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• DEPTALMCL® is a professional detergent
and disinfectant used in agro-food indus-
tries.

• DEPTAL MCL® significantly hindered P-
PO4 and TN removal.

• DEPTAL MCL® caused defloculation, in
particular of intermediate size flocs.

• Multivariate analysis correlated filamen-
tous bacteria abundance and affected pa-
rameters.

• Adequate pretreatment of wastewater
containing DEPTAL MCL® is required.
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 DEPTALMCL® is a professional cleaning agent approved by the Portuguese Food Regulatory Authority and is used in
agro-food industries, namely in fish canning industries in the north of Portugal. Its extensive use during cleaning pro-
cedures results in potential significant negative impacts on the performance of the downstreammunicipal wastewater
treatment plant (WWTP). A lab-scale extended areation activated sludge wastewater treatment system, continuously
fed by influent collected at a municipal WWTP, was used to assess the impact of a range of DEPTALMCL® concentra-
tions during 72 h. Despite distinct activated sludge community composition (due to its dynamic nature) and variations
in real influent characteristics, a relevant impactwas observed. DEPTALMCL®effectwas underscored through the use
of a multivariate analysis using seventeen physicochemical operational factors and nineteen quantitative image anal-
ysis (QIA) parameters. DEPTALMCL® exerted a severe negative impact on phosphorous (P-PO4) removal, total nitro-
gen (TN) removal and sludge volume index (SVI). With increasing DEPTALMCL® concentrations, both P-PO4 and TN
removal were affected and diminished proportionally. Moreover, several QIA parameters indicate defloculation when
DEPTAL MCL® was present, in particular for intermediate size aggregates with significant impacts. Optical
density of the effluent (Ode), displayed an increase of effluent turbidity. Percentage of area covered by small aggregates
(%Areasml) was also significantly higher for the intermediate and higher DEPTAL MCL® concentrations tested. Prin-
cipal component analysis exhibited 3 distinct ordenations: (i) control without addition of DEPTALMCL®; (ii) addition
of 0.03% and 0.06% and of (iii) 0.13 and 0.26% (v DEPTAL MCL®/v aeration tank). Canonical correspondence
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Abbreviations

General abbreviations
A No DEPTAL MCL® was added
B DEPTAL MCL® concentration 0.03

aeration tank)
C DEPTAL MCL® concentration 0.06

aeration tank)
CCA Canonical correspondence analysis
D DEPTAL MCL® concentration 0.13

aeration tank)
E DEPTAL MCL® concentration 0.13

aeration tank)
F DEPTAL MCL® concentration 0.26

aeration tank)
G DEPTAL MCL® concentration 0.26

aeration tank)
PCA Principal component analysis
PERMANOVA Permutational analysis of

analysis of variance
QIA Quantitative image analysis
R return line form clarifier
SC Secondary clarifier
WS Waste sludge
WWTP Wastewater treatment plant

Physicochemical parameters
AF Air flow
COD Chemical oxygen demand
CODr % Percentage chemical oxygen dema
FCOD/M Food (expressed in chemical

microorganism ratio
HRT Hydraulic retention time
OD Optical density
P-PO4 Phosphorous
Qi Influent flowrate
Qws Waste sludge flow rate
S0 Influent chemical oxygen demand
SRT Solids retention time
SVI Sludge volume index
TN Total nitrogen
TSS Total suspended solids
VSS Volatile suspended solids
X Biomass concentration

Quantitative image analysis parameters
TL/Vol Total filaments length per volume
TL/TA Total filaments length per total agg
TA/Vol Total aggregates area per volume
Deq Equivalent diameterP – Aggregate
FF Form factor
Conv Convexity
Comp Compactness
Round Roundness
Eccen Eccentricity
Robus Robustness
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analysis (CCA) was used to correlate the physicochemical data, QIA and the filamentous bacteria species prevalence to
DEPTAL MCL® concentration and incubation time. A time persistent DEPTAL MCL® effect was observed,
underscoring the need of a pretreatment of wastewater containing this cleaning agent.
% (v DEPTAL MCL®/v

% (v DEPTAL MCL®/v

% (v DEPTAL MCL®/v

% (v DEPTAL MCL®/v

% (v DEPTAL MCL®/v

% (v DEPTAL MCL®/v

variance/multivariate

nd removal
oxygen demand) to

concentration

regates area

perimeter

LrgC Largest concavity
RelArea Area ratio
% Nb Number percentage
% Area Area percentage

Subscripts
AT aeration tank
e effluent
i influent
int intermediate aggregates
R return line form clarifier
sml small aggregates
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MCL®will reach the wastewater treatment plants (WWTP) andmay consid-
erably impact its performance. This issue, to the authors knowledge, was
effective and systematic disinfection of a fishery facility, will comprehen-
1. Introduction

Worldwide fish consumption per capita is increasing approximately
1.5% each year, reaching nearly 20 kg per capita per year (FAO, 2018).
In this regard, the total income produced by EU fish processing industry
was estimated at EUR 32.5 Billion, according to Scientific, Technical and
Economic Committee for Fisheries (STECF, 2019). For example Canned
tuna is consistently among the most consumed fish species in Europe
(EUMOFA, 2018). On the other hand, fish canning industries generate
highwater consumption due to thawing andwashing processes which, con-
sequently, produces large quantities of wastewater (approximately 18 m3

