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Abstract: Contamination by microplastics (MP) in aquatic ecosystems is largely due to the release of millions
of these particles from treated effluents from Wastewater Treatment Plants (WWTP). Due to the lack of policies
and regulations that establish criteria for the control and elimination of MP from WWTP effluents, this research
evaluated the presence of MP for particle sizes of 38 and 150 um in influents and effluents from three WWTP
in the port of Acapulco, Mexico. Using optical microscopy and Fourier transform infrared spectroscopy (FTIR)
techniques, the MP detected were polyethylene (PE), polypropylene (PP), polyethylene terephthalate (PET)
and polyvinyl chloride (PVC). MP removal efficiencies of 82.5 to 98.7% (38 pum) and 86.8 to 97.5% (150um) were
obtained; the MP average daily emissions to the receiving bodies of these three WWTPs were in the ranges of
9.5 x 10°- 4.70 x 108 particles and the annual emissions in the range of 3.05 x 10° - 1.72 x 10" particles. This work
reveals the urgency of implementing regulatory policies to avoid the continuous emission of MP to aquatic
ecosystems from WWTPs in Acapulco, Mexico.

Keywords: removal; contamination; FTIR; regulatory standards; receiving bodies; tourist city

1. Introduction

Today, approximately 6.3 billion metric tons of plastics are consumed worldwide each year,
which at the end of their useful life are discarded into the environment, where they have a high
potential to generate large amounts of microplastics (MP) [1,2]. The MP are pieces of different
morphologies, sizes, and polymeric compositions, which present approximate sizes of 5mm to 1um.
MP origin is from industrial production (primary microplastics) and from the fragmentation of larger
plastic waste (secondary microplastics) [3]. The presence of MP has been identified in soil, air, and
water, of which polypropylene (PP), polyethylene (PE), polyethylene terephthalate (PET), polyvinyl
chloride (PVC) stands out, to mention the most common [4]. These MP are considered emerging
pollutants because they are not yet contemplated in regulatory environmental standards and due to
their multidimensional nature, they can pose a potential risk to the health of aquatic and terrestrial
ecosystems, because all living organisms, human including are exposed to these polymeric particles
[5,6]. Recent gender estimates, the annual consumption and inhalation of microplastics in girls is
74060 particles, in women 98305 particles, in boys 81331 particles and in men 121664 particles [7]. In
addition, in humans, MP have been found in placentas, feces, intestinal tract, and blood [8-11]; some
authors have documented for example, that PET causes alterations in the intestinal fauna and affects
the genomic stability of human lymphocytes [10,11].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Due to the complexity and polymeric diversity of these emerging pollutants, standardized
protocols have not yet been established to accurately and truthfully determine the real concentration
of these particles in aquatic and terrestrial ecosystems and their impact on them due to the complexity
and polymeric diversity of these emerging pollutants and the little knowledge of their impact,
standardized protocols have not yet been established to accurately and truthfully determine the real
amounts of these particles in aquatic and terrestrial ecosystems, in addition, their emission and
transfer greatly hinders the implementation of policies and regulations on the maximum permissible
limits for the control and elimination of MP in the environment [12]. Derived from the above, in recent
research various protocols for sampling, sample treatment, quantification and identification of MP
have been used, in this sense, the most widely used analytical techniques for their identification are
optical microscopy, FTIR spectroscopy, Raman and Pyr/GC/MS [13], in this sense, FTIR is the most
widely used technique for the identification of MP coming from WWTPs [14]. For example, with FTIR
spectroscopy coupled with optical microscopy, the polymeric composition of MP can be identified
for small sizes from > 20 um [12].

Regarding wastewater treatment systems, there are different types of WWTPs (secondary and
tertiary) that, according to the physicochemical characteristics of wastewater (municipal and
industrial) eliminate various pollutants according to the policies and regulatory criteria for control
and removal of each country [15], research reports that the removal efficiencies of these microplastic
particles in WWTPs (secondary and tertiary) are approximately 90 to 98%. However, despite these
high percentages of elimination, these treated effluents continue to present concentrations of MP that
are continuously transferred to the receiving bodies, which is why these discharges are considered
sources of emission and exposure of these emerging pollutants to aquatic and terrestrial ecosystems
[16-23]. Due to the above, the current standards that establish the quality criteria applied to treated
wastewater do not include MP within their reference frameworks and, therefore, these polymeric
microparticles will continue to contaminate aquatic and terrestrial ecosystems. About Mexico, the
official Mexican standards (NOM-001-SEMARNAT-2021; NOM-002-SEMARNAT-1996;, NOM-
SEMARNAT-1997) they do not contemplate MP within their regulatory frameworks, only the
maximum permissible limits are established for the quality of discharges from WWTPs and whose
effluents are destined for aquatic and terrestrial receiving bodies [24-27].

