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Screening, identification of two high-efficiently phenol degradable
strains and preliminary validation of bioaugmentation process
combined with DTRO technology
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WEN Meng-Liang' HE Ji-Lian®> HOU Jin-Rong’® DING Zhang-Gui'
DING Wen-Xing” LI Ming-Gang'"

(1. Yunnan Institute of Microbiology, Kunming, Yunnan 650091, China)

(2. Kunming Jinze Industrial Co. Ltd., Kunming, Yunnan 650109, China)
(3. Yuxi Shanshui Bio-Technology Co. Ltd., Yuxi, Yunnan 653100, China)

Abstract: [Objective] To isolate and screen the efficient phenol-degrading microorganisms from
the coal chemical wastewater and preliminary investigate the feasibility to construct the
bioaugmentation process combined with microorganisms and DTRO technology for phenolic
wastewater treatment. [Methods] The phenol concentration gradient medium were used for
isolation and screening of phenol-degrading microorganisms. The strains were preliminary
identified based on the cell electron microscopy observation, physiological and biochemical
characteristics analysis and 16S rRNA gene phylogenetic tree construction. The
bioaugmentation-DTRO process was built combined with high efficient phenol-degrading bacteria
inocula and disc-tube reverse osmosis (DTRO) technology and this system was on trial for
phenolic wastewater treatment. [Results] Seven bacteria strains were purified and among which
strain Phe-03 and Phe-05 have the high-efficiently phenol degradable potential and can use phenol
as the sole carbon source. The strain Phe-03 was preliminary determined as a strain of Agromyces
and the Phe-05 as a strain of Corynebacterium. With initial 1 300 mg/L phenol concentration, the
phenol degradation rate of the above two strains reached more than 70% within 44 h and over 90%
at 76 h. So far, the phenol degradation activities of Agromyces genus microbes have not been
reported. The new bio-augmentation process can not only effectively remove phenolic compounds
in wastewater, reduce pollution of reverse osmosis membrane but also increase membrane
permeability. [Conclusion] This research indicated that the bioaugmentation process can be built
combined with microbial and DTRO technology for phenolic wastewater treatment. This work can
provide an alternative idea for the study of phenolic wastewater treatment technology.

Keywords: Phenol degradation, Disc-tube reverse osmosis (DTRO), Agromyces, Corynebacterium
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Table 1 The literature statistics for microbial degradation of phenol in recent years

Types of microorganism Adaptation of phenol concentration (mg/L) References
Bacterium
Alcaligenes faecalis 10-1 400 [7]
Acinetobacter calcoaceticus 250-2 000 [8]
Bacillus brevis 1750 [9]
Pseudomonas cepacia 2 500
Corynebacterium sp. 2 000 [10]
5000 [11]
Pseudomonas putida 300 [12]
Pseudomonas aeruginosa 2 600 [13]
Pseudomonas pseudomallei 1500
Pseudomonas aeruginosa 1300 [14]
Ralstonia taiwanensis 900 [15]
Rhodococcus sp. 188-940 [16]
Serratia sp. 100 [17]
Others 1 000 [18]
[19-20]
Fungus
Aureobasidium pullulans 188-2 820 [21]
Aspergillus fumigatus Unknown [22]
Penicillium chrysogenum 300 [23]
Fusarium flocciferum 1 000 [24]
Pityrosporum sp. 559 [25]
Candida tropicalis 500-1 000 [26]
Activated sludge 180-800 [27]
Algae [28]
[3]
A
4-
A
DTRO
DTRO
(DTRO)**”!

