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Abstract. The lack of water resource and the increasing water pollution have become bottleneck which 
restricted social progress and economic development. The amount of municipal sewage is large and the 
pollution is relatively light, so it has a significant potential for recovery and recycle from municipal 
wastewater. As the most widely used of wastewater denitrification technology in the current water treatment 
industry, biological denitrification efficiency has been shackled by the lack of inflow carbon source and low 
C/N ratio. To solve the issue of insufficient carbon source and low nitrogen removal efficiency of traditional 
biological denitrification technology，the paper summarized the concept, evaluation methodology and 
significance of biodegradability, several typical techniques for elevating biodegradability also have been 
mentioned. It will provide reference for process selection in improving the biodegradability of wastewater 
through analyzing their advantages and disadvantages in the application process.  

1 Introduction 
In recent years, the issue of water eutrophication has 
become increasingly prominent, and a series of incidents 
caused by it have affected the daily life of residents 
seriously. Nitrogen and phosphorus are the main factors 
that cause the water eutrophication. Therefore, it is 
significant to discharge nitrogen and phosphorus below 
standard in particular. Biological denitrification 
technology is the most widely used technology of 
wastewater denitrification, pollutants are degraded and 
wastewater is purified by making use of the metabolic 
action of microorganisms, and the sufficient carbon 
source is the key for denitrifying bacteria to efficient 
denitrification. Kuba [1] proposed that it was necessary 
to add the external carbon source to guarantee the 
biological denitrification effect when the C/N ratio of 
influent is less than 3.4. However, the C/N ratio of 
chemical wastewater, aquaculture wastewater, landfill 
leachate and domestic sewage of some cities are most 
lower than this value. In the actual project, methanol or 
ethanol have usually been added to the low C/N ratio 
wastewater in order to achieve the high efficiency of 
nitrogen removal. But in this way, the limited organic 
resources have been consumed and the running cost of 
the sewage plant has increased. It will be the emphasis of 
this paper to improve the C/N ratio of sewage and 
enhance its biodegradability on the purpose of achieving 
the goal of efficient nitrogen without adding external 
carbon. 

2 Overview of wastewater 
biodegradability  

2.1 The definition of wastewater biodegradability 

The wastewater biodegradability is one of the important 
characteristics of wastewater, which means that the 
difficulty of organic pollutants have been degraded by 
microorganism. The substance of the wastewater 
biodegradability is pointed that the chemical structure of 
pollutants in the wastewater have been changed through 
the metabolism of microorganisms, thus achieving the 
degree of chemical and physical properties of pollutants 
[2]. 

The purpose of studying the biodegradability of 
pollutants is to understand whether the molecular 
structure of the pollutants can be decomposed to the 
environment acceptable structure and the speed of 
decomposition is fast enough to help the biological 
treatment process and improve the efficiency of 
treatment. 

2.2 The assessment of wastewater 
biodegradability 

2.2.1 Method of aerobic respiration 

The aerobic biodegradation process of organic matter is 
accompanied by the consumption of O2

 and the 
generation of CO2 [3].The biodegradability of pollutants 
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(or wastewater) can be determined by measuring changes 
with the concentration of O2 or CO2 in the process of 
respiratory metabolism. 

The method of BOD5/CODCr ratio is the most 
classical method to evaluate the biodegradability of 
wastewater. The main advantage of this method is that 
the determination methods of BOD and COD are mature, 
and the equipment for analysis is simple relatively. 
However, the turnaround time of BOD is long, and the 
temperature, pH value and other factors will also lead to 
errors in measurement. In addition, the measured value of 
COD also includes some inorganic reductive substances 
(such as S2-, SO4

2-, etc.) ，which can not reflect the 
content of organic pollutants in the wastewater accurately. 
Therefore, the traditional BOD5/CODCr ratio method 
could not adapt to the requirements of modern production 
and scientific research any more. 

TOC, TOD and other indicators could reflect the 
concentration of organic pollutants in wastewater better 
than COD, and these indicators are able to be measured 
by analysis instruments fastly. As a result, TOC, TOD 
and other indexes have begun to replace COD in recent 
years. 