To know and measure the problem of MP in WWTPs and their emissions into the environment
in Mexico, as a consequence of the lack of norms that regulate and establish maximum permissible
limits, the purpose of this research is to detect, quantify and characterize MP in sizes from 150 to 38
um through the optical microscopy and Fourier transform infrared (FTIR) coupled spectroscopy
techniques in wastewater and wastewater treated in three urban plants with secondary treatment in
the city of Acapulco, in addition to estimating the percentages of removal of these pollutants based
on the concentrations of MP in influents and effluents in each of the study WWTPs and projecting
their daily and annual emissions to the receiving bodies. The results obtained provide knowledge
base data for the development of technical and methodological criteria in the construction of policies
and regulatory norms whose purpose is the elimination of MP from effluents and mitigate future
damage to the environment.

2. Materials and Methods

2.1. WWTP evaluated

Sampling was carried out in three WWTPs in the city of Acapulco (figure 1.); these are operated
and administered by the para-municipal body, their purification systems are through activated
sludge (secondary treatment). The WWTP A) is in the eastern part of the city, it has an operating
capacity of 23 L/s for a population of 10,948 inhabitants, and the receiving body is the Tres Palos
lagoon, WWTP B) is in the suburban area of the city, it has an operating capacity of 350 L/s for a
population of 166,600 inhabitants, its treated effluents are discharged into the Sabana river, tributary
of the Tres Palos lagoon. WWTP C) is in the western area of the city, has an operating capacity of 650
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L/s for a population of 309,400 inhabitants, its effluents are discharged into the sea through Olvidada
beach.

The samples collection of influents and effluents in the three WWTPs was through point
sampling during the months of June and July (dry season), October and November (rainy season) of
2022. The influents samples were collected from the intake pit at the WWTPs, after screening; the
volume for each sample was 4 L. Regarding effluents, 20 L samples were collected at the WWTP
outlet. Once the samples were collected, they were transported to the laboratory and stored at 15°C.

México
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Figure 1. WWTPs monitored location for this research: WWTP A) 23 L/s; WWTP B) 350 L/s and
WWTP C) 650 L/s.

2.2. MP separation

The separation of MP from influents and effluents was carried out, based on the methodologies
reported by the National Oceanic and Atmospheric Administration (NOAA) and other researchers
[18,28-33]. Regarding the influents, the samples with a mesh opening of 300 um (to retain the larger
solids) were sieved, then with other screens the sizes of 150 and 38 pm were retained; the sieves are
rinsed with distilled water to remove microplastic particles from each sieve and deposited in beakers.
They were dried in an oven at 80 + °C for 12 hours; then the digestion was carried out by adding 30
mL of 30% H202 at 60°C, it was left to stand for 2 hours; on the other hand, in the influent samples,
another 30 mL of H202 was added, with 2 more hours, to make the digestion of organic matter more
efficient. Once digestion is complete, they are allowed to cool to room temperature. Subsequently,
the separation by density was carried out, adding 60 mL of ZnCl2 (1.62 g/cm?) to the samples placed
in separation funnels, allowing them to settle for 12 hours. Under vacuum, the supernatant is passed
through 47 mm diameter glass fiber filters that are later placed in Petri dishes for the MP counting
and identification.

2.3. Quality control

To avoid cross contamination, cotton lab coats, gloves, and face masks were used. Prior to
sample processing, all areas of the laboratory were cleaned using distilled water and 30% (v/v)
ethanol. All reagents used were vacuum filtered on Whatman® filters (grade 41, 125 diameter). For
the sampling, blanks (distilled water) were taken and analyzed according to the same protocol used
for the influent and effluent samples. To assess the atmospheric quality of the laboratory, open Petri
dishes were placed with Whatman® filter paper (grade 41, 125 in diameter) throughout the process;
once completed, the exposed discs were analyzed by light microscopy. On the other hand, as a
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reference were used commercial PVC, PE, PET, and PP plastics for the identification of the MP
detected in the influents and effluents of the WWTPs. The glass microfiber filter used during sample
filtration was analyzed in FTIR to rule out interference in the spectra.

