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MR E. (7] RAFA@E B ihik 7 R KT SHAK, BTHASFENE. A2 ANEE
F2 16S tRNA B 5 5| o473t h it AT 558, 454632 H %X . Box-Behnken Design Fo#f) i & 441
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Isolation, identification and phosphorus removal optimization of
a phosphorus-accumulating Bacillus amyloliquefaciens
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Abstract: [Background] Phosphorus is the main nutrient that causes eutrophication in water. Biological
phosphorus removal has the characteristics of low cost, high efficiency and wide application range, and has
become a hot spot in the field of water treatment research in recent years. Although some
phosphorus-accumulating bacteria have been screened, their phosphorus removal efficiency is not high, the
phosphorus removal conditions of the phosphorus-accumulating bacteria need to be optimized.
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Immobilization and recycling of the phosphorus-accumulating bacteria are urgently needed to be studied.
[Objective] Isolation, screen and identify high-efficiency phosphorus-accumulating strains, optimize the
environmental conditions for phosphorus removal, explore the impact of adsorbent materials on the
phosphorus removal of the bacteria, and provide a theoretical basis for the development and utilization of
phosphorus-accumulating bacteria. [Methods] High-efficiency strains were obtained by routine isolation
and screening of bacteria, and the strains were identified through morphological observation, physiological
and biochemical experiments and 16S rRNA gene sequence analysis; Combined with single-factor
experiments, Box-Behnken design and response surface analysis to optimize phosphorus removal
conditions; The immobilization effect of the material was evaluated by measuring the adsorption effect of
sponge, non-woven fabric and polyurethane foam on phosphorus-accumulating bacteria. [Results] A
high-efficiency phosphorous-accumulating bacterium P49 was isolated and screened from the wastewater of
a phosphate mine in Lianyungang city, which was identified as Bacillus amyloliquefaciens; The optimal
conditions after optimization were pH 6.8, temperature was 31 °C, equipment the liquid volume was 30.2%.
Under this condition, the phosphorus removal rate of P49 can reach 80.43%; The application effect of
polyurethane foam was better than that of sponge and non-woven fabric. [Conclusion] Bacillus
amyloliquefaciens P49 had a good phosphorus removal effect and provides microbial resources for
biological phosphorus removal. Adsorption with polyurethane foam can achieve the immobilization and
recovery of the strain.

Keywords: phosphorus-accumulating bacteria, response surface analysis, Bacillus amyloliquefaciens,
adsorbent materials, immobilization
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R RN BR, 55 R R e A [ B4 25
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B 25 E AR E B IR, it 0.1 mg/L i B2k
S KB, STRK IR IFUA 1R S, B3k
KAV KRBT, IR S, f5H5 N2 f
REOL ARG A E R T ARCRIE . HEARE
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B 5 M T @ (Pseudomonas sp.) . # % PR EH &
(Staphylococcus sp.) Fl il 22 & J& (Microthrix sp.)
U TR A R BRI AR & T ARk 12
RCE, #Hesh T A PIBREER &R, (A5 S RRwkn
BURIAA —E B2 3T T e 305 0 1 1 TR AR L
HFA

F T S TR 0 A K R SR e AR s i 1
HEEENTS pH (TP b e R PV R [

N EREERE U R B R A, R AR W E
FeA AR AT RO T B R B o S0 SRk T ) B
WA BRI TR ERSE 3 LR UE 3 A
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AWEFE R T IR K F R AR A A, 3 25 Wi 10 F
AR R BRWERE T (0 SRR A 1R, 3 A W5 AR AN [ B
PR T B A A e B , ) P i 3 1 2
ARAF B AEBRBAEZEAT ; IR AR BB R X 32 TR Pk
AT E AR FR, AR5 I E JEBRIERE ST | PRI
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1 RS
1.1 ##
1.1.1  #E R A00R 4 R

