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Abstract
Introduction: Studying activated sludge biodiversity can serve as a basis for choosing alternative ways for disposal of excess activated sludge. The purpose of the study was to explore diversity of the activated sludge bacterial community at municipal and industrial biological wastewater treatment plants (BWWTPs) in Perm using the method of metagenomic sequencing and determine the possibility of accumulating polyhydroxyalkanoates with a biomass of mixed cultures. The following methods were used: metagenomic sequencing of 16S rRNA genes, epifluorescence microscopy, atomic absorption method for determination of heavy metals concentration. As a result, biodiversity of activated sludge at municipal BWWTPs, an oil refinery (OR) and a pulp-and-paper mill (PPM) (Perm, Russia) was analyzed. It was shown that Proteobacteria, Firmicutes and Bacteroideteswere the dominant phyla of the Bacteria domain in all samples studied, with Proteobacteria in activated sludge at the municipal BWWTPs being 55 %, industrial BWWTPs — from 26 (OR) to 62% (PPM). Activated sludge at OR treatment facilities was dominated by Firmicutes (45 %), and the dominant family was Peptostreptococcaceae (61 %). In activated sludge of the anaerobic and aerobic zones of the aerotank at municipal BWWTPs, the Acinetobacter genus dominated — 12 and 44 %, respectively, at PPM treatment facilities — Sulfuricurvum sp. (17 %), OR treatment facilities — Romboutsia sp. (50 %). It was shown that after growing the biomass of activated sludge in the nitrogen-limited medium with sodium butyrate, the cells of all samples contained inclusions of polyhydroxyalkanoates. Polyhydroxyalkanoates production can be considered as an option for the use of excess activated sludge.
Keywords: activated sludge, metagenomics, bacterial diversity, polyhydroxyalkanoates.
Introduction
Biodiversity of activated sludge is formed by microorganisms of different systematic groups, however, it is prokaryotes that play a dominant role in wastewater treatment processes. Physicochemical factors such as water chemistry, pH, the presence of pollutants and their concentration, temperature, and the content of dissolved oxygen can influence the ratio of various phylogenetic groups of the Bacteria domain. One of the modern methods to obtain the most complete information on the composition of the microbial community is the method of metagenomic sequencing of 16S rRNA genes. Recently, metagenomic studies have been widely used to study microbial communities of various ecological niches, including a number of works devoted to the study of the metagenome of activated sludge (Glover, 1988). Thus, the biodiversity of activated sludge from municipal wastewater, steel mills, the wastewater treatment system of coal mines, the general wastewater treatment plant, the treatment of pharmaceutical, chemical, and paint and varnish production (Mitchell et al., 2014), oil refining, textile, pharmaceutical production, enterprises of the synthesis of acrylic polymers, dyeing fabrics, processing whey, the production of pet food. Information on the microbial diversity of activated sludge broadens the idea of ​​the participation of bacteria of different systematic groups in the cycle of biogenic elements, and can serve as a basis for choosing alternative ways of utilizing surpluses of activated sludge. One of the main problems of biological wastewater treatment is the accumulation of excess activated sludge that must be disposed of. There are various approaches to this problem: anaerobic processing, incineration, pyrolysis, production of syngas, use of activated sludge as fertilizers, carbonation to obtain adsorbents, production of beneficial substances from activated sludge, for example, extraction of metals, production of enzymes, proteins, biopesticides and bioplastic Polyhydroxyalkanoates (PGA) are spare nutrients of microorganisms, biodegradable polyesters, which are an environmentally safe alternative to plastics produced by the petrochemical industry. PHA can be obtained not only from the biomass of microorganisms-superproducers, but also synthesized by mixed cultures. A number of researchers consider the potential of activated sludge as a source of PHA. The process of obtaining PHA from activated sludge can include several stages: 1) treatment of wastewater with enrichment and production of biomass accumulating PHA; 2) acidogenic fermentation of activated sludge to obtain volatile fatty acids; 3) accumulation of PHA in biomass on a medium with volatile fatty acids; 4) selection of PHA and their characteristics. It is known that microorganisms accumulate PHA in cells with a lack of nutrients (mainly nitrogen and phosphorus) in the medium and an excess of carbon source. Cavaillé et al. Showed that about 40% of the bacterial community of activated sludge from a culture limited in phosphorus is represented by Acinetobacter sp., Zoogloea sp. and Simplicispirasp., with Acinetobacter and Zoogloea being typical producers of PHAs in activated sludge. In connection with the foregoing, the purpose of the work was to study the diversity of the bacterial community of activated sludge from municipal and industrial bio-fertilizers in the city of Perm using the method of metagenomic sequencing and determining the possibility of accumulation of PHA in biomass of mixed cultures.
Methods 

Samples of activated sludge were selected in April 2017 at the communal biological treatment facilities of the city of Perm (LLC Novogor-Prikamye) and LLC LUKOIL-Permnefteorgsintez (PNOS), in May 2017 at the BOS of Perm pulp and paper mill (PCBK) . Prior to DNA isolation, the samples were stored at 5 ° C. Preparations of the chromosomal DNA of bacteria were obtained by the phenol method. Metagenomic analysis of the samples was carried out on the 16S rRNA genes on the MiSeq and Ion Torrent PGM platforms. The library for sequencing was prepared in accordance with the instructions and protocols for the MiSeq and Ion Torrent PGM sequencers (Roche Kapa Library Prep Kit Illumina 50 Rxn / KAPA Kit) (Gosstandart of Russia, 2001). To obtain the necessary PCR fragments used 2 rounds of PCR. The nucleotide sequences of the main primers for the 16S rRNA region were used: V1F GAGTTTGATCMTGGCTCAG; V3R WTTACCGCGGCTGCTGG. The structure of the primers with the adapter for the sequence of the region 16sRNA (V1E9F and V2E10R).
Results
A metagenomic analysis of the bacterial community of samples of utility sludge from municipal (KBOS) and industrial (PNOS, PTsBK) biofeedback was carried out. It was shown that the main phyla of the Bacteria domain represented in the active sludge of both industrial and municipal sewage treatment plants were Proteobacteria, Firmicutes, and Bacteroidetes (Figure 1). Among the bacterial phylum-containing silt both aerobic and anaerobic zones of municipal biofeedback and wastewater treatment plants

6767 The ecology-paper mill was dominated by the Proteobacteria phylum, whereas in the active sludge of the refinery’s treatment facilities, 45% of all members of the bacterial community belonged to the Firmicutes philum.
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Figure 1. Bacteria domain phylums prevailing in active sludge of various biofeedback.

The concentrations of heavy metals in activated sludge and wastewater have been determined. It is shown that the content of heavy metals in active sludge from communal waste water treatment plants is several times higher than that of PNOS and PGPK (table 1).
Table 1. Indicators of the content of organic matter and pollution of waste water with petroleum products (mg/l).
	Samples
	Indicators

	
	HPK
	BOD
	Oil products

	kBOS
	324.67
	189.56
	5.7

	PNOS
	317.24
	-
	156.3

	PCBK
	2846.00
	760.00
	-


Discussion
Thus, when studying the biodiversity of activated sludge from household and industrial bio-bio-plants, it was shown by the method of metagenomic sequencing that Proteobacteria, Firmicutes and Bacteroidetes were the dominant phyla in all the samples studied, except for active silo BOS of the petrochemical plant, which was dominated by the Firmicutes.
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