2.4. MP Characterization

The MP characterization was carried out with the classification criteria according to their color
and morphology proposed by Hidalgo-Ruz et al. [5]. For the counting and identification of MP, a
SWIFT® M10 Series optical microscope was used with 4X and 40X objectives. Infrared spectra of the
MP were recorded at room temperature in a Perkin-Elmer Spectrum 100FT-IR (ATR) spectrometer
with a resolution of 4 cm and were averaged over 4 scans in the range of 4000-650 cm-1.

2.5. Daily and annual projections of removal efficiencies

The removal efficiencies were calculated with the MP obtained from the influents and effluents,
according to what was proposed by Talvitie et al. [34]. Regarding the daily and annual projections of
MP release to the receiving bodies, the amounts obtained in the effluents (MP/L) were multiplied by
the average daily operating flow in each WWTP (L/day); for annual concentrations, the total MP
quantities per day was multiplied by 365 [20].

2.6. Statistic analysis

For the comparison between the three WWTPs with respect to their MP removal and the
sampling stations, statistical inference was made through one factor analysis of variance (ANOVA)
(p<0.05).

3. Results and Discussion

3.1. MP deteccion

Through optical microscopy in the influents and effluents of three WWTPs, MP were detected
in sizes from 150 to 38 um (Figure 2).
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Figure 2. MP found as filaments in: influents (a and b), effluents (c and d); and, as fragments in:
influents (e and f), effluents (g and h).

The MP detected in secondary treatment WWTPs are similar in their morphology to those
reported in the literature, but with different size ranges [17-21,35-37]. Likewise, sizes from 10 to 1000
pum have been recorded [31], 20 a > 500 pum [38], 43 a 355 pum [39], 10 a 5000 pm [19], 20 a 200 pum [20],
20 a =300 pum [33]. With respect to WWTPs with tertiary treatment systems [29,34], their morphology
and appearance were similar to the results presented in this work. Due to the above, it is considered
that unitary wastewater treatment systems do not affect the appearance and morphology of MP
present in influents and effluents.

3.2. MP Physical characterization

3.2.1. MP Color

The MP detected during four sampling months in influents and effluents of the WWTPs,
presented colors diversity (Figure 3).
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Figure 3. Average percentage distribution of MP according to the colors identified in influents (a) and
effluents (b) in the three study WWTPs.
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In the influents: the black color MP of WWTP A and, B (28.1% - 29.9% respectively) were the
most abundant, while in WWTP C, the red color was the most abundant (33.7%). On the other hand,
the blue color MP were the predominant ones in the effluents (49% for WWTP A and, 38% for WWTPs
B and C), followed by red and purple colors. In contrast to the above, the presence of transparent
plastics in WWTP A, B and, C were 6, 4 and 7%, respectively (Figure 4). In other works, the black
color MP predominated, followed by the transparent and blue ones [18]. In Scotland, red color MP
were found in greater numbers (26.7%) followed by blue (25.4%) and green (19.1%) colors [20]. In
China, white-colored PMs represent 27.3% of quantified plastics [39]. It should be noted, that the
presence of the different colors in the MP is due to the association with additives that are used in the
plastics pigmentation [40]. So not only the MP presence is a risk factor for the environment; according
to recent studies, chemical additives added to polymers such as PE, PVC and PA can be toxic, in
addition, this toxicity is often not due only to the presence of these polymers, but to the leachates
from their additives [41]. For example, the blue coloration in plastics may be due to the use of cobalt
(IT) diacetate (CsHsCoOs) (additive applied to PET); for red pigmentation, various additives are used
such as cadmium selenide (CdSe), lead sulfate (PbSOs) and lead molybdate (PbMoOs) (applied to
various plastics) [42]. It has been documented that the chemical production of additives is constantly
increasing; it is estimated that the plastics production with their additives will be 20,000 million tons
by 2050 [22]. The aquatic and terrestrial ecosystems will be exposed to the MP constant emission and,
other pollutants associated with them (heavy metals), if adequate regulations for the use of additives
in the plastic industry are not implemented.