tonne−1 of commodities). This wastewater is renowned by its high load
of contaminants such as nitrogen and organic compounds such as deter-
gents, which require treatment prior to their disposal into the environment
(Anh et al., 2021). Fish canning industries wastewater encompasses a
highly variable chemical oxygen demand (COD), ranging between 1 and
50 g L−1, and is mainly constituted by proteins and lipids (Chowdhury
et al., 2010; Cristóvão et al., 2014). The use of detergent in the fish canning
industries is due to regulations and directives on high standars of sanitary
conditions in food processing plants. Nevertheless, the impact of detergents
used in fish canning industries during mandatory regular cleaning proce-
dures in the biological wastewater treatment has been coarsely disregarded.
DEPTAL MCL® (HYPRED) is a professional grade alkaline chlorinated de-
tergent and disinfectant, which is legally approved by the European Union
to be applied in agro-food industrial facilities to meet food safety standards
(European Parliament, 2002). Portugal is a major fish consumer country in
the European Union reaching 60 kg per capita approximately (FAO, 2020).
Furthermore, the use of DEPTAL MCL® is the main biocide agent used in
fish canning industries to sanitize objects, equipment and furniture sur-
faces(fish canning industry communication). An important concern related
withfish canning industries is thatfishery facilities wastewater is solely sub-
jected to a simple pretreatment, or none at all (Cristóvão et al., 2014;
Cristóvão et al., 2016). The effective activity of chlorine alkaline DEPTAL
MCL® against pathogenic microorganisms such as Listeria, Staphylococcus
spp., Escherichia coli and other present on surfaces at a food processing
plants, clearly denotes a broad spectrum of activity (Bagge-Ravn et al.,
2003; Khamisse et al., 2012). Furthermore, the quantities required for the

sively generate non-negligible amounts of this biocide. Thereofore, consid-
ering these two important factors, a problematic concentration of DEPTAL
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not yet thoroughly evaluated. Antimicrobial action of chlorine cleaning
agents is based on the oxidative interaction with sulfhydryl group of
several enzymes, resulting in its denaturation. In addition, the microbial
cell membrane is also disrupted due to chlorine high oxidizing reactivity
(Bodík et al., 2008). A decrease of 60% of respiratory activity of acti-
vated sludge was reported when using a chlorine dose of 4.75 mg of
Cl2 per g of volatile suspended solids (VSS) within 20 min, or by apply-
ing 7.96 mg Cl2 per g of VSS for 10 min (Caravelli et al., 2004). Despite
extensive data available on the effect of chlorine on activated sludge, in-
formation about the potential impact of more complex detergents as
DEPTAL MCL® in WWTP, particularly during the biological treatment,
is still missing.

In this study, following an episode of extensive intoxication of the
sludge biomass in a municipal WWTP in the North of Portugal, a lab-scale
wastewater treatment system experiment was prefmormed to understand
the potential effect of the biocide DEPTAL MCL® on this type of events. A
wide-ranging concentration of DEPTAL MCL® was applied to the aeration
tank (AT) of a lab-scale extended aeration wastewater treatment system.
The system was operated in continuous, using sewage and activated sludge
from amunicipalWWTP from a regionwhere no fish canning industries are
present. Due to the high complexity and dynamic nature of activated sludge
treatment, multivariate statistical methods were applied to provide an en-
hanced overview of the DEPTAL MCL® impact on the activated sludge
wastewater treatment (Cristóvão et al., 2016; Legendre and Legendre,
2012). Moreover, these multivariate statistical methods were applied to
comprehensively evaluate numerous parameters: physicochemical, floc
structure profile (evaluated by quantitative image analysis (QIA) and mi-
crobiological abundance offilamentous bacteria.

2. Materials and methods

2.1. Lab-scale wastewater treatment system

The lab-scale wastewater treatment reactor comprised an aeration tank
(AT) (2 L working volume) connected to a secondary clarifier (SC) (operat-
ing volume 1.9 L) (Fig. 1a). Therefore, the overall volume of the systemwas
3.9 L. At the bottom of the SC a return line form clarifier (R) ensured partial
Fig. 1. A - Lab-scale wastewater treatment system. B - Schematic representatio
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recycling of the activated sludge from the SC to the AT. The waste sludge
(ws) was collected from R. Fig. 1 (b) exhibits a simplified scheme of the
lab-scale system. The influent (i) used consisted in sewage collected imme-
diately after the preliminary treatment of a municipal WWTP (Braga,
Portugal; coordinates: 41°33′59.6”N 8°26′44.4”W). The AT activated
sludge was collected from the samemunicipal WWTP. The hydraulic reten-
tion time (HRT) was approximately 28 h. Excess sludge was discarded from
the R at a rate of 1.25 mL h−1. The dissolved oxygen value in the AT was
maintained between 1 and 3 mg L−1 by using a precision gas mass flow
controller located downstream to an air pump.

2.2. DEPTAL MCL®

To evaluate the disinfectant and detergent DEPTAL MCL® comprehen-
sive impact on activated sludge based secondary treatment, concentrations
at 0.03; 0.06; 0.13; 0.26% (v(DEPTALMCL®)/v(AT) and a control without
addition DEPTALMCL®were tested. Each concentration of DEPTALMCL®
was injected on the AT at the beginning of the experiment. The authors as-
sumed that in control condition no DEPTAL MCL® is present in the influ-
ent. This was due to the absence of fish canning industries or major food
processing facilities in the vicinity of the WWTP where it was collected.
The concentrations 0.13% and 0.26% were analyzed in two independent
assays, to verify the reproducibility of the results. For simplification pur-
poses DEPTAL MCL® concentrations are represented by the following
acronyms: no addition – A; 0.03% – B; 0.06% – C; 0.13% – D and E;
and 0.26% – F and G. The highest tested concentration is approximately
8-fold higher than the lowest, to cover a broad range of concentrations.
The reactor was re-inoculated and stabilized for at least 15 days before
each experiment.

2.3. Physicochemical parameters

The physicochemical parameters were collected 24 h, 48 h and 72 h
after the injection of DEPTAL MCL® and analyzed according to standard
methods (APHA, 1995). System temperature was 21.6 ± 1.5 °C.

Physicochemical parameters used to calculate the system operational
parameters included: biomass concentration in the influent (TSSi and
n of the lab-scale wastewater treatment system and collected parameters.

Image of Fig. 1
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VSSi), aeration tank (TSSAT and VSSAT), and in the effluent (TSSe and VSSe).
Settleability determined by settled volume of sludge was used to estimate
the sludge volume index (SVI) (Metcalf and Eddy, 2003).

Soluble COD concentration was determined by COD cuvette test
LCK314 and LCK514 (Hach), to estimate percentage of COD removal effi-
ciency. The solids retention time (SRT) and food (expressed in COD) to mi-
croorganism ratio (FCOD/M) were determined according to Metcalf and
Eddy (Metcalf and Eddy, 2003).

