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Abstract: In recent years, the rapid development of China's economy has greatly promoted the 
development of various fields such as chemical industry, pharmaceutical industry, and commerce, 
on the other hand, it has also posed challenge to water environment. Sewage needs to be properly 
treated, otherwise it will easily affect people's life and health. Therefore, the application of 
biological treatment technology should be considered in sewage treatment to avoid secondary 
pollution to water and environment. Immobilized photosynthetic bacteria are highly stable and 
efficient, besides, they are easy to store and transport, which can greatly improve the efficiency of 
sewage treatment. Immobilized photosynthetic bacteria technology mainly uses physical and 
chemical methods to confine microorganisms in a limited space in the water, while maintaining 
biological activity. Significant results can be achieved if photosynthetic bacteria and carrier 
materials can be combined for sewage treatment. 

1. Introduction 
The binding efficiency of immobilized photosynthetic bacteria and carrier materials is subject to 

the types of carriers, growth activities may vary as carriers change. Adding some growth-promoting 
factors or protective agents can reduce the difference between the treatment efficiency of 
immobilized microorganisms and free microorganisms. After added into the polluted water, the 
photosynthetic bacteria can combine, degrade, or adsorb the polluted material, thereby removing 
various pollutants without contaminating the water. In addition, the technology of immobilized 
photosynthetic bacteria has many advantages such as no secondary pollution, high treatment 
efficiency, and strong resistance to environmental influences [1]. The application in sewage 
treatment can effectively avoid the influence of environmental factors, improve the efficiency of 
sewage treatment, and increase the utilization rate of water resources. 

2. Problems in the Application of Immobilized Photosynthetic Bacteria in Pollution Treatment 
2.1 Impact of Embedding Carriers 

The embedding carrier used in the immobilized photosynthetic bacteria may hinder the diffusion 
of some substrates and affect the growth and biological activity of the microorganisms during the 
treatment. At the same time, the internal structure and metabolic activity of the microorganisms will 
be different as other factors change, which will not only lower the processing efficiency, but also 
reduce the stability of immobilized photosynthetic bacteria, even cause more problems. However, 
the research on immobilized photosynthetic bacteria is insufficient so far, and it is difficult to 
provide a theoretical basis to solve this problem. 

2.2 Complex Components of Sewage Sediment 
Sewage sediment contains many kinds of pollutants. When using photosynthetic bacteria for 

treatment, it is hard to remove all pollutants with only one type of bacteria, therefore, a variety of 
mixed bacteria need to be selected and mixed for treatment according to the components of the 
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sediment. However, it also increases the complexity of immobilized photosynthetic bacteria 
technology, making the stability of the processing hard to guarantee. 

2.3 Recycling of Carrier Materials 
In the sewage treatment process, some immobilized microorganisms don’t work. Since 

technology for recycling carrier materials is still in its infancy, further researches need to be carried 
out. 

2.4 Lack of Related Research on Secondary Pollution of Water 
China's research on immobilized photosynthetic bacteria treatment technology is relatively 

inadequate. It lacks comprehensive research on heavy metals and organic matters in water and 
sediment, so it is difficult to provide theory support for comprehensive treatment practice. 

3. Specific Application of Immobilized Photosynthetic Bacteria in Sewage Treatment 
3.1 Treatment of Printing and Dyeing Sewage by Immobilized Photosynthetic Bacteria 

The sewage generated by the printing and dyeing plant has many kinds of pollutants, such as 
high salinity and toxic substances. Immobilized photosynthetic bacteria technology can be applied 
in this circumstance. According to relevant research, in the treatment of printing and dyeing sewage, 
purple non-sulfur bacteria are generally used to decolorize the sewage, so that the active brilliant 
red in the sewage can be degraded. This chemical reaction is pretty rapid and has high treatment 
efficiency [2]. 

3.2 Treatment of Organic Sewage 
Organic sewage mainly includes sewage generated by industries such as chemical industry and 

pharmaceutical industry. The sewage is highly polluted and toxic, and contains complex organic 
components. Common microorganisms have no significant effect on the treatment of sewage. 
Therefore, this type of sewage can be processed with immobilized photosynthetic bacteria. 
Compared with the previous anaerobic treatment technology, photosynthetic bacteria have higher 
stability, tolerance, and processing efficiency. In related research, photosynthetic bacteria were 
selected for treatment according to the main substances in organic sewage. For example, in Mao 
Xuehui and Xu Mingfang’ research, the organic sewage treatment in the catering industry has been 
processed by the immobilized unicellular bacteria. And more than 80% fatty acid in the sewage has 
been processed [3]. 

