
Research Progress on Biochemical Process Treatment 
of Coking Wastewater 

Jiajing Che* 

*Corresponding author Email: 2019890649@qq.com 

School of Architecture and Art, Central South University, Changsha, 410083, China 

Abstract: Coking wastewater, as one kind of industrial wastewater, was discharged in 
the process of coking, which is polluted by organic matter and metal ions. The 
wastewater was highly polluting and difficult to treat, so an efficient method is needed to 
treat the coking wastewater. At present, coking wastewater is mainly treated by 
biochemical technology. This study first briefly describes the source, composition and 
harm of the coking wastewater. Then introduces the common treatment methods and 
processes of coking wastewater, reviews the application of different biochemical 
treatment technologies in coking wastewater treatment, compares and summarizes the 
different processes of biochemical technology (including A/O, A1/A2/O, A/O/O process), 
and finally discusses the research direction of biochemical technology treatment of 
coking wastewater. This paper can provide reference for future biochemical treatment of 
coking wastewater. 
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1. Introduction 

Coking wastewater is produced from the initial cooling of coke oven gas and coking 
production process and the steam condensing wastewater [1].It is a typical kind of industrial 
wastewater containing refractory organic compounds. If treated improperly, it will cause great 
harm to the environment. 

At present, the treatment process of coking wastewater mainly includes three parts: 
pretreatment, biochemical treatment and advanced treatment. In the pretreatment step [2], 
some technologies are often used, such as homogeneous precipitation, air flotation, oxidation, 
oil isolation and reverse osmosis. The pretreatment process can remove part of the pollutants 
that are easy to be removed and reduce the difficulty of treatment for subsequent treatment. 
And biochemical treatment technology mainly adopts anoxic/oxic (A/O) biological treatment, 
after biochemical treatment, the wastewater cannot meet the discharge standard, and need 
further depth treatment, depth treatment technology includes advanced oxidation, coagulation 
precipitation and immobilization biotechnology and reverse osmosis membrane treatment 
technology. 

 Coking wastewater can be recycled after reasonable treatment. In the above three treatment 
steps, biochemical treatment is the biggest improvement of the water quality of coking 
wastewater, and it is also the most important part of sewage treatment. At present, the main 
biochemical technology for the treatment of coking wastewater is A/O series process. The 
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A/O series process is developed in the general biochemical treatment technology, combining 
aerobic treatment with anaerobic and hypoxia treatment, and using some obligate bacteria to 
achieve the transformation of different nitrogen forms into harmless nitrogen[3]. This series of 
processes is very effective in treating coking wastewater with high COD and high ammonia 
nitrogen. A/O series process including technologies like A/O, A1/A2/O, A/O O,etc. [4]. 

This paper first describes the source, composition and harm of coking sewage, summarizes the 
application progress of the above several processes in coking wastewater treatment, analyzes 
the A/O series biochemical treatment technology, and introduces the advantages and 
disadvantages of several A/O series processes in the treatment of coking wastewater. This 
paper can provide reference for future biochemical treatment of coking wastewater. 

2. Characteristics of Coking Wasterwater 

2.1 Composition of coking wastewater 

Coking wastewater contains suspended particulate matter, nitrogen, oxygen, phosphate, 
sulfide, phenols, benzene, multi-cyclic aromatic compounds and heavy metals [5], which is a 
typical industrial wastewater containing refractory organic compounds. From the perspective 
of water quality characteristics, coking wastewater is characterized by low pH value, high 
chemical oxygen demand (COD), biochemical oxygen demand (BOD), solid suspended matter 
concentration (Table 1). 

Table 1. Comparison of the composition and discharge standards of coking wastewater 

2.2 Hazards of coking wastewater 

Coking wastewater contains high concentration of organic matter, suspended matter and 
pollutants, these substances will cause irreversible impact on the environment [10]. Among 
them, organic matter mainly includes benzene, toluene, etc., with toxic and carcinogenic [11]. 
Certain phenolics can also cause protein denaturation and precipitate [12]. The accumulation 
and deposition of suspended matter, phosphate and sulfide in coking wastewater lead to 
excessive eutrophication of water, causing the proliferation of algae, and finally forming the 
bloom phenomenon [13]. In addition, the coking wastewater also contains ammonia nitrogen, 
cyanide and other pollutants, which will not only cause pollution to the water body, but also 
have a negative impact on the air and soil [14]. The heavy metals in coking wastewater not 
only affect the growth and development of aquatic animals, but also threaten human life and 
health through the biological enrichment of the food chain [15]. Therefore, a series of effective 
measures should be taken to treat the coking wastewater to ensure the people's health and the 
integrity of the ecosystem. 

