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Abstract  
 
Wet wipes, used for hygienic and cleaning purposes, become a major technical problem for sewage and wastewater 
treatment facilities. In the meantime, these man-made products also represent a significant source of microplastic 
pollution in aquatic environments. The flushable wet wipes completely disintegrate, disperse, and biodegrade in the 
aquatic environment. Developing truly flushable wet wipes and reinforcing the regulation that should protect the 
sewage system and the environment requires bioassay for biodegradation. One of the main issues of the proposed 
standardized tests is the high variability of the microbial inoculum used for the biodegradation of the tested products. 
Our work aims to select bacterial consortia for a bioaugmented bioassay of the truly flushable wipes. We present 
preliminary results related to selecting such bacterial consortia. The bacterial strains were isolated from the biofilm 
formed in three wastewater plant. Consortia were formed based on mutual bacterial interactions. Biodegradation 
capacity was determined in a long-term experiment. The preliminary results support the idea of a bioaugmented 
bioassay of the flushable wipes. 
 
Key words: bacterial consortia, bioassay, bioaugmentation, biodegradation, flushable wet wipes.  
 
INTRODUCTION  
 
The market for wet wipes, used for hygienic 
and cleaning purposes, is forecasted to have a 
Compound Annual Growth Rate (CAGR) 
higher than 10% in the next year, exceeding the 
threshold of 5 billion USD (Zhang et al., 2021). 
Such wet wipes are made from nonwoven 
fabric and are a network of microfibers 
embedded with disinfectant and/or cleaning 
agents (Hemamalini & Giri Dev, 2021). The 
increased awareness of hygienic requirements 
during the SARS-CoV-2 pandemic and the 
utility of these products in household and 
personal cleaning are the main drivers for such 
significant growth (Hu et al., 2022). The first 
option is to flush the wet wipes used for 
cleaning and/or disinfection in the toilet, due to 
convenience and for hygienic reasons (Harter et 
al., 2021). This flush happens very often, 
although various wet wipes are considered non-
flushable and are visibly labelled with a “Do 
Not Flush” mark (Karadagli et al., 2021). Wet 

wipes that are not dispersive in water and are 
non-biodegradable have become a significant 
pollutant in the last decade (Munoz et al., 
2018). Due to their non-water dispersive 
characteristic, the wet wipes generate 
mechanical issues in the sewage system 
(Mitchell et al., 2020). In combination with oil, 
fat, and grease, the nonwoven wet wipes that 
are not dispersive in water due to the 
hydrophobic core generate massive sewage 
system blockage (Kusum et al., 2020). Such 
blockages were called fatbergs and were 
defined as “a very large mass of solid waste in 
a sewerage system, consisting especially of 
congealed fat and personal hygiene products 
that have been flushed down toilets” Oxford 
Dictionaries on-line, 2015. 
New technologies to produce “truly flushable” 
nonwoven wipes were developed. Non - woven 
industry association (INDA and EDANA, from 
the US and, respectively, Europe, Middle East, 
and Africa) developed standard tests for water 
dispersibility, such as the slosh box 
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disintegration test (Durukan & Karadagli, 
2019) or the toilet bowl and drain-line 
clearance test, the household pump test or the 
settling test (Atasagun & Bhat, 2020). 
However, the dispersive characteristics of wet 
wipes solve only the compatibility with the 
sewage and wastewater system issue and do not 
solve the environmental impact of these human 
commodities. Nonwoven wet wipes are the 
primary source of microplastic pollution in the 
aquatic environment (Briain et al., 2020). The 
SARS-CoV-2 pandemic amplifies this impact 
significantly (Hu et al., 2022). 
The current market is chaotic and dominated by 
unethical marketing claims of “flushable” 
products  (Karadagli et al., 2021). This fact is 
due to several drawbacks of the nonwoven wet 
wipes made from biodegradable polymers, such 
as reduced dispersibility after wet storage 
(Harter et al., 2021), the difficulty of preserving 
due to biofilm formation on nonwoven fabric 
(Salama et al., 2021) and reduced mechanical 
strength (Yun et al., 2020). 
Development of the flushable wet wipes and 
reinforcement of the regulation that should 
protect the sewage system and the environment 
require testing for dispersibility and 
disintegration and bioassay for biodegradation. 
INDA/EDANA associations proposed two 
different bioassays, to evaluate aerobic 
biodisintegration/biodegradation tests (FG 505) 
and anaerobic biodisintegration/biodegradation 
tests (FG 506). OECD proposed a respirometric 
test for aerobic biodegradation in the aquatic 
environments, OECD 301B (Reuschenbach et 
al., 2003). The International Organization for 
Standardization (ISO) proposed several 
standards for bioplastic biodegradation, 
including a test for anaerobic degradation that 
evaluates the biogas production, ISO 
14853:2016, and two respirometric tests for 
aerobic degradation that analyze the evolution 
of the produced CO2, ISO 23977-1:2020, or 
oxygen consumption in closed environments, 
ISO 23977-2:2020 (Pires et al., 2022). 
One of the main issues of the proposed 
standardized tests of the inoculum used is the 
variability of the sediment or sewage sampled 
from laboratory wastewater treatment plants or 
aquatic systems. The variability of the 
inoculum leads to different results (Morohoshi 
et al., 2018). To reduce the biodegradation test 

