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Z WK B I8 PND-SAAD #h & TR E B

REF, TR, EHBL, BT, RAE, RE, IhEm MRS, &3R5,
BB RS, B

Ll R IR SR 5 TR EE, )M 5102755 2 B ARER TR FRE R 2 5 TR %5, Ak 5410065 3. MK
FEARTRE2ERE, )M 5100065 4. 92 AT HEAK A BRAE, Hil 5284005 5. il i sk e TR R A IR AR, b
1L 528000

# OE A BRRIRIS ISR EA KR A (C/N) K BURHE FE e A= W A SO AL T A7 A 1) e M S BB FE S U m
FRA RIS, A58 1A 3 AR e B A A S i AL (partial nitrification and denitrification, PND)-R3R#) H 37 & fisfk
(sulfur-driven autotrophic denitrification, SAAD) & T.7., LIS ELE R B %5 nE AR B S BEARE AN RTINS F
I A TERAs R, PND T2 B Inia g 847 B Bl X2 i 53 5 U8 VR S5 B (86.0+0.8)% 1Y LA (total
nitrogen, TN) EBEFCER, BiJS SIAD B LZEHRITA] it —3 LBRER BB IER IR (12.9420.49)% ) TN, HE TZEH
JKIBUEW TN JTEEAR B (38.744.6) mg L™, il Jit [ 5 AR 1 dar S SFLHI 7 15 e ) bRt (GB16889-2008) 1 TN [ HET
K. [FAF, PND-SAAD #& T2 MK BIER A B EREALZ) 64.6%, FRtEEgn] hm R 28T, AR T Bk h:
WS VER RO . IUAh, LB TR R, 2 G T LB IR IR 25 A AL B A R 24.4 T6.

KRR ERRIGBIER; EAERL R L WA SRR ERRIE A

Bl R 2 0% K e DL M NRAE TR AR, IR AR i b 3 - i i R . A 2019 48, RE
196 MK HARUT AR TR RN EL A 2.4%10° t, %2 2018 ARRIMIG 14.3%, TUERBRIE T A TG RK
M EEANE TRz —, BENAN R, SRTTAE IS B A O R Tl R . MoK B T /KA
BB, SECEI A RS YA REA FADUEOK, BIS0B s . BiaB I8 Eh—3
TR A (NH, -N) A HIXECIEE K, BA R AL (C/N) KBRS FEE i &
WERIIGB IR C/NGEFALT 3.0, F RS R AR YA T A TR SR B S REFEAR A S
ANIRENTE, AMUSTTIAS B H ) 1 R R & SUAHER . A, T2 b B IR R & A =
HVREE NH,'-N S, WA KRS E RPN . 2599 S A . 2R G Eaiis ey, il
PREAR BB DR AE YRS, T B RB IR AE I A T 2 rRRe

T SCAR G AR Y A AR AU S, TR 2R R AR T2, RS Ak S AiF Ak (partial
nitrification and denitrification, PND). K4 % % fk DL K B 9K 3 [ 57 i fk (sulfur-driven autotrophic
denitrification, SdAD) 45 1.2, PND T @A N RGEHIFE 2 (free ammonia, FA) MR
(dissolved oxygen, DO) Bt ifc[E, HEMPRFAH LR MR AL Ry Be, (2B B s h i) NH, -
N (VAR (NO, -N) MALRLEEA SR (NO, -N), FiJF S AR S A AL SN NO, N i it
RER NN REBAEGMLRAEE T 2, PND T 2R7A %) 25% MM RTH AR M 40% BAHURIRH
FE, R RE R A A AR T AN Fe A HLRIEA R SRS BB IR S ORI A AR R A T 220 m)
TR, (G IO HEARRD AT SEIS B IR A A (NO, -N, f4f NO, -N 1 NO; -N) 1
ROBRN . o RAE R AL A SRR T 2T A NH,-N A, NO,-N Wik, ERESMT
SCEENO,-N 5 NH,-N [A2LBR"P, lF PND T ZRESCELBIER + NH,-N ] NO, -N Witk
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E—1EE: BETF (1992—) , B, GiLORA, TR T AEKAEYL TR, lianghy55@mail2.sysu.edu.cn; MBEESE:
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I, METFER 2 PND T SREE A T 2ZMES G, DIRBIERIESIERR B B IERIR LA
BORCRI LI SO SR R - DR AR S B & T 2 A B BB e, a5 R R AN AT A HL
RIS, HVE T A S22 85.0% MO EVA (total nitrogen, TN) 2Bk, [HZRRTIRAZ A HFRM A T
LA, HIE oAtk B A 11% 59 NO,-NU WS 3t K & A 8209 NO, -N Jeigil
JRRASE AR, R fb- IR B S TSR RBRRCRAME.