The influents and effluents of the WWTPs analyzed in this study, the abundance of MP
according to their color reflect the complexity of these polymeric micropollutants that are transferred
to the hydrological bodies, therefore, in addition to their implications for the environment, in the
absence of regulatory policies and standards, they constitute a serious threat to the health of aquatic
and terrestrial ecosystems. On the other hand, not only the toxicity degree attributable to microplastic
polymers, but also their association with chemical additives represent a potential toxicological hazard
due to the presence of heavy metals [42]. Due to the above, we consider that the implementation of
regulatory norms should consider the coloration of the MP, as an additional criterion for evaluating
the quality of the treated effluents that are discharged into aquatic and terrestrial ecosystems.

In Mexico, there are currently no standards or criteria to date that regulate the manufacture of
plastics and the use of additives, therefore, this lack of regulation has a considerable impact on the
generation of MP, their emission and transfer to the environment. In this sense, there are only
regulations that establish and describe the identification type that the plastics produced must have
for their selection, separation, collection, collection and recycling [43].

3.2.2. MP morphology

Various MP forms were found in the influents and effluents of the three WWTPs, the fragment-
type morphology being the most abundant, followed by filaments (Figure 4). There are no differences
between the three WWTPs with respect to the MP morphological distribution in the treated effluents
(ANOVA of one factor, F=0.11, p>0.05) (Table 1) therefore, it can be deduced that the WWTPs studied
present similar characteristics in the morphologies of admission to the WWTPs and those that are
subsequently released to the receiving bodies.
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Figure 4. Average percentage distribution of MP according to their morphology identified in (A)
influents and, B) effluents of three study WWTPs.

In contrast to other studies, where filaments have been detected in greater numbers [18,21,29,44],
granules [39], fragments [30] and scales [20].

The importance of the morphological classification of the MP to know and identify the way in
which they are degraded and to predict the possible mechanisms of transfer and absorption at the
cellular level in the organisms of the trophic chain. In this sense, MP have been defined as vectors of
other contaminants and pathogenic microorganisms; therefore, the morphology offers information
on the potential risks in the transport of more dangerous pollutants, such as the chemical additives
discussed in the previous section.

Table 1. One factor ANOVA analysis (p<0.05) in the effluents of the three WWTPs studied, according
to the morphology of the MP detected.

Groups Count Sum Average Variance
WWPT A 6 564.77 94.13 13993.38
WWPT B 6 736.8 122.80 26269.83
WWPT C 6 538.04 89.67 13066.88

ANOVA
Source of Variation SS af MS F P-value F crit



https://doi.org/10.20944/preprints202309.0772.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2023 doi:10.20944/preprints202309.0772.v1

9
Between Groups 3878.58 2 1939.29 0.11 0.90 3.68
Within Groups 266650.44 15 17776.70
Total 270529.01 17

From the data obtained in this study, it can be deduced that most of the MP that enter and leave
the WWTPs are secondary; however, significant amounts of filaments have also been detected, so it
is inferred that many of these MP may be primary. As in the present study, in secondary treatment
WWTPs in Korea, the fragments were the most abundant MP [45]. In another context, the MP
characterization according to their morphology will contribute to understanding the changes they
undergo in their shape and size during purification processes [46], this will allow the establishment
of the maximum permissible limits of control and the development of technologies and
complementary unit operations (tertiary treatment) to be incorporated into current systems, in
accordance with the morphological typification in order to effectively eliminate these pollutants from
the treated effluents that they carry as their destination the receiving hydrological bodies [45,47-49].
Countries like China, Kenya, and the European Union have implemented standards and public
policies with the purpose of reducing the plastic pollutants generation. In this sense, in 2020
international agreements have been established with the goal of reducing single-use plastic products
and packaging by up to 20% by 2025. [5]. Despite these measures, there is an urgency to incorporate
and establish criteria for the MP evaluation and control in effluents treated at WWTPs.

Due to the high MP concentrations that are destined for the various receiving bodies, these
contaminants present a sizes diversity, colors and shapes, which is related to the variety of effects on
living beings [5]. In addition, it is known that during the plastics manufacture, additives are used to
provide the characteristics required in them, adding another pollution factor associated with MP.
These chemical compounds can be harmful to health, so it is important to characterize and classify
them in the generation of basic scientific knowledge for the development of regulatory standards
[16].

