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The aeration and dredging
stimulate the reduction of pollution
and carbon emissions in a sediment
microcosm study

Lixiang Liu%®*?, Ke Yang?8, Liangzhong Li***?, Weiwei Liu**?, Haoran Yuan*, Yongwei Han?,
Enxiang Zhang®, Yuping Zheng® & Yajuan Jia’

Sediment dredging and aeration are used as important technical measures to remediate internal
loading of sediment in polluted rivers. However, previous studies have overlooked the impact of
dredging and aeration on Greenhouse gases (GHGs) emission. We established three aeration rate(six
different aeration intervals), one dredging treatment to investigate the effect of aeration and dredging
on pollutant removals and CO,, CH, and N,O emissions. The results indicated the pollutants and GHGs
at 2.4, 3.4, 4.4 L min~! aeration rates reached collaborative emission reduction after more than 3 h

or within 1.5 h. Meanwhile, the GHGs fluxes after aeration decreased with the increasing aeration

rate, with the mean CO,, CH, and N, O fluxes of 69.74, 0.16, 7.53 mg m~2 h"* and 33.64, 0.09, 4.17

mg m~2 h™* before and after aeration, respectively. With respect to dredging, the pollutants and N,O
reached synergic effects between reduction of pollution and carbon emissions after 1 h dredging.
Specifically, the CO, and CH, emissions after dredging was lower than those of before dredging, but
the N,O emissions was higher than those of before dredging. In addition, our analysis revealed that the
dissolved oxygen (DO), oxidation-reduction potential (ORP), available potassium (AK) and ammoniacal
nitrogen (NH,*-N) in the sediment influenced GHGs fluxes at the water-air interface in the aeration.
Our study indicated moderate aeration and dredging can achieve the synergistic effect in reducing
pollution and carbon emissions.

Keywords Aeration, Dredging, Greenhouse gases (GHGs), Pollutants removals, Reduction of pollution and
carbon emissions

Although the global freshwater only covers 2.5% of the Earth’s surface!, freshwater contributes to high
atmospheric CO,, CH, and N,O emissions>™. It has been estimated that global freshwater emits 3.9 Pg C to
the atmosphere every year®, 159 (117-212) Tg CH, and 0.12 Tg N (0.02-0.2) to the atmosphere every year?,
accounting for approximately 42.9% and 40.0% of the total natural sources respectively”. However, global CO,
emissions from freshwater has not been accurately estimated, due mainly to inaccurate anthropogenic sources
estimation and the high spatial variation of the effluxes*°. Additionally, it has been underestimated the global
CH, and N, O emissions from freshwaters due to lack of anthropogenic sources and worldwide comprehensive
data set of CH, and N,O fluxes components®*’. Especially, Terrestrial carbon inputs to inland waters reached
upward of 5.1 Pg of C annually®. Thus, the GHGs emissions of freshwater pollution from terrestrial inputs may
play an important role in global freshwater GHGs budgets.

Many previous studies have demonstrated that freshwater pollution is as a strong source of atmospheric CO,,
CH, and N,O0 emissions®?, Especially the urban black-odor rivers. Past studies showed that the GHGs emissions
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in polluted rivers were evidently higher than those in unpolluted rivers®!®!!. It has only been reported that the
wastewater emits 0.4 Tg N (0.2-0.5) every year in IPCC AR6*%, which was twice as high as Intergovernmental
Panel on Climate Change (IPCC) AR5. However, global GHGs emissions from freshwater pollution have not
been accurately estimated due to lack of other polluted freshwater measurements, especially the impact of
treatment technology on pollution.

