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Abstract: Microplastics have been ubiquitously in the environment, and a large number of microplastics have entered
wastewater treatment plants, and their effects on activated sludge denitrification are rarely reported. Polypropylene (PP)
microplastics were selected as the research object for denitrification research. Herein, we set different concentrations of PP
microplastics to study their effect on sewage denitrification. Several indicators including NO3-N, NO,-N, Total-N (TN),
extracellular polymer substances, Zeta potential, and N,O production, etc., were employed to evaluate the denitrification effect.
Results demonstrated that the denitrification process was affected by the concentration of PP microplastics. Its concentration
may damage the denitrification of sludge, especially in low concentrations, due to its slowing down the NO,-N reduction
process. Meanwhile, it will release an amount of greenhouse gas N,O as the concentration is positively correlated. However,
the removal of NO;™-N is almost unaffected in different concentrations of PP microplastics during the denitrification process.
When the concentration of PP microplastics reached 60 mg L™, the accumulation of NO,-N in the effluent increased
significantly. Accordingly, the extracellular polymer and potential indicators also showed that PP microplastics will reduce the
flocculation capacity of the sludge, resulting in a decrease in the denitrification efficiency of the sludge overall. When the
concentration of PP microplastics exceeded 100 mg L™, the impact of microplastics on denitrification water quality indicators
was relatively small, but it will increase the N,O emission with a negative impact. In addition, the activated sludge
denitrification pathway can be affected by the addition of different microplastics and requires further investigations in the
future.
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size (low than 5 mm) of smaller plastics brought a worse
impact towards the environment. Because of the properties of
small particle size and large specific surface area,
microplastics can absorb polycyclic aromatic hydrocarbons
(PAHs), polychlorinated biphenyls, heavy metals, persistent
organic compounds, and other hazardous substances during
environmental migration [6-8], increasing in toxicity of
microplastics and threatening the safety of the environment.
Consequently, microplastics has suddenly become a new kind
of environmental pollutant with high risk [9] in the
environment. Scholars noticed microplastics’ potential
threats and studied their possible detection, occurrence, and

1. Introduction

Microplastics (d < 5 mm) first entered the public’s field of
vision as Thompson [1] put forward this concept for the first
time since 2004. Microplastic pollution has attracted
worldwide attention in recent years, however, the effects of
microplastics ~ still  keep  difficult to  understand
comprehensively, especially the existence of microplastics in
the ocean [2], soil [3, 4], and atmosphere [5]. Moreover,
plastic products often use plasticizers, colorants, and other
chemicals to enhance their physical behaviors. But it became
harmful as it turned into smaller plastics, furthermore, the
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removal mechanism. Sun et al. [10] investigated the
interaction of microplastics and PAHs resulted in the
decrease in total counts of blood cells, the change of blood
components, and the inhibition of blood cell phagocytosis on
marine bivalves. Further analysis showed that the mixture of
microplastics and PAHs may increase the content of reactive
oxygen species (ROS) in cells, leading to lipid peroxidation
and DNA damage, and reducing the vitality of blood cells,
thus having toxic effects on blood parameters and destroying
important molecular signaling pathways. Banaee et al. [11]
observed that polyethylene (PE) and Cd exposure (200 pg L™)
had a synergistic effect on carp, which enhanced the
sublethal effect. And the blood biochemical and immune
parameters were also changed after 30 days of exposure. That
is, the existence of microplastics will threaten the normal life
activities of living organisms.

The sewage treatment plant is an important part of urban
wastewater remediation, and biological treatment is a cost-
effective and environment-friendly method for wastewater
denitrification [9]. According to the previous research,
sewage treatment plants will intercept more than 90% of
microplastics, and the removal efficiency will reach 90.52%
[12]. Even so, sewage treatment plants still become one of
the main sources of environmental microplastics [12, 13].
Biological treatment in sewage treatment plants is the core of
water treatment, in which microorganisms play an absolutely
important role [14]. Relevant studies indicate that anaerobic
digestion of sludge [15] and other biological processes will
be negatively affected to varying degrees in the presence of
microplastics. Meanwhile, the microbial community structure
and function related to nitrogen metabolism will change
correspondingly, and nitrogen metabolism will become slow
[16, 17]. Therefore, microplastics will also affect the
biochemical cycle of carbon [18].

