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Abstract Pharmaceuticals constitute a wide group of
human and veterinary medicinal compounds largely used
worldwide. Antibiotics are one of the most important
pharmaceuticals found in the water, being amoxicillin one
of the most commercially used due to its high antibacterial
activity and large spectrum against a great variety of
microorganisms. These chemicals find their way into the
water via wastewater from drug manufacturing plants,
hospitals, and private households. Thus, it is highly
important to employ an adequate treatment for wastewater
containing antibiotics. Unfortunately, although their low
efficiency in removing antibiotics from wastewaters,
conventional biological treatment is still the most often
used treatment for this purpose. On the other hand,
considering their inherent characteristics, membrane
separation processes, as nanofiltration, may be performed
for removing the antibiotics presented in wastewaters. At
the present work, the performance of nanofiltration in
removing antibiotics from wastewaters was assessed. Two
nanofiltration membranes, two antibiotics (amoxicillin and
norfloxacin) at different concentrations and pH of
wastewater were evaluated. The results pointed out that the
pH did not influence permeability, and rejections for both
antibiotics were always higher than 97% in all experiments
showing the viability of nanofiltration for antibiotics’
removal and water reuse.

Keywords: Nanofiltration, Antibiotics Removal,

Wastewater.
1. Introduction

With new analytical technologies, pharmaceutical
compounds have been found as pollutants in pg - ng per L
in different biotic or abiotic environmental matrices, being
the antibiotics an important group of pharmaceuticals and
considered as organic contaminants of emerging concern
Antibiotics residues have been found in rivers (Lopez-
Roldan, 2010), wastewater from drug manufacturing plants
(Larsson, 2015), wastewater from hospitals (Rodriguez-
Mozaz et al, 2015) and domestic sewage (Tuc et al, 2016).
They can be found either in soil and sediments (Wu et al,
2015), as well as in foods (Done; Halsen, 2015).

The European Community Directive 2013/39/EU has
treated emerging contaminants as those which are not yet
part of routine monitoring programs, but may pose
significant regulatory risks related to their potential
toxicological or eco-toxicological effects and their levels in
the aquatic environment (EU, 2013).

In Brazil, a survey on the occurrence of organic
compounds of emerging concern was carried out in 22
states in 2011 and 2012. This study covered different
classes of emerging compounds and antibiotics were found
in water and in domestic sewage (Machado et al, 2016).
Homem and Santos (2011) made an extensive survey with
data from 2005 to 2011 showing several matrices, from
several countries, including Brazil, with antibiotic
contaminants. In water-based surface waters, amoxicillin
concentrations ranged from 1.0 to 1,640 ng.L™, norfloxacin
from 2 to 3,700 ng.L™, erythromycin from 0.5 to 100,000
ng.L™, and sulfamethoxazole from 0.3 to 309,000 ng.L™.

According to the European Centre for Disease Prevention
and Control (2014), amoxicillin (AMX) is one of the most
consumed antibiotics in the European Union, used alone or
combined with clavulanic acid. AMX is a B-lactam
antibiotic from aminopenicillin family.

Another concerning antibiotic is Norfloxacin (NOR). NOR
is a fluoroquinolone antibiotic, being one of the most
consumed in seven countries of Latin America (Wirtz,
2010). This synthetic compound is not easily
biodegradable. It has stability, structural complexity and
antimicrobial activity. NOR limits the efficiency of
conventional water treatment plants once it reduces or
exterminates the microorganisms of biological treatment
systems (Li and Zhang, 2010). efficiency of NOR ranged
from 5 to 78%, being insufficient.

Although many methods have been investigated for this
purpose, there is still a deficit in researches addressed to
the removal of antibiotics from water and wastewater.

Membrane separation processes, as reverse 0SMOsis,
ultrafiltration and nanofiltration, may be used as
wastewater treatments for the removal or concentration of
chemical compounds from water and wastewater
(Homayoonfal, Mehrnia, 2014). In this sense, the present
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work was performed aiming to evaluate the performance of
two nanofiltration membranes in removing antibiotics-

2. Materials and Methods

2.1. Feed solutions

Binary aqueous solutions with amoxicillin and norfloxacin
(99.9% pure) were prepared in order to simulate synthetic
wastewaters from pharmaceutics’ industries. AMX
solutions were made with 250 mg.L™ at pH 2.1, 5.7 and
10.0, and with 50 mg.L™ at pH 5.7. NOR solutions were
prepared with 23 and 34 mg.L™ at pH 6.2.

All the feed solutions were made with distilled/deionized
water (DDW), totalizing a feed volume of 4 L for each
solution, and the pH was adjusted with 1M NaOH or 1M
HCI solutions.

