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Abstract 1 

Real-time bacteriological counting technology is capable of providing an online profile of 2 

bacterial removal during the wastewater treatment process, and can enhance the safety of 3 

recycled water for potable water reuse. However, autofluorescence emanating from dissolved 4 

organic compounds present in treated wastewater interferes with the analysis. In this study, a 5 

novel approach is adopted, viz., dialysis treatment for the removal of dissolved interfering 6 

substances from treated wastewater, and the efficiency of this treatment protocol is evaluated 7 

as a pre-treatment technique for real-time bacteriological counting. Dialysis using membranes 8 

having a molecular weight cut-off (MWCO) of 1000 kDa and 6–8 kDa were found to 9 

successfully reduce the intensity of autofluorescence emitted from the interfering substances; 10 

whereas the courser dialysis membrane having a MWCO of 1000 kDa was found to be more 11 

effective in removing the interfering substances. Here we demonstrate for the first time that 12 

continuous online dialysis treatment aids in the direct determination of the bacterial counts in 13 

ultrafiltration- and membrane bioreactor-treated wastewaters. The results of the study indicate 14 

that the dialysis pre-treatment technique is effective for continuously reducing the 15 

concentration of interfering substances in treated wastewater, and thus allows for direct online 16 

counting of bacteria. 17 

Keywords:  dialysis; wastewater; fluorescence spectra, bacterial counting; ultrafiltration. 18 

19 



2 

1 Introduction 20 

Microbial risk management of processed water is important to ensure the protection of public 21 

health in drinking water and in potable water reuse (Bailey et al., 2018; Barker et al., 2013). 22 

Microbial safety in drinking water and recycled water can be assured through periodical 23 

analysis of readily measured indicators (e.g., total or fecal coliform or Escherichia coli) (WHO, 24 

2011; WHO, 2017). However, these conventional methods are time-consuming; thus, they are 25 

not capable of timely detecting the breakthrough of pathogenic microorganisms that can occur 26 

during the integrity breaches of water treatment processes. In contrast, online monitoring of 27 

bacterial concentrations in both feed and filtrate of a water treatment process can continuously 28 

provide a profile of bacterial removal, which enables to ensure its process integrity for bacterial 29 

removal (Asano and Cotruvo, 2004; CSWRCB, 2016). Speed, reliability, and frequency of 30 

analysis are the key for successful process integrity monitoring. 31 

Online bacteriological counting techniques have attracted attention for process integrity 32 

monitoring purposes (Højris et al., 2016; Højris et al., 2018; Pepper and Snyder, 2016). Among 33 

the recent studies, flow cytometry, which determines bacterial counts through nucleic acid 34 

staining, has been increasingly assessed in water treatment. Flow cytometry is a technology 35 

which counts almost all the bacteria in water and can differentiate bacterial conditions (intact 36 

or damaged) by using multiple staining chemicals (Ou et al., 2017; Prest et al., 2014; Van Nevel 37 

et al., 2017; Whitton et al., 2018). Flow cytometry can also be mechanically integrated for 38 

online monitoring (Besmer et al., 2017). However, its requirement for continuous addition of 39 

expensive staining chemicals is a limitation for feasibility in full-scale operation. Another 40 

technology that has recently been applied to water treatment is real-time bacteriological 41 

counting. Briefly, it determines the bacterial counts without any chemical addition by detecting 42 

the intensity of (a) scattered light, which provides information about whether the particle size 43 



3 

is greater than bacteria, and (b) autofluorescent light emitted from riboflavin and 44 

nicotinamideadeninedinucleotide hydrogen (NADH) in response to the excitation light 45 

(Ammor, 2007). However, the analysis using the fluorescence spectrometer is susceptible due 46 

to the presence of dissolved organics (e.g., humic acids or humic acid-like substances) in the 47 

surface waters and wastewaters. The autofluorescence emission from these substances can 48 

exceed the maximum detection limit of the fluorescence detectors and this hinders the counting 49 

