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Concentration of Nitrate in Main Anoxic Stage and PHA, TP Metabolism for
Nitrogen and Phosphorus Removal in Single Sludge System with Continuous

Flow

WANG Xiao-ling'*, YUAN Dong-dan'?, BAI Li'** | LI Zi-qi*, YU Yong”, QIN Xu-dong®, ZHANG Xiao-xu’,
ZHAO Ke'

(1. Key Laboratory of Songliao Aquatic Environment, Ministry of Education, Jilin Jianzhu University, Changchun 130118, China; 2.
School of Municipal and Environmental Engineering, Jilin Jianzhu University, Changchun 130118, China)

Abstract: Based on test results and mass balance, PHA, TP metabolic regularity was revealed under different nitrate nitrogen
concentrations in main anoxic stage [ ¢(NO, ) ] for nitrogen and phosphorus removal in single sludge system with continuous flow, then
the effectiveness of using ¢(NO, ) as control parameter was proved from the perspective of the reaction mechanism. During experiment
period, the influent COD, total nitrogen ( TN), and total phosphorus ( TP) concentrations were stabilized at (285.78 +18.19),
(58.13+3.79), and(7.14 £0.51) mg-L™", respectively. The experiment was carried out under the condition that the ¢(NO,)
values were 0.5, 1.0, 1.5,2.0,2.5,3.0, 3.5 and 4. 0 mg-L™" based on the feedback control structure using PLC automatic control
system to control the nitrifying liquid flow with the water quality. The sludge load of COD was (0.253 =0.071)kg- (kg-d) ™', the
sludge load of TP in anaerobic stage was (0.006 = 0.001) kg-(kg-d) ', the sludge load of TN in aerobic stage was (0.049 =
0.006) kg-(kg+d) ™', the hydraulic retention time ( HRT) in bioreactor was 9h, the sludge recycle flow was 0.5, and the mixed
liquor recycle was 1. 0. The results showed that effect of ¢(NO, ) value on PHA synthesis and storage rate in the ANS was conspicuous,
and the percentage of PHA storage occupied 74% of COD removal when ¢(NO, ) value was 2. 5 mg-L~". The impact of ¢(NO,) value
on PHA degraded in the main anoxic stage was great, and the percentage of PHA degradation in the main anoxic stage occupied 55%
of total PHA degradation when ¢(NO,) value was 2.5 mg-L™". The phosphorus released in anaerobic stage changed along with
increasing ¢(NO, ), and the amount of phosphorus released obtained the maximum value 6. 16 g+d~' when ¢(NO,) value was 2.5
mg-L"". In addition, under ¢(NO,) value of 2.5 mg-L~", the amount of total phosphorus uptake and anoxic phosphorus uptake
obtained the maximum values of 8. 04 g+d ™' and 3. 67 g-d ™", respectively. Then it was confirmed that ¢(NO,) could serve as a run
controlling parameter with the best value of 2. 5 mg+L ™" from the perspective of PHA and TP metabolic mechanism.

Key words : continuous flow; nitrate nitrogen in main anoxic stage; PHA; phosphorus; mass balance
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I8 R AL B BT e B Ry 50 mg- L' BEE
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g S BRI B AR R 448 B pH (A S Ry
TR 2R W 1 A oK, 43 i % &= AR 5 10
mg- L~ FIBRFREE 50 mg-L~"; ARG TG A K

P BN B IR TR 0.6 mL- L™ LIt R
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18.19) mg-L™", 75 7K & 0 T &= Wk & Ol (58. 13 =
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TEKAE | DRAEB . Ts AR B, FH A B R
AHFERS  IE TS KSR IR A 4. s B
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TEARTFE e (NO,) BEE (B 45 15 T ATl s i oE. ik
KyAIE] e (NOy ) SR A shizE i RE I, il &
8K M s 42 1l 4, 42 Z 800 e (NO, ), K
25 A 4 26 1 3 i AR B R M 28 1Y) il TR 3k 7 2 T
5 ME (A | Fedie SO S BOE M He ], B3
WA | B A 22 TSR LN A AT g A
WL P2 i %% ( programmable logic controller, PLC ) 5¢
B AN E PR (AT i S B B = 2
BB ) R B A L s . A A D)
R R G A S E B DO, pH (HAYTE S /2, 3L
Gk 25 7359 8 B2 T A BEi) DO A pH fELFE R
I SEAS, P T e 0 ol DAy A A e R L B 43 v,
ST, IR T 300 d 24, 51 8 BB,
BT Bre(NO,) WEH /8 0.5, 1.0, 1.5, 2.0,
2.5.3.0,3.5 U 4.0 mg- L™, HAbiz - 250545
A BB BB T 2 ~3 P15 IR (solid retention
time ,SRT).
1.4 KR bR A 7 vk

