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Abstract : The characteristics of denitrifying phosphorus removal in a lab-scale two-sludge anaerobic-anoxic/nitrification SBR (A, NSBR) system
were studied fed with domestic wastewater. The influence of some key operation parameters, like C/P, C/N, and HRT, were examined using
parallel tests. pH, dissolved oxygen (DO) and redox potential (ORP) were monitored on line to validate whether they could be used as the
control parameters for this denitrifying phosphorus removal process. Results indicated that P removal efficiency showed an increased trend on
the whole with the increase of the C/P. When the influent C/P was greater than 19.39, good phosphorus removal efficiency was achieved.
However, the phosphorus removal efficiency deteriorated once the influent C/P decreased less than 15.36. On the other hand, relatively good
phosphorus removal efficiency could be maintained in the A, NSBR system even at a low C/N ratio, though the denitrification efficiency
decrease instead . It is also found that increasing the influent C/N increased the PHB amount stored by polyphosphate accumulating organisms
(PAO) and therefore the ultimate denitrification and phosphorus removal efficiency were both improved. For an excessively high C/N, the
incompletely reacted COD will be residual to anoxic stage. Thus, the pure denitrification reaction, which preferentially supports OHOs,
becomes the dominant reaction. This decreases the amount of available electron acceptors for denitrifying polyphosphate accumulating organisms
(DNPAOs) at the anoxic stage which eventually impacts the anoxic phosphorus removal capacity. In addition, since A, NSBR has two
completely independent SBR systems, it benefits to establish a process conirol system in terms of the parameters DO, ORP, and pH.
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Table 1  Qualities of raw wastewater/mg*L "'
TH BMEKR Ty
CoD 114/415 237.78
BOD 62.78/296 145.50
NH; -N 12.28/117.71 35.31
TN 12.77/128.30 37.28
PO -P 4.35/15.13 11.87
pH 6.81/7.88 7.20
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Fig.1 Schematic of the A NSBR and control equipment
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Table 2 Experimental approaches

B Bt B {THYE/d BB
1)64~944d P=10 mg-L™',C/P=19.39
W T 1)95~123 d P=15mg-L™',C/P=15.36
)124 ~ 161 d P=5mgL™',C/P=30.79
IV)162~173d  P=20 mg-L™',C/P=9.5
a)219 ~ 246 d twe=3h,t, =5 h;HRT=11.5h
Period[[V  b)247 ~ 261 d twe=4h,t,=4 h; HRT=11.5 h
€)262 ~272 d tyw=3h,t, =4 h; HRT=10.5 h
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2.1 KA FEBEE
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W, RS B OK B S T FE AR, R G0 T 1 KoK B
RiF,coD RER H/KkE 2k 3 EH KRGS Hobr
GB 18918-2002 — R HEM AR ' . 3K B it A2 A= 1y FB Al
R B, KERNGEHB SRS R T8
e, FatsE B Kkt K2 REMBHER B
RERAHKBRNEEXD 8.6l mg- L', XEHN
ASBRIRERNFILEHBFRHBEHNEARARE
NSBR #t , 25 B AR5 #84r # L8 NO,-N(0
~5mg L"), BRABKHAKEAKERN 3.4 mg-L™
AN TR LR, N TIHRITC/P, T MrExtisK
PERESHT T AR, Nk AR ERSEEKR KB

T EBEREAZ 88.99% .
®£3 HAKERE"

Table 3 Effluent characteristics

K45 #i/mg- L~ HK KR EBEI%

NH; -N 0.37 ~ 16.39(6.78) 54.93 ~ 100(85.89)
TN 6.7~ 18.87(8.61) 60.56 ~90(82.3)
PO, -P 0~ 13.89%(2) 37.66 ~ 100(88.99)
CcOD 7~91(39) 64.91 ~ 90.36(84.56)
1) BRI TEHHE
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12.71 mg- L™, REIRBEHHHN 9.6 mg-L™'; COD ¥
FEHR 226 mg- L' ,IBRAJE N 182 mg-L™".
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Fig.4 PO, -P removal in A,NSBR system ( I period)
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EASWERT K8 TR BRBEER , X UL
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6 HIE T AR C/P&AF T , A,NSBR & i By
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period with different C/P ratio
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W .
2.4 BEKC/NN/PAE{EXT A,NSBR B 8% i 2 69 5w
fEH

