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Abstract

BACKGROUND: Under scarcity of freshwater, the reuse and low-cost technological solutions applied to wastewaters seek to
reduce contamination to the users and freshwater biota.

RESULTS: A low-cost cellulose membrane was doped with silver nanoparticles to filter urban wastewater (UW) from a city in
Argentina. The total amount of coliforms and Escherichia coli in the filter decreased by 99.6% and 99.9%, respectively. The leak
of silver from the filter was 275 ng L ~", analyzed by square wave anodic stripping voltammetry. Silver nanoparticles tested on
HepG2 and A549 mammalian cell lines showed no toxicit}l in a broad concentration range. Calculation of the organic matter
provided by dead bacteria post-filtration was 347 ug L ~' proteins, 148 pg L~ nucleic acids, 57 pg L~ lipids, and 53 pg L™’
polysaccharides, indicating high availability of organic matter. The retention of inorganic salts in the filter was 78.5% ammonia,
6.2% nitrates, 97.6% nitrites, and 19.2% phosphates. In post-filtered UW, the Lactuca sativa germination test showed early seed
germination between 90% and 95% in all the dilutions tested. In the range of 6.25% to 50.0%, filtered UW showed no signifi-
cant differences in the hypocotyl but the difference was significant in the radicle length (mm) compared to the control made of
synthetic media (P < 0.05).

CONCLUSION: The development of a low-cost filter based on cellulose membranes doped with silver nanoparticles allowed the
reuse of wastewater for domestic purposes and garden irrigation.
© 2021 Society of Chemical Industry (SCI).
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INTRODUCTION

Freshwater scarcity is among the greatest environmental prob-
lems currently being faced worldwide. It has been predicted that
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the number of people living with limited water access will
increase to 3.5 billion by 2025. Domestic reclaimed water is an
option that is being studied and increasingly adopted in areas
with water shortages, arid regions, or far away from cities.' Novel
strategies must be developed to deal with this problem, and
wastewater reuse is thought to play a key role, especially in peri-
urban, semirural, or rural areas where municipal sewage systems
and tap water are not available, and in developing countries
where central services have yet to reach most of the population.?
Finally, small units for recycling water could be used for domestic
purposes and gardening. Reusing water is not the only option to
balance supply and demand, but in many cases, it is also a cost-
effective solution. Urban and domestic wastewaters usually con-
tain a high bacterial concentration that should be diminished
before the water can be discarded into the environment or reused
for different purposes. According to the World Health Organiza-
tion (WHO) guidelines, the number of total coliforms employed
for crop irrigation (including those expected to be eaten raw
and those used in public parks or sports fields) must be lower than
1000 per 100 mL.3
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In recent years, the need to develop efficient and economically
convenient methods for the remediation and reuse of urban and
household wastewaters has motivated the study of new technol-
ogies. For this purpose, current wastewater technologies require
either the development of several steps in artificial ponds to stabi-
lize and degrade microbes and viruses or the use of complex sys-
tems that need to be supervised, maintained, and are time-
consuming. Some wastewater treatments contain chemical disin-
fectants (such as chlorine or UV lights) and require strong aeration
by micro- and nanobubble systems, in addition to open decanter
tanks and many filtration units. Classical approaches are based on
membrane technology, such as ultrafiltration and inverse osmo-
sis.* However, these technologies are particularly expensive for
domestic applications or intensive use and they require further
treatment of the water before disposal because of the high num-
ber of microbes and viruses. A critical and comprehensive review
of emerging trends in sustainable membrane-based wastewater
treatment was published elsewhere.”

The biocidal activity of silver has been described since the
beginning of human society. More recently, the synthesis of silver
nanoparticles (AgNPs) has opened a new spectrum of applica-
tions in many therapeutic and sanitizing devices because of their
high antimicrobial and virucidal activity.® Recently, AgNPs have
been used for water treatment in suspension, with the disadvan-
tage of the potentital silver release to the environment along with
the treatment.” Another strategy was to immobilize AgNPs in
inorganic supports, such as graphene® or polyelectrolytes cross-
linked with glutaraldehyde.’

Cellulose and its derivatives are being used for different techno-
logical purposes, including nanofibers, nanocrystals, and mem-
brane filters of different types.'® The main advantages of
cellulose devices are the lack of toxicity, ease of scale-up, low cost,
and biodegradability.

