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Abstract:  Thiosulfate was introduced as an electron donor for autotrophic denitrification to
enhance nitrogen removal in a denitrifying biofilter packed with polyhydroxybutyrate (PHBV). This paper
constructed two sets of denitrifying biofilter packed with PHBV (R1 and R2), and investigated the
synergistic effect of adding thiosulfate to enhance nitrogen removal performance according to different

hydraulic retention time (HRT). When the nitrate nitrogen in influent was 50 mg/L, and the HRTs of R1
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and R2 were shortened from 1.0 h and 1.5 h to 0.5 h and 0.75 h respectively, the nitrate nitrogen in
effluent increased to 26.18 mg/L and 18.78 mg/L respectively accompanied with the accumulation of
nitrite nitrogen. The removal rate of nitrate nitrogen gradually increased after adding 25 mg/L, 50 mg/L
and 75 mg/L thiosulfate to the two reactors, respectively. When the HRT was 0.75 h and the thiosulfate
dosage was 50 mg/L, the denitrification synergistic effect was significant, the nitrate nitrogen removal rate
reached 100%, the effluent pH was between 6.8 and 7.4, and the SO,” —S concentration was less than 250
mg/L. Scanning electron microscopy revealed that numerous voids appeared on the surface of PHBV
under the action of microbial hydrolysis, which provided habitats for the adhesion and growth of

microorganisms. High-throughput sequencing results showed that the functional bacterial genera in the

%395 %13

two reactors mainly included Thiobacillus, Comamonadaceae and Thermomonas.
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154 400 mL; KV #5 ICFRIE FE R AR R 3~15 mm (1978
IRA R AR FE)Z 5 RO #5388 O AE7E (30£1) °Co

- 17 -



%3945 £ 13

T OE 2 Kk HE oK

www. cnww1985. com

e

E1 XBEETE
Fig.1 Schematic diagram of experimental setup
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Tab.1 Operating condition for different stages of the reactor
9H T HRT/h K (mg - L") 52032;—5/ KA RRER 47 (kg - m™-d ")

R1 R2 S,0,7-S NO;-N NO,-N R1 R2

I I-1 1~8 1.0 1.5 — 50 — 1.2 0.8
12 8~27 0.5 0.75 — 50 — 24 1.6

m-1 27~49 0.5 0.75 25 50 0.5 24 1.6

| nm-2 49~70 0.5 0.75 50 50 1.0 24 1.6
m-3 70~90 0.5 0.75 75 50 1.5 2.4 1.6

1.3 BMNMBS5A® dsDNA HS Assay Kit K:ll DNAVRJE . 4T GENEWIZ

16 R1.R2 N 4 7K TS 7K RE L i 0. 45 wm
UERE IS, AT K BRI 73 AT o pH R FHAE 45 2 pH 3
M 5E 3 NO, =N NO, =N, SO,=S & JH B 1 {0, 33 32 )
E 5 COD Fl MLSS 4351l SR FH 0 4% iR £k 1 b o 0 4t
I

TE S99 I 5 43 7 R 5 R 7% N 11 PHBV JEUEL
T8 V8 25 R 3R 0 09 S0AE 0, SR R4 4 e S 0BE X
PHBV 3R HEATIE 55 R AE 43 B , 4348 F A5 5 iy 401
VisLiyipie iGN VAR

TE S AR AT RIS 90 K, SRAE R1 . R2 [ W #§
B Y5 TR, 43 BkRic R S1.S2, B T-80 C&MH T
1RFE . IR F) & (HiPure Soil DNA Kit) %5 J #f
i EFT DNA $2 5L, L) 20~30 ng DNA JJ A5 A , i FH
GENEWIZ & i ) — & 51 PCR 51 ¥4 18 5 &% = 1)
16S rDNA FA4U3% V3 J VAR 2 AN E R A8 X, SR
35 “CCTACGGRRBGCASCAGKVRVGAAT” J5: 51 114
ISR “GCGACTACNVGGGTWTCTAATCC”
FEF B T 9 48 V3 X VA X . i F Qubit®

