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1. Introduction and aim of the study

The objectives of the EU Strategy for the Danube Region (EUSDR) launched in 2011 with the
participation of 14 countries include contribution to the preservation of the quality of waters through
preventing and reducing water pollution, and thereby to the maintenance of human health and
adequate status of freshwater ecosystems in the Danube Region. The current tasks of the EUSDR
“Water Quality” Priority Area (PA4), operating under the coordination of Hungary and Slovakia include
“Encouraging the monitoring, prevention and reduction of water pollution caused by hazardous and
emerging substances”. This group of materials includes microplastics (MPs) as well, therefore the
Ministry of Foreign Affairs and Trade as the governmental body in charge of the Hungarian national
coordination of the EUSDR commissioned WESSLING Hungary Ltd. to assess the effectiveness of the
removal of microplastics at wastewater treatment plants (WWTPs) in Hungary. In the course of the
program, samples were taken from the raw wastewater received by the plants, the treated wastewater
discharged into the Danube River and, in some cases, the sewage sludge as well. Microplastic content
(polymer type and particle numbers) have been characterised by FTIR microscopy (imaging).

The importance of the project is high both on national and international level. There is currently no
single European law that covers microplastics in a comprehensive manner, however the EU aims to
address the growing volume of microplastics in the environment. Until now in Hungary, MPs have not
been investigated in WWTPs with regard to their chemical composition (polymer type) and particle
number. The study will not only serve as a baseline for Hungary, but can be utilised in EU policy making
through the participation of EUSDR PA4 in the public consultation of the microplastic initiative.

2. State of knowledge on microplastics in wastewater treatment plants

In the past years a common understanding has been formed, that WWTPs are a source of microplastics
in the aquatic environment. Still, unified methodology of sample collection from wastewater
treatment plants, sample preparation and analysis are lacking, which means, results of different
studies are hardly comparable.

In Europe, WWTPs have been investigated in several countries. The results of different studies are
varying not only because of the specific conditions of the sampling site, but the different methods as
well. The collected sample amount is influencing the representativity of the sampling, and in most
cases only a low volume is collected. Density separation is a main sample processing step, but many
times only low-density solutions are used to separate MPs, which might result an underestimation of
more dense polymers. Reported particle numbers in influent samples are varying between 1 900 and
130 000 000 particles per cubic meter, and in effluents between 10 and 5 800 000 particles per cubic
meter. If these numbers are originating only from a small volume sample (1-10 L) that has not been
generated representatively, the projection to particle per cubic meter dimension will lead to an
overestimation. In all studies listed in Table 1, microplastic concentration was reduced in the effluents
compared to the influents. MPs in the sludge also shows different concentration, as highlighted in
Table 2. It is also common, that only a small mass of sludge sample is prepared for analysis, that can
also lead to the above-mentioned bias in projection.
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Current data on microplastics in Hungarian wastewater treatment plants are not reliable. In the past
years two studies (NEMETH, 2018; PARRAG & KATAI, 2020) have investigated these components in
WWTPs, but several methodological issues arose. Most importantly, in both cases the observation was
conducted only by visual selection, which is an operator dependent technique and thus the bias
occurring through non-identifications (exclusion) or misidentifications (false positives) are high. To
highlight this, Figure 1 shows a sample with suspected microplastics and other particles that are barely
distinguishable. Further to identification, the issue of very low sample volume is appearing. This
methodological variability is also represented in the results, while the emission of the plants is
estimated between 0-7.5 particles/m3 (NEMETH, 2018), effluent concentration of 442 000 particles/m3
is also reported.

Figure 1: Marked particles identified as microplastics, but these are not distinguishable in WWTP

sample when only visual observation is conducted (image: PARRAG & KATAI, 2020).

Danube river and other freshwater samples are analysed more frequently in Hungary. After cascade
filtration of high sample volumes and proper FTIR analysis of the particles, fish ponds and natural
surface waters showed 3.52-32.05 particles/m?, most dominantly polypropylene and polyethylene
(BORDOS ET AL., 2019). Danube River samples showed 45 particles/m® upstream Budapest and
55 particles/m® downstream Budapest, dominantly PE and PP was detected (HTTP 1). The elevated
result of the downstream sample might indicate an emission of the large city wastewater treatment
plants and surface runoff contamination as well. It is important to mention that these samples were
collected only once so further conclusions could not be made.
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Table 1: Parameters and results of microplastic analysis in European wastewater treatment plants (influent and effluent wastewater samples).