1 MB5HFE
1.1 TIERHRANES

()
4°C 10 g
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90 mL 4 h 16S rRNA (27F 5-AGA
2 000 r/min GTTTGATCCTGGGCGCTCAG-3' 1541R 5-AAG
12 E=FEH GAGGTGATCCAGCCGCAG-3")
121 FTHEEAMEZFHFE(gL): KH,PO, 1.0 DNA ( 20-100 ng DNA) 1 pL  10xPCR
K,HPO, 1.0 MgSO, 0.4 CaCl, 0.4 NaCl 0.2 (100 mmol/L Tris-HCI pH 8.3 500 mmol/L KCl
(NH4),S04 0.1 FeSO,40.05 20 NaOH 15 mmol/L MgCl,) 5 uL.  dNTPs (2.5 mmol/L
pH 8.0 1x10°Pa 20 min TaKaRa)4 pL 1.25U Taq (TaKaRa) (
122 @EFREEFE: [30] 0.4 umol/L) 1 pL
1.2.3 NAEFE: [31] 50 uL PCR GeneAmp PCR system (
124 RIAFFIEFRE(/L): 1.0 0.5 PE ) 95°C 4 min 94 °C 1 min
NaCl 1.0 NaOH pH 75-78 1x10° Pa  60°C 1min 72°C 1 min 35 72 °C 10 min
30 min PCR 1%
1.2.5 FKEpPEREIERE: (g/L) 1 500 bp
0.2 0.8 (NH4),S0,0.2 MgS0,0.6 (WATSON Gel Extraction Mini Kit)
40 h AB 1 PR ISM 377-96 sequencer
1.2.1 BigDye (Perkin2Elmer)
1x10° Pa 30 min 27F  154IR
( 1000 1500 2000 mg/L) 1puL ( 30ng) BigDye2.5puL 1 uL (
1.3 FEPEBE EEES 3.2 pmol/L) 10 uL 95 °C 1 min
5 mL 100 mL 56°C Imin 72°C 1 min 35 72 °C 5 min
( 4°C
500 1000 1500 2000 2500 mg/L) 28 °C 144 REELZEMEIME: DNA
210 r/min 240 h NCBI  (National Center for Biotechnology
Information) BLAST
28 °C 48-96 h 16S rRNA ClustalX 1.8
28 °C (Neighbor-Joining analysis)
Kimura’s (34]
14 FESUMERENSLLTE Bootstrap 1000
1.4.1 FE#k Phe-03 0 Phe-05 RUAEIBFNAEMILZFSE 1.5 EEYSWAE
fiE : [32] HPLC
142 EHHBEZHMER: YMC HPLC
(Quanta 200 FEI ) (Hydrosphere Cig 250 mm>x4.6 mm 5 um Japan)
1.43 16S rRNA EFRI &5 FF: Phe-03  HPLC =80:20 ( )
Phe-05 NA 28 °C 3d 1.0 mL/min 37 °C
DNA 10.75 min 0—1 000 mg/L
[33] 16S rRNA (R*=0.998 9)
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(mg/L)=( 3
—24 055)/4 382.7 (ODs00)
1.6 BERBERERER 54
1.6.1 5 BEKPERR R 1BV 1.7 FEAMEMEE-DTRO HEITZE
(250 mL 82 mL )
18 mL 10 g/L (
1 800 mg/L 201210078150) ( 1.2.5)
5 mL ( DTRO
) 28°C 210 r/min 120 h 1 mL
12 000 r/min 2 min DTRO
3 1 -DTRO

1.6.2 HEERIFEMRIEERI T REE R

2 HRE
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13 mL 10 g/L 2.1 EKEAERE ARG
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5 mL ( )
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Figure 1 The process for phenol wastewater treatment with DTRO-bioaugmentation technology

http://journals.im.ac.cn/wswxtbcn



DTRO 2269

K2 EXEENRE 1000-2 000 mg/L TAEKME I E

Table 2 The dominant bacteria under the concentration of phenol between 1 000 mg/L and 2 000 mg/L

