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Abstract:  This study compared the differences of nitrogen removal performance and
bioavailability between sodium lactate and traditional carbon source sodium acetate in a SBR for the
treatment of simulated wastewater. When the influent NH,/~N and COD were 32 mg/L. and 200 mg/L
respectively, the nitrogen removal performance of sodium acetate was better than that of sodium lactate.
When the COD was 300 mg/L, the total nitrogen removal rates of both systems were comparable and
reached the highest values of 85.73% and 83.04% respectively. When the COD was 400 mg/L, sodium

acetate obviously inhibited the nitrification process, resulting in the total nitrogen removal rate of the
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system as lower as 56.51%. Conversely, good denitrification performance of the sodium lactate system was

obtained. Sludge bulking was observed in both systems during the operation, and the phenomenon was

more pronounced in the sodium lactate system. With the increase of COD, the sludge bulking was

aggravated and accompanied by sludge agglomeration. The microbial species and their relative abundance

were comparable in the two systems, indicating that sodium lactate and sodium acetate as carbon sources

had similar bioavailability and good nitrogen removal performances. In the sodium lactate system,

Ferruginibacter accounted for a relatively high abundance, indicating that sludge agglomeration and

bulking were prone to occur when sodium lactate was employed as the additional carbon sources.

sodium lactate;
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FEAN IS VR I V5255 D5 K AT, V5 e i A
RCR R UTRETE e R o SE g0 k7K S A TERE i 1
L% K , KH,PO, &y 50 mg/L . NaHCO, g 100 mg/L .
CaCl, >} 60 mg/L, [R]HF K H38 i A T 1 mL/L B9 13
I ZE (0.9 me/L 1 FeCl,. 0. 15 mg/L 4 H,BO, .
0. 18 mg/LI# KI.0. 03 mg/L ) CuSO,+5H,0.0. 06 mg/L
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f) MnCl,+4H,0 ,0. 12 mg/L Y ZnS0,-7H,0 0. 15 mg/L
19 CoCl,+6H,0 ,0. 06 mg/L [} Na,M0O, - 2H,0 .10 mg/L
A EDTA) .

I 52 W A4 22 o B NHHCO,, B NH, =N ¥ JiF
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Tab.1 Inlet load of different carbon sources
W H |[COD/(mg-L")| NH,~N/(mg-L™") C/N
Al 200 32 6.25
FLEREN | A2 300 32 9.38
A3 400 32 12.50
Bl 200 32 6.25
ZTR4h | B2 300 32 9.38
B3 400 32 12.50

1.2 LWREBRIIBETHAR

BE A 58 4 H [R] 0 [ A: TE A5 HLBE 38 S5 1y
NN 25 em, 5 R 40 em, HRUAE N8 L, R
SBR 1.2, FAN e K 4 L, BEHK LB N 1: 1548
RN 7 hy B3R A-0-A #0B 47, P IR
60 min 148 120 min .48 180 min .FHIT 60 min. JZ
I %% N MLSS 24 4 000 mg/L, MLVSS 4 2 812 mg/L,
75 Y 1R FR A48 B (SVI) Ny 85 ml/g, ¥E /K pH N 6. 8~
7.2, b A B S R A FRAE 0. 8 L/min, DO 7E 5. 2
mg/L e A7 o BEBE — BB [ BUFE 10 mL, #£ 5 000 v/
min (455 3R B0 5 min, FHUE4ERHRE 5 EAT 1 0E
FCARE 4 CI VKA R RE
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Fig.1 Nitrogen removal efficiency under different carbon

sources

BIKZR T, Hi/K NO, —N ¥k &5 =, 16 HH e st ik
5 [6) B AN RE Wl 2 2 W SR A I R oK, SVLR
165. 71 mL/g, HWIT5IRIEAK IR S . B2IKR R T, 54
] 25 A T B FLER B AR R AH LL , 7K NO, =N 8% 7
B R, B ik 6. 23 me/L, {H 5 IR KA ir
ZEfi# ,SVI N 144. 58 mL/g, B31KZR N, 75 8K
SR, 7 F 5 e B R 7K NOy =N T
%£9.3 mg/L.LI I, SVI A 220. 34 mL/g.

FLIR BN £ TR AN AE Ry B 5 B X COD 11 25 B2k
FRAF AP ST 1) COD K BRREA B i
229 o 7E 150 d By 4T I E] N, 7 52 0 #2408 T
ANFRR BTG T I S, B T FLIR AN B ROTR
A K [R]85 J5 175 106 2% 18 0 W R4 4 i, 2 ik 91
SR IR TS IR AR W BE LG 5 1T £ PR 4N
SRR A8 el o oY1 S ERCRIE LN /N - QISR N S
Uh, FLER AR R s AT AR, AR R SR K
NO,-N Il NO,-N ¥ X T £ Mg Ak &, B A R0
.

2.2 A EEREXTRELI RIS IZ R R

AT IR A R W 2, ATRLE Y
COD 4 200 mg/L i} , A 23 X6 il 4k B4 1 B I 3 11 5
M), PR A Bl 5 1) LU Al R SR AR = ALK R R 7. 47
mg/(gVSS+h) ,BI{RZR K 7. 17 mg/(gVSS-h) . HHF
IR UE AN JE |, SR A B il /b i - (IR | S i Ak ot A 32
BEL, #5442 o NO, =N F1 NO, N [ fift 75 Bl S8 B BL i
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B 1 hiE ABH LI B AVIR R B R LR R BRI

