Pol. J. Environ. Stud. Vol. 30, No. 2 (2021), 1237-1246
DOL: 10.15244/pjoes/124776 ONLINE PUBLICATION DATE: 2020-12-30

Original Research
Water Quality Restoration of a Drinking Water
Outlet Area in a Eutrophic Reservoir Using
Hypolimnetic Oxygenation in Southwest China

Chen Lan'*, Yongxue Ji!, Jingfu Wang?, Haiquan Yang?

School of Management Science and Engineering, Guizhou University of Finance and Economics,
Guiyang 550025, China
2State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences,
Guiyang 550002, China

Received.: 11 April 2020
Accepted: 29 June 2020

Abstract

The aquatic environments of the world are facing the severe challenge of eutrophication. Lakes and
reservoirs that are regarded as drinking water sources are particularly in danger. Once the water quality
deteriorates, serious impacts will occur on the subsequent water supply and drinking water safety. This
study focuses on the Aha Reservoir, a sub-deep eutrophic reservoir in Southwest China polluted by
phosphorus. This site was selected because it is currently undergoing aquatic restoration. It will be the
first to use bubble plume diffusers at the drinking water outlet area where water is removed from the
reservoir to provide drinking water to the community, to enhance water quality. There was a significant
decrease in total phosphorus (TP) and total nitrogen (TN) concentrations in the experimental zone
(0.04-0.02 mg/L and 1.9-1.7 mg/L, respectively), with no significant decrease in TP and TN
concentrations at the control sites. Compared with the control sites, concentrations of NH,*, total Fe,
and total Mn were reduced by 15.5%, 45.5%, and 48.9%, respectively. In addition, the application of this
technique had a significant influence on the evolution of algal phytoplankton in the eutrophic reservoir.
The number of cyanobacteria species in the drinking water outlet area decreased by 33-100% during the
peak period of algal blooms, with no sign of an increase at all. Moreover, the number of phytoplankton
species at the experimental site decreased by as much as 82.6% compared with the corresponding period
prior to application. Hypolimnetic oxygenation displayed great effectiveness for aquatic restoration in
this eutrophic water system.
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Introduction

Lake and reservoir eutrophication is one of the
most important problems facing aquatic environments
of the world [1, 2]. With the continued acceleration of
industrialization and urbanization, the eutrophication
degrees of the lakes and reservoirs are increasingly
aggravated. This leads to a decline in the adjustment
function of lakes and reservoirs and an imbalance in
water ecosystems [2-5]. The current status of this issue
indicates that eutrophication seriously affects the health
of aquatic environments worldwide. The Yunnan-
Kweichow plateau is a concentrated area of fresh water
lakes and reservoirs in China that includes numerous
sub-deep reservoirs [6, 7]. These reservoirs are located
in an area that has a carbonate geological background
with a weak purification capacity for pollutants and
a small environmental capacity [8-10]. Due to long-
term unreasonable development, utilization of water
resources in the past, and a lack of awareness of
protection and management, many sub-deep reservoirs
in the Yunnan-Kweichow plateau are facing serious
eutrophication problems. This directly threatens the
regional water supply and ecological environmental
security [11-13]. China has a large number of sub-deep
reservoirs, each with an average depth of 10-30 m [6,
7]. Sub-deep reservoirs are difficult to restore once
polluted by excessive phosphorus because they are too
deep to be protected by macrophytes in their littoral
zones and too shallow to mitigate phosphorus recycling
through hypolimnetic dilution [14].

To date, the aquatic environment has been
deteriorating  continuously.  The research and
development of the technology of water treatment and
water environment remediation has been ongoing for
solving the problem of water safety and health [15-
20]. Reaeration is comprised of three main categories:
water-mixing, hypolimnetic aeration, and hypolimnetic
oxygenation [21]. Among these, hypolimnetic
oxygenation has received great attention for its higher
restorative efficiency and fewer adverse effects [22,
23]. Bubble plume diffusers, one of the most popular
technologies for hypolimnetic oxygenation, have been
successfully operated in several water systems [24,
25]. However, they have never been operated to test
the influence on the water quality environment near
a drinking water outlet area in a eutrophic reservoir.
Once a reservoir is regarded as a source of drinking
water, its water body is usually pumped into the steel
pipes via a water pump at the drinking water outlet
area. Then the water subsequently flows into municipal
waterworks [26, 27]. Due to the particularity of the
geographical location and function of a drinking water
supply outlet area, it is difficult to plant any ecological
restoration plants near these areas, even in a reservoir
suffering from severe eutrophication [8, 28, 29]. The
water quality environment in this drinking water outlet
area is very fragile [26-28, 30]. Once an algal bloom
outbreak occurs, if there have been no measures to

reduce the algae in the water outlet area, this will lead
to an increase in the amount of chemical used in the
water supply to purify it and an increase in the cost of
water production [31, 32]. Water quality will obviously
be severely affected [33, 34]. Therefore, water quality
restoration near the drinking water outlet area of a
eutrophic reservoir is critical [27, 30, 35].