The soluble phosphorous (P-PO4) and total nitrogen (TN) concentra-
tions were estimated using LCK 350 (range of 2.0–20.0 mg L−1) and LCK
338 (range of 20–100 mg L−1) cuvette test (HACH, Manchester, GB), re-
spectively and applied according to the manufacturing protocol. These
tests present a Confidence interval of 95%. LCK 350 tests are in conformity
with ISO 8466-1 and DIN 38402 A51 and the LCK 338 are in conformity
with ISO 8466-2 and DIN 38402 A51. Phosphorous (P-PO4) removal and
total nitrogen (TN) removal were also determined. Additional detailed in-
formation is available in supplementary data.

2.4. Quantitative image analysis (QIA)

2.4.1. Image processing and analysis in bright-field images
Activated sludge morphology was assessed by quantitative image anal-

ysis (QIA) at each time point: 24 h, 48 h and 72 h after the injection of
DEPTAL MCL®. Three slides per sample, and for each slide a sample vol-
ume of 10 μL was covered with a 20 mm× 20 mm cover slip for visualiza-
tion and image acquisition. Images were acquired in the upper, middle, and
bottom of the slide resulting in a total of 150 images (3 × 50 images
slide−1), withmore than 8000 aggregates per sample in average. The slides
were analyzed using a Olympus BX51 optical microscope (Olympus,
Japan), at 100× total magnification, coupled with an Olympus DP72 cam-
era (Olympus, Japan). Images were acquired at 1360× 1024 pixels and 8-
bit format through the commercial software CellˆB (Olympus). The image
processing and analysis procedure was based on the recognition of aggre-
gates and filamentous bacteria in grayscale images using a specifically de-
veloped program in Matlab 7.5 (The Mathworks, Natick, MA). A more
detailed description of the image processing methodology can be found in
the work reported by Mesquita and authors (Mesquita et al., 2009). A
cross-correlation analysis between all the collected data from QIA was
then performed to reduce the dataset, leading to the exclusion of one vari-
able for each pair presenting a correlation factor above 90%. The definition
of eachQIA parameter used in thiswork canbe found in supplementaryma-
terial. Fig. S1 shows an illustrative bright-field image with corresponding
aggregates and filaments binary images obtained from the QIA procedure.
Data comprising physicochemical and QIA parameters may be observed
in Table S2.

2.5. Biological parameters

An Olympus CX41 microscope was used to observe stained smears
(Gram or Neisser colored) of mixed liquor from AT, to identify filamentous
bacteria based on their morphological characteristics (dos Santos et al.,
2015).

2.6. Viability assay

At each time point, 1 mL of mixed-liquor was collected from AT for mi-
crobial viability evaluation (live/dead assay) based upon membrane integ-
rity to differentiate live from dead populations (Boulos et al., 1999). Each
sample was stained using a combination of two nucleic acid stains: green
fluorescent SYTO™ BC (Invitrogen, USA) for live cell staining and red fluo-
rescent propidium iodide (Sigma, Germany) for dead cell staining, at a final
concentration of 0.2 μMand 3 μM, respectively. After incubation in the dark
for 10 min at room temperature, 10 μL of stained suspension was spotted
onto amicroscope slide with a 20mm×20mm cover slip for visualization
and image acquisition with an epifluorescencemicroscope BX51 (Olympus,
Japan) using FITC (EX 470 – EM BP490/520 nm) and TRITC (EX 530 – EM
4

BP550/590 nm) filters to visualize live (green)/damaged (yellow) and
dead (red) microorganisms, respectively. Multiple images (more than 10
for each sample) were captured with a DP72 digital camera (Olympus,
Japan).

2.7. Statistical analysis

Activated sludge secondary treatment comprises a complex and dy-
namic set of parameters which is comprehensively analyzed using multidi-
mensional diagrams (Legendre and Legendre, 2012). - D'Agostino &
Pearson omnibus normality test was used to test the Gaussian distribution
of P-PO4 removal, TN removal, COD removal, SVI, equivalent diameter
of intermediate aggregates (Deqint) percentage area of small aggregates
(%Areasml), and effluent optical density (Ode). COD removal did not pass
the test, thus it was analyzed using Kruskal-Wallis with a Dunn's multiple
comparisons, a non-parametric test. A Brown-Forsythe test ensured the var-
iance homogeneity of P-PO4 removal, TN removal, and SVI. Then, a One-
way ANOVA and a Post hoc test Dunnett's multiple comparison was used
to test if the DEPTAL had any effect on P-PO4, TN removal and SVI. These
analysis were performed using Graphpad Prism 6 (version, 6.01).

QIA parameters used were preselected after a cross correlation analysis.
Physicochemical andQIA data were normalized and a principal component
analysis (PCA) was established. Table S1 comprises the PCA analyzed pa-
rameters. An Euclidean distance resemblancematrixwas applied and a per-
mutational analysis of variance/multivariate analysis of variance
(PERMANOVA) to assess the significance of factors: time, DEPTAL MCL®
concentration and their interaction. A PERMANOVA was also applied to
the biological data (P-perm < 0.05). A canonical correspondence analysis
(CCA) was used to perform an overall correlation among: physicochemical
data, QIA results and filamentous bacteria abundance.

PCA and PERMANOVA analysis were performed using Primer 6 (ver-
sion 6.1.16) & PERMANOVA+ (version 1.0.6, PRIMER-E) software. CCA
were obtainedusing Paleontological Statistics (PAST version 3.23) software
(Hammer et al., 2001). The presented plots were generated usingGraphPad
Prism (version 6.01, GraphPad Software Inc.).

3. Results and discussion

The P-PO4 removal, TN removal, COD removal and SVI are important
parameter to assess the performance of a WWTP. When present, DEPTAL
MCL® clearly impacts these parameters. P-PO4 removal was significantly
affected by exposure to increasing concentrations of DEPTAL MCL®
(ANOVA, p = 0.0007; Fig. 2A). The highest P-PO4 removal (78%) was
found in the control treatment (A) where no DEPTAL MCL® was added.
All DEPTAL MCL® concentrations promoted a decrease in P-PO4 removal
(Dunnett's test, p < 0.05), with the highest reduction in treatment G
(−95%). A negative relationship was found between P-PO4 removal and
increasing DEPTAL concentrations (linear regression, p = 0.0025, r2 =
0.3885, Y = −427.7× + 16.76).

