TTOBOJDKCKUN DKOJIOTUYECKUM KYPHAJL 2022. Ne 2. C. 206 — 215

Povolzhskiy Journal of Ecology, 2022, no. 2, pp. 206-215
https://sevin.elpub.ru

Original Article
https://doi.org/10.35885/1684-7318-2022-2-206-215

Identification of hydrocarbon-degrading bacterial consortium isolated
from the oil-contaminated muddy soil in Hanoi, Vietnam

D. T. Tuyen, N. T. K. Thanh, N. X. B. Khoa, N. C. Cuong ™

Joint Russia—Vietnam Tropical Science and Technology Research Center
63 Nguyen Van Huyen St., Cau Giay, Ha Noi, Vietham

Received: 21 January 2022 / revised: 25 February 2022 / accepted: 28 February 2022

Abstract. Bioremediation is a promising approach for treating oil-contaminated environments.
The main objective of this study was to isolate bacteria capable of degrading hydrocarbons for ap-
plication in oily wastewater treatment from oil-contaminated sites in Hanoi, Vietnam. The bacteri-
al consortium studied was obtained from an oil-contaminated muddy soil sample enriched with
crude oil mixed with diesel oil as a carbon source. The reconstituted consortium was able to de-
grade 93% of the oil content after 7 days of testing. A total of five pure bacterial strains were iso-
lated on TSA agar from the complex microbial communities and were selected as potential candi-
dates for oily sludge biodegradation processes. These isolates were identified based on their mor-
phological and biochemical characteristics. By using molecular biology techniques, five hydrocar-
bons degrading bacteria were investigated and identified as Pseudomonas mendocina strain MD1
(OL687411.1), Pseudomonas hydrolytica strain MD2 (OL771695.1), Brucella intermedia strain
MD3 (OL687412.1), Pseudomonas stutzeri strain MD4 (OL687413.1), and Stenotrophomonas
nitritireducens strain MD5 (OL687414.1). The morphological and biochemical characterization of
these bacteria showed that five of them were Gram-negative, rod-shaped, catalase positive, the
ideal pH was neutral, and the optimum growth temperature was 30°C in a culture medium with a
salinity of 0.5%. These strains are capable of producing extracellular enzymes, such as lipase, am-
ylase, cellulase, and protease.
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IDENTIFICATION OF HYDROCARBON-DEGRADING BACTERIAL CONSORTIUM

INTRODUCTION

Up to now, petroleum hydrocarbons products are still an indispensable source of
raw materials and fuel in an industrial society, effectively serving socio-economic devel-
opment. However, the exploitation, processing, and oil transportation often lead to the
release of oil into the environment. Use of petroleum products also cause many harms,
especially many types of untreated petroleum are discharged polluting on both soil and
water environment (Nandy et al., 2020). Due to its hazardous effects, it is necessary to
treat oily appropriately (Khusnuryani et al., 2016).

Oil-polluted effluents come from many different sources. Oily wastewater is a mix-
ture of polyaromatic hydrocarbons, petroleum hydrocarbons, phenols ..., which are nu-
merous toxins and difficult to degrade (Tian et al., 2018). The process of the mineraliza-
tion of organic chemicals depends on dehydrogenase activity of oil-degrading microor-
ganisms. The result of biological breakdown of hydrocarbons is to the formation of CO,,
H,0O, and microorganism biomass. Therefore, crude-oil biodegradation in the environ-
ment by mixed microbial populations and aerobic hydrocarbon-degrading (ex-situ treat-
ments) is a popular approach for bioremediation of regions contaminated because of
ability to utilize diesel oil as sole source of carbon of many naturally occurring microor-
ganisms (Welz et al., 2021).