In this study, the Aha Reservoir, a typical eutrophic
drinking water system in southwest China, was selected
to conduct a field experiment to test the influence of
hypolimnetic oxygenation on the water environment
near the drinking water outlet area in a eutrophic
reservoir. Therefore, this study can provide basic data
and scientific guidance for eutrophication prevention
and control of water outlet areas related to drinking
water sources. The aims of this study are as follows: (1)
to test the effectiveness of hypolimnetic oxygenation for
the restoration of water quality near a water outlet area;
(2) to explore the influence of bubble plume diffusers
on phytoplankton evolution near a water outlet area;
and (3) to provide a case study for reference.

Materials and Methods
Research and Analytical Protocol

The Aha Reservoir (AHR) (E106°37°-106°39’,
N26°30°-26°33) was built in 1960. It is located in the
southern suburb of Guiyang city and belongs to the
Wujiang River system. The reservoir has a watershed
area of 190 km?, with a total volume of 4.45 x 107 m?
at the normal water level of 1108 m [6]. Its primary
function is urban water supply and flood control. The
AHR was formed by the confluence of five tributaries,
has an average depth of 13 m, and a maximum depth of
30 m. The ZC water intake is located next to the dam.
As shown in Fig. 1, the ZC drinking water outlet area in
the AHR was selected as the research area to conduct
the aquatic environment restoration experiment. Two
representative sites, A and B, were selected as the
control sites. A was located closer to the research area,
and B was further away. In addition, the location of the
reaeration device was selected as the in situ site. The
water column is typically thermally stratified from late
June to September [13]. Water quality and algae samples
were collected and analyzed from March 2016 to July
2017. The water quality analysis indexes include total
phosphorus (TP), total nitrogen (TN), soluble phosphate
(PO,»), transparency (SD), water temperature (T),
dissolved oxygen (DO), pH and electrical conductivity
(EC). Water quality samples with a volume of 1.5 L
were collected to quantify the phytoplankton. The
samples were fixed with Luger’s reagent and returned
to the laboratory to stand and concentrate. The algal
species were then identified, and their abundances were
calculated.

To understand the water quality characteristics in the
drinking water outlet area, water samples were collected
in July, August, and September 2015 (Table 1). The
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Fig. 1. Location map of the AHR reaeration area and sampling
sites.

contents of TP and TN were analyzed, and the results
are shown in Table 1. According to the Environmental
Quality Standards for Surface Water (CEPA, 2002),
the indexes, including TP and TN, of the water in the
drinking water outlet area seriously exceeded the limits.
The water was evolving toward Class IV based on the
China National Water Quality Standard. The AHR is
currently classified as a eutrophic reservoir.

Hypolimnetic Oxygenation

A reaeration system was placed 50 m away from
the shore and 500 m away from the dam (Fig. 2). The
average water depth was 20 m around the system. Pure
oxygen (94%) at a flow rate of 20 m/h was delivered to
the reaeration device via a rubber hose using a pressure
swing adsorption system.

A mixture of water and gas is called plume. This
could occur as gas is ejected from a device that is
filled with numerous small holes. Driven by the rising
bubble group, the hypoxia water in the hypolimnion
keeps rising in the vertical direction with an inverse
density gradient, and it stops when it reaches the
maximum height of the plume rise. At this point, the
plume momentum is zero. Then the oxygen-rich water
drops back to the aquatic environment at an equilibrium
depth. This includes water with nearly identical density
to the oxygen-rich water, and it disperses to the
surroundings and flows to a distant water body [36].
Small enough bubbles from this mechanism will not
only affect thermal stratification, but also accelerate
internal gas transfer and the gas dissolution rate [37].

