‘E]ﬁ%DJ"E_ fﬁ:iﬁl*ﬁ%‘-ﬂ; %£15% F3H 2021438

Eco-Environmental Chinese Journal of Vol. 15, No.3  Mar. 2021
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

e CERE: KITREA
BT DOI 10.12030/).cjee.202008183 hESES X703.1 SCHERFRIRES A

FIE, FMIL, WA, 55, ARIBRIRT B4/ 4 SRR R G0 A ISR BERCR S ALBET]. PR TR A, 2021, 15(3): 954-961
WANG Qian, YUAN Linjiang, CHEN Xi, et al. Biological phosphorus removal and its mechanism in anoxic/aerobic continuous
flow system with different carbon sources [J]. Chinese Journal of Environmental Engineering, 2021, 15(3): 954-961.

A TR R PR T S/ U S0 B0 2R G0 LR WD R
e HALBE

£%1,2,3, /%&—717}_\;11,2,3,*, ]Iai]:\%f;—A‘, %‘;{‘?1,2,3, E'J\/‘%3, ﬁj’[)l,ZJ

LK RIS A E S B M E S LEE, P69 710055
2.BEVER MR TR E SR E, V§E 710055

3.V RO 0 8 5l BU TR % B, PU & 710055
4. V9% TRRAWH A 5B LR, 794 710048

B—VEF: T (1994—), L, WEFRA . B e ki TE KA BS54 K . E-mail:  183375579@qq.com
MEFVEE: =BT(1966—), B, WL, #dz. 507 WiE KA 545K . E-mail: yuanlinjiang@xauat.edu.cn

B OE N TR B LA R — R UR R S R R G 2 R A B A R K Y B B
TELAVER I ME— BRI . O RERAE LR W IR B (FR R 5k 72%) M S8 I FOE SR A W IR B R Gevh , ol 7s b K i YR 20
B, M T RGEXBERBRAAEA . W T RGBS HEKBRIER SC R SRR, AR K b e R e AR
F54 400 mg-L™'(h COD 3, N [l) . 8 i A A5 05 ol 2R (AR5 4R W5 MR A W) A3 27K i COD 43 i 4 | &
500 mg-L™" A1 600 mg-L™", S8 hn#4 W 5, G4 BETS U8 s RS il 282.9 meeg ! N 3123 mgeg !, WA
AR D, AR RGBRB AR BINEANRS SR VRIRA YR . B BB v 3L R 5 TS e X 48
Wi 5 o BT A 25 R K FEVER RS HOINFE K COD B4R, To i N i 2 4 45 A 2 26 11 R -0 1R
YA REW IS RE WS . AR FRHEK S COD R (400 mg- L™y I, 98 2> ik sk v 3 # B = 300,
200 1 100 mg- L™, I AH 7 38 0 4 280 Bl s8R (0 5 @ IR WRHR AW (1:1), B2 0E 7K 3 A0 M BE A ARG, 6 sk T XF
V7 F G (PR 4 TG AR b, 4 E/K AT 100 mg L' JEK R 300 mg L' B, RGBRBEMCR R, B
Bl 29 mg L', WEHEH RN 0.95 mg-(g-h) o LA ESEIR I, 125 G A0SR Bl SR B B A B TR % I A O FLRR
KT R, HEARRIE AR LAl mR, Wi T RS, 76K E T L 400 mg L™
COD) F, M AR RR I, R R T Bl o 10 26 A A JE Bk, 38600 2 ) b S R VA R TR

KRR BRI ARESTRAY; EYIBREE; ALK R ; MR, LR

Xt Fig KA YIBE#E, WENTZEL 251 F 1986 4E4 H 1 5 Ak A= W B% 8 (enhanced biological phosphorus
removal, EBPR) £ 2 | fth i\ 75 7K b B9 4% & 1 B8 Wi R (volatile fatty acids, VFAs) 7E EBPR #Lifi| i g 5¢
HAEH . PR ZLLE & VFAs fIE KR 257 EBPRP, SEad 5T, AM13045 T —Sb 390 A R wk
HANBESHBOK th K F AUk #HT RWh. dKkh RE& R FAIY, AR TAYEREE. B
SRAIE TG KT & TS e ) F BB R R FANL G A B . ok eG P Anmiss, (BAEAE TS
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55 3 1] TABRE . A[RIRRIE T A/ 4 SR S0 2R GE LR WIBR R OCR SO PR 955

