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Abstract: The addition of slow-release carbon source is an effective way to reduce the total nitrogen (TN) in waste-
water with lower C/N ratio. In this study, three solid slow-release carbon sources including PCL-CC matrix (PC) ,
PCL-CC-FeSO, matrix (PCF-S) and PCL-CC-FeCl, matrix (PCF-C) were prepared using polycaprolactone
(PCL), corncob(CC) and divalent iron salt(FeSO, and FeCl,) as electron donor with polyvinyl alcohol-sodium algi-
nate(PVA-SA) as hybrid scaffolds. The denitrifying filter with iron—carbon synergistic nitrogen and phosphorus re-
moval was constructed and the organic matter release characteristics and the enhanced nitrogen and phosphorus re-
moval performance of PC, PCF-S and PCF-C in continuous flow denitrifying filter were compared. The results
showed that, the three substrates could release carbon stably for more than 48 d. In PCF-C and PCF-S slow-release
carbon source filters, there was an obvious synergistic effect between iron autotrophic denitrification and heterotro-
phic denitrification. The combination of two kinds of denitrification could significantly enhance the removal effect of
nitrogen and phosphorus in the filter. PC has the best denitrification potential among the three carbon source sub-
strates. Compared with the medium and low concentration stage, the nitrogen removal efficiency of the three carbon
source filters in the high concentration influent stage had decreased, and the denitrification effect had become

worse. This was due to the accumulation of iron shells in the two PCF matrices in the high concentration influent
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stage, and the degree of accumulation was determined by the organic matter release rate and denitrification load.

Key words:denitrification filter;slow-release carbon source ; co-substrate ; ferrous iron-dependent denitrification
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Table 1 Matrix material composition of
slow-release carbon sources

T 44 APEHBC LY (B 500 g HEJ5T)
PC  PCL(40 g)+T Kits (40 o) +FH A (20 mL)+PVA-SA /K EEIK

PCL(40 g)+F K15 (40 g) + 7 B (20 mL) +

-
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Fig. 1 Schematic diagram of experimental device
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Table 2 Influent water quality at each stage

HEAK B B NOs;=N/(mg-L™") TP/(mg-L™")
A B (0~7 d) 5.00+1.00 0
I B BE (8~25 d) 5.00+1.00 0
v BB B (26~36 d) 10.00+1.00 0.50+0.10
1o R B BE(37~47 d) 20.00+2.00 0.50+0.10
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Fig. 2 Change of each electron donor concentration in effluent
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Table 3 Average nitrogen removal rates in influent with different concentrations under three substrate conditions

_ AR B Bt bk B T B ol VA JE B B
b PC PCF-C PCF-S PC PCF-C PCF-$ PC PCF-C PCF-$
NOs =N L BR % /% 90.8 92.8 92.9 97.9 98.6 97.9 86.5 69.8 73.4
NO, =N V-3 2B %1% 90.5 92.6 92.7 97.7 98.5 97.8 85.3 68.2 71.7

FH 2% 3 A0 AR B SE UK B BE PCF B JR 8t 6t 2B 3 B Ak 2 R R AR A T Y . E PCF B Ui 5 T
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Fig. 4 Changes of NO; =N in filter influent and

effluent under three substrate conditions
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Fig. 5 Changes of NO, =N in filter effluent
under three substrate conditions
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Table 4 Dynamic fitting parameters
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Fig. 7 Changes of TP in filter influent and
effluent under three substrate conditions

TR LUF A o B B BT iR (35 26 K ),
PCF B 5 UE it 1 7K TP BR AR F PC i 5 UE it 7K TP,
Bt 5 05T ) (0 9 5%, 8 o 9 TP 25 B R B W AR T, B 5R
43 K}, PCF-C fil PCF-S firg I 3% b TP 7K I 1R A2