SERGAKFER A 3 s TR K, TR
PROPES . B4R(4 kg/m®), TLifi(25 kgim’), RE
BRVIR (35 kg/m) ¥ 1 AT 7
1.1.2 EHFE

(1) FREFEAEREEL): 4WE 5.0,
M 10.0, NaCl 5.0, K,HPO, 0.01, Bl 20.0 ([
REEFRIELE ), pH 7.2,

() BRI IE(g/L)P: CH;COONa 1.000,
MgSO04 0.082, FeSO, 0.004, CaCl, 0.060, (NH4),SO4
0.200, K,HPO, 0.074. pH 7.2,

1.1.3  EERXFIFLEE

Tag DNA R4 . dANTPs Fig1¥, AT £
TR A FRA R . AR S, B
ABAEMBEARARAF; PCRIL, Bio-Rad AH];
AT WA RE T, Jb a3l AR BR 5 AT
YNGR
1.2 A%

121 BEHHSE. HEMLEE

(1) DAREM 3 B8 Fnifi e

AR B AT A R S % 107" =107 B %
FBe)T . #1074, 107 F1 1070 3% 3 ANBBE 4> B4 A
FARERERAMREIASEFRE L, 28 °C Hi3F 24 h,
PPN BT TETE 30-300 /N0 ] HLIE 2598 0 10 T
VR I S 2 R X AR T Al IR AR R
FEFRELALE 28 °C 3535 24 h, RIGHME -7 °C kKA
17, &M,

W00 B SlAL IS 1 TR AR B A TR R R TR A
REREL, 28 °C. 180 r/min Fil%3: 24 h, WIS
10 000 r/min Z5.0» 10 min, JopA#EL KPR . &
O, BEETEBERED RS 24 h, A ERHR
Bt P (GB 11893-1989) I < W o ik (128
b, Pt BA = s i ae s ik H I B R

(2) AR BA L% 2

FERR P49 [T 25 WL A A 3 A Al 28 e ARG

DA R G E T ) P T,

(3) 16S rRNA L [H ¥ 51437

K SDS-fig 24 1 PRI AN 3L [ 41 DNA,
FI #5149 27F (5-AGAGTTTGATCATGGCTC
AG-3")f1 1492R (5'-ACGGTTACCTTACCTTGTTA
CGACTT-3")X} 4 25 H B0 IR K Bk P49 1T
16S rRNA J:[H () PCR $"34 .PCR WA Z (25 pL):
2xSan Tag PCR Mix 12.5 uL, 27F (25 umol/L) 1 uL,
1492R (25 pmol/L) 1 uL, DNA #i#z(10 mmol/L)
1 uL, ddH,0 9.5 uL., PCR W 451 : 94 °C 5 min;
94°C305s,55°C305s,72°C60s,35 KHEH; 72 °C
7 min; 4 °C f#-47. K PCR =¥k A= T A TR (-
LA B2 WY o

FIrf31%) 16S tRNA i [H /3 51 Pf £z 50 %8 )5 7
NCBI #1347 BLAST JPHI XS, A RAH IR
R R 16S rRNA JEHF51], [ MEGA 7.0
AP T R IE R G K T AR
122 HAHEEYE. BRENNERBRBENITE

K G HL Fegh kPO ZE KA 600 nm AR &
TR A R 118 I ' B2 (L (O Do) I 2R 7 A T AE W i
) P ) s 6 1 A 2 ol e B 1 BTV e A i, R
1 mL ¥, 10 000 r/min 2.0> 10 min, £ EISH,
FHIC TR 7K B4 TR AR J PR 0 o R A 380 P 0 T A 4
MITE 120 °C T Eidiffd, BHEE®E, IMAPUR
I PR V5 VRN AR R ER VA W T8 A TR ST A T R 8, S IR
B 15 min J5, 7E 700 nm N0 E WG RE B A
P o B 1 mL B, 10 000 r/min 5.0 10 min,
BEWE R 120 °C miRWmME GRS, T
700 nm AT I G EE R BT
B, OREAREEA (DI EREERPY,

