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Effects of nitrification intensity on EBPR process performance
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Abstract ; [ Objectives ] The present study aimed to investigate the effect of nitrification intensity on enhanced biological phosphorus
removal ( EBPR ) process performance. [ Methods ] Acclimation of EBPR sludge was firstly carried out in an anaerobic-aerobic
sequencing batch reactor(SBR). The influent ammonia concentration was raised to 48 mg-L™" and a comparative study was conducted
on the nitrification intensity and phosphorus removal efficiency of EBPR system with or without nitrification inhibitors addition for the
purpose of further analyzing the effect of nitrification intensity on the operational performance of EBPR process. In each of those
operational phases, cyclic changes of phosphate, ammonia, nitrate, nitrite concentrations in the mixed liquor, glycogen and
polyhydroxyalkanoate (PHA ) contents in EBPR sludge were determined to analyze the effect of nitrification intensity on the metabolism
of polyphosphate accumulating organisms( PAOs). [ Results] When the influent ammonia concentration raised to 48 mg-L™" and with
allylthiourea eliminated, the nitrification rate of EBPR system rose to 1.45-1.80 mg-h™" - g™' after 17 days of operation, and an
unexpected phenomenon of aerobic phosphorus release occurred ,leading to a substantial decrease in the phosphorus removal efficiency
of the system. Metabolic abnormality also occurred in PAOs as indicated by a significant increase in the amount of glycogen degradation
and synthesis and a significant decrease in the amount of PHA synthesis and degradation. However , EBPR performance was restored to
the normal level within 24 h following re-supplementation of allylthiourea to the influent. [ Conclusions ] EBPR process performance was
closely related to the nitrification intensity and aerobic phosphorus release occurred as nitrification rate rose up to a certain degree,
leading to a significant decline in phosphorus removal efficiency of EBPR process.
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TEDR B B, SR ol W AR & P g T 1 OB L Ak M SR 2 B B R ( polyhydroxyalkanoate , PHA ) |, T 77 2L 1)
fie e Mok 5743 90 22 W2 £ ( polyphosphate particles , Poly-P ) FIBE 5 ( glycogen ) 7K fif 2 ik . 11 75 i 48
BB, R RK AR T 0 PHA 8 IEBEIR £5 i W S R 1, J108 & bR R 0T S8 B B 2R HEl s w05
T ENAT A B BRHEACR ' . EBPR T 25 7 B ip AR AR A7 AR BR i Th Bl i B 2= R A RN i T 25k i 42,
HIFR N M TCEE . ZEEIE & DAL AE FH G 7= 4 BV A 0R S i 0 i 5 I8 LR AR 1 R4 X ™A% TR 4
HIAcH, T2 R2 0 EBPR T ARRUEM R L ER , SRMTEAER B0 5T & B, i 200 SR wl i I T 1o 2 i i
VR FH M AE e BT S 45 PF T 3 T LAAE A SR W B (0 H 132 A S S R AR B i Ve Y A R SR
WAL AR U IR L A0 . A U B I 3 g« L S S Sl WA AR 3 A R A, 1T IV 280k
Mt 6 mg- L' BHE BT B 58 240 M RS AR BT 5 mg - L B SRRSO B BE R
IR TR A 22 5 R TRIBIFSE & 4G 0 300 1 v B 9 BRI AN ], Zhou 251703 1 HE 80P 98 IA N
Al U BT A 2 B 25 TP RS TR (free nitrous acid, FNA) A& ELIF I HI M B, T2 9024 FNA MR EEIA 3|
0.02 mg- L[, PAOs MBI RERE 23 Bl 56 A4, Pijuan 551 AUBFSEIESE TaX — W, 340, HAEAE
14 JES 40 B R T BB R T SR 0 T A R T ') Yang 28 UYVR Zheng A5 A 5T 45 R U, U S A (free
ammonia , FA ) J& ELIE A3 9 5, FLIm A3 PRk 4 17.76 mg- L7 (374 NH;-N ¥4 400 mg- L") , 8K
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1.1 RMEZFMIETEIEF