 CODcr(mg/L) 
Phenol 
(mg/L) 

Ammonia 
nitrogen(mg/L) 

Prussiate(mg/L) pH Reference 

Coking 
wastewater 

4000-8000 
5000-
7000 

1500-2500 5-15 9±0.2 
[6-9] 

Effluent 
standard 

100 0.5 10 0.5 6-9 



3. A/O Series Process 

There are many organic substances in coking wastewater that are difficult to be degraded by 
microorganisms alone. Only when they coexist with easily degradable organic substances, can 
they be degraded into degradable organic substances through the common metabolic action of 
microorganisms [10]. Therefore, the wastewater treatment plants simply use aerobic or 
anaerobic technology to treat the coking sewage is difficult to reach the standard of discharge 
[5]. The main biochemical technology for the treatment of coking wastewater is A/O series 
process. The A/O series process is developed in the general biochemical treatment technology, 
combining aerobic treatment with anaerobic and hypoxia treatment, and using some obligate 
bacteria to achieve the transformation of nitrogen form, and finally into harmless nitrogen[3]. 
A/O series process includes A/O, A1/A2/O, A/O/O etc. [4] 

3.1 Anaerobic-aerobic (A/O) process 

wastewater first flows into A section (denitrification) and then experience the aeration 
treatment of O section (aerobic) , organic compounds in wastewater serve as carbon source in 
denitrification reaction, cooking wastewater should be proceed denitrification in the hypoxia 
pool, denitrification produced in the nitrification reaction consumption reduce about 50% [16], 
organic compound in wastewater which is difficult to be aerobic degraded can be degrade into 
simple fats and organic matter , thus improve the biochemical feasibility of wastewater [17]. 
The nitrogen removal process is simple and used widely. This process uses the organic matter 
in water as the carbon source to removal denitrification, and the alkali produced in the 
denitrification process can be used in the nitrification reaction stage, which makes full use of 
the carbon source and saves the alkali [18]. After treatment of A/O process, the NH4+ in the 
wastewater was quickly oxidized to NO3-N, NH3-N and NO2-N [19], the removal rate of 
COD, ammonia nitrogen and other pollution indexes in wastewater can reach 95% (Table 2). 

Table 2. Comparison of wastewater before and after treated by A/O process 

 
COD 

(mg/L) 

Ammonia 
nitrogen 
(mg/L) 

Volatile 
phenol (mg/L) 

Cyanide 
(mg/L) 

pH Reference 

Original 
coking 

wastewater 
2981 125 130 11 9.33 

[9] 
Coking 

wastewater 
after treated  

95 2.261 0.46 0.462 7.67 

Removal 
rate% 

96.81 98.19 99.65 95.8 - 

The pH, reflux ratio, temperature and quality of wastewater are important parameters which 
affecting the treatment effect of coking wastewater in A/O process. The pH value of the 
aerobic tank is not easy to control which will affect the stable operation of the whole system. 
The pH of general nitrification process is controlled at 7.5-8.0, and the pH of denitrification 
process is controlled at 6.5-7.0. When the reflux ratio is too low, the concentration of nitrate 
nitrogen which flow into the denitrification pool is low, resulting in a low level of C/N at 
denitrification pool, and the denitrification reaction cannot proceed normally. If the reflux 



ratio is too high, the concentration of nitrate nitrogen which flow into the denitrification pool 
is high, carbon source is insufficient and need adding carbon source; in addition, A high reflux 
ratio will lead to the high dissolved oxygen content in the denitrification pool and inhibit the 
denitrification. The reflux ratio of 2-4 is appropriate. The temperature of wastewater is also 
one of the important factors affecting the growth of microorganisms. Too high temperature 
leads to the death of microorganisms, while too low temperature will inhibit or even stop 
microbial growth. The appropriate temperature for nitrification was 25-35℃ and that for 
denitrification was 32-34℃. The content of organic matter in the wastewater is closely related 
to the operation stability of the system. When the COD is about 3000 mg/L, the A/O system is 
running normally, the effluent index is relatively stable and could attain the standard of 
discharged; when the COD is between 4500 and 6000 mg / L, the A/O system stability is poor, 
the effluent COD increases, and the indexes of volatile phenol and cyanide are abnormal[20]. 
So A/O process needs controlling the quality of wastewater with an inlet COD <4500 mg/L to 
ensure stable operation of the system and outlet water quality. 

