen demand (SCOD) was analysed in all samples to 

calculate degree of sludge disintegration (DD) according to the equation presented by Kim et al. (2013).  

YCH4 was measured in triplicates with a blank sample with Automatic Methane Potential Test System 

(AMPTS, BPC Instruments AB, Sweden). The inoculum (I) for AMPTS trials was taken from a full-

scale AD mesophilic reactor. The WAS without pre-treatment (WASo), after alkaline treatment (WASA) 

and after mid-temperature alkaline treatment (WASMA) was used as a substrate (S). The AD batches 

lasted 21.5 days in a temperature of 36 oC, the I/S ratio was equal aprox.1. 

After the AD trials, the sludge dewatering test were done with the use of Capillary Suction Time (CST) 

and centrifugal dewatering ratio (DR) according to (Peng et al., 2017). Doses of cationic based polymer 

(Acefloc 80902+, Allied Solutions) in the range of 19.5 to 27.1 g/kg TS were tested to enhanced 

dewatering properties.  

Results and Discussion  

Characteristic of WAS prepared for batch tests was as following: TS=4.90.2%, VS=78.81.0% TS, 

COD=61,23110,394 mg/L, SCOD=24485 mg/L, pH = 6.90.3. All reagent doses increased the sludge 

pH to about 10.0. Alkaline pre-treatment at 20°C caused DD of about 5% (Fig.1). Mid-temperature 

disintegration allowed to achieve DD of about 15%. The combination of both methods resulted in an 

increase in DD to approx. 25%. Extending the duration of the process did not significantly increase the 

DD, therefore, for the subsequent AD trials, it was decided to choose the pre-treatment time of 30 

minutes. After this time the pH of pre-treated sludge decreased to 8.7 in 20oC  and to 7.6 in 60oC and no 

pH correction prior AD was needed. 

  
Figure 1 Degree of sludge disintegration after pre-treatment with different reagents doses and temperature.  

 

The YCH4 measured after 21.5 days of the AD did not differ between non-pre-treated WASo and WASA 

(for all used alkaline doses) and it reach approx. 220 NmL CH4/gVS. The use of mid-temperature-

alkaline pre-treatment allowed to increase the yield by up to 11%. As expected, the greatest differences 

were observed in the initial period of the AD. After 3 days of digestion YCH4 of WASo was in the range 

of 58-116 NmL CH4/gVS. The use of chemical pre-treatment allowed to increase the YCH4 during this 

time by up to 17%, and with additionally heating to 60oC by up to 30%. During first 3 days of AD 164 

NmL CH4/gVS was produced from WASMA, that is 68.6% of the obtained methane volume in the 21.5-

day trial. The same methane production from WAS achieved Neilfa et al. (2015) in 38-day AD. 

Even though WAS pre-treatment enhanced YCH4, it had a negative effect on dewaterability. Only for 

the digestate from WASA previously pre-treated with Mg(OH)2, the dewatering properties were slightly 

better than for digestate from WASo. Both tests were carried out with a polymer dose of 23.8 g/kg TS. 

Measured CST and DR were respectively 23 s and 89% for WASA and 25 s and 67% for WASo. 

Application of sludge heating for pre-treatment noticeably worsen digested sludge dewatering 

availability, except digestate from WASMA with Mg(OH)2 pre-treatment. 
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Conclusions 

The use of mid-temperature alkaline pre-treatment, even with the use of small doses of NaOH (13.6 g 

/kg TS) and 30 minutes of heating at 60oC, allowed to obtain the degree of sludge disintegration of 25%. 

As a result, the methane yield increased by up to 11% in a 21.5-day AD trial. More importantly, the 

required volume of AD for achieving satisfactory methane yield could be significantly reduced. This will 

allow to use existing digesters for co-fermentation with other wastes and thus significantly increases the 

overall biogas production at WWTP. On the other hand, addition of the dose of 10.2 g Mg(OH)2/kg TS 

for pre-treatment did not affect the biogas production process, but significantly improved dewaterability 

of digestate. 
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Abstract: Advanced Chemical Treatment processes include Advanced Oxidation Processes (AOPs) and 

Advanced Reduction Processes (ARPs). These processes are based on reactive radical species (having 

oxidative or reductive character) – effective in degradation of organic pollutants in aqueous conditions. 