W B A F 13X 28 VEAs 225 75 7K i ik

1987 4F-, TRACY %5075 L 45 % hy i U5 A% % /K Ab B8 R 48 PRt SE L T EBPR, %098 & B R 48
PR SR B BT L P A R SR T AS S SR PR JE AR I R . ILJS SATOH 46 ZENGIN %7 fil REY-MARTINEZ
GEE DI AN . RAMRMAB ARG R KR, W358 7 EBPR, X 267 A [l B i T 49 A= 9 bk
W 5% 5011 EBPR MR RYA — a2 2250, H AR N 09 A= AR AL w8 A A B o ol 25 5 00 R Bl RERRUOY DU GE B3
I ME—BR IR, 7E Bl P LI PR TS PR (sequencing batch reactor, SBR) 5 i £ & 4t This 5
EYIBREE, PRI IR AR AT T SC B T B0 LB, AT R X SR — R A P BR B AL U

FIFZ 8RR T2, Al LA 2 BR A M8, AT 48 J 75 /K B A BR BRI R« R IR A B 6 iz
T BAEFEHKTAEIYIFIER MR, mEmkKAESY 0% £4). EEAR (50% &
) IR (10% Z247) # R itk oM AR & 157K, X F iz i AU A0 2 45 10 6 R SR i 17 O B v oA
ULAH G BRI 48 o A58 5 A 06 15 7K B 43 AH 3 0 B R AN s 2 b L SR R A IR W R A R b T ik
Us, A A B BN A TR A R, IF 9T DATE K A ME — B R 1 B B R Ge e B RE4E R DL IR A VR T AR
YIRS oL, BRI — SRR LY R B AL | N AR A2 T 75 /K A2 b B v 78 S B A B 4R
YIBRBHE S %
1 #MR5RE*%
11 XBRE

BE 95 Ve Sk F 48U/ 4R (AO) LRI R AL, LB R E WLIAN 1o RNV AR 9 L, k403t A1
WM AR A I 2.5 LA 5.5 L, IT0E WA R
24 L, R IR L K il -
24 L-d, JKIME RN 9 he B M FTHL
B FE L B %M R %L (dissolved oxygen,
DO) # I 7E 0.5~1.0 mg-L ™' 4 o DA 1 480 b A< 3
He 5 Je k=il is Je fE e al o 20 d 224, 4k
P55 Ve W 2 2 800~3 400 mg L' HEAK R ALKy S P
HMRE AR, FEA SR BZ M A A E HEKH

»
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R R AT A AN N 1 RRFRERAEETRE
100% Fig. 1 Schematic diagram of the anoxic/aerobic

continuous flow system

1.2 EYIS R B K KR

ARSI e FR TS YR B P e V5 K AR BT, BSOS YR R AR BN TR K, DR A B R Sk ik TR
(COD 2}y 400 mg-L™"), iR — & B (PO, -P ¥ J&£ 29 -y 8 mg-L™") Fl fii§ iR ¥ (NO;-N ¥k £ 24 2 20
mg- L)y FIMABIREE 0.1 gL', Hifbs5 0.01 gL' I4ERFAEY R IiFAEK .
1.3 SthiE&E

COD. NO;-N. PO; -P 458 FLHR bR r s SR FH SCRR A g 77kl SRR R0 2 SR FH X IR 0,
B I SR U e €5k U, PHB A B S R ARCOM 835 15 (Agilent 6890N, FID £ Jlf #% , HP-5
AUEARERD) W, SR O A ShiEdE . B4 o btk 201, B4 10 I 5 AR0RS: DU 268 3L B2 43 30l o
250 °C F1300 °C; RAFEF AR, iR 50 ¢, A 1 min, LA 10 C-min' F+ 5] 120 C,
120 C-min' J+ 5] 270 °C, £ 6 min, HEFEE R 2 uLl, ¥5 U o B 0B YL (8 5 15 R 4',6- K 3k -
2-ZR W[ (4',6-diamidino-2-phenylindole dihydrochloride, DAPI) ¥ ¥t G 42 (2,17,
14 LBHZR