Results and Discussion
Reaeration Process

The temperature gradient is an important feature
of the thermocline. The significant seasonal thermal
stratification of the AHR tends to occur during
the summer period [38]. The stability of thermal
stratification is the key to preventing benthic organism
habitat destruction [39]. In this study, it was found that
the diffusion process of horizontal intrusive gravity
currents primarily occurred at a water depth range
from 10-14 m. The thermocline was not broken during
the project application. The upper and lower waters
never mixed. However, the hypolimnetic water with a
lower temperature was constantly lifted by the plume
mixture, leading to the temperature of the in situ water
at a depth of 0-12 m decreasing significantly. This was
the primary reason for the slight disturbance of water in
the in situ water column. In addition, it was found that
the behavior of the plume intrusion was successfully
formed, which provided a basic guarantee for the
restoration of an extensive area of the drinking water
outlet area.

Table 1. Pollution characteristics of the upper, middle, and bottom water in the drinking water outlet area of the AHR prior to restoration.

Sampling time Sampling depth (mEI/)L) (JJL) (01(;) (nlzg(/)L) (usF;ch) pH Trans(}r)rzli)r ency

Upper 0.03 1.8 25.5 10.61 0.51 8.56

Jul. 2015 Middle 0.03 2.0 19.1 0.19 0.57 7.82 0.6
Bottom 0.06 2.1 10.2 0.3 0.45 7.65
Upper 0.05 2.3 259 7.28 0.53 8.35

Aug. 2015 Middle 0.06 2.8 22.1 0.37 0.6 7.81 0.8
Bottom 0.07 3.0 10.7 0.77 0.46 7.47
Upper 0.04 2.1 24.7 2.49 0.51 8.76

Sep. 2015 Middle 0.05 2.3 22.8 0.68 0.63 7.92 1.0
Bottom 0.05 2.1 10.9 0.83 0.47 7.52
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Fig. 2. Photo of the reaeration system on the platform.

The intrusion process occurred at a water depth
range from 10-14 m. The accuracy of the monitoring
equipment of the intrusion flow for depth and dissolved
oxygen was up to 0.001 and 0.01, respectively. In this
study, nine complete monitoring results of the intrusion
flow were counted (Fig. 3). Within a radius of 150 m,
the presence of the intrusion flow was detected nearly
every time at a water depth range from 11-12 m,
indicating that the intrusion flow was more frequently
found at the relative upper side of the intrusion layer
(10-14 m). However, the intrusion thickness decreased
with an increase in the intrusion distance. At the end
of the intrusion (250-300 m), the intrusion thickness
was less than 2 m. During the nine monitoring
processes, the presence of the intrusion flow could
only be detected 1-2 times at the end of the intrusion
distance. The spread of the axisymmetric intrusive
gravity currents at the equilibrium depth reached
a 250 m radius horizontally from the in situ water
column. In spite of repeated attempts to monitor the

gravity flow in detail (the interval in the vertical
profile of the water column was 10-20 cm), the presence
of the gravity flow was not detected consistently.
This indicates that the radius of influence of
the reoxygenation intrusion flow was approximately
a 250 m radius horizontally from the in situ water
column.

Water Quality Remediation Effect
Reduction of TP and TN

Continuous water quality analyses and monitoring
were conducted in the experimental zone of the ZC
water intake for each month. Compared with the
water quality prior to application, both TP and TN
in the experimental zone were reduced. There was
a significant decrease in TP and TN concentrations
in the experimental zone (0.04-0.02 mg/L and
1.9-1.7 mg/L, respectively), with no significant decrease
in TP and TN concentrations in the control sites. The
reduction quantity of TP was nearly 50% compared
with the corresponding period. The concentration
of TN at the upper, middle, and lower layers of the
experimental zone were significantly lower than that
prior to the application. The average reduction rates of
the PO,* concentration at the upper, middle, and lower
layers of the experimental zone were -8.5%, 1.9%, and
-71.4%. The concentration of PO, did not decrease
significantly.

Water Quality Restoration Mechanism

In this study, it was found that during the
application, the oxygen dissolution efficiency was up
to 95%, and most of the oxygen was dissolved into
the water. However, although the dissolved oxygen in
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Fig. 3. Statistics of the monitoring results of the intrusion.
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the middle layer increased significantly, improvement
was limited in the lower layer. The possible reason is
that most of the oxygen introduced in the water was
immediately consumed by organic matter and other
reduced substances in the water, such as Fe, Mn, S*,
and NH,". In 2016, compared with 2015 from July to
September, the percentage net decrease of NH,", total
Fe, and total Mn (15.5%, 45.5%, and 48.9%) in the
experimental zone supported the perspective of the
macroscopic point of view.

