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W E AR UKRERFA N 4 (anaerobic sequencing batch reactor, ASBR) 1E N i H 7% /8 F2 ) i /b (sulfur
autotrophic partial denitrificationSAPD) [RF5EIA R, DABRABRERE N i F A . R AL SE KR T A RA MR (H
I, B, ZWREh. #EE) X SAPD WANERERA R A m, FRR At ge a5 R 3 ASBR R40, Wil HRILSUR .
M S/N N 1B, ASBR RGE M INFaEisfT, MEEREh Bk (nitrate removal efficiency, NRE) FIV Al FRELFR 23K (nitrite
accumulation rate, NAE) 7355 %] T 95.89% 1 52.40%., C/N Ltk 0.5 B IR HE 5296 45 5 W WA B 5 a9 A 25U
H. ZERENSH A RS H B WS RUR, Hoh Z RN AT I AR B TIOR8 B3, NAE /1 50.52% ETHE
61.09%, AT TA LR H 40.43% FREE 30.21%. KA c0 45 0 2] ASBR ', ZERENVE R R A xRS
(NO, -N) FJALBERC R AN A (NO, -N) FURAE Sk — 4R T+, NAE M 65.00% #5321 T 73.70%, H NRE M 80.6% $2
EET 89.15%, miE LS AT, ZMNRIEN{ifS SAPD RS ST (Proteobacteria) 323 W, TS
BERH ] (Fimicutes) 1 1432 E40 il . HLAF )& Thiobacillus A XT3 & B 6.83% L F+Z 10.32%, Terrimonas #H X} 3= &
10.68% TREE] 1.20%, SRR, R EAI T LT SPAD T 2 W ARUR o

K Gn A SRR AR SRR AHLEIE; NO, -NBUR; RUERE

bt FRE AR &, SanilE A g b HES T RE S A A . SRR Tk oK (Bfe5gi
YRFAEBEXFMIE C/N, ATAEAEHZE KT, FRE B EmIE i TR, R8s TlAc S,

KA E Ak (anaerobic ammonium oxidation, Anammox) YE A BT HE T, 2 e FRERRR IR & ZUR /K 7 1
AR Z B EEALCT T R AR 2 S AL I A 1 A B R 17 2 A S oy FH TR I 1) B [ ) e AR R A b
(partial denitrification, PD) & Anammox ZRf3Fe 8 R PIHE T R S5 R I ilfk-Anammox(PDA)
BLASEEAEYRAE AN, AR . N,O Hua/ DLl 5 le = Lm0,

Bt F SRR S A AR A R R SRS ) I PR N TR i — 227 ), R A S A R 2
R RS aER ey . BRACERERE: . BREET . WARRRERSE AT LIVEN F IR A FE BN o
AP FBRAC IR EL S A AL R S = A AR F ™ . S ARG, FECEYRIBEAR, MLk
R, PEMRS T T ERCR, I H KSR SO S KRR . AR R, AR ]
PEEAERIRE ., b TR RGP IR, AR 28, B ON ol 0.25~0.5. 1
A1, BRIR SRR BN R 30T HAE R E R N B HE AR AR, DA 0% AN RIS R Y S D R
MR B EE 25 B, ARBFRELE T ARRRIEE IR A S8 SRS ER R S A A s
s

1 MRI5EE
1.1 SEERE

A SLHG R (anaerobic sequencing batch reactor, ASBR) 1E K H 57 % 2 S i 4L (sulfur autotrophic
partial denitrification, SAPD) REMISIias, RNEe B Al 1 s, ASBR WS i# B, HE 60 cm,

Yrts HHEA: 2024-07-16 FFA HHEA: 2024-10-08
EE&WB: Phgm - QAR5 4 (2024]1C-YBMS-416)

