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Effect of ammoniacal nitrogen on biological removal of phosphorus by

granular sludge and exploration on its mechanism
LIU Rong-lin, WANG Hong-tao”

(College of Environmental Science and Engineering, Taiyuan University of Technology, Taiyuan 030600, China)

Abstract:In order to explore the effect and mechanism of influent ammoniacal nitrogen (NH;-N) on biological
removal of phosphorus by granular sludge, sequencing batch reactors (SBRs) are constructed to investigate the sludge
characteristics and pollutant removal rules of biological phosphorus removal granular sludge under the influence of
influent NH}-N at medium temperature. Results illustrate when the influent NH;-N concentration is 40 mg+L™"  granular
sludge exhibits the best sedimentation performance ,the amount of biomass is the largest, sludge volume index (SVI) is
52.9 mL-g™', and total suspended solids ( TSS) concentration is 5.7-5.9 g-L™", which are significantly higher than
other groups.Particle size analysis indicates that properly increasing the concentration of NH}-N is beneficial to increase
the particle size of granular sludge. When the influent NH}-N is 40 mg-L™", the proportion of granular sludge with a
particle size of 0. 8— 1.2 mm increases to 34. 6%. When the influent of NH}-N is 40 mg-L™", EPS content can reach
134 mg-g~'.The ratio of protein ( PN) to polysaccharide ( PS) in EPS increases with the increase of NHj-N
concentration.Influent NH}-N concentration can affect the removal efficiencies of TP, NH;-N and chemical oxygen
demand (COD) by granular sludge. If the influent NH}-N concentration is 40 mg- L™ and granular sludge operates
stably,the removal efficiencies of TP, NH;-N, and COD can reach 95.8% —96.4%,95% and 94.6% — 95. 6%,
respectively.
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PRFE T 7K COD B ap X JHURE V5 Y6 B il 14 R 1 52
g5 HRRM K COD i far it 500 me/L I, REEN
Z2AR TR I B A, PAO RIS MR AZ 0 kLTS 8
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coD/ TP/ NO;-N/  NO;-N/
ZH pH -1 -1

(mg-L7) (mg:L7") (mg-L') (mg-L7")
BAE  (6.9+0.1) 150~180 6~8 0~0.3 1~1.5

FEANTG UG . RS YR B [ S5 5 B IR 0 A
YR s RS Y8, BURL TS U 10 B AE AN R . pH Ol
(5.40. 1), BETFEA (TSS) K (5.4+0.1) ¢/L,
R MR TFEAR(VSS) M (3. 7+0. 1) /L, fL2F7H R
17 (COD) ZBEFE N 85% ~91% , TP EFEE 90%
PLE

SEGHEE L STUG BT ] SBR A HLBEES R K,
60 cm, 4% 15 em, 7 SBR M FERE 10 em BiA H
FEIT, SBR AL A EHARZI A 10 em RS A,
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et MR 24 10 L/min, SBR
Hiz 47 3 DA, BA A E A S min PREGEK 2 h
R 4 h 4B .30 min JU3E .5 min HEK, H4y
I 1) Sy PR
1.2 ELBEE

BE 4 MR SBR(R1~R4) , BHHSH 3 4
SBR. %4 SBR izfrha e ek 22 i /K NH; -N, LA
FELIHEIK NH, —N A far X A5 P B UK 15 e R AIE S
TGP IR . R1~ R4 FE/K NH;-N 4y
SIS 1.0 mol/L NH, C1 %5 ¥ LA il He Joi i ok i 7
20,40 .60 mg/L F1 80 mg/L, 4% SBR i&4T 90 d, i
1IN NaHCO, 8% NaCO, il &4~ R kK pH 7
(7.00. 1), Mi7E & 3 F AR P82, /K IR 35 i 7E
(20£1)°C, & BAFEATT5 IR 15 K HURE I E 7K NH, -
N X ORE V5 YR RRAE B Rk R PR A 52 )
1.3 SthAE