Although several studies have reported for the degradation of multiple hydrocar-
bons by pure culture bacteria, such as Mycobacterium sp., Stenotrophomonas sp., and
Sphingomonas sp. (Mariano et al., 2007; Patowary et al., 2016; Kumari et al., 2018).
However, some studies of using bacterial consortium in waste treatment have been con-
ducted. The results indicated that the efficiency of degradation process was enhanced by
a bacterial consortium rather than a single strain because their enzymatic and metabolic
function was stimulated by the communities involved as a consortium (Sathishkumar et
al., 2008). Bento showed that the inoculum of pre-selected indigenous strains of micro-
organisms from their own environment is the best simple approach of cleaning in situ
bioremediation of diesel-contaminated soils (Bento et al., 2003). Kumari proposed that
the consortium of bacteria has significant potential in remediation of multiple polycyclic
aromatic hydrocarbons compounds in crude oil (Kumari et al., 2018).

The inoculation of an enriched mixed microbial consortium into water waste is a
strategy for ex-situ treatments biodegradation water waste contaminated with diesel oil.
In this paper, the bacterial strains were isolated from an enriched bacterial consortium
capable of degrading crude oil mixed in diesel oil (DO). And the objective of this study
was also to identify the bioremediation diesel oil microbial consortium from enriched
samples.

MATERIAL AND METHODS

Samples, media and culture. Nine oil-contaminated muddy soil samples for the iso-
lation of bacteria capable of degrading crude oil were collected from oil contaminated
sites in Hanoi, Vietnam. Surface sediment samples were collected at some wastewater
discharge outlets by using a sterile stainless steel spoon, packed in sterile plastic bags for
transport to the laboratory and stored at 4°C (Mariano et al., 2007).
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Mineral salt medium (GOST 9023-74) contained the following: KNO; — 4 g;
KH,PO4— 0.5 g; Na,HPO4 — 1.4 g; MgSO4 — 0.8 g, distilled water 1L, addition 5% crude
oil mixed in DO (at a ratio of 5:95). The DO fuel used for enrichment and the petroleum
products used for biodegradation experiments were collected from petroleum company
(Petrolimex, Vietnam) (Hien et al., 2013). For solid medium, GOST 9023-74 broth was
supplemented with 20 g/L agar. All the media were autoclaved at 121°C for 30 min. The
cultures were grown at 30°C in an incubator or a rotary shaker at 180 rpm for liquid me-
dia (Patowary et al., 2016).

Isolation and selection of crude hydrocarbons-degrading bacteria. Oil-
contaminated muddy soil samples were used as a natural source for oil degrading bacte-
ria. Enrichment culture technique using GOST 9023-74 medium was applied to isolate
bacteria. Enrichment of microbial culture was carried out in 1000 mL Erlenmeyer flasks
containing 300 mL of GOST 9023-74 liquid medium supplemented with 5% crude oil
mixed in DO at a ratio of 5:95 (w/v). Soaking a total of 10 g oil-contaminated muddy
soil samples in 100 mL sterile water contained in 250 mL conical flask. The flask was
adequate shaken and blended at 180 rpm for 30 min, after that standing for 20 min.
30 mL of the supernatant was extracted and added into 300 mL GOST 9023-74 liquid
medium containing 5% crude oil mixed in DO (w/v) as the only energy and carbon
source (Patowary et al., 2016). These flasks were incubated on a rotary shaker of 180
rpm at 30°C for 7 days. At weekly intervals during the initial enrichment, 30 mL of the
enrichment culture was extracted and transferred into the same fresh medium. After
three consecutive cultures, total bacteria were isolated and numbered by using the pour
dish technique on plate count agar (Sathishkumar et al., 2008). The liquid culture (1 mL)
of each sample was added to 9 mL of physiological saline solution and agitated for 1
min. The liquid culture was performed tenfold serial dilution to a concentration of 10-8,
10-9, 10-10. Spreading 100 pL of each dilution aliquots aseptically onto a range of cul-
ture Tryptic soy agar (TSA) media (containing peptone from casein 15 g/L, peptone
from soymeal 5 g/L, NaCl 5 g/L, agar 15 g/L) in Petri dishes and incubated for 24 — 48 h
at 30°C. The observation and counting of colony-forming units (CFU) was performed on
the plates appearing 25 — 250 colonies. The single isolates with phenotypic differences
were streaked onto similar medium to obtain pure strains of oil-degrading bacteria. Then
the single colonies were transferred into TSA media and stored in fridge at -20°C in 20%
glycerol for further studies (Tian et al., 2018).

