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Abstract:  This paper investigated the nitrogen removal performance of aerobic granular sludge
(AGS) for treating the wastewater with low carbon to nitrogen ratio (C/N ratio of 3 and 1). The effects of
sludge concentration, carbon source dosage, autotrophic AGS proportion and alkalinity on the removal rate
of total inorganic nitrogen (TIN) were explored by single factor experiments, and then the approximate
range of each influencing factor was determined. The influence of each factor on TIN removal rate was
analyzed by using the response surface method, and the best operating parameters were eventually
determined. When the influent C/N ratio was 3, the significant of influencing factors in descending order
was as follows: sludge concentration, carbon source dosage, autotrophic AGS proportion and alkalinity,

and that was carbon source dosage, sludge concentration, autotrophic AGS proportion and alkalinity when
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the influent C/N ratio was 1. When the influent C/N ratio was 3, the optimal operating parameters for

nitrogen removal were as follows: sludge concentration of 6 260.32 mg/L, alkalinity of 556 mg/L,

autotrophic AGS proportion of 39.96% and carbon source dosage of 165.61 mg/L, and the predicted TIN

removal rate was 94.61%. According to the carbon source dosage recommended by the German ATV
standard (ATV-DVWKA131E), 17.2% of carbon source dosage, 22.1% of alkalinity and 16.7% of energy

consumption were saved under the optimal operating conditions in this study. When the influent C/N ratio

was 1, the optimal operating parameters were as follows: sludge concentration of 5 172.11 mg/L, alkalinity
of 1 166 mg/L, autotrophic AGS proportion of 21.88% and carbon source dosage of 857.43 mg/L, and the

predicted TIN removal rate was 56.95%.
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fic 1 i COD 4 1 000 mg/L B FHWK ) , C/N M 3 5 1
I AT 540 B 15 4 34K 300 mg/LL, I 78 45 NI IR
BIG A 2 Bemg R 5S¢ iUa CHD 180 min B ) $5E 0 W A4k
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Fig.2 Influence of sludge concentration on TIN

removal rate
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Fig.3 Influence of carbon source dosage on TIN
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Fig.5 Influence of alkalinity on TIN removal rate
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Fig.6 Interactive impact analysis (C/N=3)
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2.2.2  C/INN1EEPAL S 3 RBWARIFITILER(C/N=1)
MR AR 20 45 5, L BBD 7 i R I Tab.3 Design and results of the experiment (C/N=1)
FLORIFEIECN N TS PR R (A) B (B) L H 75| Allmg-L™) | B/(mg-L™")| C/% | Di(mg-L™") | TIN EBRH/%
¥ AGS (5 L (€) BB IR B (D) X TIN 225 % 1 5% ; 2 ggg i ggg 8 ! (7’(5’3 233‘;
o 35 JE R EEAE 4 000~6 000 me/L B A 1 000~ 3| 4000 1000 | 25 750 44.55
2 000 mg/L . i Y5 £% & 78 500~1 000 mg/L . H FF AGS 4] 5000 1000 | 25 | 1000 53.31
di FEAE 0 ~ 50% M I O B 451 o 58 Rl 5] 4000 1500 | 25 500 44.57
Lk B 3 6| 6000 1500 | 25 1000 53.15
- o R 71 6000 2000 | 25 750 55.35
HR4 Design—Expert 8. 06 #fF5r i g Hidk . 13 8| 5000 | 1500 |25 | 750 55.99
FTIN £BR2RM k2 mH T #E8 « ¥,=55. 99+ 9| 5000 1000 | 50 750 50.64
3.354-0. 14B+1.32C+4. 04D+1. 40AB-1. 40AC- | 10| 6000 | 1500 | 0 750 52.02
0. 61AD+2. 76BC~0. 99BD-1. 81CD-3. 874°~2. 038>~ | 11| 3000 | 2000 | 25 200 52.32
i i 12] 5000 1000 | 25 500 48.54
7.00¢°-3.17D" 13| 4000 | 1500 | 25 | 1000 50.72
i 5 2253 1 (ANOV A ) 5 125 X A5 78 1) 435 B 14| 5000 1500 | 25 750 55.99
7 B i B AR R A FAE N 3. 50, 1 %A 15| 5000 1500 | 25 750 55.99
16| 5000 1500 | 50 | 1000 51.71
ELAT — 2 B A M ¢ AR
A XEE/J@E&”‘*A‘B‘C‘DE/JF{E”ijj‘j 17| 5000 1500 | 50 500 38.82
8.35.0.014.,1.3,12. 13, WX TIN 2[5 3 ) i 2% 1k 181 6000 | 1000 | 25 750 48.81
WA oh D>A>C>B . K% R 6(>4) , Ui B AR AY 19 5000 2000 | 50 750 49.78
X TIN ZBR 2R AT A B A O vERR I . AR 4 A 56 20| 6000 1500 | 25 500 49.43
21 5000 1 500 0 500 33.22
(R S 2 R TR B TR (7 A
ZHU(R ij\j 77.79% , it Hlﬁ%iﬁaﬂ%ﬁ@ﬂ}%’%x 21 5000 500 | o5 250 =500
Stk BEALRY p{E R 0. 012 7(<0. 05) , $ 4 43 Hr &5 23| 6000 | 1500 | 50 750 49.70
W R A D A K C Y p (/N T I8 K 24 | 4000 1500 | 50 750 43.11
0.05, P2 b F BN & SRR pBie o2 |22l a
I 328 L 24 P i i S 4 .
SHER LM SR THEAS 2 B4 R s gk R 71 5000 000 | 25 000 314
= Bl ot A T S 281 5000 2000 0 750 38.82
29| 5000 1500 | 25 750 55.99
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Fig.7 Interactive impact analysis (C/N=1)
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TR E Y], T8O SR 6240 P 1 I A A
AT SR AR £ A2 7T 5 M I R o
2.3 THREREERENST