Yang et al. [16] studied microplastics-polystyrene in
constructed wetlands and found that microplastics harmed
the nitrification process of wetlands. With the accumulation
of time, the removal efficiency of total nitrogen in
microplastics decreased by 29.5-40.6%. Simultaneously,
microorganisms absorbed microplastics into the body
through endocytosis, which destroyed the cell membrane
integrity and the balance of reactive oxygen species in cells
and inhibited the activities of enzymes and electron transport
systems. Seeley et al. [17] conducted a microplastic
experiment on salt marsh sediments in coastal areas and
found that the presence of microplastics would change the
microbial community composition and nitrogen cycle process
of sediments, especially nitrification and denitrification.

In addition, some researchers reported that microplastics
could reduce the abundance of anaerobic digestion bacteria,
nitrifying bacteria, denitrifying bacteria, heterotrophic
nitrification-aerobic  denitrifying bacteria, and bacteria
capable of degrading phenolic compounds, and inhibit the
biological transformation of ammonia nitrogen (NH,'-N) [19,
20]. However, different results will be shown according to
different environmental conditions and different types of
microplastics in the study of the influence of microplastics on

the nitrogen cycle. It is mostly negative for refractory
microplastics. The degradable microplastics could be
regarded as a carbon source, providing energy for
microorganisms, and  promoting  nitrification  and
denitrification. Tang et al. [21] explored degradable and
refractory microplastics polybutylene succinic acid (PBSA)
and PE and concluded that both microplastics and refractory
microplastics had a greater impact on nitrate removal. Seeley
et al. [17] and Sun et al. [22] also proved that degradable
microplastics can promote the nitrogen cycle process of
organisms, while refractory microplastics can inhibit the
nitrogen removal effect. However, degradable microplastics
will increase the secretion of extracellular polymer in the
process of degradation, which will affect the cohesion of
sludge.

Microplastic affects the microbial process, either
promoting or inhibiting it. Therefore, the research on the
influence of microplastics on the denitrification process in
sewage treatment plants can provide an important theoretical
basis for microplastic’s influence on the microbial process,
thus providing theoretical guidance for the optimal design of
sewage treatment plants. In this paper, the effect of the
addition of different concentrations of PP microplastics on
denitrification was studied, and the effect of microplastics on
the denitrification process was reflected by the corresponding
water quality index, biological index, and gas production, to
reveal the effect of microplastics on biological denitrification
in sewage treatment plants.

2. Materials and Methods

2.1. Establishment and Operation of Denitrification
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Figure 1. Reactor operation data.

The highly activated sludge was taken back from the end
of the aeration tank of Xiaojiahe Sewage Treatment Plant in
Chongqing and settled by standing still. After standing, the
sludge was domesticated and cultured in a laboratory
denitrification reactor. The reactor has a volume of 6 L and
an effective volume of 4.55 L and adopts a sequencing batch
reactor (SBR) for culture, with a period of 8 h, and the water
is automatically fed in and out by using a time delay. The
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influent water is artificially distributed by NO;-N 100 mg-L
' (supplied by sodium nitrate), chemical oxygen demand
(COD) 600 mg-L™" (supplied by sodium acetate trihydrate,
and glucose), 0.2 g-L"' dipotassium hydrogen phosphate, 0.1
mL-L" trace elements and constants. The denitrification
reactor runs until the index is stable, that is, the removal of
NO5™-N and COD in the effluent reaches over 99% and 80%
(Figure 1), and the effluent does not contain nitrite nitrogen.
At this time, the sludge concentration in the reactor is 4000 +
200mg-L™.

