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Abstract 

Eiderdown, as a high-quality natural insulating material, is widely used in everyday life to make down products, and there is a 

huge market demand for them. However, the wastewater generated during the processing of eiderdown is characterized by a high 

concentration of fine down fibers and elevated phosphorus levels. Given the characteristics of the wastewater, this project employs 

a “bar screen + air flotation” pretreatment process to remove residual fibers and ensure the proper operation of subsequent treatment 

processes, followed by “Anaerobic-Anoxic-Oxic (A2/O) + chemical phosphorus removal” to achieve nitrogen and phosphorus 

removal. Operational results show that the influent water quality is chemical oxygen demand (CODCr) ≤ 150 mg/L, suspended 

solids (SS) ≤ 500 mg/L, total nitrogen (TN) ≤ 30 mg/L, and total phosphorus (TP) ≤ 120 mg/L, while the final effluent water 

quality is CODCr ≤ 55 mg/L, SS ≤ 60 mg/L, TN ≤ 15 mg/L, and TP ≤ 0.5 mg/L, consistently meeting the Class I standards of 

“Integrated Wastewater Discharge Standard” (GB 8978-1996). The actual operating cost is 0.67 yuan per cubic meter. More than 

95% of the treated water can be reused in the plant’s primary washing section and other processes, enabling the recycling of water 

resources and demonstrating significant economic viability. This process provides valuable insights for wastewater treatment in 

related industries. 
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1. Introduction 

Eiderdown is widely used in the manufacture of down jack-

ets, down comforters, and other products due to its excellent 

thermal insulation properties and light weight. As of 2024, 

China has become the world’s largest producer, consumer, 

and exporter of down products [1]. However, as demand and 

production continue to rise, issues in the eiderdown pro-

cessing industry are becoming increasingly prominent. Raw 

eiderdown must undergo processes such as washing and high-

temperature sterilization before it can be used. This process 

not only consumes a significant amount of water but also gen-

erates large volumes of polluted wastewater. This wastewater 

primarily contains down impurities, feces and soil adhering to 

the raw down, as well as small amounts of detergents, result-

ing in elevated concentrations of suspended solids (SS) and 

total phosphorus (TP). Direct discharge would have a serious 

impact on the surrounding water bodies. Therefore, identify-

ing effective treatment technologies for wastewater generated 

from eiderdown washing is of great practical importance [2, 

3]. 

Currently, wastewater generated from eiderdown washing 

is primarily treated using a combined process of “physical pre-

treatment and biological treatment.” However, there are two 

major challenges in treating this wastewater. First, animal ex-

creta and secretions adhering to the raw wool result in elevated 

levels of phosphorus pollutants in the water. In traditional ac-

tivated sludge systems, due to insufficient carbon sources in 

the influent, a portion of the nitrate is carried into the anaero-

bic zone during the sludge recirculation process. This causes 

denitrifying bacteria to compete preferentially for the carbon 

sources in the influent, leading to a decrease in the phospho-

rus-releasing efficiency of polyphosphate bacteria, which in 

turn affects the system’s phosphorus removal efficiency [4, 5]; 

Second, the wastewater has a high suspended solids (SS) 

content and contains a large amount of fine, short lint, which 

is difficult to remove effectively using conventional sedimen-

tation and filtration methods [6]. Therefore, addressing the 

dual challenges of suboptimal phosphorus removal and solid 

matter removal is key to improving the efficiency of 

wastewater treatment in duck down washing processes. 

This project involves the process design for treating wash-

water generated by a certain duck down manufacturing com-

pany. Given the characteristics of this type of wastewater, a 

“bar screen + air flotation” system is employed as the pretreat-

ment process to remove suspended solids such as fluff, 

thereby ensuring the stable operation of subsequent treatment 

facilities. Subsequently, the “Anaerobic-Anoxic-Oxic (A2/O) 

+ chemical phosphorus removal” process is employed as the 

core treatment method to achieve nitrogen and phosphorus re-

moval, enabling the enterprise to reuse the treated water. At 

the same time, water quality parameters meet the Comprehen-

sive Wastewater Discharge Standards. An analysis of opera-

tional economic and technical indicators is also conducted to 

provide a reference for the treatment of similar types of indus-

trial wastewater. 