Two mechanisms that contribute to a decrease in
the concentration of TP in a eutrophic reservoir are
as follows: (1) bubble plume diffusers can inhibit the
release of phosphorus from sediments by increasing
the dissolved oxygen in the hypolimnion. Phosphorus
(especially BD-P) in sediments is more easily released
under hypoxic conditions [40]. (2) The increase
in dissolved oxygen in water will accelerate the
precipitation of phosphorus in water [41]. In addition,
the mechanism of TN concentration decrease is because
the application can inhibit the release of ammonia in
sediments by increasing the dissolved oxygen in the
water, thus inhibiting the release of nitrogen, which is
released in the form of ammonia.

Influence of Evolution on the Phytoplankton
Species Composition of the Phytoplankton

Among the various organisms present in any water
body, phytoplankton that form the base of the entire
food web in an aquatic ecosystem can be used a
potent indicator to measure water quality for a healthy
ecosystem and trophic conditions [42, 43]. Recent
studies have shown that water level fluctuations have
a great influence on the phytoplankton composition
[44]. Phytoplankton compositional changes may greatly
reflect environmental changes, such as changes in
hydrodynamics mediated by water level increases [45].
Therefore, long-term monitoring of the phytoplankton
evolution in the AHR was conducted while artificially
controlling of the water levels. Table 2 shows the
various composition types of phytoplankton species
in the experimental site and control sites and the

corresponding period in the AHR. The composition
of phytoplankton species and cyanobacteria species
changed significantly after the application. Sites A and
B were both regarded as control sites. The variation in
phytoplankton in sites A and B were generally very
similar to each other during the complete monitoring
period of one year, but significantly different from
that of the experimental site itself. From March to
April 2016, the numbers of phytoplankton species and
cyanobacteria species in both the experimental site and
the control sites were not large. Hypoxia in the lower
layer had occurred since May, which resulted in a rise
in temperature and stratification of the water body. This
led to the release of phosphorus from sediments and
the deterioration of water quality [11, 46]. Afterwards,
the reservoir began to become eutrophic. The number
of phytoplankton and cyanobacteria in the water was
significantly higher than that during March or April.
After the application, although the basic variation
tendency of phytoplankton evolution over time in each
representative site was similar to that before, the number
of cyanobacteria species in the drinking water outlet
area decreased by 33%-100% during the peak period
of algal blooms, with no sign of an increase at all. The
number of phytoplankton species in the three respective
sites decreased significantly compared with that in
2016, which may have been caused by the continuous
flow of water after the water quality enhancement in
the drinking water outlet area. No fences were placed in
the water between the experimental site and the control
sites. In spite of this, the number of phytoplankton
species in the ZC experimental site decreased by as
much as 82.6% compared with the corresponding period
prior to the application. Compared with the reduction
rate of the two control sites (with A 69.9% and B
50.0%), such a large drop indicates that the influence
of the bubble plume diffusers on the phytoplankton
species composition was significant.

Distribution of the Dominant Phytoplankton Species
A species with a relative abundance (proportion of a

certain cell density of the algae to the total cell density)
greater than 10% is considered as a dominant species

Table 2. Variation in the phytoplankton species compositions in the experimental site (ZC) and control sites (A and B) and the

corresponding periods in the AHR.

March April May June July
A|B|lzc| A | B|zc| A|B|zc| A | B |zc| A | B |z
06 | €] o | 3] 2 1 1 1 3 3 2 2 3 3 3 3 4
(Before) | p | 19 |24 | 23 | 16 | 23 | 23 | 29 | 20 | 21 | 16 | 22 | 23 | 20 | 22 | 21
017 | €| 1|3 1 2 2 1 1 2 2 2 3 1 1 2 0
(After) | p | 11 |15 | 11 | 11 | 17 | 14 | 9 17 | 9 14 | 15 8 9 11 3

C represents the number of cyanobacteria species, and P represents the number of phytoplankton species. ZC represents the experi-
mental site in the drinking water outlet area. A and B are the control sites.