(Fujioka et al., 2018).  50 

Continuous pre-treatment of samples before real-time measurements remains a challenge. To 51 

date, only one technique, viz., continuous dilution using pure water has been successfully 52 

demonstrated for effectively reducing the interfering substances (Fujioka et al., 2018; Fujioka 53 

et al., 2019b).  However, the dilution method increases the limit of detection depending on the 54 

dilution rate. Here, we propose an alternative to overcome the aforesaid issues. We employed 55 

a dialysis pre-treatment technique, which is based on the passive diffusion of solutes from a 56 

high to a lower concentration through a dialysis membrane without a change in the solution 57 

volume. Constituents smaller than the membrane pore size, i.e. below the molecular weight 58 

cut-off (MWCO) of the membrane such as humic acid-like substances, are likely to pass 59 

through the membrane; whereas those larger than the pore size (e.g., bacteria) are retained in 60 

the sample stream, so that the treated sample may undergo bacterial counting without the 61 

influence of the background constituents. Though dialysis has been used to purify proteins and 62 

colloids, this approach has not been applied for the pre-treatment of real-time bacterial counting 63 

and its applicability remains unexplored. 64 

This study is aimed to assess the efficiency of new pre-treatment technique, viz., dialysis 65 

membrane treatment which is aimed at real-time counting of bacteria in treated wastewater. 66 

The assessment is conducted by (a) evaluating the reduction of interfering substances in treated 67 
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wastewater using two dialysis membranes; (b) demonstrating the viability of online dialysis 68 

pre-treatment for continuous analysis of the two treated wastewaters.  69 

2 Materials and Methods 70 

2.1 Pre-treatment technique 71 

The efficiency of reducing the background interfering substances in ultrafiltration (UF)-treated 72 

wastewater by dialysis treatment was evaluated by batch-scale experiments. The UF-treated 73 

wastewater was collected from a pilot-scale wastewater treatment plant, which filtered 74 

secondary wastewater effluent using an UF membrane module (SFP-2860XP, Dow Chemical, 75 

Midland, MI, USA). The secondary wastewater effluent was obtained from a primary settling 76 

tank and activated sludge process at a wastewater treatment plant in Nagasaki, Japan. The 77 

dialysis treatment system comprised of a SpectraFlo™ dynamic dialysis lab tank system with 78 

a capacity of 2200 mL (Repligen, Waltham, MA, USA), peristaltic pump (Cole-Parmer, 79 

Vernon Hills, IL, USA), 20 L water reservoir for the dialysate, and a dialysis membrane with 80 

a flat width of 31 mm and length of 60 cm (Fig. 1a). The two dialysis membranes used here 81 

were SpectraPor cellulose ester membrane (MWCO = 1000 kDa) and regenerated cellulose 82 

membrane (MWCO = 6–8 kDa) (Repligen, Waltham, MA, USA). Prior to the experiment, each 83 

membrane was soaked for 30 min in water and rinsed with pure water before use. A sample of 84 

150 mL of UF-treated wastewater was filled in the dialysis membrane clamped with two 85 

dialysis tubing closures. The dialysis membrane was then submerged in the dialysis tank, and 86 

pure water was circulated at a flow rate of 0.5 L/min for 6 h. Thereafter, the treated sample in 87 

the membrane was collected for analysis. 88 

[Fig. 1] 89 
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The effectiveness of dialysis treatment for continuous operation was evaluated online using a 90 

real-time bacteriological counter. The two batch of wastewater used here included the UF-91 

treated wastewater and an effluent from a membrane bioreactor (MBR), which was collected 92 

at a wastewater treatment plant in Kitakyushu, Japan. A hollow fiber polyethersulphone 93 

dialysis membrane module (Diyalizerler Polynephron™ PES-25Dαeco, Nipro, Osaka, Japan) 94 

was used for the online test. The membrane module, which has an effective membrane area of 95 

2.5 m2, is designed for use in the renal replacement therapy of patients with kidney failure; 96 

hence, the membrane is capable of online operation. The continuous dialysis treatment system 97 

comprised of a peristaltic pump (Cole-Parmer, Vernon Hills, IL, USA), smooth-flow pump 98 