MR 2 U i R BEE L L VS MEYS YR, FERE A 4 000 rmin”! R Smin J5, FE LWERE,
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TNZEIRK EEERAE LRSI 3k, FHZAMACKE DI TS Je 2 4 2 500 mL, FfinA 500 mL A T84
JEK, BLE S COD iy 400 mg-L' MY A Ak IR AL B K (1), $RIEIE Gl 5 v UE 490 Vi B8 % B gt 1) 52
M o 31 JE AV BE R 400 mg- L', FCHfiLEL COD 435128 500 mg-L™" Fl1 600 mg L™ A& Ak I K (55 2),
R B UR LA K A SRR IR T PR 52 e . SIS BT K 9 b, BREBEN 2.5 h, A EBEN
6.5 h, MBI T AR K TF UG TH i F B 1 AFE, 15 BB BB 30 min BURE, 4B BEBEFR
60 min JUBE, WEPO]-P. FLER FIUNE R & i o 3% L2 i S B PR B R i 2 X () AT 5

g = Paint = Paer (1)
VSS,ATA

K RABEIREE LR AS Pypne M Py 73 0 R SRS M BE S 7K PO -PAR BE , mgL™"; Vg, MR
VSS VK, mg L' T, Aok s W El, he &1 2 CODXT 400 mg L' HIEKE S

. R Table 1. Wastewater composition with total
2 ZER551 COD higher than 400 mg-L™* mg-L™
2.1 AOELRARGTITIHRE WA AR ARSIk cop  POI-P NOG-N

] 2 Ry 8 S R Ge 6 IR K T Y i) 2 R 400 . 100 500 8 20
ZER . M 20T 0L, RN A Zead 40 d B9 94k 400 o — 200 600 8 20
Ja, BREESCRE TRE, HIKPO;-PR 26 400 100 — 500 8 20
mg' L, EBRFEP 2% Af, BAEBEGE 400 200 — 600 8 20
M 35~4 mgL', KBk R H 50%; oK Ve B EINR S AR OB 1,
COD /N T 50 mg'L", ZERFIK 95.6%; HiKHy

_ N 5 = 3 —1 =
NO;-N 4 03 mg'L", ZBRAIk 98.6%, @i %%blz % COD 73 400 mg-L E’\Jf&ﬁgﬁﬂﬁl
NN . A Table 2 Wastewater composition with tota

ﬁ*%ﬁi%ﬂg }%%f}:i o JIN #[19] E(Jaﬁﬂﬁ&%:‘{ COD of 400 mg'Lfl mg-Lfl

B, W0 2 B T LA RSB RO A 1 2 5

. RGAE TR T . (e, M EPURSIEDE  cop poir MO

O . ) 100 — 300 400 8 20
P uTSCERmE e BR,  BOH A B R A B oo - 100 . .
SRIE 5T 128 B B R b A PR R R AR, IR S w 00 w00 . "
et T s, R LA 3. mE 3 A, 00 300 B 100 . .
TEGRAE B, MRS R H 196.78 mgg ' (UL VSS
B 280,44 magt, BB 9L AR A Bk 5 200 200 — 400 8 20
o ’ 5% g Boa B 1S 300 100 — 400 8 20