B

R(%):?xloo (1)

TP
K, RABREESR, Arp JXf ALY BB, Brp
a2 bR VR ) R B
1.2.3 SN EEwim%
PRS2 R B RO R B pHAE R 7.2,
BN 30%, 0.1 MPa K& 20 min J54EF, 78
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28 °C. 180 r/min }55% 36 h, 4:fE 2 h BUFE—IX,
FRREUFE 4 mL, 3 mL FlFIE ODeggo, 1 mL FHIF
W BRE R, FHVEAE K 2R AR i h 42
124 BREBEBRBSEOMHK

(1) FEERE

B33 3] BEph 14 B R EE (20,25 .30.35 F11 40 °C)
pH {H(4.0. 5.0, 6.0, 7.0, 8.0 A1 9.0, F HCI Al
NaOH #47) 1A #E 12(3.0.5.0.7.0 1 9.0 ug/mL,
H KoHPO, T8 . 257 (30% . 40% . 50%F1 60%
(%) 250 mL —fAJ)oh, HABFEA SRR . 24 A H
BRI pH 7.2, W 30%, 1 FL[A] 2K
WHERN S, 7E 28 °C. 180 r/min }535 24 h, Mk
PRE 3 RER, BRI 4 mL, 3 mL I FE
ODsoo, 1 mL T EBRER

(2) WA AL

K H Design Expert 8.0.6 X\ 2 5 i) SRk i %
BEEER pH. IR R T, DIBREESN
M (e, % Box-Behnken HU.0y2H-AR %3100
I TR . G R R A BEH AT B i L3R 1.
1.2.5  KNEIIR A3 33 B #R A < A BR Bk O 22 M

PUVHEAR . i . AT RN W R, )
H 1 em® (97 0.1 MPa KB 20 min, [A)25 %

o4 75 mL/250 mL =i, pH h 6.8, $&FhiE N
1% & BEE SR IR B 0 (W HRZ) . 2. 4. 6
18 e’ (M BB RH R 0-8 £), 7E 31 °C . 180 r/min
FAF T REFE 24 h, BOCEWRBEAARE, SRS 4 mL
PRV E ODgoo FBRBE R o
2 HREHH
21 EHMMSE. MEREE
211 EHEINE. FiE

Wiy B R 6 MEEAT BRBEICR I Rk
B, 45090 P29, P49, P59, P79, H-1 Al H-2.
BRI, KILERE P49 BREEEA 72.18%,
2 T HAL ARG 2).
2.1.2 BHE P4 MEKLE

(1) Rk P49 [ TE A FRAE DL AN A B fh gk

RWEH P49 WK ZIEE, FLOt, RADLH,
NGRS, NEW . BB R ZAR,
ZIRMAPE, PP, JCIEME, THEE, K/ANHK
(2.1220.23) pmx(0.71+0.04) um, VLK 1. Ftk P49
1 AR PEAE f R L3R 3.

R2 6 MRBHMBEMRBEAL

Table 2 Comparison of phosphorus removal rate of
6 phosphorus-accumulating bacteria

% 1 Box-Behnken Design i 3% B9 [E & & 7k 7S Bk
Table 1 Factors and levels in Box-Benhnken design Strain Phosphorus removal rate (%)
experiment P29 58.79
SES ApH B C Heh P49 72.18
Factor Temperature (°C)  Liquid loading (%) P59 60.51
! 6.0 25 30 P79 63.28
0 7.0 30 40 H-1 47.34
1 8.0 35 50 H-2 62.68
y C
R :
i e
5 &,
I X T“?‘l\ o 7
3 20 um

1 BE#k P49 LS4 IEMER
Figure 1
T A WRES; B: B2RRE; C FMRE

Note: A: Colony morphology; B: Gram staining; C: Spore staining

Observation of morphological characteristics of strain P49
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x3 Ek P REBERNER
Table 3  Results of physiological and biochemical
reactions of strain P49

i H Items 25 L Results

HEREL A L Nitrate reduction +
VEM K fif: Starch hydrolysis -
B i i 1k Gelatin liquefaction
BATREL Acetate

