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This work presents an experiment aimed at determining the concentration of heavy metals found in the water resources
of natural receivers. Heavy metals are very dangerous both for the aquatic life environment, influencing the health of
the respective living beings and for the human health especially if there is an open contact between the human and the
respective water source. Due to the different technological processes of the treatment plants, the wastewater, however,
contains a high concentration of heavy metals, which means that those technological processes do not fully comply with
the legal requirements. A good, viable solution that is being researched more and more at present is the use of types of
polymeric membranes, suitably adapted in ultrafiltration processes of wastewater. Many of today's advanced researches
focus on investigating the retention of heavy metals by membranes. The purpose of this work is to determine the
concentration of the main heavy metals such as Fe?*, Zn?*, Cu®*, Pb?*, Ni**, Mn?*, etc. and other elements such as:
Fluorides, Nitrites NO,-N, Phosphates PO4-P, Ammonium NHa-N etc, both before using an organic membrane of PAN
from hollow fibers and after cessation of the ultrafiltration experiment to determine the % of the respective metals. can
be removed after the ultrafiltration process. The results of the analyzes carried out during the experiment showed that
some of the above mentioned chemical elements can be retained by more than 85 % so that a membrane of PAN can
reduce the degree of pollution of the waste water, especially where the waste water is directly discharged into natural
source of water. At the same time, 14 chemical elements present in the waste water were analyzed and after determining
the concentration of the heavy metals after the completion of the experiment it can be confirmed that the use of polymeric
membranes is and will be a viable solution for the purpose of protecting the environment and health.
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Industrial areas, regardless of the intensity of their activities, generate huge quantities of wastewater that contain
pollutants from the most "friendly” with the environment to the most dangerous [1-11]. A quite important part of the
industries generates waters that have in their composition high concentrations of heavy metals, such as: chromium,
nickel, cadmium, manganese, iron, lead, etc., some being retained through the purification processes of the stations thus
designed, others bypassing them, being a threat to aquatic life as well as to human health [12-28].

In addition to the conventional methods of purification, the membrane technology has several advantages because
the membranes, regardless of their type, have lower costs, are easier to exploit, in addition, they offer the possibility to
separate the compounds for future use [29-31].

The application of membranes in the processes of separation of heavy metals can have a rather high efficiency, but
this efficiency depends very much on the working parameters of the experiment, such as the pH of the solution, the
concentration of metals in the solution, the pressures that are created over time, other added solutions, operating time,
etc. [32-34].

Some studies have shown a decrease in the rejection of heavy metals as the pH value decreases, which meant a
decrease in the absorption of metal ions [35-41].

A similar study was demonstrated using a hollow fiber organic membrane, where significant cadmium removal was
recorded [42-44].

Landaburu-Aguirre et al. [33] they showed in their study that membranes can retain copper and cadmium ions quite
well varying different pH solutions, thus showing that pH is a key element in wastewater ultrafiltration processes.

The importance of removing heavy metals from wastewater has started to become a priority because they can cause
quite serious human health problems, including: kidney disease, liver, lungs, nervous system etc [43, 45], even death
[46].

The modern industry is developing quite rapidly and this leads to the generation of huge volumes of wastewater that
possess concentrations of metals that are not biodegradable, compared to organic matter and this endangers the
environment [46-48].
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A variety of procedures have been performed: coagulation, flocculation, precipitation, etc. both in order to stabilize
the compounds in water to be easier then removed by the ultrafiltration processes with membrane [2, 4, 6-12].

In the meantime, the membrane technology has improved, leading to improved ultrafiltration with polymers for the
purpose of separating heavy metals, through the interaction between membrane polymers and the metals undergoing the
ultrafiltration process [49-52].

These polymer-enhanced membranes have been tested and recommended where wastewater comes from battery
manufacturing as well as from mining activities to treat and remove the respective metals [53-55].