15.6 mg-L™", 7K Ffvird) ol s o W B Bl 2 R AIG, ik

450 24 10
400 F
~ 350} = -~ 8t
= 300 = 16} - ;
on > on on )
2250t —a— &7J§COD = —a— jE/KNO-N =)
E 200+ —— {4 COD E/ 12+ —*—@%’iNO}’-N E/ 6%
o) —o— #74COD v ~ [FENO-N o s}
O 150 f e HKCOD o 8t 3 o
S e HkNOSN 2
100 ¢ ’ i
50 o wko o : 3t
(el Uk S A witlUniel MU AL 2
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Fig. 2 Removal of contaminants in the continuous flow system
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TABRE . A[RIRRIE T A/ 4 SR S0 2R GE LR WIBR R OCR SO PR 957

S CBLBRBE R 3.3 mg- L, POY-P & Bk RAE 40%
it o XULHITEB A B, BREEARE &0 RN
FEWE I At FLIR 2ok A v A A ATPU,
AR B, MR 280.44 mg-g ! FEAIX
$]208.26 mg-g”, AFEBIREE N 32 mg L. 1
gAYk R, BBEE (polyphosphate accumu-
lating bacteria, PAOs) ¥ VFAs L) PHA )& 5 i
fe, JFTEIR R B u o0 B o TE4F A B B,
PHA ¢ FHAE A RN Rb 78 04 P b D A 22 Rl P 1Y)
T U5 RN RE R YR PO, IR GE (18] 3) v A A T E
B BFEF T MR (polyhydroxybutyric acid, PHB) #l
VFAs, B IR 7E 8 B LI IR TP =0 B AL, X
HERPY IR SR 8 X Ul TELr B B
rh SR A B Y RE B R EEORk AR IR A AT
TSI R — Rt K, 7E sk U B
B mIRE . HEA T IREIREE, PAOs i LR
WIS, X 500 A i SR AR R I 2L U R AT
TEZE 5. MRS 5 % 200 RFEAFTER)
FIE ., X AOE ZL 15 e RuE MR #E 1T T
DAPI 3¢ (0, i I a0 &1 4 fros o Al W4 i
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Fig. 3 Sludge characteristics in anoxic/aerobic
continuous flow system

(b) 15 YRAFAAI
4 BEHTAL DAPI & E
Fig. 4 DAPI staining of polyphosphate particles in sludge
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O A DLRORCRE 28 S/, U SRR SR W URE B SR SRR W (RIS 22, SRR T 108 3 Wl R R SRR R Y
K, XU R G BR i T B AR RS B, R AR G b el A B B — B IR e A

FE T R B R ARG, B B A R WA NUOREWE 2 Rh B G, AR G o Y i) e S R B T
NACEE R, P, SRA R T REWE . 7R B, PAOs A P A9 M i 41 AT At — 25 B
W B AO 4 ZE i 19 B A B B R FR R IBOK Bk, X — S50 5 /N RN FILUO 481 i iE
f7E AO-SBR 1 BR Wil i L K A& 48 IR SR 7 A R B8 v B AE W B e i AR AN D

22 #HKTHEETKIE. COD XF 400 mg-L™
X115 e PR A 52 M

R RS AG W IR (R R R 2R X
2GR WA IR R e, DR VE R A (DA
CODi1) 21400 mg-L™", SN AZE A EENET#S |
7 % B i LB COD 4 500 mg-L™' F1 600 mg-L™"
()52 G R AR AT HE A SE 88, R S8 M BRI AL
WA S PR B S o] 0L, A %58 e 6
A COD 2 500 mg-L™" F1 600 mg-L™" (1) 5 4 Bk i
MY &K J5 oA B BR B 4 0 O 2.2 mge LT A
0.8mg-L™", V5IRMIMEBEHE AN 0.71 mg-(g-h)!
F10.27 mg-(g-h) s LF A BEBR 23 3 M 2.4 mg-L!
M 1.8 mg L™ A EE H R4 8 W%k I il R