(Q100, Tacmina, Osaka, Japan), 20 L water reservoir for dialysate, 200 mL glass bottle for 99 

treated wastewater samples (Fig. 1b). Pure water prepared by filtering the tap water by a 100 

purification system (Mega Unity, Organo, Tokyo, Japan) was continuously fed to the dialysis 101 

module (i.e., outside the hollow fiber dialysis membrane) and recirculated at a flow rate of 0.5 102 

L/min. Each test started by feeding the pure water to the feed side of the dialysis membrane 103 

module (i.e., inside the hollow fiber dialysis membrane), and the dialyzed-treated wastewater 104 

was transported to a real-time bacteriological counter. Thereafter, the pure water in the feed 105 

stream was replaced with the treated wastewater and the online counting continued for more 106 

than 10 min. Variance in bacterial counts through the dialysis pre-treatment was also evaluated 107 

by determining intact and damaged bacterial counts.  108 

2.2 Analytical methods 109 

The reduction in the interfering substances by pre-treatment method was evaluated using the 110 

excitation emission matrix (EEM) fluorescence spectra using RF-6000 spectrophotometer 111 

(Shimadzu Co., Kyoto, Japan). Online counting of bacteria was evaluated using a real-time 112 

bacteriological counter (IMD-WTM, Azbil Corporation, Tokyo, Japan). This instrument 113 

measures bacterial counts based on the intensity of scattered and fluorescent light for the 114 
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excitation (Ex) wavelength of 405 nm (Fig. 1c). The intensity of auto-fluorescence emission 115 

(Em) is measured by two fluorescence detectors with EM wavelengths of approximately 415–116 

450 and 490–530 nm. The maximum and minimum detection limits of the bacteriological 117 

counter at a sampling flow rate of 5 mL/min are 1 and 1.0×106 counts/mL, respectively. A 118 

previous study (Fujioka et al., 2019a) demonstrated a linear correlation of fluorescent particle 119 

counts in the range of 7.7×102–6.3×105 counts/mL between online bacteriological counter and 120 

epi-fluorescence microscopy. Intact and damaged bacterial counts of each sample were 121 

determined using a fluorescence microscope (BZ-X800, Keyence Co., Osaka, Japan). At first, 122 

1 mL of the sample was stained with the LIVE/DEAD BacLight Bacterial Viability Kit 123 

(Thermo Fisher Scientific, Waltham, MA, USA), for 15 minutes in the dark at ambient 124 

temperature. The kit contains two dyes: SYTO®9—a green fluorescent nucleic acid that stains 125 

live and dead bacteria—and propidium iodide—a red fluorescent nucleic acid that stains only 126 

cells with damaged membrane. Thereafter, 200 µL of stained sample was filtered using a track-127 

etched polycarbonate MF filter with 0.2 µm pore size (Merck, Tokyo, Japan). The filter was 128 

analyzed using a fluorescence microscope using a green filter (Ex wavelength = 470±40 nm, 129 

absorption wavelength = 525±50 nm) or a red filter (Ex wavelength = 545±25 nm, absorption 130 

wavelength = 605±70 nm). Intact bacterial counts were calculated by deducting the counts of 131 

damaged bacteria from total bacterial counts. 132 

3 Results and Discussion 133 

3.1 Removal of interfering substances 134 

The effect of dialysis treatment on the removal of interfering substances was evaluated with 135 

EEM fluorescence spectra. According to a previous study (Fujioka et al., 2018), the major 136 

interfering substances for the real-time bacteriological countering are humic acid-like 137 

substances, which are detected at the Ex/Em wavelengths of 350/425 nm (Chen et al., 2003; 138 
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Liu et al., 2011; Nam and Amy, 2008). The Em light of humic acid-like substances can mask 139 

that of bacteria, which is detected using two fluorescent detectors at the Em wavelengths of 140 

approximately 415–450 and 490–530 nm for the Ex wavelength of 405 nm. In this study, the 141 