2. Design Capacity and Water Quality 

Standards 

The design capacity of this project is 2,000 m3/day. Of this, 

100 m3/day of overflow water will be discharged into nearby 

water bodies after meeting the Class I standards of the “Com-

prehensive Effluent Discharge Standard” (GB 8978-1996); 

the remaining treated wastewater will be reused after meeting 

the enterprise’s reuse standards. For detailed parameters of the 

raw water quality, see Table 1. 

Table 1. Raw Water Quality Parameters. 

Indicators CODcr (mg/L) pH SS (mg/L) TN (mg/L) TP (mg/L) 

Raw water quality ≤150 6.0~9.0 ≤500 ≤30 ≤120 

 

The pollutant levels in the discharged wastewater must 

meet the Class I standards of the “Comprehensive Effluent 

Discharge Standards” (GB 8978-1996); specific parameters 

are shown in Table 2. In accordance with the company’s water 

quality requirements for the initial washing of eiderdown, wa-

ter that meets discharge standards may be used for the prelim-

inary washing process in this stage. 
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Table 2. Comprehensive Standards for Wastewater Discharge. 

Indicators CODCr (mg/L) pH SS (mg/L) TN (mg/L) TP (mg/L) 

Raw water quality ≤100 6~9 ≤70 ≤15 ≤0.5 

 

3. Process Design Approach 

The wastewater from eiderdown washing contains a large 

amount of suspended down; using two screens alone for solid-

liquid separation does not achieve satisfactory results in re-

moving the down. The air flotation process involves continu-

ously introducing air into wastewater to generate numerous 

tiny air bubbles. As these bubbles rise to the surface, they 

carry attached microscopic suspended particles with them, 

forming a scum layer on the water’s surface. By collecting this 

scum and foam, the process separates impurities and removes 

pollutants [7, 8]. 

Biological treatment technologies are widely used in 

wastewater treatment. Among these, the A2/O process is a 

classic biological treatment technology for denitrification and 

phosphorus removal. In the anaerobic zone, facultative 

anaerobic bacteria hydrolyze and acidify large organic mole-

cules into small organic acids, while polyphosphate accumu-

lating organisms break down intracellular polyphosphate to 

obtain energy and release phosphate into the water; In the an-

oxic zone, denitrifying bacteria use organic matter in the 

wastewater as a carbon source to reduce nitrate and nitrite 

from the aerobic return nitrification effluent into nitrogen gas 

[9], which is released from the water, thereby achieving deni-

trification; In the aerobic zone, nitrifying bacteria oxidize am-

monia nitrogen into nitrate, while phosphorus-accumulating 

bacteria excessively absorb phosphate from the wastewater, 

forming high phosphorus sludge that is discharged from the 

water body, thereby achieving phosphorus removal [10]. See 

Figure 1 for details. 

 
Figure 1. Schematic Diagram of the A2/0 Denitrification and Phosphorus Removal Process. 

However, in the A2/O process, insufficient carbon sources 

in the influent [11], combined with nitrate backflow in the an-

aerobic zone, cause denitrifying bacteria and phosphorus-ac-

cumulating bacteria to compete for carbon sources, thereby 

inhibiting phosphorus release by polyphosphate bacteria. This 

results in effluent phosphorus levels that fail to meet compre-

hensive wastewater discharge standards. Therefore, chemical 

phosphorus removal technology is added to the biological 

treatment process to further reduce the phosphorus content in 

the effluent [12, 13] When calcium salts are added to 

wastewater, calcium ions react with orthophosphates in the 

water to form phosphate precipitates. These precipitates pos-

sess a certain degree of adsorption capacity; through adsorp-

tion bridging and surface electrostatic interactions, they 
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adsorb other phosphorus-containing compounds in the water, 

ultimately achieving phosphorus removal through the separa-

tion of solids and liquids [14, 15]. 

4. Processing Workflow 

See Figure 2 for the specific design process flow. 

