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Medical Waste Water Treatment by Membrane Filtration
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Abstract: In this study is presented the result obtained for the treatment of waste water from the medical
sector using membrane filtration system. Polyethersulfone (PES) membranes were obtained using
Dimethylformamide DMF like solvent, with different concentration to determine the rejection variation
of different dyes. Membranes were obtained by the immersion precipitation method and permeation
properties were determined by dead end technique. The results show that the membranes filtration
method can by improved to reduce the cost of the water treatment from the medical sector. Using DMF
solvent membranes with a smaller concentration of polymer have a good rejection results in comparison
with other membranes obtained with different solvents.
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1. Introduction

In the medical sector are many types of contaminants that have raised great concern like organic
compounds, drugs, pharmaceutically active substances, etc. In general these types of pollutants have a
high persistence and the concentrations of them in the sewage system are made by predictions.
According to the legislation in the medical sectors is not necessary to have a waste water installation
plant to remove the pollutants before water discharge. To avoid fresh water contamination treatment of
wastewater at the source is necessary [1, 2]. The presence of PhACs in water (wastewater, surface and
drinking water), were analyzed in the literature [3-5]. Biological water treatment and membrane
bioreactors are the most used technique for water treatment to remove organic and inorganic impurities.
In the last years many studies show that the antibiotics are detected in various environments, lakes, water
reservoirs and ground water, and the spread of them cause pollution for the environment [6,7]. The
removal of micropollutants (MPs)is a challenge for wastewater industry and membrane technology can
be the solution [8-11]. The main problem in membrane process is the fouling effect, which occurs on the
membrane surface due to the roughness. In the same time increase of the permeation without affecting
the rejection properties is a challenge. In this studio membrane with different concentration of polymer
were obtained using Dimethylformamide DMF like solvent. The polymer concentration is important for
the permeation properties and in the same time influences the rejection properties. Many researchers
improve the membrane properties by adding additives in the membrane structures [12-15]. Additives
like ZnO, TiO2 nanoparticles increase the porosity of the membranes and reduce the surface roughness.
To obtain efficient membranes is necessary to establish the best polymer concentration for every type of
solvent.
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2. Materials and methods
In this paper were obtained polymeric membranes using Dimethylformamide (Producer:Eastman)

like solvent, and Polyethersulfone(PES)(Producer; Ensinger) (Figure 1).
O

JLN,CHB

CH

Figure 1. Dimethylformamide

H

0
I

I
o) n
Figure 1. The structure of Dimethylformamide andPolyethersulfone
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Membranes were obtained by immersion precipitation method in atmosphere with 40% air humidity.
PES was dissolved in DMF and stirred for 48 hours at room temperatures. A 250 micrometer thin film
of the polymeric solution was casted on a support layer and immersed in pure water for phaseinversion
[11].

3. Results and discussions
3.1. Permeation properties

All obtained membranes were tested to establish the permeation properties. In Table 1 is presented
the flux evolution for a membrane with 25% polymer for a volume of 80 mL pure water.

Table 1. Flux evolution

V(mL) AV(mL) min seconds Time (min) Q(mL/min) J(L/m?h)
5 5 2 13 2.22 2.26 92.71
10 5 40 4.67 2.04 83.88
15 5 21 7.35 1.86 76.58
20 5 59 9.98 1.90 78.04
25 5 12 40 12.67 1.86 76.58
30 5 15 27 15.45 1.80 73.83
35 5 18 17 18.28 1.76 72.53
40 5 21 7 21.12 1.76 72.53
45 5 23 57 23.95 1.76 72.53
50 5 26 47 26.78 1.76 72.53
55 5 29 47 29.78 1.67 68.50
60 5 32 48 32.80 1.66 68.12
65 5 35 38 35.63 1.76 72.53
70 5 38 43 38.72 1.62 66.65
75 5 41 49 41.82 1.61 66.29
80 5 44 55 44.92 1.61 66.29

Can be observed that the membrane at 25% polymer concentration has a good stability in time. For
a longer period flux still stable and the compaction rate is small, (Figure 2).
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Figure 2. Pure water flux

Pure water flux is directly influenced by the polymer concentration. In figure 3 is presented the water
flux at four different concentrations. Flux is decreasing from 95.5 L/m?h for membranes with 19%
polymer at 66.29 L/m2h for membranes with 25% polymer. The effect on the water flux is due to the
membranes porosity and pores size and distributions. Is effect is presented in literature for many types
of membranes [16, 17].Increasing the polymer concentration the membrane porosity and the pore size
decrease.