E—1EE: LS (1999—) , B, W EAFRA, BRI RIS KA R, 769532554@qq.com  BRBIS{EE : ZEIEH% (1986—),
o, WA, @I, OFIE O R TS K AR TS e AL, lixiaoling20030327@126.com
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AR 9 Lo RO R fiipailie & Ko i
BB AR AEREAE 25 °Co Mt 2 BIEEhR L
ARG K. N A REKIE S R ey Tkt
N, LERINERE, RN AETT.
1.2 REEMBEISIET

ook B PTG KT R EIAR 4 L B
FRiG TR 2 NIk Z JE R0 T ASBR Hr,
TSR IR R 4 783 mg- L', UMK R
NTHREIK, HKFTHE TR RN, (RIE El1 ASBR:<EE
KB R R ETE 0.1 mg,L—l DIF. Fassyk Fig. 1 Diagram of the ASBR process experimental device
HK 4.5 L, FEKHHN 50%, TERNITEREEHEADTER B, SREHATHIK, i BE el 4.5 L 1
o K St EEHIE 8 h, HidgksK 20 min, Hi7K 20 min, JIHE 60 min, IR (25+2) °C, KH
5 mol-L™" HC1 4 15#E7K pH A 7.5~8.0. e W Bt ACR N THRLK, K /3 B B L3 1. 1
HITRSMICHK [14].

x1 REBENMBRERIKAS REKRE

Table 1 Reactor inlet composition and concentration at each stage

NaNO,/ Na,$,0,-5H,0/  CH,COONa/  MgCl,-6H,0/ CaCl,/ KH,PO,/  NaHCO,/  fiIcH/

P (mg-L™) (mg-L™) (mg'L™ (mg-L™) (mgL™)  (mgL")  (mgL) (mL-L™)
EATNES 242.86 177.28 37 80 20 1134 1
S2B B 242.86 354.56 — 37 80 20 1134 1
Fi3BL 242.86 531.84 37 80 20 1134 1
S4B 242.86 354.56 37 80 20 1134 1
HSH B 242.86 354.56 25.64 37 80 20 1134 1

1.3 #ORSIE

SAPD S FRLINE . HIRIT I A Y B AL DL S S W HLEE, AR RN A B B Raisf T2 Jm i 7 i
LRIE ., 7E SAPD Vg Fhaiafiz)a, B 200 mL Je/KiR AW FREMT, YIHE 30 min, s FIER, N
ABERERE PR Z 200 mL, FHIEESTEeRTE, #hik 3 Ja. B E/a s A 500 mL B, H
FRERKHRE A 400 mL. KSR 5 I b a4 Bt AKAIR], BOK SE UG A IR% R | mine 54280
it 5 P E S B RS TR, AN T 0.1 mg'L™', it NaOH 5 HC1 #5735 pH 2 8.0, SR Hbhr
BRI L TR SCG . SCBRIAN], P ORI S R TR E T, TR R BRI
(25+2) C, HWEIIPEFEE BN (350£50) rmin's 1T SAPD S i i 7K J1 45 B4 i) ] (hydraulic retention
time, HRT) & 8 h, MHALS MR, BEEERHKA 9h, A 1 h B 1k

WRRFISATHL A TR R IGE TN g Frmmmsonssms, REKEMRSE
SNy 10 IaATRE 5, UEATHIRE . L Table 2 Batch main components, concentrations, and conditions
CIREN . AR LR SE S . AR AT of different carbon sources
FUgfT2 R, 200 mL IKIRAMTREENT . o o o o
VLE 30 min, FFE W, MABREZNEE 5w meL) mgLh Mz ON SN o ke
200 mL, FESEMEEIETE, M3 WE. B o s % os 10 a5 s
IRERIEAYTSERS A 500 mL ebrit, JHARIRICHIRE 2 18286 80 HEE 05 1.0 25 8.0

% 400 mL. ZAINMAREEL, OB, LFREN. W4 N

WENTRE . WA 2 B, madmA 0 (8286 80 Sl 05 1025 80
NaOH Fl HCl J%5 pH ¥ 7.5. BUKsesaarge ¢ 18286 80 ZM 05 10 25 80
ViV | min, SERVEMR A A P S 18286 s WEE 05 10 25 80
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B, PRIEAMFE/NT 0.1 mg L™, BUEEEH 6 h, & 1 h BUFE 11K,
14 SHAEE

WM . FTA K SRR B O (TEFS % 4 000 r-min™' FEC> 10 min) ALEIE (0.45 pum JEE) 5
ME . ZA (NH,-N) RN GFHOOERE, NO, =N R N-(1-285)- 2 Mo, NO, -N RH
SHMPOCEE, pH T HH_LVEEC- PHS-3C Waill, YR AR AR B FNR 5 W A e BT [ AR 44
ARTARE T TR . S,0,7 SRR, SO, R F{ikik, S° R s ARt 5.