S4B

—A— 100 mg - L' 45 % B

—eo— 200 mg - L' %5 &
~ —A— 100 mg - L' & 1 RS I
0 —o—200 mg - L' 15 [ JENIg 7
&
)
] —
% i }\§—°—ff
;§ \;\;——l—{
g o— k
= K %\§\°\CD
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Fig. 5 Changes in phosphate content under the conditions of
different composition of combined carbon sources
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COD / 500 mg-L™" #1 600 mg-L ™' (&R GO IEIE K JG , REHAEBBREE 2514 2.9 mg- L™ A 2.6 mgL ',
1Y 53008 0.93 mg-(g-h) ™' F10.89mg-(g-h)™", SF4EBONBER BRI HIATIA 3.4mg L™ F13.0mg' L™,

i A B R WA v FLIR B i LA S s Ve RO IR i AR A an 8] 6(a) AT 6(b) P . HHET 6 0] UL, it
25 TIN5 25 B & COD 24 500 mg-L™' A1 600 mg-L™" A9 52 A B IR K KI5, B BOK Hh LR & A4 20 ) R
122 mg-L™" Fl 8.5 mg-L™"; 5 UHm I & 2430 2829 mg-g ™! #3123 mg-g ' 4 E B I IH AR =
BIA 43.0 mg-g ! A1 37.1 mgg o HBEAAIINAZE R 4R W5 K B COD & 500 mg-L7" Al 600 mg-L (& &
IR K G, BEBOK R RE 98 141 mg L Fl4.4mg L, IE Bl FER N 67.34mg g !
152,57 mg-g ™',

BB I B i B IR B
I5r ' 340 —A—100 mg - L 21
320 | —o—200 mg - L' 4z ki
ol ¢ —4—100mg- L’IEEH,&EHEHJ:}
H 300 + / \} —0-200 mg - L’IEIJ__[HZEHEHH
5 | —A— 100 mg - LA 5 R
W ol i ——200 mg - L A% Hk w 280F 8 A T
E i —A—100 mg - L~ & F1RARDT g /1
= | —o—200 mg - L & IR 260 | / f\
K R H
® 6 § 240 | % i\
= & ™~
220 ~.
3t —
200
0 L L in—.—n—.—n—.—n—.—n—.—n 180 & L L L L L L L L
0 60 120 180 240 300 360 420 480 540 0 60 120 180 240 300 360 420 480 540
JR Vs ] /min JR V] /min
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Fig. 6 Changes of lactic acid content and glycogen content under the conditions of
different composition of combined carbon sources

ARG RUE, YK R AT B VE R, FR O A, A AR R 2 0 A R i AR A AR
BRgE, BERBRESA T M. EAREAWIGA R T, BB BE R & A, e B
JRIEFEE I, UL B BE R A SR B A A, BT B R SR A R SR R G P T RE A — o T R BE A
(glycogen accumulating organisms, GAO)™!, JLHE W% 78 it S 25 140 N A e U5 i AN B R iR &6, W DR AE
WA RERIEFEMIEN B R, BREAERY P h RS, SEO™RR &I, DO 15 BR Rk
RAR 2z DU, FERUE T RET, A 5 b 2 R R OME TR G, A0 ) T SR R SR R

XFAEG B, —ROK AN 2, WIBRBE R Sk ar Y, HAEAD R T, K
TIEM SRR, BE2MALEAIENG, REESCRGIFRER, HEEBERLAEZHI
iR A5 B (PEL6(a)), X DA ThT 156 BH 2 11 28 e Y XK 58 D8 # & % 7™ L R ok 147 1) 26 0 B e 2 N
[

2.3 #IKECOD A 400 mg L' TEAWRBREN SRR

TRFFAL COD 2y 400 mg L™ ARAE, KoKk b i v By 5 820 %2 300, 200, 100 mg L™, JAH R34
WA AR S 2RV IR G Wi TS, RERBERSCR K 7 R, mE 7L, M
2 ST 100, 200, 300 mg- L' I, FRGEHAE B ER#ES 08 2.9, 2.4 F10.6 mg L', 4R BeBR#E o>
R3320, 19mg Ly MEEAKBEBTHEE R 100mg L' F, BLEBRBER22mg L, 4f
ABBRBE N 29 mg Ly M B RN Uk Ve B R 200 mg- L™ F1 300 mg L™ F, RGEAH A H A
BT A BRBRARAE AR G IR AR AT SR SR B RRAIE