7 ZE % Maltose

H #2# Mannitol

LA Lactose _
Hi%IHE Glucose
H # ¥ Mannose +
BT {F 4% Arabinose =
AILEE Inositol —
WERE Sucrose +

e+ B - BN

Note: +: Positive; —: Negative

+ o+ o+ o+

4

(2) Wtk P49 I R Gk T ML

PIFRE P49 N4 DNA W, FIFH 16S
rRNA FEPE 5 [iE1 7 PCR 97314, P45 2 s ik
P49 1 16S rRNA FE[HF51], HA/NA 1454 bp, JF
HI$EACE] GenBank i FEARTSE 5565 MW093395,

87

—

%P 5I7E NCBI 147 BLAST J#41 Hext, SR
MEGA 7.0 34 5 %58 e bR ARU M 5 o A X T e
AT T RGE LTSN, PR REKER
(Bl 2), 45RKM, Wik P49 SR iek 2R AT
(Bacillus amyloliquefaciens) FXH73 W)7ELZ R R i
i, ABRIPEIS 98.8%L) I o G5B TEARHIE S FN A
PRAEACI NS R, VI E Rk P49 N TEM 2
AT & (Bacillus amyloliquefaciens).
2.2 BT P49 BOAE I L FNBREE Lk

PRk P49 7E 28 °C . 180 r/min 4514 F £55% 36 h,
TEMI R A 2 h BORE— I, W& L ODgoo FBR
RIS 3 PR, hIE 3 ATRIEH, 0-4h 2k
AR, WARA K AN 4-20 h S xPEY,
WA K EIREE N, 2024 h MEEEW, FFAE
22 h R ARAERERFIRME; 24 h RBEATET
W, BRBEMhZEEA SR &R, H 24 h FER
BERRIGIN . INEAKTE , B K TR0 ] i3
K, AW EAE TN mEREEARS TR R
IS Z Wbz s, IF BAEA Y& T RS hE
R v Rk

Bacillus methanolicus NCIMB 13113 (NR040985)

— Bacillus songklensis CAU 1033 (NR109443)
100 I—Bacil/usfengqiuensis NPK15 (NR133973)

Bacillus oleronius ATCC 700005 (NR043325)
Bacillus ginsengihumi Gsoil 114 (NR041378)

Bacillus haynesii NRRL B-41327 (NR157609)
100 L Bacillus aerius 24K (NR042338)

100 r Bacillus velezensis FZB42 (NR075005)
100 P49 (MW093395)
9L Bacillus amyloliquefaciens FXH73 (HQ853018
illus amyloliquefacien (HQ )
0.005 0

2 B P49 T 16S rRNA ERFAFIHENRZLEH

Figure 2 Phylogenetics tree based on 16S rRNA gene sequence of strain P49

TE: $55 NN RERRAY 16S rRNA JERFHILE GenBank HHHPE S5 73 3045 RiAL B Bootstrap fEL; AR R EE o HEAL B B
Note: Numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of the strain; Numbers
on the branches refer to bootstrap values; The data of the scale (0.005 0) represents sequence divergence
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05F
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Phosphorus removal rate
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B 3 P49 YL FORRAE fh 2
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oS O

S

Figure 3 Growth curve and phosphorus removal curve of strain P49

2.3 BRHIE P49 PRI SMAVMLIL
231 BERRKRE

(1) pH X} B RRAE KB 5 BRER A 52

pH X Pk P49 ()52 LI 4 B2 pH BT+,
R A K R5E TR NS, JF7E pH 7.0
i A KA R B R K (P<0.05) . INERBEI A EARE ,
pH 7£ 6.0-8.0 B ¥4 ANHEIBRBERCR , Hh e pH
7.0 WRCREAH:, HHAD pH (EAH HL 22 5k 51 18 2
K (P<0.05).