Regarding TN removal, it was also significantly affected by exposure to
DEPTAL MCL® (ANOVA, p < 0.0001; Fig. 2B). DEPTAL MCL® concentra-
tions fromD toG promoted a decrease in N removal (3 to−18%) compared
with control treatment A (63%) (Dunnett's test, p < 0.05). A negative rela-
tionship was found between N removal and increasing DEPTAL concentra-
tions (linear regression, p = 0.0002, r2 = 0.5273, Y = −315.6× +
65.28).

COD removal was also significantly affected by exposure to increasing
concentrations of DEPTAL MCL® (Kruskal-Wallis, p = 0.0457; Fig. 2C).
The higher COD removal (96%) was found in the control treatment (A).
Only concentration E (59%) was significantly different from control
(Dunn's test, p < 0.05). Similarly to P-PO4 and TN removal, a negative rela-
tionship was found between COD removal and increasing DEPTAL concen-
trations (linear regression, p = 0.0112, r2 = 0.2935, Y = −126.9 +
90.01). Finally, SVI was also significantly affected by exposure to DEPTAL
(ANOVA, p = 0.0273; Fig. 2D). The lowest SVI was found in treatment B
(53mL) and the highest in treatment G (135mL). No significant differences



Fig. 2. Effects of increasing concentrations of DEPTALMCL®on: A – percentage of P-PO4 removal, B - percentage of TN removal, C – percentage of COD removal and D – SVI.
Values are mean of all exposure times (24, 48 and 72 h). DEPTALMCL® concentrations: A – no addition, B - 0.03%, C - 0.06%, D and E - 0.13%, F and G - 0.26% (v(DEPTAL
MCL®)/v(AT). Differences were tested against treatment A (control) by a Dunnett's multiple comparisons test (P-PO4 removal, TN removal, SVI) or Dunn's multiple
comparisons test (COD removal); *p < 0.05; ns, non significant differences. Mean (+SD, n = 3).
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were observed between control treatment (A) and others treatments
(Dunnett's test, p > 0.05). Also, no relationship was found between SVI
and increasing DEPTAL concentrations (linear regression, p > 0.05).

Dispite no SVI correlation was observed, there are some evidences that
highlight the occcurance of defloculation, such as ODe, %Areasml, Deqint
and the drastic loss of Compint (Fig. 3).

The clear reduction of Compint and Deqint may be correlated with
defloculation of these aggregates (Fig. 3A and B). Which results in a signif-
icant higher%Areasml as observed in Fig. 3C. Finally, an increase of the tur-
bidity of the effluent may be due to the inefficient sedimentation of the
flocs, also due to the defloculation. Furthermore, apparently the activated
sludge was able to mitigate the alkaline nature of DEPTAL MCL®, since
no clear differences were observed (Fig. S3A).

Fig. 4 displays the PCA for physicochemical and QIA parameters of the
aggregates, comprisingmore than half of the percentage of distribution and
Table S1 comprises the eigenvectors.

PCA is a reader friendly approach to simplify the complexity of exten-
sive data. PCA highlights the trends of data distribution in geometrically
projected principal components (PC). The PC1 and PC2 must be uncorre-
lated and their percentage provides information regarding the coverage
of variance (Lever et al., 2017).

DEPTAL MCL® concentrations B to G present a similar distribution
within the PCA X-axis, whereas the control (A) has a completely distinct or-
dination distribution. Lower DEPTAL MCL® concentrations B and C pres-
ent a ordination with a distinct PCA Y-axis spatial distribution from the
ordination encompassing intermediate (D and E) and highest concentra-
tions (F and G).
5

Control (A) important eigenvectors comprise: Compint, largest concav-
ity of small aggregates (LrgCsml) and form factor of intermediate aggregates
(FFint). Lowest concentration (B) relevant eigenvectors are compactness of
small aggregates (Compsml), convexity of intermediate aggregates (Convint)
and roundness of intermediate aggregates (Roundint). In both control
(A) and lowest concentration (B) the eigenvectors denote the importance
of intermediate aggregates morphology, indicating that lowest DEPTAL
MCL® concentrations displays an mild impact on the intermediate aggre-
gate structure. Low concentration (C) important eigenvectors are the total
suspended solids at AT (TSSAT), volatile suspended solids at AT (VSSAT)
and air flow (AF), exhibiting clear effect at AT. AF needed to maintain the
dissolved oxygen within the established range is directly correlated to
activated sludge activity (Gallé et al., 2019). These parameters were higher
then all other tested concentations (including the control), there is not a
clear correlation with the influent solids or any other parameter
(Fig. S3B, S3C and S3D). Relevant eigenvectors which lead to the PCA
ordinations for the intermediate (D and E) and higher (F and
G) concentrations of DEPTAL MCL® include number percentage of small
aggregates (%Nbsml), area percentage of small aggregates (%Areasml) and
effluent optical density (ODe). This clear ordination distinction mainly
based on the size of small aggregates and ODe denotes a deflocculation
event, due to the changes on the aggregates number and size, in addi-
tion to lower settleability at the SC (Andreadakis, 1993). This ordina-
tion clearly demonstrates the high impact of intermediate (D and
E) and high (F and G) DEPTAL MCL® concentrations on the biomass
size, structure and the loss of key wastewater treatment performance
parameter: settleability.

Image of Fig. 2


Fig. 3.QIA and physicochemical parameters: A – Compint, B – Deqint, C - %Areasml and D –ODe. DEPTALMCL® concentrations: A – no addition, B - 0.03%, C - 0.06%, D and
E - 0.13%, F and G - 0.26% (v(DEPTAL MCL®)/v(AT). Differences were tested against treatment A (control) by a Dunnett's multiple comparisons test; *p < 0.05; ns, non
significant differences. Mean (+SD, n = 3).