Dredging and aeration are effective physical methods for controlling sediment pollution in black-odor
rivers!?~1>. Sediment dredging has been used extensively to improve the water quality of lake eutrophication
in China, but it can cause a second pollution due to disturbance sediment and need some storage location for
dredged sediment'®. On the other hand, aeration can offer an aerobic environment for microbial degradation
of contaminants but not considering low-carbon goals'®. In fact, dredging and aeration were used to control
freshwater’ internal loading. Dredging can release pollutants into the water body associated with the change
of environmental conditions (including physical, chemical and/or biological) in the sediment-water system.
At the same time, aeration can remove the pollutants in the water system, but can remove the pollutants in
the sediment when the aeration depth is deep enough. In particular, our previous studies have shown that the
aeration and dredging promoted the removals of pollutants in the water'”!%, It is noted that aeration remove
nutrients from black and odorous water bodies and sediment. Previous studies have showed that moderate
aeration facilitated the growths of related bacteria to N- and S-cycling and the Proteobacteria was dominant'.
The impact of combining aeration and biofilm technology on nitrogen conversion in black and odorous rivers
indicated that aeration can achieve a removal rate of 52.94% for total nitrogen in sediment?’, and the removal
rates of COD, NH,*-N and TP can reach 38%, 62% and 42% after aeration and setting elastic fillings in the
river?!. Past studies mainly focused on their impacts of the migration of nitrogen and phosphorus in sediment,
the balance of nitrogen and phosphorus in water!2. It has not yet been reported that dredging and aeration affects
GHGs emissions in black-odor river ecosystems. A better understanding of the dredging and aeration affecting
GHGs effluxes and their controlling factors is crucial to accurately estimating the reginal and global GHGs
budgets from freshwater pollution.

In this study, we established three different aeration rates (at high, medium and low gradients) and one
dredging treatment during six different time intervals. We measured the physical and chemical indicators in the
water and sediment, and GHGs effluxes after aeration and dredging. We also analyzed the synergistic effects of
GHGs emissions and the pollutants-removal rates to estimate the reduction of pollution and carbon emissions.
Collectively, we aim to (1) examine the effect of aeration and dredging on the physical and chemical properties
in the water and sediment; (2) explore the effect of aeration and dredging on GHGs eftluxes; and (3) quantify the
effect of aeration and dredging on the reduction of pollution and carbon emissions. We particularly focused on
the relative contribution of different GHGs to global warming and the synergistic effects in order to provide the
management decision-making for regulators.

Materials and methods

Site description

The study site is located in a greenhouse of the Chinese Research Academy of Environmental Sciences, in Beijing
(40°3’ N and 116°25" E). The climate is a warm temperate semi-humid continental monsoon with four distinct
seasons. The highest temperature and lowest temperature are 40.6 °C and —27.4 °C, respectively. The average
annual active accumulated temperature greater than 0 °C and 10 °C are 4580 °C and 4168 °C respectively, with
the average annual frost-free period of 181 days. The annual average precipitation and the annual average
sunshine hours are 569.4 mm and 2764 h, respectively.

Experimental design

Plot setup

The experiment was set in a water tank with dimensions 142 cm X 97 cm X 76 cm in length X width X height
with a volume of 900 L, the bottom was evenly overlaid with 0.1-m thick sediments from nearby river sediment
(Black and odorous induced endogenous pollution). The water depth was 20 cm by continuously adding water
to tank. After 15 days of setup, we started our experiment. We set up three plots with low (2.4 L min~!), medium
(3.4 L min™') and high aeration rate (4.4 L min™") using a double tube oxygen pump (X6, Guangzhou Shuoxiang
Electronic Technology Company, China) with setting six aeration intervals (0.5 h, 1 h, 1.5h, 2 h, 3 h, 4 h)
separately, with a total of 18 treatments. At the same time, the dredging treatment was set up, and the sediment
at a depth of 10 cm was dredged to about 5 cm by a small shovel. The atmosphere, water and sediment samples
were took before dredging and after 0.5h, 1 h, 1.5 h, 2 h, 3 h, 4 h dredging (Fig. 1).

Sampling

Samplings took place from January 10, 2022, to January 18, 2022, before and after aeration and dredging, which
included greenhouse gases (GHGs) samples and sediment samples. We sampled GHGs at the water-air interface
when the concentration of CO, changed stable with a CO, analyzer (LI-820, LI-COR Company, USA) after
aeration and dredging. Then water quality parameters were measured through YSI EXO1 multi-parameter water
quality meter (EXO1 Multiparameter System, YSI Company, USA). We collected sediment samples using a small
scoop after obtaining gas samples and water measurements.

