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Phosphorus Removal Characteristics by Aerobic Granules in Normal Molasses

Wastewater After Anaerobic Treatment

WANG Shuo', YU Shui-li'*, SHI Wen-xin', BAO Rui-ling’, YI Xue-song', LI Jian-zheng'

(1. State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin 150090, China; 2. State
Key Laboratory of Pollution Control and Resource Reuse, Tongji University, Shanghai 200092, China; 3. State Key Laboratory of
Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China)

Abstract: COD decreased obviously in normal molasses wastewater after anaerobic treatment, however, concentrations of nitrogen and
phosphorus were still higher in the effluent which seriously damaged the ecological balance. In this study, aerobic granules cultivated in
sequencing batch airlift reactor (SBAR) were carried out for treating the effluent; phosphorus removal processes and characteristics
were discussed as well. The mean diameter of aerobic granules cultivated by multiple carbon sources ( acetate, propionate and
butyrate) was 1.7 mm. The average phosphorus removal efficiency was 90.9% and the level of phosphorus in effluent was only 1.3
mg-L~"; TP released per COD consumed was 0. 571 and the specific rate of TP released was 5.73 mg-(g-h) ~'. NO; -N usage of
phosphorus accumulating organisms (PAOs) improved during denitrifying process because the concentration of propionate and butyrate
increased in multiple carbon sources which means the phosphorus uptake efficiency increased when per NO; -N consumed. Phosphorus
content represented a stronger correlation with magnesium, calcium and ferrum contents in aerobic granules and their extracellular
polymeric substances ( EPS), the phosphorus adsorption by EPS could enhance phosphorus removal. 61.9% of phosphorus
accumulating organisms were denitrifying phosphorus accumulating organisms in aerobic granules and TP uptake per NO; -N consumed
was 1. 14 which was higher than that of aerobic granules only cultivated by acetate.

Key words: aerobic granules ( AGS) ; extracellular polymeric substances ( EPS); phosphorus removal characteristics; denitrifying

phosphorus accumulating organisms; normal molasses wastewater
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Fig. 1  Morphology of aerobic granules
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Fig. 2 Variations of COD in the formation process of aerobic granules

700
70
600
60
T 500 -
=2 05
& £p
g 400 40 g
# 300 30
5 £
S 200 20 Z
100 10
0
0 L 1 1 1
0 60 120 180 240 300 360

t/min

3 EEFEHA COD. TN TP EHiEH
Fig. 3 Variations of COD, TN and TP in the whole cycle

b5 Bl Ak 335 3] 0.49 mmol- (L-h) ~'. B ff
COD BEBER N 0. 571, RS T B 1) B il R 3k
F]5.73 mg-(g-h) .

3.1 EAIRYIE IR AR e 1 bR e

15 7K B AL TN 5RO R AR K
Wi FEN R B AR 25 PF T, SR i Xt JHL P Al 1
55 R AT A MR B B PR A7 4 1) R A B I ) 2
S W BRI T IR AR K R BILITR 1 R R
U DRAAREA B (K4 FI 1).

40 700
25 R AT LS5 8733
/ \ TP 600
30 / \ o il
\
T, P T e
0 \ - 400 £
g0 20 *
£ =
B 4300 %
¥ <
(=9 ™, L™
=10 ~ 4200 ~
sl T
. e, S T\
U F g |
I 1 I 1 0
0 60 120 180 240 300 360

#/min

4 EEHREEFHTEBRITIRENRBENE
Fig. 4 TP removal of aerobic granules by mutiple carbon sources
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Table 1 TP removal characteristics of aerobic