IS B A A 3.4 L BIRE -1 E A7 U9 OV 4% (sequencing batch reactor, SBR) |, Fli 115
TR I g A5 BH A V5 K AR B ] SR A 1.7 L5 IR A& 1.7 L AT AR K, 5 shigf7,
K 50% , K (20 1) °C, & H & B HEJE #2092 0% 20 d, 4788 8 h, A& #EIK 15 min, R4
120 min , 48 240 min, YLIE 30 min, HE7K 15 min, /K 60 min, & Hiz17 3 B, RER BUKSERE F14FE
G PR RIS AP AU B BOR SE R B SRS 4 Ui 0.88 Lo L7 »min™'

NTABEKE I (g- L") : AR 0.198, NaCl 0.1, CaCl, 0.006,NH,Cl 0.061, MgSO, - 7H,0 0.04.
K,HPO, -3H,0 0.09 J# P EERIIK (allylthiourea, ATU)0.01, i JC R 0.5 mL,pH(7+0.2) , WEICRKIFR
B (g L") : FeCl, -6H,0 1.5 H,BO, 0.15,CuSO, -5H,0 0.03 .KI 0.18 ,MnCl, -4H,0 0.12,Na,MoO, -2H,0
0.06.ZnS0, - 7H,0 0.12.CoCl, -6H,0 0.15 EDTA 10,

RN e HHETT 120 d, 538 4 BB, £ B BOf KoK BTHE PR an R 1 R Hd B B kK R ds s £k
R, BB T DAV K &G ATU VRS AN ), FEis 7 ad A8 v g H B EURE I 2 DR 40K 91N
IS AR AR B R AR A ORI A AR BE 5 R V5 U8 0 s A A P 3 B LA A S IO i R LS S R
AL RN 3 (mg - h™" - g™ ) = [ AP EUR WA 205 il R B (mg - L) = PRAUR Il 805 il vk &
(mg-L™") J/[ V5 URHEE (g- L") x B S8 B BERFZE ] (h) ] 7ESN A8 47 1 & Bir Be, B 1 AMRERVE A
11, BB 30 min B 15 mL JEA,12 000 rmin~' B0 3 min, B R TIER AW P HEIRR  E 2 A

1 FREEITH B KK BRASE

Table 1 Characteristics of influent wastewater in different operational phases

BATH B FrLLimfa]/d . PO;-P Fiit/(mg L") NH-N &4/ (mg-L7") ATU 4/ (mg-L™")
. . COD/(mg-L™") 3 . s
Operation phase Duration PO; -P content NH}-N content ATU content
I 0~60 300 12 16 10
I >60~67 300 12 48 10
I >67~94 300 12 48 0
v >94~120 300 12 48 10

. COD Ak 75 i Chemical oxygen demand ; ATU . J& LA K Allylthiourea.
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A 0 it o B (RIS 5 530 mL IR GVRAESS 1 47, 730 T2 EBPR 15U %R & PHA &4,
1.2 SR A E
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P AT R N=(1-2808) - 2 ZHORBE R I /2 W s /U R BT R ANk
P E Y R e T SR FME T FR I TR A YRR 17 [ ( mixed liquor suspended solids , MLSS) ')

15 U8 OB IE AN RE 7k 7R S mL IR AT A S 0.5 mL 6 mol-L™" HCI B, W /KIBTHE 2 h
JEEUHAHIZEZ R, 12 000 remin™ B0 3 min, B TER, R BRER BER LM R A Y PHA (I5E
T 7E 30 mL IR AW 0.3 mL 37% H R, 1544757 ,12 000 remin™ B0 3 min J5 5025 FIHWHR, B
DL R FR D B R 27 BB O VR IR UOE , TS5 Je At f 7 -35 °C \7.70 Pa T T 24 h, HL0.01 g ¥
TR T HIE A M 2 mL &5 5 2 mL FRAL FH B (B IR & 128 3% ) , 108 “CIHfif 2 h, FRiR A W
BHGEFIA 1 mL 4K, BIZIRE 10 min, B H 1 mL N2 A VAR 25— AR08 H, 60 CKRIE A
24 h, iNA 10 mL WeBRFRIES))S KV 10 min, R EHTRA)JG  RALIMEA RN E PHA S&™

