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Nltrogen and Phosphorus RenioVal from Low C/ N Mun1c1pal Wastewatera

Treated by a SPNDPR System w1th Different Aeratfon and Aerobic Tines
YUAN Meng-fei, YU De-shuang, GONG Xiur zhen WANG Xiao-xia” CHEN Guang-hui, DU Shi-ming, ZHEN
Jlan"ﬂyuan

(Schgol. of Env1r0':1mental Science and Engmeermg, ngdao -Umversny, Qingdao 266071, China)

Abstract’ An anaerobic (180 min)/aerobic operated sequencing batch reactor ( SBR) fed with urban sewage was optimized by
regulatifig the aeration quantity to investigate the deep-level nitrogen (N) and phosphorus (P) removal. The amount of aeration was
regulated by adjusting the volume of gas per unit volume of reactor passed in unit time, when the unit is L+(min-L) =", from 0. 125
L+ (min-L) ~'gradually to 0. 025 L+ (min-L) ~", and aerobic times from 3 h to 6 h. The experimental results show that the effluent
NH, -N, NO, -N, NO; -N, and PO} -P concentrations of the optimized SPNDPR system were 0, 8.62, 0.06, and 0.03 mg-L"".
The effluent TN concentration was about 9. 22 mg-L ™" and the TN removal efficiency was up to 87. 08% . When the aeration quantity
was decreased from 0. 125 L+ (min-L) ~' t0 0. 100 L+ (min-L) ~'; then decreased to 0. 075 L+ (min-L) ~', the nitrification rate of the
system recovered and stabilized at 0.16 mg+(L-min) ~'. However, when the aeration quantity continuously decreased to 0. 050
L+(min-L) ~" and then to 0. 025 L+ (min-L) =", the nitrification rate decreased to 0. 09 mg-(L+min) "' and 0. 06 mg+(L-min) ™'
With reduction of the aeration quantity [ from 0. 125 L+ (min-L) ™' to 0. 100, 0. 075, 0. 050 and 0. 025 L+ (min-L) "' ] and extension
of aerobic time (from 3 h to 6 h), the TN removal efficiency increased gradually from 62.82% to 87.08% , and the SND efficiency
increased from 19.57% to 72.11%. It was proven that reducing the aeration quantity can enhance the SPND function and deep
denitrification by the system was realized. By enhancing the anaerobic intracellular carbon storage and aerobic phosphorus uptake,
denitrifying phosphorus removal, partial nitrification, and endogenous nitrification were achieved. The SPNDPR system, after reducing
aeration and prolonging aerobic time, was able to realize deep-level denitrification and dephosphorization using low C/N urban sewage.
Key words: aeration quantity; simultaneous partial nitrification-endogenous denitrification phosphorus removal ( SPNDPR ) ;
intracellular carbon storage(COD, ); C/N ratio; phosphorous accumulating organisms( PAOs)
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F IR A SR I N I R R A Y, %t
T SPNDPR T Z it — W iz frid R WiliE. A&
WL LMK C/N( <4) 35 K b x4, SR IR
A/ REGE T R R s M5 e S 4% (SBR) , i
i A BRI IR S 47 S As AT I R A SRT, 1564 1
P SR B [ B AR S I g A B B[] PN
Wi AR ERFR, A AL (min-L) ~' ] FIBEES
fffa], %% T SPNDPR 2GMILILiz1TH:E, IR
W T iZRGMALBFTIR I COD |, &, W Bttt
KAACEA T MY JR] 9] P 25 o ke B 1) A A% O
IS T fi# SPNDPR RGP0z 71 18] 0 Ak 2 bk
R AR C/N 38T V5 7K G S B TR g FH H 4R
PSR S A

1 HESEE - ~

L1 SR 5IE 1T TF 2
SBR 3 i iR FHA B 38 ) B, ﬁMm%ﬁ
LN W*ﬁtﬂyﬁﬂﬁfﬁSL:ﬁﬁﬂWﬁﬁ
Ry A P A IR, AU Sk FE o AL MR 7%
I A 0O i . 0 5 R RS e
AR IE )T, AAISITSHULE 1. SPNDPR
RGN 27 500 AU 0.125 Lo (min- L)
U4 R B3 ks K K R NHS-N. NO, -N,
NO; -N, PO;™-PHI COD #¢JE 43514 0.35 . 20.05

0.42, 0.47 f163.55 mg-L"".