variability, a consistent and efficient microbial 
inoculum is needed (Wennberg et al., 2022). 
Our work aimed to select bacteria consortia for 
a bioaugmented bioassay of the truly flushable 
wipes. Bioaugmentation is considered one of 
the solutions to microplastic pollution in the 
aquatic environment (Sharma & Jain, 2020). 
Therefore, selected microbial consortia that 
provide reliable and reproductive results in the 
degradation bioassay of flushable wet wipes 
could be further used for bioaugmentation of 
wastewater treatment. This work presents 
preliminary results for selecting such multi-
purposed bacterial consortia.   
 
MATERIALS AND METHODS  
 
Materials 
The following culture media and chemicals 
were used: Nutrient Broth, Nutrient Agar, Myp 
Agar media, peptone water, peptone, NaH2PO4, 
K2HPO4, MgCl2 × 6H2O, (NH4)2SO4 from 
Scharlau, Spain; FeCl3 from VWR, Belgium, 
CaCl2 from Reactivul Bucuresti, Romania, 3,5-
Dinitrosalicylic acid (DNS) from Alfa Aesar, 
Germany. As wet wipe material, we selected 
disinfecting wipes bought from a local shop. 
The biocidal active substances from these 
disinfecting wipes were clorhexidine 
digluconate and dodecyldimethylbenzylammo-
nium chloride. The nonwoven fabric was made 
75% from polyethylene terephthalate (PET) 
and 25% from viscose (cellulose xanthate). 
Cellulose xanthate, a semi-artificial fiber 
originating from wood, is considered a 
biodegradable plastic according to the latest UE 
Regulations (Syberg et al., 2021). 
 
Isolation of bacterial strains  
The bacterial strains were isolated from moving 
bed biofilm reactors (MBBR) recovered from 
three wastewater treatment plants in Prahova 
county (Filipești-de-Pădure, Băicoi și Sinaia). 
Ten pieces of recovered MBBR were 
suspended in 250 ml phosphate saline buffer. 
The resulting suspensions were first heated to 
75-100°C for 10-30 min to select only heat-
resistant strains that usually belong to Bacillus 
sp., most of these species being non-
pathogenic. Serial dilutions, 100 µl each, of 
each suspension were striated on Nutrient Agar 

 

medium in 90 mm Petri plates with a Drigalski 
spatula. The plates were incubated at 28°C for 
24-48 h depending on bacteria growth, after 
which the colonies were counted, and the 
colony types were identified based on their 
morphology. Each colony type was further 
isolated in pure culture by striation with a 
microbiological loop on a fresh Nutrient Agar 
plate. The isolates were also grown on Myp 
agar in order to exclude B. cereus strains 
(Shinagawa, 1990). 
 
Recalcitrant waste biodegradation of 
isolated strains 
For the initial tests of biodegradation, 0.15 g of 
disinfecting wipes were autoclaved at 121°C 
for 15 min and incubated with each isolated 
strain resuspended at 0.2 McFarland in 
physiological serum and inoculated 10% in           
15 mL of basal medium (BM) consisting of: 
0.625 g/L NaH2PO4, 3.125 g/L K2HPO4,           
0.125 g/L CaCl2, 0.020 g/L MgCl2, 0.020 g/L 
FeCl3. The strain activity on the wipes was next 
studied in the presence of 0.05% (NH4)2SO4 as 
a nitrogen and sulfur source or of small 
quantities (0.01%) of peptone as an organic 
source of carbon and nitrogen. The activity was 
monitored after 72 h by quantifying the 
reducing sugars with commercial DNS reactive 
(Sigma-Aldrich, Merck Group, Darmstad, 
Germany) according to a protocol for 
microplate-based assay (Yu et al., 2016) by 
reading the absorbance at 540 nm in 96-well 
plates (Nunc, Thermo Fischer) with 
CLARIOstar Microplate Reader, BMG 
Labtech, Germany. Each variant was made in 
triplicate, and the controls without disinfecting 
wipes were subtracted from the sample values.  
 