samplin Sampled Sample Type of Material type of Influent MP Effluent MP
Country pling particles size P Sample treatment | Analysis method detected detected concentration | concentration Reference
method volume (L) . . . .
(um) microplastics microplastics (MP per m3) (MP per m3)
Filtration
. INF: 1 ED, O, separation . bC. DD. Vollertsen et
Denmark device; glass 20-500 EFF:4.1-81.5 | (znCl; 1.7 g/cm?) FTIR microscopy n.d. PA/nylon; PE; PP; PVC 130 000 000 5800 000 al, 2017
bottle
Sweden Filtration >300 nd. n.d. VIS, FTIR Fibres, n.d. 15 000 8300 Wagner etal,
spectroscopy fragments 2014
France Aut(()zzr:)pler 100-1000 n.d. filtration (1,6 um) | Visual observation Fibres n.d. 260 Oggo_ 320 1400 -5 000 Drgoeltsal.,
. . Synthetic .
. Filtration INF: 0,3 . . . . Talvitie et al.,
Finland device 20-200 EEE: 30-285 n.d. Visual observation partlc.le, textile n.d. 610 000 14 000 2015
fibres
filtration;
! VIS, FTIR Lesli .
Netherlands | Glass bottle 10-5000 2 separation (NaCl > Fibres n.d. 6 800 — 910 000 5200 eslie et al.,
spectroscopy 2017
1.2 g/cm3)
. . . PE, PP, PS, PA, SAN, . .
Germany Filtration 50-100 390-1000 | ED» O, separation VIS, FTIR Fibres PEST, PVC, PUR, PET, n.d. 10-9000 | Minteniget
device (ZnCl; 1.7 g/cm?3) microscopy al., 2017
ABS, PLA
. Filtration VIS, FTIR . polyester, PE, PP, PS, Talvitie et al.,
Finland device ) 2-140 n.d. spectroscopy Fibres PU, PVC, PA, EVA 7000 10 2017
Plastic . lyare et al.,
Poland . 109—>300 n.d. n.d. VIS Fibres n.d. 1900 - 552 000 28-960
canisters 2020
Steel bucket separation (NaCl VIS, FTIR . polyesters, Magni et al.,
Italy and sieve 10-5000 30 1.2 g/cm3); O microscopy Fibres polyamide 3000 400 2018
. Fibres,
Hungary Bucket 0,45-5000 1 separation (NaCl); VIS fragments, n.d. 3588 000 442 000 Parrag &
(Pécs) 0 Katai, 2020
spheres
Hungary Fractionated VIS, hot needle Németh,
25- -1 .d. .d. .d. .d. -
(South-West) filtration >77 8-1970 nd test n.d nd nd 07,5 2018

Abbreviations: n.d.: no data; ED: enzymatic digestion; O: oxidation, VIS: visual observation
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Table 2: Parameters and results of microplastic analysis in European wastewater treatment plants (sludge samples).

Sampled Material type of .
Country Sample treatment particles size Analysis method Typt_e of dete.c ted detected Analysed Conc.:entratlon Reference
microplastics X . sample mass (particle per kg)
range (um) microplastics
Sweden n.d. 300-5000 VIS, FTIR spectroscopy | Fibres, fragments n.d. n.d. 16 700 Wagner et al., 2014
Netherlands separation (NaCl 1.2 g/cm3) 10-5000 VIS, FTIR spectroscopy Fibres n.d. 20g 510-760 Leslie et al., 2017
Germany alkaline treatment; <500 VIS ATRFTIR; FTIR Fibres PE, PS, PP; PA 125¢ 1000-24000 | Mintenigetal., 2017
separation (NaCl 1.14 g/cm3) microscopy
FTIR mi PA, PE, PES, PET,
Finland dry 250-1000 microscopy and Fibres » PE, PES, PET, 01lg 23000 Lares et al., 2018
Raman spectroscopy PP
Poland n.d. 109-5000 n.d. n.d. n.d. n.d. 6 700 — 62 600 lyare et al., 2020
. 3. silicone; PU; PS;
Italy separation (NSC' 12g/cm); | 10 5000 | VIS; FTIR spectroscopy | Fibres, fragments | PP; PE; PA; PTFE; nd. 113 000 Magni et al., 2018
polyacrylates
PE-co-pol PP
Denmark ED, O; separation (1.7 g/cm?3) 11-95 FTIR microscopy n.d. C(;:;)N»;T;enr' ! 01g 169 000 Vollertsen et al., 2017
Fibres,
Hungary (Pécs) separation (NaCl); O 0,45-5000 VIS fragments, n.d. 400 5490 Parrag & Katai, 2020
spheres

Abbreviations: n.d.: no data; ED: enzymatic digestion; O: oxidation, VIS: visual observation
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3. Analysis methods
3.1. Sampling sites

During the project between June 2021 and August 2021, samples were collected in 5 WWTPs: 2 large,
2 medium and 1 small municipal facility was chosen. Not only the capacity, but the geographical
distribution was considered. These sites were designated along the Hungarian stretch of the Danube
River in a way to cover a wide distance (330 river kilometres) from the whole national stretch (417
river kilometres). All plants were sampled twice (both influent and effluent) to obtain more reliable
data on microplastic concentration. Between two sampling at least 14 days were kept. Further to
wastewater, sludge samples were collected when facilities with large capacity were sampled. Sampling
sites are detailed in Table 3.

As it was described in the literature several times, WWTP effluents are a source of microplastics. To
obtain data on the relation of MP concentration in wastewater and surface water, the Danube River
was also sampled on those days, when one of the large plants was sampled. Samples were collected
both upstream and downstream of the WWTP. These locations not only representing the upstream
and downstream locations of the WWTP, but the capital of Hungary (Budapest, ca. 2 billion inhabitant)
as well. WWTP and surface water sampling locations are shown in Figure 2.
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Figure 2: River stretch covered for wastewater treatment plant sampling and surface water sampling
locations.

Page7/24



s

DANUBE REGION %
MINISTRY OF
FOREIGN AFFAIRS AND TRADE
OF HUNGARY

== WESSLING

Quality of Life

Water Quality

Table 3: Details of the sampled wastewater treatment plants.

Sampling WWTP capacity SAGEE Collected samples

site m3/day EP influent effluent sludge
L1 200 000 1333333 | large yes yes yes

L2 8 000 57 000 | large yes yes yes
M1 5620 41573 | medium yes yes no

M2 5 000* 20000 | medium yes yes no

S1 1400 8048 | small yes yes no

*Running with 50% of the capacity.