UF-treated wastewater effluent (referred to as no pre-treatment) showed noticeable 142 

fluorescence intensity at the Ex/Em wavelength of the fluorescent detectors (Fig. 2a). 143 

Significant reduction in fluorescence intensity at the regions of the fluorescent detectors was 144 

observed for a 50-fold dilution (Fig. 2b). Dialysis pre-treatment with a courser membrane 145 

(MWCO = 1000 kDa) led to a considerable reduction in fluorescence intensity at the detector’s 146 

regions (Fig. 2c). The dialysis membrane is expected to retain bacteria in the sample but allows 147 

the discharging of the interfering substances, because the pore size of the membrane with a 148 

MWCO of 1000 kDa is expected to be < 0.2 µm (Sarbolouki, 1982), which can reject small 149 

bacteria that can have a diameter of down to 0.2 µm (Gao et al., 2018; Heulin et al., 2003; 150 

Sahin et al., 2011). Another membrane with a smaller MWCO of 6–8 kDa led to a less reduction 151 

in fluorescence intensity than the courser membrane (Fig. 2d), indicating that only a few 152 

interfering substances were removed through the tighter dialysis membrane due to its smaller 153 

pore size (i.e., more restricted passage) of the dialysis membrane. It is noted that the MWCO 154 

of these dialysis membranes is the original value unaffected by the treated wastewater matrix. 155 

The MWCO can vary according to the formation of a cake layer on the dialysis membrane 156 

surface or the clogging of the membrane pore, which typically occur due to impurities in a 157 

given water type, including treated wastewater during a long-term pre-treatment. As the 158 

reduced MWCO is likely to inhibit the transport of interfering substances, future studies should 159 

attempt to understand the changes in MWCO during a long-term pre-treatment.  160 

[Fig. 2] 161 
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The reductions in fluorescence intensity by dialysis and dilution methods spanned over the Em 162 

wavelengths of 415–600 nm for a specific Ex wavelength of 400 nm (Fig. 3). The results here 163 

indicate that commercial dialysis membranes can reduce the concentrations of the interfering 164 

substances (i.e., humic acids or humic acid-like substances) in a similar way to the dilution 165 

method. The reductions with the broad Em wavelengths also indicate that the pre-treatment 166 

method is likely to function with real-time bacteriological counters provided by other 167 

manufacturers, because riboflavin in bacteria, which is a key substance that allows for real-168 

time bacteriological counting without stain addition, emits fluorescence at the Em wavelengths 169 

of approximately 475–575 nm (Naramura et al., 2013).  170 

[Fig. 3] 171 

3.2 Online analysis 172 

A successful pre-treatment technique is expected to achieve a sufficient reduction in the 173 

concentration of interfering substances in wastewater by attaining a level that allows for online 174 

bacterial counting using the real-time bacteriological counter. Therefore, the effectiveness of 175 

the dialysis pre-treatment on mitigating the inhibition for online monitoring bacterial counts 176 

was evaluated using UF- and MBR-treated wastewaters. It is noted that the analysis of non-177 

pretreated samples triggered an alarm of analytical failure because the intensity of the sample’s 178 

autofluorescence exceeded the maximum capacity of the fluorescence detectors and 179 

immediately halted the analysis (the display image is not shown). Therefore, no analytical 180 

results were obtained for the analysis of the non-pretreated samples. UF-treated and MBR-181 

treated wastewater after the dialysis pre-treatment showed 6.5–6.6 × 104 and 0.9–1.0 × 104 182 

counts/mL, respectively (Fig. 4a). The results indicate that the dialysis pre-treatment allows 183 

monitoring the bacterial counts of actual treated wastewaters online. Further, the variation in 184 

bacterial counts before and after the dialysis treatment was also assessed by examining changes 185 
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in, intact and damaged bacterial counts using fluorescence microscopy. As a result, intact 186 

bacterial counts in the UF-treated wastewater before and after dialysis treatment were almost 187 