A YIREE T S BIREES 4 BYBE, 55 S BrBOGitE  Thoe e ke, BESL T S A YR 2GR A R
o/ B e o7/ L 2 TR

FARTE T R L BREUCE (nitrate removal efficiency, NRE). WV fif fig £h B B 2K (nitrite
accumulation rate, NAE). BRREEA: AR DA LBRACE (total nitrogen removal efficiency, TNRE) 43l
Pzl (D~4) 5

Cino-—x — Canor -
F, = 0N NN 100% (1)
Ci,NO;—N
Cuxosx = Cino- -
Fy = SN0 PO 100% )

Ci.NO;—N - Ce,NOg -N

Cisor-s = Cesors
Fy=—— 222 % 100% 3
’ Cis,or-s = Ces,00-s (3)
Cimn—C.
F,= 2N ™ o 100% @)
i, TN

ib:fj F, jﬂﬁﬁ@f&fn’igﬁ%ﬁ, % Ci,NO;—Ny‘jﬁﬂ( NO{-N E@Jﬁ%ﬁ&fﬁ, mg‘L”; Ce,No;—Nﬂ‘jHjﬂ( NO{-N E@ﬁ%
W, mg'L'; F, MIEAHIRERRRA, %; Cino,n HHEIK NO, -N BB, mgL; Ceno;n MK
NO,-N fy i B, mg-L's F, NBRIREEA R, %; Cisor_s WK SO -S MR, mg-L™';
Cesor—s MK SO -S BIBTRWKEE, mg L' F, HEAERSE, %; Con NHEK TN BB, mgL';
Cen WK TN BYBHEAE, mg- L7,

2 FR5ITR

2.1 SAPD BEIMERSTFREI TN R R MERE
& 2 Hh SAPD S gtk IR BEASAANIET 3 A BBl . B v B2 A bl

HrT [ 8h i 8h i 8h i 6h i 6h |
50 ~—8—EKNH,-N | - @ {ikNH-N | I I I
—A—jJEKNOS-N i - ok - HIKNO-N | i i i
[ —e—HKNOS-N & g HHANOSN !
40 MM»MWW«MW
~ EAT N S R ) = PR i AN EE i 5B i
0 SIN=0.5 L SNA ! SIN=1.5 ! SIN=1 SN-1 %
L 30 i i i L e
mﬁ 20 L Lo * ¥ * : Bz msh
s Pox Yk i
5 P T ox ; i i
& [ i * i<l i i
- * . -‘
10 <4 <r<1<}<]<1<1<14:1;.<] : Xk *rr <<<<l<] o <]<]<]<]<]
| s i I < <1<, <
S KA **.<]<}<]<]><]<]. ) i < <]<1'<} LA i
o A EEESSARS SR ANERAR AR URA KNP SaEA R ENg S 00 R BT )| & » y & » y
0 10 20 30 40 50 60 70 80 90 100 110 120 126

1 7R E)/d
E 2 SAPD RRzsi#HHKRERETL

Fig. 2 Concentration variations of influent and effluent in a SAPD reactor
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551 BB (1~21 d) (K] 3(a)): FEFEK S/N(E YT NN 500 140
JRHE) S 0.5, K NO, N B 5B e T Y o EANON —-sois 120
40 mg-L NS FRE) SAPD Jmife, LTt S | O T {00 7
R ELAL T IR, ORI AL, 2 50l E
7K NOy-N it e BEF AL 10.91 mg L™ Zi47, = o5t 2
NO, N {5 7E 7.1 mg' L' Zi47, NRE FH{i 20| =
N 77.02%, TNRE-F 3 { 70.00%, NAE} 15t =
0.83%. WCBME:HIk SO S A E L fliE  © Of &
37.9 mg L ZeA7, it HEEBRERER A BT LA
H90.25%. AW KM, S,0,7-S AHL FEHA
it, ATRESHEL N SO2-S Al 8°-S, Wi [ty HR
DI TR S 5 R R AL I . & 4 (@ I
SO/-S. T SO S L HEFARSE, M5 ol v —=s00s v
Ak SO S, RULARRRFE AL | g ZANON e S0 1120
1B SO7-S frfit. IR, EHRT S ol gn Too =
BF, P S-S BIRER 4.00 mgeL, Y Iso £