3.2. Sampling and sample preparation

During sampling and sample preparation internationally recognized and published methods have been
used (BORDOS ET AL., 2021; MARI ET AL., 2021). For sampling, a fractionated filtration device was used to
concentrate water and wastewater samples on a 50 um pore size filter. The study aimed to investigate
small microplastics (according to size ranges described in GESAMP, 2016; HORTON ET AL.., 2017) so a
1 mm prefilter was used. This means that MPs are reported between 1 mm and 50 um. Microplastic
analysis results are usually expressed as particles/m? because of the relatively low particle numbers
(few 10 particles/m?3). To obtain a representative sample in this dimension and to eliminate the sample
volume dependent bias that is mentioned in Section 2, at least 1 m3® sample should be collected,
calculations from a few 10 litres might be misleading. Previous Hungarian surface water sampling
experiences show, that sampling 2000 L water provides sufficient number of microplastics, so this
volume was targeted. Nevertheless, sample volume is highly influenced by the suspended solid content
of the matrix, that is highly variable in case of river water due to the natural changes of the flow.

All together four samples were collected from the Danube River, in average 1725 L/sample (range 994-
2118 L). Treated wastewaters (effluents) have a more stable suspended solid content, so thus the
average sample volume was 2016 L (range 1781-2105 L). Raw wastewaters (influents) are very dense
samples, so the average sample volume was 87 L (range 26-150). The low volume of the influent
samples contradicts with the above-mentioned necessary sample volume, but it is general in the
scientific literature, that only 1-30 L is collected (BRETAS ALVIM ET AL., 2020). Further to wastewater, 1 kg
sludge sample was collected on the large WWTPs. Sample amount was also chosen to match the
expected reporting dimension.

Wastewater samples were prepared with flotation in 1.6 g/cm3 ZnCl, solution with the use of the small
volume glass separator (SVGS), introduced by MARI ET AL. (2021). Sludge samples were floated in the
microplastic sediment separator (MPSS), that is commercially available and was designed by IMHOF ET
AL. (2012). As this has a large volume, samples with larger volumes can be processed to obtain better
representativity, but because of environmental and economic reasons instead of ZnCl, solution CaCl,
solution (1.3 g/cm3) was used to fill up the device. After separation samples were oxidised with H,0,
and then filtered on aluminium-oxide filters.
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3.3. Analysis of microplastics

To obtain proper chemical information on the composition of the concentrated particles, final filters
have been analysed with a Thermo Fischer Nicolet iN10 MX FTIR microscope. The linear array detector
of the instrument enables to scan the whole area of the filter by 25 um pixel size. This means, that

a.) whole filter area has been chemically analysed (determination of the polymer types), particles
are not only characterised based on their optical properties (as during visual selection), and

b.) identification of particles is not operator dependent, as the whole filter area is investigated,
not only picked particles.

After identification, FTIR spectra are correlated with polymer spectra database with the use of the
siMPle software. Each pixel that shows a correlation over 70% are considered as microplastics. Data
(polymer type, number of particles, particle diameter) are reported in a database and also visualised
in the form of an MP map, that is shown in Figure 3.

Figure 3: Visual image of the prepared sample (L2, effluent) taken with an optical microscope (a),
microplastic map after analysis with FTIR microscope (b) and the merged images (c).
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4. Results
4.1. Particle numbers

The analysis of 10 WWTP influent samples showed and average concentration of microplastics of 1800
particles/m3, ranging from 800 to 4400 particles/m? in the individual samples. Average results of the
wastewater influent samples are presented in Figure 4 per each site.

M Polyethylene Polypropylene Polystyrene
Polytetrafluorethylene  m Polyamide m Polyvinyl chloride
Polyester B Polyoximethylene
3000
2200 —_—
2000
1500

1000 -

, e

L-1 L-2 M-1 M-2 S-1

MP concentration (particle/m?3)

Sampling location

Figure 4: Average MP concentration in WWTP influent samples.

Regarding the wastewater effluent samples, average concentration of microplastics of 52.2
particles/m3, ranging from 11.7 to 84.6 particles/m? in the individual samples. Average results of the
two samplings of the different plants are shown in Figure 5. No clear correlation occurs in MP release
and the size of the facility, as the emission of large plants (in average 55 and 70 particles/m3) seems to
be higher than that of the medium sized plants (in average 26 and 47 particles/m?3), but the investigated
small facility showed an average value (61 particles/m?3) in the range of the large plants’ emission.

Based on the current study, the surface water samples contain less microplastics than the wastewater
samples as shown in Figure 5. This means, that the treated effluent wastewater is a source of
microplastic load in the Danube. The effect of the city of Budapest is indicated in the results of the
river water samples, as the concentration is elevated downstream (in average 23.5 particles/m?3)
compared to the upstream sample (in average 16.35 particles/ m3). One reason for this might be the
WWTP effluent, however there might be other considerable sources, such as road runoff, as well.

It is shown that concentration of microplastics in influents is higher than that of in effluent samples.
This correlation has been also observed in other studies, as presented in Table 2. This means, that
concentration of microplastics is decreasing from source to the environment: concentration in influent
> concentration in effluent > concentration in surface water. This decreasing serious of concentration
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means, that potential sinks may occur in the environment or in the WWTP processes. One of these
could be the wastewater sludge, so two large plants has been examined. In three of the four samples
results are ranging between 3 and 11 particles/kg, but one of the samples showed an elevated result
of 94 particles/kg. Results are presented in Figure 6. Detailed results of each sample for all matrix are
highlighted in Annex 1.