Recently, a high attention in scientific community relates to cavitation based processes. Cavitation 

phenomenon can be generated in the liquid by formation of local zones with decreased static pressure. 

Such conditions depending on the method of forming cavitation are named as hydrodynamic cavitation 

(caused by rapid change of pipeline geometry during liquid flowrate) or sonocavitation/acoustic 

cavitation (generated by ultrasounds). The paper presents an overview of recent developments in the field 

of cavitation based AOPs and ARPs for water and wastewater treatment. During the presentation 

significant recent developments of our research group will be highlighted in respect to effective 

degradation of several pollutants present in water, industrial effluents and fuels, including dyes, volatile 

organic compounds (VOCs), BTEXs, 1,4-dioxane, amines among others. Dedicated processes effective 

also in non-aqueous conditions will be presented. Analysis of degradation mechanism, influence of 

process parameters as well as aspects of by-products formation will be discussed. 

 

Keywords: Cavitation; ARPs; AOPs. 
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Abstract   

Food waste comprises many nutrients like proteins and carbohydrates which can be reused in anaerobic 

digestion to produce value-added products. The hydrolysis of feedstock is a key stage of this biological 

process for the generation of bioproducts such as biogas, volatile fatty acids (VFAs), and lactic acid. 

Lignocellulosic substances such as food wastes are resistant to hydrolysis, causing a decrease in the yield 

of desired products. Pretreatment of feedstock can be regarded as a solution mitigating this problem. 

Acoustic wave propagation or hydrodynamic pressure drop in a fluid can lead to the inception of 

cavitation phenomenon and the generation of bubbles. Cavitation can be employed as an efficient 

pretreatment method maximizing the yield of bioproduct, especially because of the physical effect of the 

collapse of bubbles resulting in a decrease in particle size, crystallinity, and degree of polymerization. 

Therefore, this phenomenon can lead to the easy access of substrates to microbes, enhancing the growth 

of microbial and consequently the generation of products. This paper presents a review of current 

knowledge and most effective processes of food waste conversion aided by cavitation phenomenon. 

Basics of cavitation, main applications in this field, and advantages as well as limitations are discussed.  

  

Keywords: Food waste; Cavitation; Anaerobic digestion  
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Abstract: Quantitative analysis of methanogens using existing molecular-based techniques is expensive 

and time-consuming. Based on cofactor F420 autofluorescence as a means of assessing potential 

methanogenic activity, here we report a low-cost microfluidic device for inexpensive and rapid 

quantification of methanogens. A three-layer paper-based chip allows a precise volume of samples and 

chemicals to react and distribute evenly to the analysis channels where a beam from an LED bulb with a 

specific wavelength (420 ± 2.5 nm) excites the cofactor F420 and autofluorescence emission (470 ± 2.5 

nm) can be detected using a cell phone camera/handheld spectrophotometer. Spectra results can therefore 

be calculated against standard values of F420 and the corresponding concentration of methanogens to give 

a relative quantification of methanogens in the active anaerobic system. This microfluidic-based 

detection system allows quick and very inexpensive detection of methanogens compared to traditional 

methods based on molecular analysis. This is the first microfluidic platform that can facilitate information 

on the relative concentration of methanogens, it can be further engineered for autonomous detection of 

one or multiple characteristics (such as ammonia, pH, total proteins etc) in the samples 

 

Keywords: methanogens; microfluidic; quantification  

Introduction  

In engineered anaerobic systems, methane production entirely relies on methanogenic archaea as key 

organisms which also represent the bottleneck of anaerobic digestion (Lambrecht et al. 2017). Recent 

advances in molecular methodologies have increased our knowledge of biological processes, while 

archaea have been neglected. Quantitative analysis of methanogens can help maximize process 

performance, uncover upsets before failure, and can lead to community process control systems. Existing 

molecular tools and quantitative techniques are expensive, slow, and laborious. 

Microfluidic systems have opened ways to transfer large-scale laboratory analytical protocols into a 

single chip. It offers a unique opportunity due to various advantages on very low reagent requirement, 

high efficiency and fast detection (Haghayegh et al. 2021). 

