‘E]ﬁ%DJ"E_ fﬁ:iﬁl*ﬁ%‘-ﬂ; % 13% % 1055 20194 10 B

Eco-Environmental Chinese Journal of Vol. 13, No.10  Oct. 2019
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074
EfREE o e gy =3 s
o XEEB: KiSHEpE

" DOI  10.12030/j.cjee.201811193 HFESEE X703.1 SCHERFRIRES A

E N

JURAR, 13, Wb, 45, 2 FERRRERAE IR0 A0 L B 5 AR R T 22052 M), 3RBE TRE2A4E, 2019, 13(10): 2426-
2433,

YOU Xingyi, FENG Xin, PAN Yang, et al. Effects of two phosphate growth environments on simultaneous removal and
enrichment of phosphate[J]. Chinese Journal of Environmental Engineering, 2019, 13(10): 2426-2433.

2 PhBEIR 3 AR K INEEXT F 2P £ br 5 B AR BEIR 3 T
fiip=A10

KEWDL GED ERD2ST,H B ipkaE?

L MBI R 2 5 TR A= e, 95 M 215009

2. N B KA A W H RS 0, 95 MM 215009
T HE ISR S TR E SR E, 730 215009

/.

B—1EE: LA (1994—), L, WMEWRA ., PRI KGR, B-mail: 437371256@qq.com
SEEEE: B (1972—), B, B, #8%. FRIri: K554 . E-mail: panyang@mail.usts.edu.cn

W E AXFEEERSEEHRINIER RS, BT T B S UK R SR M T R AR Y R R
7 RS B s e R B BE 7, R I B T B A S (SEM) IS 3l f 0 XA 0. 45 Bl 95 KIS TR HEAT T A .
GER R . (RWEEREE A K BERR AL W R EAE 0.5 mg L UF, RN BEM i KB4 6.05 mg L' 7EAK
R BRI D, W KBRS ATE 0.5 mg L DUR, W BRI MO B s T A 63 mg L' SEM £ 2R
W, FEERSEEGRI N EFEREYIRR NP EEMAEYRRE. SEElrgREN. 8B
0. 45 F1 95 R YAETE 1 '] (Proteobacteria) [ #HXF 3 B 435I hy 48.3% . 57.1% F1 89.1%, 5 £ FHb i ; WML W
(Rhodocyclaceae) FIAE T FFE 43950 K 18.1% . 19.0% H130.8%, &N s T HILHAHER; SIKRE & (Zoogloea) 2[Rl A
B R R BIF R EY I T A i R IRER . fERIFEREY I T 2, R m B s B A KR
2T 85 35 (10 S w25 0 B 08 (o g 4 K ) T A R R B R HE AR o, I A IR R BEAS B vk R R R
LW, HXFMAERKE TS GREMEDNERK,

KHBIR [P EBRSEEBRRLE; MEY A KIS AW, wE ey

B —MEar AT D RAEG BT R . B ET R AR BEY IETE AR WA 5, OB 0y A 0 m i A
Je Sk BNl T AR VK R B IR ER B AR, TOVE B I WEIR B B A4S b 1 (MAP) #E AT [l
Wo, PRI, R BT v 0%l TR R Ve A VR 2 v 2 IR ATl 1 DG BRI A AR BB v R B R R AR i AR v
SR W 1) A A P B DA ST A T A0 o B Tl TR v P 28 Ay e SR AT e R Wl 1R R g DR e v K R R R R
AW A BIRAS T bR S S BB s A R %) B N R A A R B OR R TR B R A R RE ), LUt
WFFE ] 20 22 B 5 6 AR W R 8 T 20 b R B E Wy O RO RE S A 28 AL B AR+ 70 A 2
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Ui EEA: 2018-11-30; RFAHHA: 2019-04-23

EEWH: B F &S0 K R (2016YFC401103); EH K H AR 2 3 4 BB W H (51778390); L34 H AR 2% 3 4 Wi H
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1M TIAN S0 & 3, 76 DR AR/ S8 A8 8 A W ol v Bl 25 Wl R 5 il SR kAT, 5 £ b7 9 T
W B TE TR AN A8 Sl v TE TR 2N (98%), H.y-ZE T WA R e O I b . B0 2 8,
TER A A B A A bt & kR e e AR W IR R i g, 2L FL (Rhodocyclaceae) & 2 e
W, M 58.32%. XEEHHR IR, TEARIBAT /AT, RN &e o Al BEAETEAS [R] B 28 0 SR 1