B Polyethylene B Polypropylene B Polystyrene
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Figure 5: Average MP concentration in WWTP effluent and Danube River samples.
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Figure 6: MP concentration in WWTP sludge samples.
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Due to the lack of standardised methods, possibility of comparison of these results to the literature is
limited. In this study, influents represented a 103 order of magnitude while effluents represented a 10?
order of magnitude. There are some studies, where results are also in this range (TALVITIE ET AL., 2017;
MAGNE ET AL., 2018; IVARE ET AL., 2020), but many times higher values are reported. Similarly, in case of
sludge samples other studies detected more particles. This effect can occur due to several reason, but
it cannot be concluded that it is because of the different efficiency of the different plants, but most
probably because of the difference in the sampling and analysis process. A huge bias can occur, when
only a smaller piece of sample (e.g., a few 10 litres of wastewater or a few grams of sludge) is analysed,
and the results are multiplied to get the values projected on 1000 L or 1000 g of sample. In this study,
sludge and effluent wastewater samples were collected in that range, where results are reported, so
multiplication did not cause bias. Unfortunately, this was not possible in the case of influent
wastewater due to the high load of suspended solids (as illustrated on Figure 7), so aliquot samples
have been processed. This is also common in the literature, until now there is no study that has been
investigated more than ca. 100 L of water.

Figure 7: Concentrated influent samples show high load of suspended solids.

Page 12 /24



. 2 == WESSLING

MINISTRY OF H :
Water Quality FOREIGN AFFAIRS AND TRADE Ouallty Of Llfe
OF HUNGARY

4.2. Identified polymer types

In the samples all particles have been characterised by FTIR microscopy and those that had at least
70% match with a polymer of the reference library were considered as microplastics. In WWTP influent
samples the share of different polymer types is quite diverse. Polyethylene (PE) is the most dominant,
but further to this, polypropylene (PP), polyester (PES, including polyethylene terephthalate [PET]
particles and fibres) and polyoxymethylene (POM) is detected in many samples.

It is clearly shown, that in the effluent and surface water samples microplastics are most commonly
made of PE and PP. Polystyrene (PS) has also been identified in all of the samples. Polyamide (PA),
polyvinyl chloride (PVC), and PES occurred in some of the samples but their load was low compared to
more commercial polymers (PE, PP, PS).

As PES and POM are not common in the effluent samples but they are detected in more influent
samples, it is suspected, that these might be removed during the treatment process. However,
interestingly, during this study these were not detected in the sludge samples, only PE and PP is
dominant there. One of the reasons could be the CaCl, solution density, that has been used during
sludge sample preparation.

5. Conclusions, suggestions

In this study, wastewater, wastewater sludge and surface water samples have been analysed for
microplastics with FTIR microscopy (imaging). Samplings have been conducted along the Danube River.
These results are the first in Hungary, that are not only analysing particle numbers from wastewater,
but characterising polymer types of the particles to define MP content precisely.

Similarly to previous studies, it has been concluded, that wastewater treatment plants reduce the
microplastic content of the influent raw wastewater, but the treated effluent wastewater that is
released to the environment is still containing more microplastics, than the receiver river water. This
means, that WWTPs are a source of environmentally occurring microplastics. MPs in influents were
ranging from 800 to 4400 particles/m3, while in effluents from 11.7 to 84.6 particles/m® and in the
Danube River samples from 9.4 to 27.9 particles/m3. Sewage sludge as a potential sink has been
analysed too: 3 to 94 particles/kg have been detected. In the future potential MP retention capability
of WWTPs should be further investigated to better understand their removal, that is indicated in the
influent and effluent results. In all samples polyethylene was the most abundant polymer type,
followed by polypropylene and in effluents and surface water by polystyrene. The influents showed
more diverse MPs in terms of polymer type: polyoxymethylene and polyester was detected in several
samples.

Further to the novel numerical data, the study revealed several methodological issues, that need to
be overcome in the future, not only on national, but on international level. An appropriate sample
volume (water phase) or mass (sludge) should be defined to eliminate bias occurring during
multiplication (e.g., analysis of 10 L water and reporting particles in 1000 L water). Unfortunately, it is
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not possible during influent wastewater sampling as its suspended solid content is high. The increase
of filter mesh size is not a solution, because with this change, small and on toxicological level probably
more important particles would be excluded from the analysis. As a compromise, small volume sample
could be accepted, but this should be collected during a longer period (e.g., 12-24 hours) for example
with the use of autosampler devices. This could be considered also when effluent is sampled. The
fractionated filtration device can be operated in every hour for a several minutes, thus collecting at
least 1000 L water sample during 4-12 hours.

Similar to effluent wastewater and surface water, sewage sludge was sampled in the range (kg) as the
data is reported. Large mass of solid samples could be prepared for analysis only with a large volume
separator. To operate this separator, high volume of brine solution is needed. Due to environmental
end economic reasons, CaCl; has been chosen instead of ZnCl,. This means a compromise in density,
1.3 g/cm? instead of 1.6 g/cm? respectively. This might result in the loss of more dense particles. This
could be a potential reason, that polyoxymethylene and polyester was not detected in the sludge
samples. These polymers were common in influent samples but rare in effluent samples, which could
be an indication of accumulation is the sludge. To further investigate this issue, sample preparation
process with the use of more dense brine solution could be tested, but in this case the sample amount
should be lowered as a compromise. In this case a well-homogenised pool of subsamples should be
used.

