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Research progress of sulfur autotrophic denitrification in wastewater
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Abstract: Sulfur autotrophic denitrification (SAD) has become one of the hotspots in nitrogen removal
technology during wastewater treatment because of its characteristic green and low-carbon technology for
nitrogen removal from sewage, which has the advantages of low cost, low sludge yield and no need for organic
carbon sources. In this paper, the research progress on SAD of carrier compositions and synthesis method of
composite sulfur source filler. The structure and applicable conditions of SAD packed bed reactor and fluidized
bed reactor were summarized. The research progress of SAD coupled with electrochemical, heterotrophic

denitrification and Anammox technology was reviewed. The advantages and disadvantages of SAD coupled
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technology were summarized. The metabolic function of microorganisms is a key factor in the realization of

effective SAD. This review enumerates the types of SAD functional microorganisms with different metabolic

characteristics, the denitrification characteristics and growth conditions of Thiobacillus and Sulfurimonas in the

SAD process were described. Currently, SAD technology has made significant progress in the fields of filler,

reactor and coupling process, but still faces many challenges, further innovations have been made in

temperature adaptability of SAD technology, reactor design with high treatment load, and process optimization.

Keywords: denitrification; sewage nitrogen removal; sewage treatment; research progress

Hp I T AR T T K A B AR VR S AL ) B Y
SRR A 1 2 AR C /N Y5 K v e R k0 A B Ak B
B R AT TR A AR PR, BAT T5 K Ak B R T
b FEAT HLER IR L B T B R A RLRE L 7R T Y S AR AR
LR TR A LB R T ) N DR RIS R A NG
5 U AN AR AR 3X SR 5 Y5 K A Bk B A T AE I O Y
TCAR 248 o 15 K G £ fIK e b P L AR K BR 0 TR
FOR B ST I, 2 AT R SR A PR R 40 1Y
WA,

i A % A Ak (SAD) 2 3l o 3 £ 35 e i
SAD W , B fb W 15 7tk NO, 1E N+ 32
¥ NO,~ F1NO, # 4k 2 N, 3 1 35 21 3 (i 2%
B o RS AR R i RO AR AR BB NO, iR
JFR NLEE NLO 3 #E8 :NO; —>NO, >NO—>N,O0—~
NS, Jf H SAD T. 295 e 7= =A%, JC A0 a8 in A HLask
U5, 68 v IR A% 58 5 97 B ms Ak e oS, B AR ) A
FHTT 5%

Bifi 5 R H bR TR A, B IR B R AE
9 SAD 5 AR i & 32 2 BHIF AR 1 56 7 . T JLAEK
SAD H AR TE T2 F0 RS AR A W 4 AL R 7 T B
19 7R Ry . B TR AN W RS SAD ORI iF
STk DALV 2 He) B TSR A5 AR B X SAD
SAD 7K Ab 38 4 1% T 20 B AR 0 A 58 2547 101 JosFn B 45
I BEZHAR AR K TT 1] .

1 SADIER

L IE R 2 SAD R v R B RRCAR B R0 11 Bk
MR R, HETE SAD BOAR R ATz
THLR 2 STRI ST R UL X R A A SR A
JoE 53 590 O BB AR AR S R A B AT AT L 23 i)
AN [ 2 1Y B BORL - 50 5B -5 B A ) BURL LB G L IR
ik,

1.1 BEmSmAewRER

TR SEORH AR A T D T s R AR
TE SAD HEAR P2 Al o WHFE R W], B R
RLAR /)N, B 2 T AR R 4 A W 4R Bt ) A8
S50 2, AT DU G M 4R T RO AR R . AR
0.8.3 mm Y B 5T B BUREAE 282 0 15 SR, kK

NO; -N ¥ i 80~90 mg/L I, ki #2 0. 8 mm Sk}
() TN BI85 87 % R 42 3 mm Fifif IR TN 2
B AL 71 %, kA2 0. 5~1. 0 mm B9 5 A EURE
FAE I TG KA BRI SAD F G0 A IR £k 5 B R AT DLk
) 84.86 %",

{ELBA R B A9 AR /K 5 M (5 pg/ L 20 °C) 5 30 4L
O ML — BRI W, Sk A
Fe,S; H.S \Na,S,0, 55 ) i hy B3 B 1y s 44, Y
B A 2k SFURE FH b 33 Ml K B, T DA JR] s 2 B ST A
MR 5 R RS IR R, K VR B g i AR & (7.8447.29)
pg/L (3. 78+1. 14)mg/LY. 53 4h 4 H.S1E M i
Ui, S A B Ry TE LA IR 5] B 0 8% A b 32 B
B 1E AR A F] 99. 1% 1Y [l i i pe T SAD T
2o pHAEREAR Y I 3, (4L T SAD (3 178508,
1.2 SE&miEER

SAD T 20 23 18 B K & 6, B IR K pH
MY, UE I S B0 BRIk . SAD B9 FHAE Kl B HORE R
4 fil #b 7T B LR B K RE L UL, SR
JRAT WG 7 A AT B A 66 Y pH (B R Y A Rk A
AR EORE, v B R T SAD &R . il B R
By A KA LA 11 1 B f3) 388 ol Jig 2 280 BFF 32 ol & -
JRAT A W DR IEURE K L T A 3 V5 K R K TR
JE B8R, X TN R BR 23R R 90%0 A2 A7, i A 8 fin k)
1 25 B AL AE 80 %" A B -1 JK A7 5 A5 B 5 JE R}
FEAE — Lo by an Hh KORE B SO, B i T i AR IR
A ORI WA A T A SR 4 K A, i D
TIRRRIST PSRN ] ARSI E P SR

