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Abstract

This study was initiated to isolate the microorganisms removing phosphorus (P) from domestic sewage and to investigate
the effects of environmental factors on the growth and P removal of the isolated bacteria. Microorganisms isolated from the
sewage were identified as Chryseobacterium sp., Stenotrophomonas maltophilia, and Bacillus licheniformis. Among them,
Bacillus licheniformis was selected as the P removal microorganism. The environmental factors considered in this study
included initial phosphorus concentration, temperature, pH, and carbon source. At initial P concentrations of 10, 20, and 30
mg/L, the P removal efficiencies were 100.0%, 84.0%, and 16.5%, respectively. At 20°C, 30°C, and 40°C, the P removal
efficiencies were 0%, 75.8%, and 60.6%, respectively. The removal efficiencies of phosphorus according to pH were 1.6%,
91.7%, and 51.1% at pH 5, pH 7, and pH 9, respectively. Using glucose, acetate, and glucose + acetate as carbon sources
yielded P removal efficiencies of 80.9%, 33.6%, and 54.1%, respectively. Therefore, the results from the study demonstrated
that the P removal efficiencies of Bacillus licheniformis were the highest when the initial P concentration, temperature, pH,
and carbon source were 10 mg/L, 30°C, 7, and glucose, respectively.
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Ao} Qlv} 2 QAR Wo| I w47t &
ALt Aok S Ty ool Thpo 2 GoE A9, 25
5O FARES Tt SN A BYFEL uy et
(Songetal.,, 2015). 12|31 Q1-& Ao} & 1A

O 2A, 13FA o |t AE=olw AHf=o] 7= 7
ol A A=) Q1 uikFo] 2030\ ofli= arzto] 4
aj1 2 A 0 2 | =319 thNorbert and Pell, 1994). 2001
| I A H 3] o) SAeaE g ool A= - A
HefollA Q1 AR o] a2 o st al o, L Higko s
o} - g4 52 A Bt ol Aol Bt VeSS
AHoR Hrisiglo. 1 goR AlE MPM

(advanced massive purifying members phosphates

=)

T

N

recovery process) Q134> FA, QAL A E2FE S
ZhH 78] 31 struvite FAAHH So] Atk (Won et al.,
2000; Cho et al., 2003; Kim et al., 2006; Choi et al.,
2009).

ool =3HA Wil 2Jgt Q19 Al A= ek dstaL
B850 7| whizol] e o] A&A o= AU
o] gto HAYE A% Q) (de Graaff et al.,
2020). o] RS o] 8sh=stkul=2] )L AlA 34 71
2Z+= A/O (US EPA, 1987; Richard, 1989), PhoStrip
(Grady et al., 1999; Tchobanoglus et al., 2003), SBR
(Sequenc -ing Batch Reactor) 3% (US EPA, 1987)
5ol 9l

A &35 9l A7 (EBPR, Enhanced Biological
Phosphorus Removal) 374 Ujofj&= t}ofst n|EE0]
A ASHL QlTk @1 Al A rIAEES thARg ol 4] Q&
FFEE R st 2 F4(luxury uptake)sho]
A| A2t} (Levin and Sharpiro, 1965). 37 Wjol] A A]
Sh= 1AES QL AlAS] e A5 AAlt=t (PAOS,
Phosphorous Accumulating Organisms) 47} o} 2}
H| Q1Z4 AJi¢l G-bacteria7} A3t} (Cech and
Hartman, 1993). ©]& G-bacteria+=PAOs2} A O
24 EBPR 24] 583 A31A17]7] tf2o] 22| &
& S Q1 F4 590 2 PAOSTHS S4lFo =
Z A 4= =rko @it} (Yeo and Lee, 2006).
wepA] Q1 AIA 5789 AeS 577171 f18f L A7F

LM 3 G R FRE W Aol &

A - 2.0 - 571

Hea - s

Q35jc)