1.18°+NOj; +0.76H,0 +0.4C0,+0.08NH; — 0.08CsH;0,N + 1.1SO? +0.5N,+1.28H" (1)

S°+1.78NO; +0.02H,0 + 0.16HCO; +0.01CO,+0.03NH; — 0.03CsH,0,N +0.99H*+0.89N,+SO>" 2)

SREEFMT LA NH, N AENE TR, SIAD T A7EBE A Tl F B LY (S°, S*.
S,0,745) Vel bR T A FR S AL, Horh BABTaR (S°) AR - A I AU A =K (1)~(2) ir
AU, SYYER SAAD HFERAEILH FHMARA LUR RS 1) S" Y AAml Rl =, e H 23k
2) S° W] IR M e HERL, AEB R R A R IS IR T R AR 3) T M AR et . i ffar
il 020, Hitk, SAAD T 20 R S AR IR KW &K Ik C/N B Y NO,-N iR Jiiky NP, LI
ZER2 SR PND AL SO MHLFHUAR) SAAD T ZAMBRIE C/N /K, 7EE FA R E Y T PND 1.2
HI7K NO, -N FL 0]k 89.5%, K5 SIAD T.ZHESEEEY 70% 1Y NO, -N R34 . SR, HHET PND-
SAAD #E T XA EAT R A YR I B R I R REA A T

ST, AHFFE LA LT A 4 B SRR I S B O ST 4, SRR A4 PND-
SAAD HEA T2 B B BN E IR A . %% T PND-SAAD & T 2 AER B IR SR B T AR Y
JRAALHIRE, AL T4 T2 Boeishil g tt, 2T 74 T2 ot b MR ik, PFAh T4 T 4otk
R, FEHRS T 2L A T TSR, I B B TR I C/N KR AU SEPR
AR R HEA OGBS SR AR SR
1 #RRFEE
1.1 iR

W0t HLEL TR 500 m®, TR FRE RIS USRI A L LT A SRR 1A, BB E
W FBOK T B8 . COD Jy (12 985.1+1 702.9) mg-L™', NH,N & (3 502.9+396.7) mg-L™', NO,-N Jy
(37.244.9) mg-L™', TN i (3 623.5+471.4) mg-L™". A3t Bt R B AT A BN T R TR & T
2o, L POR, RV EREE FIRSE AR, b PND T2 55T B (anoxia, A) b5 RIER
Vi #% (sequencing batch reactor, SBR) Z5HJ1 M FERS LR34 8, o PND-A #ilk 1 m, %8 2 m, A
B EY) 3.5 m, ARAY) 6.5 m’, PND-SBRLK N 3 m, %5 2m, AUEEL 3 m, HUAERY
17.5 m?, PND T ZHICAREL 24 m*; SAAD RV#R L IH TR, A5 A543
2 %5 SAAD JJiies, HAE SAAD WK 2 m, 95 1.8 m, ARGEEE 3.5 m, WHFERIEEZ 2.5 m, HoklEs

(a) Jyrhis R e En 2 (b) Fyrpisle B A
El1 PND-SdAD HATZHiXKE
Fig. 1 The pilot-scale equipment of combined PND-SdAD process.
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B 45%, BRIRAMAETL 4 m*, AFTHE SAAD VA EAMAERR 8 m’.
1.2 PREESTHR