Characterization of isolates. Morphological and biochemical characterization of
bacterial strains were compared to the Bergey manual. The isolated colonies were incu-
bated on TSA agar for 24 — 48 h and examined the morphological properties by optical
microscopy at 400x and 1000x magnification. The morphological properties was exam-
ined by an Axio Image 2 (Imager.Z2) microscope display with integrated Zeiss Axiocam
503 Color Camera Unit at 100X objective, incorporating Zen 3.3 software (blue version)
(Phuong et al., 2021).

Molecular identification of crude hydrocarbons-degrading bacteria. The isolated
strains were identified based on partial sequence analysis of the 16S rRNA gene. Cells
grown on TSA agar for 24 h were used to extract and purify genomic DNA by using a
Kit ZR Fungal/Bacterial DNA MiniPrepTM (Zymo Research, UK). The 16S rRNA gene
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fragments were amplified in the Thermal Cycler for DNA amplification (GeneAmp™
PCR System 9700, Life technologies applied biosystems, Singapore). By using 16S
rDNA universal primer pair 27F (5'-AGAGTTTGATCATGGCTCAG-3', forward pri-
mer) and 1492R (5'-TACGGYTACCTTGTTACGACTT-3', reverse primer). Pro-
grammed PCR was performed as follows: initial denaturation step of 94°C for 5 min,
followed by 30 cycles of 94°C for 1 min, primer annealing at 52°C for 1 min, and exten-
sion at 72°C for 1.5 min, finally, extension incubated at 72°C for 5 min. Amplified PCR
product was resolved by electrophoresis on 1% agarose gel and sent for directly auto-
mated sequencing at 1st Base Laboratories Sdn. Bhd., Malaysia. The 16S rRNA se-
quencing data were compared with GenBank sequences by the BLAST tool on Gen-
Bankk (http://www.ncbi.nlm.nih.gov/) and constructed a neighbor-Joining phylogenetic
tree (Kumar et al., 2016).

Screening of extracellular hydrolytic enzymes production. The method of agar plug
diffusion was used to determine the ability to produce extracellular hydrolytic enzymes
of microbial strains on agar medium. The bacteria strains were analyzed for their ability
to produce lipase, amylase, cellulase and protease. Mineral salt medium (GOST 9023-
74) was used as basal medium with the addition of 1% substrate (w/v, tween 80, starch,
gelatin, cellulose) as the only energy and carbon source (Patowary et al., 2016). The iso-
lates were incubated on substrate agar plates for 24 h at 30°C. The agar plugs of bacteria
culture media with 9 mm diameter were placed on substrate agar medium (1%, w/v),
respectively for the determination of lipase, amylase, protease and cellulase activity.
Place the dishes in a 4°C fridge for 4 — 6 hours for the diffusion of enzymes in the plug
into the agar medium. The petri dishes were then incubated at 30+2°C and visible clear
zone around the plug after Lugol drops on agar (de Veras et al., 2018; Do et al., 2021).
All tests were repeated in triplicate.

Data analysis. A Neighbor-Joining phylogenetic tree was constructed by using a
MEGA?7 software based on 16S rRNA sequences (Kumar et al., 2016). The results were
expressed as mean =+ standard deviation (SD) of at least three independent experiments.
Statistical data processing was performed using the software package MS Excel 2000
(Microsoft Corp.).