3.3. MP Characterization by FTIR

In the influent and effluent samples, four types of polymers were detected: polyvinyl chloride
(PVC), polyethylene (PE), polyethylene terephthalate (PET) and, polypropylene (PP), all about
identified with the FTIR instrumental technique (Figure 5). To verify their identification, the spectra
obtained were compared with the reference spectra or conventional polymers.

According to the different characteristic vibration signals presented in the MP in the samples
and the reference ones (Table 2.), the signals of the functional groups of each one of the plastics
detected, their coincidence with their reference plastic was compared. Based on these results, PET,
PE, PP and PVC are the polymers with the highest frequency in the influents and effluents in the
three WWTPs evaluated in Acapulco. (Figure 5). It is worth mentioning that the vibration signals of
the FTIR spectrum of the glass fiber paper used to filter the samples did not interfere with the
vibration signals of the spectra of the MP analyzed (Figure 5).

According to the spectra identified in this study, the four polymers (PET, PVC, PP and PE) have
also been reported in other investigations as the most abundant [18-20,37,38,52-54]. However, in
addition to these polymers, other studies have detected the presence of polyurethane (PU),
polyphenylene oxide (PPO), nylon (PA), phenolic epoxide (PER), polyacrylonitrile (PAN) and
polyvinyl alcohol (PVA), among others [18]. The detection of other MP in different WWTPs in the
world depends on particular consumption type of plastics in each country and city. On the other
hand, the source of wastewater that enters the WWTPs, such as those that come from the combination
of industrial and domestic waste, report more types of polymers with respect to discharges for
domestic use [19,29]. One limitation to consider for this work was that the samples obtained (by sieve
sizes) and analyzed (equipment used) were in sizes 150 and 38 um, so the possibility of having other
polymers in other particle sizes. It should be noted that the WWTPs analyzed in this research receive
only domestic wastewater, so in this sense, when comparing the results obtained with similar
WWTPs, similarities are observed in the identified polymers: for example, in WWTPs in Colombia,
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it is reported to low density polyethylene (LDPE), PP, PET and PS [31], in another similar case, the
MP identified in a WWTP of a Chinese province, the ones with the highest abundance were PP, PE,
PS and PET [51], however, unlike this study, in both works, they do not report PVC, and they coincide

in the PS identification.
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Figure 5. FTIR spectra of MP obtained in the samples of the study WWTPs.

Table 2. Waves numbers and functional groups detected in the FTIR spectra of the three WWTPs in

Acapulco.
Functional Group OH CH: CH C=0 CH:  co.c co CH:
(stretch) (scissor) (rock)
Wave number (cm™) 3020 2900 2800 1713 1448 1247 1084 728
PET PET PET PET PET PET PET -
- pPvC PVvC - PVvC - - -
- PP PP - PP - - PP
- PE - - PE - - PE

Furthermore, the type of discharge (industrial, domestic or mixed) can determine the
predominance of PMs in influents and effluents [32]. Plastics, such as those detected in this study, are
the basis for establishing classification criteria on the types of discharge that enter the WWTPs and
their discharge to the receiving bodies in cities with a tourist vocation in the medium and long term;
Therefore, not only the chemical characterization of the MP is enough to dimension the problem, but
it is necessary to quantify the number of particles that enter and leave the WWTPs to determine the
removal percentages of each WWTP and thus have an objective evaluation on the operating
conditions and the emissions of these particles whose permanent destination is the receiving bodies

[34].
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3.4. MP concentration and removal efficiencies

The MP particles in influents and effluents in the three WWTPs studied presented different
amounts and removal percentages with respect to the sampling months (Table 3). Removal efficiency
from monthly sampling and analysis was calculated for each microplastic particle size (150 and 38
pm respectively).The removal efficiency of MP in the Acapulco WWTPs present similar percentages
with respect to other investigations of secondary treatment systems. For example, in Italy 95% were
registered by WWTP [18,30]; in China from 79.33 to 97.84% [18]; Colombia from 93.2 to 94.19% [31];
Canada 99% [44] and, Scotland 98% [20]. In this context, it was considered to analyze only the
influents and effluents in the three WWTPs, so it can be deduced that the retained MP are found
mostly in the sludge from the secondary clarifiers, after the biological treatment. According to
different studies, most of the retained MP are detected in biological sludge, so it is considered that
the largest amount of MP is intercepted in primary and secondary [18,30,35-37,39,45,54-56];
therefore, secondary treatment systems for biological sludge retain and concentrate most of the MP
in primary and secondary sedimentation.