Methanogenic archaea can also be quantified by their inherent fluorescent cofactor F420. Fluorescence 

has also been used to study the growth profile of methanogenic archaea (Reynolds and Colleran 1987). 

In the present study, the auto-fluorescent properties of cofactor F420 for the rapid and relative 

quantification of methanogenic archaea will be used for engineered anaerobic systems. As shown in 

Figure 1, a filter paper-based channel will be used, which can further skip the use of sample filtration for 

analysis. The sample will be transferred into the reaction chamber and on the transferred sample, the 

characteristic excitation (max. 420 ± 2.5 nm) using a specific LED bulb and the emission spectra (max. 

470 ± 2.5 nm) of cofactor F420 can be recorded using a phone camera/handheld spectrophotometer 

(Lambrecht et al. 2017). The concentration of F420 relative to the concentration of methanogens is 

available in the literature and will be used to develop a relationship to quantify the unknown 

concentration of the sample. Alternatively, F420 concentration can also be calculated by developing one's 

own standard curve for F420 concentration versus relative fluorescent unit (RFU) values. 

To the best of our knowledge, this system is one of the novel and inexpensive approach for the 

quantification of methanogens. The system can further be exploited to quantify other important process 
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parameters of anaerobic systems such as ammonia and pH with the very precise volume of chemicals 

used and can be visualized by spectrophotometry.    

Material and Methods 

The design of the multilayers microfluidic chip (Haghayegh et al. 2021) is shown in Figure 1. The design 

was prepared using Autodesk Fusion 2021 (Autodesk, USA) to obtain DXF and STL formats for 

fabrication. A standard microscopic glass slide (75mm x 25mm) was used as the transparent base layer. 

The middle layer was made up of 1mm thick acrylic sheet and included a sample inlet reservoir followed 

by a serpentine channel. The channel led to a wide chamber loaded with a chromatography paper 

(Whatman, USA) with a disc shaped end fitting into a cylindrical chamber. The top layer was fabricated 

using a 1mm thick acrylic sheet. The sample inlet was modified by attaching a push sealing cap and 

placing a 1mm diameter hole to function as a went for the middle layer. The layers were fabricated by 

using a laser cutter (Universal Laser Systems Inc., VS6-60, USA). The layers were assembled using a 

double-sided acrylic adhesive (90106NB, Adhesive Research Inc, USA). The fluorescence reader 

module was fabricated using FDM 3D printer (Anycubic, China) and comprised an array of LEDs (λ = 

420 nm). A complementary band pass optical filter was placed above the microfluidic chip to allow 

λ>450 nm and the images of the chip under LED illumination were captured with a smartphone for 

further quantification. 

Conclusions 

The microfluidic approach is a simple and cost-effective alternative to the study of different performance 

parameters in anaerobic digestion systems. The current approach provides a state-of-the-art study of the 

health of anaerobic digestion systems. The relative abundance of methanogens in the artificial anaerobic 

system provides important results for discovering disturbances before failure or for improvising the 

overall process. Although the F420 cofactor does not provide a noticeably clear indication of the 

methanogen population, it can certainly provide the change in methanogen concentration and help 

provide the real-time study of the growth cycle of methanogens in engineered bioreactors.  
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Figure 1 a. Design of a hybrid polymer/paper microfluidic device illustrating the detection mechanism 

b. Illustration of assembled microfluidic chip for measuring the relative methanogens’ concentration. 
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Abstract: In the study, the removal performance of EDCs in different industrial wastewaters with 

conventional and advanced treatment methods were investigated. Wastewaters from the pharmaceutical 

industry (consists of units manufacturing solid oncology, sterile liquid oncology, animal health products 

and API (Active Pharmaceutical Ingredient), textile industry (production of upholstery fabrics, curtain 

fabrics, bed fabrics and home textiles) and organized industrial zone (a mixed OIZ and industrial 

enterprises from the metal and chemical sectors are mainly located in the zone) were monitored for a 

range of 299 EDCs during 1 year. A number of EDCs were detected in each industrial discharge and 

their removal efficiencies have been found to be ranging depending on the applied treatment process and 

the endocrine disrupting compound. 