A=A Q1 A 7] 7ol A PAOs+= Al Z el th5-2]
ArA o] FE = ThFe) o1& Age 4= Q7] whZell <1 A
A7} 7F581c} (Sedlak, 1991). A E3H4 91 A|A o] A3k
S 0| X =87 Q0] © B = 4=2 (Stephens and Stensel,
1998), 8-&Ak4s (Stephens and Stensel, 1998), pH
(Tracy and Flammino, 1985; Converti et al., 1995),
JoF¥ & (Barnard et al., 1985; Randall et al., 1993),
k= Ul EA5k= £34% (Brdjnovic et al., 1996;
Murthy et al., 1998), 5-7]& (Yeo and Lee, 2006), &
H&] A FA) 71 (Ko et al., 2000 ; Kargi et al., 2002) 5
o] 9lr}. 217 8.219] WS 2lghPAOsS] 2H T 1S}
ol A7 BHOIA 9l A7 Fgol 2 JaFL v Ak
T A=A Hlgs A efs o] A8k Jlsoll =
E7-51L ofH 2 274 0|4 PAOs 9] ?12] A|A d&-0]
7P A A7 RSk ol AEsHA o1 AlA
S04 22 0] 217 o] JNEA] SskaL Q= A

Aot} (Mino et al., 1998).

2 Ats {4 S0l PAOsE £ 9 543 &
PAOso] 2Jgt Q1 Al A2} ofof thigh 27 Q1Ake] F3=

Aot 7] §i5te] =23t A

2. Mz 3

21, = 22| ¥ g

ool $12]gk ws|ALe] e el ol 4 Abgt ol
B Al 22sto] o] 88kt H]A¥E-2 shaking
incubator (Sanyo, MIR-153, 2004) ]| A] ulj =] 31.0.H,
120 rpm ©_ & Zeful o5}t vl )= Zafirivl| A (Zafiri
etal., 1999)2 W slo] ARR3}9 11, A& Table 13+
e} AgdulR]of Aj4=gt 5l4= 5 mLE 53k 30°Co]
A B 5 Al S SEATE Al vl St v x| & agar
plateo]] =43} 3o 30°C2] incubatoro| A v eFs}od
colonyE El3lH o, T colonyE 16S rRNA
gene sequencing © 2 F7g ok njAES] @7AES A
it o] AyE2] H7]A4<E-2 NCBI BLAST program-=
ol g5to] &7|41% 7he] AREAS v wsto] Ak
&Y 712 97% o F e 2 Ao, #4414
7P 50 w2 rE S5 AEsklth

o=232 v

ol
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Table 1. Component of Zafiri medium

Component Amount in distilled water (1L)
NH,4C1 191 g
CaCl,:2H,O 003 g
MgS04-7H,0 02 g
CH3COONa‘H,0 125 g
Yeast extract 0.02 g
Peptone 02 g
H;BO; 03 g
CuSO45H20 lg
ZnSO47TH20 2 g
MnSO4-H20 2g
Na,Mo42H20 04 g
FeCl3:6H,O 0.0006 g
Glucose 08 g
IM Tris-HCI 10 ml

2.2, 043 Mz 9 9l 529 £H

RIS AR} 9] S5 0] 242 UV spectrophotometer
(Shimazu, UV mini-1240, 2005)E A3} T) w]AY
2 A 2 QR A A 0 2 vl g A FeH
o1 550 nmo] 4| FHEES 24 v e}, wjerolo)
9] =& =ascorbic acid2 ©]- 83t S| HUl JHo 72 =
A5toAT). SyringeS o]gstol HloFLS Hfstel
membrane filter (pore size : 0.2 um, Diameter : 25
mm)E- 0]-85}0] o]7}5t Fo| oj 7o | mLoj ascorbic
acid-molybdate A|9F2 mLo} £27 mLE A 7|5}

30559 P A 7] B UV spectrometer = 880 nmof| A]
SHEE 57 v wshglet EE4 9] 232 KH,PO,

o
£ o] gslg o, B ¥ 0~ 25 mg/LE st

2.3, PAOs Md

ol AL UAE-S AEE] 919 gtk
BLe] B2]¥ Chryseobacterium sp., Stenotrophomonas
maltophilia, Bacillus licheniformisZ 30 Co||A] ¢1412]
357420 mg/L ol whAo] vjepstet). Tela oAt
Akobe 0|42 A ) QlAle] S 250l A
A= A5k

2.4, EAQIX} W30l W2 Bacillus licheniformis?)
Az gl ol MH St
274 QIA}2] AR Bacillus licheniformis S 7}A| 3L