AL, e A8 59 SAD i Bl SURHA [ 24 fE {4
HOBHEA R 478 SRS B4 0F, OF HRE Wi AE
A KR UL R AR BT . B, B2 v SRR H 2 E BV A
THEI SAD A= 9 1 B B A A R T S Ak
— S A 5 B2 AR RICR 1 T L R A B TR R0k G2
AR o AN, SR FH A 30 0 1) 4 1) 2k A A R LA
B WS 22 FLAEH A R R T R LR T AR A
KA R 5 W BE 4 30 mg/L \HRT A 10 h i B 0850 %
A LLIR 30 99. 8 %61 M LK 1T & A B IR SR B T
10% Ao BeAbh, R R A 4 55 O =X 45 1 [ 4
54 BURHb AT DL AR = B LR [R5 SAD R 48



% 24

DA E,F TR AR R RS R 229

TEBCE Y & & MR E S/C )7 Tl 26 B R4 5 49 4 s
BB 3 AT M e PR IR A5 1R A e T3 3~5 mm
198 4 BURE, A B R B BOURE X TN 9 25 bR R 48 5
T A0 A AL K e R A R PR T AR S R DL 5T R
KA KA K AR A OB R 38 5 A A R SR
74T K A R R I, RS AR R 99. 7%,
Jf HAE R SAD i B HE 4L 58 2 1 B B 55 TE LA U

2 SAD 4 #¥ &M

SAD HUEHIE L2 Fh Z4E 5 A AN R 21 J
N 5 Z VG AC . BT OB RN A% T AR
LT IR SN 2 R A DR BN 25 P K2
2.1 SADIEFIR KR Z5

SAD 378 R 2 0 %% (A 1 1(a) ) 3 T HL A 5 BE
55 %K N B B FE R BORE K SIS FHYE R
JFH BRI L -k T 65 R VR G SEURE B, 358 IR R 2% 1
6 S0 A5 3R T LA 3k B A ) R A T A ER
HURME e 35 %€ 15 9L 0 m) 80, D9 O, DG SR ety I R e
T R A B R BURE SAD S 5E PR N i, 4 R
J% K 9 4b B g7 ik #) 0. 36 kg/(m®-d)®, 1t 4b,
SAD 3 78 R [0 #% 8% s 2 g T bR 7K R £ 5
e il Il v oK R BE AU R R - A K £ AL
B 25 O M 1 3 L 3L 78 IR RN i A B S G b R K
B, B A8 A Ak 38R 15 31 99. 5 %61 R AR R
0. 8 L Ay T 2K 1S - Jhy JECRH 19 420 78 PR S 7 i Ab 38 488 T
15K ik K NO, -N ¥ JE R 0. 31 mg/L, 2 &
KA 98.62%, SAD HLFE IR I #4177 #E — L& ik
S BT A FELAR A A X IR, AN IS S K BB V5 K
Jid A B TR
2.2 SAD ALK & B8

SAD Ak R KR g (Un & 1(b) ) B A& 5 4 1F
AR VRN AR N =N B8 = WS I 05 N X 7 O
R SRR B SR B T A A % AR B — 2 ML
SR R TR EORE . A DR AR SR T I Ak IR I A W
i % (AnFB-MBR) i B S° UKL IEUREL R F e 50k 35
BE, FURL OB K B2 fl i AR, A B ASCR AR T
AnFB-MBR 119 fif§ iR £k 25 B % 5 35 9876, M b T[]
FAF T 1 SAD MU IR N a% 19 B A AR R S T
4 AR IEAROME T SO B A SR pH (. 1Y B
1A R NI 2 S P N R P AR o R R I N 6
Bt R AL, FeS, UK 2l 119 B i Ak b 72 AN 7= 4k 2D
SO, JC AUV 15 pHAA |, B i Ak 3 % A ) ik #
142.2 mg/(L-d); 5 S 5K 50 (4 5 fil§ £k i 7 75 22 5k iR
B AR s pH A O v DR £ R AR T 2 TS U (B R
BEUUVE ) , RAH Ak 8% 0 R 184. 4 mg/(L-d)™,

25 b, ORI P 45 A RN A TR) 1 R R G

IO 5 F9 M R0 AT B2 W e A AN [ B R K 95 K
P& K 145 I R] | S R A A% R AR L HECHE TR
E &SR AN SO N NIE AR IERGE A I
5T P K X L8 S B AT LR A, DLt e
B A IR 5 (B R R i — P 4R

ik H’ﬁmﬁ
SADICE} B Emm— ﬂ» -

M-

SADIEE | [Eear e :w

2 0|
il
: | A%
by Q—— | sk
IKH

-—

(a) SAD M FTIR I I 4% (b) SAD Ji b IR J 1 #%

1 SADRMBXEBREE
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electrochemical coupling process
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Fig.3 Schematic diagram of coupling process of sulfur

autotrophic-heterotrophic denitrification
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