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Abstract: It is necessary to use sulfur/iron sulfide autotrophic denitrification for advanced treatment of wastewater due
to low concentration of N and P in secondary effluent, the large amount of sewage discharge causes eutrophication of
the water body, and the low carbon-nitrogen ratio of the secondary effluent which can’t be treated by traditional
denitrification. The basic principles of denitrification and phosphorus removal by autotrophic denitrifying bacteria using
sulfur and iron sulfides, and the reaction pathway of denitrifying bacteria using sulfur and iron as electron donors were
described. The effects of hydraulic retention time (HRT), temperature and pH on the process of autotrophic denitrification
of sulfur/iron sulfides were discussed. The study showed that increasing HRT could improve the removal rate of nitrogen
and phosphorus by sulfur/iron sulfide autotrophic denitrification. Denitrifying bacteria were thermophilic bacteria, and
the temperature below 20 °C significantly inhibited the denitrification rate. The activity of sulfur/iron sulfide autotrophic
denitrification bacteria was the highest at pH 6.5-7.0, and the removal efficiency of nitrogen and phosphorus was the
best. The sulfur to nitrogen ratio, COD also affect the removal efficiency of sulfur/iron sulfide autotrophic denitrification
on nitrogen and phosphorus. The main microbial species and relative abundance in the process of autotrophic deni-
trification of sulfur/iron sulfide were introduced. The engineering application on denitrification of sulfur/iron sulfide
autotrophic denitrification for nitrogen and phosphorus removal at home and abroad was summarized, and the problems

and solution directions in the process were pointed out.
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Fig. 1  Diagram of autotrophic denitrification process of sulfur/pyrite
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0.023NH,"—> 0.364Fe(OH),+0.023C,H,0,N +
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Table 1 Removal rate of nitrogen and phosphorus under different HRT
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24 h 21.11+6.5 91.04 3.422.2 90.00 Yk
3h 13 99 —
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W 5~7 6d 15.5+0.8 89.3+3.0 0.8+0.1 81.6+4.0 fit 7k (19)
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24 hEIﬂL,.LH7J< NO, =N .PO, P 43 54 1.9.0.3 mg/L.

AR SRS B R R K A A OB 2 ) g b
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T % DR M BRI SR 3R G 1) 0 260 o o il i
K pH 7E A BV N [ I) 3R G vh A 2 08 1 B2
24 Hft®mEE

Tt RV T 7K 8 e B AR, > B AR R
TG 08 B i LR W AR R RESE A R,
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ik b 5aR

Tl KA 2022-12,42(12)

3 M/HSEBmUMBRRBUBREDER
B A A J0 2B AT T 2 SR RO A T v R 2
B9 A W) B B, P Thiobacillus denitrificans F1 Sul-
furimonas denitrificans & 5 H UL A & O Y B AE Ak
MY, 3R 2 B AL B O TR AR Y B 3R R
filf AL R o
F2 EALBHETENRELER

Table 2 Denitrifying bacteria identified in wastewater treatment

WA R REXEEEe Sk
Thiobacillus 50
S.S-Fe (21])
Sulfurimonas 20
Hydrogenophilaceae S 37.1 [40]
Thiobacillus 44.7~63.9
Sulfurimonas S . Fe’ 0.91~12.4 (41)
Geothrix 0.89~11.0
S. denitrificans 50
denitrificans SFe (42)
T. denitrificans 22
T. denitrificans S 25.4 (5]
Thiobacillus FeS, 10.42
Thiobacillus 58.5~86.23
) FeS (18)
Sulfurimonas 12.3~0.52
Thiobacillus 44.74
S (43)
Chlorobaculum 31.16
Thiobacillus S 17.44
Sulfurimonas S 3.79 (44]
Thiobacillus FeS,/FeS 22.68

Hydrogenophilaceae g% 1 it WORL , (2 UE6R 19 A
I SR A AR, AR Ry e v A A6 42 B2 <0.19% , [
MBS R R 37.1%, 5 T. denitrificans
Y22 50 A IR AR EEY R Thiobacillus
denitrificans F Sulfurimonas denitrificans &8¢ & UL B9 i
FI % SCR AR AN T, AT B S IR R 348 )5 N, LK B S 1k
KGR ER I RE ST o Geothrin A N 5 — Pt 34 J& T RETE
RGh R Fe A AL RO AR AE T

B 43 F AR WA A3 B 3R RO AR A
Y HETE , & B Thiobacillus & 7 8t £ 2 W U4 Y &
J& , 5 BB 50% , HR N Sulfurimonas , 25 L
W 20% ., Shenghui WANG 2541155 T S-Fe 2 i
A Y B R 2SR, R A S. denitrificans 2915 T AT
0 ) 50% , T. denitrificans 2 B 3 H 3% [ N 4% T i)k
I H IR AT L AL 22% .

