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Abstract: In recent years, people have become more and more interested in biomonitoring. 

It is very important to clearly understand what happens to organisms when pollutants enter 

the environment, and the research of nanotechnology in the field of biomonitoring helps to 

achieve these Target. Environmental biotechnology has a wide range of applications. This 

paper takes water pollution control in the field of environmental biomonitoring as an 

example, uses nanobubble technology to remove and treat water pollution in a river, and 

analyzes the removal rate of this technology on water chemical oxygen demand, nitrogen, 

phosphorus, etc. It reflects the application effect of this technology in sewage treatment. 

Experiments show that the CODcr, NH4+-N, TN, and TP in the treated river all show a 

downward trend, and the removal rate is about 30%-50%, indicating that the nanobubble 

repair technology can improve the water quality of the river and achieve certain 

environmental benefits. 

1. Introduction 

Water pollution has become one of the most serious environmental problems, and pollutants such 

as toxic heavy metals, pesticides, nitrogen, phosphorus, anionic surfactants and detergents can be 

detected in water bodies, all of which are harmful to human health, aquatic animals and adverse 

effects on the ecosystem [1]. Therefore, this paper uses nanotechnology to deal with water pollution, 

which is of great significance for building a better environment. 

At present, many scholars have carried out research on the application of nanotechnology in the 

field of environmental biotechnology. For example, a scholar synthesized a silver nanocluster using 

the interstitial isolation method, and used the silver nanocluster to detect heavy metal pollution in 

water. The template used for silver nanoclusters is inorganic glass [2]. In addition, zeolite is also a 

good template choice, it can provide a good interstitial, and it is also a highly porous negatively 

charged aluminosilicate crystalline material. These properties make it very easy for silver atoms to 

be incorporated into the pores, and the fluorescence-emitting silver nanoclusters can be synthesized 
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under the induction of light [3]. A certain scholar constructed a sandwich-type biosensor using 

magnetic nanomaterial Fe3O4, captured dopamine through the interaction between catechol and 

iron ions, and then separated the Fe3O4 dopamine complex from the solution under the action of a 

magnetic field, and then achieved The purpose of analyzing the detection of dopamine [4]. A 

scholar used gold nano-labeled antibody to prepare an immunobiosensor for the detection and 

analysis of organophosphorus pesticide paraoxon, with a detection limit of 12 μg/L. The application 

of this biosensor can monitor soil pollution and reduce pesticide use [5]. The application of 

nanotechnology in environmental biotechnology has achieved good results, effectively solving a 

large number of environmental problems. 

In this paper, several nanotechnologies are first introduced, and then a river is sampled to detect 

the water quality indicators of the river, and the nanobubble technology is used to remove river 

pollutants. Changes in the situation to verify whether nanobubble technology can be used to control 

water pollution. 

2. Nanotechnology 

Silver nanoclusters: Silver nanoclusters (AgNCs) refer to fluorescent nanomaterials composed of 

several silver atoms (usually 2-20) together with a size close to the Fermi wavelength (less than 2 

nm) [6]. Compared with bulk metal materials, nano-scale metal materials have many special 

properties. With the continuous reduction of the size, the number of surface atoms/total atoms 

increases greatly. Due to insufficient coordination number and high surface energy, the surface of 

the material has a strong affinity, and it is easy to combine with other atoms to form a stable 

structure. As the size of the material is reduced to the nanometer level, the physicochemical 

properties of the material also change significantly [7-8]. Compared with bulk materials, 

nanomaterials have great differences in optics, mechanics, and magnetism. It can emit or quench 

fluorescence, generate SPR, be magnetic (Fe3O4 nanoparticles), enhance hardness, and change color 

(gold). Nanoparticles) and so on, this series of changes should be attributed to the small size effect 

of nanomaterials. As the particle size of the material decreases, the electronic energy level of the 

material also changes significantly. The silver nanocluster material is precisely because its size is 

too small (close to the Fermi wavelength), which leads to the breakage of electronic energy levels 

and finally emits fluorescence [9-10]. Although silver nanoclusters have been widely used, the 

luminescence mechanism of silver nanoclusters is still not well understood. Silver nanoclusters 

have been developed for more than ten years and are widely used in the detection of various 

molecules or ions by virtue of their advantages [11]. Compared with nucleic acid probes and 

quantum dots, silver nanoclusters have many obvious advantages when used in fluorescence 

analysis. Silver nanoclusters are simple to synthesize, do not require labeling, are nontoxic, and 

have high biocompatibility [12]. At present, there are some related reports using silver nanoclusters 

to detect mercury ions. For example, using DNA-synthesized silver nanoclusters to detect mercury 

ions and silver clusters synthesized with polymers as templates to detect mercury ions. Although 

these detection methods have achieved relatively ideal sensitivity, the detection of mercury ions 

using silver nanoclusters is based on the "turn-off" mode, which can easily lead to false positive 

results [13]. 