Inc(South Plainfield, NJ)Z2y &) 5E 5 A 5 SC 22 H4)
HFTIY TAE
2 ZR53%
2.1 PHBV K& N2 B9 R A 4L B R BE

LA PHBV Jy R 53 5% B AF AL 50 4% R1FTR2
WREET T 27d. WE 28R, R1FIR2 O #85
LA 1.0 1.5 h (i HRT JF 4532 47, 1§ S I #% 14
NO, =N & 43514 95. 89% ,100% , R2 i NO, —N
FBRFAR L T R, (H & W 4% NOy —N B i
BORA Y . EBTE T -2,K R1FIR2 KW #519 HRT
I3 4 5E 3 0.5 F10. 75 h, 575 HE KBS IR £h T i 43
WIKFN 2.4 F11. 6 kg/(m*-d) , X 3T HE LS IR
ERFR B A K TR IC I 2B, WO RN (4 HE 7K NOy =N
e B 43 5903k 5] 26. 18 Fl 18. 78 mg/L, NO, —N 5%
I3 B 22 48. 69% F1 63. 20%., HIE 3 fit 7 , 76 [ B
I -1, RUFIR2 W i tH /K S4B WA PR Eh AR 22
TERYBE T -2 4850 S W4 1 HRT J& , H /K T il Rk I
ARUER W B 0 A E 14, 18 #1110, 52 mg/L, Bifi
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Fig.2 Variation of nitrate concentration at different
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Fig.3 Variation of nitrite concentration at different stages

of the reactor
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Fig.4 Variation of COD concentration at different stages
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T -1J7 , R1 A R2 RV # 14 H 7K NO, =N R i 35 %
15, 24 1 43 ) K 2. 82 1 1. 09 mg/L, X — 45 H
FEH B AR B AR R 00 AT L2 A IV i R R Y R
B A B A RE . e BE T2 A0 11 -3,
PN 2 K NO, =N R B F — 20 R AIG, IR 4K
0.97 F10. 56 mg/L. ME 47 LLFE H, R1 FIR2 K h
R COD e FEAE M B T -1 FF IR It e Gk FAIC, 2 )
Iy EAE 12. 20 F122. 02 mg/L 224 . BEEG HRACHR
R ER A B R 3G I L R s g #5154 T
BB & 4, A W%t PHBY B F FH EE A FFFEAR , M
JK CODVRFEFFZE T RE . FERT B 11 =2, T S g a3 1) i
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11 -3 435I/ % 4. 67 F110. 20 mg/L.
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Fig.5 Variation of sulfate at different stages of the reactor
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Fig.6 Variation of pH at different stages of the reactor
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Wi 8 s , WA S 7 i H () PHBV JEURE 3 T
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Ok % 1T i HL 25 #9522 SR AR S B 25 R | S
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Fig.8 Microstructure change of PHBYV filler
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Proteobacteria, Bacteroidota (FUFFE 1) BT & L 54X
KT Proteobacteria , M X} = B 4371l 4 18. 65% (S1) Fil
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Fig.9 Relative abundance of microorganisms at the

taxonomic level of different species
TR A B 7K R AR E L 9(b) . F&
SEIBATI , RONL i o i LU B R B B8 A Thiobacillus
(#ATH &) , J& T Proteobacteria , ¥3 X 3 £ 43 5l
19. 61% (S1) 1 14. 71% (S2) ; Sulfurimonas ( i 5. g
TR ) AR BE 43 3 3. 27% (ST Al L. 65%(S2) .
Thiobacillus A1 Sulfurimonas J2& ¢ % VL% B 77 = AH AL
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T, PR R 24 B % ) ] B SRR L A A R AR
T R R A Ay H A SR R 3 AU A R R0