BB USRI E e A PND-A Jib, BB v REfEA LTS ] 5 PND-SBR L Rl b
NO, -N KAEAERN, BERB ISR NO, -N; Fifif5 PND-A {hiB U8 i 2 PND-SBR #i, B8
f) NH,-N 7E PND-SBR M TIN5 1L NO, -N, TEHER NS R , BFEDiiE | h g kes
H7K . ik PND T2 e e AT T R AT AT e U A e K a sh TAE, HAEFM R shisg T i 8 F
PND T2 Soe M B A b Ll (A 4 5 S B e A B — T B R T2 miiE 6 8 m?, JRnA
16 m® BB IERABR GBIERR . Bd/K=1. 3), IRAIL))G PND T2 ¥ouiis ek L 7 300
mg- L' JAzh 1~5 d, PND T2 ocibf7ilg OibHEKERE) ;s FEISTER 30 6~80 d N AR R I i #%
REPRETT, Hd 6~29 d, ROVESBIERACHEEREZ 1 m®d'; 30~80d, SNV esiB iAW N 2
3m’-d'. A, A PND T A PnE sy, W #Rg b rsh 4%, LI DO ik 7
0.5~1.0 mg-L ™', SEMT5IREM KR sh TAER PND T80T, HAE MV B8 7R Balb 7 T 2 h S5tk
BB 1(81~206 d), LUK BHET TSR] 24 h(3 1 BBk Iedr 6 h, 45 2 BYER S 75 17 h, 4 3 BYBaivE
Hizk 1 hy, S8ashl. FUREE~1.5 m*>h', BSHE 30~34 m>h', DO iRk 1.2~1.6 mg-L™"; [t
11(207~257 d) fb T 2B, Htk s Nas TR 24 h(ZE 1 BBtk $k 6 h, 55 2 MBI A
17 h, %5 3 BrBLUiiEHEK 1 h), S8EEHl: FRESE~1.5 m*h™", BAE 24~28 m*>h™', DO i &
0.8~1.2 mg-L™"; BB I1(258~328 d) el 1.5 miifa], LR W I as 28 20 h(3 1 BB K gt
4h, 2B BBESRIEA 15h, 3 ERUUEHEK 1 h), S8EEH: FHEE~15 m*h!, BSE 30~
34m>h™, DO JEEKE 1.2~1.6 mg'L™'; HirBt IV(329~406 d) #—A0AL T RV, RS T aI4E08,
% 18 h(ZE 1 BrBedb/kbidk 4 h, 28 2 BrBYBR <% 13 h, 55 3 MBLILEHK 1 h), SBdsH . [mhmE
~1.5m*h!, BRESE 30~34 m*>h', DO JEREWKIF 1.2~1.6 mg- L', Ak, PND T 25850 ACKE N
SAAD T.ZHIthitsK . PND-SBR T2 Bt il K #ke /K Hh B UIie s, UvEt s ugim DA 4k
WA SAAD T Mottt AFRREMA, MRS IER PR AR NO, -N #J5h N,. SIAD T2
PASTHERIS IR Tk PND T 28800, A5 SAAD T 2.5 tisle i iE2) 3 000 mg L', Hisies:
Az SAAD T2 HocAb s LIS PND-SAAD #i A T AR ERT T
1.3 SWEE

1) KEEFFUK bR, 4 T 48ouHKE YRR, AKFETZ 0.45 um R RIEBGE RS, HARDCH MUK R
FEAREATHE BESCHR $4E . Horh NH, N SRR NO, -N R N-(1-25350)- 4 Motk
NO, -N RHEAMI D TN R R R S5/ O fb2# 7% (chemical oxygen
demand, COD) Rl DRB200 PRETHAHINE ; pH e DO i EHEASMTL (SX836, —17F) M.,

2) AR . A SE K B SRR & (SIS RHE A TR AR, b)) Rl
B, FELASRRIRE (V. fischeri) B R IANHIRVE B UER A YIREEFE AR . WA T 2 BT KRR I A SR
FRUFHY V. fischeri WIRTED 10 s J5, B TS #EE 15 min, WE V.fischeri WA IR, &6
BRI (3) FARYE SCHR 38 40N [R) 2 A ] a5 0 08 B VR S B KU S ) (0<< L<30 MK
B; 30<L<50 MHaE; 50<L<70 NHHE; 70<L<100 NEHE; L=100 NEIE).