Hh 51.44% , B1 R R 64. 45% , 1A Z B AR
BT
R2 AEBIRAM AR
Tab.2 Nitrogen removal efficiency under different

carbon sources

S Lt | L fisfbEe | SR % | COD &

(mg+g VSS-h™) | (mg-g™ VSS-h™) | BR&/% | Br&/%
Al 7.47 1.56 51.44 | 71.86
A2 5.06 2.03 85.73 | 66.73
A3 6.78 2.10 7875 | 74.97
B1 7.17 2.30 64.45 | 75.32
B2 5.23 1.94 83.04 | 71.36
B3 5.62 0.97 56.51 | 74.77

S T s AR AR S F COD #5531 300 mg/Lo
IS B 45 A, B2 AR R 1 NO, =N (534 9. 79 mg/
L,iX 5 Zheng 55 N & UL LR ENAE Ry U525 B
K MAE R B4t —3. LRIk RS
U 65 b v L 3R 1 R 6 e T 4 i IR A B R o
THZHNH,-N, fEI COD &M T, BRA LK F
WK, A2 K 85. 73% , B2 4 83. 04%; A2 ) COD
FBRF N 66.73%,B2 K 71. 36%, W Hi{A & COD
WS B, AR R 4T

H4 k7K COD ¥k J& i3 — 204 5 1] 400 mg/L. B3
RR T B2 B, S 80U KA 4. 47 mg/L 1Y
NH, -NZR 8 17 A3 7K & i AL SR R IR A
FLER BN AN L BRAMAE i IR R, R G KA RE TR,
PR 2 10 S AL L R SRR , /K AT5 A NO, N 5%
B . A37E 300 min Ji i ANE RS A I BE, BRI 2S
BRIk 78. 75%, i B3 1A F S A 32 B G A1,
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74. 80% , {5 I A A A5 22 500 B S o B A i 7 AT
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A B A ELA S AR T R
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ARy LT B S AR B BERAAE R /NG Pk
U8, ZLER A LE 2 TR BN 8 45 5 Bl RS AL TR R T L e B
PROGH AR A S AL AR R pH Ay A8 Ak ] 2 e
o RLHL AR B2 R, FLIR B AR R Y pH BT
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BB B, FLER SN Y pH I T B T R, SR A A T
RN, LR AN 5 vk s Ak R A, BB A B
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Fig.2 Variation of pH in different systems
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J& AT A YR E TR AR BRSO LI 3. A
RN B NG Gammaproteobacteria \Bacteroidia
Anaerolineae F Alphaproteobacteri . JB KT, A
FAFIRE RN £ 2R HAT AL DI BERY norank _
f AKYH767 Fl norank_{_Caldilineaceae'® , A 7 35
S it Ak 2 e 1 Candidatus_Competibacter 1 norank_
f_Saprospiraceae , }. 731 EPS W) Ferruginibacter 55 .
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Fig.3 Relative abundance of genus in all samples

norank_f_AKYH767 BA7 fif fb NH,"-N H1 £ B A7
PLY A DB 12 T TE A A 1o 752 B 0n 52 42 11 A2
AR Z T L R, H2Y COD 2h 300 mg/L B #£ 7
PR 28 A B9 7 LU R4k B, EHIE 17 1 COD ¥ 2T
WA AR 2R B RO B 4 o norank_f_Caldilineaceae
TERS LR PR FE 43 19 SRR AR Z2 b 7 LUK, 3 7T
e LR EN Y i B NO, -N LRI RN . 1R R 75
e i 48 5500 BB R Candidatus_Competibacter,
TX 2 — il H R 7 BB I Y S i AL T L A S A AL
JId R AR D R fige R 0 R g s I i R 4 e M B
TR R R BRI AE I RE T 7E AL-B3 IR &b, H
5 E AR N 21.67% . 17.96% . 15. 17% . 23. 15% .
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30.56% .13. 94% . ZWAE LIREIA R PG TS
I USRS IE ARG M3 T B3R R L IE AR R TR
f7 B U RO A B DL B R, 18 B FLIR A 2
— R bt R 5N B ) $ A= WA T R /N o3 S A ik
IR o Candidatus_Competibacter WIEAH T I5 R IO
B AE P B, 24 COD #k EE oA 200 A1 300 mg/L
I, 2B TE DT R e Dt 22 IO FLIR A 22 vh iy o FU IR
T LRANK R o norank_f_Saprospiraceae "N it % A
B v AR A 1 A SR AR TR TR T L A Ak
R E IR IR R D S & . AR,
Ferruginibacter | JZAF1E T1&EPET5 Y i, A BEAF A AL
PIRTIfe , J&—Fh o3 EPS A 2EE TR ' AEZLIREN
R T IZTE G PO, UE T AL R A S ik U s T
255 8 W5 VK, O B K G B 5 COD ¥R BE A
L
3 “Z#

@ 7£COD H 300 mg/L 44 F , IFLER BN Z
PR 61 53 A R it D X6 U S BR R 25 AN K 2
COD 400 mg/L I , FL R B0 il Ak o R 5% w2/
2 5 5 ol SR A TR A A B IR, 7R SR 25 BR R Dy T
B OTRYNA W R A H, T SRR AR Bk IR T 25 )
R NO, -NFLH

Q@ KW rHo T IR R A &R b
75 e 28 2 B W) R BE RO R IR B4 . SLIR SN Y
Wy RV BT S B0 e AR R, T5 IR I Ik 5 COD Ik 2
BE L, B B 47 I TA] B 24 V5 e 25 S G el

@ FLRIIARE SRR B HUE Y R
H AR & AU, 2o Candidatus_Competibacter
Flnorank_f AKYH767 W # & tb &, EAITA 1R
PRI A NH, =N FE HLY R e, BRI FLIR N
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T AT 43 W K LD 3R B W 1Y) Ferruginibacter 16 FL IR
B R R LT X AT R T R R Y
J AL
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