5 2 BB (22~43 d)( 3(b)): HiEK S/N B 2o f 8
Ay 10, FEEFTHIM (22-35 ), WikGm%  F 20r .
AR, o) 7 d BIEREAS , NRE HUBL TR L ® U 0 8
Th. RKFAEAE 95.89%. fE 2233 d, ik [} 0 %
NO, -N JE RS AT L TF, 75 33 d FAHIR R, L A .
h23.50 mg-L™' 247, ZJA 7K NO, -N FiiikE 0 1 2 3 4 5 6 7 89
BT W, R B 1 2163 mg L 24 o) s
NAE RUETE 52.40% fifi, B TRERZR. It
S, 5% 1 BBORIL, TNRE 80T W@ TR, Y O 500 .
FEFP K NO, N [KIEEE, TNRE BT L EZZNoN —e—s0:-s 1120

—a—S0§

RETE 43.18%. LB BLHiZK SO,>-S ik -1
{HR 79.12 mg-L™", BRERERAMFE R 86.55%, il
T B A RE T LATTAA S HRT O 8 h i
T, 7E S-S i 123 mg'L '

5 3 BBt (44~64 d)(El 3(c)): #EK SN K
1.5, LB B, ik NOS-NJREHKRE FHFE
0.53 mg-L™' 247, HiZK NO, -N i & 5 BT
TR, 5dJafaeErE 8.27 mg- L' 247, NAE,
NRE. TNRE 754 20.95% . 98.67%. 78.56%.
BT EE NAE fIRFES 2 BB, it BEdEr T4l
B, NO,-N BUEIE RS, IEHB ik SO, B3 SMER. RREREEL
S R EERIE N 1035 mg'L_l . B R Fig.3 Variations in n.itrogen and sulfur concentrations at
% 76.19%, IHHUT AL HRT % differentstages
Shi&EHL T, =4 S°-S ik 32.34 mg- L'

S,0,7-S TE M etk ly S°-S, fEBEE SN ByHtm;, S°-S ARt aTtm, [, NO, -N iflZR*%
Rt S/N By$Em I 7o LA E FREMMS . AR BB FHtAN S,0,7-S i, AF]F NO,-N
R, (HHEFAUAEASY S-S J5, NO, -N fRietasl, FECHARE T, Nagke i S-S mich F2H T
HEA, MIMZRASEE =) NAE,

1100

180

160

AR/ (mg - L)
TRZH 3 Pt i e B/ (mg - L)

fiff)/h
(o) HI3BrEL
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2.2 FERGEIMIH B FREE R AL I B AR R RSN

AR 2.1 WARRTIEEER, FE5 2 BB (S/N=1) I Al SCBl 8 W AHARER R SR, 4REEHTR SN L, [T
HUABONTER , TNRE B#RR, BNV GRAMCR RS, {5 NAE 8%, BURSCERRAE RNAs 4 2 Bt
IR SRR T3, I BIAFEIRIR (e, 2B, ZRREN. FA0E) IAIHERRnEtl, PRI
TERPIBNRTARL F TR S A AR ER B R PRSI, SR ERA T NO, FRERMWRIE . ka5 IR
R REITE, #F C/N FEfilfE 0.5,