Furthermore, the polymeric membranes have been tested to separate some of the radioactive chemical compounds
such as Cesium, Strontium, Actinides etc. from the wastewater generated by the nuclear power plants which could
subsequently be used or selected selectively [56-58].

The problem of organic or inorganic membranes remains the precipitation-induced fouling due to metals which then
make the separation process more difficult, reducing both the ultrafiltration performance and the wear of the membrane
module [59].

The hollow fibers of the membranes comprise a large surface but incorporated in a small volume and this is a great
advantage because a large volume of the incoming water can be covered in the manner and need to operate at low trans-
membrane pressures [60].

Thus, several studies were carried out that aimed to eliminate the heavy metals from the wastewater, by
experimenting the organic membranes of hollow fibers from different polymers including: PES, PEG, PAN, PBI etc.
and the rejection factor was quite high, especially for Cd, Zn and Ni ions [61].

The literature presented a study in which an organic membrane of hollow fiber PAN was able to absorb Pb and Cu
ions very well, even though the permeate flux did not register a high value. However, the addition of nanoparticles in
the solution subjected to ultrafiltration can give a high yield in the rejection of heavy metals [62].

In the present paper, it was proposed to test an organic membrane from PAN in the ultrafiltration process, using
water from a natural source, respectively a river, to determine the variation of the concentration of heavy metals,
respectively other chemical compounds, both before the end of the experiment and at the end.

First, the analysis of 14 chemical elements present in the collected water was performed by determining the
concentration of each metal present in the water sample before starting the ultrafiltration process and then the
concentration of the same metals at the specific time interval from the permeate samples was determined.

Finally, the analysis of the concentration of metals in the feed sample was repeated at the end of the process in order
to determine the degree of membrane retention of said elements.

Experimental part
Materials and methods
The scheme of ultrafiltration process, containing an organic fiber membrane module, is presented in figure 1.

\ Concentrate recirculation ’
Pump Membrane
Feed tank .
l Data analysis
Permeat recirculation ‘j

Permeat
Fig. 1. Scheme of the installation work

As shown in Figure 1, the experimental installation consists of a membrane module provided with a protective
housing, which incorporates an organic membrane of PAN, of hollow fibers, having a molecular weight of 13 kDa
fibers. Then the feed tank feeds the membrane with water from a natural source, respectively a river. The peristaltic
pump has the role of draining the water from the supply tank, at an adjustable flow rate.

From the membrane level, the water containing different concentrations of heavy metals is divided in two ways: the
permeate that is collected in the permeate reservoir, for analysis, being recirculated in the feed reservoir and the
concentrate that is recirculated separately from the permeate, also in the reservoir power supply.

Materials and substances

The main element of the study was wastewater, containing heavy metals. It was collected from the Siret river, near
the study enclosure, at the confluence between the Siret river and the water discharged from the Bacau wastewater
treatment plant, according to figure 2.
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Fig. 2. The position of the sample water collection

It has been proposed as a study objective to investigate the water that has in its composition heavy metals because
the water discharged from the treatment plants generally has different concentrations of PI?*, Zn?*, Fe?*, Cu?*, Mn?*,
Co?, etc. and its discharge into the natural receiver, can have quite serious consequences for the environment, in case
of improper management.

In this way it is proposed to test an organic membrane from PAN to see which metals are present in the collected
water that can best be retained by the membrane chosen for the study.

In addition, a membrane with the size of the pores corresponding to the ultrafiltration domain was chosen and the
water, before reaching the feed tank, passed through the pre-filtration stage through two filters, one of activated carbon
and one of organic material, in order to protect the membrane from macromolecular impurities.

The membrane module was a constituent element of the MP 90 ultrafiltration pilot station in the Vasile Alecsandri
University of Bacau research laboratory.

Devices needed for the experiment
In addition to the devices needed to determine the samples for analysis, the Spectrophotometer DR 3900 (Fig. 3a and
3ab) was used to analyze the concentration of heavy metals in the samples during the ultrafiltration experiment.