α-Fe2O3 nanomaterials: Different nanomaterials have different properties, and it is always 

difficult to use a single material in the design of electrochemical biosensors to give full play to its 

performance. Therefore, more and more researchers integrate various nanomaterials into Together, 

nanocomposites integrating multiple properties were synthesized [14–15]. Iron oxide-based 
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nanomaterials have important characteristics such as small size and good magnetic properties, so 

they are widely used to remove heavy metal pollutants in water. The magnetic properties of iron 

oxide nanoparticles make the adsorbent easy to separate from the system, and iron oxide 

nanomaterials can be regenerated., can be reused. This enables iron oxide-based nanomaterials to 

serve as excellent and economical heavy metal adsorbents in water [16]. Some researchers have 

synthesized α-Fe2O3 nanoparticles with an average size of about 5nm, aggregated into a porous 

structure, and covered with high-affinity hydroxyl groups by a solvothermal method. The specific 

surface area is as high as 162m2/g. The adsorption capacities for As(II) and As(V) in water samples 

reached 95 mg/g and 47 mg/g, respectively, and in the presence of competing ions in the water 

samples, the selection of α-Fe2O3 nanoparticles for arsenic Sex is also particularly good [17-18]. 

Nano-bubble technology: It is a new type of aeration technology that can generate nano-level 

bubbles. Due to its small bubble diameter and high oxygen mass transfer rate, adsorption capacity 

and oxidation capacity, it is gradually used in the field of water treatment, but it is rarely used in the 

process of lake and river treatment [19-20]. 

3. Experimental Research 

3.1. Research Objects 

This article takes a river as an example. There are many large and small sewage outlets around 

the river. Due to eutrophication, the river water produces a large amount of duckweed and oily 

substances every day. Several obvious sewage outlets were found around the river, and the water 

quality discharged from these sewage outlets was also tested, and it was found that the river water 

body COD, nitrogen, phosphorus and other pollutants obviously exceeded the surface water class V 

water standard, which belongs to the state of heavy pollution. 

3.2. Research Methods 

In order to fully reflect the changes in the water quality of the river, according to the river 

topography and the location of the nanobubble machine, it was decided to select 6 points as the 

water sample collection points. Due to the large number of sampling points and slow changes in 

water quality, the sampling frequency is set to be once a week. In order to determine the 

representative adoption time, the variation law of river water quality in one day was investigated, 

and sampling was carried out at the sampling point every three hours. The results are shown in 

Table 1. 

Table 1. Sampling water quality at different times in one day 

 
6 

o'clock 

9 

o'clock 

12 

o'clock 

15 

o'clock 

18 

o'clock 

21 

o'clock 

24 

o'clock 

COD 39 46.3 55 44.1 42 40 48.7 

NH4
+
-N

 
27 31.8 34.2 25 26.3 33.6 35 

TP 4.3 4.7 5.2 4.1 3.8 3.4 3.3 

Since there are no factories around the river, almost no industrial wastewater flows in, and there 
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is no leakage of industrial wastewater. The wastewater entering the river is mainly domestic sewage, 

and a large amount of domestic sewage is removed in the morning, resulting in a peak period of 

pollutants. The water sample at 12:00 is the most polluted time of the day, so the final choice was 

taken at 12:00. 

The mass transfer efficiency of oxygen is an important factor affecting the DO value in water. In 

this experiment, the oxygen mass transfer efficiency of the nanobubble machine was also studied. 

The oxygen mass transfer efficiency of the bubbles generated by the nanobubble machine was 

characterized by measuring the oxygen mass transfer rate K La
. The higher the K La

, the higher 

the oxygen mass transfer efficiency. high. 

 

)(/
21 CCK La

dtdC 
                

(1) 

 

Among them, dC/dt is the rate of change of dissolved oxygen concentration, C1
 is the 

saturated dissolved oxygen concentration in water, C is the dissolved oxygen concentration in water 

at time t, and CC 21
  is the driving force of oxygen mass transfer. 

Integrate equation (1) to get: 
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Among them, Δt is the aeration time, the dissolved oxygen concentration in the initial water, and 

α is a constant. 

4. Application of Nanotechnology in Water Pollution Control 

4.1. Removal Effect of Organic Pollutants in Water 

The surface energy of nanobubbles itself can provide a certain oxidizing ability, which can 

oxidize some organic pollutants in the water; by increasing oxygen, the growth and reproduction of 

aquatic animals and plants and the growth and metabolism of aerobic microorganisms are enhanced, 

and the removal efficiency of CODcr is also improved accordingly. As shown in Figure 1, the 

average CODcr of the river before the treatment was about 38.5mg/L, and the CODcr of No. 1 and 

No. 2 sampling points were high, with an average of about 43mg/L. After the implementation of the 

nanobubble water body restoration technology, the water body The concentration of CODcr 

decreased significantly. After 30 days of treatment, the average CODcr in the water body decreased 

by 22.09% to 33.5mg/L. After 90 days of treatment, the average CODcr in the water body dropped 

to 21mg/L, which was 22mg/L lower than that before treatment. And in the process of treatment 

from 60 days to 90 days, the CODcr of the water body is kept below 25mg/L stably, and the CODcr 

index reaches the Class IV water standard in the surface water quality standard (CODcr≤30mg/L). 