J. Padrão et al. Science of the Total Environment 838 (2022) 155957
The PCA results are corroborated by the PERMANOVA analysis which
indicateDEPTALMCL®as a significant factor (P-perm=0.007), highlight-
ing the effective impact of DEPTAL MCL® on the physicochemical
Fig. 4. Principal component analysis (PCA) comprising the physicochemical and quantita
DEPTAL MCL® concentrations: A – no addition, B - 0.03%, C - 0.06%, D and E - 0.13%

6

parameters and floc structure of the activated sludge. Time presented a
non-significant value (P-perm = 0.08) which denotes the persistent
DEPTAL MCL® effect within the analyzed incubation period (72 h), albeit
tive image analysis (QIA) data after 24 h, 48 h and 72 h of DEPTALMCL®exposure.
, F and G - 0.26% (v(DEPTAL MCL®)/v(AT).

Image of Fig. 3
Image of Fig. 4
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the 28 h of HRT. Thismay be correlatedwith a possible interaction and per-
severance of DEPTAL MCL®with the solids, since the lowest recorded SRT
was nearly 3.6 days (Table S2).

Regarding the biological communities, DEPTAL MCL® concentration
was the sole significant parameter forfilamentous bacteria (P-perm =
0.027). Fig. 5 depicts the average prevalence of the filamentous bacteria.
It is clear that when no DEPTAL MCL® was added a higher biodiversity
of filamentous bacteria was observed (77.8% of bacteria identified). Type
0041/0675 did not display considerable differences among all tested condi-
tions. Type 0092 prevalence was lower in all tested concentrations of
DEPTAL MCL®. Type 021 N prevalence was lower in B, C and D,
whereas considerably higher in F and G. Thiothrix spp. and Gordonia
spp. were only observed in A. Microthix parvicella average prevalence
was lower in B and C and considerably higher in G. Nostocoida limicola
was identified in A and E. Haliscomenobacter hydrossis and Sphaerotilus
natanswere not observed in A. H. hydrossiswas only identified in F and
G, the higher concentrations of DEPTAL MCL®. S. natans, observed
solely in D and E depicted a considerably higher average prevalence
in condition E.

CCA displays the overall correlation between physicochemical, QIA
and biological data. Wastewater treatment processes performance and
filamentous bacteria profile and dynamics had been widely correlated
(dos Santos et al., 2015). In Fig. 6 it is observable the distribution of
the different concentrations of DEPTAL MCL® at different time points,
as well as the associated filamentous bacteria species, the physicochem-
ical and QIA eigenvectors. CCA divides the filamentous bacteria species
within five different ordinations.

The CCA ordination of the filamentous bacteria communities according
to physicochemical parameters and QIA data showed that the first axis ex-
plained 44.38% of the total variance in filamentous bacterial communities
and separated the control communities from all the remaining. The second
axis explained 26.58% of the total variance and distinguished communities
from intermediate and higher DEPTAL MCl® concentration.

Filamentous bacteria Gordonia spp., Thiothrix spp. and Nostocoida limicola
are associated with control condition (A). Interestingly, N. limicola is known
as chlorine resistant Actibacteria, thus its prevalencewas expected to be asso-
ciated to higher DEPTALMCL® concentrations, whichwas not the case (Séka
et al., 2001). The Actinobacteria Gordonia spp. is widely recognized as
foaming agent in activated sludge (Guo et al., 2015), however, no relevant
foam was observable in the reactor, independently of the DEPTAL MCL®
concentration tested. Therefore, Gordonia spp. relative abundance in control
(A) may be correlated with its ubiquitous presence in activated sludge. The
Proteobacteria Thiothrix spp. and Actinobacteria N. limicola are known to
cause bulking events, however no bulking events were observed (Jenkins
et al., 2004). Gordonia spp., Thiothrix spp. and N. limicola relative abundance
was associated to eigenvectors of aggregates morphology, in particular of in-
termediate aggregates, as previously discussed. Which denotes a correlation
between good depuration conditions (A - control) and intermediate aggre-
gates morphology. Sphaerotilus natans relative abundance was correlated
Fig. 5. Average prevalence of filamentous bacteria. DEPTAL MCL® concentrations: A
MCL®)/v(AT).
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with intermediate DEPTALMCL®E andD (24 h) concentration. S. natans be-
longs to Betaproteobacteria and is the most extensively studied bulking
events in activated sludge systems worldwide (Ferreira et al., 2021). Further-
more, this bacterium is commonly found in municipal WWTP. A ordination
comprising DEPTAL MC® concentrations B and C 24 h D 72 h and F 72 h
observable. The filamentous bacteria with a distribution nearer to this
ordination include Type 0092, Type 0041/0675 and Microthrix parvicella.
M. parvicella, referred as one of the most ubiquitous filamentous bacteria in
the activated sludge, is chlorine resistant and responsible for bulking and
foaming events (Séka et al., 2001; Rossetti et al., 2005). In addition,
M. parvicella is associated to SRT eigenvector, an operational parameter usu-
ally correlated with its prevalence (Rossetti et al., 2005). More recently,
M. parvicella overgrowth was associated to low operational temperatures
(15.30 ± 0.26 °C) and influent COD constantly below 100 g COD kg−1

mixed liquor suspended solids day−1 (Fan et al., 2017). Average influent
COD for all experiments was approximately 3 mg COD kg−1 VSSAT day−1

andM. parvicella bulking was not observed within the experimental temper-
ature (1.4-fold higher). This may denote that temperature is a more
determinat factor for M. parvicella bulking events than low inffluent COD,
for this system. Type 0092, Type 0041/0675 are referred as bacteria able to
thrive in activated sludge with high concentrations of recalcitrant nutrients.
Relevant eigenvectors for these bacteria include %Areasml and %Numbsml

undercoring aggregates defloculation. Type 21 N can be ascribed to C 48
and 72 h, D 48 h and F 72 h. Different species of Type 021 N demonstrated
distinct susceptibility to chlorine, withstanding between 0.015 mg to 80 mg
of Cl2 g−1 of suspended solids (Séka et al., 2001; Guo et al., 2012). This
may explain its prevalence in the intermediate and higher concentrations
(C, D and F). The presence of Haliscomenobacter hydrossis is in line with the
highest DEPTAL MCL® concentrations (F 24 h, G 24 and 48 h). H. hydrossis
prevalence and overgrowth has been associatedwith dissolved oxygen deple-
tion, nevertheless, in this case, it was not negatively correlatedwith the AF ei-
genvector (Jiao et al., 2018).

