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W E ANRBEREEGAR MY AE R, o E A (FA) 2 & A L (AOB) 1%
%, BRRGEWAEIE R A AR o REU R, SGEAMHEARGS RO, AN 3RS
IRl AT FA MR, DL > FA ST AOB (Wil , 2 & B ARCR . 45 R W, #adiEd DO W& /N F 1.0 mg' L™,
M S BLT RE RE Y R W AL R WS AL 5 240K 5 B B IE] (HRT) O 6.25 d B, W0 Tl 4% & R BLR (NAR) 1] 35 )
84.97%; M45% HRT & 5.5 d i, ZH A L HRBHEMLD) 69.63% £ 47, MA LRI (NRE) A 18.06%., X REHIT
FAZSHT &I, O1, 02 FAWKEE k8] 736.32 mg- L' LA I, T AOB il e B FRAE, PA i PR i 1 IF
it e, RASEHKITXIZTE, HRT b 5.5d0F, EAEBRRA 89.86%, NRE N 27.62%, NRE # L4 i
K™ T 52.93%; %4 HRT %5 5 3 5.0 d B, A EBRFARE T 81.25%, 4 mi il /K &4 T 01, 02 i
FA ¥ 53 W P& AK 2] 7.91 mg- L' F1 5.81 mg- L™, IR, FA BEREA ZMHI NOB, N A% AOB 7= A= el . LA
C/N=4 [ R R R R AN BRI 5, R S5 NRE R GEIR T2 80% 245 . A F 45 B, 4 SiEKJG O1. 02,
03, O41ith 7" AOB A J@ A X} A FF 2 2.27%. 1.77%. 2.75%. 1.37%, #A Lt T 20 55 3E K w4 93 7H 7 12.37%.
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WA, BERER R [, RO At AR v T SR IO AR R, A R A g i 1 AR A AR
i A3 bR A A B R WA AR B B, R A S R AT RO AL, AR T RVt R, R
Tt s R R, AT 4 20% 26 A5 B BRI 40% 2 A A HLBRTECTY . FE R A AR KA ER A,
FHUE B 2 (FA) X2 A AL T (AOB) 1 s 112 £ S A6 T (NOB) 9 41 il 22 5 S 9 A il Ak U90s. SR,
LIS BB UE W AR B, KPR AEYE , A R GG A i R R R FA, T FA B
AR s i B EErE, HXT AOB Al NOB ¥ HA7 B W A MK 4E A, i S ECARL Wt R AK . A
W, FEAEYBARSE T A FA R EREE, WS vtk 5 SR AL T —Fh Ho & nT 47 59 5w .
Ko ik 7 XA L Bo i A R G4 W SRR, ] DAAE AR 37 0 far R4 5 75 U8 VA B2 1)
[ B R AR FA MREE, DAusiZb FA X AOB MO, $2 &0 W il AL il A i e AR K PRt sl aim 2 48 0 i
fbifE .
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Tablel ~ Characteristics of landfill leachate

BfHZR CODAmg L") . NHi-N/(mgL'") NO;-N/(mgL') NO;N(mgL') TN/(mgL") pH

FHIE 3 588.54 1615.41 36.42 0.11 199121 8.13
SN 5 600.84 1722.24 48.27 0.28 219851 8.6l
f/IME 2096.62 1057.56 14.19 A 1763.11 751
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Fig. 1 Experimental setup used in this study
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WL, MAME NS00, UASB M #smi A 2m, WA NO0Im, AMAEMNI0L; BMWK N
0.6m, F-H05m, Y h02m, AMAEAL, WERAAEYEURDEHERR I8 IXCR IR AR R
L KL AR B TS U R 2R G B0 2R A TORS A A o o S8 P RN IR RLAE (30£1) C.
J R A R 5, DRI e 55 .

AW FE T 25K UASB VR MR E AL B0, 3098 e UFUK 8 565 3 il Ak 0R A B A 31
AU N2 UASB 1, FIH BEK o 945 ML AE S BB A0 0 B (R0, S B Ak v v 38 40 S i 245 8L
MRS, RISk 5 S2ms fh By 32 (L 8 1, Bl B2 il Ak B G H K ek B s sl ot 7K O Xt
AR RGP AT A A R o i T8 o i A VR TR 30 45 ke A 0 S 1 S B R
1.3 L5k

