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Abstract: Sulfur autotrophic denitrification (SAD) filters have attracted significant attention as an
advanced nitrogen removal alternative to heterotrophic denitrification (HD) filters. However, the limited

engineering data for SAD filters has led to a shortage of design parameters and insufficient operation and
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management experience. A SAD filter with a capacity of 1 000 m*/d was constructed at the Handan West
Wastewater Treatment Plant. The nitrogen removal performance was evaluated under varying influent
loads at a challenging temperature of 15.1 °C to assess the effectiveness of SAD for advanced nitrogen
removal from secondary effluent. The results showed that the concentration of NO; =N in the effluent of
SAD filter decreased to 5 mg/L, and the total nitrogen removal rate reached 80.7%. The SAD filter also
demonstrated strong resistance to shocks. Microbial community analysis revealed that Sulfurimonas and
Thiobacillus were the dominant species in the SAD filter, distinctly different from the microbial profile in
the HD filter. Economically, the SAD filter reduced reagent costs by approximately 37.9% compared to

the HD filter. Overall, the SAD filter offers an efficient, cost-effective solution for advanced nitrogen

% 34

removal without requiring additional land area.
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FRAATT ] 0. 4~1. 0 kg/(m*-d) , %45 R SF 2y WXLxH=
3 mx8 mx3 m, YERHE FE 5 Bl 1. 83 m, JEME K 3 4%
FEEIEAT, Skt L g T AR 3 m?. UE A K R 3
MRBE K, JEE SR A K A R SR T S B 1% | e Rl RFE
JERHEL) 20 mm =% B R CARRFENR . IERHEAR
TR 16.5 m®, € N 3. 70~4. 63 m/h, 38 il 3§ 3 K
5.55~6.95 m/h, KKHJ<1. 5 m,

1 —fimEFRELELRREERE
Fig.1 Integrated pilot plant of sulfur autotrophic

denitrification filter

SAD &M FE/K Ry 0 7K, TN A 10~18 mg/L,
NO,-N 4 9~17 mg/L, COD<50 mg/L, TP 4 0. 16~
0.26 mg/L,pH 4 6. 5~7. 3,4 Z /K F 15. 1~16 C.
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S IE AT — BOI W) J5 75 S 34T S ik DL 2 BR R
AV W S Ak R W R [R) B i A7 v ot S i e 3K
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Tab.1 Technical parameters of each operation phase
BB | /fﬁﬁ/ fif?ﬁ%ﬁﬂ* Bk | R
(m*-h™") | AE]/ min | H/d P&/ h
I 1~3 0 0 o J
18~25 55 5 8
I 4~8
26~33 30 5 6
I 9~13 33 30 5 6
I\ 14~30 42 24 3 5
31 55.44 18 1 2
\Y 32~33 60 17 1 2
34~59 42 24 3 5
1.3 KERHSWHHAE

K pH DO ,ORP .\ TDS /K i : W 7 75 X 7k
Jo I 7 AN, TN : 2o it T 6 T ik — 58 A1 43 66 B 1k
NO, =N 4 AR IR ,NO, N« W Ay LAk, TP
b L R R T A - FHR i 43 16O BV, COD : H 4% R 1
Ak, S0, B Ak
1.4 ERREMEMHERREESH

A3 ) R £ HE Rh IS U8 L HD B8 M R E 4T 30 d )R
SAD JE U RHE &, LA BT U E I REIE 254 . AT
BT i T, I RHE AT 30 d JE RIS e i
T BE (SEM) 23007 o HARSRAE G 45 « DL uEth
[ g RHZ U, 2517 R A Bl 0 (PCR) 1S \DNA
PRI R 38 T 5 PCR P38 41X 62 9 16S rRNA
FEPAE AR XA V3-VA AT, il 38 54 338F (57—
ACTCCTACGGGCAGCA-3',1E [ 514 ) F1806R (5~
GGACTACHVGGGTWTCTAAT-3", JZ [a1 51 %1) , 3k
150 77 50 B 2R A A 43 25 5000 (OTU) |, AR AR R
97% . F|FH lllumina MiSeq ¥ 5 1 MiSeq Reagent Kit
v3 (600 MEHR ) HEAT 2 % 300 bp B9 XI5 , DL A%
B A R 5 (200~450 bp) o i FH QUIME - £ 11 5]
BEFH - HEBRAE AR EE N B T a L A 1 2L
N3t S ) B B i 8 1 51 . 3l i QIIME k4
J8 H USEARCH Z: Biim & 17 91, IR 45 97% 1 )7
SUARRIE B #E1T OTU 4326 . 4HTR Y 16S TRNA K&
[K 3 1o Greengenes B4 22 73 0T, FL T Y ITS J7 513
i UNITE 4k 3 Hr
2 #R53t%
2.1 NO,-NFINO,-NEBBRS