Fig. 7 highlights the defloculation by depicting the presence of smaller
aggregates with the increasing concentration of DEPTAL MCL®. Some
loss of viability of the bacteria present is also observable.

In summary, for this wastewater treatment system, Gordonia spp.,
Thiothrix spp. and N. limicola were prevalent in control assay. S. natans,
Type 0092, Type 0041/0675,M. parvicella and Type 021 Nwere associated
to low and intermediate DEPTAL MCL® concentrations and H. hydrossis
were associated to the highest degree of loss of system performance (higher
DEPTAL MCL® concentrations). All DEPTAL MCL® concentrations exhib-
ited defloculation, which severely affects the effluent final quality and ade-
quacy, compromising the effluent legal requirements.

4. Conclusions

DEPTAL MCL® is a chlorine alkaline detergent, thus its biocidal action
on the activated sludge biocenosis may be direct or indirect if this biocide
exerts an unfavorably modification of the environmental parameters.
– no addition, B - 0.03%, C - 0.06%, D and E - 0.13%, F and G - 0.26% (v(DEPTAL

Image of Fig. 5


Fig. 6. A - CCA displaying filamentous bacteria prevalence, using physicochemical parameters and QIA data. DEPTAL MCL® concentrations: A – no addition, B - 0.03%,
C - 0.06%, D and E - 0.13%, F and G - 0.26% (v(DEPTAL MCL®)/v(AT). B and C – tested variables score for Axis 1 and 2, respectively.
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Using multivariate analysis comprising the physicochemical parameters,
the QIA data and the biological data of filamentous bacteria of the activated
sludge, it was possible to observe a clear negative impact of DEPTALMCL®
on activated sludgewastewater treatment system. This negative impactwas
independent of the inevitable variations on the activated sludge biocenosis
community and unpredictability of real influent constitution. It must be
mentioned that an individual assessment of each parameter exhibited a
traceable impact of DEPTAL MCL® in the wastewater system. However,
some of classical parameter for evaluating aggregates settleability such as
SVI, failed to denote defloculation. Nevertheless, the holistic approach
using multivariate analysis, allowed to clearly seperate the concentration
by ordenations, providing a bigger picture encompassing important biolog-
ical activated sludge communities such as filamentous bacteria. The find-
ings of this work largely corroborate the operational issues experienced at
a municipal WWTP which received influent containing DEPTAL MCL®.
Available comprehensive information on filamentous bacteria is scarce
and, to the authors knowledge, absent in multivariate studies. This
8

approach should be further implemented in the highly complex, dynamic,
and multifactorial process that is wastewater treatment, to establish solid
biologic correlations, since filamentous bacteria play an important role in
activated sludge process. Low levels of these microorganisms are required
for adequate flocculation and to avoid the formation of viscous foam can
lead to several operational problems (Jenkins et al., 2004; Mielczarek
et al., 2012). Finally, all wastewater producing industries should not only
focus on the control and evaluation of their regular wastewater. In this re-
gard, a special concern must be warranted, for instance, during cleaning
procedures. If the mitigation of levels of detergents or disinfectants during
cleaning procedures are not feasible due to food safety reasons, the waste-
water from these events must be analyzed and submitted to an adequate
pretreatment. This will ensure a non problematic range of concentration
of this products for the downstream activated-sludge wastewater
treatment.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2022.155957.

https://doi.org/10.1016/j.scitotenv.2022.155957
https://doi.org/10.1016/j.scitotenv.2022.155957
Image of Fig. 6


Fig. 7.Multi-channel epifluorescencemicrophotograph of A – conditionA at 48 h; B - condition B at 48 h; C - condition C at 48 h; D - conditionD at 48 h; E - condition F at 48 h.

J. Padrão et al. Science of the Total Environment 838 (2022) 155957
CRediT authorship contribution statement

Jorge Padrão: Conceptualization, Data curation, Formal analysis, In-
vestigation, Methodology, Project administration, Resources, Supervision,
Validation, Visualization, Writing – original draft, Writing – review &
editing. Vânia Ferreira: Investigation, Methodology, Writing – original
draft. Daniela P. Mesquita: Conceptualization, Data curation, Methodol-
ogy, Project administration, Software, Validation, Writing – original draft.
Susana Cortez: Investigation, Methodology, Writing – original draft.
Nicolina Dias: Investigation, Methodology, Writing – original draft. M.
Salomé Duarte: Investigation, Methodology, Writing – original draft.
Gonzalo Tortella: Data curation, Formal analysis, Resources, Supervision,
Validation, Writing – original draft, Writing – review & editing. Isabel
Fernandes:Data curation, Formal analysis, Resources, Supervision, Valida-
tion, Writing – original draft, Writing – review & editing. Manuel Mota:
Funding acquisition, Supervision, Validation, Writing – review & editing.
Ana Nicolau: Data curation, Formal analysis, Funding acquisition, Investi-
gation, Methodology, Project administration, Resources, Supervision, Vali-
dation, Visualization, Writing – review & editing.

Declaration of competing interest

All authors declare that they do not possess any financial and personal
relationships with other people or organizations that could inappropriately
influence (bias) their work.