The study aimed to give not only a snapshot on the status of MPs, thus all facilities and natural sites
have been sampled twice. Still, heterogeneity and variability of the sampled matrix might be high, so
during further investigations the use of the sample pooling strategy (sample collection in a longer
timeframe) can lead to more robust data. Further monitoring of WWTPs and surface waters are
strongly recommended, thus well-designed sampling programs can help to define not only the current
environmental status, but to better understand the sources and sinks of the microplastics. This will
help to overcome methodological issues and will support harmonisation, standardisation,
policy-making and legal regulation.
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Annex 1 — Detailed table of the results (WWTP effluent samples and surface water samples)

Sample code EDUNA-1 | EDUNA-2 | DDUNA-1 | DDUNA-2 L-1/1 L-1/2 L-2/1 L-2/2 M-1/1 M-1/2 M-2/1 M-2/2 s-1/1 s-1/2
Date of sampling 2021.06.28 | 2021.07.28 | 2021.06.28 | 2021.07.28 | 2021.06.28 | 2021.07.28 | 2021.07.13 | 2021.07.27 | 2021.06.30 | 2021.07.21 | 2021.06.29 | 2021.07.20 | 2021.06.23 | 2021.07.14
Sample volume (L) 2118 994 2005 1785 1781 2105 2079 1905 2066 2055 2010 2103 2008 2047
Sg‘l’:;sze(f)samp'e 2118 994 2005 1785 1781 2105 2079 1905 2066 2055 2010 2103 2008 2047
Detected microplastics/sample
Polyethylene 8 6 30 12 52 105 65 30 80 13 8 36 57 74
Polypropylene 8 15 14 16 36 53 69 40 69 9 48 13 22 86
Polystyrene 4 2 12 2 10 20 14 3 19 1 0 2 4 4
Polytetrafluorethylene 0 0 0 0 0 0 0 0 0 0 0 0
Polyamide 0 0 0 1 3 0 0 0 0 0 0
Polyvinylchloride 0 0 2 0 1 1 0 0 0 1
Polyester 0 0 2 1 0 0 0 0 0 2
Sum of MPs 20 23 56 34 99 178 152 74 172 24 56 51 83 167
Detected microplastics/sample/m?
Polyethylene 3,78 6,04 14,96 6,72 29,2 49,88 31,27 15,75 38,72 6,33 3,98 17,12 28,39 36,15
Polypropylene 3,78 15,09 6,98 8,96 20,21 25,18 33,19 21 33,4 4,38 23,88 6,18 10,96 42,01
Polystyrene 1,89 2,01 5,99 1,12 5,61 9,5 6,73 1,57 9,2 0,49 0 0,95 1,99 1,95
Polytetrafluorethylene 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Polyamide 0 0 0 0 0,56 0 1,44 0 0,97 0 0 0 0 0
Polyvinylchloride 0 0 0 1,12 0 0 0 0,52 0 0,49 0 0 0 0,49
Polyester 0 0 0 1,12 0 0 0,48 0 0,97 0 0 0 0 0,98
Sum of MPs 9,44 23,14 27,93 19,05 55,59 84,56 73,11 38,85 83,25 11,68 27,86 24,25 41,33 81,58
Average detected microplastics/sample/m3
Polyethylene 491 10,84 39,54 23,51 22,53 10,55 32,27
Polypropylene 9,44 7,97 22,70 27,10 18,89 15,03 26,49
Polystyrene 1,95 3,56 7,56 4,15 4,85 0,48 1,97
Polytetrafluorethylene 0 0 0 0 0
Polyamide 0 0,28 0,72 0,49 0 0
Polyvinylchloride 0 0,56 0 0,26 0,25 0 0,25
Polyester 0 0,56 0 0,24 0,49 0 0,49
Sum of MPs 16,30 23,49 70,07 55,98 47,48 26,06 61,46
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Annex 1 — Detailed table of the results (WWTP influent samples)

Sample code L-1/1 L-1/2 L-2/1 L-2/2 M-1/1 M-1/2 M-2/1 M-2/2 s-1/1 s-1/2
Date of sampling 2021.06.28 2021.07.28 2021.07.13 2021.07.27 2021.06.30 2021.07.21 2021.06.29 2021.07.20 2021.06.23 2021.07.14
Sample volume (L) 60 95 96 84 26 150 69 103 75 110
Processed sample volume (L) 5 5 5 5 5 5 5 5 5 5
Detected microplastics/sample
Polyethylene 0 1 2 2 19 0 20 4 4 2
Polypropylene 0 2 4 0 1 1 1 2 3 1
Polystyrene 0 1 0 0 0 0 0 0 1 2
Polytetrafluorethylene 1 0 0 0 0 0 0 0 0 0
Polyamide 0 0 0 0 0 0 0 0 0 0
Polyvinyl chloride 0 0 1 0 0 0 0 0 0 0
Polyester 0 2 0 0 0 2 0 1 5 0
Polyoximethylene 1 0 2 0 2 0 0 0 0 0
Sum of MPs 2 6 9 2 22 3 21 7 13 5
Detected microplastics/m3
Polyethylene 0 200 400 400 3800 0 4000 800 800 400
Polypropylene 0 400 800 0 200 200 200 400 600 200
Polystyrene 0 200 0 0 0 0 0 0 200 400
Polytetrafluorethylene 200 0 0 0 0 0 0 0 0 0
Polyamide 0 0 0 0 0 0 0 0 0 0
Polyvinyl chloride 0 0 200 0 0 0 0 0 0 0
Polyester 0 400 0 0 0 400 0 200 1000 0
Polyoximethylene 200 0 400 0 400 0 0 0 0 0
Sum of MPs 400 1200 1800 400 4400 600 4200 1400 2600 1000
Average detected microplastics/m3
Polyethylene 100 400 1900 2400 600
Polypropylene 200 400 200 300 400
Polystyrene 200 0 0 0 300
Polytetrafluorethylene 100 0 0 0 0
Polyamide 0 0 0 0 0
Polyvinyl chloride 0 100 0 0 0
Polyester 200 0 200 100 500
Polyoximethylene 100 200 200 0 0
Sum of MPs 600 1100 2500 2800 1800
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Annex 1 — Detailed table of the results (WWTP sludge samples)