TS U B 08 T by 335 A B R B R . R A (O1~04) H 4 Fh TS TRk
3 g'L7'(LA MLSS 1), UASB 42175 J i & 4 10 gL' (L MLSS 1) S8 i #2500 2 B Bt .
TE W Bt 1(1~45 d), 38 30 32 20 32 v koK i 0 Jr 2P s e 30 R s A B i1k R g8, 7E 52 56 1 Al 45 ol
DO R EALF 1.0 mg- L™, V5 H R 100%, 640 IBCFT O4 Hthlnl 3t b 4528 100% ., — HL#& T+ 17 far 2
RV, HEWRE RS EREBIT (RGN B E B R RE (46~54 d) iX By B K R
N TERTEE2, UASB H/K# M E L 1:1 70 Sk AL RS O1 M 023t rf, 5 7 bk X F R 45
W ARPEREM S . SeE I E SR T . T T BURAY SRS T R G081 (40~45 d) H 45
YE RSB, DL HRT N 5.5d; T00 1T AR5 st KB AT (55~64 d), #%ii HRT 4 6.25d; T4 1A
A3 I E KB AT (65~74 d), FEH HRT A 5.5d; LI Ry b Kis 15 (75~84 d), FiR & R G fud,
P4 HRT 4 5.0d; T80V 0 S dEKisfT (85~99d), HRT K 5.0d, Fi C/N=4 1E/K PN IE
1.4 MEMBESRZE

HEH K KL 0.45 pm SRS UB ) - UEVROR A B AR 77 76 25 048 AR T, NH-N R F 99 KR
SRR E , AR (NO-N) SR KAt b Bk e, A A (NO;-N) R H N-(1-Z85%)-24,
TREAYEEEE LM RE , TN SR A R A AR AL S AN e BE I RE 5 V5 R M (MLSS) 4 E it vk
JE 5 DO SR EHE A S UNE ¢ WS R (NAR) ., IIF RS & (FA), @ A LH A (AOR), WA A
AEALH R (NOR), EALBRAE (NRE) . N #5 B A KBE AT (NRR) ., BE AT T (NLR) (931500
= ()~7) .

CNO;-N
CrosN +-CNOg-N
A o WIS RBRE; Cuon NN #F WA R TR, mg L' Cyon I &
A AR T RIRIE ,, mg L

x 100% (D

MINAR=

17 CNH; ~1oeH

CFA = ﬁ X €6344/Q273+T) 4. lopH

2

s Coa NIFE AW BEWKE, mgLs THEZRGEWIRE, C; Cunn A 2 A0 B2k
B, mgL',
CNHI'Ninf - CNHZ -Ner

241 ©)

VAOR =

CNO; Neg — CNO; -Nins

241 @)
P Vo WEEMHER, mg(L-h)"s Vir NS REMEZR, mg(Lh)"5 Cnuny, M Criryn, 7351
S E KRN K R R R R W, mg L Corn,, M1 Onon, 73 31 24 28E 7K T HE 7K Al 285 280 0 & vk
mg-L™'; ¢ K IE B, do

VNOR =
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Cin, —Crn,
TINRE = I Nt 100% (5)
CTN,,,,-
Crn, = Crng) Vine _
Ny = LEer = v ) Ve V_;Nﬂ“) L x 107 (6)
Cn,, Vin _
Nuair = T;\I/ X107 @)

K e WERLERE; N WEA LR, kg(m™d)'s Ny NEEASBG M, kg (m’-d)';
Crn, M Crn, A3 5 Jg BE 7K R K SR e B, mge L5 WV, F1 V43 51 R EK R FR T R R 28 45 FH, L,
t AR IR, d.
1.5 WEVIMBEERT S

STANTEIBATES 1. 40 (3 SHE KIS AT HT) A1 84 K (43 s i /KB AT I ) OB IF 45 Je FE S iE 47 4 #7 o
B, FMiH & (PowerSoil DNA isolation kit, Mobio, USA) X FE S 24E 4 DNA #EATHHL, ARG
K FH 40 5 Y3 514 (338F:5'-ACTCCTACGGGAGGCAGCAG-3'#1 806R:5'-GGACTACHVGGGT
WTCTAAT-3) % V3-V4 AJ 72 XI#4T PCR 974, §704 B B EZ7h 200 bp; 555 FH QuantiFluor™-ST
(Promega, USA) #EA7HM & &, H /4 Hr 4 QIIMEL.8.0 XJ U4 v o kA7 Ab ¥ .
2 #ER5iTE
21 EREMURBEURZHNEHSHREERIT