It is estimated that the maximum concentration of
microplastics can reach 0.5 gL' [23] in the sewage
treatment plant. Therefore, in this experiment, the
concentration of microplastics was set at 0, 10, 30, 60, 100,
200, and 500 mg-L"' PP microplastics, and it was divided into
low concentration group and high concentration group with
100 mg-L" as the boundary. Take out the sludge from the
stable denitrification reactor, transfer it to a 250 mL conical
flask, and add microplastics with corresponding
concentrations, with two parallel units in each group. After
adding nutrients and microplastics to the conical flask, the
purity was rinsed with 99.999% nitrogen to remove the air in
the conical flask, seal it, and then put it in a constant-
temperature shaking table for oscillating reaction. The
experimental temperature is controlled at (27.5+0.5) °C and
the rotating speed is 160 r-min”". The denitrification reaction
cycle is 5 h, and samples are taken every 0.5 h.

N, N, N, N, N, N, N,

Omg/L 10mg/L 30mg/L 60mg/L 100mg/L 200mg/L  500mg/L

Figure 2. Batch experimental design.

2.2. Determination of Water Quality Index and Zeta
Potential

The water quality index can directly indicate the influence
of microplastics on denitrification from a macro level.
During the experiment, the water samples collected every 0.5
h were filtered by a 0.45 um filter membrane, and the
indexes of nitrate-nitrogen (NOj;-N), nitrite-nitrogen (NO, -
N), and total nitrogen (TN) in water quality were determined
by ultraviolet spectrophotometry and rapid digestion-
ultraviolet spectrophotometry, respectively, and the data were
recorded and analyzed. In addition, at the end of the
experiment, after the sludge settles stably, the supernatant of
the experiment is collected, and the Zeta potential of the
sludge is measured and analyzed by Malvern potential
analyzer. Zeta potential is mainly used to evaluate the
dispersion degree of particles in water, and it can be used to
evaluate the influence of microplastics on biological flocs in
experiments.

2.3. Extraction of Extracellular Polymer Substances (EPS)

The modified thermal extraction method was used for

extraction [24]. Take 15 mL of the sludge-water mixture from
the denitrification experiment, centrifuge it for 10 min at 4°C
for 4000 r-min”', discard the supernatant, restore the volume
with 0.9%NacCl solution, and wash it three times repeatedly.
Then, 0.9%NaCl solution was used to restore the volume,
heated at 80°C for 30 min, centrifuged at 8000 r-min™ for 3
min, and the supernatant was collected as the sludge EPS
extract. Anthrone-concentrated sulfuric acid method and
BCA kit method were used to determine polysaccharides and
protein in EPS.

2.4. N,0 Gas Collection

N,O, the greenhouse gas produced in the process of sludge
denitrification, is collected by a disposable -calibrated
syringe, and the needle is controlled by a three-way valve
during collection to prevent the outside air from entering.
The collected N,O is immediately injected into a gas
chromatographic sampling bottle and determined by a gas
chromatograph (GC-2014).

2.5. Data Analysis

The data analyzed in the experiment are mainly processed
by Microsoft EXCEL 2019 and Origin 2021b.

3. Results and Discussion

3.1. The Influence of Different Concentrations of PP
Microplastics on the Water Quality of the
Denitrification Process

As shown in Figure 3a, with the increase of PP
microplastic concentration, the overall change of NO;-N
content in the experimental group with low microplastic
concentration showed a relatively consistent trend with that
in the control group, and the effluent concentration did not
change much. Specifically, the concentrations of NO;-N
were 2.36, 1.61, 3.57 mg-L'l, and the control was 0.95 mg-L'l.
Almost all NO5™-N contained in the water body was removed,
and the removal rate reached 98%, that is, the low
concentration of PP microplastics would not affect the
removal of NO5™-N in the biological denitrification process.
However, the presence of PP microplastics will affect the
removal of NO,-N (Figure 3c). In the first 60 minutes, the
content of NO,-N in the water of the experimental group
added with microplastics was higher than that of the control
group, and the accumulated amount reached the maximum
8.24 mg-L™" when the PP microplastics concentration was 30
mg-L'l. Within 60~150 minutes, the content of NO,-N in the
experimental group was similar to that in the control group.
After 150 minutes, the reduction rate of NO,-N in the
experimental group slowed down and the content gradually
accumulated. By the end of the reaction, the content of NO, -
N in the experimental group was higher than that in the
control group at 0.34 mg-L”, the accumulated amounts are
respectively 0.85, 0.56, 1.31 mg-L"', in which the inhibition
of NO,-N reached the maximum when the concentration of
PP microplastics was 60 mg-L”, and the removal effect
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decreased by 10.4% compared with that of the control group.
That is, with the increase of microplastic concentration, the
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inhibition of NO,-N reduction became more obvious [25] in
the low microplastic group.
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Figure 3. The effect of microplastics concentration on denitrification water quality index (a, b: NO5-N; ¢, d: NO;-N; e, f: TN).