L= (I(’I;I)x 100% 3)

0
A LREIHIR; 1, 28 AXTIRRTE 15 min JGAOLEHRE; 1 NIRRAIZEE 15 min J5HIA R,

3) EIZ AR T 18id PowerSoil DNA {77 &; (12888-100, MOBIO, USA) B o i)
DNA, % PCR 4L AR X WA= H 16S rRNA 4 V3~V4 & Al 728 X S #4797 14, 519 )% % 338F (5'-
ACTCCTACGGGAGGCAGCAG-3") 1 806R (5'- GGACTACHVGGGTWTCTAAT-3"), #x/5 & ] PacBio
Sequel I1°F & 5€ B0 i, A8 58 B % 6 4= %) DNA ¥ %1 I £ & National Center for Biotechnology
Information £/, HiH%S: PRINA1086255,
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17 Carnx 1077

14 6334
107"
eXp(273 +T)+ 0

K O WKEEH FA BREEWIE, mg L Cay AKEEHRTFE NH,-N Bk, mg L' T ARE,
O(:O

4) FA BT BETT 71k . B BIB IR P i NH,-N B pH (HIARE], AR T8 5010 iR
o FA JEBIERH NH, N 737, alad At (4 5845,

5) BERER I T k. SAAD T Z BT iRakah A 77 SR N BRIRER A< nlilid SO,”-S AYAE
5 TN ZEREER HEARR, d R #oR, HRIE (5).

CHwksoixs - Ciwksoi:s

0= “

R=

Cm/kTN - CH"MKTN (5)

:T:tq:' Ciﬂﬂ(sog’-s I—:J‘Cm/ksoi’-sj‘j SdAD Iﬁﬁfﬁﬁﬁiﬁiﬁm'—? IEH7J(EPE<J SO427'S ﬁi#&g, mg'Lfl; Ciﬂﬂ(TNl—:j
Cikrn N SAAD T2t N gtk 5 KR TN Bk, mgL ',
2 #HER5R
2.1 PND TZERTEITHRERISEM

1) PND T-ZHouasifBos i akhE. PND T.Z¥ooasiiat rahensl 2 ps, JHshBIss 1 Rt
A UEWE T NH,-N. NO, -N & NO, -N Biitik 30 674.9. 1.4, 102.8 mg-L'. JAshMIET 1~5 d il
ik DO B R 44 F A RI B, PND T2 Bt NH,'-N FUR W i 674.9 mg- L' i % & 356.8
mg-L™', [EH NO, -N FiEikEH 102.8 mg- L' #4/NZE 294.6 mg-L™', 1fif NO, -N JEEWKEFHEME, X
—LERATRESE T PND T2 ci M5 Ve IR T I L —) , RIS R A AE— & B iR £R
AL (nitrite oxidizing bacteria, NOB), [SHEEASILATFERT =4/ NO, -N gl {b s NO,-N, HitARIE
JRECU NO, -N BB, S5 H)E 6~29 d, PND

ZHGEIRSHENE 1w, HKNO, N[ RN N
R R IUGROE RS, ok No~ RO o
NFRWKHEE N 19 mgL 27t E 2476 mgL ', T | o TNakE <
WG 30~80 d 7, PND T2 Motibsit 1.5 £ 0 b
m*d' BAERFE 3 m*d!, AR K NO, - E o0 g
N R RIS, Ak NO, N Rtk & 2
JE 7 9 71 85 25 45 80 K 688.3 mgL . BLAR, 20
PND T2 HIL3 sl BU g TN LR EztT TR Y TR
IRl R, TS 1 R 21.4% $%) 80 KX BT
B 61.6%. LRZEREKM, J& 3 Hr B A% 2 PND TZHTEEAYK NH,-N, NO,-N,
DO JR K (0.5~1.0 mg L") KA b 3 671 NO,-N REIRER TN £
frZF T, PND T2 HIT4: 80 d MR shisfn] Fig. 2 The mass concentration of NH,-N, NO,-N, NO,-N
SR e NO, -N SN LRI A RE and TN removal rate of effluent from PND process
F1, SEELT PND T XA 0 N 2emE 3, during the startup stage.