 
Figure 2. Wastewater treatment process flow. 

As shown in Figure 2, because the production wastewater 

contains a large amount of suspended solids, including down 

impurities and fine feathers, it first passes through two sets of 

screens to intercept and remove some of the larger particles 

from the raw water, thereby facilitating the proper operation 

of subsequent treatment equipment. After passing through two 

sets of screens, the wastewater flows by gravity into the pri-

mary settling tank. In the primary sedimentation section, sol-

ids are separated from the water, and the resulting sludge is 

discharged into the sludge thickening tank. Following this 

separation, the water quality and flow rate are regulated within 

the equalization tank, effectively buffering against sudden 

fluctuations in influent load. 

After leaving the primary settling tank, the effluent is 

pumped to the air flotation unit, where suspended solids in the 

wastewater are carried to the surface by tiny air bubbles, form-

ing scum, thereby effectively reducing the concentration of 

pollutants in the water. The effluent from the air flotation unit 

flows by gravity into the A2/O biological reactor, which con-

sists of an anaerobic zone, an anoxic zone, and an aerobic zone. 

In the anaerobic tank, under oxygen-free conditions, the 

wastewater undergoes hydrolysis and acidification of organic 

matter, along with phosphorus release by polyphosphate-ac-

cumulating organisms. This process provides a high-quality 

carbon source for subsequent reactions and lays the founda-

tion for biological phosphorus removal. In the anoxic tank, de-

nitrifying bacteria use carbon sources as electron donors to re-

duce nitrate in the nitrified effluent recirculated from the aer-

obic section into nitrogen gas, thereby achieving 

denitrification. The sludge-water mixture from the anoxic tank 

enters the aerobic tank, where polyphosphate-accumulating 

bacteria absorb excess phosphorus to form high-phosphorus 

sludge. The effluent from the biological reactor flows into the 

secondary settling tank for solids-liquid separation. A portion 

of the settled sludge is recirculated to the anaerobic section of 

the A2/O biological reactor, while the remaining sludge is sent 

to the sludge thickening tank to achieve phosphorus removal. 

Most of the effluent from the secondary settling tank is di-

rectly reused, while the remaining wastewater undergoes fur-

ther phosphorus removal. The effluent flows into Reaction 

Tank 1, where the addition of the chemical Ca(OH)₂ produces 

a stable calcium salt precipitate, while maintaining the pH at 

around 10. The effluent from Reaction Tank 1 flows into the 

final settling tank for solid-liquid separation. The effluent is 

then returned to Reaction Tank 2, where HCl is added to adjust 

the pH to 6–7, and finally discharged into the sewer system 

after meeting regulatory standards. 

The sludge thickening tank receives sludge and scum gen-

erated during the treatment process. After thickening, the 

sludge is pumped into a filter press for dewatering. The result-

ing filtrate is recirculated to the influent inlet, and the de-

watered sludge cake is transported off-site for disposal. 

5. Main Structures and Design 

Parameters 

1) Coarse Grating. 

A device for intercepting larger suspended solids and 
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floating debris in wastewater;1 unit, reinforced concrete struc-

ture, Dimensions: 4.2 m × 0.5 m × 1 m; inlet channel width: 

0.121 m; widening length: 0.52 m; opening angle: 20°; nar-

rowing length: 0.26 m. The channel width is 0.37 m, the bar 

spacing is 0.05 m, and the flow velocity through the bars is v 

= 0.10 m/s. 

2) Fine-Mesh Screen. 

A device for intercepting small suspended solids and float-

ing debris in wastewater; 1 unit, reinforced concrete structure, 

dimensions 4.2 m × 0.5 m × 1 m, inlet channel width 0.121 m, 

widening length 0.52 m, opening angle 20°, narrowing length 

0.26 m. The channel width is 0.41 m, the bar spacing is 0.01 

m, and the flow velocity through the screen is v = 0.09 m/s. 

3) Pre-Settling Tank. 

A device used to regulate water quality and flow and to pre-

settle sediment.1 unit, reinforced concrete structure, dimen-

sions 12 m × 15 m × 5.5 m, effective volume 500 m³, hydraulic 

retention time (HRT) 6 hours. 