Consortia formation and biodegradation 
capacity  
The strains were used to form consortia based 
on their interactions with each other on 
Nutrient Agar medium by inoculating spots of 
each strain in random configuration on one-
plate SBS format (Barton et al., 2018). 
In order to test the efficacy of consortia to 
degrade the disinfecting wipes, two strategies 
were applied. The first one consisted of 
resuspending each strain separately in 1% 
peptone water and adding 107 CFU/mL in the 

final volume. The second strategy involved 
growing the strains inoculated at 107 CFU/mL 
each for 24 h in 1% peptone water, then 
inoculating the final samples with this pre-
formed consortium at 108 total CFU/mL.  
Because significant bacteria growth inhibition 
was observed due to biocidal active substances, 
disinfecting wipes were also washed before 
autoclaving. The experiment was repeated in 
the presence and absence of auxiliary 
hydrolytic enzymes. The used enzymes were 
lipase B from Candida antarctica (Lipozyme© 
CALB L), Celluclast® 1.5 L, and cutinase from 
Humicola insolens (HiC, Novozym© 51032), 
both kindly provided by Novozymes 
(Bagsværd, Denmark). This combination of 
enzymes was reported to be effective in the 
depolymerization of polyethylene terephthalate 
(Carniel et al., 2017; de Castro et al., 2017). 
Enzymes were applied as 10 mg per gram of 
disinfectant wipes. The disinfectant wipes were 
visualized under a stereomicroscope (Model 
SFX, Optika, Ponteranica, Italy) and a light 
transmission microscope (DM 1000 LED, 
Leica, Wetzlar, Germany). 
 
Identification of microbial strains 
The microbial strains with the best results were 
identified using Biolog MicroStation (Biolog, 
Hayward, CA, USA with GEN III microplate 
system. A single colony from each strain was 
homogenized into “inoculating fluid A” from 
Biolog. Using a multichannel pipette, 100 µl of 
the cell suspension was inoculated in each well 
of the 96-well MicroPlate, followed by 
incubation at 37°C for 20 h, aerobically. The 
MicroPlates were read in the MicroStation, and 
the strain was identified with the system 
software (GEN III aerobe database). 
 
RESULTS AND DISCUSSIONS  
 
In order to selectively isolated Bacillus strains 
from MBBR, the suspensions were subjected to 
different heating processes and serial dilutions. 
Our focus was on bacterial consortia obtained 
from gram-positive spore-forming bacteria from 
the Bacillaceae family because such bacteria: 
(i) are highly resistant to the harsh conditions 
due to their ability to form spores (Nicholson et 
al., 2000); (ii) have high ability to degrade 
bioplastic (Emadian et al., 2017); (iii) are good 
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disintegration test (Durukan & Karadagli, 
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wipes made from biodegradable polymers, such 
as reduced dispersibility after wet storage 
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due to biofilm formation on nonwoven fabric 
(Salama et al., 2021) and reduced mechanical 
strength (Yun et al., 2020). 
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protect the sewage system and the environment 
require testing for dispersibility and 
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biodisintegration/biodegradation tests (FG 505) 
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tests (FG 506). OECD proposed a respirometric 
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environments, OECD 301B (Reuschenbach et 
al., 2003). The International Organization for 
Standardization (ISO) proposed several 
standards for bioplastic biodegradation, 
including a test for anaerobic degradation that 
evaluates the biogas production, ISO 
14853:2016, and two respirometric tests for 
aerobic degradation that analyze the evolution 
of the produced CO2, ISO 23977-1:2020, or 
oxygen consumption in closed environments, 
ISO 23977-2:2020 (Pires et al., 2022). 
One of the main issues of the proposed 
standardized tests of the inoculum used is the 
variability of the sediment or sewage sampled 
from laboratory wastewater treatment plants or 
aquatic systems. The variability of the 
inoculum leads to different results (Morohoshi 
et al., 2018). To reduce the biodegradation test 