RESULTS AND DISCUSSION

Isolation and morphological, biochemical, physiological characterization of oil-
degrading bacteria. Oil-degrading bacterial isolates were obtained from oil contaminat-
ed sites in Hanoi, Vietnam. Using the enrichment technique in liquid mineral medium,
5% crude oil mixed in DO adding to GOST medium was used as the only energy and
carbon source to grow of oil-degrading strains. After a series of three further subcultures,
microbial populations were determined by using the pour plate technique on plate count
agar on GOST plates containing 5% crude oil mixed in DO (w/v), and count the colony-
forming units, CFU/g. The results showed that the best performance in diesel oil degra-
dation was the third enriched samples times. In this time, there is the increase of a specif-
ic microbial community and nutrient addition, diesel oil 5%, related to the dehydrogen-
ase activity than the number of different microorganisms species. Indigenous microbial
in initial muddy soil samples are well adjusted to their own environment after enrich-

TTOBOJIKCKUM SKOJIOTMYECKUI )KYPHAT Ne2 2022 209



D. T. Tuyen, N. T. K. Thanh, N. X. B. Khoa, N. C. Cuong

ment. Thus, increasing immediately the population density of indigenous microorgan-
isms pre-selected could ensure rapid degradation of diesel oil.

Isolation of oil-degrading bacteria were performed under similar conditions with
morphological differences strains. From nine oil-contaminated muddy soil samples, after
enrichment culture, a combination of microorganisms capable of degrading oil was se-
lected for isolation and further study. The population for bacterial species after a series
of three further subcultures reached a density of 9.3x10'" to 1.1x10'> CFU/mL. This
indicates a rapid growth of oil-degrading bacteria populations. A total of five pure bacte-
rial strains were isolated on the TSA agar from the complex of microorganisms and were
selected as potential candidates to oily sludge biodegradation processes. Five strains
were labeled as MD1, MD2, MD3, MD4, MDS5. The morphological and biochemical
characterization of bacteria revealed that five of them were Gram-negative and rod shape
(Fig. 1). All bacteria were catalase positive, optimal pH was neutral. They were cultivat-
ed in a medium with a salt concentration of 0.5% and optimal growth temperature for
bacteria averaged 30°C. Microbial consortium consisted of five strains isolated from an
effectively enriched oil-contaminated muddy soil samples. This is very suitable when
using a combination of these strains in microbial inoculation to treat oily wastewater in
natural ecological conditions.

>
-
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Fig. 1. Morphology characteristics of the five strains. The colony morphologies of MD1 (al),
MD2 (b1), MD3 (c1), MD4 (d1), MDS5 (el) strains on TSA agar and the Gram-stained MD1 (a2),
MD2 (b2), MD3 (c2), MD4 (d2), MDS5 (e2) cells observed under 1000% light microscope, respec-
tively

Identification of oil-degrading bacteria. A total of five trains were cultured onto
appropriate media to obtain pure growth and the partial sequencing of the 16S rDNA

gene were identified. The 16S rRNA gene sequences analysis led to identification three
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different genera represented among the strains: Pseudomonas sp. (MD1, MD2 and
MD4), Brucella sp. (MD3), and Stenotrophomonas sp. (MDS5). The 16S rDNA gene se-
quences of these strains were submitted into NCBI databases under the following Gen-
Bank accession numbers: MD1 (OL687411.1), MD2 (OL771695), MD3 (OL687412.1),
MD4 (OL687413.1) and MD5 (OL687414.1), respectively (Table 1). Phylogenetic tree
of the five strains based on 16S rDNA sequences was constructed by the neighbour-
joining method using MEGA 7 software. In the phylogenetic tree, MD1 and MD?2 strains
form a separate branch along with MD4 strain (Fig. 2).