The CODcr of No. 3 and No. 4 sampling points was the lowest, and the CODcr reached 15.8 mg/L 

after 90 days of treatment, and the removal rate was 55.11%. 
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Figure 1. Changes in CODcr 

4.2. Removal Effect of Nitrogen in Water 

Nitrogen is an important element for phytoplankton to synthesize protein and chlorophyll, and a 

large amount of nitrogen enters the water body, which is an important cause of water eutrophication. 

The river is in a state of severe eutrophication. The average concentration of ammonia nitrogen in 

the water body reaches 23.5mg/L, and the average total nitrogen concentration is about 27.4mg/L, 

far exceeding the surface water class V standard (ammonia nitrogen≤2mg/L, total nitrogen≤
2mg/L L). After the comprehensive treatment of nano-bubble water body restoration technology, 

the ammonia nitrogen and total nitrogen in the river water body have dropped significantly. 

According to the data of the 6 sampling points, the river water is mainly composed of inorganic 

nitrogen, and organic nitrogen accounts for a small part. This is because the main pollution source 

of the river is domestic sewage and a large amount of septic tank wastewater is discharged. 

Table 2. Changes in ammonia nitrogen 

 0 15 30 45 60 75 90 

NH4
+
-N 1&2 26 25 22.8 18.5 16.2 15.4 13.3 

NH4
+
-N 3&4 24.7 26.3 24 21.9 20 18.8 16 

NH4
+
-N 5&6 23 22.6 18.7 15 14.2 13 11.5 

From the data in Table 2, it can be seen that due to the different pollutant components of the 

pollution sources around the river, the ammonia nitrogen in the sampling points No. 5 and No. 6 is 

lower, but the change trend of ammonia nitrogen at the sampling points is roughly the same. 

Ammonia nitrogen is the main body of nitrogen in lake water. With the treatment of nanobubble 

water body restoration technology, ammonia nitrogen at sampling points 5 and 6 did not change 

much in the first 15 days, but began to decline on the 30th day, with an average concentration of 

18.7 mg. /L, and with the passage of time, the ammonia nitrogen concentration in the water 

continued to decrease, and it dropped to 11.5 mg/L on the 90th day, a relative decrease of 50%. 

Although the nanobubble machine can increase the dissolved oxygen in the water in a short time, 
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the microbial system does not change rapidly, so the early concentration of ammonia nitrogen does 

not decrease significantly. Since the river has not implemented any pollution interception measures, 

coupled with the accumulation of high pollution loads for a long time, there is a large amount of 

endogenous nitrogen pollution in the sediment, so it is difficult for the ammonia nitrogen to 

eventually be reduced to the V-class water standard. 

 

Figure 2. Changes in total nitrogen 

It can be seen from the data in Figure 2 that the overall nitrogen showed a downward trend. 

However, the total nitrogen concentration of No. 1 and No. 2, No. 5 and No. 6 sampling points 

increased slightly in the first 15 days of treatment, and began to decline after 15 days. Compared 

with the first treatment, the relative decrease was 32.26% and 39.29%. 

4.3. Removal Effect of Phosphorus in Water 

Phosphorus in river water mainly enters the river through domestic sewage and farmland 

wastewater containing pesticides through pipelines or surface runoff, and when excessive 

phosphorus enters the water body, it will cause the water body to be over-trophic and lead to 

pollution. 

Table 3. Changes in total phosphorus 

 0 15 30 45 60 75 90 

TP 1&2 4.2 3.8 3.5 3.1 2.7 2.4 2 

TP 3&4 3.9 3.8 3.2 2.8 2.7 2.1 1.7 

TP 5&6 3.5 3.4 2.9 2.4 2.15 1.5 1.45 

Because the river contains almost all the surrounding domestic sewage, the total phosphorus 

concentration is seriously exceeding the standard. As shown in Table 3, the total phosphorus of No. 

1 and No. 2 sampling points is as high as 4.2 mg/L. The total phosphorus concentration of No. 5 

and No. 6 sampling points is lower than that of other sampling points, and the total phosphorus 

concentration and change trend of each sampling point are not much different as a whole. After 

three months of treatment, the total phosphorus concentration has been obtained. Significant 
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decrease, the final average dropped to about 1.7mg/L, and the average removal rate of total 

phosphorus in the whole process was 55.65%. It is proved that the nanobubble water remediation 

technology has obvious ability to remove phosphorus in river water. 

5. Conclusion 

This paper mainly studies the response of river water quality to the nanobubble water 

remediation technology. Within three months of the implementation of the technology, the river 

water quality has been significantly improved. The concentrations of ammonia nitrogen, total 

nitrogen and total phosphorus in the water body all showed a downward trend, and the removal 

ability of organic pollutants, nitrogen and phosphorus in the water body was very high. In short, the 

nanobubble technology has a good treatment effect on eutrophic river water, and greatly improves 

the water quality. 
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