The toxicity of wastewater is mainly evaluated by acute and
chronic bioassays through algae, higher plants, and aquatic inver-
tebrates as sentinels. Microalgae are unicellular organisms and
key components as primary producers of aquatic food web struc-
ture and functionality, so their damage may impact the entire eco-
system. Chlorella vulgaris is a member of eukaryotic green
microalgae that multiplies asexually within 24 h. It is also
extremely sensitive to changes in its environment, allowing the
evaluation of toxic effects of pollutants over several generations.
C. vulgaris is widely used as a model aquatic organism for toxic
studies, to evaluate technological processes, and in regulatory
tests."”

The advantages of cladocerans in toxicological assays are par-
thenogenetic reproduction without genetic modifications, short
life cycle, ease of cultivation under laboratory conditions, and
high sensitivity to toxic substances. For these reasons, top regula-
tory agencies and international organizations developed
standard toxicological methods based on cladocerans. The cla-
doceran Ceriodaphnia dubia has been used extensively in aquatic
toxicity tests for decades.'?

The present work aimed to develop a cellulose filter doped with
silver nanoparticles for the treatment of urban wastewater
(UW) effluent to be used at a domestic scale for gardening or
household applications, intensive use in sanitary units, etc. AGNPs
were synthesized, and their toxicity was tested on mammalian cell
cultures. The UW effluent was physicochemically characterized by
pH, salinity, conductivity, dissolved oxygen, total and dissolved
suspended solids; the amount of silver in the filtered UW sample
and the ammonium, nitrates, nitrites, and phosphates of the

effluent were also determined. The Ag-filter biocidal activity was
evaluated on total coliforms, and E. coliand biomolecules released
to the medium were estimated. Post-filtered UW samples were
studied for toxicity using freshwater biological models
(i.e., C. vulgaris and C. dubia), and Lactuca sativa was used to ana-
lyze early seed germination and growth.

MATERIALS AND METHODS

Reagents and media

Silver nitrate (99.9%), polyvinylpyrrolidone (PVP, MW = 40 kDa,
BiNOs;, and MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) were purchased from Sigma Chemical Co. (St. Louis, MO,
USA). All other chemicals, media, and reagents were of analytical
grade from Merck, Oxoid, Gibco, or similar and used without further
purification. A buffer composed of 100 mM NaCl and 100 mM acetic
acid/acetate (pH = 4.0) was utilized in the electrochemical
measurements.

Wastewater sampling

Urban wastewater samples were collected from the wastewater
treatment plant located in San Justo city, Santa Fe province,
Argentina (30°78'93” S, 60°62'09” W). The sampling was per-
formed from a secondary facultative lagoon of UW treatment that
is 50 m wide, 100 m long, and 2.20 m deep. A 20 L sample was
taken in two 10 L drums from the outlet of the lagoon. The sam-
pling was carried out at the manhole about 5 cm under the lagoon
surface. One 10 L sample was used for filtration and microbiolog-
ical analysis, cell toxicity tests, and L. sativa growth. The other
intact 10 L sample was kept at 4 °C for further analysis involving
physicochemical characterization, the chemical composition of
major components, and microbiological analysis of the effluent.
All assays were performed in triplicate on each sample.

Effluent physicochemical characterization

Temperature, pH, salinity (ng L™"), conductivity (uScm™"), dis-
solved oxygen (DO, mgL™"), total suspended solids (TSS,
mg cm™"), and total dissolved solids (TDS, mg L") were mea-
sured with a YSI Professional Plus, 6050000 water quality multi-
parameter instrument (Ohio, USA).

Determination of Escherichia coli and total coliforms

The microbial quantification of total coliforms and E. coli was per-
formed by the most probable number (MPN), as outlined in Stan-
dard Methods."® Briefly, samples inoculated in lauryl tryptose
(LST) broth medium were diluted 100- and 1000-fold for MPN in
five test tubes and incubated at 35 °C for 24-48 h. A positive result
was indicated by the presence of acid and gas production in the
Durham tube. E. coli was quantified in LST supplemented with
the fluorogenic substrate 4-methylumbelliferyl-8-D-glucuronide
(MUG) incubated at 35 °C for 18-24 h."?