Measurements

GHGs flux measurements

GHGs fluxes at the water-air interface were measured using the floating static chambers?? The chamber system
is composed of two parts: a movable cylindrical steel chamber body and a fixed base with a diameter of 16 cm,
covering an area of 0.02 m2. The base was inserted into the water to a depth of 3 cm. The floating chamber was
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Fig. 1. Scheme of setup and graphical presentation of the experiments.

constructed using a PVC pipe 51.8 cm in length and 16 cm in diameter with styrofoam floats attached to the
sides. The chamber was wrapped with aluminum foil to reduce the temperature change in the chamber during
sampling. At the beginning of measurements, we positioned the chamber body on top of the base and used a
silicon tube to seal the joint to form a closed system. A detailed description of the floating-chamber system and
sampling can be found in Shao et al. (2017). The gas samples were each taken at a 10-minute interval to finish the
measurements in about half an hour at each location. The air samples were soon transported to the laboratory for
analyzing the GHGs concentrations with a gas chromatograph (GC 7890 A, Agilent, USA). The GHGs eftluxes
was calculated with a linear model by Liu et al. (2013). Cumulative emission of GHGs were calculated by the
following Eq.

m—1 F 4 F.
Where CE is the cumulative emission of GHGs (mg m2), F is the GHGs flux (mg m~2d™!), Dj . 1'Dj is the interval
between two adjacent sampling, J is the jth sampling, m is the total number of samplings.

Global warming potential (GWP) can be used to quantitatively calculate the relative contribution of different
GHGs to global warming. A detailed description of the GWP can be found in previous studies*?. In addition, it

should be noted that the GWP before dredging was calculated using the GHGs fluxes (as a constant) multiplying
4 h. The GWP was calculated by the following Eq.

GWP :CECOQ-FQ? X CECH4+273 X CENQO (2)

Where GWP is the CO, equivalent of three GHGs emissions (mg m~2), CE is the cumulative GHGs emissions
(mg m2).

The synergistic effect coefficient is a dimensionless number. Past studies referred to the calculation formula
of synergistic effect coefficient. and proposed the calculation system as shown in Eq. (5)%. The coefficient and
based on the characteristics of this study, proposes the calculation system as shown in Eq. (5). This coefficient can
reflect the “quantity” and “rate” changes of carbon (water Chl.a), nitrogen (sediment NH,*-N element removal
in water and greenhouse gas (CO,, CH, and N,0) emissions and quantitatively evaluate the synergistic effect of
decarbonization and nitrogen removal on greenhouse gas (CO,, CH, and N,O) emissions.
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Where E(G’ W) is the synergistic effect coefficient (dimensionless); AF.,, AF ., and AF, , are the changes of
CO,, CH, and N,O fluxes before and after the aeration and dredging (mg m2h™), respectively; Feop Foma and
Fyy0 are the CO,, CH, and N, O fluxes before the aeration and dredging (mg m=> h™), respectively; AC_is the

change of pollutant (water Chl.a) before and after the aeration and dredging (mg L"), respectively; C_is the
concentration of Chl.a in the water on the before the aeration and dredging (mg L™!).AC NH N 18 the change of

pollutants (sediment NH,*-N before and after the aeration and dredging (mg L™"); Oxpp-n 18 the concentration

of NH,*-N in the sediment before the aeration and dredging (mg L™).

When the coeflicient of synergistic effect E (G, W)>0, it indicates that the freshwater ecosystem has a
positive synergistic effect on the removal of water pollutants and the reduction of GHGs emissions; when E (G,
W) <0, it indicates that the freshwater ecosystem has a negative effect on the removal of water pollutants and the
reduction of GHGs emissions. In other words, freshwater ecosystems only have the reduction effect on either
water pollutants or GHGs emissions. Referring to the collaborative state classification standard in Sun et al.
(2023), he collaborative state is divided into 8 categories as follows (Table 1).

Water and sediment measurements

Dissolved oxygen (DO), pH, oxidation-reduction potential (ORP) and chlorophyll a (Chl.a) in the water were
measured using the YSI EXO1 Multiparameter System (EXO1 Multiparameter System, YSI Company, USA). In
the laboratory, the ammoniacal nitrogen (NH,*-N), the available phosphorus (AP) and the available potassium
(AK) in the sediment were measured using the high intelligence Soil Nutrient Detector (TR-GO1S, Beijing
Saiyasi Technology, China).

Data analysis

We also conducted normality tests for the GHGs fluxes and found that GHGs fluxes followed normal frequency
distribution. We also used correlation analyses to determine the relationships between environmental variables
and GHGs fluxes. All statistical analyses were performed using the SPSS 23.0 statistical software (SPSS Inc.,
Chicago, IL, USA), and graphs were created using the Sigma Plot 11.0 program (Systat Software Inc., San Jose,
CA, USA).

