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Fig. 9 Relative abundance of microorganisms at phylum level
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Fig. 10 Relative abundance of microorganisms at genus level
3 itig
3.1 F[E C/N bk THIRE &R BRBE 18

BT T K A Al R K B R R AR v R
C/N A KBS . sl AR B S5 B 58 1T S () Bk U8 %
ST P 58 G 23 ) 5 e v L 2 W A Sy i U ) e
f£ C/N & 8—9.% C/N 2 3 i, 5 57 K fiff b i1 K
NO; -N ¥ B AL HE kKA 0. 6 mg/L. TPk oi 47 1)
A 4GB N SN RAPEBR JR L 7E 200 mg (COD) /L gy #m
R NO, -N ¥ BE B ¥ 46 /9 28.10 mg/L B &2
15. 32 mg/L,FH ZER#N 45. 6%, " WFEAL C/N



I AER%,2024 £,31 %, 5 4 Bl Guangxi Sciences,2024,Vol.31 No. 4

I, 5 % RO AL B 25 BRACRIF R BRAR , ARSI &
WRAE N F R A AR DR, R B AER C/N R R A
MR A RS . N C/N X TP B #5252 56
AT AR B B C/N BIEE R TP I LBRRCR T RE.
JRE g N TP By 25 B 2 R 4 Bk 7 S il Ak 2o 72 v
WA AL A R L SRR A 3R IR A i
B AR T R T AMUE PO AR R R
ANEYTCTEY) . 7 54k 8 9 ZUK i R A AR U 2
FRIL LA YR ROW B UUE POT L 7E BORE AR B A
TRV ) A5 Bl . 24 C/N R BR VB S L . 3R
AR B 58 . NO, -N B 5 7% 5Omg A6 3k D, A
A Fe'' (Fe' S, T30 TP & Bk % F%
I ZEAR C/N B, S 595 RO AR AR 8055 . 26 0I5 8
BHE IR B R SR T8 TP LB R
s X IR C/N A By T i &2 & 0 U5 08 kR 6 1k
BRAAER I 48w TP LEREE,
3.2 AE HRT TR R BB ERE

R E G0 RIEEE AR HRT F 09 A Bk
BEPEREI , R A B HRT X 109 25 20 8- 3R 3
. HEWT— 7R RO TE HRT &R 753y 54
VMG 4 b S 38 43, S B0 7 SR A6 TR L IS ) P S
PR 55— B 532 80 1 0 R
UE R} L A i B AR X A L 7 HR'T 42 0 i RE 98 9 ot A
YR B8 o3 Al w5 A R AN BB R S A B 41k 5 2 Y
THHA, EE0RIEE A IR L RS HRT 78 2—
8 h IR B AL WY W A R B M RE LA K HRT 24k 1Yy
WERBE ST, X H Wu Z5 BB 5T 45 R AR AL, LR
ZEERAE  UEORL AT [ D B AE BR B K 9 HRT i
10 h 45 3] 5 h iF I R XF B #7274k 52 w8 40
SEDUE Y T B RERD JC Ll A O BURHY A 3R R AL &R
%, 4F HRT by 4 h b, 57k pHE R 5.4 —6.6, 3
pH (E2 AL W52 0 L J5 A6 5 77 B i A VR s . A
WHoE 228 AT L2 oP iR 3R pH (E 19 728 4k SO 4% Y
pH EHHREAERFEEHBMEWAEREER 738,

4 Zig

VLB R AT 22 B AE oy 2 G 0 U Rk I it =X
J R g LS BAEAG C/N AL /K F X NO; -N Al
TP R AL B, DL 2k B3 U 1 [ 5% A Ak i
BERE K HRT if LBRBOR A B, HRT B 8 h
Bf % NOy -N By L BR 21Tk 5] 96. 3%, HRT 748
fEXF 7K TP 1 25 B8 JLF- B A 52, K R R4S A
Wl ARSEBETF 0.3 mg/ L, i 2 b 26 /K R85 i it

FRUfE)(GB 3838—2002) IV 26#rifE. 7ER[H HRT Al
C/N Byt sz vp &2 A8 IR AE R @ 9% s AL g R
AT DL oh {3 RO Ak AR H R B FE UK pH (E
K 7.22—7.81 B WA RN pH HA4EFRRTE 7. 14—
7.67. XFRAE S AT W TS YR R AT W, A5 R
B AE TR EASTE BT LSS BT AUURF BT R AT
BT A R SRS AR BR 0 S BB T, o5 R A i e 4
1 78. 36 Y0 5 16 B K b B AT B I S B e e o5 RE
THEY B 1 20, 8850, #E BB FE F M A, S R
A B 1 2 B DTk

&% ik

[1] LIPJ.,LIN K R,FANG Z Q,et al. Enhanced nitrate re-
moval by novel bimetallic Fe/Ni nanoparticles supported
on biochar [J]. Journal of Cleaner Production, 2017,
151:21-33.