The che of Phenol concentration of enrichment Phenol concentration of isolation agar e e
strains culture (mg/L) (mg/L)
Phe-01 1 000 1 000
Phe-02 1500 1 000
Phe-03 2 000 2 000
Phe-04 2 000 2 000
Phe-05 2 000 2 000
Phe-06 1 000 1 000
Phe-07 2 000 2 000
2.2 D EESE PR R AR AR E 60%] (NH,),S0,
22.1 5 EE R EDFERR % REV I -
120 h
( 3 Phe-03  Phe-05 32h  Phe-03
800—1 000 mg/L
1 800 mg/L
Phe-03
Phe-05
1 300 mg/L
2.2.2  Phe-03 % Phe-05 B kS FERR 14 BE LLE -
Phe-03  Phe-05
C 2 76 h 2.3 KEAEMPERRE R Phe-03 5 Phe-05 RY5Y
Phe-05  Phe-03 90% FHEYFLEE
Phe-05 2 Phe-03
Phe-05 12 h Phe-05
ODs0o 12-44 h Phe-03 [(0.1-0.2) pmx0.5 pm
ODsoo 3A] 20-38 °C
( 28-32 °C) pH 4.5-9.0 (
Phe-05 pH 6.0-8.0)
44 h Phe-05 H,S
VP
Phe-05 [(0.2-0.3) umx0.5 pm
Phe-03 44 h 3B] 20-38 °C
Phe-05 ( 28 °C) pH 4.5-9.0 (
24-32 h pH 6.0-8.0)
H,S
(NH4),SO4 [ Phe-05 VP
Phe-03 (NH4),SO4 2
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£3 THRHOBEE 120 h PEREEI RIS R

Table 3 The phenol degradation result of 7 strains in

120 hours
120 h
. Phenol concentration in
The code of strains 120 hours (mg/L)
Negative control 1739.414
Phe-01 1 657.457
Phe-02 1278.953
Phe-03 1104.144
Phe-04 1 418.595
Phe-05 1150.291
Phe-06 1 433.938
Phe-07 1317.083
16S rRNA
(Least-squares)*”!
(Maximum-likelihood)?*®’
1 000
(Bootstrap)
(Bootstrap  >70)
(0.005) 0.5%
Phe-03 Agromyces soli
(GQ241325) 100%
Phe-03 (Agromyces)
Phe-05 Corynebacterium lubricantis
(FM173119) 98% Phe-05
(Corynebacterium) ( 4
2.4 FEAEMRE-DTRO TZEMRIRE
( 4 DTRO

r 10.6

100
0.5

80
0.4

03 o
S

0.2

IR
Phenol degradation rate (%)

0.1

Sampling time (h)

2 H#k Phe-03 5 Phe-05 PERRZERAYLE R 3T L
Figure 2 The phenol biodegrading results comparison of
strain Phe-03 and Phe-05

—o— Phe-05 —o— Phe-03
@_ Phe-05 OD600 + Phe-03 OD600
EAw

Note: —o—: The phenol degradation rate of strain Phe-05; —e— The
phenol degradation rate of strain Phe-03; —0—: The ODgqgo value
of strain Phe-05; —€—: The ODggo value of strain Phe-03; -/\:
The phenol degradation rate of blank control.

-DTRO

GB8978-1996

0.00 00 x 5 11 TD label

3 Phe-03 (A)#A Phe-05 (B)E ¥k BB FREAIER S A S 1 000x-3 000x)
Figure 3 The electron microscope of strain Phe-03 (A) and Phe-05 (B) (magnification of 1 000x—3 000x)
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Agromyces soli (GQ241325)
100

78 Phe-03
Agromyces mediolanus (X77449)

Agromyces ulmi (AY427830)
Agromyces tropicus (AB454378)
Agromyces flavus (F1529717)
Agromyces bracchium (AB023359)
Agromyces aurantiacus (AF389342)
Agromyces luteolus (AB023356)
Agromyces rhizospherae (AB023357)
Agromyces bauzanensis (FJ972171)
Agromyces neolithicus (AY507128)
Agromyces humatus (AY618216)
Agromyces fucosus AY158025)
Agromyces subbeticus (AY737778)
Agromyces ramosus (X77447)
Agromyces albus (AF503917)
Agromyces cerinus subsp. cerinus (X77448)
Agromyces cerinus subsp. nitratus (AY277619)
Agromyces hippuratus (D45061)
Agromyces atrinae (F1607310)
Agromyces allii (DQ673873)
Agromyces terreus (EF363711)
Agromyces salentinus (AY507129)
Agromyces italicus (AY618215)
Agromyces lapidis (AY618217)
Curtobacterium pusillum (AJ784400)