variability, a consistent and efficient microbial 
inoculum is needed (Wennberg et al., 2022). 
Our work aimed to select bacteria consortia for 
a bioaugmented bioassay of the truly flushable 
wipes. Bioaugmentation is considered one of 
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aquatic environment (Sharma & Jain, 2020). 
Therefore, selected microbial consortia that 
provide reliable and reproductive results in the 
degradation bioassay of flushable wet wipes 
could be further used for bioaugmentation of 
wastewater treatment. This work presents 
preliminary results for selecting such multi-
purposed bacterial consortia.   
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Materials 
The following culture media and chemicals 
were used: Nutrient Broth, Nutrient Agar, Myp 
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Scharlau, Spain; FeCl3 from VWR, Belgium, 
CaCl2 from Reactivul Bucuresti, Romania, 3,5-
Dinitrosalicylic acid (DNS) from Alfa Aesar, 
Germany. As wet wipe material, we selected 
disinfecting wipes bought from a local shop. 
The biocidal active substances from these 
disinfecting wipes were clorhexidine 
digluconate and dodecyldimethylbenzylammo-
nium chloride. The nonwoven fabric was made 
75% from polyethylene terephthalate (PET) 
and 25% from viscose (cellulose xanthate). 
Cellulose xanthate, a semi-artificial fiber 
originating from wood, is considered a 
biodegradable plastic according to the latest UE 
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The resulting suspensions were first heated to 
75-100°C for 10-30 min to select only heat-
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sp., most of these species being non-
pathogenic. Serial dilutions, 100 µl each, of 
each suspension were striated on Nutrient Agar 

 

medium in 90 mm Petri plates with a Drigalski 
spatula. The plates were incubated at 28°C for 
24-48 h depending on bacteria growth, after 
which the colonies were counted, and the 
colony types were identified based on their 
morphology. Each colony type was further 
isolated in pure culture by striation with a 
microbiological loop on a fresh Nutrient Agar 
plate. The isolates were also grown on Myp 
agar in order to exclude B. cereus strains 
(Shinagawa, 1990). 
 
Recalcitrant waste biodegradation of 
isolated strains 
For the initial tests of biodegradation, 0.15 g of 
disinfecting wipes were autoclaved at 121°C 
for 15 min and incubated with each isolated 
strain resuspended at 0.2 McFarland in 
physiological serum and inoculated 10% in           
15 mL of basal medium (BM) consisting of: 
0.625 g/L NaH2PO4, 3.125 g/L K2HPO4,           
0.125 g/L CaCl2, 0.020 g/L MgCl2, 0.020 g/L 
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studied in the presence of 0.05% (NH4)2SO4 as 
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(Sigma-Aldrich, Merck Group, Darmstad, 
Germany) according to a protocol for 
microplate-based assay (Yu et al., 2016) by 
reading the absorbance at 540 nm in 96-well 
plates (Nunc, Thermo Fischer) with 
CLARIOstar Microplate Reader, BMG 
Labtech, Germany. Each variant was made in 
triplicate, and the controls without disinfecting 
wipes were subtracted from the sample values.  
 
Consortia formation and biodegradation 
capacity  
The strains were used to form consortia based 
on their interactions with each other on 
Nutrient Agar medium by inoculating spots of 
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were applied. The first one consisted of 
resuspending each strain separately in 1% 
peptone water and adding 107 CFU/mL in the 

final volume. The second strategy involved 
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each for 24 h in 1% peptone water, then 
inoculating the final samples with this pre-
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Because significant bacteria growth inhibition 
was observed due to biocidal active substances, 
disinfecting wipes were also washed before 
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visualized under a stereomicroscope (Model 
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Leica, Wetzlar, Germany). 
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inoculants for the bioaugmentation in the 
wastewater facilities (Morikawa, 2006) and (iv) 
do not have known pathogen species for the 
aquatic species and act as pond probiotics or 
bioremediator aids (James et al., 2021). 
The results are presented in Table 1. We 
identified 3 types of strains with individual 

morphologies for each MBBR recovered from 
wastewater treatment plant, each type growing 
even after heating the suspensions at 100°C, 
but depending on dilution. In total, 9 strains 
(S1-S9) of spore-forming bacteria from the 
Bacillaceae family were isolated from the 
three-type biofilms formed on MBBR. 