[2] MORA M,FERNANDEZ M,GOMEZ ] M,et al. Kinet-
ic and stoichiometric characterization of anoxic sulfide
oxidation by SO-NR mixed cultures from anoxic
biotrickling filters [J]. Applied Microbiology and Bio-
technology,2015,99(1) .77-87.

[3] &, skEIF, £90 5, 5. miCmmEL K sh A 3% A1k
MAER A A ik B/ X8RI, 16 T# R, 2022,
41(2):990-997.

[4] DRISCOLL C T,BISOGNI JAMES ] J. The use of sul-
fur and sulfide in packed bed reactors for autotrophic
denitrification [ J]. Journal ( Water Pollution Control
Federation) ,1978,50(3) :569-577.

[5] YAN R W,KAPPLER A,MUEHE E .et al. Effect of
reduced sulfur species on chemolithoautotrophic pyrite
oxidation with nitrate [ J]. Geomicrobiology Journal,
2018,36(1):19-29.

[6] PANG Y M.WANG ] L. Insight into the mechanism of
chemoautotrophic denitrification using pyrite (FeS,) as
electron donor [J]. Bioresource Technology, 2020, 318
124105.

(7] BBk, E&FRREE S /R B 57 5 1k A
FREEAT ST HE [T, Tl sk 4b B, 2022,42(12) : 10-16.25.

[8] YANG Y.CHEN T H,ZHANG X, et al. Simultaneous
removal of nitrate and phosphate from wastewater by
siderite based autotrophic denitrification [ ]J]. Chemo-
sphere,2018,199:130-137.

[9] YANG Y,CHEN T H,SUMONA M, et al. Utilization
of iron sulfides for wastewater treatment:a critical re-
view [ J]. Reviews in Environmental Science and Bio/

Technology.2017,16(2) :289-308.



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

(20]

FEWE.

F . AR A RS R gl g o B s KA
Qe ZBRAERE LD &ML L B 51 K%,
2021.
WANG W,WEID Y,LI F C,et al. Sulfur-siderite au-
totrophic denitrification system for simultaneous ni-
trate and phosphate removal: from feasibility to pilot
experiments [ J]. Water Research,2019,160:52-59.
JATT W0, K AR B SR AR TS U8 AR AR A
A= 5 AR Y TR B AR A LT ], BRI TR 2= 4l
2021,15(8) :2789-2800.
PU J Y.FENG C P.,LIU Y.et al. Pyrite-based auto-
trophic denitrification for remediation of nitrate con-
taminated groundwater [ J]. Bioresource Technology,
2014,173:117-123.
ZHANG R C,XU X J,CHEN C,et al. Interactions of
functional bacteria and their contributions to the per-
formance in integrated autotrophic and heterotrophic
denitrification [ J]. Water Research, 2018, 143; 355 -
366.

Il 58 BRI AR 4 S8R R R 7K M i # 05  h o R 2
JKFN PR W 43 BT 7 LM, 4 . b st R R 2
A 2002,

ARCHNA A, SHARMA S K, SOBTI R. Nitrate re-
moval from ground water:a review [J]. E-Journal of
Chemistry,2012,9(4) :1667-1675.

TONG S, RODRIGUEZ-GONZALEZ L C, FENG C
P.et al. Comparison of particulate pyrite autotrophic
denitrification (PPAD) and sulfur oxidizing denitrifica-
tion (SOD) for treatment of nitrified wastewater [J].
Water Science and Technology, 2017, 75 (1/2): 239 -
246.

KRR BT RS A IR AL R 2 £ B g KR
BRI LD, Jb 5t A E L BUR 24,2019,

XU ok e R HORE S AL RIE SR AL B A 3R B Ak XS
IKALBRT g R RE R AR AT LT, %45 5%
% ,2023,23(3) :864-873.

LE T.PENG B,SU C Y.et al. Nitrate residual as a key
parameter to efficiently control partial denitrification

coupling with anammox []J]. Water Environment Re-

MEKT /EHT EGU B 7 R AR B AE

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

search,2019,91(11) :1455-1465.