Z B E ATV bRifE(ATV-DVWKA131E) , 1% 1
15U LB 1 g AT ZAHFES g kIR (LLCOD i),
I, 24 C/N N 3, HEE 77 2 500 me/L (1) COD, B
HEIK B IEAMIL T30 200 mg/L B9 COD . SR 111, Wi 7
i T 95 AT BN 165. 61 me/L ) COD BV ] SZ 8
94. 61% 1Y TIN L&, A48 17. 2% WM . ¢
1 g E AT ERE 7. 14 ¢(Lh CaCO, 1) . 34
ZA N 100 mg/L B, B F5 B 714 mg/L AR, i
B S E AT 556 me/LBSUEE , Al 545 22. 1% HI
FE o RHZ O/A BB A EEFE R 18. 75 W-h, Ifi
K A TR ST BEFE N 22. 5 Weh, BT 544 16. 7%
MBS RERE . MIHLZ R, AGS AL HH C/N Ky 1 (K /K
BF, T RE AN B 8 A KE A A k4, 1
1 R AR A% i IR e LA 358 5 TIN B, %8
PN AR 55 A B B % v 3 LA 3 R AGS 3 B P15
{H C/N N 1 BT RE S B K 56. 95% 1 TIN 2%, %
W1 P 5 Ve MR BE L A R TR AGS 5 L R e
B YR A% R TP A AGS IR R 4t , Jm St o vl ok
— 25 RN A DR AU A R DA A R A RB FE A U
Bt
3 &

©  HEK C/N K3, AGS I AR Z 15
B R IR A s Ak H A S8 BAE R fefE T

BLSECNT 05 Pl 6 260. 32 mg/L ., B &
556 mg/L. H 7% AGS i b4 39.96% . ik I 4 & Ky
165. 61 mg/L, Tl TIN Z: Bk %4 94. 61%; Z i[5
ATV bR, 75 e A 00T ] 79948 17, 2% 1 Fh 35
U8 .22, 19 WBRUEE B2 16. 7% (M BEFE

@  MHEK C/N I, AGS 1Y it 3% 327 Bk
JEFIE 7 AGS 7 He s i Kk H BA S AR, feft:
THSEAN 5 R S 172, 11 mg/L BB
1 166 mg/L., H 3% AGS 5 4 21. 88% Bk Ui % 4y
857. 43 mg/L, il TIN £R % 56. 95% .,
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