Membranes permeability, for every polymer concentration, was established by tasting membranes at
four different pressures (5, 10, 15 and 20 bars), (Table 2).

Table 2. Flux evolution at different pressure

AP(bar) Min Seconds | Time (min) | Q(mL/min) | J(L/m?h)
5 2 5 2.08 0.96 39.46
10 1 6 1.10 1.82 74.73
15 1 11 1.18 2.54 104.20
20 0 54 0.90 3.33 137.00
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Figure 3. Pure water flux at different polymer concentration
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In Figure 4 is presented the permeability for a membrane with 25% polymer. Increasing the pressure
the permeability is higher but in the same time and the energy consumption is bigger increasing the
treatment cost of the wastewater.
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Figure 4. Pure water flux at different pressures

And the permeability is influenced by the polymer concentration being similar with the pure water
flux. In Figure 5 is presented the permeability evolution at a pressure of 10 bar for membrane with
different polymer concentration.
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Figure 5. Permeability at different polymer concentration
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The permeability properties are an important indicator for wastewater treatment process efficiency.
In literatures are presented many studies regarding the use of additives to increase membrane
permeability.

3.2. SEM analysis

To understand the polymer concentration on the permeation properties is necessary to see the
membranes structures. Increasing the polymer concentration membrane structures is modified. Figure 7
show the structure of a membrane with 19% polymer concentration.
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Figure 7. SEM cross section for a
membrane with 19% polymer
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At 19% polymer concentration the membrane structure show a thin top layer and macrovoids which
connect the surface with the membrane bottom. This structure gives a good permeability to the
membranes. Increasing the polymer concentration at 25%, (Figure 8), the top layer increase and the
number of macrovoids are decreasing.
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Figure 8. SEM cross section for a membrane with 25% polymer

Increasing the thickness of the top layer membranes has better rejection properties but permeation
properties are decreasing.

4. Conclusions

Wastewater from the medical and pharmaceutical sectors has different types of pollutants with an
important impact on the environment. Membranes technologies can be an alternative to remove MPs
from wastewater before reusing or discharged.

The polymer concentration has an important impact on the water flux, increasing the polymer
concentration the water permeation decreasing. The same effect is on the permeation property.

Adding additives, according to literatures, in the membranes structure the permeation properties are
increasing without affecting the retention of the pollutants.

Due to the quality of environment, especially the surface and ground water, urgent actions we need
to take for wastewater treatment.

Mater. Plast., 59 (1), 2022, 188-193 192


https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro A
https://doi.org/10.37358/Mat.Plast.1964

References

1.J0SS, A,; SIEGRIST, H.; TERNES, T. A. Are we about to upgradewastewater treatment for removing
organic micropollutants? Water Sci.Technol. 2008, 57 (2), 251 —255.

2.VERLICCHI, P.; GALLETTI, A.; PETROVIC, M.; BARCELO, D. Hospitaleffluents as a source
ofemerging pollutants: An overview of micropollutants and sustainable treatment options. J. Hydrology,
2010, 389 (3 —4), 416 —428.