 

Keywords: Endocrine disrupting chemicals; advanced treatment processes; industrial wastewater 

Introduction  

EDCs, which are located in urban and industrial effluents or transported from emitted sources to the 

receiving environment, significantly affect water quality. The effluents, containing EDCs can be directly 

discharged to the receiving environment and can be given to the receiving environment after urban and 

industrial treatment. In this case, the degradation products and metabolites that are generated after the 

purification processes of the receiving environment EDCs are also being discharged, and for some EDCs, 

the negative effect of these degradation products/metabolites may be greater than the chemical itself. 

Material and Methods 

In the study, the removal performance of EDCs in different industrial wastewaters with conventional and 

advanced treatment methods were investigated. Wastewater from the pharmaceutical industry (consists 

of units manufacturing solid oncology, sterile liquid oncology, animal health products and API (Active 

Pharmaceutical Ingredient), textile industry (production of upholstery fabrics, curtain fabrics, bed fabrics 

and home textiles) and organized industrial zone (a mixed OIZ and industrial enterprises from the metal 
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and chemical sectors are mainly located in the zone) was used as a wastewater sample. Samples were 

taken and analysed from pharmaceutical industry discharge, influent and effluent of textile industry 

biological WWTP and influent and effluent of organized industrial zone WWTP (physical, chemical and 

biological treatment) for 4 periods in a year. Advanced treatment processes applied to effluents of 

treatment plants were listed below: 

- activated carbon adsorption (two dosages: 0.05 g/L and 0.1 g/L activated carbon additions),  

- ozonation (two different dosages and contact times: ozone dosages of 12 mg/L and 92 mg/L, 3 

and 5 minutes contact times),  

- peroxone (two different dosages and contact times: ozone dosages of 12 mg/L and 92 mg/L, 

H2O2:O3 (M/M) = 0.5 was applied, 3 and 5 minutes contact times),  

- nanofiltration. 

EDC analysis was performed 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  

The numbers of EDC determined in these pilot plants are given Table 1. Common parameters detected 

in pharmaceutical industry discharge in 4 monitoring periods were naphthalene, mono-2-

ethylhexylphthalate (MEHP), dicyclohexyl phthalate (DCHP) and di-n-butylphthalate (DBP); fluorene, 

naphthalene, phenanthrene, DCHP, diethyl phthalate (DEP), boric acid, octamethylcyclotetrasiloxane 

(D4) for influent and effluent of textile industry WWTP, fluoranthene, fluorene, naphthalene, 

phenanthrene, pyrene, MEHP, DCHP, DEP, di-n-butylphthalate (DBP), boric acid and iodine for influent 

and effluent of OIZ WWTP. 

During all four monitoring periods, 8 EDCs have been detected in the influent of the textile industry 

WWTP and 7 of them were found to be discharged above their LOD values in all four monitoring periods. 

Five of the EDCs detected in the influent were found to be treated with efficiencies in the range of 12% 

and 43%. However, it has been observed that outlet concentrations of the 3 parameters detected in each 

period are higher than their inlet concentrations. 

In each measurement throughout four periods, 17 EDCs have been detected at the inlet of the OIZ 

WWTP and among those EDCs, 11 of them are recorded as discharged above LOD value for each period. 

The EDCs detected at the inlet of the OIZ WWTP in each measurement period can be treated with 

efficiencies ranging between 3% and 99%. 

Laboratory-scale treatment studies were conducted on the pharmaceutical industry discharge and the 

effluent of one of the WWTPs. It should be noted that the removal efficiencies were limited to the ratio 

of the monitored concentration of the relevant EDCs over their LOD levels. The treatment efficiency 

evaluations were made according to the achievable maximum removal efficiency (AMRE) of each 

particular EDC. Thus, the treatment efficiency evaluations have also been made according to the 

achievable maximum removal efficiency (AMRE) of each particular EDC.  

11 of 20 EDCs in the pharmaceutical industry discharge was removed 100% by activated carbon 

adsorption, this value was 8 for ozone; 9 for peroxone, 9 for nanofiltration. Similarly, 6 of 17 EDCs was 

removed by activated carbon adsorption in the textile industry WWTP, 9 for ozone, 7 for peroxone, 10 

for nanofiltration; 7 of 30 EDCs in the OIZ WWTP by activated carbon adsorption, 8 for ozone, 7 for 

peroxone, 12 for nanofiltration. 