Auxiliary Equipment: 2 lift pumps, 1 in service, 1 on 

standby. 

4) Air Flotation Unit. 

A device that uses bubbles to separate suspended solids 

from water. One set, above-ground integrated system. Treat-

ment capacity: 100 m³/h; effective volume: 150 m³; HRT: 1.5 

hours. Primarily used to remove lint and some suspended sol-

ids from laundry wastewater. 

5) A2/O Biological Treatment Tank. 

A biological treatment unit for the simultaneous removal of 

organic matter, total nitrogen, and total phosphorus from 

wastewater. One unit, reinforced concrete structure, dimen-

sions 16.0 m × 15.0 m × 5.0 m, effective volume 1,125 m3, of 

which the anaerobic zone has an effective volume of 187.5 m3 

and a hydraulic retention time of 2.3 hours; the anoxic zone 

has an effective volume of 187.5 m3 and a hydraulic retention 

time of 2.3 hours; the effective volume of the aerobic zone is 

750 m3, with a hydraulic retention time of 9 h. 

Auxiliary Equipment: Two Roots blowers, rated power 

18.5 kW. 

6) Secondary Settling Tank. 

A sedimentation unit used for separating solids from water, 

enabling the recirculation or discharge of activated sludge. 

One unit, reinforced concrete structure, dimensions (D) 11 m 

× 5.0 m, flow area 95.0 m², surface load 0.88 m3/(m2·h). 

7) Reaction Tanks. 

A tank used for adding chemicals and facilitating chemical 

reactions. Two units, reinforced concrete construction, dimen-

sions 3.0 m × 1.0 m × 5.0 m, effective volume 13.5 m3, reten-

tion time 10 min. 

Auxiliary Equipment: Two reaction mixers, 2.5 kW each. 

8) Final Settling Tank. 

A tank used for final sludge-water separation and sedimen-

tation. 1 unit, reinforced concrete structure, dimensions (D) 11 

m × 5.0 m, flow area 95.0 m2, surface load 0.88 m3/(m2·h). 

9) Reclaimed Water Tank. 

A tank used to store treated water that meets quality stand-

ards for reuse. 1 unit, reinforced concrete structure, dimen-

sions 3.0 m × 4.0 m × 5.0 m, effective volume 54 m3. 

10) Sludge Thickening Tank. 

A tank designed to reduce sludge moisture content and 

sludge volume. 1 unit, reinforced concrete structure, dimen-

sions (D) 7 m × 5 m. 

Auxiliary Equipment: 1 filter press; 1 sludge pump, power 

5.5 kW, flow rate 5 m3/h, head 45 m. 

6. Operation Effect 

This project has been in operation for more than nine 

months. Over the past half year, the water quality has stabi-

lized, and the “bar screen + air flotation” pretreatment system 

has proven effective in removing fine fibers. Removal rates 

for CODCr, SS, and TP in the final effluent at the discharge 

point have improved. Currently, the actual influent flow rate 

is 2,000 m3/d. The effluent from the biological treatment unit 

meets the facility’s requirements for reclaimed water. Further-

more, the addition of advanced chemical phosphorus removal 

to the A2/O process has resolved the suboptimal phosphorus 

removal performance caused by insufficient carbon sources in 

the A2/O process. All effluent parameters consistently meet 

the Class I standards of GB 8978–1996. Table 3 shows the 

effluent water quality of the main pollutants from each treat-

ment unit. As shown in the table, after undergoing a series of 

treatment processes, the suspended solids content in the 

wastewater was significantly reduced to 60 mg/L, represent-

ing a decrease of 88%, while total TP remained stable at 

around 0.3 mg/L. This clearly demonstrates that the combined 

pretreatment process can effectively mitigate the impact of 

suspended solids in the wastewater and enhance the phospho-

rus removal efficiency of the biological treatment process, 

with all key process units achieving the expected treatment ef-

ficiency. The final effluent from this project consistently met 

discharge standards, demonstrating that the combination of 

bar screen and air flotation for pretreatment, followed by an 

A2/O process with chemical phosphorus removal, is a viable 

method for treating wastewater generated from down washing. 