Brpsk o, e ixte] ez 27] Qs ==10
mg/L, 20 mg/L, 30 mg/L, £%==207T, 30C, 40C, pH
=5,7,9, ©AYL glucose, acetate, glucose+acetate
52800 mg/L= 75t wljefskeict T12|ar ARt
AlZbapet nl S A Q14 e B S to] 84
Qx| slof whE A B UAIA e B A A5
=3

25, SHEN

EAEAS SAS package (statistical analysis
system, version 9.1, SAS institute Inc.)E ©]-&3}3 S
™, 71 ol Fol/d A4 30 Hlof B & o8-8t
ANOVA (analysis of variance)2} Fisher's LSD (Least
Significant Difference) Test = 415131tk A2 717k
95% =0 2 AUk

3. Zut & n¥

3.1, 27 OME a4 22

o] 2] FH] R Al R o e 55 HEsto] 23t
n| Y E 25 22 ZEelsto] Althal S skl =
T colonyE Q1% & 16S rRNA gene sequencing
O 2 Alate 54T 23k v ES R4S
A} 2% ol A 16S rRNA gene sequencing2 %
3l B7gdsto] 4w ¢7] A¥& NCBI BLAST
program 0 2 Az A o] 71Ak =0 n| & £ AU}
S o Ade Table 200 EAE At ol
Chryseobacterium sp., Stenotrophomonas maltophilia,
Bacillus licheniformis & 1% it}

32 &+ 22E 08=E9 2 MA &

] 58E e = 01143}01 AA a5
g5t7] ol 2] v ES ¢ 5=7F20 mg/L= A|
25 v R of vl Rt Fof] & AT WSS A RS
A Fste] AL <l 5= H3HE 57451k Fig. 1>
Chryseobacterium sp., Stenotrophomonas maltophilia,
Bacillus licheniformis 2] AA=-41-8- UERHT] Z12-o] A
Ao o) o] 2ol olat o] SIS
t}. Fig. 2004 Chryseobacterium sp., Stenotrophomonas
maltophilia, Bacillus licheniformis& vl x| Z+Z}
3t 48417F Fof| 9l AALLE Z7F 69.6%, 57.3%,
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Table 2. Classification of bacterial strains by 16S rRNA gene sequences

A Qe - AR

Number of nucleotide

Strain (bp) Homologous microoranism Idenity
P
CBHJ-a 1448 Chryseobacterium sp. 99%
CBHJ-b 1480 Stenotrophomonas maltophilia 98%
CBHJ-c 1486 Bacillus licheniformis 99%
35
30 —— bacillus lichenifornis
—+—Stenotrophomonas maltophilia
25 —=— Chryseobacterium sp.
T
20
w
< "
w 15
2 P
il
10
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0.0
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Time (h)
Fig. 1. Growth curves of the isolated bacteria for 48 hours.
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* Means followed by different letters indicate that they are significantly different from each other based on the ANOVA at a = 0.05
level.
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Fig. 2. Remaining concentrations (A) and Removal efficiencies (B) of P by the isolated bacteria for 48 hours.
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o, 71 Fol A 1 AlA mEol 7H =

AT

Chryseobacterium sp.©|

S 9l AA 2 7 gl

Stenotrophomonas maltophilia,
Ha=] u)RYE-2= 0l A|A Ao Aglet n| e Al sp., Bacillus licheniformis 92 Z7}5Ith

3}7] QJ8A Chryseobacterium sp., Stenotrophomonas

A &t maltophilia, Bacillus licheniformis®] 373} 2l 5%
=Aol gl HHSHS A SFA T (Fig. 3). 4] A} n] =2 Al
2 M= it Qe s 59 AEAE
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Fig. 3. Correlation between the remaining concentration of P and the growth of Bacteria
: (A) Bacillus licheniformis, (B) Stenotrophomonas maltophilia, (C) Chryseobacterium sp.