TEICORIR . WBE, OBE. CFRYN. WA FIRRIRZEIE T R e AR 4 fros. 28 6 h |2

100 200 100 200
C_INH-N ——S07-S 4180 [ INH-N —=—S02-S {180
~ sof NO;-N ——50;-8 {160 = ~ sof p EZANOIN —e—S07-8 1160 =~
o NO;-N —+—§§ = 4 2 1 NO,-N —+—S8 -
. 140 - % % 2 {140 "~
o0 %0 o0 % on
E 60 120 = E 60f H 120 E
= 00 2 g %1 100 g
= 40 80 E @ 40 ? 80 I¥
o 60 & o 60 &
& § = =
< SO ;
20 0 2 & 2 40 2
20 20
0 0 0 . 0
0 1 2 3 4 5 6
H[a)/h H[a)/h
(a) ToHiiR (b) HIfE
100 200 100 200
[C_INH;N —=—S02-§
- 2-_ 4180 4 23 4180
[L_INH-N —=—807-8 PZINO; N —e—S02-S
_ 80F ) BZANON —e—S0r-s 60 o~ sor % | NOL-N e 1160 ~
2 g Ja0 7= 7 ’ {140 7
: % 2 o 7 o0
2 o f 120 £ £ eop [ 120 £
i J 00 & B 7 100
) g £ ox ) ¥
= 4r P 8o I I 40F D 80 =
e 2 o e
= ¢ 0 & i 60 %
.Lé 20 + f 40 ﬁ ® 20 40
e (; 5 2
% 20 20
0 0 0 0
0 1 2 3 4 5 6 0 1 2 3 4 5 6
H[a)/h Hf[a)/h
(c) 21 (d) ZH
100 200
[_INH/N —=—S0>S
U7 NO.-N —e—S07-S 1180
= 80 Y - —a—QO_ 1160 —~
2 ? 0;N S-S @
: % 1140 -
o0 ‘,‘ o0
E e0r M 1120 E
= 4 {1100 2
I o40r ¢ 180 I
= J S
% 7 190 <«
® 20 Y {40 §
% i
7% 20
0 0

iy fal/h
(e) AT
B4 FEBREZFETR. RRERETK

Fig. 4 Changes in nitrogen and sulfur mass concentrations under different carbon source conditions



55114 TR A YLBRIRFN IR A IR S AL R R 3233

B, FNASP SO, -S Bt EE 3k 111,10, 101.10, 106.19, 129.60. 120.19 mg-L™", it o i F- i
ATRIFHE Y, 722 SO-S BUHEAHIh 73.22. 84.45., 78.40. 54.72. 63.48 mg-L', &l 5(a) A1, BREARA:
RN 40.43% . 46.63% . 43.29%. 30.21%. 35.05%. S3PHT R, SHORIEALL, FH R e
fifi SO,>-S e ik I TR, BREp AR L TE, M RREAE %8S, SO,7-S Bk B T,
BREA AR BORAT BT MR, THEI R E, ZEXH R R N A R SO B I s, B th B TR, i 2R
B AT A TR A TR, (AR

70 70 -

60 - 60 7
< SOF s S0F 7 7 7 7
5 7 %
=T 7 = or
B 30 1 & 30F
i &
S
= 20 f H 20t

10 10 -

0 0

X MR LR LR g Hims 2B ZEREh AR
WRUEANE BRI
(a) BHA AR (b) IFAHFREL L B

El5 FERGRFMS TR RE RS WA R RS

Fig. 5 Comparison of sulfur generation rate and nitrite accumulation rate under different carbon sources

MR E 4 H NO,-N Z2BR A1 NO, -N fH 2 2% 851 —a el —v— ZFRH
(K 500) ATRUABL, FETCBRIE . Wl ZB%, :gﬁi —- W
PRI A TFBRIEAAE T, NOy-N HiK BT 80}

IR HIR 16,43, 23.43, 19.75, 6.47. 1543
mg- L™, NO, -N HyKFHai5ih 40.42 . 41.26,
40.80, 48.87. 43.86 mg'L', NAE4r %l K
50.52%. 51.58% . 51.00%. 61.09%. 54.83%.
IR, CREN, AL IERTIX NO, -
N EOARHRICR LR Z B T AbBEACR N
HBLX R IOA] AEE A R R BRI T3 S0 123 4 s 6
AEIVE R BB 0] B g ma B ER TEH B RET i/

& 6 N5 BRI N RIS ApH A 1.01, XA El6 TREMESLE T pH Tk

Z pH MR K, BRAK T e st . ARAH B0 Fig. 6 Changes in influent and effluent pH under different
B BRIEH ZRENET ApH SR 032, AT carbon source conditions