 
Table 1. Number type of CFU/mL per serial dilution of suspension from MBBR following thermal treatment 

Thermal treatment  Number and type of CFU/mL per serial dilution of suspension from MBBR 1 
10-5 10-6 10-7 10-8 

T75°C, 10 min - 210 (Type 1, 2) 22(Type 1, 2, 3) - 
T75°C, 20 min - 200 (Type 1, 2, 3) 25(Type 1, 3) - 
T75°C, 30 min - 239 (Type 1, 2, 3) 26 (Type1, 3) - 
T100°C,10 min >300 86 (Type 1, 3) 5 (Type 3) - 
T100°C,15 min 52(Type 1, 2, 3) 4 (Type 1) - - 
Thermal treatment Number and type of CFU/mL per serial dilution of suspension from MBBR 2 

10-1 10-2 10-3 10-4 10-5 10-6 10-7 10-8 
T75°C, 10 min >300 >300 >300 62 (T1) 7 (T1) - - - 
T100°C,10 min >300 103 (T1, T2, T3) 10 (T1, T2, T3) 2 (T1,T2) - - - - 
Thermal treatment Number and type of CFU/mL per serial dilution of suspension from MBBR 3 

10-1 10-2 10-3 10-4 10-5 10-6 10-7 10-8 
T75°C, 10 min >300 >300 179 (T1, T2, T3) 21 (T1, T2) 3 (T1, T2) - - - 
T100°C,10 min >300 >300 80 (T1, T2, T3) 13 (T1, T2) - - - - 

T75°C- suspension thermally treated at 75°C for 10, 20 or 30 min.; T100°C- suspension thermally treated at 100°C for 10 or 15 min; 
Type / T1, 2, 3 - types of defined morphology; >300 - high growth, uncountable colonies CFU - colony forming units 
 
Figure 1 shows some bacterial strains isolated 
from MBBR 1-3, the initial bacterial culture 
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isolated pure strains (C-H). The colony 
isolation was done based on morphological 
characteristics. 
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The morphological characteristics of the colony 
of each isolate are described in Table 2. The 
colony shape, edge aspect, colony profile, 
transparency/opacity, and consistency are 

specific to the aerobic spore-forming bacteria 
of the family Bacillaceae (Fajardo-Cavazos et 
al., 2016; Kharkhota et al., 2022; Mandic-
Mulec et al., 2015). 

 

A – Types 1, 2, 3 MBBR 2 B – Types 1, 2, 3 MBBR 3 C – Type 1 (S1), MBBR 1 D – Type 2 (S2), MBBR 1

E – Type 1 (S4), MBBR 2 F – Type 2 (S5), MBBR 2 G – Type 1 (S7), MBBR 3 H – Type 2 (S8), MBBR 3

 

Table 2. Morphological characteristics of isolated strains from MBBR1, 2 and 3 
Strain/ 
Type 

Colony 
size Colony aspect Edge aspect Colony 

profile 
Transparency/ 

opacity Surface aspect Consistency 

MBBR 1 

S1/Type 1 Medium Irregular Scalloped Flat Opaque Waxed 
Rough Dry 

S2/Type 2 Medium Circular Entire Raised Transparent 
Yellowish Glistening Mucoid, 

viscous 

S3/Type 3 Small Circular, 
Recessed Entire Umbonate Translucent Rough Dry, 

Adherent 
MBBR 2 

S4/Type 1 Medium Circular Slightly scalloped Flat Opaque 
Yellowish Thin, waxed Dry 

 

S5/Type 2 Big Irregular, 
serrated Irregular, serrated Flat Opaque 

Whitish 
Waxed, 
powdery Dry 

S6/Type 3 Small Circular Entire 
Convex, 

Drop 
 

Transparent 
Whitish Glistening Mucoid, 

viscous 

MBBR 3 

S7/Type 1 Medium Circular, 
Concentric 

Raised, glossy halo 
aspect Lifted flat Whitish, 

Semitransparent 
Waxed, 
wrinkled Moisty 

S8/Type 2 Medium Slightly irregular, Slightly scalloped Lifted flat Whitish, 
Semitransparent 

Waxed, 
wrinkled Moisty 

S9/Type 3 Medium Circular Entire 
 Crateriform Opaque, 

whitish Powdery Dry 

 
The strains were also grown on Myp Agar 
media in order to distinguish and eliminate 
eventual B. cereus strains. There was no 
indication that any of the isolated strains could 

belong to this species, as there was no sign of 
lecithinase activity around colonies, as 
observed for the control B. cereus strain 
(Figure 2).  
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Figure 2. Isolated bacterial strains grown on Myp Agar (A-C) and compared  
to strains Bacillus cereus DSM 31 (D; F-left) and Bacillus subtilis DSM 10 (E; F-right) 

