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As non-renewable resource, the recovery and utilization of phosphorus from wastewater is an enduring topic.

Stimulated by the advances in research on polyphosphates (polyP) as well as the development of Enhanced

Biological Phosphorus Removal (EBPR) technology to achieve the efficient accumulation of polyP via

polyphosphate accumulating organisms (PAOs), a novel phosphorus removal strategy is considered with promising

potential for application in real wastewater treatment processes. This entry mainly focuses on the mechanism of

phosphorus aggregation in the form of polyP during the phosphate removal process. Further discussion about the

reuse of polyP with different chain lengths is provided herein so as to suggest possible application pathways for

this biosynthetic product.
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1. Introduction

With economic and industrial development, water pollution is becoming an inevitable environmental issue and

eutrophication in aqueous systems normally accompanies the excessive emission of phosphorus wastewater. To

eliminate the pollution, a treatment targeting the removal of phosphate from contaminated water has been adopted

since the 1950s . In general, the technologies utilized for phosphorus removal are mainly divided into three

categories, which are the chemical method , biological method , and chemical–biological combination method

. Regarding chemical phosphorus removal technology, the adsorption method is suggested as being more

promising since the adsorbed phosphate could be recovered for further utilization . Using ferrihydrite as the

adsorbent, the maximum monolayer adsorption capacities of PO   was verified as 66.6 mg·g    and the

adsorbed phosphorus could then be desorbed under alkaline conditions to be reused. In comparison, the biological

phosphorus removal method takes advantage of the specific metabolism properties of polyphosphate accumulate

organisms (PAOs) so as to excessively absorb phosphorus from wastewater and thereafter to remove P in the form

of activated sludge . Alternatively, chemical–biological combination methods have been developed for enhancing

the efficacy of biological treatment by introducing specific chemical substances to prevent the PAOs from losing

their phosphorus accumulation capabilities, particularly in environments that are not suitable for PAOs to thrive .

In consideration of the corresponding properties of the above phosphorus removal technologies, decisions on the

actual treatment strategies are made based on the actual water quality conditions as well as economic and

environmental requirements.
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2. Enrichment of PolyP in PAOs during EBPR Process

EBPR is a biological phosphorus removal technology that was developed in the 1970s and is now widely used in

sewage treatment plants around the world . Relying on PAOs or denitrifying phosphorous accumulating bacteria

(DPAOs) , EBPR technology can remove P by having the free P absorbed by functional microbes for the

purpose of growth and accumulated within the cell in the form of polyphosphate particles . The traditional EBPR

process diagram is illustrated in Figure 1. Generally, by alternating anaerobic and aerobic conditions, PAOs absorb

the volatile fatty acids (VFAs) in sewage during the anaerobic stage and store them as poly-β-hydroxyalkanoic acid

(PHA). This stored energy substance then serves as the carbon source and provides the energy required for the

phosphorus accumulation and polyphosphate synthesis in the sewage by the PAOs during the aerobic stage .

P is subsequently removed from the system when the abovementioned phosphorus-containing microorganisms are

discharged as phosphorus-rich sludge from the EBPR system . The content of polyphosphate can be as high as

20% of its dry weight in PAO-rich sludge , while it accounts for no more than 2% in normal wastewater treatment

sludge. Hence, this phosphorus-rich sludge produced in the EBPR process could be considered as having the

potential to be applied as the resource for phosphorus collection and further reuse. In addition, efforts could be put

into introducing PAOs with enhanced capabilities for phosphate accumulation so as to have more P recycled in the

form of polyP.

Figure 1. Diagram of traditional EBPR phosphorus removal method.

Although modern wastewater treatment is normally driven by biological metabolic activity, it is still an energy- and

time-consuming process. As such, how to make a profit in recycling the resource from wastewater has been

assessed . Egle et al.  summarized the traditional EBPR system for the treatment and recovery of

phosphorus in wastewater and believed that the recovery of 70% to 90% of the phosphorus in the sludge in the

form of ash was the best trade-off between cost and benefit. With the limited recovery rate of the traditional

phosphorus removal process, the development of strategies that recover dissolved phosphorus more efficiently in

the form of polyP is considered to be beneficial with respect to the techno-economic feasibility by taking into

account the application potential of this biosynthetic product.
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3. PolyP Recovery from Phosphorus Removal System

Traditionally, the phosphorus-rich sludge produced from EBPR is directly used as fertilizer or dehydrated for

incineration , although chemical and biological pollution accompany these operations. Instead, there may be

less of an environmental impact and more economical benefits if polyP is recovered properly from the phosphorus-

rich sludge. To develop an applicable polyP recovery process, the effect of the treatment on the type and chain

length of polyP should be taken into consideration as the performance of polyP is largely dependent on these

properties . In general, the type of polyP is determined by the type of PAOs and the culture conditions, while the

recovery method will affect the chain length of the obtained polyP. Herein, two recovery strategies are reviewed to

provide information regarding the practical requirements for further polyP reuse.

4. Application Prospects of Biosynthetic PolyP

Until now, although polyP has been suggested as being a significant participant in various biochemical activities,

such as being the activator of mitochondrial respiration regulation , the accelerating inducer of HUVEC

endothelial cell tube formation , and the scaffold for multifunctional polyanionic protein , the mechanism of the

biosynthesis of polyP in mammals has remained uncertain . Among the various scattered functions, applying

polyP as a generator and storage of metabolizable energy in the extracellular matrix (ECM)  in the osteoblast-

led bone mineralization process  and supplying polyP as a functional substance for preparing procoagulants and

anticoagulants in endogenous coagulation pathways  are considered as the most promising application

directions of biosynthetic polyP.
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