2) PND T ZHItisf TaLRE. AT 5e PND T2 ocisieefasha, il 4 NstrihBat b hias
B TRERE, 455K 3 Fin, Hob BB T 4% PND-SBR Wb &, 6t DO FiiE e ELE 1.2~1.6
mg- L' SN ASTE 81~147 d, /K NH,-N ik B2 1 852.6 mg-L™'(5 81 K) PRi#fE = 38.2 mg-L'(H
147 K), H NO,-N FLEZRH 44.2%(5F 81 K) FTHE 92.5%(56 147 K). b5 148~206 d MBI, i
HKBIER T NH,-N K NO, -N Fri i EfaE, HIG NO, -N LR, TN EBRRATIL (83.9£1.5)%, Kk
11 JgE—2485¢ PND T. 25T DO i ik X [ by i R Ak R ALz T TALRRAS2M,  F#fI PND-SBR
RS 50, $54] PND-SBR N DO i W JE7E 0.8~1.2 mg-L™'. & ¥ PND T.7; 800 [ b # 76 B Bt
11(207~257 d) WARRESCEURRE B E AR AHAR SR, 7K NH,-N s iR TE 23.5~194.6 mg-L™" X [A] A RIZE
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(b) PND L Z B e8I H CODfH AR {b ]t TN e
El3 PND TEEBITInITHEE
Fig.3 The operating efficiency of PND process reactor.

3, H NO,-N FLZRFH TN L% HIEE (80.2+6.4)% 5 (80.6+2.3)%., %45 RFW], B TIME 1
DO ik (1.2~1.6 mg-L™"), BBt PND-SBR {1 DO By A, b3 gk NH,-N JCik7E
24 h By FPHEIR SO N SE B s FE RS AL S Ak . PR, ARBF9Y PND-SBR LI ‘B Y MRS Ly 1815 & 30~
34 m*h!, DO R EEHITE 1.2~1.6 mg-L™'c MBS BV DO B EE7E 1.2~1.6 mg L™ k14
T, i AR S R R E A TR ] o P BB A AT 20 h N SOW B8RS, BB Y
NH,"-N A feE #H T fb i i, t, BBV iE—P4a izt it E 2 18 h, PND-SBR iH B g
NH,-N 3l s2 Bl A2 2 R Al AL, /K NH,-N i W 8 (50.2+17.8) mg-L™', NO, -N 2 &Kk 5|
(84.9+3.6)%, TN EBEFEN (86.040.8)%. £ I, AHiAIFEH) PND T2 HIuhB IV A Eist e, it
TRV HRAVE RS | BBtk BidE 4 h, 55 2 BYBBRS s  13 h, 5 3 rECUCiEHEK | h, JH &R
30~34 m’-h', DO FiEIEN 1.2~1.6 mg- L', ZEAESRMF P ol seslhil PND T2 HutmsfciZ 7. It
Fh, A5 PND T 2Tk BV 7K COD B shH N (Bl 3(b)), ~FHMEH (3 626.4+420.2) mg'L™',
gk COD 1A (11 061.5+807.7) mg-L ™' EBRZELAH 67.2%., HLAT WL, ZEMBEIV M8 B0 e rh iy il 15
FEANLIG ALY EPIETEFE, MELI4RERH L PND T2 Hun/aSalt— IR R T K -