3.2 A1/A2/O (anaerobic, aerobic and oxic) process 

A1/A2/ O method is composed of three sections of biological treatment device, adding 
anaerobic section on the basis of A/O process, the order is anaerobic, hypoxia and anaerobic, 
the anaerobic section can hydrolyze acidification wastewater better, in order to improve the 
efficiency of subsequent treatment (hydrolysis acidification promotes the biochemical 
feasibility of coking wastewater) [10].A1/A2/ O process improves the oxidative 
decomposition capacity of carbon source on the basis of A/O process [21], and has the 
characteristics of strong impact load resistance and stable operation, but there are still 
deficiencies in some indicators, such as low sulfide removal rate and NH3-N is also more 
difficult to stabilize below 15mg/L [22]. Show in table 3.  

Table 3. Comparison of inlet and outlet coking water through A1/A2/O process 

 
COD 

(mg/L) 
Volatil 
(mg/L) 

Prussiate 
(mg/L) 

Sulfide 
(mg/L) 

Ammonia 
nitrogen 
(mg/L) 

pH Reference 

Inlet coking 
water 

2000-
3000 

400-600 10-20 30-100 200-300 7-10 

[23] Outlet 
coking water 

120-180 0.01-0.5 0.01-0.5 0.3-1 5-25 7-8 

Removal 
rate (%) 

94 99.9 99.9-97.5 99 97.5-91.7  

A1/A2/O process will be affected by factors such as pH, reflux ratio, temperature and 
wastewater quality. The water’s temperature for anaerobic and hypoxia stage of A1/A2/O 
process is about 55℃. The dissolved oxygen in aerobic tank should be controlled above 2 
mg/L. Too high dissolved oxygen content can cause sludge swelling; with too low content, 
bacterial death and loss will occur, so the dissolved oxygen in hypoxic tank should be control 
below 0.5mg/L [23]. The removal rate of TN can increase under the C/N value, reduce the 
sludge production and alkali injection, shorten the reaction time and reduce the reactor volume 
[16].The oxic pool needs to control the pH value at about 8.0-8.4. And the aerobic pool 
controls the pH value at 6.5-8.0. Ammonia nitrogen releases H＋ during nitrification which 



resulted in the decrease of pH value, the pH value of the aerobic pool can be guaranteed 
basically by reflow effect. But the the aerobic pool must be modulated pH value to guarantee 
by adding Na2CO3[23]. The change of climate causes the change of wastewater temperature 
and affects the treatment results in the system obviously. The suitable treatment’s temperature 
is 20℃ -30℃. When the water temperature is less than 18℃, the bacterial vitality decreases 
and the concentration of COD and NH3-N in coking wastewater rise. The active of bacteria 
which process cyanide will be inhibited when the water’s temperature was higher than 35℃, 
and then the concentration of cyanide increased significantly. The water quality of the system 
may also lead to the effluent COD to exceed [24], and the mass concentration after ammonia 
is NH3-N is controlled below 300 mg/L; COD should be controlled below 3500 mg/L; and 
sulfide is controlled below 80 mg/L [23]. The change of the incoming water mass 
concentration will also affect the nitrification and denitrification process, and the bacterial 
vitality will be inhibited, especially the ammonia nitrogen index of the effluent. 

3.3 A/O/O process 

Section A of the A/O/O process is the anoxic denitrification section, the first O is the 
nitrosating section, and the second O is the nitrification section. In the traditional nitrification 
and denitrification process, the nitrogen in the coking wastewater is composed of nitrite 
nitrogen (NO2-), which needs to consume a certain amount of dissolved oxygen when 
converted to nitrate nitrogen (NO3-). When reconverting NO3- into NO2-, more organic 
carbon sources will be consumed. A/O/O process can achieve the denitrification directly rather 
than converting NO2 to NO3-. A/O/O process improves the activity of the microorganisms 
system and the impact resistance and load capacity of the system , better solve the 
phenomenon of high dissolved oxygen, improve the denitrification ability of A section, a part 
of nitrite root water flow back to A Section, with nitrite nitrogen removal method, can reduce 
the amount of alkali add about 20% [25]. The efficiency of removal COD and ammonia 
nitrogen is high. For A/O/O process, the removal rate of COD in coking wastewater can attain 
more than 95%, ammonia nitrogen and sulfide removal rate can attain more than 97%, and 
volatile phenol removal rate can reach more than 99% (Table 4). 