Temporality is a factor that influences the concentration, distribution, and removal of MP in
WWTPs [46,57]. However, in different studies it is not specified if rainwater can be a factor in the
removal efficiency of MP during treatment. According to the data obtained in this study, weather
conditions are a variability factor in the entry and emission of MP. Thus, during the rainy season, the
entry of MP to the WWTPs increased, which decreases the removal efficiencies in the three WWTPs.
The samples collected in June (dry season) presented the highest removal efficiencies (98.7%), while
in the month of November (rainy season) the lowest removal efficiencies were obtained (82.5%). This
difference is due to the fact that the pluvial currents interfere with the influents during the rainy
seasons, for which it is inferred that they significantly influence the transfer, transport and emission
of MP to the WWTPs, due to the connection of the pluvial channels with the network. plumbing in
the city of Acapulco. Taking into account the statistical analysis ANOVA of a factor (p<0.05) there are
significant variations in the concentrations of MP between the dry and rainy months in influents and
effluents (Table 4) (F calculated > F critical). In Korea, in treated effluents from a WWTP, higher
concentrations of MP were reported in the rainy season than in the dry season [57], presenting
similarity with this study; on the contrary, in WWTPs of China, the MP concentrations and removal
efficiencies were higher in dry seasons than in rainy seasons [46]. We believe that factors such as
exposure to the elements of urban solid waste in storm channels and hydrosanitary operating
conditions contribute to the increase of MP in urban wastewater treatment systems.

Table 3. Removal percentages from MP concentrations obtained in influents and effluents from three
WWTPs in Acapulco, Gro., Mex.

WWTP A WWTP B WWTP C

MP (items/L) MP (items/L) MP (items/L) MP (items/L) MP (items/L) MP (items/L)
38 um 150 um 38 um 150 um 38 um 150 um
I E o/o T 1 E o/o T I E o/o T 1 E o/o T 1 E O/DI' 1 E o/ol‘

760+ 10+ 207+ 173+ 577+ 08 4550 11+ _ 442+ 07+ _ 334+ 08
June 0 061 %7 048 036 O 225 +034 % s164 023 U7 292 017 %3 255 s018 7P

96.1+ 28+ 685+ 2.00+ 80.6+ 2.8+ 4833+ 1.8+ 104 24+ 394+ 09+ 975
1 7.1 7.1 4 . 7.7
July 126  0.55 ? 093 1.65 ? 2,67 0.74 %6 191 0.81 96.3 +6.09 0.20 ? 3.76 0.64

1749+ 9.0+ 667+ 482+ 1593+ 13.0 10367 80+ 150 135+ _ 679+ 62+
October ) 3 071 ™8 223 053 2% 7720 419378 wa0a 056 22 867 116 V0 s6a 04g 208

2188+ 243+ 884+ 10.73 + 1947+ 34+ 12275 133 + 200 16.8+ 883+ 11.6

November o~ 101 89 053 079 8 1351 090 %% 2476 108 2101 041 OV 50 03g 568

Dry season: June and July period are dry season; October and November period are rainy season.
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Table 4. One factor ANOVA analysis (p < 0.05) according to the temporality in influents (a) and
effluents (b) of three WWTPs in Acapulco, Gro. Mex.

a) Influent

Groups Count Sum Average Variance

June (dry season) 3 277.58 92.53 178.11

July (dry season) 3 437.50 145.83 321.10

October (rainy season) 3 723.09 241.03 497.15

November (rainy season) 3 912.92 304.31 221.56

ANOVA

Source of Variation SS af MS F P-value  F crit

Between Groups 80944.31 3 26981.44 88.61 1.8E-06  4.07

Within Groups 2435.85 304.48

Total 83380.16 11

b) Efluent

Groups Count Sum Average Variance

June (dry season) 3 6.41 2.14 0.36

July (dry season) 3 12.82 427 0.65

October (rainy season) 3 54.67 18.22 14.60

November (rainy season) 3 110.81 36.94 91.59

ANOVA

Source of Variation SS af MS F P-value  F crit

Between Groups 2314.55 3 771.52 28.79 0.0001 4.07

Within Groups 214.37 8 26.80

Total 2528.93 11

Dry season: June and July period are dry season; October and November period are rainy season.