When the concentration of PP microplastics exceeds 100
mg-L", compared with the control group, the removal of
NO;™-N is still not affected by microplastics (Figure 3b),
which proves that the reduction of NO;™-N is not affected by
microplastics and has nothing to do with the concentration of
microplastics [26]; Compared with the control group (Figure
3d), the removal trend of NO,-N is not obvious, but within
60~240 min, the content of NO,-N in the experimental group

with the concentration of 100 mg-L™" is lower than that in the
control group. At the end of the final reaction, the content of
NO;-N is consistent with that of the control group, and the
removal effect is not affected by microplastics. At the end of
the reaction, the measured results of TN (Figure 3e, Figure
3f) were high in both low and high concentrations, which
may be due to the high content of TN caused by the presence
of ammonia nitrogen and some nitrogen-containing
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intermediate metabolites in water.

Through analysis, the reduction of NO,™-N is related to the
external environment of microorganisms. In the presence of
PP microplastics in the solution, the probability of collision
between oscillating microorganisms and microplastics
increases, the sludge flocs become unstable under the shear
of microplastics, and the mass transfer capacity among
microorganisms decreases [21], which leads to a decrease of
NO,-N uptake by microorganisms and the increase of NO, -
N accumulation in water; however, when the concentration of
microplastics exceeds 100 mg-L™, although the shear force
of PP microplastics still exists in the solution, the high
concentration of microplastics will provide a new anaerobic
environment for microorganisms [27], thus providing an
attached surface for denitrifying microorganisms. Therefore,
in the high concentration microplastics group, the reduction
rate of NO,-N is almost the same as that of the control
group, and the final nitrogen removal effect in water is not
affected by microplastics. He et al. [25] studied the results of
sludge nutrient removal by microplastic concentration. When
the microplastic concentration was lower than 100 mg-L™,
the reduction of NO,-N was also inhibited by microplastics
and had nothing to do with the particle size of microplastics.
Shi et al. [28] also got the conclusion that when the
concentration of microplastics was low, the accumulation of
NO,-N increased through the experiment on the
microplastics of aerobic denitrification [28]. Li et al. [27]
experimental results show that when the concentration of
microplastics is high, it will promote denitrification, which is
also consistent with the results of this experiment. That is,

microplastics provide a new place for microbial reaction,
which accelerates the denitrification rate, thus offsetting the
decline of the denitrification effect caused by shearing in
microplastics. However, in other kinds of literature, high
concentration microplastics will also inhibit the reduction of
NO,-N because of their different types. Therefore, attention
should be paid to the influence of different types of
microplastics on the denitrification process in the future.

3.2. Effects of Different Concentrations of PP Microplastics
on Zeta Potential and Extracellular Polymer
Substances of Denitrifying Sludge

As shown in Figure 4a, in the low concentration
experimental group, when the concentration is 10 and 30
mg-L", the absolute value of Zeta potential is slightly larger
than that of the control group, indicating that the dispersion
ability of particles in the solution is stronger than that of the
control group in these two concentration gradients.
According to theoretical analysis, the higher the potential
value, the higher the possibility of sludge flocs being acted
by microplastics shear force, which makes sludge flocs
unstable and reduces the denitrification capacity. The
increase in the number of free particles in the solution is
more obvious in the high concentration microplastics group
(Figure 4b). In the high concentration group, compared with
the control group, the absolute value of potential increased,
which was related to the instability of sludge flocs and the
increase of free microorganisms, and also related to the
potential of microplastics itself, because microplastics
themselves also showed negative electricity [29].
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At the same time, through the measurement of