constant at 24–27 × 104 counts/mL, whereas those in the MBR-treated wastewater before and 188 

after dialysis treatment varied slightly in the range of 10–11 × 104 counts/mL (Fig. 4b). The 189 

results indicate that the dialysis pre-treatment technique is capable of removing the dissolved 190 

interfering substance without major changes in bacterial counts, showing its viability as a pre-191 

treatment of real-time bacteriological counter. 192 

[Fig. 4] 193 

It was observed that the bacterial counts determined by the real-time bacteriological counter 194 

differed from the intact bacterial counts determined by epifluorescence microscopy because 195 

their detection mechanisms are different. Intact bacterial counts determined by nucleic acid 196 

staining and epifluorescence microscopy fundamentally cover all of the intact bacteria 197 

regardless of their dimension. The real-time bacteriological counter is designed to count 198 

bacteria with a size larger than 0.3 µm and a certain intensity of autofluorescence emitted from 199 

riboflavin and NADH. Therefore, the real-time bacteriological counter is unlikely to count 200 

small (i.e., < 0.3 µm) or less active bacterial cells with low autofluorescence. As a result, the 201 

exclusion of these small or low-autofluorescence-intensity bacteria can cause the 202 

underestimation of online bacterial counts, as demonstrated in Fig. 4. Despite the difference, 203 

the data obtained here demonstrated that the dialysis treatment does not change bacterial counts 204 

but can remove the interfering substances in treated wastewater, allowing for the real-time 205 

counting of bacteria.  206 

3.3 Technology implications 207 

The results attained in this study showed that MWCO of dialysis membrane can be an important 208 

factor for the viability of the dialysis pre-treatment prior to online bacteriological counters. 209 
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Since, the molecular weight of organic substances in treated wastewater can be up to 400 kDa 210 

(Shon et al., 2004; Worms et al., 2010), the course dialysis membrane with a MWCO of 1000 211 

kDa can theoretically remove almost all organics including humic acid-like substances in water. 212 

Dialysis membranes designed for batch-scale tests typically have a wide range of MWCOs in 213 

a manufacturer’s line up; thus, the selection and optimization of a membrane’s MWCO that is 214 

sufficiently large for the dialysis pre-treatment can be readily conducted. However, these batch-215 

type membranes are not designed for online treatment. Almost all commercial dialysis 216 

membrane modules that can be operated online have been designated for the medical field (e.g., 217 

dialysis treatment for patients with kidney disease), and their details (e.g., MWCO) are not 218 

provided by the manufacturers. Understanding their detailed properties has the potential to 219 

facilitate the selection of commercial dialysis membranes suitable for water treatment 220 

applications. In addition, to verify the applicability of membrane’s MWCO for the pre-221 

treatment, long-term validations using different wastewater sources and dialysis membranes 222 

are to be carried out. 223 

4 Conclusions 224 

This study utilized the principle of dialysis to remove organic substances from wastewater that 225 

hinders the analysis during bacterial counting. Dialysis using membranes having a molecular 226 

weight cut-off (MWCO) of 1000 kDa and 6–8 kDa successfully reduced the intensity of 227 

autofluorescence emitted from the interfering substances in ultrafiltration-treated wastewater. 228 

It was demonstrated for the first time that continuous online dialysis treatment aids in the direct 229 

determination of bacterial counts in ultrafiltration- and membrane bioreactor-treated 230 

wastewaters without any dilution. Therefore, this study suggests that the dialysis pre-treatment 231 

technique is a viable option as a pre-treatment of real-time bacteriological counter. 232 



11 

5 Acknowledgement 233 

The authors also acknowledge Azbil Corp. for providing a real-time bacteriological monitor.  234 

6 References 235 

Ammor MS. Recent Advances in the Use of Intrinsic Fluorescence for Bacterial Identification 236 
and Characterization. Journal of Fluorescence 2007; 17: 455-459. 237 

Asano T, Cotruvo JA. Groundwater recharge with reclaimed municipal wastewater: health and 238 
regulatory considerations. Water Research 2004; 38: 1941-1951. 239 