1242 Lan C., et al.
Table 3. Dominant species each month during the sampling period from 2016 to 2017.

Sampling Time Dominant Species
2016/03/01 Asterionella sp., Fragilaria sp.
2016/03/15 Asterionella sp.
2016/03/29 Asterionella sp.
2016/04/12 Asterionella sp.
2016/04/26 Cyclotella sp., Pseudanabaena sp., Limnothrix sp.
2016/05/10 Cyclotella sp., Pseudanabaena sp., Limnothrix sp.
2016/05/24 Cyclotella sp., Pseudanabaena sp., Limnothrix sp., Synedra sp.
2016/06/07 Pseudanabaena sp.
2016/06/21 Pseudanabaena sp.
2016/07/05 Pseudanabaena sp., Cyclotella sp., Synedra sp.
2016/07/19 Pseudanabaena sp., Cyclotella sp., Synedra sp.
2016/08/02 Pseudanabaena sp., Cyclotella sp., Synedra sp., Achnanthes sp.
2016/08/09 Pseudanabaena sp., Cyclotella sp., Synedra sp., Achnanthes sp.
2016/08/16 Pseudanabaena sp., Cyclotella sp., Synedra sp., Achnanthes sp.
2016/08/23 Pseudanabaena sp., Cyclotella sp., Achnanthes sp.
2016/08/30 Pseudanabaena sp., Cyclotella sp., Synedra sp., Achnanthes sp.
2016/09/06 Pseudanabaena sp., Cyclotella sp., Synedra sp., Achnanthes sp.
2016/09/13 Pseudanabaena sp., Merismopedia sp., Cyclotella sp., Synedra sp., Achnanthes sp.
2016/09/20 Pseudanabaena sp., Merismopedia sp., Cyclotella sp., Achnanthes sp.
2016/09/27 Pseudanabaena sp., Merismopedia sp., Cyclotella sp., Synedra sp., Achnanthes sp.
2016/10/11 Pseudanabaena sp., Cyclotella sp., Synedra sp., Achnanthes sp.
2016/11/15 Pseudanabaena sp., Cyclotella sp., Synedra sp., Melosira granulata
2016/12/20 Cyclotella sp., Synedra sp., Melosira granulata
2017/01/10 Cyclotella sp.
2017/02/17 Cyclotella sp., Synedra sp.
2017/03/08 Synedra sp., Peridiniopsis Lemmermann
2017/03/23 Synedra sp., Peridiniopsis Lemmermann
2017/04/07 Cyclotella sp., Synedra sp.
2017/04/19 Cyclotella sp., Synedra sp.
2017/05/11 Cyclotella sp., Synedra sp.
2017/05/24 Cyclotella sp., Synedra sp.
2017/06/07 Pseudanabaena sp., Cyclotella sp., Synedra sp.
2017/06/19 Pseudanabaena sp., Cyclotella sp., Synedra sp.
2017/07/11 Cyclotella sp., Synedra sp.
2017/07/25 Pseudanabaena sp., Cyclotella sp., Synedra sp.

[47]. During the monitoring period, the dominant
species primarily included Asterionella sp., Fragilaria
sp., Pseudanabaena sp., Cyclotella sp. Synedra
sp., Achnanthes sp., and Limnothrix sp. (Table 3).
The species and number of dominant species are

important characteristics related to the stability of a
community structure [48]. There were only one or two
dominant species on March 1%, March 15%, March 29,
April 12 June 7", and June 21* during the six sample
collection times. The number of dominant species was
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significantly different from that of other species. The
community structure was relatively simple, indicating
that the risk of algal bloom outbreaks was high [33].
In other months, the risk of blooms decreased as
the number of dominant species of phytoplankton
increased. By comparing the characteristics of dominant
species of phytoplankton in 2016 with those of 2017, the
Pseudanabaena, which belongs to the Cyanobacteria,
was superior in quantitative terms since May 2016 in
the AHR. The Cyanobacteria abundance reached a
peak in July 2016. In 2017, the Cyanobacteria no longer
dominated, instead Bacillariophyta dominated, which
is primarily composed of Cyclotella and Synedra.
Pseudanabaena, a common toxic algal species that has
occurred in algal blooms in the AHR in previous years,
displayed a decrease in biomass. This indicated that
the phytoplankton structure in this area has changed
significantly [49, 50], and this had a positive impact on
the control of cyanobacterial blooms in the AHR.