FEAR R S A e U8 A Bk S0 B FL IR 7 A= 5 AT 8 o B 5 A8 A 25 2 UL %] 8(a) FHIA] 8(b). it
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R R LR 300 mg - L~ &85 +100 mg - L-! G
,@@?ﬁagfgw\mmammydﬁ; :iﬁﬁf%%%%%§§%%
— 7 /LQ‘B ] N R T LUV . 1 Mb
A BIFLRR Y3 13.8, 11,1, 6.7 mg'L _2_3oo$§.L::§:4§}+1oo m L ﬁ%;ﬁﬂa

B LBLHE IR0 T FE 53 510 579, 492, 402 o100 e L VoA 4300 me L M Aok
mgg . Y KEE MR AR 100 mg- L™ B
T, SREBFLIRE Y 9.4 mg LT, U S BOBE 8
SRR FERE Ty S1.64 mgg s K 2 1 4 Sl
en
B 5 43 44 200 mgeL™ A1 300 mg L K, SRR £ %\§\§~D\Dﬂ
o w52 N _ _ - =X
By LM 4 50 3.9 mg L F1 2.1 mgL”, W %
BORE ISR I SUBL, 31X 5 15 55 PAOS i1 J5UAL 1 g0 —o—4—4
Ve ITR . U
. — — e §
ShEr P 7RI 8 WU, MK B A . . N
ATVBY 5 P R RS 0 3R B R IR
W 5[] /min
25o RN RTRER, A AR G0 B B Bk A T 5
e vy N 7 A ABRER AN THEAE BTN
R is e BAT LA B aE™), (HIHANBEA AL .
Fig. 7. Phosphate content under the conditions of different
AR RN A IR ok 64T R B FLIR , FLIRR composition of combined carbon sources
Emm,mﬁiﬁﬁﬁiT%?%%%Aﬁﬁ
A, BT R M B BR B RCR
—-300 mg - L' J&#y+100 mg - L' 2 (1 NG I —-300 mg + L' JE#+100 mg - L' 8 NS 5
—0-200 mg - L™ jE#) +200 mg - L~ &2 1 HRAE iy —0-200 mg - L~ YE K +200 mg - L' & Pl s
—0-100 mg - L™ JE#y+300 mg - L™ ﬁﬁ)ﬂéﬁﬁﬂﬁ -o0-100 mg« L' jE#+300 mg - L™ ﬁﬁ%ﬂﬁ‘}]ﬁ
—a-300 mg - L~ yE#3+100 mg - L' 72 —4-300mg- L- ‘7’“’7]5’ +100 mg - L' 45 24 %
—e—200 mg - L™ JE#+200 mg - L' 424l —e—200 mg - L' JEH+200 mg - L' 7%k
—=—100 mg - L' JEH +300 mg - L' 4524 —a—100 mg « L' jEH5+300 mg - L' 425 Bt
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Fig. 8 Changes of lactic acid content and glycogen content under the conditions of
different composition of combined carbon sources
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I LR T BR B, — 5 1 A 4 W T LSRN GE By AN S XoF BR B 52 ey, (ELJE R 8 R I, 2 A i
BRI A7 AR BRI 2 AR o MOZ A W) R W SR AR MEALE 15 22 PRI U 1) 75 7 r S B 1 B Bl

& F X H

(1] WENTZEL M C, LOTTER L H, LOEWENTHAL R E, et al. Metabolic behaviour of Acinetobacter spp. in enhanced
biological phosphorus removal: A biochemical model[J]. Water S A, 2000, 12(4): 209-224.

(2] Z5cH, KIEEL, A 0E, 45 X SBR AL/ LW BRI T ZBREERERY 2 IAI]. FREE TAE2#E, 2016, 10(11): 6106-6110.

(3] e, SRR, 2/ N, 5. ARl E AN £ B2 HEX s AL A U BRIE R GE RS2 IR (D). KRB R, 2014, 40(11): 37-42.