Culture conditions and toxicity test with Chlorella vulgaris

Chlorella vulgaris CLV2 (BCN, Mx.) was cultivated in 2 L Erlenmeyer
flasks under sterile conditions using Bold’s Basal Medium (BBM),
8000 Ix/Ix, and 100 rpm at 23 + 1 °C."* The algal growth inhibition
test was performed as recommended by OECD.'> The experi-
ments were carried out with 10* cells/mL. Five UW dilutions
(6.2%, 12.5%, 25.0%, 50.0%, and 100.0%) plus a negative control
were evaluated in triplicate. Three replicates of 100 pL per sample
were counted in the Neubauer chamber at 24, 48, and 72 h. In all
instances, at least 25 squares were counted to ensure errors lower
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than 10%."* The considered endpoints were the cell density and
algal growth inhibition (percentage of inhibition, 1%), estimated
according to OECD."®

Culture conditions and toxicity test with Ceriodaphnia

dubia

Ceriodaphnia dubia was collected from the Parana River alluvial
valley and individually maintained with 30 mL of synthetic
medium in glass beakers. Animals were fed three times a week
with a drop of algal suspension (Scenedesmus obliquus,
Agso = 1.5) for each culture chamber. Twenty neonates (<24 h)
of C. dubia were divided into five groups of individuals for each
treatment and negative control (without effluent). The test organ-
isms were exposed to five UW dilutions: 6.2%, 12.5%, 25.0%,
50.0%, and 100.0%. Results were considered acceptable when
mortality in the control group was lower than 10% at 48 h.

Nanoparticle synthesis

Silver nanoparticles were synthesized by a chemical reduction
method using PVP in the presence of NaOH, as previously
reported.'®

Mammalian cell lines and culture conditions, cell viability,
and proliferation

Human hepatoma (HepG2) (ATCC® HB-8065™) and human alveo-
lar adenocarcinoma (A549) (ATCC CCL-185) cells were cultured as
previously reported.'” After confluence, cells were incubated in
DMEN supplemented with different concentrations of AgNPs,
and later, the cytotoxic effect was determined with MTT. The
results were expressed as a percentage of cell viability compared
to the control without AgNPs.

Filter device and filtration

The 412 mL filter was made of cellulose (pore diameter < 10 pm)
coated with phenolic and polyurethane resins and was immersed
in 500 mL AgNPs at 25 °C with stirring for 4 h. Later, the filter was
dried at room temperature for 24 h and washed 10 times with
Milli-Q water before use. Three UW effluents of 3-I subsamples
were filtered and kept at 4 °C for further analysis.

Quantification of Ag(l) by SWASV

The electrochemical determinations of Ag(l) were performed with
a voltammetric analyzer Epsilon BAS, Bioanalytical Systems Inc.
(West Lafayette, IN, USA). The method is based on Ag(l) detection
on SPE modified with bismuth film (BiFE) by SWASV. BiFE was
plated in situ by deposition of a drop containing 0.1 pg L™" of
Bi(lll) and the Ag(l) solution in working buffer, as previously
reported.'® Triplicates of the effluent were tested for the presence
of silver ions (Ag(l)) before and after filtration.

Lactuca sativa assays

The post-filtered UW samples were diluted in serial concentra-
tions: 6.2%, 12.5%, 25.0%, 50.0%, and 100.0% with proper con-
trol.” For each triplicate experiment, 20 seeds were placed in a
9 cm diameter glass Petri dish with filter paper in the bottom;
4 mL of the different dilutions was poured into the plate and then
incubated in darkness at 20 + 2 °C for 120 h. The endpoints were:
(i) seed germination (SG, % of germinated seeds after the experi-
ment); (ii) root length (RL), and (iii) hypocotyl length (HL)."®

Table 1. Physicochemical parameters of San Justo city urban
wastewater

Parameters Values
Temperature (°C) 18 +2
pH 8.1+0.1
Salinity (ng L™") 0.53 + 0.03
Dissolved oxygen (mg L™") 82+ 0.1
Conductivity (uS cm™) 958 + 6
TSS (mg L) 1140 + 103
TDS (mg L™") 739 + 76
TSS, total suspended solids; TDS, total dissolved solids.
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Figure 1. Effect of urban effluent concentration on Chlorella vulgaris
growth at times 24 (0), 48 (m), and 72 (m) h. Error bars indicate the standard
deviation (three replicates per treatment and control (without UW). An
asterisk (*) denotes significant differences to the control (P < 0.05).