) AR AL AL RCR . TEAYI ARG A Sl B, BaErt R As Ak, W3R Em b = A £
BRECRANE 2(a) iR e TE 1~4d N, R AT R AL BRBORA R, BBRFIRT 60%, 1Y A ik
% (AOR) {X K 1.63 mg-(L-h)™", 7K Z &Mk EE & T 700 mg-L™'. HI T S0 &R G5 e hy 4 A2 6
1508, XK DO Wk AU, W AR A, WRTE M AR 22N SR, 2 il — B A i aE N,
RAALBRFMRE LT, 25 12 R, A LBERE L5 94.78%, AOR L F+k 521 mg(L-h) ', #F
— R B R AR (NLR 4 0.23 kg-(m*-d) ™) &, H K P & /U B O AR R AR, A ig
YEZ A ETF. B 40 KA, BALEBRFILF] 92.57%, AOR M\—IF I AY 1.63 mg-(L-h) ' #hnF) 12.57
mg-(L-h)'. ZRTM, 4 NLR AR A 038 kg (m-d)" i, ZRGEAb BHAT A AE i F e, oK & Ak
FER BT, AR LBRERE R 69.63%,

JI 23R G0 9 B A S R AR AL AT 2(b) BT . B TR R RS4RI U8, FE T IR MR JL
K, RENBEAKRBITWHEANHEER, HKPEHESATREM (<100mg L"), BRFEEFT—E
BHE S, T iE A B BRI, NOB I Mgk PR, 7 Al 24 2048 AL % (NOR) s 2% 4 45 78 5 AR K F
(0.78 mg-(L-h)™), 1M AOBH AR miEM. Wik, RAENE A EEB BT ESA, K TiHA
R a5, ARG NAR #2750 B4 40 KAF, NARAFNZ) 84.97%, Hi /K H 0 fiff 25 UMk S 1k )
818.66 mg-L ' [, il i il DO ¥ EE/NT 1.0 mg L' BT o T J8 Rl 1k I il ik R 56«

2)FA Fl pH W22 Ak 53 B o FR A 1k S i Ak i 280 38 G0 I8 4% BURE A FA R pH A2 Ak an 1] 3 s
JROK 5 RS A ROR A 5 i A UASB Wb A7 SO A e iy, 48 e S5 2 Ak S 07 i i B o 76 A Ak Bt
BP0 By AR RN R, B R #E, pH AW T %, pH 1 O1 1Y 8.43 F& & 04 1) 7.89,
SRIGH KT pH S AT LT, X AT REJE fh TAEUTVE M b & 2B T OB AL R P AT Foel =B, FA &
i b WS R A R EERN EZ —, WEISP B £ 0, 4 FA MR 7E 0.1~1.0 mgL™'
i, BERT LM NOB 136 5 5 NOB M, AOB K52 FA [ fE 1 8%, 4 FA T 10 mgL!
mF2s % AOB =AMl . [Hitk, #f LAt FA XF AOB #l NOB (e £ E 4 il se s s A gtk . i &1 3 vh
TPV 1, AR B S A 8 SO B BEAT S ST b FA U B B A, (EAE 4 S B B FA MR S (it
A 8.13 mg-L™ (043, Ui BATERE Ik B Bt 22 40 N 2 BRI AE7E FA X NOB BB, - DT B2 I S ir 2% R
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Fig.2 Start-up and operation of short-cut nitrification and denitrification system
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Fig. 3 Variation of FA and pH in the short-cut nitrification and
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JrECHT, B A RSN HRT W38 6.25 d(LHL 1), HFEBMASERENEIT, AAMNEBRFIE T
90% LA | (K 4(a)). LAY S EK T HRT 2 5.5 d B (T00 1) IR R G IB 478808 % B8, iy, 41
AR T 3] 69.63%, A LR (NRE) VA 18.06%(F 4(c)); 43 s #E/K )5, HRT N 5.5d
W (CTH, A EREA 89.86%, NRE N 27.62%, WAy S /KRS T 52.93%. W0, i it
S KRR E T REM B AR i — LRI AT, HRT 4588 5.0 d B CLHLIV), K
TR EWE BT, AALBRRIFE TR, BRAELERNE T 81.25%, HACTEAAR ST
Fefa LI, AR ILREN G, WAESAREFGE EF, NAR & T 80%. Kl 4(c) AT LIA
KT, RS AABRMAT R (NLR) “FH{EH 0.34 kg (m’-d) ™", 43 £ 7K J5 7E 85~99 d( T
BV, RSV NLRK 042 kg-(m’-d)™", #H LT F $#2 T T 23.53%. AOR M 43w #E /K Hif °F- 44 10.37
mg-(L-h)'(55~64 d) #2713 7 11.98 mg-(L-h) "' (75~84 d), 3k 75 bR 25 44 A [l 2t 114 52 AW i 4k Jr 75 2 1y Ik
6] 45 %6 T 15.52%. 78 T.00 V (85~99 d), F% C/N=4 i Ah#h e i Je, K dal 2k B 2B 86 K i
27132 mg' L™ FRER] T 15525 mg L™, A LR LIHH] 90.84%, X 2 & TAME THRIE, Al
L PRSP HEAT , R 40 b A 285 vk B DR B A (151 4(b))s DA TIT A = ikl /R L A i 2 L
AALE BRI BEAT o RS, REE A LBR%E NRE Ul [ Fh, Rk 5] 80% #547 .
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Fig. 4 Impact of step feeding mode on nitrogen removal performance in the short-cut nitrification and denitrification system
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SERANIE 5 s o BB MBS KTE LS AL R ST . T A Y 89 B il AU AR T AR5 K pH T
B, FAMEE FJFE) 13370 mg L', X ™ 5