2.2. Membranes characterization

Permeation experiments were carried out with two flat-
sheet nanofiltration membranes, NF 270 and NF 90
(FilmTec; Minneapolis, MN) with average pore radius
around 0.42 nm and 0.34 nm (Nghiem et al 2004). They
are polyamide thin film composite membranes. The thin
film (skin) is a mixture of aromatic and aliphatic
polyamide with amine and carboxylates end groups. Skin
is over a layer of polysulfone on a polyester support layer
(Dow, 2004).

The isoelectric point (pHi) of the membranes are 3.5 to NF
270 and 4.0 to NF 90. In pH higther than pHi the
membranes present a negative superficial charge and in pH
smaller than the pHi there is a positive charge. (Nghiem et
al, 2005).

Membranes were characterized in terms of their hydraulic
permeability (Lpw), as described elsewhere (Giacobbo et
al., 2013), at transmembrane pressures (AP) of 5, 7, 10, 15
and 20 bar, and in terms of rejection coefficients to
reference solutes: NaCl, Na,SO, and CaCl, The
permeation of reference solutions for membranes
characterization was performed at AP of 10 bar, feed
solution of 2,000 mg.L™ and at a feed flowrate of
3.3 L.min™,

The solute rejection coefficient (R) was defined as:

R (%) = [% 2100 Eq. (1)

c
where Cy, is the average between feed final and initial
solution concentration, C, is the concentration of permeate.

2.3. Nanofiltration permeation experiments

Permeation experiments were carried out in laboratory flat-
cell units with a membrane surface area of 14.5 x 10 m?
and with a feed flowrate of 3.3 L.min™, thoroughly
described elsewhere (Giacobbo et al., 2013).

Experiments were performed in total recirculation mode,
so that the permeate and the retentate streams were
recirculated to the feed tank in order to evaluate the
variation of the permeation fluxes (Jp) and of the solute

rejection coefficients with AP. The stabilization time for
each experimental run was 30 min, after which permeate
samples were taken for chemical analysis.

After each experiment the membranes were washed with
DDW and/or 0.1% NaOH solution at 30 °C, when
necessary, until recover the Lpyy at least 90% of the initial
value.

2.4. Analytical methods

Total organic carbon (TOC) was analyzed with a TOC-
LCPH carbon analyzer (Shimadzu). pH and conductivity
were measured using a Tek PHS-3B pH meter and an
AKSO 8306 conductivity meter, respectively. AMX and
NOR were analyzed by high performance liquid
chromatography-HPLC-UV (Thermo Scientific).

3. Results and Discussion
3.1. Membranes characterization

The NF 270 and NF 90 membranes presented hydraulic
permeabilities (Lpw) of 12.88 and 6.86 kg.h*.m?2.bar?,
respectively. In terms of rejection to the reference solutes
(R%), the NF 270 membrane reached 52%, 98%, 71% for
NaCl, Na,SO, and CaCl,, while the NF 90 presented
rejection of 90%, 99% and 97%, respectively. These
results are in line with the manufacturer’s data.

3.2. Effect of pH and transmembrane pressure (AP) in
rejection and permeation flux

Figure 1 shows the permeation flux of AMX solutions and
rejections in different pH and AP. Rejection has been
evaluated through the TOC. In all assays, the rejections
were similar, always higher than 98%, such that the pH did
not influenced significantly the AMX rejection.

Regarding Lps (solution permeability) and Lpw presented
by the NF 270, one can verify a drop of 22.3% at pH 2.1,
17% at pH 5.7 and 5.7% at pH 10.0, while in NF 90 there
was a drop of 20.3% at pH 2.1, 9.0% at pH 5.7 and 3.2% at
pH 10.0. For both membranes, increasing pH results in
increasing fluxes, being this result in accordance with the
manufacturer data which states at pH above 9 causes the
membrane to swell promoting an increase in permeation
fluxes.
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Figure 1. Permeation fluxes and AMX rejection as a
function of AP at different pHs (2.1-10.0); feed flow rate of
3.3 L.min®; feed solution: 250 mg.L* AMX; and
temperature: 25 °C. (a) NF 270 membrane and (b) NF 90
membrane.

Separation of ionic species from aqueous solutions across
NF membranes is controlled by different mechanisms such
as solute adsorption on the membrane surface, molecular
size (steric exclusion) of the compound, repulsive forces
and others. AMX has three pKa as zwitterion pkal= 2.4,
pka2= 7.4, pka3=9.6 and in AMX aqueous solutions with
pH lower than 2.4, AMX is a cation, above pH 7.4 is an
anion and between 2.4 and 7.4 AMX is a neutral
compound (Homayoonfal and Merhnia, 2014). At NF 270
the AMX rejection in terms of TOC was the same (R=
98.7%; 98.8%; 98.8%) for the three evaluated pH,
suggesting that the separation was due to AMX molecule
size and steric exclusion.