2 HRESH
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Fig.1 Reactor performance during different operational phases
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BB I (60~67 d) $rtk K Z BT Rk 4 2 48 mg- L (HAERALIM G 7] 6978 R Al 4k S 33 %475
fi&F 0.05 mg-h™" - g™ AP AR I KA AT RE R BEA R 2.00~2.97 mg- L™ AR AR (B 1), BLBEL
SR EFRFH 58.55% M T 2 13.88% , /K AT BE M 24.04 mg- L' 587 L FF 28 39.33 mg- L7, T4
B BRBERCRARRETE 99.5% VAL, 1 W48 e v B2 1 2 BTN 5 M SR Wl 1 PO Bl ke

BBl (67 ~94 d) , #EK A5 - SIS AL A0 58] , A A0 VE P 2R BE i o, SR L BR 5 EFHadh 78
BG4 16 d INRSAE RS AR EE T 1.47 me-h ™' o' BUAE B R H 13.88% %M FTI & 41.54% , 148
BB B L e B A 2 P R AU RN 1.95 mg- L7 32 ETHF] 5.28 mg- L7, S il 205 B
0.004 mg- L™ 2 5.90 mg- L™, el Behe B IR AR it M BRIERCRE T R Bk (B 1), 181784 d
i R LR REFETE 43.13% ~46.64% , 5 1 7K A &R0 RRF 2 LR Ak S s R 4k 2k T+ &
1.45~1.80 mg-h™"-g™', [FIAY, RGEAIBRBERCE B BRI T FEMS,88 d R HRAK (47.56% ) , /KW R
MR EE IR F) 6.29 mg- L' ,89~94 d BREESCRIEAT M1 Tt (B ERBESCRANAT 64.16% A4k T | kS,
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FEULWIE A A P8 R 5 = PR 30 EBPR T2 RYBRBARCE T R (EAR T R i A4 R B 2o vy i
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BrBeIV (94~120 d) , #EK BB as AL Im a0 . o TS 10 52 203061, 24 b 5 A 50 4%
1.64 mg+h™' g % 0.99 mg-h™' g™ #FAAN KRR RIE 2 31.40 mg- L7 A AUF i
WL 2 8.26 mg- L™ HAH B REMA (K 1), [, EBPR T 28 B BRBERCE KR F 2 99.5%
BRI 48 h 5 RGN BT T 0, A AUV B I %2 2,11 ~2.81 mg- L7, il th /K S U i
WEERRELE 31.40~39.54 mg- L™, /K BEFR MR BT 50 Mk BE IR 4R 47 7F 0.1 mg- L' LR, 301] EBPR T. 205k
HREC 58 M TE . IRAAUBBE R M TH & 39.59~52.40 mg- L', 25 WK 25 W A0 1 0 B 3k v o | s iy PR Rl
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B2 MBBe 36 7 RASESEAT RIS, B BUAE A AR R A 55 , 4 S8 AR 3 s K b 6 0 i R
FOMABTE RN T 1 mg- L™ FEDRAE W BeWi i RECRE BEWE R A B A% S PHA -5 1, 474800 Bt PHA B
SR T SR AT P A Rl F R e ) s L PR Do I B, A G SR TR LY Y AR R AE . EBPR
15 Ve B R AE IR 4 60 min AR KAE , Z )5 — BARETE 52.36 mg- L™ 2247, IRAEBT BORE L 1 B AR
7E 180 min B 52 AW, /K BERRAR B R T 0.1 mg-L™', 7EPRA M B EBPR T3¢ FFoBi IR & 75 R 45
60 min %A%, PHA & 7ERA 30 min iA 3 e B RE M L & PHA & B 415020 0.76,0.45 mmol -g™'
I B PHA 57 150 min MR H AR, BHE & R 7E 210 min 38 B KAE, B IR R ff i 1 PHA & a2
o 1.04.0.55 mmol-g*lD