2 Wy By ik 7K NO, =N 1 NO, —N ¥ J¥ (1245
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bR %k 62.2%; 7E By B T, NO, =N -1 25 B &>
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Fig.2 Variation of NO,"—N and NO, —N concentrations in

influent and effluent of the biofilter
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SAD JE M A W B SR AR E T L TEAR R K S5 14 RO
P E s T RO AT T X e 5K AR B i
H 7K NO, =N TN 43 H7E 9~17 . 10~18 mg/L Z [a] , LA
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Fig.3 Variation of total nitrogen concentrations in

3

influent and effluent of the biofilter
M Z R HD JE X TN #3244, 6
mg/L, K BR% R 34% , A a4 0. 370 kg/(m?+d) .
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Al UL, SAD JEth XF NO, =N \NO, =N . TN [ 22 PR3
e PEI AL T HD J . (575 & 12, HD I
it NO, -N B B Al B 5 W IR JE A 06, A ik R 72
A AN HCR s F AT LAEZ IR SAD R %5
2.3 HigtrmEk

pH &5 SR AL — D EHEL R R, A 32 il
AR AR R H 2 R BUR G0 pH BRI, DT 52 1 i
AR B0 R WA ek R 1) 52 A B A R
XiF pH ) FEAR A — 5 (19 28 wh U , 78 JC AN a2 1)
FAFT, AFR AL RS R pH H 7. 0~7. 8B &
6. 8 £ Ay (R iz AT AR ) , HLULA (% pH ATy ol PRIIE B
H 75 S AL A B A I AR TS 3R R AR e A
BRURE , i 7K pH &2 iAKW A7 T

SAD 38 H 78 IR 55 T 34T, 76 #E K F- 34 DO
3 mg/L AT, 45 8T KB EF 1 mg/Lo
7K DO e Y A%, U DOME ML T2 k5 5T
NO; =N 354+, 15 DO A fE 2351 SAD R 45 (1) i AU 8K
A, A SCHRTIE S E K rh s e BE 9 DO 23 52 1 SAD
ARG AR

ORP J& 52 M LA MR MhHE R 1Y EE AR iR . W
7R, SAD JEMHEK i ORP M H 141. 62 mV, H
IKREZ 12, 69 mV, FARIAE]-17 mV. 1] HD 8 i
JK 1 ORP F-21{ 4 132. 8 mV, B HH SAD JE 3t i5
e 1 B2 B Ak AR I3F 76 1 BB , SAD JE M R &2 R T
NO, =N if J5h N, (3 72 , £ 7K ORP{EL R A . 1
HD 3 P B AR K A2 T NO=N R J5 (B H 3 T
o M NO, —N (1R Uk B = ORP ] GE 410 i) ST Al
iR £R 30 J5U | DA T S 20 HD 38 3 v 5 £2 19 NO, =N R
2. MR HD JEM NO, -N FH 2t ] fE 5 IR A58
T HR IR RN R A . BER ORP AT LA & BE 47
W JFEIRES , BOK B A 1) NO, —N FlINO, -N AJIf J5

5 S UREXT SAD Y 1 7K K ST A S I A
TR EROI S 1 (S0,7) Rk /K TDS By 28 1k,
SR ME 4 7R . B TR0 SAD U8 LAY SO, A1 TDS
e B BH 3G, 3R] AR T 2 LM BRI AR R R
G , 45 SO, K it B ik 1 5 35 TDS Wk JE T
o WO N 7% AN WHE AT, SAD U8 H N Y 38 R
W A , 7K SO, FITDS Mk BE & e s ELIg 5 T
MK o HD 38 RN 2 Rl 1 7K TDS #2iE /K
A AR, R IE /N T SAD g . WA & B, 2R
B4 10 mg/L f 2 7] {8 TDS SE-241 34 1124 39. 5 mg/LL, 4
B A I H X TDS 3 A U ) S

FZESAD T2
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Fig.4 Variation of TDS and SO4* concentrations in
influent and effluent
2.4 SEMRIESHMEMMBESHEMEIW
FRG Y8 JHD FISAD JE M AR M IEAY SEM [ 74

&l 5 Bz o

a. FEFE I b. HD JEth A= 4

c. SAD gt A= Yy
E5 SiRKEMRERNSEME L
Fig.5 SEM images of sludge and biofilm samples
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HoAn i 2 BOR BSOR AR, BARZY 0. 9~1.5 pum, 2
i 368 2 DL A B FER 20 A o SAD U8 L A= Wy g
1 3 2L 2 B8 W 8 A Sulfurimonas AN Thiobacillus ,
Sulfurimonas 3 %5 M BUIRHEIR , RF 298 (1~3) pumx
0.5 pm, 40 JE R HOGHT 8 5 5345 5 Thiobacillus
TR U S22 B A RO B BRI 2, R/ (0. 5~0. 8)
pmx (1. 0~4.0) pm"™ . FEHL K 10 000 5 F & U
T 20 TR 2555 BURFF R 2L, W] SAD B8 BHiE
VE R F 5 SORH AT i) 2 A S H (A . ]I,
TSI AR R W Jo A DR ORE SR T R T R UKL )
JBT, B4R /N T 100 nm 38R T HER AR, M4 25
A= P R RIS