Table 1. Identification of five strains based on 16S rDNA sequences

Isolate Accession number / NCBI Identification
MDI1 0L687411.1 Pseudomonas mendocina MD1
MD2 OL771695.1 Pseudomonas hydrolytica MD2
MD3 OL687412.1 Brucella intermedia MD3
MD4 0L687413.1 Pseudomonas stutzeri MD4
MD5 OL687414.1 Stenotrophomonas nitritireducens MD5

Pseudomonas mendocina NCIB 10541 (NR043421)

&. Pseudomonas hydrolytica (MK248116)

Pseudomonas aestus CMAA1215 (NR169429)

100 L Psendomonas stutzeri ATCC 17588 (NR03934)
Pseudomonas urumgiensis T3 (NR171524)
Pseudomonas mangrovi TC11 (NR171510)
Pseudomonas fildesensis KGO1 (NR170438 )
MD5
Stenotrophomonas nitritiveducens L2 (NR025305)
Stenotrophomonas daejfeonensis MJ03 (NR117259)
Stenotrophomonas panacihumi MEK06 (NR117406)
Stenotrophomonas tumulicola T5916-2-1b (NR148818)
Stenotrophomonas bentonitica BI-RT (NR157765)
= -Stenotrophomonas pavanii ICB 89 (NR116793)
Ochrobactrum soli BO-7 (NR169364)
L; MD3
100 Ochrobactrum intermedinm LMG 3301 (NR026039)
Brucella microti CCM 4915 (NR074336)
Brucella suis 1330 (NR103935)
w0 Brucella vulpis F60 (NR149245)

Brucella papionis F8/08-60 (NR133990)

Bacillus subtilis IAM 12118 (NR112116}

Fig. 2. Phylogenetic tree of the five strains based on 16S rDNA sequences using neighbour-joining
method by MEGA 7 (The scale bar represents to a phylogenetic distance of 0.050 nucleotide sub-
stitutions per position. Bootstrap numbers 1000 replicates)
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The isolation of bacteria directly from oil contaminated sites as oily sludge and soil
was reported in the references. From hydrocarbons contaminated environments, many
strains of the genera Psedudomonas, Brucella, Stenotrophomonas indicated the possibil-
ity of growth and degradation hydrocarbons (Muthukumar et al., 2003; Kumari et al.,
2018; Poyraz, 2021). Pseudomonas mendocina was reported about degradation of phe-
nanthrene, benzo[b]fluoranthene, citronellol, citronellal and citronellyl acetate (Kumari
et al., 2018; Tian et al., 2002; Tozoni et al., 2010). In studies shown by Kumar, Pseudo-
monas aeruginosa was able to produce biosurfactants regarding hydrocarbon degradation
capacity and this strain has been isolated from hydrocarbon-contaminated soil. Steno-
trophomonas acidaminiphila was isolated from sludge and used to treat petrochemical
effluents (Kumar et al., 2015). However, Pseudomonas hydrolytica is the first time re-
ported about ability degradation diesel oil (Patowary et al., 2016).

Searching for microorganisms that are native to the contaminated environment and
have possibility degradation potential to treat contaminated areas is very important. The
enrichment technique with 5% crude oil mixed in DO allowed the isolation of bacteria
tolerant to this residue. These strains selected have greater adaptability with environmen-
tal stress, greater resistance to changes in environmental conditions.

Enzyme activity of isolated bacteria strains. There are various methods used to
characterize the populations of hydrocarbon-degrading bacteria in environmental sam-
ples, such as microbial counts investigations and their extracellular enzyme capacity.
Therefore, lipase activity of strains was used to monitor biodegradation of petroleum
hydrocarbons, such as diesel oil, in contaminated environment (Margesin et al., 2007). In
this study, the agar plug diffusion method was used to confirm extracellular hydrolytic
enzymes producing ability of
microbial strains on agar me-
dium. The bacteria strains

Table 2. Enzyme activity of bacteria isolated from oil
contaminated sites

Strains Enzyme activity (halo zone, mm) were analyzed for their ability
Lipase Amylase Cellulase Protease d li 1
MD1 T — 540.5 T to produce as lipase, amylase,
MD2 | 15405 7505 12:0.5 9+0.5 protease and cellulase by the
MD3 + - - _ method of agar plug diffusion
MD4 18+0.5 9£0.5 16+0.5 13+0.5 (Table 2 and Fig. 3). The re-
MD5 + + - - sult showed that all the five