Results

The synergistic effect of aeration and dredging on the reduction of pollution and carbon
emissions in microcosms

Our results revealed synergic effects between reduction of pollution and carbon emissions in aeration and
dredging. When the aeration time reached more than 3 h or within 1.5 h, the pollutants and GHGs at 2.4 L
min~}, 3.4 L min~!, 4.4 L min~! aeration rates reached collaborative emission reduction, that is, the pollutants-
removal rates and GHGs reduction rates (especially N,O) were less than zero respectively, but the coefficient of
synergistic effect for pollution reduction and carbon reduction was greater than zero (Tables 1 and 2). It should
be noted that after 2 h aeration time the pollutants and GHGs (especially N,0) at 2.4 L min™" and 4.4 L min™!

Status AF 6o Fongs | AC,/ C,, | E(G, W) | Characteristic

[0,0.8) GHG reduction rate< Water pollutant reduction rate
Collaborative emission reduction (CR) <0 <0 [0.8,1.2] | With consistent reduction rates

(1.2, +o0) | GHG reduction rate> Water pollutant reduction rate

[0,0.8) GHG increase rate< Water pollutant increase rate
Collaborative emission Increase (CI) >0 >0 [0.8,1.2] | With consistent increase rates

(1.2, +o0) | GHG increase rate> Water pollutant increase rate
Increase pollution reduce emissions (IR) | <0 >0 (-o0,0) GHG reduction, Water pollutant increase
Reduce pollution increase emissions (RI) | >0 <0 (-0,0) GHG increase, Water pollutant reduction

Table 1. The characteristics of the synergistic effect status of pollution reduction and carbon reduction.
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aeration rates reached synergic effects between reduction of pollution and carbon emissions. After 1 h dredging,
the pollutants and N, O reached synergic effects between reduction of pollution and carbon emissions (Table 3).

The effect of aeration and dredging on the physical and chemical properties in Microcosms
The effect of aeration and dredging on the physical and chemical properties of water
Although the pattern of DO concentration and ORP in the water before and after aeration was similar, but the
trends of DO concentration and ORP were different at three different aeration rates. It should be noted that after
aeration only at 2.4 L min~! aeration rate the DO concentration was larger than that of before aeration. After
aeration, the maximum DO concentration in the water under three aeration rates were 10.11 mg L71,9.55 mg L!
and 9.71 mg L1 after 4 h, 4 h and 3.5 h aeration respectively, while ORP was 356.9, 362.1 and 230.4 after 0.5 h,
4hand4hat2.4L min™!, 3.4 L min~}, 4.4 L min~! aeration rates, respectively. In addition, the pattern and trend
of pH were both different before and after aeration at three different aeration rates (Fig. 2).

With respect to dredging, the DO concentration and pH after dredging was generally lower than those of
before dredging, and the pattern of ORP demonstrated a “W” shape. The pH decreased sharply after dredging
then increased slowly after 0.5 h dredging, but DO concentration increased slowly after 2 h dredging (Fig. 3).

The effect of aeration and dredging on the physicochemical properties of sediment

Among three aeration rates, the medium aeration rate has the best removal effect on nitrogen, phosphorus and
kalium concentration (NH 4+—N, AP and AK) in the sediment, and the removal rate increased with the aeration
time. With increasing aeration time, the change trend of NH,*-N content in the sediment before and after
aeration was consistent. At low aeration rates, the NH 4*-N content in the sediment after aeration was higher than
before aeration, while at medium and high aeration rates, the NH 4+—N content in the sediment after aeration was
lower than before aeration. At low aeration rates, the changes in sediment AP content and sediment AK content
were opposite with increasing aeration time before and after aeration, while at medium and high aeration rates,
the changes in sediment AP content and sediment AK content before and after aeration were consistent. After
aeration, the AP content of the sediment was generally higher than before aeration. The AK content of the
sediment is increased by aeration with low aeration rate, while aeration with medium aeration rate decrease it.
At high aeration rate, the AK content of the sediment hardly changed before and after aeration (Fig. 4).

In terms of dredging, the patterns of NH,*-N, AP and AK generally demonstrated “W” shape at different
time stages after dredging, and the concentrations of NH,*-N, AP and AK increased after 2 h dredging. It should
be noted that the he concentrations of NH,*-N, AP and AK at 4 h stage after dredging was notably higher than
those of before dredging, but at 1 h and 2 h was lower than those of before dredging (Fig. 5).