5c/PH 2L, B K 8 C/NIF & & " A,NSBR &
IR LZPBANBRRR RN RBREZ —.
Xt FEG L Z kU, 1% COD/IN 5K ER S KB R
U W R IR B R AR ME Y

IHBRRBRHKKEMINBEEEREKA, £
AFIBM T 2 MR (BES FHE)MNE VL AL,

"C/N.C/PHIN/P.EJLE W ,2 BB A PL A fT LB HE

s LB EXH [ )BrBXC/NK 4.45,C/PN 19.39, R B
AP MR B, 4y B35 5 96.439% F1 81.16% , i
KBV B A & HEROR D Y ONBE 3.52,
C/PFEN 15.36 B BRBESU R R 45 7 88% ££ 41,
HEBREMEKETEE 66% .1 W, 3| AR
RBEARE, RANFEBRARAS (HERBE R84
HEEKFEX5FMTZBEEHANBANEY
ERBRBBIRZHHARIEFAHR . M C/NFIC/PAEE
HE . FEB AR R NERFRE . HYONTAS
F6.18 B, AR A FHA FE LKV, B C/P
EETRER 9.5(N/P AR, AR 1.54) , B BRBEMR T
FE(fXH 61.99%). 55— HE , WAl fE R REAX KK
RS T A COD # A B By B, #% OHOs 1 56 F
AR T2, 25 DNPAOs T A MU S A
BT 32

Fa4 FIMELIHEBIKCN.C/P.NP SR BHEREX LT
Table 4 Comparison of C/N, C/P and N/P with nutriment removal eficiency for period I and [I

A YL 5 17 (COD/MLSS)

B 8 g g C/N c/p N/P P LERE/% TN £BR%&/%
I 64.33 4.45 19.39 4.35 96.43 81.16
| 65.32 3.52 15.36 4.32 88.53 T 66.56
I i 63.10 5.83 30.79 5.27 96. 64 79.41
N 58.91 6.18 9.50 1.54 61.99 81.95
FIfE 62.92 5.00 18.76 3.87 85.90 77.27
a 59.24 7.87/5.62 16.22 2.06/2.89 75.09 83.32
1 b 66.64 9.89/6.83 19.87 2.01/2.91 94.11 90.53
c 58.62 10.82/6.9 18.44 1.70/2.65 78.18 88.17
iy {H 61.50 9.53/6.45 18.18 1.92/2.82 82.46 87.34

IHEMEKONHEST IR, sl
WrEREfT i TR R E R B T2 ARN
AR BTEWES S DPB AW AL ER, BT

PLAESE 11 By B R BUFE Bk B S L 90 8 A E B T R
ER B RBHEONPHAREBERKE
REEBER ESM N 10.77 mg- L' i BREL A3t
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FUMERONES, Bk IR BB ASCR B4
F LB 2p KU, £ T BB b)Br B, 4 C/N K
6.83 B, LA R LA B T 90.53% A 47 ; Wi e B C/P
H19.87, BB R 1T (94.11%) . T 4 C/PIR T %
BB, BRBESOR B FTREIR, KBS BT .

i LA O BTtk &K B, RAE K
C/N.C/PX A,NSBR % 4t 3K 13 B 47 i b6 0 BR 9 2 SR
EEREAENER. T ANSBR R4, # K C/NEK
REMHET VR RE AT BT R BEE Bl T
1L BE 1 R BR B K Bk IR R B 2 R BUR LI AR
BIROWREESFEWBAENFEZEH# KPR
JNERIE FIE K AL R B BTIB] 2 M R RS
C/NT] L4 3% i (K & By B PAOs/DNPAOs & A%, PHB &)
ENMERREWBEAMBRBENR, EEIEH
C/NG S BUR & % i i3 %l 1) COD # A B E B B, 1
F6 3R OHOs B9 B R Ak S i T {8 45 B S By B: DPB 7]
FAMSE FZERBLD, FREHRBERRE
AU B LB /P A THE R T RGBS
BHIRE H il T ANSBR RA5IA T B E KB
BELTUASBRBANMRHUARBAERE LEZ 3
NO,-N B FZ IR E o, FE WSS ERKRE
A,NSBR BB & R BB
2.5 BS HRT W