K EBRARE L E COD \TSS, VSS; ki 5
YR AR PO BE 43 A i 5 A (LS230/SVM+%
FE DU a2 A ™) AT, MAMNR A Y (EPS) #i
BOEBAN TR B 25 mL ki y5 R IRKIBE Y, T
8 000 r/min B.L> 15 min 5, 245 LIS NA PBS
VSO R R B AR, PBS MR B RN T .
50 mmol/L BEHR%H 150 mmol/L NaCl .pH 7.0, JILA
PBS ¥R 5 BT KR & WA 788 75 B (3. 0 min) ,
SRJGTE 80°C 242 R I#A 30 min, JEEAT 28 a8 b
L, PR A G IR -SHEATES 0 (8 000 1/min,
15 min) , DA I3 8 R BRAE) , SR FH A AR B 2%
SEFE BT (PN) |, DA 2 5 S An M), SR F B0 L 42,
IE ZHE (PS) o
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VR e T RE A 1) B ZEFE b, 3, SV BUE BRI
TSRUIEMERE R, I L T LAE 2Rk
NH;-N ¥ R1 4N, SVI HPTER 1) 54. 6 mL/g
BTS2 60 d 14 64. 6 mL/g, 376 Bl 5 1Y I 6] 7Y
HeFETE 61.4 ~ 64.8 ml/g, 45 F 3 WA o 42 vk
NH; -N REGEAERE A= Yy BRBE R 15 e R 4F Mol ket
K NH; =N BTk B 40 mg/L I J00RL TS Jé fa
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SEWTH] SVI FFERE 52.9 ml/g, B FH AT HAb 41,
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BRI TR . SR S 37K NH; -N i — 20Tt
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JERf (8] 5T B JS REALERTE 4.6 /L F14.3 ¢/L,
T HIRT I BT B . MIAE R2 N, TSS it it vk
JE RIS R S TR SR TE 5. 7~5.9 o/L % 5h, i TR
VSRR, R3 N TSS A4 5 vk B 76 £ 5 i
FEAMEFRAE 5.2~5.4 o/L, & T R1 Ml R4 HIL T
R2, SHG 45 R R W, 2 HE/K NHE - N Ji i vk B Oy
40 mg/L B, UKL T3 U8 T R 1 d5e e L5 V)8 o i VA
B, Z0U SR R IATEK NH; -N B i i i
1o o 2 5 SO V5 U ik A Ry /N FIURE 35 e DT R
B, I HAR A A= W o Bl HE K T HE S BRI T 7SS
e B, 2R AR BF s R IAEK NH, -N i
T A B AU 5 e 2R e P R A TR v LA
FEFL,
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B 1 3K NH;-N xt A& 4 B s Bk 35 8 SVI &
TSS i E W JE W%

#E7K NH =N X8 52 i N R 5 Y R A% 43 A
MSEM AN 2 s, HER 2 AR 7E#F7K NH -N it
TR 20 mg/L I RiARFE 0. 5~0. 8 mm £10. 8~
1.2 mm 3 [ N5 5 HL a5 R 21, 3% f 34. 5%,

F4BEFETH

k7K NH, -N Bt i BT+ 5 2 40 me/L B, AE R
RIS IR RARTE 0. 5~0. 8 mm U N/ E 19, 5%;
IMAE 0. 8~1.2 mm NI H T & 34. 6% , Ui B &
Tt K T NHG - N BT v B R TR R TS e R
e, RIS HEK NH -N Bk gt — LT mE
80 mg/L B, A= YRR B BURLI5 IR RLAZAE 0. 5~0. 8 mm
6 EE DR B 24. 3%, 1R T 0. 25 mm BRIAR
TR 2 21, 5%, 1 B 1 B i vk B NH, - N KO
T UKL 5 Je 1 8 BT A1 T 22 RS . ZHENG
R SE R | HE/K NH -N ik i ik
UKL TS AR E L5 0 6 1k /NSO 15 1 TR] )5
FOG PR TIREEAE 2 X AR LS RAH—2
F2 ik NH;-N 3£ RBEEHS BRZ 5 HRM