FWN pH WEE, HHXS NO, -N ABSCRIETHECH B3, NAE FTHECHBIE., At B SR fedt 1 semifl
ROR, ERCREBON M, HIFEP AT RERMEZR WA R pH sZ2IIRK (ApH 2 1.07) HA5HAME > TAHLAHL
HAHON 20 A G e

Xt AS® AT, SOCBRIEMIEL, AR CRRBARY AS” 35 62.59 mg-L A1 45.66 mg- L', Foh
B, ATREEN B, AL nT LA A 2R AR SO AR . TIRRARA) SORT LS AR A A
O, ) X (5)), XGRS AR S A TR R R, BER R T
Pyl AR ROA R

pH

75 F

7.0

HS +nS° — S +H* )
MAANPIAFAERT, B A SRR A P T REM B A A%, B S,0,7-S I S° Ei%fEl SAPD it/
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AR, M EB RN 7 PR, A
BTG AR, S® BB IR T B4 0 5 9% S i Ak
(HD) 428ti 741, IER T iy, ek
Yy nl dk 2 58 24 o 5 HEAR LSRN Z B AL Y
A2, T S BYFI S,

1M S RRANIR RO R S5 1B 25 1 JRUR ml e 2 H
AW E R BRI, BEST RIS AL AR
SRR A, TR ST 2, 30U
A BHER AT, S AR A IR I SR
o R AS® ferm, AHRP AR Hrp R gy
A EABRIRER R S° AR AL T (K 8), H
S,0,"-S HEZL W E 5 W) SoxAX., SoxYZ Fl SoxB
IVERT T e SO, 5 SO, SEULXEASIR
ﬁﬁ@fﬂ%ﬁ@fﬁﬁ&i%%ﬂﬂ&@ﬁ%ﬂo é%QUJ:ﬁ*ﬁ ’ Fig. 7 The nitrogen removal pathways of a SAPD system with
LIREHAINIG NO, -N BURAPre, HOMENH) additional organic carbon!'”
AEFRVERT AT BE 28l i o P e, X
SRR BEFEA R

7 RIERSNEHRED SAPD REGHIBR FUEE"

SO ]4—[ APS ]
|
S e

8 S,0,7Hy S* EfiEE
Fig. 8 The oxidation pathway of S° in S,0,*
2.3 BEREX SAPD TZHISN
L 2.2 URERECE:, ZIEINRIE AT A S NAE. ARSCIRAERT AR B9 5EaT I, 7F ASBR SEpriafT
SR, SEEIRENEINVE R H A, TRITERINETT T AN SAPD RGN R

o, SRS BRA CRRIREL . AMIRER VA ML 258k eoh, RPRON R Mrke it A T e
IMFFRIRITSE o

XTLGES 4. 5 BBl 158 LR ENEOMS RN #% HK R e (& 2). & 2 T I, 5 4 BB (65~
93 d): #i#EK S/ANH 1.0, Hi7K NO, -N i ik s 442 €7 7.77 mg'L™' . NO, -N Jit it ¥ BE Ao e 7
26.37 mg-L™', NRE Fl NAE 24 80.86% . 65.00%. 5 5 BBt (94~126 d): LR MERIE, F=iiliE
7K S/N/C i 1.0/1.0/0.5. Hi7K NO, -N Jii & ¥ i i 258 € 7F 4.43 mg-L™', NO, -N i & ¥ & e 78
30.10 mg-L™', NRE Fl NAE 2350 89.14% il 73.70%. % LTk, fECERANARINTS, R %58 1 X%
NO, -N FUALERAE ST, NO, -N FHESUR S —4 T
24  EYIESERHIE

I TACF A= B REEEAA 34T SR el e P B A B R 2 R B A T A TFSE . AL
JETE IR 153 2K B A& 9(a) it FTRAEER, BOMAENIZ G, AEIE ] (Proteobacteria) A
XTFEBERME EF, M 17.83% FH2 22.58%, X IE &5 RAHAHDCH L 0iiem 12 —50, HARR=FEERY Bt
T A SOV BAMALRCRI T, BRFFET] (Acidobacteria) FIZRISTE ] (Chloroflexi) AHXS W AH B F1Es, 205
H 1.99% F1 16.48% F+ % 10.9% F1 19.02%, %% S0 1T H A ROE AW AR WER, Ul BB
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100