T AOB Af FA i 5461 343 45 K 977 b ol

AW S 8 AL FR G K 53 5 E A 2] O1 1 02 ’ 21N I

8k
Ja, TEMBEVER T EA (¥ B 70 91 B A% 2] 7.91 0 & - o
mg' L FI'5.81.mg- L', CHUNG % 2 1) Bf 5% 3 or 1o
W14 FA YK B K S~10 mg L B, REATACO I = o
il NOB ®y% 1:, 11 A X} AOB 7= A= 1 il /£ H
A 53 K T 28R 5 FA ViR E 9 72 fl 2t T
FILAAEE, R4y sk HET, O1 FtO2 b iy FA ﬁﬁ
5 _ 0 — 2 | V772 0
e it 36.32 mg-L ! (F 3), 7N NOB f4 [A] HEK PR UASB O1 02 03 04 Hizk

Fif i 7 S0 ) T AOB I T i 3 43 i K Atk
5 SREKTHRARSEA FA M pHIBREWL
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X . . Fig. 5 Variation of FA and pH in the nitrogen removal
FA V¢ B 2 F7 76 40 ) NOB 1% 1k iy [R] i, 40 % system with step feeding
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AOB (& HEAR =AM, AT A A T4 55 AOB By Hb A KR HY, 12 i 3R G0 09 g 1 S o i 3%
RGN FA WS E 22 8 AW . pH FHEE A2, fEABT T APl B R AN - R AT
i P B R 5 2 AR, LA A S R 2 AR B W AIG pHL i2E — 22 20 AN [R] 2 7K O 2K 2R 8 FA 152
We K2 B, o3 ROk 7 PR FA EEE UT 205 . —J7 i, KPR, &AM (pH) B
&, AT 2 FA FEAR . 7E 852K IS, UASB A9 H K 22 A S O1 b, i B TRy A9 &R Tk
BERR R pH, X (1T FA MRBESR & 5 NAE 5> /KBS, UASB H7KG# 1 43 2 7 =ik AR 1L RS 75
BEA O1 b {5 K (i KA 509%, BT O1 3 i & 20 B2 M B EE (pH) Lo s A2k, FRA T
FAWIE . 55 —Trihn, e itk , B, BA RS HIE BTG JeMk L6 oA, i i 5 e v
B, AHALEEBEDR, prehdifEJyam; 0 H ARG REE YRS Bl & Y, LR RE R
Th, ARWBEREE, NI FA WAL U, W T UASB K ik & REA NP, #EALFE
WA AT 5 R B B0, S A SRR AR T R T K TR SRR R, PR
TSR SRE AR SR T A R, NI M T R A AL R A BRI, RS AL RCR . i, R
oy stk 3, U FA (RAFAEIE ESE N, AT AOB Ak, dE M i AR S0 WA AL &
23 WMEDHESH

1) W) Fh 2 L FURhRE S5 R4 B 43 M7 o X 2 =2 EMSREMIMKE SRR MEDFEN
15 U8 A I 5 175 U8 S 2k %) DNA iE 47 $2 BUR FEEMS

B L S 3 A AL S 66 268 F1 71 679 Table 2 Abundance and diversity of microbial species in seed
) N ’ ludge and domesticated slud
RANLE 97%. SERHIH 3 148 4~ F1 3 673 4 T cee e fomeeTer vt