Regarding the removal in each of the WWTPs analyzed in Acapulco, similarity was found
between them, in the values of the MP removal percentages: WWTP A), 93.6%; WWTP B), 93.06%;
WWTP C), 93.91%. Through the analysis of variance by one factor ANOVA (p>0.05) it was observed
that there are no significant differences in the MP purification processes (Table 5), for which it is
demonstrated that the three WWTPs present similarities in the MP elimination for secondary

treatment systems.

Table 5. One factor ANOVA analysis (p < 0.05) according to the removal efficiencies of three WWTPs

in Acapulco, Gro., Mex.

Efluent

Groups Count Sum Average Variance

WWTP A 4 56.49 14.12 217.32

WWTP B 4 75.02 18.76 433.26

WWTP C 4 53.20 13.30 169.34

ANOVA

Source of Variation SS daf MS F P-value F crit
Between Groups 69.19 2 34.60 0.13 0.88 4.26
Within Groups 2459.74 9 273.30

Total 2528.93 11
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It has been documented that WWTPs with tertiary treatment systems have higher removal
percentages than primary and secondary systems; their removal rates can reach approximately 99.9%
[32,47]. This is an alternative to further reduce MP concentrations in treated effluents. Regarding the
WWTPs analyzed in Acapulco, they do not present tertiary treatment, so it is suggested to consider
in the future the incorporation of advanced systems that purify MP in the treated effluents before
they are finally sent to the receiving bodies.

In this sense, complementary technological alternatives for the purification of treated effluents,
for example, in effluent treatments treated by sand filtration, the removal percentages obtained were
99.2 - 99.4% [48]; the removal percentages using disk filters was 89.7% [49]; on the other hand, in
Germany, with an advanced oxidation system induced by organosilanes in parallel to a filtration
system using granular activated carbon in a pilot plant coupled to a municipal WWTP, they obtained
a removal of MP of 60.9 %. [58]; in China, through the use of biofilters, removal percentages of 79%
and 89% by mass of microplastic particles in treated effluents were obtained [59].

The secondary treatment systems in the three Acapulco WWTPs present high MP removal rates,
however, despite this, significant amounts of MP continue to be released into water bodies [33]. It is
necessary to implement regulatory norms and policies that allow establishing technical criteria to
increase the removal of MP and prevent their entry into aquatic ecosystems, hence the importance to
extrapolate the values obtained in this study with respect to the capacities of WWTP operation, to
know the daily and annual concentrations of MP whose final destination is aquatic environments
(rivers, coastal lagoons, wetlands and sea).

3.5. Daily and annual MP emission projections

The average concentrations of MP during four months of study (Figure 6) reveal that the
effluents from WWTP B) present higher concentrations of MP (Figure 6 a). In this sense, the three
WWTPs release a greater quantity of microplastic particles in sizes of 38 um. According to the
operating capacity, WWTP C) is the one that releases the greatest amount of MP per day to
hydrological bodies with values of 2.77 x 108 (150 um) and 4.70 x 108 (38 pum) particles (Figure 6 b).
For example, contrasting the treatment systems in similar works, in Scotland, the approximate daily
emission was 65 x 106 particles [20], in Italy the emissions from one of its largest WWTPs (for a
population served of 1,200,000 inhabitants) is 160 x 10¢ PM per day [19], while in China its average
emission per WWTP amounts to 650 x106 PM per day [39].


https://doi.org/10.20944/preprints202309.0772.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2023 doi:10.20944/preprints202309.0772.v1

14

a)

20.00
15.00

10.00

MP/L

5.00

4.82 6.07 4,93

0.00
WWTP A WWTP B WWTP C

@150 pm 38 um

b)

4.70E+08
8.00E+08

3.83E+08
6.00E+08
1.85E+07

4.00E+08

MP/day

9.58E+06
2.00E+08 1.83E+08 2.77E+08

0.00E+00
WWTP A WWTP B WWTP C

H 150 pm i 38 um

1.72E+11
3.00E+11

2.50E+11 1.40E+11
2.00E+11
1.50E+11
1.00E+11
5.00E+10

0.00E+00 S ——
WWTP A WWTP B WWTP C

6.75E+09 1.01E+11

MP/year

3.50E+09 6.68E+10 — :

H 150 pm 38 um

Figure 6. MP average concentrations per liter (a), daily projections (b), annual projections (c) in 150
and 38 um size range of three WWTDPs at Acapulco, Gro. Mex.