11 By Bt 548 HRT XF A,NSBR 2R i AR s -

WERRNES. HES « ABWEER, EHRER
KBFRGFPO,” -PHREXLHEIE 16.71 mg-L™' Tt
B B F 24K NO,-N M F R E R B 3.19 mg- L', A
WHEERTE N 3 h SE 0T B i 754 F R B AR
BER AR SE 4 B TE RS 89 b By B B R R AT [R)
KN4 hREHBEERBEABEARRYES .

RS PREZR,b PrEE o P BAYIR & 0
MrERBENERKEELA . AWER LN, H
T EMBEBRBHRARAZ E D MBEHRE
W LIEK G R) MLSS B, X8 e BB Mk
PURRR , AT {3 15 IR 0RO B O B 386 Jon . T 42 5 B 4
RpibtBl g St E B A A RERBIET 0, RERE
MK TN & 8K BAEXMN 76.64% F & 3
86.29% BB FREFIEHEE . N 75.00% HA = F
94.11% .

BEE I ¢ BT B OB SR E R i BT Rl A B 2 3 h, %
BERGNRBER AR S b A c BB 2 A
ER2AMBEHRERBEEREE, 7545 50.80
mg* L' #1 50.03 mg-L™", 3 1 B N £F 7€ B IR S o

I A LAY PHB A & DA A it 4 0% B P Y
TEOL . T RE B SO Bk U8, B BT BIR E B E 3 h
J&, BB Ry BN 35.94 mge L™ F133.71 mg- L' . FF
i, 2B SR 261 d(BRE R BB E 9 4 h) iR
EREM, K KEHE 3 h A6 H PO, -PHE N
20.52 mg-L™' ,JLEINO; -NIEEE 4353 0 mg-L™'.
R ZE 3.5 hBf,PO,’” -P4ksE EFH % 22.28 mg- L',
BRE R KR 4 h BF R 23.93 mg- L', LA B BCHE i B
RGAELNO, -NB] , ERMEMLETFTRERS,EL
RE TN BB . LSRN —AEHRIE
BT BB A, NSBR R GE = &1 BEHLIZ 4T , AL SR
T2 SE PR A A0 S 97 ) B R A
#* 5 £t HRT 3} A,NSBR R S it SR BEH R

Table 5 Operation results of A, NSBR under different

anoxic HRT( average value)

_ B B B
L7 gE|
a b c
1713 3 4 3
2R i 1]
/h Liife 5 4 4
HRT 11.5 11.5 10.5
- K 211.56 238 209.33
D
Jnge L thk 35.22 34 25.33
e
s EBEI% 83.35 85.71 87.90
NI N K 24.92 20.42 17.06
/H“L_l 7k 0 0 0
e EBE/% 100 100 100
NO--N N 20.27 21.26 17.24
, ’ ]:_, KA 3.01 0 0
e i K 3.05 0.86 0.58
NO- N REw 0.22 0.19 0.13
, : L*‘ RAK 0.18 0.09 0.12
e 7k 3.4 1.32 1.07
™ ok 26.89/37.66 24.07/34.84  19.33/30.1
Jenge L thk 6.28 3.30 3.56
mg*
EBEI% 76.64/83.32  86.29/90.53  81.53/88.2
K 13.04 11.98 11.35
PO .p RER 46.78 62.78 61.38
. L:‘ Ak 16.71 26.84 27.67
e K 3.25 0.71 2.48
EBRFE/ % 75.09 94.11 78.18
3 &g

(1) SIABRERBEE THRB AR FLE
N ANSBR LZH#HITERYERPNBRKOML A,
BLZEHRAKKFEENERZMTER BRI E
BIEBRTE L 45 COD B A . R A MBIy &
B #4535 3 85.89% .82.3% .88.99% 1 84.56% .