R0, Chryseobacterium sp.-= A& 2] E2-& A}
/g3h=dl (Khani et al.,, 2016), v f2 o] HoZl =2
/8 mAEo] ApH A WEE= Aol o3 ?lo] &
A d Sk 7] wzoll A-ASTE Bacillus
licheniformis BT} W& 7 © 2 Alg Ech wabA Q1 A|
7 &8 Chryseobacterium sp. 2 T} 2|0k A2}tk 9]
AAN 7V w& BAATE 7HAe=  Bacillus
licheniformisZ 0185101 ¢1 A|Aof tht €7 291 ¢
TE 28tk

3.3. Bacillus licheniformisQ| 91 ®|7{ Zalof| cHst
et 0l it
3.3.1. 7| QI sk Hsto| mE Bacillus
licheniformis2| 1 X7 &1t

A 312 2| B8] % Bacillus licheniformisE- ©]
435t 27 2l sof w2 Q1 A Al gt HshE doti
IAF AYE skl vix Y] 27 9l F=e 10
mg/L, 20 mg/L, 30 mg/L7} E] =2 Z}ZF A 2 &9l o,
217t0) w2 Y TAE S5 2 AT Fig 49}
2t} ¢l %7} 10 mg/L, 20 mg/L, 30 mg/L & uj
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Fig. 4. Growth curves of Bacillus licheniformis with variation of initial P concentration for 48 hours.
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Fig. 5. Remaining concentrations (A) and Removal efficiencies (B) of P by Bacillus licheniformis
with variation of initial P concentration for 48 hours.
* Means followed by different letters indicate that they are significantly different from each other based on the ANOVA at a =0.05

level.

Bacillus licheniformis 2] A7-2- 2 o] 20X = 71 & <

47} 93tk 7t 27 B R 9 A BES 24
H A3} Fig. 52} 7t} Bacillus licheniformisZ %
3t 2] 48 4|7t 507 10 mg/L A 2] A] Q10] 100% A]
A== Aol FelE 9l eH, 20 mg/L A 2ol A 84.0%
7 AA == Ao] 1= ST} 18] 3130 mg/L A2+
ol 16.5%71 A A E= 312 o 27} 9190ck nfebd 91
o 7] 557} 58 u) Bk S 1) 9 AA gol
% olAE 22 o 7} Unk

ol efat G1F- ATk B o] AT A 9l 9le]
Lof| RHAI7E Q17| W Zoll L FEA O] Tt S A
=014 A7) ago] BolAl= Ao AlmErh

3.3.2. 2 H30|| W2 Bacillus licheniformis®|
2 A =t

e shprR e EERh v E ol 25 H st uf
£ Bacillus licheniformisof] 2]t Q1 A4 2] A3-5 &
o}ttt 20°C, 30°C, 18] 11 40 Coj|A] Z+2} Bacillus

licheniformis & &35}, 72F &&= ¥HE PAT AL
el] £ A= Fig. 63+ et 20 Cofliz o] ==l ‘?_P
0] 30 CoH0 Col iz -2 RS BRRISIT 71 &
LR JAA LS S 2 Bik=Fig. 73 2Tk
HB SRS HET K] 48 X17E Fol| 20 Cofl A= 91 A A7}
=] 2] 9Fokar, 30 Collali= Q1 AlA 7-80]75.8% %01,
40CoflAd 21 AA m&0] 60.6%ct whebr] ==
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Fig. 6. Growth curves of Bacillus licheniformis with variation of temperature for 48 hours.

g

g
s

2
8

8
5

Remaining concentration of P (26)
s
s

o
=4

10 15 pi) 5

Time(h)

30 35 40 45

50

Removal efficiency of P (%)

1200

(B)

100.0
B0.0
60.0
40.0

200

a
00 -

0°C 30°C

Fig. 7. Remaining concentrations (A) and Removal efficiencies (B) of P by Bacillus licheniformis
with variation of temperature for 48 hours.
* Means followed by different letters indicate that they are significantly different from each other based on the ANOVA at a = 0.05

level.

Bacillus licheniformis 2]
e Eah A

A|AA] F=EH A A A4}
= §]’76] 5—7‘]4}: %1_51% A2 Al ek dukE o
B AYESHA A AAE SH=PAOs=20C -2 27 T
30 0 - of| 4] Edls] EHE3tc) (Panswad et al., 2003).