(4] ARTER, XA, ERAE, A5 KRR ALK 38 SR+ N TR & T2 AR PARE 15 /R BB 0], BUUAE T, 2018, 38(1):
118-120.

[5] TRACY K D, FLAMMINO A. Biochemistry and energetics of biological phosphorus removal[C]. Proceedings of an IAWPRC
Specialized Conference Held in Rome, Italy, 1987: 15-26.

[6] SATOH H, MINO T, MATSUO T. Deterioration of enhanced biological phosphorus removal by the domination of
microorganisms without polyphosphate accumulation[J]. Water Science and Technology, 1994, 30(6): 203-211.

[7] ZENGIN G E, ARTAN N, ORHON D, et al. Effect of aspartate and glutamate on the fate of enhanced biological phosphorus
removal process and microbial community structure[J]. Bioresource Technology, 2011, 102(2): 894-903.

[8] REY-MARTINEZ N, BADIA-FABREGAT M; GUISASOLA A, et al. Glutamate as sole carbon source for enhanced
biological phosphorus removal[J]. Science of the Total Environment, 2019, 657: 1398-1408.

(9] 5kak, AL, BROGF, 45, SBRIEA ARSI IRA W 19 LBRIIFE[I]. A58 TR, 2010, 4(5): 1003-1007.

(101 BliARET. SRAE/ PTG PTG I A PIERBE R HLIROTTE[D]. P42 P L dARHE %, 2010.

11] Be/NEe, FEMRIL, B R, A% R IR R FLIR A I8 Bk -4 S SBRI AU R GE BRI RZ IR [J]. PRBERL 22441, 2019, 39(12):
3966-3972.

[12] LUO D, YUAN L, LIU L, et al. Biological phosphorus removal in anoxic-aerobic sequencing batch reactor with starch as sole
carbon source[J]. Water Science and Technology, 2017, 75(1): 28-38.

(13] PRS- SR, AR ARSI 3T 77 M), 4R Jbat: i PR A2 AL, 2002.

[14] SR, 0% 28, 250, DIReHERECE Yl R FLRe & f il e vk 0] ) A AR 2015, 24(7): 37-38.

(15] A7, SZ5, BB, 45, AR R - R T4 DN A A A B 2 B A2 M (0], FREEAL%, 2014, 33(11): 1994-1998.

(161 hi B, S22k B8, T, A5, SALAEMIBRER RGP SR S M T i AR 9], M ZR U8 Tll K221, 2010, 42(2): 207-211.

(7] V¥, B, AHRK, 45, PLAon R SR IRRA E B E R B W h FLIR & B [)]. B O REIRR, 2013, 34(2): 1-2.

L18) BEMCLEE, ZEMRIL, XU/, 25, PRSI R S8 P S B S U BovS 15 U8 S S BEI AURE I OSE R[], PRI, 2019, 40(8):
3675-3682.

[19] JIN' Y, DING D, FENG C, et al. Performance of sequencing batch biofilm reactors with different control systems in treating
synthetic municipal wastewater[J]. Bioresource Technology, 2012, 104: 12-18.

[20] TORRESI E , TANG K, DENG J, et al. Removal of micropollutants during biological phosphorus removal: Impact of redox

conditions in MBBR[J]. Science of the Total Environment, 2019, 663: 496-506.


http://dx.doi.org/10.12030/j.cjee.201506073
http://dx.doi.org/10.3969/j.issn.1005-8613.2015.07.011
http://dx.doi.org/10.7524/j.issn.0254-6108.2014.11.012
http://dx.doi.org/10.11918/j.issn.0367-6234.2010.02.007
http://dx.doi.org/10.3969/j.issn.1672-5190.2013.02.001
http://dx.doi.org/10.12030/j.cjee.201506073
http://dx.doi.org/10.3969/j.issn.1005-8613.2015.07.011
http://dx.doi.org/10.7524/j.issn.0254-6108.2014.11.012
http://dx.doi.org/10.11918/j.issn.0367-6234.2010.02.007
http://dx.doi.org/10.3969/j.issn.1672-5190.2013.02.001

%5 3 TABRE . A[RIRRIE T A/ 4 SR S0 2R GE LR WIBR R OCR SO PR 961

[21] B o RUBRBE R 1 b () 0108 S R AR AR PER 52 [D]. TR : Thma K%, 2019,

[22] F{EM. ABR-MBRA G L2 A ALBRBERE S DAL FE[D]. 75 ZRHBHE R, 2019.