(2) PIhA B o PR AR 1 S BRI 5

NI BE S TRk P49 B4 K ABRBESS
RULE 5. WK S /T LIEH, 7E 3-9 ug/mL o fHH
Bl 25 0 L ol T i A o L TRTAR AR K Rt bl 2 S 2 T
#, FTE 9 ng/mL B AR K (P<0.05), SR BRI
WORGZ AR, WA IR0 & T, PR R

1.0 0 ODyg,
0.8 +
206+
Q
C 04}
02+
0.0

& Phosphorus removal rate

Phosphorus removal rate (%)

4.0 5.0 6.0 7.0 8.0 9.0
pH

E 4 pH M EH P49 BIEKFAPREEE AT

Figure 4 Effect of pH on growth and phosphorus
removal rate of strain P49

T ARNG SRR 25 5 1 3 (P<0.05)

Note: The difference of small letters is significant (P<0.05)

R EEH

(3) WX TR A i S BRI R 0 5 )

AN B X TR R AR K S PR R A A 6
IR, it BT TR AR AR R R B Tl 238 1) 5 i) R L — B,
ML B TR RS B R R A
30 °C I AR 4y R R 243K 3] B K (P<0.05).

(4) BEIR X TR AR AE K 5 R R 1 5

BEW LR AR AR K R S BR R R an & 7
7, AR AR ) RN R R B A B R e S &2
TR, FETE 30% 5 M Ik B 5 5 (P<0.05)
UL /D, WA E , AT IR P49
KRR B
2.3.2  ME Ry ESE AL R EIIE

(1) M piz T AR

Box-Behnken Design RInZ5 R ILEE 4, &

i3

[
\
/

10 - u; ODy,, T Phosphorus removal rate - 80
a

i
S
Phosphorus removal rate (%)

3 5
Initial phosphorus content (pg/mL)

Bl 5 RS2 B P49 A KRB E N
Figure 5 Effect of initial phosphorus content on growth
and phosphorus removal rate of strain P49

T ARNG FEEFRIR 225 1.3 (P<0.05)

Note: The difference of small letters is significant (P<0.05)
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6
Figure

B 0Dy, ®Phosphorusremoval rate

Temperature (°C)

iR B R E AR P49 £ KHNRR R BRI

6 Effect of temperature on the growth and

phosphorus removal rate of strain P49

T A

[R]/NE FhER R 22 57 8 3 (P<0.05)

25 30 35 40

W
(=)
Phosphorus removal rate (%)

Note: The difference of small letters is significant (P<0.05)

7
Figure

& ODy,, B Phosphorus removal rate

40 50 60
Liquid loading (%)

RiGEXE K P49 BIE KFIPREERAIS
7  Effect of liquid loading on growth and

phosphorus removal rate of strain P49
T ARNG SRR 25 5 0 35 (P<0.05)
Note: The difference of small letters is significant (P<0.05)

W
(e
Phosphorus removal rate (%)

g

3% 4 Box-Behnken Design it 3i 25 R
Table 4 Results of Box-Benhnken design experiments

Gis 4 B C [IRTES

No. Phosphorus removal rate (%)
1 -1 0 =l 78.1
2 =il -1 0 71.2
3 -1 1 0 67.2
4 l 0 1 68.4
5 1 0 =1 63.6
6 1 -1 0 55.2
7 1 72.0
8 1 0 1 60.8
9 0 =1 =l 65.2
10 0 1 =1 69.2
11 0 =l 62.0
12 0 1 1 76.8
13 0 0 0 80.8
14 0 0 0 77.2
15 0 0 0 80.4
16 0 0 0 81.6
17 0 0 0 79.6