Fig. 3. The used equipements: a,b spectrophotometer DR 3900,
¢ HACH LANGE LT200 activator

In addition, the HACH LANGE LT200 thermostat (Fig. 3c) was used, as some of the chemical elements required
analysis at high temperature. All the equipment and devices in the study belong to the research laboratory of the
University.

All the substances respectively the solutions necessary for the analysis of the samples collected during the experiment
were purchased by Vasile Alecsandri University of Bacau.

Working procedures

The present study consisted of conducting an experiment with duration of 240 minutes, in which the operation of an
installation provided with a membrane, regarding the retention of heavy metals in the water collected from a natural
source, was followed.

First, the water underwent a pre-filtration, in order to retain the coarse particles that could have destroyed the
membrane much faster. Then a sample was collected from the feed tank before the experiment began. The respective
sample was analyzed properly, following the values of the indicators and then determining the concentration of the
heavy metals with the help of appropriate equipment.

The duration of 240 minutes was enough to see the behavior of the ultrafiltration membrane. The parameters of the
pilot installation were tracked over time, their data being recorded and further processed. After every 120 minutes, a
permeate sample was collected to analyze the concentration of heavy metals after the membrane passage. As well as
after the completion of the experiment, the collected permeate was subjected to analysis.

Finally, a sample of water was collected from the same feed tank, being less concentrated due to the accumulation
on the surface of the membrane of the chemical or organic elements in the wastewater.

After the end of the experiment, all the equipment and equipment used in the research were cleaned and the recorded
data were processed and validated. These data have confirmed, to an appropriate extent, the efficiency of an organic
membrane from PAN in retaining different concentrations of heavy metals in the water proposed for the study.
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In the following chapters, the efficiency of retaining heavy metals from a natural water source and the influence of
important parameters of a membrane filtration process were briefly presented.

Results and discussions
Determining the main parameters and indicators of the ultrafiltration process

The experiment that considered the retention of heavy metals in water from a natural source was carried out within
a period of 240 minutes. The pilot system operated at a trans-membrane pressure of 1 bar, with no changes in system
pressures during the entire working time of the process.

The flow rate of water entering the membrane initially registered 730 L/h, immediately following a downward
variation due to the accumulation on the membrane of the metals, finally registering an input flow of 710 L/h in just 240
minutes. This decline in flux leads to the fact that the membrane retains the metal particles on its surface and their
accumulation speeds up the occurrence of membrane clogging, ultimately lowering the permeate productivity.

Due to the fact that in the analyzed water sample not only metals were found, the dissolved oxygen values remained
somewhat constant, thus indicating that in the respective source of water there is a multitude of small particles that could
not be removed through the membrane proposed for investigation.

Throughout the experiment, the temperature was evident to record increasing values by 3°C during the 240 working
minutes. The concentration of metals present in water changed the pH value, registering an increase from 7.7 in the
initial sample to 8.2, being slightly basic.

Analysis of the inflow water

Before the water entered the membrane module, it was necessary to take a sample with a high content of metals, in
order to determine to see the difference of the concentration before and during the ultrafiltration process, as a result of
establishing the efficiency of the organic membrane of PAN. From the sample taken, 14 elements were determined by
means of the DR 3900 Spectrophotometer and the results obtained were compared subsequently with those recorded
from the permeate samples, respectively after water penetration through the membrane filtering surface.

Figure 4 shows the concentration for each of the 14 elements studied in the initial phase of the process, respectively
concentration of heavy metals (Fig. 4a) and others chimicals elements (Fig. 4b), the water sample being completely
homogenized by recirculation through the pump of the ultrafiltration pilot plant.
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Fig. 4. Analysis of the elements present in the wastewater, in the initial phase:
a. heavy metals, b. other elements analyzed

The comparison of the sample data was strictly necessary because in this way it was possible to determine the
concentration of heavy metals that could be retained on the membrane, thus determining the efficiency of the
ultrafiltration process.