e A, K 5 K 48 AR L COD | TP
TN, NH, -N. NO; -N% JKAER.CJn R E O E
AOPRIETT A, PROK AR 22 B O AL O s I 7 B
DL SF S B R RGEH K.

R Y 75 U8 35 AR o MLSS, PHA Jit & ¥k B,
MLSS Sk FH I 5 B 1Y b o J7 250 5 , PHA SR ik

Schematic diagram of experimental set-up

RS A (33 g
KR T I Y 20 ~ 30 MR IR BE 4T
G2, I 25 B R N EE £ IRERE. &
AT, BAS X AN 68. 3% |, B AR 22 HE K 0y
X 5
REME =1.03 x — 1
= xf (1)

K, 8 AbRUETT 22 ,n R4 AT R B0 4K

B R e (NOy ) VE R Z T4 S 400 Y PHA 1
A A 9ILL ANS . PAnS . MAnS DI & AS H
RGEH T F T AT i S R P45 BG4 A L
Yy, A WL PHA 5 R4 BEY
B it i, R SR R S S Sk [ 24 ]

2 HREH

2.1 ¢(NO,) 5R% e
RGN, RG5OV B COD ., &, 8555 YL
Bhr M PHA ik B AR WL 1. AT L)
F M E e (NO,) X COD FTE A 22 R AUR:
AL/ 7K COD i ik FE KT 20 mg-L7,
K AR EAE 2.30 mg- L' iy, (HEM
BT TP, TN US4 B PHA J5t it e J3 52 ¢
K. BiHEc(NO,) WEMEM 0.5 mg- L™ Hfm = 2.5
mg-L™" 7K TN BT i B i 21. 37 mg-L7'BE(R 2
13.70 mg-L~", 7K TP B B 1 3. 15 mg-L ™' &
K% 0.53 mg-L~", 4 5Bt PHA itV 1 5. 54
mg-L 7 HEINZE 12.22 mg-L~". HJF,Mi&c(NO,) I
T, th7K TN TP B vk FE 3N, 440 B PHA Jiti
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W RRAR. IR 25 R, I H o 2.5 mg- L'
i, R A BRAERPERE, B 2.5 mg- L™ &c(NO,)
e fEREE(E.

fHZ, AFR T hmT DUE Y RGEX RRI#E Y 2

PR i A BUAL 7 M 5 R 32 2L 598K COD R JE
BRAT 5%, ER AR SRS BEAT 7 14 S A T I WA AR ] A
—E R AR PRI A, (H L SRS A 25 BR AR
28 P BR AN 12 AN AL

#1 HRHE COD, TN, NH; -N, NO; -N, TP, PHA REiRE/mg-L"!

Table 1 Effluent COD,TN,NH, -N,NO; -N, TP, PHA concentration at different reaction stages/mg-L "
. ¢(NO;)/mg-L"!
ot RV EL
AV e 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
ANS  66.70 £4.11 72.32£5.43 66.47 £4.21 67.02+2.93 68.52+5.02 70.20 £2.31 65.87 £5.37 67.46 +3.48
coD PAnS  42.26 +4.14 47.40 £3.53 42.08 £2.27 43.21 £3.11 43.25+4.79 45.93 +4.46 42.08 +4.91 42.96 +3.56
MAnS 18.38 £2.41 21.40+3.87 18.04 +5.94 20.48 +5.24 15.52£4.39 20.84 +4.56 19.27+5.19 17.65 «5.98
AS  16.05+4.19 17.55+5.08 16.06+4.43 18.55+5.01 13.56 £4.17 19.05+3.20 17.05+3.47 15.55+2.43
ANS 58.87 £1.20 64.52 +1.05 69.34 +1.08 78.01 £0.66 81.34+1.81 78.21+£0.56 77.01 £1.52 74.26 £1.23
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