3) PND T2tk S istToe S50, 16 4 B8 PND T2 ocfERmat i BRIt
M (TR T RN HETT45 180, 220, 320 M 380 KAF)PND-SBR A E M FA TR AR b g, &
HKE, K 4 PARLZTTH B PND-SBR MBS I8 NH, -N BTt B RS 1 BBt KT an kil
RN B (E)G R R, SORMTFE R NH,-N((3 502.9+£396.7) mg-L™") MBUERF H PND-
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A WZHE L ZE PND-SBR Wi, 5% PN-SBR i+ NH,-N Ay ik b, fedbkpitbssns,
T PND-SBR 5 PND-A Jh[aIfE7E R, {#75 PND-SBR (%) NH, -N ik E7E4 1 BBk HEss i s
ST . REFESS 2 B < 7e%, PND-SBR ithf NH, -N 2 fEmifb/ERE L4k NO, -N, NH,-N
PG N AR, BUEW NO, -N Fii vk B e S R S g R P s 1 TR o) S B N R T
B ARk, X FERM T K BB IEM Bt 72,  H PND-SBR PN NO, -N 0] 57K
HARN AT R MG Y A A SRR SR AL RN, AT 80 NO, -N B i BEAE SO TP IR ir % BEE
B SFE A BAE T, NH, N 30254410 NO, -N, M55t B gk NO, -N iy B BER )12 45 7
By BEBIERTH NH, N B8k Rk, NO, -N RS AR — e, iR i s N e
fiif5 NO, -N Frast Wk FE AR SN A E— 2P K (EAE R A2, PND-SBR JAEA[F] S0 B Be 1) B 1
ek SEEE Y, B0 B NO, -N S vk B R R, LR PR 4% B BB s o ] 39 P A il ) v e VR B FA X
NOB BHAFAMHIY, Rebp TBIER T NO, -N [ NO, -N 541k, 4 4(a)~(d) 7 PND-SBR MifE I . [
BRl . BB . MrERIVAh FA B E /510 0.4~28.7. 2.9~39.4, 0.8~28.3. 0.4~26.8 mg-L ™', 7 Iik
FA BTk EALIX RN, FA JRRIREE G ZA AR R B S RIS AR b e 3h . A L0 FA Bk
F 3.1 mg-L™" DA LATRIAT SEBRSE A AR AL SN P, ASBiFSY PND-SBR P B AL S N FA o e i
KRSy RS I 4E T 3.1 mg- L™ LA b, {75 PND-SBR jth /N NOB 22 A% 4, AR 2 A AL #
(ammonia oxidizing bacteria, AOB) =EEF 5, MIMHHLE NO, -N IR R,

700 _ _ 85 150 700 85 150 _
-«-pH = NH'N < NO N - -o-pH = NH/-N < NO,-N z
o 4 NO,-N O FA 1 SN - 1
SoseorT /",:'...., B0 40 L T s60f eeeeteagg NONDOIFA 180 4o %
o “ 484475 &
2 40 130 § @ 4208 130 5
5 s = 0z] 2
= 280 {20 2 5 2800 120 &
I B 1% b=
B 140 | .10\5 g 140L 60 110 =
59}
0 dchaeBlatabal 1o ! FUNINIRININTE TR TN Laalaavalla A HATAY el 5
0 2 0 2 4 6 8 101214 16 18 20 22 24
BATHT A /A BATHT A /A
(a) BYELT (b) PrEzI
700 85 150 700 85 150
«pH #NH/-N + NO, N - «pH = NH-N + NO N _
a 18.0 noa 4 NO,-N O FA 18.0 T
L 560 140 = 7, 5601 = R
. 175 o0 . e I~ 175 0
2 a0f {30 £ & a0} E.30§
= *e70% | = = 08| ®
g 280 | 120 ¥ gzso- 20 ¥
z 165 @ Z {65 %
Kt i
=140 | 6o 1105 &= 140t 60 110 <
s =)
0 255 1o 04 = 55 Jo
8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18
BATHTE /A JZ1TH[E]/h
(c) BrBeI (d) prgev

4 FEBITHE P EREEUR RS PND-SBR thEER FA RERETLAE
Fig. 4 Variation of nitrogen and FA mass concentration in PND-SBR reactor within single cycle
under different operating stages.