The frequent occurrence of toxin-producing
harmful cyanobacterial blooms poses a serious threat to
environmental and human health [51, 52]. Microcystins
(MCs) are considered to be the most commonly detected
and widely distributed toxins compared with other
cyanotoxins, such as cylindrospermopsin and anatoxin
[53]. To date, more than 100 structural variants of
MCs have been identified from cyanobacterial blooms
and cultures worldwide. Among them, microcystin-LR
(MC-LR) and microcystin-RR (MC-RR) are the two
most commonly reported in natural waters [54]. The
concentrations of MC-LR, MC-RR, and total MC of
the experimental site and control sites in the eutrophic
reservoir were monitored from March 2016 to March
2017. In general, MC degrade faster under the condition
of sunny days and microbial action [55]. The variation
tendency over time of the total quantity of MC in the
surface layer, middle layer, and lower layer of the three
representative sites in this study (in terms of total
quantity of MC-LR and MC-RR) were similar in mass.
The variation process included three stages. The first
stage was from March 15", 2016 to May 10", 2016, and
the total concentrations of MC in the upper layers at
the monitoring sites reached a maximum of 3.39 pg/L.
However, according to the Standards for Drinking Water
Quality (WHO), the MC-LR did not exceed the limit of
1.0 ug/L. The second stage was from May 24", 2016 to
June 19" 2016. At this stage, the total concentrations
of MC in the upper and lower layers were similar
among the three monitoring sites. In addition, the total
concentrations of MC in the middle layers reached a
peak of 0.49 pg/L. This phenomenon occurred due to
the death of toxin-producing algae. The toxin-producing
algae died and began to precipitate, but had not yet
arrived at the bottom of the reservoir at this stage. With
the death of toxin-producing algae, a large amount of
MC was released [56]. Hence, in the last stage and the
last phase of algal growth, the total concentrations of
MC in the upper layers at the three monitoring sites
approached zero, while the total concentrations of MC

in the middle and lower layers were similar to each
other. The reason is that larger algac began apoptosis
in autumn and substantial corpses of toxin-producing
algae begin to precipitate. This was accompanied by the
release of a large number of MC.

During the monitoring period, the concentrations of
the two kinds of algal toxins was generally low, but the
concentration of MC-RR was higher than that of MC-
LR. MC-LR did not exceed the limits of the Standards
for Drinking Water Quality. From the perspective of
seasonal changes, March is the extinction period of MC,
and the concentrations of both MC-RR and MC-LR
was very low. April and May are periods with frequent
outbreaks of algal toxins in the eutrophic reservoir,
and the detection rate for MC was very high. The total
concentration of MC reached the maximum at this time.
The periodic outbreak of algal toxins from June to
August was very obvious, with small peaks occurring
irregularly, but none exceeded the amount in May. The
concentration of MC began to decline in May and was
nearly zero by late August. The concentrations of MC-
LR and MC-RR at the three monitoring sites showed a
general trend that included explosion, slow decline, and
an approach to zero from March to October in 2016.
Compared with MC-RR, the concentration variation of
MC-LR at the three monitoring sites tended to be flat,
hovering near 0.1 pg/L, far lower than the guidance value
of 1 pg/L. The variation tendency of the concentration
of total MC was similar to that of MC-LR and MC-RR
during the entire period. The variation tendency of the
time of concentrations of total MC in the surface layer,
middle layer, and bottom layer at the three monitoring
sites in the eutrophic reservoir were similar to each
other. The effect of the application on the MC variation
in the water outlet area and even the eutrophic reservoir
was minimal throughout the entire monitoring period,
which indicated that toxin production is regulated by a
complex set of environmental conditions.

Conclusions

In this study, hypolimnetic oxygenation was applied
to restore the water quality environment of a drinking
water outlet area in the AHR, a eutrophic reservoir in
southwest China. The conclusions are as follows.

1) The application of hypolimnetic oxygenation can not
only significantly reduce the concentration of TP,
TN, NH,’, total Fe, and total Mn in the drinking
water outlet area of the AHR (a typical eutrophic
reservoir), but also effectively reduce the abundance
of algae, especially the relative abundance of
cyanobacteria. The application of bubble plume
diffusers has a great influence on the evolution of
phytoplankton in such a eutrophic reservoir, but
little effect on the variation in MC. During the
entire application period, no significant algal blooms
occurred at the ZC drinking water outlet areca and
its adjacent water, which ensured water quality near
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2)

the water outlet and the safety of the subsequent
water supply.

The behavior of the plume intrusion was successful
in the AHR, indicating that this technology is
feasible for a sub-deep water system. This study
provides important technical support and a case
reference for reoxygenation for an extensive water
area.
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