17 AR5, L3S 12 A ELTRE R 5 A R
5. HoZE SRR ER 5K, ADRMEIRE.

iz [ Design Expert 8.0.6 # {4 XF LRI UEF T — IR
FIHIE S, SRR R=79.92-4.154+
3.95B-1.00C+5.204B+1.704AC+2.70BC~7.06 4>~
6.46B°~5.16C°, [RILBERI 7 225047 W3 5,

x5 BEEPAEMHFESH
Table 5 Variance analysis of regression equation

Ji ZEARAR 5 A H 5% F{H P BEE
Source of variance Sum of square Degrees of freedom Variance F value P value Significance
[2] 94257 Regression model 974.39 9 108.27 11.54 0.002 0 W

A 137.78 1 137.78 14.68 0.006 4 W

B 124.82 1 124.82 13.30 0.008 2 W

C 8.00 1 8.00 0.85 0.386 6

AB 108.16 1 108.16 11.53 0.0115 w

AC 11.56 1 11.56 1.23 0.303 7

BC 29.16 1 29.16 3.11 0.121 3

A 209.87 1 209.87 22.36 0.002 1 W

B’ 175.71 1 175.71 18.72 0.003 4 W

c 112.11 1 112.11 11.95 0.010 6 w

5% 7 Residuals 65.69 7 9.38

AT Lack of fit 54.36 3 18.12 6.40 0.052 4

4fiix 7= Pure error 11.33 4 2.83

4t Total 1 040.08 16

7E: R=0.936 8, Adj R’=0.8556, Pred R°=0.1467; *. ZF I, P<0.05; **. ZFWEF, P<0.01
Note: R?=0.936 8, Adj R*=0.855 6, Pred R’=0.146 7; *: Significant difference, P<0.05; **: Extremely significant difference, P<0.01
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e 5 frs, B P {E<0.01, F{g=11.54,
TERRETIAR by 2 . #2255 H v, BN I R 40003
P {5=0.052 4>0.05, Ui ZA BRI BRSO G 3, 1
RIH A, B, A*. B> XU RS 3 (P<0.01),
AB ., C* WP AR 5 0 2 2 (P<0.05) H. R”=0.936 8,
ULZA A A R BT . IRZERVN, T LA X
AR R TR PA9 1 IR (BRI A5 R EA T 40 Hr AN T3
W, AR TTRE . J5 2253 Hras 2R Design Expert
8.0.6 HAfaziil = Hmw i i 141, 455 ULIAL 8.

W 37 P TR AR , 45 R 2% 11 438 A s )
WE 8 Fizs, pH. i EEFIRE B 2 A7 7E AR SR A
ZEHAER . 245 R /N DA I JE 8 7 s 1] s
BF, T P R A, I U B R )
KACES AFHE Fe K 3 B . i 2 Design Expert 8.0.6
XS5 RIEA T 43T, 2 T A o O (B AR KR, 3 A
PR 2R B %o I ) e AL pHL 6.768 (i 30.973 °C,
R AR 30.160% , FEILAAF T Pr il i fe K BRBlR
} 80.83%.

(2) SEHIHIE 2

R T E RS SR BE RS E R MO X TR R P49 1Y
BRmi s PR UEA T AL, K B E R R AR pH
6.8, W 31°C, &M 30.2%, IFEMAMF T E
3R R EN, FHIBREER R 80.43%,
5 H{E 80.83% G B R4, JCW#E M ER
(P>0.05), RERSHERAILAL R BERT P49 BRI A1
2.4 7[E] R B A 3o B R IR B 2 S PR AR R O 2T

N T] 5 5§ A )Xo B Ak R o 194 5 i 2 30 3
i I B 52 S A 4 10 Y4 vl T 4 e Ok s R
(), TRCAAC R BR (A ), O R SR A4 e A ) TR
(AR 22 o AN ]I R e SR A A S B A B
M5 R ULIEL 9 RN 10, A 9 FTLIE H, DARE
BV R Sy bR B J5 355 55 0 i A i i AR
ARG ARG A3 Rk R 4 A it - B B AL
BHARTA R, T TR I Bkt kg o L v R 2 i
HLIRTE 8 om® I IFRIK 95.21%. X FBRmai R
M5, AREBE I A R, HEx B R A