34

55

28

79

—
0.005
100 Phe-05
4|— Corynebacterium lubricantis (FM173119)
— Corynebacterium pilosum (X81908)
90 Corynebacterium auris (X81873)
65 Corynebacterium timonense (EF217055)
Corynebacterium lipophiloflavum (ACHJ01000075)

Corynebacterium imitans (Y09044)
Corynebacterium tuscaniense (AY677186)
i3 —— Corynebacterium coyleae (X96497)

08 Corynebacterium ureicelerivorans (AM397636)
i

Corynebacterium pilbarense (FN295567)
Corynebacterium afermentans subsp. lipophilum (X82055)
90! Corynebacterium afermentans subsp. afermentans (X82054)
83 Corynebacterium aurimucosum (CP001601)
JEL Corynebacterium minutissimum (X84679)

96 Corynebacterium singulare (Y10999)

Corynebacterium simulans (AJ012837)

96 I_— Corynebacterium striatum (ACGE01000001)

Corynebacterium spheniscorum (AJ429234)
Corynebacterium argentoratense (X83955)
Corynebacterium renale (X81909)
Corynebacterium vitaeruminis (X84680)
Corynebacterium diphtheriae (X84248)
Corynebacterium ulcerans (X84256)

Corynebacterium mustelae (F1374773)
76 Corynebacterium felinum (AJ401282)

48

.

0.005

4 Phe-03 71 Phe-05 £ T 16S rRNA EEFFIMEMRF L B R
Figure 4 The phylogenetic trees of Phe-03 and Phe-05 based on 16S rRNA gene sequences
GenBank Bootstrap

Note: The numbers in parenthesis represent GenBank accession numbers. The numbers on each branch indicate the bootstrap values
(1 000 bootstrap replicates). The scale bar defines branch length.
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% 4 DTRO HAE4E#581L-DTRO /K A = Ei5 AR5 HR % EE

Table 4 The results comparison of the DTRO and DTRO technology combined with bioaugmentation process

DTRO
DTRO technology

DTRO
DTRO technology combined with bioaugmentation process

Technical indexes

Influent Effluent Removal Influent qualit Effluent Removal rate
quality quality  rate (%) pent qaatity quality (%)
pH 8.5-10.0 6.8-7.2 8.5-10.0 6.8-7.2
CODer (mg/L) 3500-5000 80.5-126.5 97.7 3 500-5 000 31.5-49.2 99.10
cr (mg
. 800 53.6 93.3 800 11.7 98.54
Total ammonia (mg/L)
NH;-N (mg/L) 41.27 8.21 80.1 41.27 6.19 85.00
Phenol (mg/L) 1000-1200 128.0-153.6 87.2 1 000-1 200 100
. 300-500 15-25 95.0 300-500 0.24-0.4 99.92
Volatile phenol (mg/L)
. . 3620 101 97.2 3 620 65 98.20
Electrical conductivity (ps/cm)
Oil (mg/L) 100-200 19.2-38.4 80.8 100-200 4.9-9.8 95.10
3-4 68
Life span of membrane
55% 85%
Membrane permeability
3 W
2 ( Phe-03 (Corynebacterium)
Phe-05) [37-40]
e_
16S rRNA Phe-03
(Agromyces) Phe-05
(Corynebacterium) DTRO
(Agromyces)
Phe-03
(Phe-05 DTRO
CCTCC No. M2012031
201310285990 Phe-03 CCTCC
No. M2012030 201210057537) Phe-03  Phe-05

(Corynebacterium)
[10-11]
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