#1 SPNDPR RGMAEITHEIETSH"
Table I  Running parameters during the optimal operation of the SPNDPR system

E| BrEe1(1 ~28 d) BrB2(29 ~53 d)  HrBE3(54~77d) HrB4(78~97 d) BrBE5(98 ~118 d)
BAERBUL 8 8 8 8 8

HEK EE 3:8 3:8 3:8 3:8 3:8

JRAB []/min 180 180 180 180 180

B B2 5[]/ min 180 180 300 * 300 360

SRT/d 10 10 10 10 10

HRT/h 16 16 21.33 21.33 24

B /Le (min-L) ~! 0. 100 0. 075 0. 050 0. 025 0. 025

DO ¥/ mg-L~! <0.8 <0.6 <0.5 <0.3 <0.3

1) = B HEH 0. 075 L+ (min-L) ~'[F2 0. 050 L+ (min-L) =" B4 1] 180 min B, K NH, -N¥EE 5534 23,15 mg- L=, % IEH 17 5 &

(FA) X Z G A BB RE M I VR, 248 i) ] 42 4K 28 300 min

1.2 SEE K AERS e

ARSI K R B 5 K A 38R AR AT A
FAR A A= 1 157K, BLAARIK TR . COD e 176. 75 ~
572.48 mg-L~', NH,-N ¥ & 53.99 ~ 92.84
" NO, N <1 mg-L™", NO; -N¥JE <1
mg-L~", PO} -PYREETF93 ~10.25 mg-L™", pH 4
7.2 ~7.6. FEMIGIRBA AL EIEFEBITH
SPNDPR RGMFIARTEIE, HA R0 B A bR ik g
J1, MR VA8 NG MLSS 2584016 mg-L™",
SV 454 21% , SVI #9741 52.29 mL-g """

mg-L~

L3 Kk
1.3.1 Ry ik

IKEEZ R AR (B RFLAE 15 ~20 pum) i 38 f5
W5E LR 42500 NH, -NR FH A0 FQA 7] 43 6 6 B 7k
M5E M)N*%Nu.gaa_&%ﬁﬁf%w
5E, NO; -NR B Sl 0 e R vARII 2 , PO; -
KRR B 73 %MV%ME(mDﬁ%%WwSA
AL COD PRBm & A I, MLSS R I HE 570 2
TEE 5 DO AR FH Bl il 485 =0 e S0 e 130 2
pH K& #E PHS-3C pH U 5E
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1.3.2 CoD, it&E ik

COD,, JE487E SPNDPR R4 R A B, JEK
) COD # PAOs Fl GAOs A7 AR IR 1 . Hiit
B

COD, . (mg - L") = ACOD -
(1. 71ANO; + 2.86ANO;)

A f, ACOD, ANO, Fi1 ANO; 435k R 48 R 4 B
COD ., NO, -NFINO; -N¥ £ i A5 fb g mg - L' 5 1. 71
2. 86 4311 Ky B JTT B ¥k B UNO, -NAINO, -N#¢
S I RS R FH B BT IS AE COD 1Y T Rk B
1.3.3 SND FilH ik

SND Z LA 78 7E SPNDPR 2 40 I A B AU A
PN, A .
ANO, + ANO;