2.2.2 Determination of microbial quantity or activity 
method 

After the contaction between microorganism and 
wastewater, the biodegradability of wastewater could be 
reflected by observing the variation about quantity or 
activity of microorganism indirectly. Due to essence of 
microbial decomposition is dehydrogenation, we could 
make use of the activity of dehydrogenase as an indicator 
to evaluate the ability for microorganism to decompose 
pollutants [4]. If the activity of dehydrogenase increases 
in culture medium with certain pollutants, it indicates 
that microorganisms can degrade the pollution. 
Adenosine triphosphate (ATP) is a kind of material for 
energy storage, so ATP content could be used as an 
indicator to evaluate the ability of microorganisms to 
catabolize pollutants 

Although the dehydrogenase activity and ATP content 
have already been measured in kinds of mature methods, 
due to the complex operation and various instruments 
and drugs, these two methods are mainly used in 
scientific research. 

2.2.3 Direct evaluation method 

This is a method to determine the feasibility of biological 
treatment of wastewater by measuring the removal 
efficiency of pollutants. It can be determined by shaking 
table test and biochemical model test specifically. 

The concrete operation of the shaking table test is to 
add appropriate N, P and other nutrients to the certain 
pollutant (or waste water) in a series of erlenmeyer flasks, 
adjust the pH value and inoculate one or more 
microorganisms(which can be acclimated active sludge) 
into the bottle. Eventually the bottles are oscillated in the 
shaking table. 

The variation of physical appearance of the culture 
medium(concentration, color, smell, etc.), the variation of 
microorganism (bacteria, biomass，biofacies, etc.) and 
chemical composition (pH, COD, BOD or the 
concentration of pollutants). 

The biochemical model test was carried out in a 
biochemical reactor model (such as aeration tank model). 
The removal efficiency of the different sewage treatment 
facilities and the influence of sewage biological 
treatment could be predicted through simulating reaction 
conditions (MLSS, temperature， DO, F/M ratio, etc.) of 
actual sewage treatment facilities (such as aeration tank) 
in the biochemical model. Therefore, the model test was 
suitable to illustrate the feasibility of biological treatment 
of wastewater accurately. 

2.3 The significance of improving wastewater 
biodegradability 

Wastewater treatment is an important part of 
environmental protection engineering, and biological 
method plays an significant role in sewage treatment [5,  
[6]. The feasibility and effectiveness of biological 
treatment of wastewater is judged by its biodegradability 
[7,  [8]. The biodegradability of wastewater refers to 
the ability of contaminants to be deposited and utilized. 
Researching the biodegradability of wastewater has great 
significance to enhance biological treatment effect and 
the selection of treatment processes. 

3 Common methods to improve the 
biodegradability of sewage 

3.1 Ozone pretreatment 

The combined of ozone and biological treatment can 
improve the removal efficiency of persistent organic 
pollutant, the biodegradability of wastewater improved 
by Ozone peroxidation, and the persistent organic 
pollutant would be removed by the subsequent biological 
treatment [9,  [10]. The 
heterogeneous catalytic oxidation process made use of 
solid catalyst to produce more intermediate products 
(such as hydroxyl radical·OH) and accelerate the 
oxidation of liquid phase (or gas phase), in order to make 
the molecular structure of organic compounds change 
from complex to simple, thus achieving the purpose of 
increasing the biodegradability of wastewater [11].  

Yang [12] investigated the improvement of ozone on 
the biodegradability of secondary effluent through 
ozonizing the different kind of  secondary effluent from 
3 typical WWAP in Beijing. To adjust ozone dosing time 
to control ozone concentration at 2, 4, 6, 8 and 10 mg/L 
for batch test method. The results showed that UV254 and 
SUVA (UV254 /DOC) decreased with the increase of 
ozone dosage, UV254 and SUVA reduced more than 54.4% 
and 56.6% respectively when the dosage of ozone was 6 
mg/L; BOD5 /COD、BDOC and BDOC/DOC enhanced 
more than 30%, 360% and 360%, respectively. It was 
indicated that proper ozone dosage could improve the 
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biodegradability of secondary effluent. 

3.2 Pretreatment of Fenton reagent 

Fenton technology is widely used in refractory 
wastewater treatment because of its good treatment effect, 
low cost and simple operation. Fenton reagent is the 
combination of Fe2+ and H2O2. The origin of Fenton 
reagent was that French scientist Fenton discovered Fe2+ 
and H2O2 could be mixed in a specific ratio to oxidize 
tartaric acid effectively under acid conditions in 1894 
[13]. Therefore, the reaction involved Fenton reagent is 
also known as Fenton reaction because his discovery lays 
the foundation for Fenton reagent in wastewater 
treatment [14]. The Fenton reaction was first used in 
wastewater treatment until 1964, Canadian scholar 
Eisenhouser used the Fenton method to treat phenol and 
alkyl wastewater and achieve good results [15]. 