 
Each isolated strain was tested for its capacity 
to degrade disinfecting wipes. As shown in 
Figure 3, the bacteria grown in basal medium 
(BM) with only the wipes as C source din not 
induce any reducing sugars (RS) in most 
cultures, which indicates lack of enzymatic 

activity. The cultures had lower turbidity than 
the control, indicating growth inhibition. The 
cellulose biodegradation activity was also 
tested on microcrystalline cellulose (MCC) 
instead of wipes, and similar results were 
obtained, with RS below 10 µg/ mL.  
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T75°C- suspension thermally treated at 75°C for 10, 20 or 30 min.; T100°C- suspension thermally treated at 100°C for 10 or 15 min; 
Type / T1, 2, 3 - types of defined morphology; >300 - high growth, uncountable colonies CFU - colony forming units 
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Figure 2. Isolated bacterial strains grown on Myp Agar (A-C) and compared  
to strains Bacillus cereus DSM 31 (D; F-left) and Bacillus subtilis DSM 10 (E; F-right) 

 
Each isolated strain was tested for its capacity 
to degrade disinfecting wipes. As shown in 
Figure 3, the bacteria grown in basal medium 
(BM) with only the wipes as C source din not 
induce any reducing sugars (RS) in most 
cultures, which indicates lack of enzymatic 

activity. The cultures had lower turbidity than 
the control, indicating growth inhibition. The 
cellulose biodegradation activity was also 
tested on microcrystalline cellulose (MCC) 
instead of wipes, and similar results were 
obtained, with RS below 10 µg/ mL.  
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Figure 3. Values of reducing sugars resulting from incubation of isolated bacterial strains S1-S9 with disinfecting wipes 
determined by DNS: BM - incubation in the basal medium; 0.05% (NH4)2SO4 - incubation in BM + 0.05% (NH4)2SO4; 
0.01% peptone - incubation in BM + 0.01% peptone; S1-S9 correspond to the 9 strains isolated. The values presented 

represent means  ±  standard errors (n  =  3 replicates) 
 

Adding 0.05% (NH4)2SO4 determined the 
appearance of RS, around 20 µg/ mL for all 
strains. Higher concentrations of RS were 
obtained after adding instead of (NH4)2SO4, a 
“boosting” 0.01% peptone in the medium, as C 
and N source to sustain bacterial growth. The 
values presented in Figure 3 represent the 
differences between RS resulting from wipe + 
peptone minus RS from peptone alone. The 
resulting RS represents the RS that were 
released from the wipe. Most significant results 
were obtained for the 3 strains (S1, S2, S3) 
isolated from MBBR 1, with RS increasing 3 
times in the presence of peptone compared with 
(NH4)2SO4. 
The strains were used to form consortia based 
on their interactions, initial source, and wipe 
degradation capacity. The interactions were 
investigated on Nutrient Agar medium by 
inoculating spots of each strain in a random 
configuration. The aspect of the interacting 
colony of the isolated strains in one plate SBS 
formate is presented in Figure 4. Most strains 
grew well in the presence of the others. 
Because the strains isolated from MBBR 1 had 
the highest enzymatic activity in the presence 
of peptone among the 9 isolated strains, we 
decided to form the first consortia (C1) from 
these 3 strains, which were proven to form 
consortia also in a natural environment.  
 

 
Figure 4. Isolated bacterial strains grown on an agar plate 

in the presence of other strains 
 

As the 6 strains from MBBR 2 and 3 had 
almost the same activity, lower than the MBBR 
1, we designed corresponding consortia, one 
with the 3 strains from MBBR 2 (C2) and one 
with the 3 strains from MBBR 3 (C3). The 
consortia were investigated for their capacity to 
decompose the cellulose from the wipes in the 
absence or presence of an additive consisting of 
hydrolyzing cellulolytic enzymes. The 
consortia had similar activity to individual 
strains in the absence of enzymatic additive, 
irrespective of whether the strains were grown 
together directly in the presence of wipes or 
pre-incubated together for 24 h followed by 
inoculation of the sample with pre-formed 
consortia inoculum. Similar to individual 
strains, the presence of wipes partially inhibited 
bacterial growth, also in the case of consortia 
(Figure 5).  
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Figure 5. Erlenmeyer flasks with bacterial strains from 
MBBR 1 grown in the presence of disinfecting wipes 
(first 2 flasks from left compared to control - flask 3) 

 
Therefore, we decided to pre-wash the wipes 
before autoclaving to reduce the antimicrobial 
substances impregnated in them. The 
experiment was repeated, and hydrolytic 
enzymes were added supplementary to 
consortia, and these variants were compared 
with those without enzymes. Washing did not 
influence significantly the bacterial growth or 
the enzymatic activity. 