Sample code L-1/1 L-1/2 L-2/1 L-2/2

Date of sampling 2021.06.28 | 2021.07.28 | 2021.07.13 | 2021.07.27

Processed sample mass (g) 1000 1000 1000 1000
Detected microplastics/kg sample

Polyethylene 5 1 3 83

Polypropylene 11 2 2 8

Polystyrene 1 0 0 3

Polytetrafluorethylene 1 0 0 0

Polyamide 0 0 0 0

Polyvinylchloride 0 0 0 0

Polyester 0 0 0 0

Sum of MPs 11 3 5 94
Average detected microplastics/kg

Polyethylene 3 43

Polypropylene 6,5

Polystyrene 0,5 1,5

Polytetrafluorethylene 0,5

Polyamide 0

Polyvinylchloride 0

Polyester 0

Sum of MPs 7 47
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Annex 3 - WWTP technology description

WWTP L-1
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A tisztitotelep szennyviztisztitd kapacitasa 200 ezer m3/nap, atlagosan 140 ezer m3 szennyvizet tisztit
meg naponta. A szennyviz el6szér mechanikai tisztitdson megy keresztlil 5 mm padlcakozd racsok,
valamint kombinalt zsir- és homokfogdk segitségével. Az elémechanikailag tisztitott szennyviz az un.
SEDIPAC tipusu el6ilepité mitargyba keril. Az alkalmazott lamellas elGilepit6 védelme miatt itt még
egy racsszlrés torténik, melyet 3 db automata gépi racs végez. Az elGlilepit6ben a szennyviz a
mianyagbdl késziilt lamelldkon kis sebességgel, egyenletesen dramlik at, mikdzben a kililepedd iszap
a medencék zsompjaiba kertl a kotrok segitségével.

Az elSlilepitést kovetSen a szennyviz eleveniszapos medencékbe aramlik, ahol a bioldgiai tisztitas soran
a szervesanyag-tartalom csokkentése mellett a nitrogén-formak eltdvolitdsa szakaszos leveg6ztetéssel
kombinalt elédenitrifikaciés rendszerrel torténik. A foszfor eltavolitasa vas(lll)-klorid adagolassal
valosul meg. Az eleveniszapos medencékbél a tisztitott szennyviz és iszap keveréke a hosszanti
atfolyasu utdillepitékbe keril, ahol a fazisszétvdlasztds megvaldsul, a tisztitott szennyviz pedig
sodorvonali bevezetéssel a Dunaba jut.

Az utéilepbkbdl elvett folosiszap az elSiilepitd elé kerdl visszavezetésre, ahonnan kevert iszapként
torténik meg az elvétele. Az iszap s(rités utdn 2 db mezofil rothasztéba jut, ahol a fermentacids
folyamatok soran biogaz keletkezik. A biogaz elégetésre keriil kazanok és gdzmotorok segitségével, igy
villamos- és héenergia allithaté el6. A mar kirothasztott, anaerob uton kezelt iszap centrifugak
segitségével viztelenitésre, majd pedig elszallitasra kerl a teleprél.
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WWTP L-2

A szennyviztisztitds f6 mlveletei mechanikai el6tisztitassal: racsszlréssel, homok- és zsir-uszadék
fogassal kezd6dnek. A mechanikailag eltdvolitott hulladék lerakéhelyre keril. A mechanikai
szennyez6dések eltavolitasat kovetGen a szennyviz 2db kombindlt bioldgiai m(itargyba folyik, mely 3
részre osztott aerob, anaerob és anoxikus tereket tartalmaz. Az aerob térrészben az oldott
oxigénszintet oldott oxigén mérd méri és a szamitdgépes vezérlés ez alapjan végzi a bioldgiai légfuvok
frekvenciaszabdlyozasat. Az aerob térrész végén taldlhato falnyilason keresztiil ez elegy egy része a
nitrat recirkulaciés valydba aramlik, innét egy propellerszivattydval dramoltatjuk at a nitrat
recirkulacids dramot az anoxikus térbe.

Az aerob térrészbdl az elegy nagyobb része egy alsé kialakitdsi DN40O cs6vezetéken keresztil jut a
medencénként 1-1db Dorr-rendszerl utéiilepitébe. Az utdilepit6kben szivornyds kotrd lGzemel. Az
utdllepit6ben torténik az iszapfazis szétvdlasztasa és a tisztitott viz elvezetése. Az utdilepiték aljan
letlepedé iszapot a kdzpontiiszapvalylba tovabbitja a kotrd szivovezeték. Az iszapvalyu aljardl torténik
a gravitacids iszapelvétel. A korkotrék uszadék terel6 lapdatjai egy uszadék tolcsérbe gydjtik az
utdllepité mutdrgy tetején felgyllemlett uszadékot, mely gravitacidsan a két kormdtargy kozott
taldlhato uszadékaknaba folyik at. A fol6siszap az aerob stabilizaldba keriil, majd 2db palcas sdrit6be.
A slritést kovet6en iszapcentrifuga segitségével torténik az iszap viztelenitése. A viztelenitett iszap
hulladéklerakd helyre kerdil.