Regarding other studies carried out in tertiary treatment systems, average MP emissions of 2.2
x 107 particles/day have been recorded [29], in Spain, the estimate of MP released according to the
particular conditions of the evaluated WWTPs it was 1.6 x 107/day [4]. In this sense, the daily
projections of the three WWTPs in this study indicate that their secondary treatment systems require
other complementary technologies in order to reduce the concentration of MP in their effluents and
prevent their spread to the different receiving bodies.

In Acapulco, the record of the annual MP emission projections (Figure 6 c), WWTP C presents
the highest MP emission values because it is the largest WWTP studied (650 L/s). However, the
annual emission values are estimated based on the concentrations of MP obtained from specific
samplings, so the annual concentration may present significant variations with respect to estimates
based on composite samplings, however despite this limitation, the information obtained allows us
to know the problem of microplastic contamination in municipal WWTPs in Mexico and specifically
in a tourist city.
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Despite the various works on the presence of MP in WWTPs, in several of these studies no
annual projections have been reported [8,18,21,29-32,45,47,54,55,60], however, in others one with
development of projections, it is highlighted that the annual emissions of MP from WWTPs are
approximately 0.3 x 10° particles [44], 9 x 107 a 4 x 10° particles [38] and 1.56 x 10'* particles [36]; the
data obtained in this study are within the values estimated in the aforementioned investigations, so
it can be deduced that the problem of removing MP in WWTPs is a global problem and that the
establishment of regulatory standards and protocols standardized sampling and laboratory analysis
is an urgent need to back away the emission of microplastic particles and the subsequent
environmental degradation from the flow of these emerging pollutants.

4. Conclusions

The presence of MP was detected and characterized in three secondary-type municipal
wastewater treatment plants in Acapulco, Mexico, monitored for four months, in the year 2022. About
polymeric particles diversity according to their pigmentation, black color was the most abundant in
the influents and red color in the effluents; in this sense, the MP coloring type must be considered in
the regulatory criteria as indicators of other associated pollutants, such as heavy metals that are part
of the additives used in the plastic industry and that represent a serious threat for living organisms,
including humans.

The diversity of sizes and shapes in MP represent a challenge for the development of
standardized analytical methodologies due to the multidimensional nature of these polymeric
particles, so it is suggested to carry out studies in other size ranges to expand the knowledge of the
qualitative and quantitative composition of these; in addition to developing in the immediate future,
standardized analytical protocols, policies and regulatory standards; as well as the design and
implementation of complementary technologies to the current wastewater treatment systems in
Acapulco, in order to effectively retain and eliminate them in their different dimensions.

This study shows the role played by WWTPs in the retention and elimination of MP, given the
alarming global problem about the use of plastics and their degradation, and currently consider them
be emerging pollutants. In this sense, within the current context in Mexico about the absence of
regulations and policies related to the emerging problem of plastic degradation in small sizes such as
MP; the results obtained in this work demonstrate its presence in Acapulco, Mexico in three
secondary municipal wastewater treatment plants.

Regarding the removal efficiency of MP in the three WWTPs studied in Acapulco, the results
obtained indicate that there are high percentages of removal, however, the effluents present
considerable amounts of MP and they are continuously released to the receiving bodies. In this sense,
temporality is a factor that influences the quantities and removal of these. Thus it was that in the
months with rain the highest load of MP and the lowest removal efficiencies were detected.

On the other hand, the removal percentages in this study only considered the particle sizes of
150 and 38 um, so its efficiency was only recorded based on this size parameter; in this way, the
removal efficiencies for other MP sizes may be different, so it is suggested to incorporate finer meshes
than those used in this research. The estimates of the MP annual load indicate that aquatic ecosystems
are highly exposed to the inappropriate use, consumption and disposal of plastics and, to the lack of
knowledge on their degradation to smaller sizes such as MP; for this reason, the implementation of
regulatory policies and standards must be promoted.

To date in Mexico, there are no official Mexican standards that establish maximum permissible
limits for the amounts of MP in treated effluents that are discharged to receiving bodies. Due to the
above, it is recommended at the local and national level to continue advancing with work in other
WWTPs in order to incorporate MP into the national agenda to update current regulations and
policies in the medium term.
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