In the first instance it can be seen in figure 4a, heavy metals such cadmium and nickel are predominant. The same
can be said about fluorides and potassium. The presence in the wastewater of these elements means that the wastewater
generated, treated and discharged upstream of the sampling site still has in its composition metal concentrations and
other elements that cannot be removed to a great extent by the conventional wastewater treatment current procedures.

Results obtained from the determination of permeate samples during the experiment

As specified above, the experiment consisted of determining the concentration of the heavy metals from both the
initial water sample and the permeate samples. Within two hours, the collected permeate was analyzed, tracking what
percentage of each of the analyzed chemical elements were found in the permeate.
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Results obtained from the determination of permeate samples for heavy metals, during the experiment
In figure 5 concentration of iron and chrome from permeat samples is continuously decreased, which means that the
organic membrane of PAN can more easily reject these metals.
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Fig. 5. Concentration of main heavy metals in permeate samples

As shown in figure 5, the silver decreases in concentration, in the permeate. This means that it accumulates on the
membrane surface and at the same time increases the retention efficiency over time.

With the others words, in the analyzed permeate there is a rather high concentration of cadmium that means the
membrane does not retain and does not satisfactorily reject the particles of this element, respectively the efficiency of
the membrane in the PAN is quite low. The same cannot be said about chromium because the analyzed permeate showed
a low concentration of this metal. The fact that the final sample shows the presence of low concentration of chromium,
means that the membrane retains the chromium particles quite well.

In the permeate samples, the lead passed through the membrane almost entirely (Fig. 6), which means that the PAN
membrane cannot retain this metal and its efficiency is very low. Due to the recirculation of the liquid, the solution
composed of these metals was 100% homogeneous and this continuously entrained the particles of these metals.
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In figure 6, copper is found in the same situation as chromium. The copper was retained on the ultrafiltration
membrane at a rather high concentration, and the calculation of its retention efficiency showing a fairly high percentage.

Figure 5 shows that iron was retained on the membrane at about 98%, while lead recorded a retention rate of only
4% (Fig. 6).

Following the analysis of the water samples with iron (Fig. 5) and lead content (Fig. 6), the wastewater sample before
the experiment had a high concentration for both specified elements. The concentration of these two metals was different
following the analysis by means of the spectrophotometer, especially in the case of the iron that was retained on the
membrane in a concentration much higher than the lead.

Results obtained from the determination of permeate samples for others elements analyzed, during the experiment

The PAN membrane cannot retain nitrates in a satisfactory percentage because they have a retention rate of only
17% (Fig. 7).

The use of an organic membrane from PAN is not sufficiently efficient where the waste water contains only nitrates,
lead, fluorides, cadmium, etc.

Fluorides have shown that they can be retained or rejected by the PAN membrane only in a relatively small
percentage (Fig. 7). This causes the efficiency of the ultrafiltration process for fluorine to decrease quite a bit and this
membrane does not show efficiency.
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Fig. 7. Concentration of others elements in permeate analyzed samples

Compared to nitrates, the registered values of nitrites are different. Thus, the percentage of nitrite retention was 85%
compared to only 17%. In figure 7, the phosphate accumulated on the membrane over time, leading to its fouling but
during the experiment, its concentration in the permeate was decreasing, registering an increase in the permeate volume.
However, the retention efficiency, after the calculations, showed a retention rate of about 83%.

Following the analyzes regarding the determination of nitrates and phosphate from the wastewater samples it can be
said that both elements can be successfully retained or rejected by an organic membrane from PAN.

From figure 8 it is observed that in both cases, aluminum and ammonia can be rejected by the PAN membrane. In
the case of aluminum, in the end, its concentration tends to decrease compared to the concentration in the initial sample.
This leads to the idea that the aluminum particles return to the feed tank due to the permeate and concentrate recirculation
and the membrane has a greater rejection of this element.
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From figure 8 it can be concluded that the organic membranes of PAN can be used where the generated wastewater
contains concentrations of copper, chromium, aluminum, ammonium, etc., because the percentage of retention of these
elements is satisfactory.