A bioldgiai tisztitas és utdilepités utan lehet6ség van membransz(rd segitségével a tisztitott szennyviz
tovabbi utétisztitdsara. A membran technoldgiara a viz feladasa a tisztitott szennyviz pufferbdl torténik
3 db frekvenciavaltéval elldtott szivattyl segitségével. A szivattyuk egy kozos gerincvezetékre
dolgoznak, amik aztan a 4 db membrdanegységre juttatjak a vizet. A membran egységekre egyenként
51-128 m3/h vizmennyiség juttathatd.

A technoldgiat vas-so és szénforras adagold rendszer egésziti ki. A tisztitott szennyvizek fertétlenitése
kiilon mdtargyban torténhet. A tisztitdbm({ képes szennyezett csapadékos kevert szennyviz
elkildnitésére, a meglévd 560 m3 és az Ujonnan épitett 570 m® zapor tarozdkban, majd ennek a
szennyvizmennyiségnek a f6agon torténd kezelésére.

A tisztitott szennyviz min&ségének ellenGrzésére online mérémdiszerek szolgdlnak. A vizmingségi
paraméterek (lebeg6anyag, KOI, NH,*, NOs, vezetSképesség, PO,*) mérési eredményei azonnal
megjelennek a folyamatiranyitd kozpontban. A tisztitott szennyviz fertStlenitése kilon behatasi
medencében torténhet. A tisztitott szennyviz gravitaciésan jut a Dunaba. Arviz esetén szivattyuk
segitségével juttathatd a befogaddba a tisztitott szennyviz.
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WWTP M-1

A szennyviztisztitd telepen klasszikus eleveniszapos tisztité technolégidval dolgoznak. A
csatornaszennyvizek kdzvetlenil nyomdcséveken, vagy a telepi feladdé atemel6bdl érkeznek a telep
els6 egységére, az 5 mm-es racsra, majd a homokfogdra. Ezeket koveti 6nallé miitargyként az
el6ilepit6 medence, majd ismét atemel§ segitségével a bioldgiai tisztité egységre érkezik a
mechanikailag kezelt szennyviz. Az eleveniszapos technoldgia anaerob, anoxikus és oxikus
medencékbdl all, megfelelS nitrat recirkulacidval. A szennyviztisztitasi folyamat llepitével, megfelel6
iszaprecirkulacid zarul. A rendszerbdl eltavolitasra keriil6 fol6siszap az el6llepité medencén keresztil
mar kevert iszapként keriil dtmeneti tarolds és dekantdlast kovetSen viztelenitésre, végil
komposztalasra.

WWTP M-2

A telepre tengelyen érkez6 szippantott szennyviz a szippantott szennyvizfogadé mdtargyba keril
leliritésre. A lelrités egy pH méréssel vezérelt motoros tolézaron keresztll torténik. Hatarértéket
meghaladd szennyezés esetén a toldézar automatikusan lezdr, és igy lehetetlenné teszi a tartaly
lelritését. A behordott szennyviz a m(itargyban a napkozbeni, keverd altali homogenizalds utan az
éjszakai drakban kerl feladdsra a racsmiitérgy felé.

A nyomocsovon érkezd szennyvizeket gépi tisztitasi AP-600/6 (AKVI-PATENT) tipusu, gépi tisztitasu
finomracs fogadja, mely a kifogott rdcsszemét eltavolitasan kiviil elvégzi annak tomoritését és
viztelenitését. A gépi racs tartalékaként kézi racs van beépitve a parhuzamos racsfolyosdba. A racs a
technolégiai éplilet fels6 szintjén keriilt elhelyezésre. A viztelenitett rdcsszemét surrantdn keresztil jut
a kozponti géphaz foldszintjén elhelyezett gy(jt6konténerbe. A konténer gordithet6 kocsin
helyezkedik el. A tovabb folyd szennyvizek a leveg6ztetett homokfogdba jutnak. A homokfogd fenekén
Osszegylilt homok kotréra szerelt szivattylds kiemeléssel jut a homokviztelenit6 berendezésbe. A
viztelenitett homok egy kiilonallé zart konténerbe keriil. A homokfogd osztott kamraju. A tisztitas
technoldgidja: kozepes terhelés(i eleveniszapos bioldgiai tisztitas nitrifikacidval, un. elébe kapcsolt
denitrifikacidval, igény esetén bioldgiai és vegyszeres foszforeltavolitasi lehet&séggel.

A homokfogdbdl a szennyvizek az anaerob-szelektor medencékbe, majd onnan a PURDEN egyesitett
m(itargyak anoxikus terébe folynak. A szelektor medencékbe keril visszavezetésre az iszap-, az
anoxikus medencékbe a nitratrecirkuldcid. Az anaerob és anoxikus medencékben az elegy lebegésben
tartasat buvarmotoros keverGk biztositjak. Az anaerob-szelektor medence a bioldgiai foszforeltavolitas
lehetGségének biztositasan kivil a fonalas baktériumok elszaporodasat akadalyozza, az anoxikus
medence a denitrifikacids folyamat eredményeként jelentGs oxigén megtakaritdst biztosit.