Bailey ES, Casanova LM, Simmons OD, Sobsey MD. Tertiary treatment and dual disinfection 240 
to improve microbial quality of reclaimed water for potable and non-potable reuse: A 241 
case study of facilities in North Carolina. Science of The Total Environment 2018; 630: 242 
379-388. 243 

Barker SF, Packer M, Scales PJ, Gray S, Snape I, Hamilton AJ. Pathogen reduction 244 
requirements for direct potable reuse in Antarctica: Evaluating human health risks in 245 
small communities. Science of The Total Environment 2013; 461-462: 723-733. 246 

Besmer MD, Sigrist JA, Props R, Buysschaert B, Mao G, Boon N, Hammes F. Laboratory-247 
Scale Simulation and Real-Time Tracking of a Microbial Contamination Event and 248 
Subsequent Shock-Chlorination in Drinking Water. Frontiers in microbiology 2017; 8: 249 
1900-1900. 250 

Chen W, Westerhoff P, Leenheer JA, Booksh K. Fluorescence excitation−emission matrix 251 
regional integration to quantify spectra for dissolved organic matter. Environmental 252 
Science & Technology 2003; 37: 5701-5710. 253 

CSWRCB. Investigation on the feasibility of developing uniform water recycling criteria for 254 
direct potable reuse. California State Water Resources Control Board, Sacramento, CA, 255 
2016. 256 

Fujioka T, Hoang AT, Aizawa H, Ashiba H, Fujimaki M, Leddy M. Real-Time Online 257 
Monitoring for Assessing Removal of Bacteria by Reverse Osmosis. Environmental 258 
Science & Technology Letters 2018; 5: 389-393. 259 

Fujioka T, Makabe R, Mori N, Snyder SA, Leddy M. Assessment of online bacterial particle 260 
counts for monitoring the performance of reverse osmosis membrane process in potable 261 
reuse. Science of The Total Environment 2019a; 667: 540-544. 262 

Fujioka T, Ueyama T, Mingliang F, Leddy M. Online assessment of sand filter performance 263 
for bacterial removal in a full-scale drinking water treatment plant. Chemosphere 264 
2019b; 229: 509-514. 265 

Gao Z-h, Zhong S-f, Lu Z-e, Xiao S-y, Qiu L-h. Paraburkholderia caseinilytica sp. nov., 266 
isolated from the pine and broad-leaf mixed forest soil. International Journal of 267 
Systematic and Evolutionary Microbiology 2018; 68: 1963-1968. 268 



12 

Heulin T, Barakat M, Christen R, Lesourd M, Sutra L, De Luca G, Achouak W. Ramlibacter 269 
tataouinensis gen. nov., sp. nov., and Ramlibacter henchirensis sp. nov., cyst-producing 270 
bacteria isolated from subdesert soil in Tunisia. International Journal of Systematic and 271 
Evolutionary Microbiology 2003; 53: 589-594. 272 

Højris B, Christensen SCB, Albrechtsen H-J, Smith C, Dahlqvist M. A novel, optical, on-line 273 
bacteria sensor for monitoring drinking water quality. Scientific Reports 2016; 6: 23935. 274 

Højris B, Kornholt SN, Christensen SCB, Albrechtsen HJ, Olesen LS. Detection of drinking 275 
water contamination by an optical real-time bacteria sensor. H2Open Journal 2018; 1: 276 
160-168. 277 

Liu T, Chen Z-l, Yu W-z, You S-j. Characterization of organic membrane foulants in a 278 
submerged membrane bioreactor with pre-ozonation using three-dimensional 279 
excitation–emission matrix fluorescence spectroscopy. Water Research 2011; 45: 280 
2111-2121. 281 

Nam S-N, Amy G. Differentiation of wastewater effluent organic matter (EfOM) from natural 282 
organic matter (NOM) using multiple analytical techniques. Water Science and 283 
Technology 2008; 57: 1009-1015. 284 