Conclusions 

7 EDCs in the pharmaceutical industry discharge was removed 100% for all processes, 4 EDCs in the 

effluent of textile industry WWTP and 6 EDCs in the effluent of OIZ WWTP. 
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Figures and Tables 

Table 1 Number of EDCs detected 

  

  Pharmaceutical 

industry discharge* 

Textile industry 

WWTP 
OIZ WWTP 

In
fl

u
en
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1. Period 12 22 70 

2. Period 19 22 49 

3. Period 19 33 46 

4. Period 20 23 36 

Total 37 53 96 

Common 4 8 17 

E
ff

lu
en

t 

1. Period 

- 

20 29 

2. Period 17 33 

3. Period 35 37 

4. Period 17 30 

Total 45 56 

Common 8 12 

* No treatment plant 
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Abstract: Recently, perovskite-type oxides (general formula: ABO3) have received great attention 

because of their physicochemical properties including photocatalytic activity under near-UV/visible light 

radiation. Previous work demonstrated that the semiconductor LaFeO3 (lanthanum iron oxide; 

abbreviated as LF herein) has a great potential to degrade refractory and/or toxic organic pollutants found 

in water and wastewater as a potential alternative to more traditional heterogeneous semiconductor-type 

photocatalysts. In this study hydrolyzed, aqueous Reactive Black 5 (RB5;20 mg/L) dye that was selected 

as a refractory industrial model pollutant, could be rapidly and effectively degraded by persulfate(PS)-

enhanced photocatalytic treatment using a novel, home-made lanthanum iron oxide  (LF;0.125-1.00 g/L). 

LF-mediated heterogeneous photocatalysis was only effective when the solution pH was kept at acidic 

values (pH<4) and could be enhanced appreciably in the presence of 0.6-1.2 mM PS. The dissolved 

organic carbon (DOC) content of the hydrolyzed RB5 solution (initial DOC=5.15 mg/L) could also be 

effectively removed by LF/UV-A (LF=0.5 g/L;52-54% DOC removal after 150-180 min) and PS-

enhanced LF/UV-A (LF=0.5 g/L;60-66% DOC removal after 120 min). LF could be reused in four (4)  

cycles for complete reactive dye and partial DOC removals without any significant deterioration of the 

treatment performance with the LF/PS/UV-A/pH3 treatment processes.  

 

Keywords: Hydrolyzed Reactive Black 5; persulfate-enhanced lanthanum iron oxide-mediated 

heterogeneous photocatalysis; color and organic carbon removal 

 

Introduction  

Textile industry wastewater is known for its refractory nature mainly because of the use of various 

complex dyes and auxiliary chemicals. Among the textile industry dyes, reactive dyes deserve special 

attention since they cannot be used after the dyeing process and end up in the spent reactive dyebath 

effluent in their hydrolyzed, unfixed form (Shore, 1995). Commercial dyes including fiber reactive dyes 

are intentionally designed to resist biological degradation, photolytic/photochemical as well as thermal 

decomposition rendering them difficult-to-treat chemicals (Freeman and Reife, 2003). Hence, the 

concentration of spent (hydrolyzed, unfixed) reactive dyes can easily reach higher mg/L levels in 

receiving natural water bodies. Several advanced treatment methods such as adsorption, membrane 

operations, chemical oxidation including advanced oxidation processes (AOPs; sonolysis, Fenton, Photo-

Fenton, semiconductor-mediated heterogeneous photocatalysis, catalytic ozonation, etc.) have been 

studied for color and organic carbon removal from dyehouse effluent with promising results (Bilinska et 

al., 2016). However, color removal from dyehouse effluent still remains an expensive, complicated and 

hence unsolved problem, particularly in developing countries. The present study aimed to explore the 

potential of a home-made lanthanum iron oxide (LF) photocatalyst in the degradation of a commercial 

textile dye, namely Reactive Black 5 (RB5) that was selected as the model refractory industrial pollutant. 