2.2 SAAD T ZiE1T30ARE

H TR B IERELA IR /N AFEE, PND T Z30n /KB IER T BIREAA L (LA COD 1) HEL
T EXT NO, -N Mif— PR Lk, Bk, AWHRHEL S° ARy SIAD TZcxt PND T. 225t
K BB ISR TR HFEMA . B 5(a) FRTEEEA 305 d B9t IEIN, SAAD T.ZHytif/K NO, -
N M E R (455.9+68.5) mg' L™, 7K NO, -N KPR ]ik 98.5% Zit7. #53#M, PND T2 HitiiKk
BB IR P T SR R NO, -N KX} SAAD T Z: i 2 ShAemeE Y= ], X rTRERh THiA
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fLIE (sulfur oxidizing bacteria, SOB) X} NO, -N A iR Iz £, [FEF, SAAD T ZHIethxa g
NO, -N SEIUBARAUN 20k, RBRRIE 97.1% Ze47. AT, H3E SAAD T 2Ryt eisaha HLms £
ABRIATX; PND T.Z: 8ot /K B B U8R h Y NO, -N Sl Esiha e i 25, HAEALBE PND T Z; 8 ckBt
IV KRR 1B TR B (228~305 d), TN KERFCETIA (92.9+1.1)%. ILAl, SAAD T2 HIchkEst b
BEHIZK NH, N BN (33.443.9) mg- L' &tk (50.2+17.8) mg- L™ W& FF%., Xl AEf&i T PND T.
ZHITHKBIER TR/ NH, N 3% SOB [FMLAHA4ERE A B/EK s B SIAD T Z ¥ EYFH
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Fig. 5 The operating efficiency of SAAD process reactor.
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Fig. 6 Analysis of pollutant removal contribution of coupled PND-SdAD process at the stable operation stage.
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Advanced nitrogen removal from mature landfill leachate by coupled pilot
PND-SdAD process

LIANG Huiyu', YIN Wancheng?, PAN Yangrui’, ZHOU Zixuan®, CHEN Ben', ZHAO Qing’, SUN Lianpeng',
Zhao Xin*, XU Xingquan*, LIAO Jiajun*, GUO Wuzhen’, LV Hui"’

1. School of Environmental Science and Engineering, Sun Yat-sen University, Guangzhou 510275, China; 2. School of
Environmental Science and Engineering, Guilin university of technology, Guilin 541006, China; 3. School of Civil Engineering,
Guangzhou University, Guangzhou 510006, China; 4. Zhongshan Public Urban Drainage Co. Ltd., Zhongshan 528400, China;
5. Foshan Green Energy Environmental Protection Co. Ltd., Foshan 528000, China

*Corresponding author, E-mail: lvhui3@mail.sysu.edu.cn

Abstract Aiming at the water quality characteristic of mature landfill leachate with a low carbon-to-nitrogen
ratio (C/N), and the challenges faced by the conventional biological nitrification and denitrification processes
such as high aeration energy consumption and large amount of carbon source dosage, a pilot-scale partial
nitrification and denitrification coupled with sulfur-driven autotrophic denitrification (PND-SAdAD) process was
implemented to achieve advanced nitrogen removal from mature landfill leachate under the conditions of low
aeration energy consumption and zero carbon source addition in this study. The results of the pilot experiment
showed that the PND process could achieve a total nitrogen (TN) removal efficiency of (86.0+0.8)% from
mature landfill leachate during the stabilized operation stage. Subsequently, the SAAD autotrophic process could
further remove TN by (12.9%=+0.4)% from the mature leachate. The TN mass concentration of leachate effluent
from the coupled PND-SAAD process was only (38.7+4.6) mg-L™', meeting the TN discharge standard of the
pollution control standard for the domestic landfill (GB16889-2008). Meanwhile, the biological toxicity of
leachate effluent from the coupled PND-SdAD process decreased by approximately 64.6%, and the toxicity level
of leachate decreased from high to low, which effectively decreased the risk of leachate discharge. Moreover,
based on the economic analysis, the comprehensive operating cost for advanced nitrogen removal from mature
landfill leachate by this coupled process was only 24.4 RMB/m’.

Keywords mature landfill leachate; partial nitrification and denitrification; sulfur autotrophic denitrification;
zero carbon source denitrification
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