AN TR A i TR R K P B AR B e 9 25 0 O3 A
DLIET 6. SAD Ut A A W 1 v 5 HD B8 AT7E 12
F2E5E . SAD JE MY AL BN Sulfurimonas
(44.95%) . Thiobacillus (7%) . Pseudarthrobacter
(7%) . Sulfuricurvum (5% ) Fl Simplicispira (4. 03%) .
Sulfurimonas 1 —F A F=HAEY) , BEF] FHBRAE N
FAARHAT AL X AE A BARIR AT T IL A
B, AR Sulfurimonas 5358 5 vk B R B8RE Y 6 Y
BFILBIFHTE N . Thiobacillus 1.5 5% A 37
FAEA ABAEARIR T AR 18, PRI AE SAD
UE M H A AR = BEAR T Sulfurimonas . Sulfuricurvum
[Fi) B RE 1% B I AR AL M) EA T4 F1 9% S il AL o LARTEY
SCHRBUESEIX 3 R A B 18 A 5 S F fbad R e 5 2=
FEBEVERT 2, Pseudarthrobacter 18 J& FLAT [ fit
Z IR T G R R A 1 5 A ML B RE T, n] R
WA FRER U IR EU TR S IR O AL R g
B, AT DL P A 5RO R RO AL R A AE R
JELLH SR . T SAD JER AN T
IrERERE , (175 SAD JEHLIN Ferritrophicum A3 3] &
B BEH BB S 5 Fe AT RO ALAE ™ . 52
AHEE , HD i AL B Acinetobacter(30. 3%)
Paludibacter (2.66% ) . Brachymonas (1.99% ) Fl
Defluviimonas(0. 24%) , LA SFR BRI ( Acinetobacter
Brachymonas . Trichococcus Fl Defluviimonas) N &, &
R TEAMRIR IR T AE K IF 2 5 et 2.
XF TN A 25 BRAICR TR 379 o g8 el 40 EL AT 2 6% 1)
JI ZCRE T, {EL HD 981t A DL B U E Wy E % 55 SAD
TR 58 AN ], Ul WO SR A iV A5 g 19 7 57
ARBLEE VIR OC , T ELAS [6] 1) AR S Bl A W
7% 1A TR AL 7 18]

FA1 % H3M
100
80
g
B 60
#
=40
=
20
0
Hfh HD  SAD
GV A PR
E6 EAELMEVHENEEST
Fig.6 Relative abundance of microorganisms at the genus

level

2.5 RMBETIRRSRA N

FEIGAT IR, W U A A B R 2 Ak A o g
I 7% 5 1 1S 0kt 3 2, PRI e 20 B AT I op e A
AR . X T SAD BE ML, 3K iy SS &
1) A W 5 R 2 i A A B SRR R R i L 3 ZE
M) FEEEE Y AR ek S BUE W VT g
SR I RUBOR o SR B e R A RS I SR 1) 5
Wi, 35 5 S e B3 A S L W T R bk S g s
74 h NAGHEH K NO, -N e, 25 AN & 7 BT

“ =k etk - (100
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Fig.7 Variation of NO;—N concentrations in influent and

effluent after backwashing

U W IB AT IR B R 15 °C, PEOK R 42 mi/h,
EBCT 2% 24 min, X ¥ J5 60 min P4 38 3t 1 7K
NO, =N ¥ J& 7= A 3 8l S b Pk il NO, =N 5B %R
70. 9% , LTV JG J bR FE AR 55. 2% , B AR TR ETE
68. 6%~77. 3% Z[a) , i W S e X VA 2 BRASCRA
FEIASZ M, 120 min J&5 520 3EAS TR , B 22BRR 5,
A3 AT R AT e 2 U AR 1R R YR HE T 2k
A= JEEAS B TR, BT B0 A P T R R S iy T
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o AHFTERYT, B A RO S s K G i
P, B e B RS, ELAE SR — RIS B9 B i ml LA
TRIETE T BURR 1 SS FIBLT& i A= W JiEE e, AT DL, %o i
HhHEA T R PRI AR M SAD Y&t ) B UM RE
2.6 ZTITEMASW

Y SR G K] IE E AR B T E ARy, R
2N PIIE IS AT B IR b . Hovh, SR ZSBR H AR
10 mg/L; JERHAAE 5 B R LR Z 3. 0(F& A
&, SEME R 2. 7) s E 5B IREM IL 6.5, &b
HK AL IR 5X10° mY/d 3. ATRT, SAD S AR L H b
15K HD 98T 481847 9129 37. 9%

F2 SADiEMS HDIRMIEIT SR AXT LS
Tab.2 Comparative analysis of operating costs
between SAD filter and HD filter

i SAD g HD &3

THFES 1 FE i s R B AR
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