granules by different carbon sources
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Fig. 5 Denitrifying phosphorus removal process of aerobic granules
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Fig. 6 Variation of PHAs in phosphorus removal
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1.5% ~2.0% , Cloete %"\ YERFSE b R IG5 EPS
TR AR TEAE S B W, (IR S R B 5% ~
7% "7 SBAR B TR GE 7 , %5 S5 Wi e UL P 38 1Y) 2%
B, 3 A X R K H EPS RS TT R I M (£ 2) &
B, H R B4 35 3014 293 mg-kg ' AT 18. 81
mg L~ N3 2 /R, P LR F 5 Mg.Ca . Fe TTH
T R AR B R A G M, AH O R B il R
0.9999. 0.9212, 0.9749 #10.9768. 0.997 1.,
0.996 3. EPS P (LA MLSS i) Z 4k W i & & N
10.05 mg-g ™', BRI & 3.97 mg-g™ ' [m(PN)/
m(PS) =0.40] , HXT B A BRAT I /E . SBAR
P pH R YEHF1E 8.0 ~ 8.2 (PR B W A kK 3 pH
—MRAET.8 ~7.9) , FEBURL N ER EPS W B S A= ¥ i75
SRR AT LA BB R ER TTVE. PRI , 76 30K 5 U6 PN 38
FELEAE B SR AT 1 2o 2t W W LA A1 1 22 bl 1) 2 B
B
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Table 2 Elements analysis in aerobic granules and their EPS

| Mg/mg-kg ~! Ca/mg-kg ™! Fe/mg-kg ™! P/mg-kg !
WRLTE R (40 d) 2083 8872 1401 8839
MRS IR (50 d) 2381 10261 1475 12051
BRLIE IR (60 d) 2584 14793 1589 14293
LIPSV 0.999 9 0.9212 0.9749

WH Mg/mg-L~" Ca/mg-L"! Fe/mg-L~! P/mg-L™!
EPS (40 d) 1.105 10. 31 2.552 10. 06
EPS (50 d) 1.317 11. 60 3.260 15.17
EPS (60 d) 1. 640 12.29 3.624 18. 81
AHOE R AL 0.976 8 0.997 1 0.996 3

3.3 AR TR R

TSR VS PR R SR DL |, 43 I PANO, -N
NO; -NFI O, 1K o F 52 1 3547 S il Ak B3 s F 5%
(P 7)), R Al A Wl 3 5% 43 3l R 0,91, 1.22 FlI
1.55 mg-(g-h) ', if i Hu 2R, Y
PR A o SR B W EL BN 61.9% . T 7E Lee
S R R S B AT IO TR
Nigsh, RO AL R BT O SRR 1% , i AE
BT HARI A SRS B BOE B (AO) ,SBR, N #7
b R AL SR B T Y L R 649% . W] L AE IR B/ IR
IZFTHY SBAR PN, 76 UKL V5 U8 P9 R AN 88 T 4w L ]
R S TR BE T UKL Y5 8 PN A I 5 A i R
R A B A T JEC P AN [ A B 45 3 A R 1 I A
ERBEE AR R, R B/ R PR
A5 3] 1) fe- SO 15 Dl PR BB AT SR B A v 1) B A A0 2R

fEST, TP £ B H ik 90.9% , kB &AL K 1.3
mg-L™"; Buf7 COD BEBEH R 0. 571, IRA KM T %
R CH R IA 5 5. 73 mg- (g-h) ~'.

(2) B F il Tolk B K IR A K R &2
Z=, BOK PSR EL T RRER O i 0BG i 15 R A A
RAHACIEFEHNO, -N By A1 3G i, RITH AR 557 5T
HAYNO, -NFT DL IS HE 22 1 .

(3) - R 5 U8 K H: EPS Hh P UG R & 0y
W H 14 293 mg-kgfl 1 18. 81 mg-L71 s HEES
Mg .Ca Fe JUE MY & 22 B AR 35 i AH 56 1k, 1R
Wk TS U T LA S EPS W B2 R L fiE.

(4) 38 35 X5 V75 Y S i Ak B 8l 1 it 5 e B, I
TP e v R BRI 61. 9% , HIR w50
FEBINO; NI L H [m (P)/m (NO;-N)] N
1. 14, S SUBURE TS 106 P38 1) 356 JT 5 9 i 4 1) 1% i

B TR LA, BIR ], 55 JHG P AN [] 1 sl B 58 A ) T S i A 2R
35 WA Rt 7R IR B/ 4P R R R R RIS 320
30 U SEUBORL S U8 N AR ATY 9K B AT 5 14 B i Ak 3R
e T 1.
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