The addition of enzymes had significant effect 
on consortium C1. The RS resulting from the 
degradation of disinfecting wipes increased to 
567 ± 14 µg/mL, 6× more than the average RS 
of the strains in the absence of enzymes. The 
effect was absent on C2 and moderated on C3. 
The 3 strains from C1-S1, S2, and S3 were 
identified as Bacillus velezensis, Bacillus 
subtilis, and Bacillus licheniformis, according 
to the phenotype profile determined by Biolog 
MicroStation with GEN III microplate system. 
The structural changes of the wipes incubated 
with the best consortium C1 were analyzed 
under a stereomicroscope at the end of 
incubation (more than 2 months) after washing 
with double distilled water. One can observe 
that the wipes fibers are impregnated with a 
brown network formed from the culture media, 
which gives a brown aspect to the wipes 
(Figure 6). 

 

 
Figure 6. Morphological aspects of disinfecting wipes visualized by stereomicroscope 

 
This network could contain biofilm structure 
formed by the bacterial strains. We also 
observed that the treated wipes had regions 
with an apparent less dense microfibers 
network. The microscopic investigation did not 
show difference between the fiber diameter, 

despite the possible bacterial biofilm structure 
being more visible (Figure 7). The presence of 
cellulose xanthogenate and the enzymes 
cocktails that were demonstrated to degrade 
PET only slightly affect polyethylene 
terephthalate fibers. 

A – control 0.7X B – control 4X C – consortium C1, 
replicate 1, 0.7X

D – consortium C1, 
replicate 1, 4X

E – consortium C1, 
replicate 2, 0.7X

F – consortium C1, 
replicate 2, 4X
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A - Control 10X B - Consortium C1 10X 

  
C - Control 20X D - Consortium C1 20X 

Figure 7. Microscopic aspects of disinfecting wipes  
 
The preliminary results presented in this paper 
support the idea of bioaugmented bioassay of 
the truly flushable wipes. We proved that it is 
possible to isolate and reconstruct bacteria 
consortia, able to grow on wet wipes fibrillar 
network. As we already mentioned, the existing 
standardized bioassays (ISO  14853:2016, ISO 
23977-1:2020, ISO 23977-2:2020) and 
standardized guidelines for bioassay  
(INDA/EDANA FG 505 and FG 504, OECD 
301 B) raise concerns about the variability of 
the test results (Ott et al., 2019).   
An interlaboratory test of biodegradation of 
five reference chemicals according to OECD 
301 B test guideline shows a 49% variability of 
the obtained results and often gives false 
negative biodegradation results (Ott et al., 
2020). The variability of the test inoculum 
determines this variability in terms of source, 
diversity, and abundance (Kowalczyk et al., 
2015). According to the current standard test 
and guidelines, each laboratory has different 
inoculum that is not standardized in terms of 

abundance and diversity (Davenport et al., 
2022). Therefore, it is necessary to standardize 
the microbial inoculum - and our preliminary 
results demonstrate a way to arrive at such 
standardization. 
Bioaugmented bioassays are also needed to 
accelerate the development of new bioplastic 
composite with similar properties to the plastic 
intended to replace (including in wet wipes) 
and total biodegradation in the environment 
(Syberg et al., 2021). Such bioaugmented 
bioassay will accelerate the biodegradation 
experiments and will provide the necessary 
data for predictive models for composite 
bioplastic development. 
The selected consortia could be further used to 
develop a bioaugmentation product applied to 
wastewater treatment facility (Herrero & 
Stuckey, 2015). The multiple functions of the 
consortia degrading wet wipes require further 
studies focused on better characterizing the 
bacterial consortia and the biocomposite plastic 
substrate biodegradation. 