ANH;
P, ANH, | ANO; 1 ANO; 435I R 58 4 S B

SND = [1 - ]x 100%

2 HFR5IHE

2.1 1iAkizf7#iE SPNDPR & 41 COD kR KR
ABLNRRIRE I A REE

& 1 24 SPNDPR &G Akiz47HA1E] COD ¥k |
COD %[ coD, . COD gk sl f cOD £
AW AS AL . FERBE 11 ~28 d, BB H
0.125 L+ (min-L) ~"B#fK % 0. 100 L+ (min-L) '],
HEK COD HeJEZ) K 302. 62 mg-L~", [REARFHIK
COD ¥R 4r 9 75.25 mg-L ™' #l 64. 83 mg-L ™' &
WAL Z 44. 64 mg-L ™' 133.08 mg-L~". COD,
26.47 mg- L~ ZEHHE R 2 51.90 mg-L™". IR
WS A F T-42 5 SPNDPR 50 4 N B R I 77 1
fie. LAk, COD FEAK M2 M 151.31 g+ (m’-d) 7',
COD 2 Bk 2 14 1 90.24 g+ (m’+d) = Wik & &
110.36 g-(mi~d) "' | H COD £I% h73,57% %

f A==
- - N A 1 86.97%". | /
NH," N NO; -NFINO; -NIR BRI frdt | mer L' Hidie = %2 86. 9% : / =
= I J # .
=il -‘L}.E)k fkﬂ*l@ i LI}’k —O0— CODjs I‘ﬁbﬁ
—I8— CODEK i #if —¥— CODZEBR A

600 T = . 300

500
- 400 Y
= &0
& 300 £
= a
o s | g
# 200 ]

100 1= o | F e H H

i ! > TN

300

250
= =
< 200 - %_
] &
=150 #
=

100 -

50 1 RI 1 : 1 1 1 : 1 1 | 1 il | ] 0

0 10 20 30 40 50 60 70 80 90 100 110 120
K¥ud

B 1 f4i=1THIE SPNDPR &4t COD K E, COD XK ZEF COD,, T/ ER

Fig. 1

TEMr Bt 229 ~ 53 d, X & H 0.100
Le(min-L) 'K £ 0.075 L-(min-L) '], #E/K
COD ¥k J¥ 20 293. 32 mg-L™"; [REAL A K COD
WeRE 439 B 70. 59 mg-L~"' Al 58.75 mg- L~ & il
KR TE 44. 81 mg-L ™' F138.25 mg-L~". I4h,
COD HEK i faT 2 4 146. 66 g+ (m’-d) ', COD
fifar 1 103.37 g-(m’-d) ~' & W Ih i OF R E E
124.54 g+-(m’-d) ~'; COD Z=[&3K 1 77. 87% & ¥
FHE R ETE 84.40% . TEMTBE3[54 ~77 d, BEX
# M 0.075 Le(min-L)™" & & &£ 0.050
Le(min-L) ~", #F450AIH 3 h K E 5 h], kK

Variations of COD concentration, removal efficiency, and COD; . during the optimal operation of the SPNDPR system

COD HFEZ M 319. 24 mg-L~"; JREARAIHIK COD
WRE >3 56. 63 mg-L~' fl 53.25 mg- L™ & i 7t
HES 69 d Y 71.17 mg-L~"' 1 68.58 mg-L~", ifij
J5 1% W B K OF FR 2 TE 45.99 mg-L7' il 41. 64
mg-L~". DLBYBE, COD HE/K 67 fag 1 285 67 faf 431
117.08 g+ (m*+d) "' H197. 11 g- (m*-d) " BT FEAK
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Fig. 2 Variations of the PO}~ -P concentration and removal

efficiency during the optimal operation of the SPNDPR system
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Fig. 3 Variations of NH," -N concentration and removal efficiency

during the optimal operation of the SPNDPR system
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Fig. 4 Variation of effluent NO; -N and NO; -N concentration during the optimal operation of the SPNDPR system
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SEYERTE 8.62 mg+L™". 0.06 mg-L~' 1 99.26%. It
Hh, TN FEK AR 24.09 g+ (m’+d) ™', TN ERR 7

mg-Lfl;
mg- L

farF 14.12 g+ (m’-d) ~ B Wi m AR E 4B R AE 20. 15
g-(m’+d) "5 TN ZBRFA SND K435 i 59. 87% Fl
53. 53% BT R I RUE HERFTE 87. 08% F1 72, 11% .

ARG R R W], BEE R AR
0.125 L-(min-L) " 43 5l B& & 0.100, 0.075,
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