Yongwei ZHANG 5" % Bl #4802k 0 [ 97 Il
Ak 2 N 45 B 32 BB J2: Thiobacillus A1 Sulfurimonas
JE B 5 kB, B A FF IR R Thiobacillus 1
Sulfurimonas FAXT 3 B 53 5 R 17.44% T 3.79% , i it

B A R T Thiobacillus W AR 32 B 4 22.68% 53X &
N Thiobacillus AL R F| &L B AL B9 34T A 57
AL, [ Al F A FeC D) #E47 A 7 S g AL
Thiobacillus denitrificans Fll Sulfurimonas denitrifi-
cans FEWL/BLERT A 5% FAH Ak i R 0 B 32 2L 00 I AU
FFEJE o [RIES, 3t H F2 56, 40 Paracoccus denitrificans
Thiobacillus delicatus . Thiobacillus thyasiris . Thiosphaera

pantotropha . Pseudomnas. Bacillus. Ochrobactrum Fl

Rhodococcus 1 BA il fkfig 1112,
4 ITHENMA

Hb R 7K R k5 Y B KPR RISk IRt
R K B 52 S TR R R A B s 1 R KT
Yo, TS 0 AR L B B — R T AT Y O iR
Shunlong JIN 25" F 8 B0 TR A K B 18 2 Z i R 58
15 YL AR /K, HRT A 12 h /K NO, =N 24 50 mg/L I,
7K NO, =N<25 mg/L, 34 A J& 2R X6 52 i Ak ke 2142 i2f
YEHT.

B /85 A Ak 4t T T 95 K A TR R A B s K
WA K KA. Wei WANG %506 i 5
FERHIR A P47 ik, HRT 2 8 .4 hiff ,NO, -N 2
W % 43 i My (86.8+15.8)% . (67.7+20.0) % ; PO, —P
F B R N (72.8+28.5)% | (60.8+32.1)% , H.Fa
JEIZ AT 401 d A K EBEE . Zhibin GE S A g2 A
T b R 5 R A S BRASCR W S, HRT
NT2hGBAT 3 a, WA X AR A K TR, B
TN F1 TP (4 % B % 45 5 h (69.4£21.4)% .
(87.7+14.2)% . E. SAHINKAYA Z5EUS) jy @@ 1
40 m'/d W RH Ak ke B, R A AR B AT R
0.15 kg/(m’-d) B} fiE 5E 2 B & . Yin ZHOU %%
FH B2 A SEURE AR 9 08 it 4R 5 TR 0L b i R i Ak
PERE , 45 A R W 2 A OB A 9 08 A9 B KA A A
ARG AT 4 0.75 kg/(m?-d) , 38 5 < - /K BEA B2 wh ik
REN% 25 bR B AL LW B, B 1k 2 N 5 b €,

R b e TR A SRR W B kAR A
S IEURL AT G 08 5 M R KR R TS e IR AT 9
HH KA TR BE T RS W, T T AR AR B

5 REERYE

M T AL 8 5 37 A AL, A 37 KAl A A ™
Pt /b 15 B MOREB 2 19 OC T o RN X TR A L
(9 gk, B RS ) R Bk AL 2
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2 R 1 AN

IR (SR R NS R R A S R T &N (EP O]
WA 2T BRASCR o 7 EORL rp 1 i de R A B 5T fE BR
Bl AL V45T B B 2R G AR o 4E K HRT,
WAL P 18 25 Bk 90% LA L i & B, A0 K B 4k 7 7T 46
HRT, {F i/ S5 A 7™ 05, 38 hn g B o

it 5 B 1k W B S R A kL, BB 8 v IR LA I
5] R, AEATS A7 7E LA ME A

(1) P95 IR G 5 G ] 48 2 2k 4 Ak W 7E B i 4 3=
T DT RR R Bk B U S R s B R Y
I Tl 2050 R 2 i R SV 1) [ 0 5[] ), > 95 7K v g 7R R
= T 33.2 me/L, 77 A 1 B R 23 M A AR R K B TR
(250 mg/L) , & Wt KB R B AN R 4

(2) J IO % o 1 58 i 4 k0 40 Ak e A Tz I 1y
W IR h s DURRAE EORE 2 T8, BELAS SE0RE 5 f02E W 2 fi
R AR S iy 3 6 5 3 A7 ok A8 v i 25 ) B0 440 2 AR T %
TR N A A 2E L SE A KR gk O B AT DARR 250
E A A AR PR A8 T B S R 25 3 REDRL SR T A A
F P A W s b TR g KR T B A R A
T B R R R

(3) B/ k0 3z 17 77 U f 2> FA% 50 5 5% g
b8 8 F% RO AL S B R BTG $ A s oK b B S
PRI 7~14 d A REJE sh L, 75 I K iR 3 =2
INF g B 5 R o

(4)TE G AbFRT5 K TARR v, K i [ DR 45 &
AEBR IR R0 S5 R 7 AR AR A A . ARl S B N
FHVREE SN #8538 4T 550 i — P e B is AT A iR 4 f
Bt A A 19 SR SR A A B R A g A T

5%
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