R T 8 SR A AT 8 2 Ak, SO a5 H ) S5 5%
RS AL TR @ A 5 P T BB AT o Thermomonas F15
K AR 3 G vhery WL SRS A6 T, AR R 430 oy
2.72%(S1)F17.54%(S2) o Acidovorax RE % F| ] %
MR IR, 40 PCL, & B F B | 2 PR B 45 R A7 S Al
BBV AT EE R 1. 17%(S1) F12. 48%(S2) o Boley
SER T PCLAE SRy e I 25 B A R K v ) i 1 k.
L] KB, Acidovorax R SN i I LB o

TE AR B &R GE B8 40 4 J & g 7K A [
ASBIR , Z 5 B A AR B A K e = e Sy v 1t
PRIEAT R AL, , DR R 2 7 Ao 1 2 e R P o A
S AR ECEE . AR 2 R, Comamonadaceae( AT ER
M & )JE T Betaproteobacteria AAXTEEE5IM 7. 31%
(S1)FN5.14%(S2) . AWFEMH , Comamonadaceae
2 BE T [ A IR 1 S 77 B AR R G2 I U R R
RIPE B . Cloacibacterium (FL 357 R H & ) 5
SR YEFR I R A O, AR S BE 4300 8. 93%(S1) Al
1.79%(S2) . Huang 55" 7E AL SIS AR P /K 5] 90
K& Cloacibacterium WAFTE , UEM Cloacibacterium &
AR TR L HTER . Ideonella (3L E &)
W8 ) J& H AR 2 R N — R W, B aeag L
XS AR IR £ 16 Ry E— B U K LK fif L TC 75
BRGNS R R | £ RS AR X B 4k
5.41%(S1)F14.229%(S2) .

®2 FEEEBMBEREM GG

Tab.2 Function and proportion of main genera %

o - i 5

T & 44 R Uriie Rl R2
Thiobacillus il IR IAAE | 19.61 14.71
Sulfurimonas AEEIRLa 3.27 1.65
Comamonadaceae JKf# PHBV 7.31 5.14
Cloacibacterium JKf# PHBV 8.93 1.79
Ideonella JKf# PHBV 5.41 4.22
Thermomonas SR EE 2.72 7.54
Simplicispira SFR AL 3.67 1.69
Acidovorax IR A AL 1.17 2.48
Azospira SIS AL 1.90 1.18
Terrimonas 1I=% S a-114 1.26 0.42
Zoogloea SRR 1.23 1.17

3 &Z#®

@  LLPHBV JHUBHA 1 2 AR TR A 53 57 I

fit§ 16 12 95 PR B 7 2% R1FIR2. 7E3E/K NO, —N #k J&
450 mg/L HRT 2351} 1.0 A1 1. 5 h B9 458 F J3 50
T8 2N B A A NOy -N £ R SCR it 25
W R1FIR2 J2 0 8 09 HRT 43 91 46 45 %2 0. 5 1 0. 75
h, NO, =N 25 5 R 4 2 48. 69% F163. 20% , [7] it
I T NO, =N R Wk B il ik 2] T 14 18 Al
10. 52 mg/L,

@ 7€ PHBV AT R R 5 imA [ 3%
S Ak HE AR B A AR IR AR, DA 3 Ak i AR M
S HR SR AN 25 .50 F1175 me/L R CHR IR E: , P
AR A B9 NO, =N EBR B Z W4 5 . 24 HRT
0. 75 h B AR B ER ER A &4 50 me/L B, P [R] 5 Ail§
R G NOT-N L BRACR B4, KBRFAH T
100%, 7K pH 7E 6. 8~7. 4 Z 1] . SO,>-S<250 mg/L.
A 1 4 B UL SR R B, TE A W B K R AE R
PHBV Z 11 H 80 T ToECAL IR, S Sl A W B B 3 A
PEHET 23 [A]

@ 24N D) RE B S 2 AR SRR
AL TR | 1 2 e K fife 1 e A S 5 S i Ak T B 4
B, L4 Thiobacillus (A8 %F 3 BE 43 51l 4 19. 61% Fl
14.71%) .Comamonadaceae (FAXFEJF 39 M 7. 31%
5. 14% ) F1 Thermomonas (F8XF = B 4351 4 2. 72%
7. 54% )%,
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