Statistical evaluation of the data

One-way ANOVA or the Kruskal-Wallis test was carried out after
checking the normality and homoscedasticity of the data. Statisti-
cal analyses were carried out using the software SigmaPlot 12.0.

RESULTS AND DISCUSSION

The physicochemical characteristics of the UW effluent from the
San Justo city wastewater treatment plant are summarized in
Table 1. The effluent temperature and pH were 18 + 2 °C and
8.1 £ 0.1, respectively, both of which are in the range of Santa
Fe state limits for wastewater discharge (pH range 7.5 to 8.5).%°
The high average value of dissolved oxygen was
82 +0.1 mgL™", which is enough for the aerobic degradation
of the organic matter and suitable for aquatic organisms. Salinity
and electric conductivity values were 053 +0.03ngL™" and
958.33 + 6.51 pS cm ™, respectively, and the TSS concentration
of the effluent was about 1140 + 103 mg L™".

Chlorella vulgaris growth was not inhibited in the presence of
6.25% to 100% effluent. No significant differences in algae growth
between the two lowest effluent concentrations (6.2% and 12.5%)
and the control were found (P > 0.05). Conversely, effluent con-
centrations higher than 25% and up to 100% produced a signifi-
cant stimulation of cell proliferation (P < 0.05) between 48 and
72 h (Fig. 1). Consequently, the effluent was identified not only
as nontoxic to the microalgae but also as a stimulant of C. vulgaris
growing at 25% and higher concentrations. Similar results on
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Figure 2. Effect of silver nanoparticle concentrations on HepG2 (a) and
A549 (b) cells viability at 48 h. Dotted lines indicate the 70% of viability;
below that value, the formulation is considered as cytotoxic. Concentra-
tion of 1 x 1073% (v/v) AgNPs is equivalent to 0.345 mg L™' Ag.

C. vulgaris growth in the presence of 25% to 100% UW were
reported elsewhere2’ The C. vulgaris mixotrophic growth condi-
tions generated more biomass than the autotrophic conditions.??
In mixotrophic cultures, carbon assimilation occurs from organic
compounds; however, in photoautotrophic cultures carbon dioxide
(CO,) is the unique source of carbon.'* Similar results were found
for the cladoceran C. dubia in treatments with the effluent at
48 h. Besides the lack of effluent toxicity to the microalgae and
the cladoceran, the microbial content of the prefiltered UW effluent
was in the order of 10° cells/mL (Table 2). Regulatory organizations,
such as the Environmental Protection Agency (Guidelines for Water
Reuse AR-1530. EPA/600/R-12/618, US) and the European Union
(Towards a legal instrument on water reuse at EU level), have estab-
lished a concentration of E. coli below 200 CFU/100 mL and
100 CFU/100 mL for domestic uses, respectively.?*>?* Also, the EU
recommends a concentration of E.  coli lower than
1000 CFU/100 mL for drip irrigation. 2*

The synthesis of AgNPs in alkaline PVP was previously
reported,’® and toxicity tests of AgNPs on the human liver
(HepG2) and lung (A549) cell lines showed no toxicity up to
0365 mg L™ in HepG2 cells (Fig. 2(a)). Similar results were previ-
ously reported using AgNPs capped with polyethyleneimine,
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Figure 3. SWASV of the Ag(l) response on BiFE of the blank solution |),
pre-filtered (2), and post-filtered (&) UW. Experimental conditions:
100 mM NaCl 100 mM acetic acid/acetate buffer (pH = 4.0). Parameters:
accumulation at —1.278 V for 60 s, equilibration step of 2 s, square-wave
anodic stripping voltammetry scan with potential ranging from —0.6 to
0.2 V, frequency of 25 Hz, amplitude of 25.0 mV, and potential step
of 5mV.

reaching the toxicity limit at concentrations lower than
1 mg mL™"2° Besides, AgNPs slightly but not significantly dimin-
ished A549 cell growth in a concentration-independent manner
according to the ISO 10993-5 standard,?® establishing the cytotox-
icity limit at 30% of cell death (Fig. 2(b)). These results demon-
strate that AgNPs are nontoxic to the mammalian cells tested in
a wide range of concentrations.