HEK NH;-N BARATTTS3 L/ %
e =73 74 0.25~ 0.5~ 0.8~ 1.2~
<0.25 mm >1.5 mm
(mg-L7") 0.5mm 0.8 mm 1.2 mm 1.5 mm

20 15.6 21.3 34.5 12.5 1.5 5.6
40 12.3 19.5 36.5 16.5 10.8 4.4
60 15.9 15.6 342 19.6 10.2 4.5
80 21.5 26.3 24.3 12.3 10.3 5.3

EPS & —KHMAEY MR MANR G, H
TR A PN AT PS, 295 EPS BLR B A 70%
PRIE T HEK NH; -N Jot o8 i B 0] 45 0 i P9 R 5
& EPS JJi & /040 8% E 2 43 B2 ), 25 3 an gk 3 F
o B3 FATLIEH LE 40 d i, #EK NHE-N i
HUE N 40 mg/L Hl 60 mg/L HYZH B EPS 5
HAMEU N 128 me/g A 127 mg/g, i35 = T Hidb
2B, AR5 TIETT A 60 d 180 d B, R2
N EPS 1Y 5T 43 BUTE 45 S W i N B oK HL 43 51 R
133 mg/g Al 134 mg/g, #F 60 d F1 80 d Af,R1 4
EPS )57 2 53 B A%, {R 105 mg/g F1 103 mg/g.
S N g e g 1B AT I (HURERS ]2 60 d) PN 5 PS
Jat A EO0 LN 3R 4 Fros . R 4 ol LU BE
FPEK NH,-N e B /75 , Wokivs 6 9 PN AY
BB E TR ndE K NH] -N R E
20 mg/L 4 HI % 80 mg/L I}, k5 I8N PN A fFi i
J3%uh 56.3 mg/g BTN A 68. 6 mg/L, SR M HUk: V5 e
N PS 19 5 2t 4 BN N AS 835, 45 SO 4 P 0K 5
T8 PS Ay I A BUEARTE 23.2~25. 6 mg/g, FeMHE
K H NH - N T v 3 A8 e B S A i R0 75 U8 1 PS
1Y L5 53, KR N REB o A AL BB H T 6 i
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FAHLY PN, PS (i 05Ok PR

KA g8 R W, UE UK NHE - N Jﬁgﬁ&r‘iﬁk
45 mg/L B, 0K V5 Je ik R 8 PN R T o 3 402

Jil T T PS B B R BN R R, PS TVEMB&
i A58 5 5 2 TR R VS R B S s v BT
YER , FEARBE 58 Bt 25 PE K NH -N 5 i ¢ Y T
15, PS 1 0T 3t A SO A R AN AR T PN 5 3
BTt 3L PS 72 EPS 5 LLig A7 T [, B
KI5 w(PN) /w( PS) VE R — I H 24 AR X 45 7R
kLS e iAs e vt B A EEAEH . BEFEZK NH, -N
Jo i e B B 20 mg/L FH & 80 mg/L, w (PN)/
w(PS) 1 2.29 JFE & 2. 67, T 25 4 410V {F 5 % ]
AR R 15 R ) w0 (PN) /w (PS) Al ik 7 DL
I, BE TR AR, AR XA LA 0 R K AT