Up to now, Fenton method as an advanced oxidation 
technology has been widely applied in improving the 
biodegradability and reducing COD of wastewater [16,  
[17,  [18]. Ming [19] adopted Fenton agent to enhance 
the biodegradability of the pesticide wastewater, the 
initial COD concentration was 676.8 mg/L, the dosage of 
H2O2 and FeSO4·7H2O were 0.4 mol/L and10 g/L with 
the reaction condition（pH=3, T=25℃）, and shaking 
speed was 160 r/min. After 60min reaction, the COD 
removal efficiency of wastewater reached 83.9%, and 
BOD5/COD increased from 0.075 to 0.92. In 2004, Pala 
and Erden [20] treated garbage leachate with COD 22400 
mg/L by Fenton method. The COD removal efficiency 
reached 79% under the condition that the dosage of H2O2 
and Fe2+ were all 2500 mg/L. Huseyin Tekin [21] studied 
the treatment effect of Fenton reagent on 10 kinds of 
pharmaceutical wastewater. The initial COD 
concentration and pH value were 900-7000 mg/L and 3.5, 
the dosage of H2O2 and Fe2+ were 5 and 0.32 mol/L, 
respectively (T=50℃). 

3.3 Photocatalytic oxidation (PCO) 

Photocatalysis technology has begun to attract people's 
attention and become the leader in emerging 
environmental protection technology in 1970s. The 
beginning of photocatalytic research came from the paper 
from Fujishima [22] in 1972, which was published on 
Nature about producing hydrogen by photocatalytic 
water-splitting with the use of emiconductor metal oxide 
TiO2. From then on, people has begun to pay attention to 
the field of photocatalysis and realized the wide 
application of photocatalytic technology. 

The light conditions of photocatalytic technology (k < 
390nm) are easier to be realized and less affected by 
other factors. Becides, the photocatalyst is non-toxic, 
harmless, non corrosive, stable and reusable, which 
determine its broad application prospect and powerful 
market development. 

In view of the shortcomings of photocatalytic method, 
scientists have begun to combine photocatalytic 
oxidation with other methods to achieve high efficient 

and deep processing. Cui [15] studied on the treatment of 
refractory organic compounds in fermented wastewater 
by UV/O3 catalytic oxidation process, the results showed 
that both activated carbon and titanium dioxide could 
obviously accelerate the reaction efficiency. It can not 
only increase the removal rate of COD, but also shorten 
the reaction time, and the synergistic effect of activated 
carbon and TiO2 was better. The research of Yan [23] 
about the combined treatment of Ultrasonic wave-TiO2 
photocatalysis in treating landfill leachate indicated that: 
When the dosage of TiO2 powder was 2g/L and pH value 
was 11, the ultrasonic radiation of 292.5W was first used 
for 3min, and then irradiated with high pressure mercury 
lamp (250W) in 3min. The removal efficiency of COD 
and ammonia in the leachate were 50.1% and 75%, 
respectively. 

The combination of photocatalysis and biological 
methods has attracted more and more researchers' 
attention in many combined treatments. As a strong 
oxidizing technology, photocatalytic oxidation method 
could mineralize some refractory organic matter, thus it 
is conducive to bioavailability and degradation. At 
present, the combination of photocatalysis and biological 
has obtained good effect. Parra [24]employed the 
combination of photocatalysis and biological process to 
treat isoproturon wastewater, after proceeding 
photocatalytic pretreatment for 1h, the BOD5/COD ratio 
of isoproturon solution(0.2mM) increased from 0 to 0.65, 
it was an appropriate method to enhance the 
biodegradability of the wastewater. 

4 Conclusion 
The testing methods and standards of biodegradability 
are facing the technological innovation. With the 
progress of science and technology, a large number of 
new instruments have emerged constantly, and the 
measurement of various water quality indicators were 
more accurate and convenient. Unlike the traditional 
BOD5/CODcr, TOC and TOD are better than COD to 
reflect the concentration of organic pollutants in the 
wastewater. It is a kind of trendency for these indicators 
to replace COD. 

Ozone preoxidation is still the most widely way to 
improve the biodegradability in the field of water 
treatment. The principle of photocatalytic oxidation is a 
hot spot in recent years. The mechanism from the 
improvement of biodegradability still need to be 
explored. 

There are many ways to enhance biodegradability. It 
will be the innovative research direction in this field 
about combining different treatments and improving the 
biodegradability synergistically. 
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