Notes. —, none halo zone; +, halo zone < 5 mm.

bacterial isolates showed li-

Fig. 3. Enzyme activities of isolated bacteria strains on substrate agar media, () Tween 80, (b)
Starch, (¢) Gelatin, (d) CMC
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pase activity by exhibiting clearance zone around on the substrate minimal medium agar
plates. Many of the bacteria isolates were able to produce extracellular hydrolytic en-
zymes amylase, protease and cellulase on substrate agar media. A high percentage of the
bacterial strains isolated from soil contaminated with crude oil showed lipase amylase,
cellulase and protease activities (Margesin et al., 2007; Ugochukwu et al., 2008).

CONCLUSIONS

A enriched bacterial consortium found to be the most effective consortium in de-
grading crude oil consisting of five strains was obtained from oil-contaminated muddy
soil samples. The 16S rDNA gene sequences of bacterial consortium were submitted in
the NCBI-GenBank databases under the accession numbers: Pseudomonas mendocina
MD1 (OL687411.1), Pseudomonas hydrolytica MD2 (OL771695), Brucella intermedia
MD3 (OL687412.1), Pseudomonas stutzeri MD4 (OL687413.1) and Stenotrophomonas
nitritireducens MD5 (OL687414.1), respectively. All the five bacterial isolates were able
to produce extracellular hydrolytic enzymes lipase, amylase, protease and cellulase. It
was concluded that these strains are very suitable to using as a combination to treat oily
wastewater in natural ecological conditions.
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HNnenTndukanmmus koHcopuuyma dakTepuii, pa3jiaraloiiux yrieso10poasbl,
BbIIeJICHHBIX U3 3arpsi3HeHHOH He)ThI0 HJIMCTOMH NMOYBHI B XaHoe, BbeTHam

. T. Tyunen, H. T. K. Txanb, H. C. B. Kxoa, H. K. Kpiour ™

Cosmecmubniii Poccuticko-Boemnamckuti Tponuueckuili Hay4yHO-Ucciedo8amenbekuil
U MeXHONO2UYeCKUll YeHmp
Bvemmuanm, e. Xanou, yn. Heyen Ban Xyen, 0. 63

IMocrynuna B penakmuto 21.01.2022 r., mocne nopabotku 25.02.2022 r., npunsrta 28.02.2022 r.