ZEEAE AR A, R UL AR R W E R B R R I AL
JBu S BR WA LT . 3R B3 B2 2 4l 2022, 42 (10) £ 233~
240.

CHEN D, WANG H Y, YANG K,et al. Performance
and microbial communities in a combined bioelectro-
chemical and sulfur autotrophic denitrification system
at low temperature [ J]. Chemosphere, 2018,193:337-
342.

TR, R, SR S R BRI B R0 IR AR e R AL R
1 77 52 AE Ak R G0 00 A BRI 52 m B L U R VR A T
(1. 385 TR 241 , 2021, 15(11) :3707-3717.

PENG C,GAO Y L, FAN X, et al. Enhanced biofilm
formation and denitrification in biofilters for advanced
nitrogen removal by rhamnolipid addition []]. Biore-
source Technology,2019,287:121387.

A A AR A 15 K P A S R A T R B R
FE[D]. L . L K2, 2022,

TRIEE B SR TR A L A TR S 1k 2R kit i AR
BemT5EL) . o 45 7K HEZK . 2020.36(3) :92-96.

b 0T, 2R B AR S IR A W R 6 Ak R ) Y BF 5T
(1. Bl R 5 T/ ,2013,13(19) : 5728-5731.,

LIU T,HU Y T.CHEN N,et al. High redox potential
promotes oxidation of pyrite under neutral conditions:
implications for optimizing pyrite autotrophic denitrifi-
cation [J]. Journal of Hazardous Materials, 2021,416:
125844.

B R=2E S T I S o 7 N 1 K R e P NS 8
S A B BAE B REFE [T ], Tl K Ab 3, 2020, 40(7)
75-79.

WU M Z,LIU J D,GAO B,et al. Phosphate substances
transformation and vivianite formation in P-Fe contai-
ning sludge during the transition process of aerobic and
anaerobic conditions [ J]. Bioresource Technology,
2021,319:124259.

AR N2 IH, ZE0 0, % RIR-BFRMEEEBA
RGN W) L A REOF S LT ], BRI RL 2= BF 5T, 2020,
33(2):385-391.



I AER%,2024 £,31 %, 5 4 Bl Guangxi Sciences,2024,Vol.31 No. 4

Autotrophic Denitrification and Phosphorus Removal Perform-
ance of Pyrite/Siderite Composite Mineral Sources

LI Jincheng', LU Zuxian',JING Hanjia' ,LIU Chen®" " , WANG Yike'

(1. College of Environmental Science and Engineering, Guilin University of Technology,Guilin, Guangxi,541000,China;2. Yunnan
Xinlian Environmental Technology Co. ,Ltd. ; Kunming, Yunnan, 650000 ,China)

Abstract : In view of the high nitrate nitrogen and phosphorus concentrations and low Carbon-Nitrogen (C/N)
ratio in the biochemical wastewater from a municipal sewage plant,this study proposed an autotrophic deni-
trification process by coupling the autotrophic denitrification of pyrite with the autotrophic denitrification of
siderite. Batch experiments were carried out to evaluate the nitrogen and phosphorus removal performance of
the autotrophic denitrification system with pyrite/siderite composite mineral sources under different Hydrau-
lic Retention Time (HRT) and C/N ratios. The results showed that the composite mineral sources had
strong capacity of simultaneously removing nitrogen and phosphorus. Specifically, the average Nitrate nitro-
gen (NO, -N) removal rate increased from 47. 82% to 98. 2% when the C/N ratio increased from 0.8—1. 2
to 4. 8—5. 2,and the removal rates of NO; -N reached 87.8% and 96. 3%, respectively,at the HRT of 6 h
and 8 h. The total phosphorus in the effluent of the system was less than 0. 3 mg/L,which met the Class [V
standard of Environmental Quality Standards for Surface Water (GB 3838 —2002). Moreover, the composite
mineral sources demonstrated the function of stabilizing pH value, maintaining the effluent at pH 7— 8. Mi-
crobial community analysis showed that the dominant bacteria in the reactor were Thiobacillus ,Longilinea ,
Sul furimonas s Terrimonas and Thermomonas s with the relative abundance of 20.88%, 4.11%,4.76%,
3.44% and 2. 24 % ,respectively. Pyrite/siderite as composite mineral sources can achieve deep treatment of
nitrogen and phosphorus in biochemical wastewater.

Key words: pyrite; siderite; Hydraulic Retention Time (HRT) ; Carbon- Nitrogen (C/N) ratio; nitrogen and

phosphorus removal
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