HET, Ko 5% U8 A5 i s Sy B BR B0 L, TR T e A v VR B O B R Eh DL A
I o v SRl TR AR A I A S A D o A B SR DL BV OB A B A, SR IR AL/ AR S R 2B AT I RN
L BN AR R I T T 2K )T DT K R 2 B I ISR R A W SR SEAT TS5 SR A DA TURE K
DL T AR 3% 5 K 45 A 4 A R T W B (SEM) A I R B R, R T [ kOB A R £R
AR IRBEXT [R5 2 B 55 5 AR Wi IR R 10 2 0 JEURE A= ) TS T 20 W R P 1 1 52 i) R EL AR 2R W i 119 72
AR
1 #Rl5E*%

11 LBRERAK

SR FHNAS 14 em, 75 19 em, ARCAEF N 1.6 L BYEY IR N 85 . [N 8 LI 1, Fr s
BER k2 BUSERL, APBEAE LR MR, e EAE R 15 mme FLBURE IR 95% LA b, A R H A T A
500 m?> m >,

Sy K SR N T E K R A AU I T A2 38 V5 KoK B, LA SR BNAE S DR AR I . & 280 i /K OK JBit
5mg L' PO;-P, 40 mg'L"' NH;-N, D EHEITR, REmexds, Al &E NaHCO,, #7 pH =
7. FEHIRE KK BN 200 mg-L' COD, 40 mg-L™' NH;-N, DEMEBICE, REMBEICE, pH N
7o TEZE 2 BB, i BNk 46 W % Jr e AR A IR B 9 %6 58 200 mg-L™' COD, 40 mg-L™' NH;-N
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Fig. 1 Diagram of experimental system
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Fe A5 ek H RN T R G KT AT o DU RS KA R T AR 36 5 K, R A IR /A R se B X
)iz 7B X AE 2 (2025 °C) Figf7 (% 6 h, R4 6 h), 4% 5 Bois i | i il e 3 mg L' 247,
% 8 28 B E HH K 29 160 mL-min', #F /KBS [E] 10 min, 43 2 DR Big 1T,

51 BB (0~45 d), A AR BEBE IR 5 0 AL KA EE (LT T FR M AKBE A BT ). IR E, I
7K GE I 85 B R AR A, B 6 h, CRRERHES s TEIRSARY L, TR K 0% Sl 2R i
AN £, 6hJa b ia e
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552 BB (46~95 d), Ak T A AT v R i IR Ak 5 R R v R R W R R S T S R I AR KBRS (LA 1
PR AT = B AC AR ) . TEAF R B B, A SR 7KGE T IR S 2 i AN A%, B 6 h, A K HE
s TEDREEBY B, PRAEHEZKGE o 05 3 S E AR A%, [R] A 75 35 0 i Ay e D R 60 R 38 Ao 055 3 A E A
RN, ONSERUE , VSR IR B A KT . DL 1S d S LA B TR DR AR ARE VT
1.3 SRR E

COD >k F E 8 W #1357 5 5 PO, -P SR FHAH B P40 EOL BV I 5 o SR A i 7 B BB
(SEM) M54 0. 45 F1 95 Ry AP EY; R w0 7 20 B s 0. 45 F1095 KR i N 1Y il
RIS R
2 #BR51R
2.1 A KIME XA YRR IR R4 1 RE RO =21

FER A L bR S E MR T A9, &K COD H 0mg- L', PO -P A SmgL'. MK 2(a)
L, EARBERREE N, BEE NARRIB AT, GF B B A W R W e AR AR, 5 45 R BT
OB R W AE WAL T 1.5 h A ADE B R Eh v B FEAN 2 0.15 mg L' MAIEI 2(b) AT AR B, fICmE v 8 28
BAEET By PR R SR B A W) AL T 7E 2 b N PRl R Ol s AR R HE, B R 47 1 B R £ 25 Bk
HE T o

FEE 3(a) Y, AEIRBEINE T, iB1TRUE NS, APV KRR AR 7E 0.5 mg L7 LATR 5 & 3(b)
DU I R SR PR R A — A B R B (LA 81~95 KA ) I, B A H K BB IR Ak ok R
AFRELE 05mg L' IR B 3 MIREHE KK 200 mg' L™ COD. 0 mg-L™' PO, -P. Hi &l 3 W41,
R PR T IR B B 0 BE Wi R 0 AN BN, e KB o8 6.05 mg L™, 7EULINIE], IR B BL C/P(H
FEMY COD it /B B IR #h i) P-4 8 24.84 mgmg™'; (RBE S BB IAEE T, IR HKTE 15d N
FREAMH (5T E SRR, &SRR 15dNBHHE K, 58 63mg L FH TR
FE, TEMCIBIE, C/P ¥R 27.74 mgmg .

