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Abstract: In today's world, due to industrial and agricultural development, population
explosion, water abuse and pollution, the water crisis caused by water shortage and water
pollution has become a complex problem faced by most countries in terms of policy,
economy and society. As a new type of wastewater treatment process, biological filter has
been widely used at home and abroad. The purpose of this work is to study the
characteristics of starting the hanging film culture after the advanced treatment of urban
sewage sludge by aerated biological up-flow filter. By changing the ammonia nitrogen
concentration, hydraulic retention time and filter material filling height, the treatment
efficiency of the aerated biological filter was studied, and the optimal process operating
conditions were determined and optimized. Using aerated biological up-flow filter to treat
sewage sludge in M city, the COD removal rate is the lowest 30%, the highest removal rate
is 47%; the turbidity removal results show that the highest removal rate is 92%, and the
lower removal rate is 71%.

1. Introduction

With the rapid development of urbanization and industrialization in our country, our demand for
water resources has also become larger and larger. This background makes sewage treatment begin
to be paid attention to, and its status is equal to that of production and supply of tap water [1]. In
recent years, in the sewage treatment industry, my country's development momentum is very strong.
The specific performance is that the ability to treat sewage has become stronger and stronger, and
the most intuitive sewage treatment rate has become higher and higher. The volume of treated
sewage has also become larger. Therefore, how to protect water resources and prevent water
pollution is an urgent task for all countries in the world to solve the problem of water shortage [2].

Reclaimed water reuse technology has been widely used overseas since the 1960s. Varma V S
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studied the correlation between the aeration effect and the mixing effect of compost materials
during the composting process of water hyacinth under different aeration conditions. Trial 1 was run
in agitation mode, Trial 2 was run in passive mode, and Trials 3 and 4 were performed with forced
aeration conditions at different aeration intervals. Composts were run for 30 days, and changes in
temperature and pH patterns, volatile solids reduction, and nitrogen conversion were associated
with different composts. Due to the proper combination of waste and proper composting, a higher
degradation rate of water hyacinth was observed in Trial 2. Nitrogen and phosphorus levels were
observed to increase at the end of composting. Furthermore, we observed lower OUR and CO2
release rates due to higher organic matter degradation rates, indicating the stability of the compost
over 30 days [3]. Nguyen A T Q investigated the dissolution properties of phytolithic ash obtained
by dry ashing of straw at 400, 600 and 800 <C. Nutrient (K, P, Ca, Mg) release was highly
dependent on the overall dissolution of phytolith ash over a 6-day time span. CO2 significantly
reduced the dissolution rate of phytolith ash, but increased the release rate of cationic and anionic
nutrients. Aeration with CO2 shifts the carbonate balance (H2CO3, HCO3- and CO32-) towards
H2CO3, lowering the pH of the solution and thus reducing the rate of phytolith dissolution. After
this, enhanced H+ exchange promoted the release of nutrients from the phytolith ash. This indicates
the different responses of phytoliths and the nutrients they absorb to CO2, and provides better
insights into the fate of soil phytoliths and trends in the nutrient budget of straw phytoliths in soils
[4]. Porte H evaluated process performance and determined the microbial community structure of
two laboratory-scale, thermophilic trickle-flow biofilter reactors for the biomethanation of hydrogen
and carbon dioxide for a total of 94 days. Stable and stable operation is achieved with a single pass
of airflow. The quality of the output gas (>97%) is comparable to the methane purity achieved by a
commercial biogas purification system that meets the specifications for alternative natural gas. At a
hydrogen loading rate of 7.2 L-H2/(L-R center point d), the methane productivity of the reactor
reached >1.7 L-CH4/(L-R center point d) [5]. These studies provide a theoretical basis for the
research and application of biological aerated filters.

In this paper, the up-flow aerated biological filter is applied to the advanced treatment of urban
sewage sludge. The aerated biological filter is easy to manage and has the characteristics of strong
load and vibration resistance. This paper studies the characteristics of advanced treatment of urban
sewage sludge by aerated biological anode filter, finds a suitable sewage treatment technology, and
realizes a large number of renewable resources. It will play an important role in maintaining
sustainable economic development, with far-reaching social and economic benefits.

2. Research on Upflow Aerated Biological Filter
2.1. Advanced Sewage Treatment Technology

(1) Activated carbon adsorption technology

Activated carbon adsorption technology is often used in advanced treatment of domestic sewage,
because the removal rate of activated carbon reaches more than 70%, which can effectively reduce
the odor, color, chlorinated organic compounds, heavy metals and other pollution indicators in
sewage at low cost, and it is easy to control. However, the activated carbon adsorption technology
has high construction and maintenance costs [6-7].