Later, AgNP suspension containing 365 mg L™ Ag(l), measured
by SWASV (CV = 7%, n = 3), was used to dope the filter. Due to
possible environmental and human health effects from silver
exposure, the silver content of the effluent post-filtration was also
analyzed (Fig. 3). The leaked Ag(l) concentration in filtered UW
was 275+ 34ng L™ Ag(l) (CV = 12%, n = 3), which is only
0.007% of the original silver concentration and less than the
WHO (2008) guideline limits for drinking water (<0.10 and
0.05 mg L™, respectively) and the EPA surface water quality cri-
teria (<0.07 mg L™"). The analysis of urban wastewater effluents
in the US and Europe displayed a wide range of AgNPs, from
1.0ng ™" t0 0.2 pg L™ Also, cellulose is a nontoxic and envi-
ronmentally biodegradable polymer.® Furthermore, the resin of
the cellulose filter do not pose a health risk, as many industries
use them for multiple purposes. Since many resins are frequently
used for dental, pharmaceutical applications, and drinking-water
treatment .2? These results strongly suggest that the silver-treated
effluent is nontoxic and make it possible to consider the reuse of
the effluent for domestic purposes.

The antimicrobial activity of the AgNPs-filter showed a reduc-
tion of 99.9% of total coliforms and 99.6% of E. coliin the effluent
(Table 2). Particularly, the E. coli concentration in the effluent post-
filtration was 8.69, 86.95, and 867.56 folds lower than the maxi-
mum levels allowed by the EPA and the EU (Table 2). Notably,
the reduction in the E. coli concentration in the effluent was
obtained without any chemical treatment, therefore avoiding
the use of toxic substances, such as chlorine. Besides, in the treat-
ment with chlorine, the treated UW exceeded 0.6 times the
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Table 2. Filter efficiency on bacterial removal of San Justo city urban wastewater

Bacteriological counts (CFU/100 mL)

Microorganisms Pre-filtration

Post-filtration Removal Efficiency (%)

21 x10°
3.0x 10°

Total Coliforms
Escherichia coli

330 99.9
11 99.6

Table 3. Average and standard deviation of root length and hypo-
cotyl length in UW dilutions and the control

Average and standard deviation

UW dilutions (%) Root length (mm) Hypocotyl length (mm)

100.00 15.9+ 3.9 280+ 6.1
50.00 206 +7.0 283 +6.2
25.00 207 £54 28.6 £ 5.1
12.50 199+ 44 27.7 £ 46
6.25 209+ 75 260+73
0.00 (Control) 210+ 11.0 280+ 8.7
30
=
E3 e 67 =
25 =
- 20 3
E &
E -
= 15
s
5
- 10
5
0
0 6.25 12.5 25 50 100

Urban wastewater (%)

Figure 4. Effect of filtered urban effluent concentrations on the length
(mm) of the root (m) and hypocotyl (=) of Lactuca sativa. Error bars indicate
the standard deviation (three replicates per treatment and control. Aster-
isk (*) denotes significant differences to the control (P < 0.05).

guideline levels of total fecal coliforms. In this context, a filter con-
taining AgNPs as a biocide was developed to test the potential
reuse of the effluent for household uses.

Similar results were reported using cellulose blotting sheets
doped with AgNPs to purify drinking water with a log decay of
6 and 3 for E. coli and E. faecalis, respectively.> Similarly, AgNPs

adsorbed on a film made of weak electrolytes cross-linked with
glutaraldehyde showed a reduction of 93% coliforms in industrial
wastewater after 60 h of treatment.’

The interaction of AgNPs with E. coli observed by TEM showed the
attachment of the nanoparticles to the outer membrane, followed
by cell internalization and bacterial lysis.? In another work, AgNPs
tested on the Gram-positive S. aureus and B. cereus, and on the
Gram-negative E. coli and P. aeruginosa showed high antimicrobial
activity; particularly, TEM images revealed the incorporation of
AgNPs inside P. aeruginosa cells, producing lysis. >’