(2) #E7K C/PFIC/NXT A,NSBR $K48 R 47 89 B &
BB REEXEEEN MECPHAR.PHE
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Ea 29 %

BREEEER - EABH XN TFTEARERG, C/P
=19.36 B, BD AT 4E 540 R A9 BRBERR s Z C/P L AE
15.36 LUF Bf, & 45 Y BR BE 0 R T F# . A,NSBR 7E i
TKEAK B9 C/N A% T 5 4R 07 2K 45 40 X 32 5 19 BR: %
R E5FBUCHA R AR RS NI 2H R
BAGHBAMBRBERR; Bl G5 BARKR
) BB BREK St R X IR R, B
LB A,NSBR R R AT BB 1T, LR T X 3L
LA R S i 4 ) B E B RE )  SBBR AW R I A
TALd 72, AT R A DO Al pH 7E £ 46 T R Bk 4 45 71 %
bR B B2 . 3T An/ASBR R 48, R R M i 72,
pH 1B 7] 75 & 8% B 8945 1k, T ORP AU A U & BY
FERMEYITAIFE R AR E, (R BB R N
B4 EIT R . SRS AL Bk it 72, ORP 71 pH W LA 1L
0 VTR MRS T M S 1 o U LA B B MR WA L
e b
[t] KubaT, van Loosdrecht M C M, Heijnen J J. Phosphorus and
nitrogen removal with minimal COD requirement by integration of
nitrification in a two-sludge system [J]. Wat Res, 1996, 42(1-2):
1702-1710.
[21 KubaT, van Loosdrecht M C M, Brandse F A, et al. Occurrence of
denitrifying phosphorus removal bacteria in modified UCT-type waste
water treatment Plants [J1. Wat Res, 1997, 31(41): 777-786.
[31 Bortone G, Marsili L S, Tilche A, et al. Anoxic phosphate uptake
in the dephanox process [J1. Wat Sci Tech, 1999, 40(4-5):177-
183.
[41 CoppJ B, Dold P. Comparing sludge production under aerobic and
anoxic condition [ C].IAWQ 19th Biennial International Conference.
1998. 268-275.
[5] WangYY, Peng Y Z, Li T W, et al. Phosphorus removal under

f10]

[1]

{15]

anoxic conditions in a continvous-flow A, N two sludge process [J].
Wat Sei Technol, 2004, 50(6): 37-44.

Kuba T, van Loosdrecht M C M. Phosphorus removal from wastewater
by anaerobic-anoxic sequencing batch. reactor [ J]. Wat Sei
Technol, 1993, 27: 24]1-252.

Kerm-Jespersen J P, Henze M. Biological phosphorus release and
uptake under - alternation anaerobic and anoxic conditions in a fixed-
film reactor [J]. Wat Res, 1993, 27:617-624.

Hu Z R, Wentzel M C, Ekama G A. External nitrification in
biological nutrient removal activated sludge system [J]. Wat SA,
2000, 26(2): 225-238.

Merzouki M, Bernet N, Delgenes J P, et al. Effect of
prefermentation on denitrifying phosphorus removal in slaughterhouse
wastewater [ J]. Biores Technol, 2005, 12(96): 1317-1322.

Ng W J, Ong S L, Hu J Y. Denitrifying phosphorus removal by
anaerobic/anoxic sequencing batch reactor [ J]. Wat Sci Tech, 2001,
3(43): 139-146.

American Public Health Association, Water Environment Federation.
Standard Methods for the Examination of Water and Wastewater [ M] .
(19th ed) . Washington DC: 1995.

GB 18918-2002, Sk 15 /K 4L B 75 R o R AR HE

Grady C P L Jr, Daigger G T, Lim H C. Biological wastewater
treatment [ M]. (Second edition). New York: Marcel Dekker Inc.
1999.

Merzouki M, Bernet N, Delgene’s J P, et al Effect of operating
parameters on anoxic biological phosphorus removal in anaerobic-
anoxic sequencing batch reactor [ J]. Environ Technol, 2001, 22
(4):397-408.

Wang Y Y, Peng Y Z, Peng C Y. et al. Influence of ORP variation,
carbon source and nitrate concentration on denitrifying phosphorus
removal by DPB sludge from dephanox process [J]. Wat Sci Tech,
2004, 50 (10): 153-161.

Hpesh RS K- R A EEAR M dLmt: PEER L

HRR L, 2006.


http://www.cqvip.com