The effect of the peroxide persulfate (PS) on the LF-mediated, photocatalytic treatment of aqueous, 

hydrolyzed (“spent”) RB5 solution has also been examined. Moreover, the reuse potential of LF with 

LF/UV-A and PS/LF/UV-A treatments was tested using the same LF in four consecutive cycles. 
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Material and Methods 

Home-made LF with a crystallite size of 43 nm and a BET surface area of 13 m2/g was used in the 

photocatalytic experiments. The synthesis and characterization procedures were described eslewhere 

(Birben et al., 2021). Aqueous RB5 was prepared as a 0.4 g/L RB5 stock solution in hot (60-70 oC) 

distilled water. 4.0 g/L of 12 N NaOH was added into the hot stock solution to ensure complete hydrolysis 

of the dye (Arslan-Alaton and Akmehmet-Balcioglu, 2001). Prior to each run, the stock solution was 

adjusted to room temperature and diluted to 20 mg/L RB5 with distilled water, then its pH was adjusted 

to the desired value. Details of the photocatalytic set-up are reported elsewhere (Arslan-Alaton et al., 

2020). Color (peak absorbance) and DOC were measured with a by a Jenway 6300 model 

spectrophotometer after centrifugation and a Shimadzu VPCN carbon analyzer (Japan) equipped with an 

autosampler, respectively.  

Results and Discussion  

Several control (UV-A only, LF only, PS only, PS/UV-A) and LF/UV-A experiments were run at varying 

LF concentrations (0.125-1.00 g/L) at pH values (3.0-11.5) with 20 mg/L hydrolysed RB5 solution for 

t=120 min. For all control and the LF/UV-A experiments run at pH>4, color removal always 

remained<10%, except for PS/UV-A treatment (83% color removal after 120 min treatment). However, 

over 90% color removal was achieved after 90 min LF/UV-A treatment of aqueous RB5 at pH=3. 

Preliminary dark RB5 adsorption was obtained as 13% and 20% at pH=3 and pH=4, respectively. For 

LF/UV-A treatment at pH=3, DOC removals reached 52-54% at t=90 min and fluctuated thereafter. 

Color and DOC removals were appreciably enhanced in the presence of 0.6-1.2 mM PS. Color removal 

was practically complete (>99%) in only 25-30 min for PS/LF/UV-A treatment accompanied with 60-

66% DOC removals after 120 min (Figure 1; also compare with PS/UV-A). Photocatalyst reuse 

experiments indicated that there was no reduction in treatment performance throughout the four  (4) 

treatment cycles involving LF/PS/UV-A/pH3 (99% color, 61% DOC removal) but worsened during 

LF/UV-A/pH3 treatment (to 90% color and 11% DOC removal). 

Conclusions 

A home-made lanthanum iron oxide (LF) was used for the photocatalytic and persulfate (PS)-enhanced 

photocatalytic treatment of an industrial model pollutant. The experimental study indicated that acidic 

pH and PS addition were critical in terms of efficient color and DOC removal from hydrolyzed, aqueous 

RB5. The addition of the PS also improved the reuse performance of LF; multiple use was possible 

accompanied by complete color and highly efficient DOC removals. The present study emphasized that 

PS-enhanced, LF-mediated photocatalysis is an alternative, promising treatment method for refractory 

organic pollutants found in water and wastewater. 
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Figure 1 Comparison of PS/LF/UV-A, PS/UV-A and /LF/UV-A treatments of hydrolysed RB5 solution 

in terms of percent color (a) and DOC (b) removals. Experimental conditions: RB5=20 mg/L; PS=0.6 

mM; LF=0.5 g/L; pH=3; 0.5 W/L.  
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Abstract: Optimum treatment conditions have been established based on experimental treatability 

studies. The major factor in deciding the proper treatment scheme are the removal efficiencies. However, 

the usage of various treatment mechanisms such as uniting one treatment alternative with another one 

can increase the effectiveness of treatment. Such enhanced applications yield the same removal 

efficiencies. At this stage it is necessary to check environmental impacts related to treatability 

experiments with the same removal efficiencies. Environmental impacts on the other hand can be put 

forth by adopting life cycle assessment (LCA). In this context, the experimental data related to 100% 

Iprodione, a well-known but recently not-approved hydantoin fungicide and nematicide removal from 

tap water with UV-C-activated persulfate (PS) oxidation process are investigated in terms of 

environmental impacts generated during treatment via adopting LCA methodology. ISO 14040/14044 

guidelines are followed for LCA methodology. The GaBi software version 7.3 and CML methodology 

are used. Global warming potential (GWP), abiotic depletion potential (ADP fossils and elements), 

acidification potential (AP), eutrophication potential (EP), freshwater aquatic ecotoxicity (FAETP), 

human toxicity potential (HTP), ozone depletion potential (ODP), photochemical ozone creation 

potential (POCP) and terrestrial ecotoxicity potential (TETP) are the investigated environmental impact 

categories. 