The lack of toxicity of filtered UW effluent in plants was tested in
L. sativa. Early seed germination in post-filtered UW ranged from
90% to 95% in all the dilutions tested. Similar results were
observed in the control, with a seed germination percentage
above 90% (Table 3). The results showed that the growth of
L. sativa roots was sensitive to undiluted post-filtered effluent
(100%) with significant differences compared with the control
made in minimal synthetic media (P < 0.05) (Fig. 4). This could
be because the root system is more susceptible to environmental
conditions than the sprouting system.3? Similarly, half UW dilution
used for watering Solanum lycopersicum, L. sativa, and Raphanus
sativus showed a significant root decrease.>® On the contrary, no
differences were observed in the hypocotyl length (mm) in the
presence of UW dilutions and the control (Fig. 4). The positive
effects on L. sativa germination and growth, as in the control
group, could be due to the high concentrations of inorganic nutri-
ents (such as nitrogen and phosphorus) and organic molecules
from bacteria in the post-filtered effluent. The high nutritional
potential of wastewater stimulated seed germination and growth,
measured as root and hypocotyl elongation. In previous work,
municipal wastewater used to water L. sativa was found to be
nontoxic.3*

The removal efficiency of major inorganic components present in
the effluent by the AgNP doped filter was: 78.5% ammonium, 6.2%
nitrate, 97.6% nitrite, and 19.2% phosphate (Table 4). The high con-
tent of nitrate (93.8%) and phosphate (80.8%) in the post-filtered
wastewater suggests the effective application of AgNPs-filter for
the treatment of wastewaters. Similarly, UW treated with soil/sand
filters showed 0.06 mg L™ ammonium and 148 mg L™ nitrate in
the filtrate of Likovrisis plant (Attica, Greece).>®

Table 4. Filter performance of inorganic components removal

Concentration (mg L™")

Components Pre-filtration Post-filtration Removal Efficiency (%)
Ammonium 34 0.7 785
Nitrate 3.1 29 6.2
Nitrite 24.5 0.6 97.6
Phosphate 14.6 11.8 19.2
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Additionally, the biocidal effect of AgNPs is well known; they
cause cell lysis and the subsequent release of biological molecules
to the media, which are an excellent source of varied organic nutri-
ents that can be easily assimilable by cells and/or biodegradable,
improving the soil quality. The theoretical macromolecular compo-
sition and cell weight of E. coli were reported previously; it is com-
posed of 55.0% proteins, 20.5% RNA, 3.1% DNA, 9.1% lipids, and
8.4% of various polysaccharides (i.e., lipopolysaccharides, peptido-
glycan, and glycogen), with a unitary mass of 3 x 10~'® g/bacterial
cell 3 Considering these parameters and the bacterial cell concen-
tration in the pre-filtered and post-filtered UW, and assuming that
total coliforms (which include members of the genera Escherichia,
Citrobacter, Enterobacter, and Klebsiella) have similar macromolecu-
lar composition and cell weight, it is possible to estimate the num-
ber of macromolecules in the post-filtered UW. The metabolites
contributing to post-filtered UW were roughly 347 ug L™" of pro-
teins, 148 pg L™ of nucleic acids, 57 pg L' of lipids, and 53 pg L™
of polysaccharides. These biological molecules and the inorganic
components present in the filtrate can potentially be used for many
purposes, including watering vegetables and gardening, as previ-
ously suggested3” Among the advantages of AgNPs-filter for UW
treatment are reuse and the provision of essential organic nutrients
for plant growth. Particularly, the low application of fertilizers and
chemical compounds can be remarked.

The treated wastewater addition to soil increases the concentra-
tion of nitrogen, phosphorus,®” and other compounds (K, Ca, Na,
and Mg, among others),®® and could be beneficial for both soil
and plants by reducing the need for chemical fertilizers and
improving soil fertility and crop productivity. *° Also, wastewater
reuse is a way to reduce pressure on freshwater resources.

CONCLUSIONS

This preliminary work emphasizes: (i) the toxicity testing of efflu-
ent on two biological models, (ii) the antibacterial efficiency of
AgNPs doped in a cellulose filter, and (iii) the evaluation of its
potential to be reused as a liquid fertilizer. The effluent of San
Justo city does not show any toxicity to the microalgae
C. vulgaris and the cladoceran C. dubia, but it has a high microbial
content. The AgNPs-filter reduces the microbial concentration by
99% in coliforms and E. coli. The AgNPs-filtered UW effluent
showed low silver leakage and was able to support the growth
of L. sativa (lettuce). These promising results showed that the
AgNP doped cellulose filter could be a simple and fast alternative
for wastewater treatment with high biocidal activity and scalabil-
ity. More experiments must be performed to confirm the advan-
tages of AgNPs-filter for the treatment of UW.
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