Acknowledgements

This study was supported by the Portuguese Foundation for Science and
Technology (FCT) under the scope of the strategic funding of UID/BIO/
04469/2019 unit and BioTecNorte operation (NORTE-01-0145-FEDER-
000004) funded by the European Regional Development Fund under the
scope of Norte2020 - Programa Operacional Regional do Norte. This work
was also supported by the project Innovative strategies to control filamentous
overgrowth in activated sludge wastewater treatment (INOVCONTROLFIL)
(PTDC/AAG-TEC/3331/2014). In addition, it was also supportedUniversidad
de la Frontera DI21-1004, ANID/REDES 180003 and by FEDER funds
through the Operational Competitiveness Program COMPETE and FCT
under the projects PTDC/CTM-TEX/28295/2017 and UID/CTM/
00264/2019.
9

References

Andreadakis, A.D., 1993. Physical and chemical properties of activated sludge floc. Water Res.
27, 1707–1714. https://doi.org/10.1016/0043-1354(93)90107-S.

Anh, H.T.H., Shahsavari, E., Bott, N.J., Ball, A.S., 2021. The application of marinobacter
hydrocarbonoclasticus as a bioaugmentation agent for the enhanced treatment of non-
sterile fish wastewater. J. Environ. Manag. 291, 112658. https://doi.org/10.1016/j.
jenvman.2021.112658.

APHA - American Public Health Association, 1995. Standard methods for the examination of
waterand wastewater 19th. American Public Health Association, Washington, D. C.

Bagge-Ravn, D., Gardshodn, K., Gram, L., Vogel, B.F., 2003. Comparison of sodium
hypochlorite-based foam and peroxyacetic acid-based fog sanitizing procedures in a
Salmon smokehouse: survival of the general microflora and Listeria monocytogenes.
J. Food Prot. 66 (4), 592–598. https://doi.org/10.4315/0362-028X-66.4.592.

Bodík, I., Gašpariková, E., Dančová, L., Kalina, A., Hutňan, M., Drtil, M., 2008. Influence of
disinfectants on domestic wastewater treatment plant performance. Bioresour. Technol.
99, 532–539. https://doi.org/10.1016/j.biortech.2007.01.016.

Boulos, L., Prévost, M., Barbeau, B., Coallier, J., Desjardins, R., 1999. LIVE/DEAD BacLight:
application of a new rapid staining method for direct enumeration of viable and total bac-
teria in drinking water. J. Microbiol. Methods 37, 77–86.

Caravelli, A., Giannuzzi, L., Zaritzky, N., 2004. Effect of chlorine on filamentous microorgan-
isms present in activated sludge as evaluated by respirometry and INT-dehydrogenase ac-
tivity. Water Res. 38, 2395–2405. https://doi.org/10.1016/j.watres.2004.01.044.

Chowdhury, P., Viraraghavan, T., Srinivasan, A., 2010. Biological treatment processes for fish
processing wastewater – a review. Bioresour. Technol. 101, 439–449. https://doi.org/10.
1016/j.biortech.2009.08.065.

Cristóvão, R.O., Botelho, C.M., Martins, R.J.E., Loureiro, J.M., Boaventura, R.A.R., 2014. Pri-
mary treatment optimization of a fish canning wastewater from a Portuguese plant.
Water Resour. Ind. 6, 51–63. https://doi.org/10.1016/j.wri.2014.07.002.

Cristóvão, R.O., Pinto, V.M.S., Gonçalves, A., Martins, R.J.E., Loureiro, J.M., Boaventura,
R.A.R., 2016. Fish canning industry wastewater variability assessment using multivariate
statistical methods. Process Saf. Environ. Prot. 102, 263–276. https://doi.org/10.1016/j.
psep.2016.03.016.

dos Santos, L., Ferreira, V., Neto, M.M., Pereira, M.A., Mota, M., Nicolau, A., 2015. Study
of 16 Portuguese activated sludge systems based on filamentous bacteria populations
and their relationships with environmental parameters. Appl. Microbiol. Biotechnol.
99, 5307–5316.

EUMOFA, 2018. The EU Fish Market. European Market Observatory for Fisheries and Aqua-
culture Products, Brussels. http://agricultura.gencat.cat/web/.content/de_departament/
de02_estadistiques_observatoris/27_butlletins/02_butlletins_nd/documents_nd/fitxers_
estatics_nd/2018/0218_2018_Pesca_Productes-pesquers-mercats-UE-2018-exportacions.
pdf.

European Parliament, 2002. General Principles And Requirements of Food Law, Establishing
the European Food Safety Authority And Laying Down Procedures in Matters of Food
Safety Brussels.

Fan, N., Qi, R., Rossetti, S., Tandoi, V., Gao, Y., Yang, M., 2017. Factors affecting the growth of
Microthrix parvicella: batch tests using bulking sludge as seed sludge. Sci. Total Environ.
609, 1192–1199. https://doi.org/10.1016/j.scitotenv.2017.07.261.

FAO, 2018. The State of World Fisheries And Aquaculture 2018 - Meeting the Sustainable De-
velopment Goals. Food and Agriculture Organization of the United Nations, Rome.

FAO, 2020. El estado mundial de la pesca y la acuicultura 2020. La sostenibilidad en acción,
Roma. https://doi.org/10.4060/ca9229es.

https://doi.org/10.1016/0043-1354(93)90107-S
https://doi.org/10.1016/j.jenvman.2021.112658
https://doi.org/10.1016/j.jenvman.2021.112658
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf1560
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf1560
https://doi.org/10.4315/0362-028X-66.4.592
https://doi.org/10.1016/j.biortech.2007.01.016
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130533069521
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130533069521
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130533069521
https://doi.org/10.1016/j.watres.2004.01.044
https://doi.org/10.1016/j.biortech.2009.08.065
https://doi.org/10.1016/j.biortech.2009.08.065
https://doi.org/10.1016/j.wri.2014.07.002
https://doi.org/10.1016/j.psep.2016.03.016
https://doi.org/10.1016/j.psep.2016.03.016
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130524469250
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130524469250
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130524469250
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130524469250
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130521553694
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130521553694
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130521553694
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130521553694
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130521553694
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130523143668
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130523143668
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130523143668
https://doi.org/10.1016/j.scitotenv.2017.07.261
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130520280494
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130520280494
https://doi.org/10.4060/ca9229es
Image of Fig. 7


J. Padrão et al. Science of the Total Environment 838 (2022) 155957
Ferreira, R., Amado, R., Padrão, J., Ferreira, V., Dias, N.M., Melo, L.D.R., et al., 2021. The first
sequenced Sphaerotilus natans bacteriophage – characterization and potential to control
its filamentous bacterium host. FEMS Microbiol. Ecol. 97.