The effect of aeration and dredging on GHGs

The effect of aeration and dredging on GHGs emissions in Microcosms

At three different aeration rates, the GHGs emissions after aeration decreased with the increasing aeration rate.
At low and high aeration rates, the GHGs emissions before aeration were higher than those of after aeration
during a 4-h period, while at medium aeration rates, CO, and N,O emissions before aeration were higher than
those of after aeration. At three different aeration rates, the maximum reduction of CO,,CH, and N,O emissions
occurred at high aeration rate, low aeration rate and low aeration rate compared to no aeration, respectively,
while the maximum reduction rate (81.15%) of GHGs emissions both occurred at high aeration rate.

Specifically, the contribution of GHGs to the GWP followed by the N,O, CO, and CH, in an increasing order
both before and after aeration. We found that the N,O contributed the most to the GWP at low aeration rates
with the rate of 97.69% before aeration and 95.93% after aeration, respectively. The CO,, CH, and N,O emlssmns
at 2.4 L min™}, 3.4 L min™!, 4.4 L min™! aeration rates before aeration were 267.24 mg m’2 0. 76 mg m”~ and
54.47 mg m~2, 97.55 mg m~2, 0.44 mg m~2 and 5.45 mg m~2 and 352.19 mg m~2, 0.30 mg m~2 and 8. 26 mg m~2,
respectively. After aeration, the CO,, CH, and N,O emissions at 2.4 L min!, 3.4 L mm ~1, 441 min™ aeration
rates were 163 23 mgm™, 0 39 mg ™2 and 40 60 mg m~2, 105.39 mg m™2, 032 mgm-~ 2 and 8.13 mg m~2, and
67.28 mg m~2, 0.15 mg m~2, and 3.26 mg m~2, respectively (Fig. 6).

With respect to dredging, the CO, and CH, emissions after dredging was lower than those of before dredging,
after dredging, CO, and CH, emissions were reduced by 51.73% and 92%, respectively, but GWP and N,O
emissions were higher than those before dredging. After dredging, GWP and N,O emissions increased by 252%
and 359.46%, respectively (Fig. 7).

The effect of aeration and dredging on GHGs fluxes at the water-air interface
At different aeration rates, the patterns of CO, fluxes and its change rate were irregular. The maximum change
rate was 79.03%, 3888.96% and 883.88% at 3 h, 3 h, and 1.5 h aeration stage at low, medium and high aeration rate,
respectively. The mean CO, flux before and after aeration and its change rate were 87.20 mg m™ h™!, 54.06 mg
m2h-' and - 28.06%, 38.83 mgm—>h1,25.01l mgm—2h"'and 623.99%, 83.18 mgm—>h"!,21.87 mgm’zh 'and
105.05% at low, medium and high aeration rate, respectively. In addition,, the CO, flux before and after aeration
ranged from 17.75 to 142.36 mg m2 h}, and from 3.12 to 142.27 mg m~2 h™! at low aeration rate respectively,
from 1.23 t0 91.69 mg m~2 h™! and from 2.70 to 59.78 mg m~2 h™! at a moderate aeration rate respectively; from
7.26 to 159.69 mg m 2 h™!, and from 5.30 to 71.41 mg m™2 h™! at high aeration rates respectively. Specifically,
the CO, fluxes after aeration were generally lower than those of before aeration. However, the CO, fluxes after
aeration were lower than those of before aeration between 0.5-h and 1.5 h aeration rates at low and high aeration
rates, but was larger than those of before aeration between 1.5 h and 4 h aeration rate at medium aeration rates
(Fig. 8). Compared with before dredging, the CO, fluxes after dredging showed a trend of decreasing first and
then increasing. The CO, fluxes reached the lowest (8.92 mg m~2h71) at 0.5 h after dredging, then increased in a
fluctuating manner, and Teached the maximum (35.32 mg m~2 h!) at 3 h after dredging (Fig. 9).
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Fig. 2. Effects of aeration on DO, ORP and pH of water. (a) aeration rate of 2.4 L min~!; (b) aeration rate of

3.4 L min~! and (c) aeration rate of 4.4 L min~.

With respect to CH,, the patterns of CH, fluxes demonstrated “W” and “M” shapes at low and high aeration
rates respectively, but the contrary trend of CH, fluxes change rate. In term of the medium aeration rate, CH,
fluxes before and after aeration.