Table 4. Comparison of inlet and outlet coking water through A/O/O process 

 
COD 

(mg/L) 

Ammonia 
nitrogen 
(mg/L) 

Volatil 
(mg/L) 

Sulfide 
(mg/L) 

Prussiate 
(mg/L) 

SS(mg/L) pH Reference 

Inlet 
coking 
water 

2243.1 99.3 455 27.2 1.78 214.2 8.276 

[26] 
Outlet 
coking 
water 

100.4 2.82 0.037 0.69 0.13 0.13 6.701 

Removal 
rate% 

95.52 97.16 99.99 97.47 92.7 78.52  

Note: The coking wastewater in this table has been pretreated, so the water intake value is low. 
Practice has proved that [27], at the same total reaction time, the removal of COD and 
ammonia nitrogen, A/O/O has higher efficiency than A1/A2/O. Both the effluent COD and 
ammonia nitrogen are guaranteed to meet the standards. But the removal rate of cyanide and 
SS is not very high. 



3.4 Comparison of the advantages and disadvantages of the biochemical process 

A/O method of biological treatment system has poor ability to resist impact and require high 
quality of water [20]. Compared with A/O/O process and A/O process, A/O/O process saved 
carbon source about 40%, under the same ratio of carbon to nitrogen, ammonia nitrogen 
removal rate increased, oxygen demand reduced about 25%, alkali consumption reduced about 
20%, time of staying has been shortened, the sludge of production is greatly reduced, the 
process of ammonia nitrogen load impact capacity is stronger than A/O [28]. 

Denitrification and detoxification capacity of A1/A2/O system is greater than that of the A/O 
system [29]. At the aerobic unit with DO <0.5 mg/L and pH <6.5, The load of anaerobic 
treatment COD of A1/A2/O2 process can be increased by 20-30 times compared with A/O 
process [10], A1/A /O process is more suitable for the treatment of high concentration of 
refractory coking wastewater [30]. 

A1/A2/O and A/O/O process, and more aerobic tank of A/O/O than A1/A2/O, A/O/O process 
is more difficult to manage than A1/A2/ O process[31]. Moreover, anaerobic conditions are 
more conducive to microbial degradation, and the microbial ring-opening enzyme system is 
not strong, which prevents the degradation of polycyclic aromatic meridian and heterocyclic 
compounds [27]. Anaerobic conditions are more able to degrade toxic and refractory 
substances, and the number of aerobic units located after anaerobic conditions has little effect, 
so from the perspective of microbial degradation A1/A2/O process is superior to the A/O/O 
process [32]. In addition, in the above three processes, A/O/O has the highest energy 
consumption, the total hydraulic residence time is the longest in the process of low-
concentration coking wastewater treatment, the area is large and the operation difficulty is 
high [31], so A1/A2/O process is more suitable for the treatment of coking wastewater. 

4. Conclusion 

Coking wastewater contains a variety of organic compounds and heavy metals, which is a 
typical kind of industrial wastewater containing refractory organic compounds. Biochemical 
treatment can significantly improve the water quality of coking wastewater. A1/A2/O process, 
as a kind of biochemical processing techniques has better treatment effect in removing the 
COD content of coking wastewater and harmful substances such as ammonia nitrogen, and the 
cost, footprint and energy consumption of A1/A2/O process are relatively reasonable, so 
A1/A2/O process is the most suitable for treating coking wastewater in the current A/O series 
biochemical technology. 

5. Outlook  

Although A/O series biochemical technology has made some achievements in the treatment of 
coking wastewater, the single A/O technology is not complete to treat coking wastewater 
currently, the technology still needs to be further developed and improved in the future. With 
the strengthening of environmental governance and the improvement of environmental 
protection awareness, coking industry are more and more inclined to choose composite 
process to treat coking wastewater. For instance, A1/A2/ O process and MBR process, A/O 



process and air flotation, A/O and coagulation process, The combination of A1/A2/ O process 
and three-dimensional electrode electrocatalytic technology has achieved good results in the 
treatment of coking wastewater. In addition, it is necessary to do a good job in wastewater 
pretreatment and deepening treatment, strengthen the scientific management of each link, and 
strive to make the indicators of water to reach the first level of water discharge, and further 
improve and optimize the wastewater treatment process, and reduce the operation cost. Under 
the premise of the effluent quality standard discharge, explore the wastewater reuse method 
and attain "zero pollution and zero discharge", and finally to achieve the harmonious 
coexistence of natural and unity. 
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