T Yo 2501 5~ 15ColA = H| A 2l A7 &L
=2 Zlo] ZRlE A1 (Florentz et al., 1987), 20 ~

37°Co] )8 & LxollA] 9l A7 o) B8 Z7
3l (McClintock et al., 1993; Converti et al., 1995).

ool ¢ a0 2 Q1] 25712002
30 Col|A PAOs 2] ¢1 A&7} o] F Oillhtﬂ (Brdjanovic
et al., 1996), Bacillus licheniformis+=20TCoj|A] <1 A

Ao oF A7

Ago] @A 8] WojA|= A= & 57} Sl Bacillus<;
O] & URFA O 2 12 2.1 WA, Al F Al w2 A8
A T2 A S EAo| 9t} (Brannen and
Kenney, 1997). Y4FA © & Bacillus<:2] RYA; 2|22
TEE20~40Tl Z-2/d Alatolut, 55 Colla] A==
Zlo] ZZ 3ol E|7| = 3t} o] BacillusEe] EAO 2
8} Qubael njayEo] ofg Q1 A7 o] L ATk
7t == Aoz AkmETh
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Fig. 8. Growth curves of Bacillus licheniformis with variation of pH for 48 hours.
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Fig. 9. Remaining concentrations (A) and Removal efficiencies (B) of P by Bacillus licheniformis
with variation of pH for 48 hours.
* Means followed by different letters indicate that they are significantly different from each other based on the ANOVA at a = 0.05

level.
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719] S Stopgrth pH
Z}Z} Bacillus licheniformis & 3 £35}0], ZFpH H 2 A
4 249 2 A2 Fig, 891 . pH SOl
A A Hekew, pH 9ol A = 270l 7ol =
eJei7} AIZ1] Al S0l o] o] oj2j= o] 3
Q1= ATk HH pH 7o) A= 1A= Aol Z o] Fof
ok ZtpH & QL AA B85 34 el & dak=Fig.
9%} 2tk pH 5ol A] Q12 A A = A] 243, pH 9] 4]
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}01 pH W3}of| w2 Q1 A
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z70l= A AAZ=A] ZTh7F30 A1 70| At 25
¢lo] A AE]7] AlZkste] 48417 ol Q1 A|A &
51.1%%ck. pH 7oA 48417k Zof 2l A7 &
91.7%%c}. ufehx] pHY | F-2-& n| Y520 AYAF
ax3f] Qlo] AIARA kAL, pHZF U =2
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Fo Wiokek. 1231 249l pHTo)H Q1 A g 7
ok}

o= =3 QI AP A pH 2710] S/ L wff Q1 A|A
0| 7P 22 A3t AR Q1 AIA Al pHe= 54¢1
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pH7}6.594= Q12] A7k 7451l pH7ES 2 ofsh=
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Fig. 10. Growth curves of Bacillus licheniformis with variation of carbon source for 48 hours.
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* Means followed by different letters indicate that they are significantly different from each other based on the ANOVA at a = 0.05

level.

oA u =2 1 A3 A7 = sl 2
A X3} (Tracy et al., 1985). Bacillus licheniformis 2]
79714 2 A= pHe) 2710] F41.0.2 Q1 A0
kS L pHO| 22 A3} o = 2 (Brannen and
Kenney, 1997), pH7} 79 W Bacillus licheniformis 2]
QA7 £l H £ Ao Are

334 Halo| W2 Bacillus licheniformis
o ol MA

Ak steREE Eett vdE Foll Bacillus

licheniformis & 0| 8810] W x|o] 7}l ks g10] i)

of k2 <1 A7) o] et ke Sohugiek. b7t e

49191 glucose, acetate, glucosetacetate”} 371 Al

Tl

EtAS
o| o]

F50) A S AL SR, IS 248 22
M= Fig. 103} 2t} Bacillus licheniformis+— = 4]
2|4 BRI, 22k O ek glo] H7E A
of| A mAE Aol w2 ¢l 5 Sk Fig. 1124
SO R glucosett MRS o Q1 AA &S
80.9% =2 714 =3It} glucose} acetate & 7|5t 749
= A AAE] 58.1% 2 F HA = =34 acetateTE 3
713l w= Q1 AIA B8-2-33.6% = 7 Wdth wet
A B0 2 glucose TS H715E o) o1 AJA-&o] 7}

=9k,
kA 0 @ B ) A7) gt 71 4] HaE

=
B glucoseTH A 713HS o) Hr}acetate S 271312
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QAN AAE] =2 A 02 A A ¢l 2 (Gebremariam ZHAfe| 2

o]

AN
et al, 2012), A& 2l AAE k= HES=Ro|
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