featured opposite trend, and CH, fluxes change rate demonstrated similar pattern to that of CH, flux after
aeration. The maximum change rate of CH, fluxes was1276.72%, 187.21% and 370.06% at 1.5-h, 2-h and 0.5-h
aeration stage at low, medium and high aeration rate, respectively. The mean CH, flux before and after aeration
and its change rate were 0.27 mg m™2h™!, 0.15 mg m~2 h™! and 189.26%, 0.15 mg m™2h™!, 0.08 mg m~2 h™! and
17.92%, 0.073 mg m~2 h™!, 0.045 mg m h™! and 27.26% at low, medium and high aeration rate, respectively.
Additionally, the CH, flux before and after aeration ranged from 0.0078 mg m™2 h™! to 0.50 mg m™2h?, from
0.032 mg m2 h™! to 0.44 mg m~2 hat low aeration rate respectively, from 0.044 mg m~2 h~!to 0.38 mg m™2
h~'and from 0.016 mg m~2 h™! to 0.15 mg m~2 h™! at a moderate aeration rate respectively; from 0.011 mg m~2
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Fig. 3. Effects of dredging on DO, ORP and pH of water.

h™'t00.13 mgm2h"!, and from 0.021 mg m~2h~! t0 0.075 mg m~2 h~! at high aeration rates respectively. At low
and high aeration rates, the CH, fluxes after aeration was generally lower than the CH, fluxes before aeration.
At medium aeration rates, the CH 4 fluxes after aeration was lower than those of before aeration between 0.5 h
and 1.5 h, but were larger than those of before aeration between 1.5 h and 3 h (Fig. 8). Compared with before
dredging, the CH, fluxes decreased significantly after dredging, and the CH, fluxes after 0.5 h after dredging
was only 2.90% of that before dredging. After dredging, it showed a continuous downward trend, reaching the
maximum after 1.5 h (0.75 mg m~2h™'), but it was only 17.79% of the CH, fluxes before dredging (Fig. 9).

For N, O, the patterns of N,O fluxes after aeration and its change rates demonstrated “M” and “W” shapes
at low and high aeration rates respectively, but the contrary trend of N,O fluxes before aeration and its change
rate at medium aeration rates. The maximum change rate of N,O fluxes were 1049.66%, 1673.17% and 24.36% at
1.5-h, 2-h and 0.5-h aeration stage at low, medium and high aeration rate, respectively. The mean N, O flux before
and after aeration and its change rate were 18.09 mg m~2 h}, 9.27 mg m~2 h™! and 192.34%, 2.15 mg m 2 h7},
2.03 mg m—2h!and 397.99%, 2.35 mg m2h!, 1.21 mg m~2h~! and — 46.56% at low, medium and high aeration
rate, respectively. Additionally, the N,O flux before and after aeration ranged from 1.09 mg m™2h™" to 86.86 mg
m~2h!, from 0.26 mg m~2 h! to 13.12 mg m~2 h~at low aeration rate respectively, from 0.22 mg m~2 h™'to 4.64
mg m~2 h~'and from 0.83 mg m2 h~! to 3.93 mg m~2 h™! at a moderate aeration rate respectively; from 0.89 mg
m2h7!to5.13 mg m2 h7}, and from 0.15 mg m2 h™! to 3.21 mg m 2 h! at high aeration rates respectively.
Especially, the N,O fluxes after aeration was lower than those of before aeration only at high aeration rates
(Fig. 8). Compared with before dredging, the N,O fluxes decreased first and then increased after dredging and
reached the maximum (46.88 mg m~2 h™!) at 1.5 h after dredging, which was much higher than that before
dredging. The N, O fluxes were 26.62 times that before dredging, but the N, O fluxes decreased rapidly to 0.11 mg
m~2h7! at 4 h after dredging, which was only 6.23% of that before dredging (Fig. 9).

The influence of water and soil physical and chemical properties on GHGs fluxes

In our study, DO, ORP, AK and NH ,-Nin the sediment influenced GHGs fluxes at the water-air interface in
the aeration by affecting GHGs production conditions. CO, fluxes were strongly correlated with ORP before
aeration (r=0.82, p<0.05). However, no significant correlation was found between the Co, fluxes and other
environmental factors. The CH, efflux was highly correlated with DO before aeration, NH,*-N in the sediment
before aeration and AK after aeration (p<0.01, r=-0.83, 0.86 and-0.84, respectively). We did not find any
significant relationship between the CH, efflux and other environmental variables.