Két PURDEN mditargy épilt. A PURDEN technoldgia a PURATOR cirkuler rendszer( technolégidjanak
tovabbfejlesztett valtozata, amely korgylriben torténd el6kapcsolt denitrifikalast, levegbztetést,
tovabba a mitargy kdzepén elhelyezkedd kor alaprajzd mdtargyban sugdrirdnyd aramlasu utdilepitést
alkalmaz.

A leveg6ztet6 tér oxigénigényét mélylégbeflvasos finombuborékos rendszer biztositja, melynek fuvoéi
a géphazban vannak. A levegGztet6 elemek Flygt-Sanitaire tipusuak. Az utdiilepitd lapos fenekd,
folyamatos lizem( szivokotréval ellatott mdtdrgy. A recirkulacios iszap az utdilepitd iszapzsompjabdl
arecirkulacids aknaba jut, ahonnan cs6szivattyu juttatja vissza az anaerob zéndba. A nitratrecirkulaciot
propellerszivattyl tovabbitja az oxikus z6ndbdl az anoxikus részbe. A NO3 és az iszaprecirkulacié
egylttesen meghaladja a 300 %-ot, mely biztositia a levegGztetGben tervezett 4,5 kg/m3
iszapkoncentraciot, valamint a fokozott nitrateltavolitast.
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Az utdllepit6ben megtorténik a szennyviz - iszap fazis szétvdlasztasa. A folos iszapok a recirkulacids
iszapvezeték megcsapoldsdval az iszaps(rit6be keriilnek elvezetésre. A foszforeltavolitas lehetGsége
bioldgiai, illetve vegyszeres kicsapatassal biztositott. Az Ongroflokk (vas-szulfoklorid) vegyszer
adagoldsa kozvetlenil a leveg6ztet6be torténik. A tisztitott szennyvizek fertétlenitése kilon behatasi
medencében torténik 150 mg/l toménységl natrium-hipoklorit oldat beadagolasaval torténik. Az
adagolds 1 db SEKO-TEKNA gyartmdanyu vegyszerszivattylval van megoldva, melynek névleges
teljesitménye 5 bar — 20 I/h, 1 bar- 54 I/h. A témény hypo taroldsara 6 db 200 I-es miianyag hordd van
rendszeresitve. A fertGtlenité anyag szallitasat a Szkarabeusz Kornyezetvédelmi és Kereskedelmi Kft.
végzi megrendelésiink alapjan.

A PURDEN mitargyakbdl automatikusan elvett folosiszap az aerob stabilizdléba folyik, ahol
blizmentesen kb. 7 nap tartézkodasi idé mellett az illékony szerves anyag csokkenés olyan mértéket ér
el, hogy a késGbbiekben a magdra hagyott iszap mar nem hajlamos rothadasra. Az aerob
iszapstabilizalébdl stabilizalt iszap kerdl ki. A gépi viztelenitést megel6z6en az iszap a folyamatos
m(ikodésl palcas sdritébe keril, ahol gravitaciésan torténik a sdrités. Az iszap viztelenitésére
polielektrolittal valé kondiciondlassal 1 db HILLER DP 350-422 tipusu centrifugat alkalmazunk. A
viztelenitéssel elérhet§ iszap szarazanyag tartalom mintegy 21-25 %-os.

WWTP S-1

A szennyviztisztitd telep 6 teleplilés kommunalis és részben ipari szennyvizeit fogadja 1400m3/d
mennyiségben. Tovabba 150m3/d tengelyen beszéllitott szippantott szennyvizet fogadhat, ami kézi
racs utan keril a mtargyba, majd tulbukassal jut a hazi dtemelén at a telepi technoldgia elejére. Az
érkez6 szennyviz két irdnybdl nyomott vezetékeken keresztil jut a technoldgiara, amin gravitaciésan
folyik keresztil, a tisztitott szennyviz a Duna sodorvonaldba keril bevezetésre. A kiilon éplletben 1évé
elémechanikan (finomracs, majd homokfogd berendezésen) keresztil jutunk az osztdaknaig, ami két
egyforma sorra kormanyozza az érkezd szennyvizet. A mitargyak fedettek, a mélylevegbztetd
medencéket leszamitva egy tombben helyezkednek el. Soronként a m(targyak rendre: 2 anoxikus
medence, 1 alternativ medence, 2 levegézteté medence, 1 anoxikus medence, majd kiilon egy 5m mély
mélyleveg6ztet6 medence és 1 négyszogletli, vandorkotréval ellatott utdllepité medence. A kozos
klérozé medence alkalmazdsa jelenleg nem elGiras. Az alkalmazott totadloxidacids eljards sordn az
eleveniszapos, leveglztetett medencékben lévé baktériumok életfolyamataikhoz felhasznaljak az
érkez8 szennyvizben |évé oldott szerves és szervetlen anyagokat, ezdltal a viz szennyez6anyag tartalma
csokken. A keletkezett eleveniszap egy része recirkuldltatdsra kerdl, igy ugyan ez a folyamat jatszédik
le az anoxikus medencékben, ahol az oxigént a szennyviz nitrdt és nitrit tartamabdl nyerik
a mikroorganizmusok. A bioldgiai foszforeltdvolitas kiegészitése vas-klorid adagoldssal torténik. A
telepen a f6losiszap aerob stabilizalasara is sor keril, az elGs(ritett iszapot polielektrolittal keverve
szalagprésen viztelenitik.
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