A K COD 354K,
#3 BRB[BAFALIT R EPS RESHBER B
T MR mg/g

At/ d R1 R2 R3 R4
20 120£2.3  12424.5  124%3.6  123z4.1
40 114£3.5  128x4.1  12742.9  1164.3
60 105£5.2  13323.9  125%5.4  11424.6
80 108+4.3  13425.2  124%6.2  11245.3

x4 FHTRBEEIETHERMEZEN PN 5 PS

RENHLE
#EK NH-N Bitt PN &4 PSIRESES  w(PN)/
W/ (mg L) (mg-g™") (mg-g™") w(PS)
20 56.3%2.3 24.5%0.5 2.29
40 59.8+2. 1 23.2+0.3 2.57
60 64.2+2.6 24.6+0. 4 2.60
80 68.6+3. 1 25.6+0. 6 2.67

2.2 [EXTEYIBRBEBRLS R A B A 20
AW W UKL TS YR X TP Y 22 B 70 1 1 A %
2 s, HE 2 BATLUE L 7E RL N, TP A9 2BRAL
FAEHT 50 d WZHTHE S ITIAF 91. 3% , 7E bl 5 By I
] Y EEA R TR 90. 5% ~92. 3%, k7K NH; -N
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B AR ERE B AT COD 1Y R BRACR Y
XN S ik, B2 5 Al £E R1 P COD Ay 2=
BRECR R T 59 40 3 41, R1 ££ 60 d £1 80 d i}
COD [ ZBRBCR A5 M 92. 3% 1 92.9% ., R2~ R4
£ 60 d 180 d B} COD [ 2 BRAFR R B, I 7E
94.6% ~95. 6% Z 8], I B NH; -N itk &
0 COD 2 B3k AR 19 JL PR 78 1 J0URE ¥ YR 1% 1 458
15, 902 By 8 5 R 38 X cOoD T FE R 2, R2 N
NH; -N Jo i ik B A5 fe AR VR 3, RIS 8 N 2
Yok, B AL QT B, COD Ry FER K, &
—J5 T, R2 RS M NH-N =Bl i
Bl P B R U O A X R T
COD Ay EBRBCR, 76 R4 N, HE7K NH-N i
B, A A BRI FE K i COD, X T30 R4 Y
COD 1 LBRBORIIHAL

x5 BTEEETHEEEREEN COD HWERBRMELLE

i COD LR/ %
I}/ d
Rl R2 R3 R4
60 92.3+2.3  95.6x3.4  94.6x3.5  95.4x3.8
80 92.9+2.5  95.2+3.6  94.6x4.2  94.6+3.4

3 #ig

(1) 7K NH;-N Biat vk B8 40 me/L B, 2EY)
R URL VS e AT R AU S s R A= i, SVT
Ak 52.9 mL/g, TSS itk A% 5.7~5.9 o/L,
T A, NHE -N B E o 80 mg/L
i, AR TR, 0TS TR A TS TR R AR R B

(2) 7K NH; N BESZ M0k 15 U6 1 R A2 43 1
kK NH, -N B ik B8 20 mg/L B, b 42 7E
0.5~0.8 mm F10.8~1.2 mm 76 [H N5 8 & L4 5
H21.3%F1 34. 5%, itk NH; -N & ik B T
£ 40 mg/L B, 15 PR BiARAE 0. 5~0. 8 mm 3 [ P4
F 19.5%, TAE 0.8 ~ 1.2 mm N B 5 T+ &
% 34. 6%,

(3) 7K NH; -N Jit i v B T s A2 ik 1 ks 7
Jé4h EPS N PN 1 51 & 40 50 i, 30 PN/PS LAl
FhE, 0 HE K NHE -N BT 40 me/L B, it
Rii5 e EPS M BT 0 $0R B i K AE 139 me/g,

(4)NH;-N Jit 2 ¥ 3 8 52 i A= ) B 0l Sk 7
Jext TP NH] -N K COD Ay % &k R, 4 kK
NH-N Jfi & ¥ £ 0 40 mg/L ki i5 e 54 5 ia 17

F4BEFETH

I, TP NHj = N 25 B &4 % 7] 43 1] 3k 3] 95.8% ~
96. 4% 95% 1 94. 6% ~95. 6% ,
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