AR R IR A, IEAERRLR 8 em® B, K
Hg &t 2.08 pg/mL FEMKE] 0.45 pg/mL, BR#k
3k 78.37% (P<0.05).
3 WikES

RUEETEAYIBREE T 2 i s B M6,
H A & 4 E ) SR 8% 3 A A sh AT 56 & (Acinetobacte
sp.). B & (Pseudomonas sp.). % BRI &
(Staphylococcus sp.) Fl 1 22 & J& (Microthrix sp.)
AU b SRR AR5 B B M — kA Sl AT
JB BRI RW IBRBE N 79.35%; T AR G0
e Sy B AR EIRY 2 ARASR I TR R SR BT J4 5 J6 1
BRI 56% M 54%; B TR0 B 5 1
SO BB N BRBER N 98.2%; mHh%ED
WAL MPA223 X PR =ik 98%.
J& 2 BRTA EAR BRI R (H N F Y2 Pk i AF
BOUE . ASSLIG 43 BT AR R AR P49, FREEZRA
B 72.18%, AL SFFAEMES . A BA AL SO K
16S rRNA FEKFF 5 0 b, R R 25 % i
TN ZE AT (Bacillus amyloliquefaciens), X7ESR
WA AR A RIE o R T A 2 R TR A s i B Y A
il SR AR 7 DA SR R DR S5 T TR A BT 12
IR, AR R R 2 — , (AR BEH
AUHE . RO P49 B9 A BUHGIN T SR w40 TR Y
AN GT IR, PR T T 2 A R R D RE ARG
i, AP BRI 1A 25 A RUE M BRI

W 8 A e SR R PR R T E R R
Rt 2 SRR TR R R TR SR, PR i 1 R v T bR
A KB (A Y S AR R, TR
AR 22 B O A AR K2 3 T AR A
IR B S8 P SRR TR RO,
T IR A TE BR W) A rp SRl B W Tk B AR BR
BRI T R Bt DN 2l P R gt SRt 3k
W, M POL” -P S i 21 il 58 W T 1 AR e 0 12

pH AL S5 Wi A R BR R R B R
pH (B 25 S EOMHE U, RIS | AR 20 A
CER N AN ALTE 20PN = e 7/ )DL T
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3 Phosphorus removal rate (%)
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Figure 8 Response surface plots and contour line of effects of the interaction between pH, temperature and liquid
loading on phosphorus removal rate
TE: A: pH ANREEXBRBERIZEHZW; B: pH MBI X BRI EZ M ; C. BRI = BRBER 1938 H 70

Note: A: Effect of pH and temperature interaction on phosphorus removal rate; B: Effect of pH and liquid loading interaction on
phosphorus removal rate; C: Effect of temperature and liquid loading interaction on phosphorus removal rate
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Figure 9 Effect of different adsorption materials on the
growth of strain P49

T ARING SRR 22 55 .35 (P<0.05)

Note: The difference of small letters is significant (P<0.05)
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Figure 10 Effect of different adsorption materials on
phosphorus content

T AFE/NG PR 225 135 (P<0.05)

Note: The difference of small letters is significant (P<0.05)
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FE7E 30 °C.
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T P49 1) BRI AR i Je K1 [ 2502 pHLL TR AN
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A= e A BT B AR . 1=
WA R AR AT R — etk e
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TS LA 15 SRR e A T I s A1,
A SCR A BAR . EAERIE . 5 T B i
45 . LY R A BR L IRAE W AR, BRI EAT]
MIBRBEALRE . T4 . T AR A BRIAR A SR
B BRmEae ), AXMA MR, FRMH0
af 19, 2 2 A Ak B AR A P B AR AR Y
ML, FRATHIBIIE R, LR BRI N bR
INF, X SR B I B R B R BRI Y e, X
PRI M RIE 95.21%, MRS 7K rhid & R RERRIR 2
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