(2) Membrane separation technology membrane

Separation technology is a water treatment method that uses a semi-permeable membrane to
intercept impurities in domestic sewage and remove various pollutants. Its characteristic is that
there is no phase change in the process of mechanical screening, and the driving force can be
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obtained under a certain pressure, and a higher removal effect can be obtained. With the
development of membrane treatment technology, the commonly used methods are microfiltration,
reverse osmosis, ultrafiltration and nanofiltration [8-9].

(3) Aerated biological filter process

Gas biological filter process is a new type of biofilm treatment process developed on the basis of
biological contact oxidation and submerged biological filter process. This technology combines the
biodegradability of biofilms and the physical retention of the packaging layer, because of its high
efficiency and economy, small footprint, and high removal efficiency of SS, ammonia nitrogen,
COD and BOD [10-11].

2.2. The Principle of Biological Aerated Filter to Purify Organic Wastewater

When filtration and aeration work, the first layer of microorganisms is attached to the surface of
the carrier, the wastewater flows through the surface of the carrier through the adsorption of organic
elements, and oxygen diffuses into the biofilm and undergoes oxidation. In the film, the destruction
of waste. In the biofilter, impurities, dissolved oxygen and many important elements first diffuse to
the surface of the biofilm through the water layer, and then penetrate into the interior of the biofilm,
which not only maintains the growth of organisms in the membrane, but also diffuses. and spread
widely. Diffusion in biofilms. Alternatively, soil contamination can also be digested and
transformed by biofilms, eventually producing many metabolites [12-13]. In the outer layer of the
biofilm, the biofilm layer is formed by aerobic microorganisms. Organic matter, often forming a
facultative anaerobic environment. Here, bacteria are permanently present, have poor adhesion to
the material, and are easily released [14-15].

2.3. Properties of Major Pollutants

(1) Organic pollutants

Some toxic and harmful substances are not only difficult to reduce, but also have
bioaccumulation, and the three main factors (carcinogenic, teratogenic, and mutagenic) are very
harmful to public health. It most commonly reacts with liquid chlorine to form trihalomethanes
(THM), haloacetic acids (HAA) and other halogenated pesticide products, many of which have
been shown to cause cancer in laboratory animals. The main reason is that the humic acid, fulvic
acid and other trihalomethane precursors in the raw water will produce trihalomethanes during the
chlorination process of water [16-17].

(2) Nitrogen

Nitrogen exists in water in the form of organic nitrogen, ammonia, nitrite and salt, and when iron
salts are used as filters, the removal rate of ammonia nitrogen is very low. Allowing nitrifying
bacteria to grow, nitrifying bacteria and the organics released by ammonia can cause odor problems.
The production of chloramines from ammonia also consumes chlorine to remove odors, reducing
the effectiveness of disinfectants. Drinking water with high concentrations of nitrates and nitrites
can cause two harms to the human body: the accumulation of nitrites replaces oxygen in red blood
cells, which eventually leads to respiration; ingestion of high concentrations of nitrates can lead to
toxicity, i.e. cancer [18].

(3) Iron, manganese:

Water with high iron and manganese content has an odor and can produce reddish-brown or even
sediment that discolors washed clothes.
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3. Experimental Design of Advanced Treatment of Municipal Sewage Sludge
3.1. Test Water

The research object of this experiment is M city sewage sludge. In the pilot test, the prepared
water body was used for research, and the influent water mainly simulated the nitrogen and
phosphorus pollution in the urban sewage sludge, and other water quality factors were not
considered in the pilot test. During the membrane culture stage of the aerated biological filter,
ammonium chloride was added to the dechlorinated tap water, and the pH was adjusted with sodium
bicarbonate and dilute hydrochloric acid. The influent water with ammonia nitrogen concentration
of 25mg/L, pH of 6 to 8 and alkalinity of about 200mg/L was prepared.