3.METCALFE CD, KOENIG BG, BENNIE DT, SERVOS M, TERNES TA, HIRSC H R (2003)
Environ ToxicolChem 22:2872-2880

4.CASTIGLIONI S, BAGNATI R, FANELLI R, POMATI F, CALAMARI D, ZUCCATO E (2006)
Environ SciTechnol 40:357-363

5.J0SS A, KELLER E, ALDER AC, GOBEL A, MCARDELL CS, TERNES T, SIEGRIST H (2005)
Water Res 39:3139-3152

6.LIN, Y.C., TSAI, Y.T., 2009. Occurrence of pharmaceuticals in Taiwan's surface waters:
impact of waste streams from hospitals and pharmaceutical production facilities. Sci. Total Environ.
407, 3793e3802.

7. LIN, Y.C., PANCHANGAM, S.C., CHEN, H.Y., 2010a. Implications of human pharmaceutical
occurrence in Sindian River of Taiwan: a strategic study of risk assessment. J. Environ. Monit. 12,
261e270

8.Y. WANG, Y. LIU, Y. YU, H. HUANG, Inflence of CNT-rGO composite structures on
their permeability and selectivity for membrane water treatment, J. Membr. Sci. 551 (2018) 326-332,
https://doi.org/10.1016/j.memsci.2018.01.031.

9.S. NASSERI, S. EBRAHIMI, M. ABTAHI, R. SAEEDI, Synthesis and characterization of
polysulfone/graphene oxide nano-composite membranes for removal of bisphenol a from water, J.
Environ. Manag. 205 (2018) 174-182, https://doi.org/10.1016/j.jenvman.2017.09.074.

10J. GUO, M.U. FARID, EJ. LEE, D.Y.S. YAN, S. JEONG, A. Kyoungjin An, Fouling
behavior of negatively charged PVDF membrane in membrane distillation for removal of antibiotics
from wastewater, J. Membr. Sci. 551 (2018) 1219, https://doi.org/10.1016/].memsci.2018.01.016.
11.Z. OUYANG, Z. HUANG, X. TANG, C. XIONG, M. TANG, Y. LU, A dually charged
nanofitration membrane by pH-responsive polydopamine for pharmaceuticals and personal car products
removal, Separ. Purif. Technol. 211 (2019) 90-97, https://doi.org/10.1016/j.seppur.2018.09.059.
12.PINTILIE, S.C., PINTILIE, L.G., BALTA, S., BIRSAN, L.G. Influence of ZnO nanomaterial shape
on UF membrane properties: a comparative study between nanoparticles and nanowires, Mater.
Plast., 57(4), 2021, 55-69

13. BALTA, S; SOTTO, A; LUIS, P.; BENEA, L.; VAN DER BRUGGEN, B.; Kim, J, A new outlook
on membrane enhancement with nanoparticles: the alternative of ZnO, Vol 389, 2012, 155 - 161, Journal
of Membrane Science,

14. EM.M. WANDA, H. NYONI, B.B. MAMBA, T.AM. MSAGATI, Application of silica
andgermanium dioxide nanoparticles/polyethersulfone blend membranes for removal of emerging micro
pollutants from water, Phys. Chem. Earth 108, 2018, 28-47, https://doi.org/10.1016/j.pce.2018.08.004
15.X. HUANG, Z. YANG, X. WANG, L. DONG, C.Y. TANG, Z. WANG, A thin-fim
nanocomposite nanofitration membrane prepared on a support with in situembedded zeolite nano-
particles, Separ. Purif. Technol. 166, 2016, 230-239, https://doi.org/10.1016/j.seppur.2016.04.043
16.S. KIM, K.H. CHU, Y.A.J. AL-HAMADANI, C.M. PARK, M. JANG, D.H. KIM, M. YU, J. HEO,
Y. YOON, Removal of contaminants of emerging concern by membranes in water and wastewater: a
review, Chem. Eng. J. 335, 2018, 896-914, https://doi.org/10.1016/j.ce].2017.11.044

17.A. ALSAATI, AM. MARCONNET, Energy effilent membrane distillation through localized
heating, Desalination 442,2018, 99-107, https://doi.org/10.1016/j.desal.2018.05.009

Manuscript received: 09.02.2022

Mater. Plast., 59 (1), 2022, 188-193 193


https://revmaterialeplastice.ro/