 

Keywords: Environmental Impacts; Life Cycle Assessment; Hydantoin Fungicide. 

Introduction 

Due to the increase in water pollution caused by agricultural activities, it is becoming increasingly 

important to investigate the environmental impact of water purification methods in order to properly 

protect and manage water resources. Treatment options can be recommended based on the removal 

efficiencies obtained by treatability studies. It is unavoidable that such a limited assessment will fail due 

to a lack of consideration of a wide range of environmental impacts. In this regard, the current study aims 

to combine treatability results with a sustainability assessment. 

Iprodione is used on crops affected by various fungal diseases in plants. It is currently applied in a variety 

of crops such as fruit, vegetables, ornamental trees and on lawns. It is a contact fungicide that inhibits 

the germination of fungal spores and the growth of fungal mycelium. It has also been more recently 

discovered that iprodione kills nematodes and filed for patent protection for those uses. Iprodione was 

approved in the Turkish market under the brand name “Devguard” for use on tomatoes and cucumbers 

in 2009, and also in the US for use in commercial peanut production in the year 2010. Iprodione was 

approved in Europe in 2010 as well, but the approval was not renewed in 2017. However, since there is 

no alternative or replacement product recommended for this chemical, its use in agricultural activities 

still continues in some countries. Toxicity concerns have stimulated treatability studies using advanced 

methods such as adsorption, photolysis and more recently advanced oxidation processes combining UV-

C light with common oxidants such as peroxides (pesulfates) to produce reactive oxidizing agents 

including hydroxide and sulfate radicals. 

The goal of this study is to evaluate the environmental impacts of laboratory-scale water 

decontamination studies and to choose the best method from among those used. The research focuses on 

the energy and chemical management of water treatment processes using a laboratory-based 

photochemical oxidation method. Conditions that completely remove Iprodione from water with UV-C 

activated persulfate (PS) have been used to determine the effects on the environment 
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Material and Methods 

Treatability tests related to the complete removal of Iprodione from tap water is performed by using UV-

C-activated persulfate (PS) as the photochemical oxidation process. For this purpose a variety of peroxide 

concentrations with different levels of energy input are used. The environmental impact assessment is 

calculated for each category based on the variables. The environmental impacts have been estimated by 

conducting Life Cycle Assessment using GaBi v7.3 software and Ecoinvent database with CML 2001 

impact assessment method. The research has been carried out following the ISO 14040/14044.  

The environmental impact categories investigated are as follows: Global warming potential (GWP), 

abiotic depletion potential (ADP fossils and elements), acidification potential (AP), eutrophication 

potential (EP), freshwater aquatic ecotoxicity (FAETP), human toxicity potential (HTP), ozone depletion 

potential (ODP), photochemical ozone creation potential (POCP) and terrestrial ecotoxicity potential 

(TETP). 

The functional unit is “1 m3 treated wastewater”. Therefore, environmental impacts are presented on 

the basis of this functional unit. The persulfate (PS) used is obtained from China after 18625 km sea and 

19 km highway transportation.  

Results and Discussion  

All the results show that energy input is the most important contributor to all the environmental impact 

categories. After that chemical production comes. 21.42 mg/L sodium persulfate and a 1.787 kWh/m3 

energy input gives the lowest undesired environmental impacts among the runs that are considered.  

Conclusions 

The study indicates that the experimental run with 21.42 mg/L sodium persulfate and a 1.787 kWh/m3 

(photochemical?) energy requirement yields the lowest environmental impacts for all the investigated 

categories. It should be noted here that a complete evaluation of treatability must cover both experimental 

research and sustainability assessment. Such an integrated approach will yield sound decisions. 
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