We found that the N,O efflux in the lake was significantly correlated with DO after aeration, ORP at the low
aeration rate before aeration and NH,*-N in the sediment before aeration (p <0.05, r=-0.83, -0.82 and 0.86,
respectively) (Table 4), ORP at medium aeration rate before aeration (p <0.01, r=-0.95) (Table 4).

In addition, we made correlation analyses for three aeration rates between GHGs effluxes and environmental
variables. But we did not observe any significant correlation between GHGs effluxes and environmental
parameters. In terms of dredging, there was no correlation between environmental factors and GHGs fluxes
(Table 5).
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Fig. 4. Effect of aeration on NH,*-N, AP and AK of sediment. (a) aeration rate of 2.4 L min~; (b) aeration rate

of 3.4 L min~! and (c) aeration rate of 4.4 L min~.

Discussion

The reduction of pollution and carbon emissions

In our current study, we found that aeration and dredging promoted the synergistic effect of pollutants and
GHGs emission reduction in the aeration and dredging, similar to other studies in ponds?*~2® and constructed
wetlands*-3L. In our study, after aeration and dredging the pollutants removal rate, GHGs emission reduction
and the coefficient of synergistic effect met standard requirements of pollution and carbon reduction (Tables 2
and 3). In addition, Chen et al. (2021) reported that aeration increased the removal rate of pollutants (COD, TN
and NH,*-N and reduced GHGs emissions (CH, and N,O) in wastewater ecological soil infiltration systems.
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Fig. 6. Effect of aeration on CO,, CH, and N,O emissions from the water-air interface.

Meanwhile, Wan et al. (2021) found that aeration can reduce N,O emission on the basis of the constant N
removal rate. That may be pollutants as substrate supply promoted higher GHGs conversion efficiency. Another
reason may be the fact that DO increased pollutants removals****** and reduced ebullitive CH,, inhibited CH,
production, enhanced CH, oxidation and N,O production®*,
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Specially, aeration at 3.4 L min~' and 4.4 L min™! aeration rates gave better synergistic effect than that of 2.4 L
min~! because three GHGs simultaneously reached synergistic effect in most aeration time. That may be due to
the sufficient DO supply at 3.4 L min~! and 4.4 L min~! aeration rates. The intermittent aeration between aerobic
and anaerobic conversion at high aeration rates may be influence biological uptake by microbes (microbial
growth), low GHGs emissions and favoring pollutant removal in our study.

The effect of aeration on GHGs emissions

In our study, aeration reduced GHGs emissions except increased N,O emission, which was agreement with
other studies?. Aeration in the 2.4 L min~! and 4.4 L min"! in the current study reduced the GWP of 65.79%
and 81.15% respectively. For example, Fang et al. (2022) found that aeration can reduce the 71% of global CH,

emissions and 63% of CH, emissions in the aquaculture. Yang et al. (2023) reported that aeration was able
to decrease GWP of aquaculture ponds by 40%, while the GWP of 206 (mg CO,-eqm~h"!-CH, and N,0)
in aerated aquaculture ponds was notably lower than that of in the aeration in non -aerated pond (342 mg
CO,-eqm~2h7"). Ji et al. (2020) found that intermittent aeration reduced 43.9% GWP in the subsurface-flow
constructed wetlands. The proportion of GWP we have reduced were substantially higher than previous studies
above-mentioned, which may be due to intermittent aeration in our study*>%.

In addition, we found that aeration decreased CO, and CH, emissions, which was consistent with past
studies®3*340, Adequate oxygen after aeration reduced ¢H . productlon as it benefits under anaerobic condition
and increased CH, oxidation®*. Intermittent aeratlon could not supply enough oxygen that inhibited organic
matter aerobic oxidation and reduced CO, emissions®. On the contrary, aeration may increase N,O emission in
our study because of its opposite trend under the oxygen-deficient condition®***!. For example, Yang etal. (2023)
found that aeration increased N,O emission by 98%. In particular, the GHGs fluxes at different aeration rates
demonstrated irregular patterns, which may achieve different gas exchange balance between the atmosphere
and water.