FEARBEIA G, FD B S S UM R T 2 MR h L PR R AT E 7E 98% L) I+, HIH Bwk
RE I ARWrnssk ;s Wi7EARBE S B SR IRIE T, X T LB IR L S BR A8 J132 3 1 & Wi VA vk 8 /) 3
Wi, 3% T2 FT I B R A 5 PR R IA B 85% LA I, IRA M BEBE MR Sh AN Wi A5 BRI, & B A )
T 4Tmg L, ZJ5E BRI BT RN N A AR BN IR . SRR, GF AR B B R
R LBRFE TR R 32%~54%. MULET L, SRWEAE VIR0 B 68 01 5 40 M Ah 5 0 w9 1R h vk FE %% D) AH
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Fig. 2 Changes of phosphates during an aerobic cycle
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Fig. 3 Changes of phosphates during reactor operations
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R, I L2 R I OB A9 B SR AT TR N . R R W R E A BRI B, JF BRI R TR P 1Y
WL e B R B — 2 R I, SR A A0 P AP A B R R v R 2R K, R AL W I UORE B, A
BRI R W R R T B R BT
22 FHEBETREMESH

550, 45 A1 95 KAy I5 e 9l 1 0 S8 (SEM) RARSE R WA 4 Pros o 7258 0 Regis e, ol
DA B A KR R AN R A W) (EPS), i AH BRI S A4S & 1e—e, A 2 MO 00 il
YIdEAr. 45 K, ROV AR RIPSORBEIRGL, B R 048 BA RAFABRBERE Ty, 4%
IKAE 0.5 mg- L™ LUR, A5G [ S i R HEBOAR D), 75 e A7 A8 50 22 B S AT T A/ i RO BR TR, 750
A LB d Y — b, WRFFEIE A TR KB B, B RMERIE S, 205 K, L RKIE L
RS IR, R R L R K R AR HE R TR, R R R A DR RR RV 63 mg L, TSP
PR B B 3, A R ER TR, F BB R BT, (R g W S R 1 2 A BB X SR W T A A
—RE R . CAO A5 gl H R W i £ BN FPIRMERR, SAMFTIEE R —8.
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Fig. 4 SEM images of sludge
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73 249 Hl 126 462, 45 fh B9 OTU %0 531l oy 1 WEVMBEFENSEESH
52 736. 64 715 F1 92 618, %5 0. 45 F1 95 K Table 1 Species abundance and diversity of

microbial communities

(7 55 R AE 0.995 0 5 0.996 4 Z ], BT 4iis
() 8 LT D8 B AR b B e W £ ke Bl J¥50%0 OTU%L ACE  Chao Shannon Simpson % i
Shannon £ £ PE 45 00T DL UL B RE S i Fp HOK 59711 52736 145453 1457.3 77810 0.984 09964
EEE, SRR S R 45K 73249 64715 155634 15612 74901 0.983 09957
(Shannon=7.781 0), %5 95 K My il 3£ & g H95K 126462 92681 117148 1183.0 56307 0.952 09950
#)N (Shannon=5.6307), ACE. Chao #1Simpson
FEECFIRE AR 28 95 RINP Fhor A fi M AT 5. 55 0. 45 195 RIWF AR LRI, ANFE MBI iR 4 K
IR 25 el S s R R TR 1 R R R 2R

2) M AV REREE BT . TSR IR, EARERARET, KRB ILRfAES 2L
WAEY . 0. 45 195 KIEE S FE T I 1Y OTUs B H Z I # [] (Proteobacteria), %% 75 [# ]
(Chloroflexi)y, AT I '] (Bacteroidetes). J 2% W& I'] (Actinobacteria). %% ] (Chlorobi). TR FF 1]
(Acidobacteria) . TEACIRTE ] (Nitrospirae). 1T W[ ] (Planctomycetes) FJERETR '] (Firmicutes)-

T 202 AR A R B T A R T 2R AT o B, S5 RN R] 5 iR 03X 3 SIS A R AR
AR T 3% BTN AL (48.3% . 57.1%. 89.1%). S5 H 1] (14.5%. 14.8% . 2.8%). IAFH
17 (10.8%. 81%. 0.8%). L& ] (4.2%. 3.1%. 0.1%), H, ZHHEITE 3 NS REN P RFEE
Bl BEFUMBR AR, HHARKIEIN LGSR QERHEHDRTZIEETTEEFEENT .
NGUYEN 2"V BE58 2 3, AR T 11T PN A9 38 40 240 O 5 7 I A A L) %) [ B 5 i 260 5 1l A D g
TEFE LR 5 W R R B r EURHE W I T 20rh, ASIE BT T AT BE S W e 1 SR W 1A

FE K L, 25 0. 45 F1 95 K y-28 B B 4N (Gammaproteobacteria) W A1 XT 4 & M 6.9% - Tt