AuHOTanus. Bruopemennanus sBIseTCS MEPCHEKTUBHBIM MOAXOIOM JUIsi 00pabOTKU 3arpsi3HEH-
HBIX He()TSHBIMH 3arpsi3HUTEISIMU cpell. OCHOBHOH LIENbI0 JaHHOTO HCCIIEJOBAHHS OBUIO BBLIEIC-
HHe OaKTepuii, CIOCOOHBIX pa3iaraTh YIJICBOAOPOMIBI, [ MPUMEHEHUs B OYMCTKe Hedrecomep-
JKAIUX CTOYHBIX BOJ C He(Te3arpsi3HEHHBIX y4acTKoB B XaHoe, BretHaMm. Mccnenyemslii Gakre-
PpHANBHBII KOHCOPIIMYM OBLI TTOJIYYEH M3 3arpsA3HEHHOT0 He()ThIO MIIMCTOro 0Opasia MouBkl, 000-
TaIleHHOTO CBHIPOil He()ThIO, CMEIIAHHON C JU3EIbHBIM TOIUIMBOM B KaueCTBE HCTOYHHKA YIIIEpo-
na. BoccraHoBIEHHBIH KOHCOPLHYM crocoOeH pasnarath 93% cogepxanus HedTu nocie 7 aHeit
HCTIBITaHMIL. B 00mIeH CIIOKHOCTH ISTh YHCTHIX OaKTEPHANBHBIX IITAMMOB OBLIM BBIIEIEHHI Ha
TSA-arape u3 CI0XKHBIX MHKPOOHBIX COOOIIECTB M OBLIM OTOOPaHBI B KaUECTBE MOTEHIHANBHBIX
KaHJUIATOB JUIS IIPOLECCOB OHOIerpamanuy HedTecoAepiKallero ocajgka. JTH H30JATH OBLIH
HMACHTU(HULIUPOBAHBI HA OCHOBE MX MOP(OIOTHYECKUX M OMOXMMHYECKUX XapakTepuctuk. C mo-
MOIIBI0O METOJOB MOJICKYJISIDHON OHMOJOIMH OBUIM HCCIIEOBAHBI IATh OAKTEPHU, pa3iaraloIux
YIJIEBOJOPO/IBI, U HACHTU(OUIMPOBaHBI Kak Pseudomonas mendocina mramm MJ[1 (OL687411.1),
Pseudomonas hydrolytica wmramm M2 (OL771695.1), Brucella intermedia mramm M]3
(OL687412.1), Pseudomonas stutzeri wmramm MJ14 (OL687413.1) wu Stenotrophomonas
nitritireducens mramm MJ15 (OL687414.1). Mopdonorndeckast 1 OHOXHMHIECKast XapaKTEPUCTH-
Ka GakTepuil Mokasana, YTo MATh U3 HUX OBUIM TPAMOTPHIATEIBHBIMH, 1aJOYKOBHIHBIMH, KaTaja-
30II0JIOXKUTENILHBIMHY, HealdbHOe 3HaueHHe pH ObLI0 HeHTpadbHBIM, ONTHMANbHAS TEMIEpaTypa
pocta coctaBisiia 30°C B KynbTypalbHOU cpene ¢ coaeHocThbio 0.5%. DTH MTaMMBI CIIOCOOHBI
BEIPa0aThIBATH BHEKJICTOUHBIE (DEPMEHTEI, TAKUE KaK JINIA3a, aMIIa3a, [eJUIoIa3a, IpoTeasa.
KiioueBble c€J10Ba: KOHCOpPLHYM OakTepuii, Ouojerpajaiys, pasiaraioliue yrieBOAOPOABI,
HedTecomepkamue CTOYHBIE BOJBI, OUUCTKA

dunaHcupoBanme. ViccienoBanue BbINoMHEHO npu GuHaHcoBoit noanepxke CoBmectHoro Poc-
cuticko-BreTHamckoro Tponuueckoro HayqHO-HCCIEIOBATENBCKOTO U TEXHOIOTHYECKOTO IIEHTPa
(mpoext Ne NVKH-TTNDVN2021).

Jas uutupoBanus. Tuyen D. T., Thanh N. T. K., Khoa N. X. B., Cuong N. C. Identification of
hydrocarbon-degrading bacterial consortium isolated from the oil-contaminated muddy soil in Ha-
noi, Vietnam [Tyuen J. T., Txanv H. T. K., Kxoa H. C. B., Kvione H. K. inentudukanus KoHcop-
yMa GakTepuii, pa3iaralouiux yrieBOIOPOIbI, BBIICICHHBIX U3 3arPSI3HEHHON HE(DTHIO HITHCTOM
mouBbl B XaHoe, BrerHam] // TIoBoymkCKHiA dKoorHueckuil sxypHan. 2022. Ne 2. C. 206 — 215.
https://doi.org/10.35885/1684-7318-2022-2-206-215

= s koppecnondenyuu. bruotexnonoruueckuit uHcTUTYT CoBMecTHOTO Poccuiicko-BrerHamckoro Tpomnu-
YEeCKOT0 Hay4HO-HCCIIEJOBATEIbCKOTO U TEXHOJIOTHIECKOro IeHTpa, BreTHaM.
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