(23] B KA. AON ARG W bk S HLERAFFE[D]. PG4 PULad iR KoF, 2018.

[24] XD, #5246, ZBZHAOBRBEIA T. 200 5055 [J]. 47K HEK, 2012, 48(S1): 191-194.

[25] ALBERTSEN M, HUGENHOLTZ P, SKARSHEWSKI A, et al. Genome sequences of rare, uncultured bacteria obtained by
differential coverage binning of multiple metagenomes[J]. Nature Biotechnology, 2013, 31(6): 533-538.

(FT 4 % 5. v )

Biological phosphorus removal and its mechanism in  anoxic/aerobic

continuous flow system with different carbon sources

WANG Qian'**, YUAN Linjiang'***, CHEN Xi*, WEI Ping"**, HUO Xiaoai’, MENG Yuan'*?

1. Key Laboratory of Northwest Water Resource, Environment and Ecology, Ministry of Education, Xi'an 710055, China

2. Shaanxi Key Laboratory of Environmental Engineering, Xi'an 710055, China

3. School of Enivronmental and Municipal Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China
4. School of Urban Planning and Municipal Engineering, Xi'an Polytechnic University, Xi'an 710048, China

*Corresponding author, E-mail: yuanlinjiang@xauat.edu.cn

Abstract  To investigate the phosphate removal from wastewater containing many types of organics by
anoxic/aerobic biological denitrification system with starch alone as carbon source, which was observed before,
the effects of the constitution and concentration of carbon source on the performance of the continuous flow
system, which achieved good phosphorus-removal (efficiency of 72%)with starch alone as carbon source, were
studied, as well as the change of phosphorus removal and the relationship between the carbon source and
phosphorus removal. The results showed that when the concentration of starch in the influent was at 400 mg-L™",
and the COD value of the wastewater increased to 500 mg-L™' and 600 mg-L™" with addition of glucose or a
mixture of peptone and milk powder, respectively, the glycogen content in the sludge under anoxic period
increased from 282.9 mg-g ' 'to 312.3 mg-g" with addition of glucose, while the amount of lactic acid in the
bulk liquid decreased, at last the decrease in phosphorus removal rate occurred. When different mixtures of
peptone and milk powder (1:1) were added, the amount of lactic acid in the bulk liquid of anoxic period and the
phosphorus removal by the sludge were almost the same as before. Under the conditions of constant starch
content and increased influent COD value, the phosphate removal of the system did not increase with addition of
glucose or a mixture of peptone and milk powder. Under the conditions of maintaining the total influent COD of
400 mg-L™', reducing the amount of starch in the influent to 300, 200 and 100 mg-L™", respectively, and
increasing glucose or-a mixture of peptone and milk powder (1:1) at the same time, the reduction of starch in
influent resulted in the decrease of phosphorus removal efficiency of the system with 6 types of carbon sources.
When the glucose concentration was 100 mg-L™" and starch 300 mg-L™', phosphorus removal efficiency of the
system was the highest, phosphorus intake amount and rate were 2.9 mg-L™" and 0.95 mg-(g-h) ', respectively. It
implies that the system relied on lactic acid produced by starch fermentation at anoxic stage to achieve excessive
phosphorus uptake, while the sludge in the system did not use protein substances to ferment and produce lactic
acid, ‘which did not help to remove phosphorus. When the starch was sufficient (COD 400 mg-L™"), glucose
addition was not conducive to phosphorus removal. Glucose could be used as a supplementary carbon source
when the starch was insufficient.

Keywords anoxic-aerobic continuous flow system; biological phosphorus removal; lactic acid-producing
fermentation bacteria; glycogen; lactic acid
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