For the NF 90 the AMX rejection in relation to TOC was
slightly higher at pH 2.12 (R = 99.6%) because the
membrane is in contact with an acid solution, lower than
the membrane pHi, which is around 4.0. Thus, the
membrane becomes more positive due to the protonation
of the amine groups. So, if the membrane is positive and
also the AMX, a repulsion of the AMX occurs on
membrane surface increasing the rejection. This could
increase the concentration polarization near the surface of
the membrane, which can explain the flux decrease. As the
pH increases to 10, the flux increases and the rejection
decrease for both membranes. In accord to orientations of

manufacturer, clean nanomembranes with alkaline
solutions at pH above 9 causes a membrane swelling and
an increase in flux (can be up to 40%) and a reduction in
rejection. Acid solutions at a pH below 4 cause the
membrane to shrink and there is an increase in rejection
and a decrease in flux (Filmtec).

Figure 2 shows results of the experiments with AMX 50
mg.L™ and pH 5.7 for both membranes: (a) NF 270 and (b)
NF 90.

300 e 100

E 250 1 a) L 17.002x| 90 ;\3
- | pw = 17.092x ~
g 200 R2=0.9973 [ 80 0:_
X 150 1 Lps AMX 50 test 1= 15,669 7¢) é
2 100 R2=0.9991 8
< 50 Lps AMX 50 test2 =15.899x| 60 &,
= R2=0.999

b 0 T T 50

§ 0 5 10 15 20

g Pure water AP (bar)

S_) @ AMX 50PH 6,0 NF 270 TESTE 1

@® AMX 50 pH 6,0 NF270 Teste2
& AMX 50 rejection from averageAMX concentration test 1 and 2 NF270

_ 150 TE———v 100

o~

E |y %0 o

< 100 4 ~

g Lpw =6.6179x | 80
c

o R = 0.9986 S

= L 2

§ 50 Lp AMX 50 teste 1= 6.7181Ap| 70 ‘%

= R? = 0.9996

: Lp AMX teste 2= 6.6761x | 60

T R>=0.9992

g 0 T T 50

& 0 5 10 15 20

a

AP (bar)

@ Pure water

@ AMX 50 teste 1
@ AMX 50 teste 2
¢ Rejection AMX 50 from AMX concentration NF 90

Figure 2. Permeation fluxes and AMX rejection as a
function of AP at pH 5.7; feed flow rate: 3.3 L.min™; feed
solution: 50 mg.L™* AMX; and temperature: 25 °C. (a) NF
270 membrane and (b) NF 90 membrane.

For both membranes the highest rejections were always at
the highest AP. Besides, both membranes presented Lps
(solution permeability) similar to the Lpw (hydraulic
permeability), discarding the hypothesis of occurrence of
concentration polarization and fouling on the membrane
surface.

In Figure 3 is presented the permeation fluxes and
rejections for NOR solutions with 23 and 34 mg.L™* and
pH 5.7 for both membranes: (a) NF 270 and (b) NF 90.

With the NF 90 membrane the permeability to the
Norfloxacin solutions were closed to the one achieved with
water. On the other hand, with NF 270 there was a
decrease in permeability, from 17.09 kg.h".m?Zbar? (Lpw)
to 11.6 kg.h.m?Zbar™ (Lps). This fact can be attributed to
the occurrence of concentration polarization and/or
reversible fouling on the surface of NF 270 membrane.
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Figure 3. Permeation fluxes and rejection as a function of
AP at pH 5.7; feed flow rate: 3.3 L.min™*; feed solution: 23
and 34 mg.L™ NOR; and temperature: 25 °C. (a) NF 270
membrane, (b) NF 90 membrane and (c) rejection for both
membranes.

The rejection was between 96.1 and 97.1% for NF 270 at
different pressures, i.e., slightly lower than the ones
obtained with NF 90 (above 99% at all pressures). The
different concentrations of NOR 23 and 34 mg.L™ did not
alter the rejection.

4, Conclusions

pH had no significant influence on amoxicillin rejection,
but influenced the permeate flux. Alkaline solutions with
pH above 9 cause the membranes to swell and an increase
in flux and reduction in rejection. Some solutes can get
closer membrane to the membrane and deposit on surface,

decreasing flux. Nanofiltration was shown to be viable for
separation of antibiotics considering that the rejections
were greater than 97%.

Other permeation experiments and studies of interaction
and rejection of these and other drugs will be performed.
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