45d 95d
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Fig. 5 Microbial distribution of phylum and class
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% 20.6% M1 57.9%, B-ZEIE 1 49 (Betaproteobacteria) [ A XT = FE M 30.2% T [ & 27.9% M1 20.7%. 1E
ML LGRS EEMREN BRI EYBE T 20, FENBEYE Ty ERRN, X5mAEY
Fris RS h TR AR T B2 ENAR, ATWAYERE SEEGRASE T, AT
1Y) SR W T

mE 6 i~ , FERMIKFE L, HXEE KT 3% WA 2L 5 B (Rhodocyclaceae) . JR %A 48 14 B
(Anaerolineaceae). Al 1k 5.0 & #} (Nitrosomonadaceae) . i L2 i€ B Bl (Nitrospiraceae) . #1124 & F}
(Rhodospirillaceae). 413 T #} (Rhodocyclaceae) TF 12 17 & 2 AH X =F B 28 7 39 K (43 5 4 18.1%
19.0% #130.8%), HR T RN as HARXS F R KA. s, Huargohn] i RuH K28 T40%
Bl (Rhodocyclaceae)'™, ZILLES 2" pUWF 58t & B, ZL¥RE B (Rhodocyclaceae) J2: 1= W) i AL B B &
SRR, BA R IBRBERCE . Mr s FRIE , 2L R (Rhodocyclaceae) J2: [F1 2 £ Bk
5 S SR E 0B R R AE Y R T 2 h i SRR

0T wmgg Br m-od
50 B 45d mm45d
B 95d B 95d
40 16+
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i il
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' T 6t
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Fig. 6 Microbial distribution of family and genus

FEJE B K b, B g T i 32 B 2 Ok B B [ TR & (Thauera). fEizfrad B, P o K # )&
(Thauera). A4 R # J& (Nitrosomonas). HEACYRNE H J& (Nitrospira) WAL X = B4 B8 i, 31X nf g8 &
H TR E K SBUEY BROR B R)R . TEAF AR B, S SR HOE H RE 6% #F A B8 i DR A=
Wy — e IR AL, AW BEANZ A T A B, W AH R W 8 (Nitrosomonas)!™ . filf fb 12 i€ I J&
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(Thauera)"? 45 F Gt 16 20 T W SR 2 R 3047 OB AR AE TS MNP 45 R R, SR8 (Zoogloea) J2: [F)
RGBS EEHRENEIFER AR T2 h M EEIRRE . I EE (Zoogloea) J& T i HL i F}
(Pseudomonadaceae), J&*F % [CIIVEFFIA, J& T ML S AT . BB F WIS A9 B LA 22 3R It s 152 58 1)
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D) FEARBERIR T, ROV A aF S K B SRV BE RS 7E 0.5 me L' AR, B RAF A BE IR 46 25 Bk
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KIEE, A KBERE W E AL 0.5 mg L' LI, R E BRSO Bomnl ik 63 mg- L™, fiE
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Abstract The aim of this study was to simultaneously remove and enrich phosphate solutions. The phosphorus
removal and release capacity of suspended packed biofilm reactor in low concentration phosphate environment
or continuous alternation environment of aerobic low concentration phosphate and anaerobic high concentration
phosphate were studied. Sludge samples taken from 0, 45 and 95 d were characterized by SEM and high-
throughput sequencing. The results showed that the phosphate concentration of aerobic effluent was below 0.5
mg-L™" and the maximum phosphorus release was 6.05 mg-L™" in the low phosphorus environment. In the low
phosphorus concentration and high phosphorus concentration alternating environment, most of the phosphate
concentration of aerobic effluent was below 0.5 mg-L™', and the concentration of anaerobic phosphate
concentrate was up to 63 mg-L™'. The SEM images showed that the main microorganisms in the suspended
packed biofilm reactor for simultaneous removal and enrichment of phosphoric acid were bacilli. The result of
high-throughput sequencing showed that the relative abundance of Proteobacteria on 0, 45 and 95 d were
48.3%, 57.1% and 89.1%, respectively, and it was dominant bacteria phylum. The relative abundances of
Rhodocyclaceae were 18.1%, 19.0% and 30.8%, respectively, which was the dominant bacteria family in the
reactor. Zoogloea was the main functional bacterium. In the suspended packing biofilm process, phosphorus
accumulating bacteria cultured in alternate growth environment of low phosphorus and high phosphorus could
lead to phosphate content in aerobic effluent which meets the national discharge standard, and could obtain high
concentration phosphate enrichment solution in anaerobic phase. This growth environment was more suitable for
the growth of phosphorus-accumulating microorganisms.
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