Naramura T, Ide T, Sekimoto K, Takesawa S. Novel System to Detect Bacteria in Real Time 285 
in Aquatic Environments. Biocontrol Science 2013; 18: 75-82. 286 

Ou F, McGoverin C, Swift S, Vanholsbeeck F. Absolute bacterial cell enumeration using flow 287 
cytometry. Journal of Applied Microbiology 2017; 123: 464-477. 288 

Pepper IL, Snyder SA. Monitoring for reliability and process control of potable reuse 289 
applications. Water Environment & Reuse Foundation and IWA Publishing, 290 
Alexandria, VA, 2016. 291 

Prest EI, El-Chakhtoura J, Hammes F, Saikaly PE, van Loosdrecht MCM, Vrouwenvelder JS. 292 
Combining flow cytometry and 16S rRNA gene pyrosequencing: A promising 293 
approach for drinking water monitoring and characterization. Water Research 2014; 63: 294 
179-189. 295 

Sahin N, Tani A, Kotan R, Sedláček I, Kimbara K, Tamer AU. Pandoraea oxalativorans sp. 296 
nov., Pandoraea faecigallinarum sp. nov. and Pandoraea vervacti sp. nov., isolated from 297 
oxalate-enriched culture. International Journal of Systematic and Evolutionary 298 
Microbiology 2011; 61: 2247-2253. 299 

Sarbolouki MN. A General Diagram for Estimating Pore Size of Ultrafiltration and Reverse 300 
Osmosis Membranes. Separation Science and Technology 1982; 17: 381-386. 301 

Shon HK, Vigneswaran S, Kim IS, Cho J, Ngo HH. The effect of pretreatment to ultrafiltration 302 
of biologically treated sewage effluent: a detailed effluent organic matter (EfOM) 303 
characterization. Water Research 2004; 38: 1933-1939. 304 

Van Nevel S, Koetzsch S, Proctor CR, Besmer MD, Prest EI, Vrouwenvelder JS, Knezev A, 305 
Boon N, Hammes F. Flow cytometric bacterial cell counts challenge conventional 306 
heterotrophic plate counts for routine microbiological drinking water monitoring. 307 
Water Research 2017; 113: 191-206. 308 



13 

Whitton R, Fane S, Jarvis P, Tupper M, Raffin M, Coulon F, Nocker A. Flow cytometry-based 309 
evaluation of the bacterial removal efficiency of a blackwater reuse treatment plant and 310 
the microbiological changes in the associated non-potable distribution network. Science 311 
of The Total Environment 2018; 645: 1620-1629. 312 

WHO. Guidelines for drinking-water quality 4th edition. World Health Organization, Geneva, 313 
2011. 314 

WHO. Potable reuse: guidance for producing safe drinking-water. World Health Organization, 315 
Geneva, 2017. 316 

Worms IAM, Al-Gorani Szigeti Z, Dubascoux S, Lespes G, Traber J, Sigg L, Slaveykova VI. 317 
Colloidal organic matter from wastewater treatment plant effluents: Characterization 318 
and role in metal distribution. Water Research 2010; 44: 340-350. 319 

 320 



1 

 

FIGURES 

Fig. 1 – Schematic diagram of (a) batch-scale and (b) online dialysis treatment, and (c) the 

illustration of bacterial detection with scattered light (SL) and fluorescent light (FL) and the 

reduction of background interference substances. 

Fig. 2 – Excitation emission matrix (EEM) fluorescence spectra of the ultrafiltration (UF)-

treated wastewater: (a) no pre-treatment, (b) after 50-fold dilution, (c) after dialysis with 1000 

kDa membrane, and (d) after dialysis with 6–8 kDa membrane. 

Fig. 3 – Emission (Em) fluorescence spectrum at the excitation (Ex) wavelength of 400 nm. 

Fig. 4 – (a) Online analysis and (b) intact bacterial counts before and after the dialysis pre-

treatment of the ultra-filtration (UF)-treated, and membrane bioreactor (MBR)-treated 

wastewaters. Error bars represent the range of duplicate samples. 
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Fig. 4  
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