3.2. Selection of Filter Media

The filter material is at the core of the aerated biological filter. In this paper, 2~4mm zeolite and
2~4mm volcanic rock are used as the filling filter material in this experiment, and the filter material
is washed repeatedly before filling. By setting up three groups of experiments of single-layer zeolite
BAF, single-layer volcanic rock BAF and zeolite-volcanic double-layer BAF, the operation effects
of the three groups of experiments were investigated respectively. The performance parameters of
the two filter media are shown in Table 1:

Table 1. Performance parameters of filter media

Filter name Filter particle size (mm) | Porosity (%) | Bulk density (kg/m°)
\olcanic rock 2~4 53.41 740
Zeolite 2~4 52.14 950

3.3.V Detection Indicators and Analysis Methods

The test analysis indicators are: CODCr, NH3-N and turbidity. The detection methods used are
potassium dichromate method, titration method and turbidimeter method respectively. The
experimental instruments used mainly include reflux device, distillation device, WG-71 electric
heating Blast drying furnace and WGZ-200 turbidity meter, etc. When sewage flows through the
filter tank, the rate of decrease of pollutant concentration, that is, the amount of pollutants removed
per unit of filter bed height (measured by concentration) is proportional to the concentration of the
pollutant. points:

25 = —Kp, ()
psO

Where h represents the depth from the surface of the filter bed; K represents the coefficient of
the treatment efficiency of the BAF filter.

The K value is the same as the nature of sewage, and can be obtained from the following
formula:

K=K'pg"(Q/ A" 2)
In the formula, m represents the coefficient related to the influent water quality.
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4. Analysis and Research on Sewage Sludge Treatment by Up-flow Aerated Biological Filter
4.1. The Effect of Removing COD

Although COD is not an identification indicator of sewage sludge, excessive COD concentration
will lead to black odor phenomenon in rivers, and reducing the concentration of organic matter can
eliminate the black odor phenomenon well. The removal effect of COD on urban sewage sludge is
shown in Table 2.

Table 2. COD removal effect

Time/d 10|20 | 30|40 |50
Water intake (mg/L) 15111|30|20 |10
Out of water (mg/L) 71515112 | 7
Removal rate (%) 40 | 47 1301|3335
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Figure 1. COD removal effect diagram

As shown in Figure 2, the overall operation effect of the integrated equipment is good, the
minimum COD removal rate is 30%, and the maximum removal rate is 47%. In the early stage of
operation, due to the large fluctuation of water quality, the COD removal rate also fluctuated to a
certain extent. At the same time, it can be found that when the COD influent concentration is high,
the removal rate will not decrease. The reason is that the organic concentration in the water body
increases, and the microorganisms in the equipment have sufficient nutrient sources and proliferate
in large quantities, which can effectively remove the sewage sludge. Based on the above analysis,
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the integrated equipment has a stable COD removal capacity. Although the influent concentration
fluctuates greatly, the effluent value meets the standard of surface IV water. In order to further
improve the COD removal capacity of the equipment, it is necessary to prolong the hydraulic
retention time, which cannot achieve the expectation of quickly alleviating the black and odor
phenomenon. From an engineering point of view, the treatment effect of the equipment can meet the
requirements.

4.2. The Effect of Removing Turbidity

Turbidity, as one of the sensory indicators of water, reflects the number and size of suspended
particles in the water. In the case of high turbidity, on the one hand, it is easy to cause the water
body to turn black, and on the other hand, it is not conducive to the removal of ammonia nitrogen in
the water by microorganisms. Therefore, turbidity is also an important monitoring indicator in the
process of sewage sludge treatment. The removal effect of the combined process on the turbidity of
urban sewage sludge is shown in Table 3.

Table 3. Turbidity removal effect

Time/d 10| 20|30 |40 | 50
Water intake (NTU) | 17 | 27 | 45| 28 | 27
Outofwater(NTU) | 3 | 5|2 | 6| 5

Removal rate (%) |91 |92 | 71|83 |90
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Figure 2. Turbidity removal effect diagram
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It can be seen from Figure 2 that the turbidity value of the water body fluctuates greatly, the
turbidity range of the influent is 17~45NTU, the turbidity range of the effluent is 2~6NTU, the
highest removal rate is 92%, and the lowest removal rate is 71%. In most cases, the turbidity
removal rate was maintained around 90%. The reason for the occasional lower removal rate is that
the backwash of the equipment is not carried out in time, so the turbidity value of the effluent will
be high. Based on the above analysis, the integrated equipment relies on physical filtration and
biological adsorption, which can play a better role in removing turbidity.

5. Conclusion

Based on the analysis of the characteristics of the advanced treatment of urban sewage sludge in
the up-flow aerated biological filter, this paper designs the COD and turbidity removal effect
experiments of the sewage sludge. The results show that the up-flow aerated biological filter can
play a better role. Good turbidity removal effect. Aeration process is one of the most effective and
economical treatment methods to solve these problems. It can overcome some shortcomings of the
traditional activated sludge process, such as: large investment, low production load, frequent sludge
bulking, slow start-up, slow response to shock loads, etc. Therefore, it is very important to study the
aerated biological filter as a high-performance, low-energy water treatment technology with low
energy consumption and low floor space.
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