The effect of aeration on pollutants removals

In the current study, the N and P pollutants removal rates were 11.76% at 3.4 L min~! aeration rate and 28.23%
and 9.88% at 3.4 L min~! and 4.4 L min™, respectively, which were in agreements with previous studies®”4243,
Liu et al. (2019) found that the COD removal efficiencies of the aerated systems from 93.32 to 94.71% were much
higher than that in non-aerated systems (from 69.89 to 77.53%). Abundant oxygen supply can create aerobic
conditions in constructed wetlands, which elevate the growing of aerobic microorganism and therefore enhance
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aerobic removal of organic matters*>~*’. Additionally, the low pollutants removals rates may be that there was
no plant in the microcosms. Plant can absorb the N and P chemical compound as their growing nutrition. It
should be noted that low pollutants removals may be the reason for the low efficiency of aeration as physical-
treatment*®.

Conclusions

Our study demonstrates synergic effects between reduction of pollution and GHGs emissions in aeration and
dredging. According to our results, the mean CO,, CH, and N,O effluxes after aeration were lower 50% than
those of before aeration. Furthermore, different pollutants and GHGs reached collaborative emission reduction
at different aeration rates and at different time stages for aeration and dredging. Especially, the N,O contributed
the most to the GWP at low aeration rates over 90% before aeration and after aeration. Aeration had no influence
on DO, pH and ORP, but dredging influenced DO concentration and pH. The medium aeration rate has the best
pollutant- removal effect. The GHGs effluxes were related to DO, ORP, AK and NH ,-Nin the sediment in the
aeration. Specifically, the CO, fluxes after aeration were generally lower than those of before aeration. the CO,
fluxes after dredging showed a trend of decreasing first and then increasing.
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GHGs | Aeration

fluxes | rate (L min™') | Treat DO* |pH* |ORP* |NH+4-N° | AP’ | AKP
2.4 Before aeration | -0.41 | 0.14 0.46 -0.54 0.27 -0.59
2.4 After aeration | -0.56 | -0.34 |0.53 -0.35 -0.094 | -0.67
3.4 Before aeration | 0.48 0.49 -0.82* | -0.095 0.22 0.11

<0, 34 After aeration | 0.28 0.001 | 0.62 0.46 -0.46 | -0.22
4.4 Before aeration | -0.12 | 0.44 -0.27 0.21 0.12 -0.36
44 After aeration | -0.026 | 0.45 -0.34 -0.66 0.19 -0.34
2.4 Before aeration | -0.83* | 0.033 | 0.20 0.037 -0.025 | 0.036
2.4 After aeration | -0.61 | 0.22 0.50 -0.25 0.44 0.30
3.4 Before aeration | 0.11 -0.24 | -0.44 -0.46 0.33 0.039

CH, 3.4 After aeration | -0.18 | 0.71 0.023 -0.35 -0.13 | -0.84*
4.4 Before aeration | -0.14 | -0.25 |-0.25 0.86* -0.29 | -0.26
44 After aeration | -0.27 | -0.58 |0.70 -0.046 0.35 0.083
2.4 Before aeration | -0.069 | -0.025 | -0.82* | 0.86* 0.26 -0.23
2.4 After aeration | 0.087 | -0.40 |0.37 -0.15 -0.22 | -0.35

NO 3.4 Before aeration | 0.67 0.31 -0.95%* | -0.51 0.64 -0.12

? 3.4 After aeration | -0.83% | -0.40 |0.33 0.40 0.43 0.060

4.4 Before aeration | 0.51 0.36 -0.28 0.36 0.79 0.46
4.4 After aeration | -0.25 | -0.043 | -0.35 -0.78 0.66 0.13

Table 4. Pearson correlation coeflicient between GHGs emission fluxes and water and sediment parameters. *
water indicators. ® Sediment indicators. ** Significant at the 0.05 level. ** Significant at the 0.01 level.
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GHGs

fluxes | DO* |pH* |ORP* |NH+4-N° | AP® |AKP
CO, |-038 |081 [033 0.68 027 035
CH, |-0.029 |-012|-032 |0.32 —0.62 | —0.24
N,0 |0.14 —0.24 | —0.086 | 0.63 —0.51 | 0.19

Table 5. Pearson correlation coefficient between GHGs emission fluxes and water and sediment parameters
after dredging. ® water indicators. ® Sediment indicators.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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