Gallé, T., Koehler, C., Plattes, M., Pittois, D., Bayerle, M., Carafa, R., Christen, A., Hansen, J.,
2019. Large-scale determination of micropollutant elimination from municipal wastewa-
ter by passive sampling gives new insights in governing parameters and degradation pat-
terns. Water Res. 160, 380–393. https://doi.org/10.1016/j.watres.2019.05.009.

Guo, J., Peng, Y., Wang, Z., Yuan, Z., Yang, X., Wang, S., 2012. Control filamentous bulking
caused by chlorine-resistant type 021N bacteria through adding a biocide CTAB. Water
Res. 46 (19), 6531–6542. https://doi.org/10.1016/j.watres.2012.09.037.

Guo, F., Wang, Z.-P., Yu, K., Zhang, T., 2015. Detailed investigation of the microbial commu-
nity in foaming activated sludge reveals novel foam formers. Sci. Rep. 5, 7637. https://
doi.org/10.1038/srep07637.

Hammer, Ø., Harper, D.A.T., Ryan, P.D., 2001. Paleontological statistics software package for
education and data analysis. Palaeontol. Electron. 4, 9.

Jenkins, D., Richard, M.G., Daigger, G.T., 2004. Manual on the Causes an Control of Activated
Sludge Bulking, Foaming And Other Solids Separation Problems, 3rd ed. Lewis Pub-
lishers, Boca Raton, p. 2004.

Jiao, E., Gao, C., Li, R., Tian, Y., Peng, Y., 2018. Energy saving control strategies for
Haliscomenobacter hydrossis filamentous sludge bulking in the A/O process treating
real low carbon/nitrogen domestic wastewater. Environ. Technol. 39, 2117–2127.
https://doi.org/10.1080/09593330.2017.1351491.

Khamisse, E., Firmesse, O., Christieans, S., Chassaing, D., Carpentier, B., 2012. Impact of
cleaning and disinfection on the non-culturable and culturable bacterial loads of food-
contact surfaces at a beef processing plant. Int. J. Food Microbiol. 158, 163–168.
https://doi.org/10.1016/j.ijfoodmicro.2012.07.014.
10
Legendre, P., Legendre, L., 2012. Numerical ecology. APHA, Standard Methods for the Exam-
ination of Water And Wastewater, 19th ed. American Public Health Association,
American Water Works Association, Water Environment Federation, Washington, D.C,
3rd ed. Elsevier, Amsterdam.

Lever, J., Krzywinski, M., Altman, N., 2017. Principal component analysis. Nat. Methods 14,
641–642.

Mesquita, D.P., Dias, O., Amaral, A.L., Ferreira, E.C., 2009. Monitoring of activated sludge set-
tling ability through image analysis: validation on full-scale wastewater treatment plants.
Bioprocess Biosyst. Eng. 32, 361–367. https://doi.org/10.1007/s00449-008-0255-z.

Metcalf &amp, Eddy Inc., 2003. Wastewater Engineering: Treatment And Reuse. 4th ed.
McGraw-Hill, New York.

Mielczarek, A.T., Kragelund, C., Eriksen, P.S., Nielsen, P.H., 2012. Population dynamics of fil-
amentous bacteria in Danish wastewater treatment plants with nutrient removal. Water
Res. 46, 3781–3795. https://doi.org/10.1016/j.watres.2012.04.009.

Rossetti, S., Tomei, M.C., Nielsen, P.H., Tandoi, V., 2005. Microthrix parvicella, a filamentous
bacterium causing bulking and foaming in activated sludge systems: a review of current
knowledge. FEMS Microbiol. Rev. 29, 49–64. https://doi.org/10.1016/j.femsre.2004.09.
005.

Scientific, Technical and Economic Committee for Fisheries (STECF), 2019. The EU Fish
Processing Sector. Economic Report (STECF-19-15). Publications Office of the
European Union, Luxembourg. https://doi.org/10.2760/30373 ISBN 978-92-76-
14666-7.

Séka, M.A., Kalogo, Y., Hammes, F., Kielemoes, J., Verstraete, W., 2001. Chlorine-susceptible
and chlorine-resistant type 021N bacteria occurring in bulking activated sludges. Appl.
Environ. Microbiol. 67, 5303–5307. https://doi.org/10.1128/AEM.67.11.5303-5307.
2001.

http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130531525949
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130531525949
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130531525949
https://doi.org/10.1016/j.watres.2019.05.009
https://doi.org/10.1016/j.watres.2012.09.037
https://doi.org/10.1038/srep07637
https://doi.org/10.1038/srep07637
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130525228928
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130525228928
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130526491369
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130526491369
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130526491369
https://doi.org/10.1080/09593330.2017.1351491
https://doi.org/10.1016/j.ijfoodmicro.2012.07.014
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130527546294
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130527546294
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130527546294
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130527546294
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130533099117
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130533099117
https://doi.org/10.1007/s00449-008-0255-z
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130525149916
http://refhub.elsevier.com/S0048-9697(22)03054-6/rf202205130525149916
https://doi.org/10.1016/j.watres.2012.04.009
https://doi.org/10.1016/j.femsre.2004.09.005
https://doi.org/10.1016/j.femsre.2004.09.005
https://doi.org/10.2760/30373
https://doi.org/10.1128/AEM.67.11.5303-5307.2001
https://doi.org/10.1128/AEM.67.11.5303-5307.2001

	Negative impacts of cleaning agent DEPTAL MCL® on activated sludge wastewater treatment system
	1. Introduction
	2. Materials and methods
	2.1. Lab-scale wastewater treatment system
	2.2. DEPTAL MCL®
	2.3. Physicochemical parameters
	2.4. Quantitative image analysis (QIA)
	2.4.1. Image processing and analysis in bright-field images

	2.5. Biological parameters
	2.6. Viability assay
	2.7. Statistical analysis

	3. Results and discussion
	4. Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References