3.3 Treatment of Aquaculture Sewage 
The aquaculture sewage contains excretion, feed residues, animal carcasses, etc. Plus the poor 

fluidity of the water, most of these substances tend to sink to the bottom, undermining the water 
quality. The immobilized photosynthetic bacteria are helpful in purifying the sewage as well as 
enhancing the economic benefits of the breeding industry. The aquaculture sewage contains more 
ammonia nitrogen. According to this situation, appropriate algae and photosynthetic bacteria can be 
added to the water to reduce its ammonia nitrogen content. What’s more, the microorganisms are 
rich in sugars, fats, proteins and various organic substances. It can be used as feed for farmed 
animals in water, without affecting water quality. In the related research by Wang Lan and others, 
they mainly used zeolite and sodium alginate to fix photosynthetic bacteria. After the photosynthetic 
bacteria are fixed, the ammonia nitrogen content in sewage can be effectively suppressed, and the 
COD content is also very low. It can be seen that photosynthetic bacteria can effectively alleviate 
water pollution and protect ecological environment [4]. 

3.4 Treatment of Heavy Metal Sewage 
Heavy metals in sewage have greatly impacted microorganisms. Therefore, photosynthetic 

bacteria should be chosen reasonably to help process sewage. Proteins, lipids, peptidoglycans and 
other substances contained in the cell wall of microorganisms are prone to be attracted by heavy 

6



metals because the unshared electrons in hydroxyl groups, amide groups will react with gold 
particles in heavy metals to make coordination complex and adsorb heavy metal substances. At the 
same time, when light and bacteria are immobilized, the adsorption capacity and degradation 
capacity are improved, which can largely absorb heavy metals in sewage. Studies by Xue Gaoshang, 
Hu Lijuan, and others mentioned that it is possible to use microorganisms to carry out 
biotransformation of heavy metal ions. Adding appropriate photosynthetic bacteria in the 
biotransformation of heavy metals can make heavy metals less toxic, and effectively reduce the 
toxic heavy metal substances contained in the environment. Redox and coordination complexes are 
mainly involved in this process [5]. 

4. Specific Application of Immobilized Photosynthetic Bacteria in Sewage Sediment Treatment 
Due to physical and chemical effects, some pollutants in the water will eventually sink to the 

bottom sediment. As a result, a large amount of pollutants exist in the sediment. Without treatment, 
the sediment will become new pollutant, causing the polluted water to be contaminated again. 
Biological treatment technology and physical treatment technology are commonly used in sediment 
treatment. Physical treatment technology refers to desilting, in which physical machinery is used to 
directly remove the silt at the bottom. But if large-scale desilting is used, the biological population 
structure and ecosystem under the water will be badly destroyed. Although the sediment problem 
has been settled, new ecological problems will arise, so it is definitely not applicable. Resorting to 
bioremediation technique might be a good choice, which can treat pollutants in the sediment 
without causing secondary pollution. Immobilized photosynthetic bacteria also can be used to solve 
sewage sediment, they are of high efficiency and relatively low cost, and can well protect the water 
ecology [6]. Relevant research shows that the selection of photosynthetic bacteria to treat pollutants 
in the sediment can effectively reduce the organic matter in the sediment and adsorb more heavy 
metal substances, thereby removing a large amount of pollutants in the sediment. However, there 
are not enough studies on the treatment of sewage sediment with the help of photosynthetic bacteria, 
and the research system is not mature. In-depth research and analysis are needed to select 
appropriate photosynthetic bacteria for sewage treatment, so as to protect the water ecosystem, and 
to improve the treatment efficiency of sewage sediment. 

5. Conclusion 
All in all, in future development, immobilized photosynthetic bacteria will be widely used in the 

field of sewage treatment due to their biological characteristics, such as adsorbing heavy metals, 
degrading organic matter, cleaning sewage sediment. They can improve the efficiency of sewage 
treatment and solve serious ecological problems. However, more related researches need to be 
carried out. In future studies, the application methods and application fields of immobilized 
photosynthetic bacteria should be carefully discussed to improve their functions, extend the 
advantages, solve ecological problems, protect the ecological environment, improve the utilization 
of water resources and finally benefit people's daily life. 
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