 
 

 
 

 
CONCLUSIONS 
 
We presented preliminary findings related to 
the selection of bacterial consortia for a 
bioaugmented bioassay of wet wipes 
biodegradation. The bacterial strains were 
isolated from the biofilm formed in MBBR 
from three wastewater plant. Consortia were 
formed based on mutual bacterial interactions. 
Biodegradation capacity was determined in a 
long-term experiment. The preliminary results 
support the idea of a bioaugmented bioassay of 
the flushable wipes. 
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23977-1:2020, ISO 23977-2:2020) and 
standardized guidelines for bioassay  
(INDA/EDANA FG 505 and FG 504, OECD 
301 B) raise concerns about the variability of 
the test results (Ott et al., 2019).   
An interlaboratory test of biodegradation of 
five reference chemicals according to OECD 
301 B test guideline shows a 49% variability of 
the obtained results and often gives false 
negative biodegradation results (Ott et al., 
2020). The variability of the test inoculum 
determines this variability in terms of source, 
diversity, and abundance (Kowalczyk et al., 
2015). According to the current standard test 
and guidelines, each laboratory has different 
inoculum that is not standardized in terms of 

abundance and diversity (Davenport et al., 
2022). Therefore, it is necessary to standardize 
the microbial inoculum - and our preliminary 
results demonstrate a way to arrive at such 
standardization. 
Bioaugmented bioassays are also needed to 
accelerate the development of new bioplastic 
composite with similar properties to the plastic 
intended to replace (including in wet wipes) 
and total biodegradation in the environment 
(Syberg et al., 2021). Such bioaugmented 
bioassay will accelerate the biodegradation 
experiments and will provide the necessary 
data for predictive models for composite 
bioplastic development. 
The selected consortia could be further used to 
develop a bioaugmentation product applied to 
wastewater treatment facility (Herrero & 
Stuckey, 2015). The multiple functions of the 
consortia degrading wet wipes require further 
studies focused on better characterizing the 
bacterial consortia and the biocomposite plastic 
substrate biodegradation. 

 
 

 
 

 
CONCLUSIONS 
 
We presented preliminary findings related to 
the selection of bacterial consortia for a 
bioaugmented bioassay of wet wipes 
biodegradation. The bacterial strains were 
isolated from the biofilm formed in MBBR 
from three wastewater plant. Consortia were 
formed based on mutual bacterial interactions. 
Biodegradation capacity was determined in a 
long-term experiment. The preliminary results 
support the idea of a bioaugmented bioassay of 
the flushable wipes. 
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Abstract 
 
Light is one of the main factors that influences the greatest phenomenon of nature, namely photosynthesis. In modern 
society, excessive artificial light at night (ALAN) in the conditions of the urban environment can be considered as an 
external polluting factor as well. The purpose of this study carried out on Taxus baccata L. (1-year old leaves - PYL 
and the current year - CYL ones) grown as a hedge in urban conditions was to explore the effects of ALAN on leaves 
morphology, gas exchanges and associated indicators, as well as on assimilatory pigments content. The results showed 
that: (1) The leaves length (LL)(mm) of CYL, as well as surface area (cm2) and leaf length to width ratio (LL/LW) were 
significantly lower under ALAN, than in normal (day/night cycle) light (NL). For PYL, no significant differences were 
noticed in the case of LL, while significantly lower values have been registered in the case of LW and leaf area to leaf 
fresh weight (AFWR); (2) Net photosynthesis (A) had significantly higher values during the springtime for PYL in NL as 
against ALAN, but opposite data have been noticed in June. The quantum yield (φCO2), water use efficiency (WUE) as 
well as transpiration rate (T) and stomatal conductance (gs) proved to be affected by the light conditions. (3) The values 
for the content of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll (TC) and carotenoids (C) were 
generally as that known for plants in general, with a higher amount of Chl a for PYL-ALAN, as compared to those for 
CYL-ALAN, or CYL-NL. Further research should be applied by the scientific community to monitor the impact of 
different light systems during the night and counteract the ALAN impact on plants and ecosystem. 
 
Key words:Taxus baccata, artifical light at night, leaves morphology, gas exchanges, assimilatory pigments.  
 
INTRODUCTION 
 
Light is one of the main environmental factors 
which by intensity, quality, duration 
(photoperiod) and direction of action influences 
the greatest phenomenon of nature, namely 
photosynthesis (Taiz et al., 2015). Moreover, 
its beneficial effects on plant growth and 
development are multiple given its involvement 
in controlling the ontogenetic cycle, not only 

due to the effects induced as an energy source, 
but also as a source of information (Bennie et 
al., 2016; see review by Singhal et al., 2019). 
Nevertheless, in modern society, like air 
pollution, light pollution can be considered as 
an external polluting factor as well (Argys et 
al., 2020; Massetti, 2020; Heinen, 2021). As for 
instance, an excessive artificial light at night 
(ALAN) has been first qualified a disturbance 
factor for astronomical observations, beginning 