. 100 -
. - M Bacteroidota B Exiguobacterium
— [ Proteobacteria [ Thiobacillus
— -
I Chloroflexi M rorank f LD-RB-34
— M Firmicutes 80 - B Terrimonas
Acidobacteriota . OLBI3
N
§ [ Gemmatimonadota 33 W norank f Adb
¥ Planctomycetota g 60 norank_f _Blastocatellaceae
_% B Actinobacteriota g - Wl norank_f_Microscillaceae
% M Patescibacteria KE| || B norank_f_Saprospiraceae
S Myxococcota i’: norank_f norank_o___SBR1031
k)
E’ [ others % [ others
o
(@) [Tk (b) Ay

B9 BHYHNAIEMEDEREA K FRBKF

Fig. 9 Microbial community structure at the phylum and genus level before and after organic matter addition

Chloroflexi fEit T RGN HAMEYIR K . JBEER]] (Fimicutes) YEAA NI INEIA EE ], EEIH T
H IR ALER, (BEIMCRRMNZ )G, HANXTERE M 24.63% KIFEZE 0.15%, 1l feeHIFAE N AN
S, XFHOW AR U S8 K B2 B EH A, R HCR IR ALEE A IR LA B T A )
(Proteobacteria) FAE N A WU INIG FIFREE, 1GPERGR, S5IERERE1RIFIRY), R AN 8 KR T
RAAA IR 22—

JE AT L AE DR R EE A o3BT X RO 25 P SUE D RIS R K0T, A&l 9b) s . JREERE ]
(Fimicutes) BIVINTH)E (Exiguobacterium), "SI I] (Proteobacteria) WHiATHE (Thiobacillus) HR2: VIR
ST RS E AR, UEBA T I RS B A SRS TRe,  FAARAT i E 2 DA R F A I 57
RASIIR R fe i W i R 2 — 7, (BN RN Z S5, Exiguobacterium 1 A X =F B KM B B AIG
(20.21% % 1.02%), i Thiobacillus FIFHXTEEEEHIM 6.83% L F+3 10.32%, VWil Exiguobacterium 3§ T4
ML e A AR ), HARRAE RN A WSS, M Thiobacillus F23WH XA HLBT FR5E BT 5% 135 0L
Mo 1 Terrimonas Je= =AML R, ZE80 C/N S 0.5 (RN )5, HARXT R 10.68% %
% 1.20%.
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Abstract  The study investigated sulfur autotrophic partial denitrification (SAPD) process by utilizing an
anaerobic sequencing batch reactor (ASBR), with thiosulfate serving as the electron donor. The effects of
different organic carbon sources (methanol, ethanol, sodium acetate, glucose) on SAPD nitrite accumulation
were investigated by batch experiments, and then the results of batch experiments were applied to ASBR system
to verify the enhancement effect. When the S/N ratio was 1, the ASBR system successfully operated, achieving a
nitrate removal efficiency (NRE) of 95.89% and a nitrite accumulation efficiency (NAE) of 52.40%. Results
from batch experiments with a C/N ratio of 0.5 indicated that the effectiveness of nitrite accumulation was as
follows: sodium acetate > glucose > methanol ~ ethanol > no carbon source. Among these, sodium acetate had
the most significant enhancement on nitrite accumulation, increasing the NAE from 50.52% to 61.09%, while
the elemental sulfur production rate decreased from 40.43% to 30.21%. The optimization results in ASBR show
that, the addition of sodium acetate further enhanced the NO; -N removal and NO, -N accumulation ability. The
NAE increased from 65.00% to 73.70%, and the NRE also improved from 80.6% to 89.15%. High-throughput
sequencing results indicated that the addition of sodium acetate significantly increased the abundance of
Proteobacteria in the SAPD system, while the activity of Firmicutes was inhibited. The relative abundance of
Thiobacillus increased from 6.83% to 10.32%, and the relative abundance of Terrimonas decreased from
10.68% to 1.20%. Overall, the addition of low concentrations of organic matter can enhance the overall
effectiveness of the SAPD process.

Keywords  sulfur autotrophic partial denitrification; nitrate removal; organic carbon source; NO, -N
accumulation; microbial community
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