extracellular polymer substances (EPS), it can be seen that in
the low concentration experiment (Figure 5a), the overall
concentration of polysaccharides decreased at 10 and 30
mg-L™!, which is consistent with the result of the increase of
the absolute value of the above potential, because the EPS
content has a positive correlation with the stability of sludge
flocs [30]. In the high concentration experimental group
(Figure 5b), the total content of EPS was higher than that of
the control group, which indicated that under this condition,
although microbial flocs were subjected to the shear force of

microplastics, the anaerobic environment was increased due
to the high concentration of microplastics. In addition,
because microplastics had a certain adsorption performance
[31], microorganisms could colonize with microplastics as
the carrier, thus secreting extracellular polymers to adapt to
the new external environment and forming a new microbial
microenvironment in microplastics with microplastics. The
increase of EPS content helps to promote the connection
between microorganisms [32], and microorganisms can
quickly take in nutrients contained in water and consume
inorganic nitrogen in the water.
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Figure 5. Effect of microplastics concentration on potential value (a: low concentration, b: high concentration).

3.3. Effect of Different Concentrations of PP Microplastics
on Nitrous Oxide (N,0) Emission from Denitrifying
Sludge

As one of the greenhouse gases, N,O causes about 265
times the greenhouse effect of carbon dioxide [33], and its
ability to destroy the ozone layer exceeds that of carbon
dioxide. Denitrification is the main denitrification reaction,
and N,O is inevitable, but it should be reduced as much as
possible. As shown in Figure 6a, the N,O emission in the
denitrification experiment group with a low concentration of
microplastics was higher than that in the control group, with
an average increase of about 0.3 ppm in the experiment
groups of 30 and 60 mg-L", which was twice that of the
control group. Similarly, in the high concentration
experimental group, the N,O release of microplastics added
with PP also increased a lot compared with the control group
(Figure 6b). Generally speaking, the addition of PP
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microplastics will lead to an increase in N,O release [27, 34],
and the amount of N,O release has nothing to do with the
concentration, but only with the addition of microplastics.
N,O is a more intense greenhouse gas than CO,, and the
addition of microplastics increases its emission, which is
unfavorable to sewage treatment plants and the environment.
Therefore, it is necessary to control microplastics in the
process of sewage treatment.

In Figure 6c¢, the result of denitrification potential is
consistent with the water quality index. When the
concentration of microplastics was 10, 30, and 60 mg-L™', the
total N,O production was lower than that of the control
group, indicating that the total nitrogen content of
microorganisms was lower than that of the control group.
N,O released by denitrification potential in high
concentration is roughly equal to that of the control group
(Figure 6d), and the nitrogen intake by microorganisms is
consistent with the water quality index.
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Figure 6. N>O emission (a, b: natural emission, c, d: denitrification potential).



Science Journal of Chemistry 2022; 10(3): 53-60 59

4. Conclusion

In this study, different concentrations of PP microplastics
were used to study the biological denitrification process in
sewage treatment plants. The results showed that the
denitrification effect was affected by the concentration of
microplastics at different concentrations. When the
concentration of PP microplastics is lower than 100 mg-L™",
the reduction process of NO,-N will be slowed down, and
the sludge flocs will become unstable due to the shear force.
And the concentration of PP microplastics is 60 mg-L™, the
inhibition of denitrification is the most obvious, whether it is
water quality index or biochemical index; however, when the
concentration exceeds 100 mg-L™, it has little influence on
the water quality index, and the denitrification process is
almost unaffected.

On the whole, in the presence of microplastics, N,O
production is always higher than that of the control group,
but there is no positive correlation with the concentration of
microplastics. Therefore, it is necessary to control
microplastics in sewage treatment plants. And in the future,
we also should further explore the influence pathway of the
microbial community, to provide strong data support for
optimizing the influence of microplastics in sewage treatment
plants.
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