6r 118 7 5
2oz 60 g ~ » 2
2 ’ = 0 s 9
& £ 504 o S »E w 2 8
”ﬂﬁj = Efé T"\ é @ S = 4L —412 é §
B~ 8 40 E25E  ES =
- 10 = & B E = 5 bn =
& w3 gS5g ®BH &%
£ 2% 2 §M§§ @Eﬂ 2060 5 8
B 7 SR EE ED o 3
& g 10 @ 5} 0 E
R e B g = o iz
3 > I L L I | . Y S
0 60 12 180 240 300 360 © 0 60 120 180 240 300 360 L
IRCFERS ] /min - Sampling time IURER E]/min - Sampling time
X WAL Phosphate; @ %(% Ammonia; B BE Glycogen; O B2k PHA

A fil% Nitrate; ¢ JZAi§A Nitrite
2 MRIETREESTHESHNEAREL
Fig.2 Cyclic profile of selected parameters on day 7 of phase II
K3 B B IS WIBRBEDIRE T B (26 24 K) BEIaAT IR AE R . 1% BOwi R AR ARl 48 K
Wi 2 S BB AL, IX B 7E T IR B B (35 mg-L71) FLBBE T WA, ELYE 150 min £ 28 5¢ BUB 9 4
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Fig. 3 Cyclic profile of selected parameters on day 24 of phase III
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3R 2.15.2.18 mmol g™ BB B [ 43 42 55 1.83.1.09 4%, 1l PHA & Eis T PR IR 4 7E 1.40~1.69
mmol - g™ /INIE I, AN P W 09 A B R AR IR G . Randall 251 IRy, i 7 G0 B A g st IR S B BE RS 43
RATEERE AT TERARS K, R EHET PHA A, BB R EHT 30 min N HY B 2K
JEE WL ARG, A i — MR

B4 BB IVES 22 A EAa AT R AE 5 S8 ARSI 1500 J5 15 e i ms Ae Ve R Bt 58 il IR
AR M1 T 2 42.03 mg- L' SRR ON G IH K, Hh /K BRI AR T F v B I Y5 8 0.10 mg- L™ AR, BR
WERCRIK R 2 99.5% L) I ; [Rl i), Wi 8 A 8 S & it 0 ol Il 9% 22 1.31,1.41 mmol - g~' | PHA & i i S 5 it
) E T3] 0.62.0.68 mmol - g~ 15 B M B At B JEURD PHA RO E K &2 1B % . LAl L EBPR
RGAEAAE R s i vl 5 | A AR O &, TV SR B BOBE LA PHA R, NI Z MR EBPR T2 AR &
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Fig. 4 Cyclic profile of selected parameters on day 22 of phase IV
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VR BB AR HERL , 7 5 R AR Y BR I R G TRCR . AR R RIS L E R A I e R, R L
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AE IR L BRI,
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48 mg- L7 14 FA VREEIE T 0.25 mg-L™'(20 °C .pH7) ) Ak T Zheng S50 42 H (4 FA $IHIE B (17.76
mg- L") R FA FR30 IR G B S B S . 7 B B TN I 300 1 B0 e 480 o e 0 4 R 54 e ) i
TR G RS R RS A R 5.28 ~9.50 mg- L', T BB IV #E /K 3 97 VR A Ak 500 /5 24 b
PR TAA 8.26 mg- L™ A EUEL 8, L BREE SR KA 5 99.5% , Uk BH B B T 0 4oy Sl e Jl R
LA RS ETRP, BB G 8 (84 ~94 d) 1R A W LR 09 WAl R B fie =y b 5.66 mg - L7 HT &
FNA ¥R 554 0.001 4 mg- L™ KT SCHRHE (1) FNA 463 E (0.002~0.02 mg- L") 7 sk Lk 5
TOHIBRBECR R, AR 0 Pt & B, TCISFE IR B BEMA 10 mg - L™ W7 A 20 3 - S B A
15 mg- L™ WASZL, ¥R EBPR RAMBRBERCR | L56 K F i A BB 2 9k S ik /B % 1)
FHSE  EASRRIT R U0 A A A T S A7 7 A VI = 5 R A A B R B4 . van
Niel %52 80438 0.3 mmol - L™ ) NO SR ZUIN il W B Poly-P PRAEUK A . PHB A B LA BB IR A FH 45 AR G
B, AR RIS 5 NO B R M TR IE , ML A Rk — i oE
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