In the case of ammonium, the membrane shows higher retention on the filtration surface, so that in the final sample,
the ammonia concentration is lower than the permeate concentration, at the set sampling time. Is an advantage for
ammonia, but the membrane tends to fouling up faster due to its accumulation on the pore walls.

The same was true for potassium. Potassium was found in the wastewater in high concentration due to the activities
in the sampling area, which results in wastewater with high concentrations of potassium. The potassium removal
efficiency reached 72%.

In other words, the organic membrane of PAN from hollow fibers retained quite well potassium, which is one of the
chemical elements best retained or rejected following the ultrafiltration process.

Comparative analysis of the ultrafiltration membrane efficiency

Figure 9 shows the retention efficiency, expressed as a percentage of the 14 chemical elements analyzed during the
ultrafiltration process with an organic membrane of PAN, of bare fibers. The membrane has shown that some of the
metals found in the waste water taken from a source and natural water can be fairly well rejected in the recirculating
feed tank, preventing it from passing through it in order to affect the quality of the permeate.
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Figure 9 a and b shows the percentage of retention, respectively of rejection of the chemical elements that were
analyzed during the experiment. As shown in the figure, for most of the 14 elements, the membrane recorded a retention
rate of over 50%, some of them adhering to the filtration surface, others being rejected in the water that was recirculated
during the process.

As can be seen, most of the metals exceeded the value of 50%, some reaching even 89 respectively 91%. Nickel was
the metal that was best retained and this means that the waste water resulting from industries such as machine and plant
construction, metal structures etc. can be passed through a process based on the use of polymer membrane technology,
respectively the PAN membranes.

Like nitrites, aluminum has reached a retention coefficient value of over 85%, which means that the organic
membrane of PAN can be used best for wastewater with high iron, chromium, phosphate, nitrite, aluminum, potassium
content, nickel, copper, etc.

The elements mentioned above could be rejected more easily and the quality of the permeate was shown to be
superior due to the presence of these elements in a rather low concentration.

Nitrites, silver, fluorine, cadmium and lead could not be retained on the membrane and their penetration through its
pores was very visible.

Conclusions

The objective that was proposed in this paper regarding the retention of heavy metals in wastewater was achieved.
Some of the metals and other chemical elements that are hazardous to humans and the environment could be retained
on the membrane or rejected by the recirculation flow and this indicates that the polymeric membranes are quite
advantageous as an ultrafiltration solution where wastewater is generated. containing heavy metals.

Compared to other chemical elements present in the waste water collected from a natural source, metals such as
nickel, aluminum, chromium etc. have been the main element for which the organic fiber blank membrane of PAN has
acquired advantages such as resistance in time, life cycle. prolonged during the ultrafiltration process, etc.

The present paper aimed to establish the membrane yield not only from the point of view of the retention percentage
of the specified elements but also of the influence of parameters such as permeate volume, working time, time variation
of the analyzed chemical parameters and indicators.

As shown in figure 9 the efficiency of the membrane in the retention of heavy metals was evident in the case of
nickel, aluminum, nitrites, these, because of the superior properties of the membrane structure could only pass through
it in very low concentrations, thus putting the imprint on the quality of the permeate.

Following the experiment presented in this paper it can be concluded that the polymeric membranes, especially those
in PAN are a disadvantage where the waste water generated has in its composition nitrate, cadmium, lead, but this may
retain many other elements besides those presented in this work, as specified in the literature.

Looking at the whole, it can be confirmed that polymeric membranes can be a viable and quite efficient solution in
wastewater filtration, regardless of origin, and it can be said that in wastewater treatment plants where advanced
wastewater treatment is required it can be replaced or added. a step through which the wastewater passes through
membrane filters, offering not only the superior quality of the waste water in the natural receiver but also the reduction
of heavy metal concentrations that cannot be eliminated by the classical treatment procedures.
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