FEAR Shannon Simpson  ACE Chao  BEF%/%

OTUs(operational taxonomic units), {15% 2 fF 78,
2 AFEA TR W B v 2 A0 MR Y B 55 B 1 HE 99%
Lk,

Yifef5 5 5.45 0.01 1468.29 1468.73 99
e 4.76 0.03 121582 121580 99

k2 fron, YL 5 75 U (%) Shannon 2 kF PE 45 %k (5.45). 5 T F a9 5 41T & (ACE)(1
468.29) fil Chao F & Ak 11 & (1 468.73) ¥/ TR (4.76. 1215.82 1 1215.80). YI{k )5 175 U A Fh
J& Simpson $8 %443 51 & 0.01 F10.03 5 F F Shannon 4§ ¢ Fl1 Simpson $8 £% 7T DL 43 591] 28 75 U A= W #HE 9% 19
F & B Z MM, Shannon. ACE. Chao #5858 =, Simpson BAI%, ULHAMA YR AE 4= & B2 FI 24
PER R P, RS IR R, b — Bt R R Ok, MAEYE N T KK, B 2R R
e AP R, MUEY SR, BN AR YRR MR AT

i 6 Fias, 24N15UeREAR T Proteobacteria 100 -
Bacteroidetes . Chloroflexi NHLH# W 1T, 5 L P others, e
it 65%., Proteobacteria B3 2 T 2 AU 2L A 80 R 52?%%%222%61
B, (04 AOB, NOB I il 40 4. [ ¢ ol L
SENGES S G PN 2 /€ /] K ry Sergroibizs
AR B EYR T Proeobacteria E wf s
BT WAL TS Je i Proteobacteria /LI = Chiorsfint o
KRR R, 1% 2R MR o B 3 o B2 Proicobacienia
N'Z — . Bacteroidetes T '] J 1k g A ML H F* o ,
W, ARG Z R 2 2ea 0, ARk k& file  JaRRATSIE
Yy, FEFETAIYEEER, T2 T 6 RS LPMRMIYMLETRF
B ARG ™, Yk 5 Bacteroidetes 7 ¥ X =F HEEE AN FE
FEFFRE . ok th 5 0 T B 00 [ RS 45 AR Fig. 6 Relative abundance of bacterial communities in
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Abstract During biological nitrogen removal process treating landfill leachate by using short-cut nitrification
and denitrification technology, high concentration of free ammonia (FA) can inhibit the activity of ammonia
oxidizing bacteria (AOB), reduce the nitrosation rate and nitrogen removal efficiency. In this study, step feeding
strategy was used to reduce the inhibition of FA‘on ' AOB and thereby improve the nitrogen removal efficiency
because of the rational distribution of the substrates and decrease of the substrate/microorganism ratio and FA
content. The result showed that the stable short-cut nitrification and denitrification was successfully realized
through controlling the DO concentration below 1.0 mg-L™", and the nitrite accumulation rate (NAR) reached
84.97% at the hydraulic retention time (HRT) of 6.25 d. When HRT was shortened to 5.5 d, the NH;-N removal
rate decreased to about 69.63%, and nitrogen removal efficiency (NRE) was 18.06%. It found that FA
concentrations in the O1 and O2 tanks were higher than 36.32 mg-L™", which exceeded the AOB inhibitory
concentration limit, and the short-cut nitrification process was inhibited. After step feeding mode was used,
NH,-N removal rate was 89.86% at HRT of 5.5 d, and NRE was 27.62% which was 52.93% higher than that
before step feeding. When HRT was shortened to 5.0 d, the NH;-N removal rate was still higher than 81.25%.
FA concentrations in Ol and O2 tanks decreased to 7.91 mg-L™" and 5.81 mg-L™', respectively in the step
feeding process.. Under this condition, FA could effectively inhibit NOB while didn’t severely inhibit AOB.
After supplementing the carbon source according to C/N=4, the NRE of the system reached about 80%. The
microbial sequencing results showed that the relative abundances of AOB in O1, 02, O3 and O4 tanks were
2.27%, 1.77%, 2.75% and 1.37%, respectively, which increased by 12.37%, 68.57%, 57.14% and 59.30%
compared with the process without step feeding mode. This further indicated that the step feeding process was
beneficial for the growth of AOB and short-cut nitrification process. The above results showed that for the
treatment of landfill leachate, the step feeding strategy can effectively improve the short-cut nitrification and
nitrogen removal efficiency, and it’s valuable for practical application.

Keywords landfill leachate; biological nitrogen removal; short-cut nitrification and denitrification; free

ammonia; step feeding
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