This approach can serve as a reference for other companies in 

the same industry. 
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Table 3. Pollutant Removal Efficiency of Each Unit. 

Water Quality Parameters 

Treatment Units 
CODCr (mg/L) SS (mg/L) TN (mg/L) TP (mg/L) 

Primary Settling 

Tank 

Inlet 150 450 30 120 

Outlet 125 400 30 120 

Removal Efficiency (%) 16.7 11.1 0 0 

Air flotation tank 

Inlet 125 400 30 120 

Outlet 115 280 25 108 

Removal Efficiency (%) 8 30 16.7 10 

A2/O -secondary 

clarifier 

Inlet 115 320 25 108 

Outlet 60 150 12 18 

Removal Efficiency (%) 47.8 53.1 52.0 83.3 

Reaction-Settling 

Tank 

Inlet 60 150 12 18 

Outlet 55 60 12 0.3 

Removal Efficiency (%) 8.3 46.7 0 98.3 

Water Quality Standards 100 70 15 0.5 

 

7 Economic Analysis 

The total cost of this project is 1,909,600 yuan, comprising 

1,544,000 yuan for civil engineering and 365,600 yuan for 

equipment and materials. The daily operating cost of the 

wastewater treatment facility is 1,331.84 yuan, comprising 

764.00 yuan for electricity (as shown in Table 4), 327.84 yuan 

for chemicals, and 240.00 yuan for labor. The daily volume of 

treated water discharged in compliance with standards is esti-

mated at 2,000 m3, resulting in a water treatment cost of 0.67 

yuan per m3. 

Table 4. Electricity Costs for Equipment. 

Serial Number Designation Rated power (kW) 
Quantity 

(units) 
Operating time (h) 

Electricity consumption 

(kW·h) 

1 Lifting Pump 15.0 2 10 150.0 

2 Air Flotation Unit 5.2 1 20 104.0 

3 Roots Blower 37.0 2 12 444.0 

4 Recirculation 

Pump 

15.0 2 10 150.0 

5 Sludge Pump 5.5 1 1 5.5 

6 Reactor Agitator 2.5 2 20 100.0 

7 Filter Press 1.5 1 1 1.5 

8 Total / / / 955.0 
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The shaft power of the machinery is calculated as 80% of 

the motor power. At a rate of 1 yuan per kilowatt-hour, daily 

electricity costs amount to 764.00 yuan. 

8 Conclusion 

Given the high levels of impurities and total phosphorus in 

the wastewater from down washing, this project employs a 

“bar screen + air flotation” system for pretreatment, combined 

with an “A2/O + chemical phosphorus removal” treatment 

process, ensuring that the effluent consistently meets both the 

company’s reuse standards for the down pre-washing stage 

and the discharge standards set forth in the “Comprehensive 

Wastewater Discharge Standard” (GB18978-1996). The treat-

ment process has demonstrated excellent performance. 

The combination of a bar screen and the air flotation pro-

cess utilizes the release of microbubbles to carry suspended 

particles in the wastewater to thesurface, effectively removing 

suspended solids while reducing chemical costs. This ensures 

that the subsequent A2/O biological treatment process can ef-

fectively handle pollution load shocks and improves biologi-

cal treatment efficiency. Because the wastewater from down 

washing contains high levels of phosphorus, chemical precip-

itation is used to assist in phosphorus removal. By utilizing the 

reaction between calcium salts and orthophosphates, phospho-

rus is further removed from the water, ensuring that the 

wastewater consistently meets regulatory standards. This 

combined process has demonstrated excellent applicability for 

treating wastewater generated from Down Feather Washing 

production. It recycles more than 95% of the water, thereby 

achieving water resource recycling, and holds significant po-

tential for promotion within the relevant industry. 

Abbreviations 

A2/O Anaerobic-Anoxic-Oxic 

CODCr  Chemical Oxygen Demand 

SS Suspended Solids 

TN Total Nitrogen 

TP Total Phosphorus 
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