SE L K TP 235124 0.023.0.026 mg/L, 2 Bk Al ik 3]
95.3% M1 94.7% . PCF 35X TP 1 % B & b2z i A2
FAE By ok #2002 [ T 45 2R A28 i B AR 5E Fe" 55
PO, Y BB R Bk DT V€ L 2 05 5 R i vk R R R
A5 DAt T 23 BR AE ok R DU AR S S B Tl A
X TP AT 5Bk o B RIEIA Ry Fe' A B T 42 7+
J i P B e 2 G2 v B e A% B DL o e o, 2
KA PN R Fe T A HF S W T I 9 2B K T BB S BR
SR AW (EPS) Y PO, £ PCF B VR & Ith rpr | JE
BRI Fe' 5 Fe AL A 1 Fe ¥ 7 — E FRJE I
SE AL T U P S AR R B A S A R T TP R 2%
B o DNIEL 738 RT LA M, vk B2 i B il 25 BR AR W]

—163—



AR

Tl K AR 3 2023-03,43(3)

P e B B B W 1 B A DR AT BB AE T o VA R B
B PCF B¢ 5 08 1th v 10 B0 OAS [W) % 3 9 NOL N 2R,
NO, =N 5 Fe* I i = i Fe* , £l Fe™ ¥k FF 42 7t ,
PR X PO 8 0 3E 1 JH B si , ) B NO,™ =N 2. A
VE R 52 Ak B Wl 1 F - 52 44, DA i Ak T S il Ak
BB .

AT Y 38 3 A5 0L S il Al UK b 3z 47 X PCF-C.,
PCF-S 1 PC 3 Fft i J57 1) JBE 0B S8R S A7 4R 5% L 46
WF

(1)PCF-C PCF-S I PC 3 Fh 3 Ji B bk Fa 2, B
B I ] 25 35 48 d LA b s ARSE B UR A ZR B0 bl P Bk
P DL Bk B F % P OB B 0 4t % LR 45 4
PCF-C I PCF-S 7E 5% 5 1ij 9] o1 41t 4k %% s 80 21
Gil/aae

(2)PCF-C Fll PCF—S AJ 4 5 2k — e 1 56 o 462 =X 7
2 d PN SEBEUE b AY PR S B . PCLOPCF-C Al PCF-S
3 b 3 B AY 5038 HE K NOS =N 94 10 mg/L 22 45, i)
3P LT NO N 2 B 3811 53 51 97.7% .98.5%
97.8%. 3 Fh b IR L5 rf, PC SR Ak T il B b, Bk 5E
T2 PCF oy ¥R B2 #E 7K 2518 F AU 22 1 JL R, ]
3 T A Y Rtk e R T 2 e ik VAL 19 A% ek e G

(3)PCF-C Fl PCF-S Al 4K 5¢ Fe’ 5 S fiff 1k B
T4 BIp R4 52 B X TP B9 25 B L 38 174 43 K
PCF-C . PCF-S fi JF € #h X TP (1) 25 bR ik 8 2 5, &
B % 4 i) AT 3k #) 95.3% F1 94.7% . [ Ik PCF-C.,
PCF-S 1] JH 1 5 il £ 0 vt 11 ) 25 % 3 ot R B e, L
A BT I P 5

5% ik

g

2

[1] GAO Lei, ZHOU Weili, HUANG J, et al. Nitrogen removal by the
enhanced floating treatment wetlands from the secondary effluent[J].
Bioresource Technology,2017,234:243-252.

XUSEAG R R N4y . IR G K IR B I AT e gk e [ ).
IKARBEEE A, 2021,47(12) :8-12.

—
S8}
[t}

LIU Zongyang, CHENG Qingfeng, LIU Shengyu. Research progress in
tertiary nitrogen removal from secondary effluent of wastewater

treatment plants[ J ]. Technology of Water Treatment,2021,47(12) :

—164—

8-12.

—
w
[t}

DU Rui, PENG Yongzhen, CAO Shenbin, et al. Mechanisms and
microbial structure of partial denitrification with high nitrite accu-
mulation[ ] ]. Applied Microbiology and Biotechnology,2016,100(4) :
2011-2021.

[4] TH55 . LUK SRR 14 52 il £ 8 b TR 32 6 R0 e A 9 [ D 1.
W R < I R I Tl K%, 2017.

MA Nan. Advanced nitrogen removal of denitrification filter with
corncob as slow-release carbon source[ D ]. Harbin: Harbin Institute
of Technology ,2017

BRE SRS Ak L AR, A 2 ol 2B AR B R A R A AR 1 B B
PEREBFSE[) ] KA BEE AR ,2020,46(12) : 34-38.

SHAO Bing, ZHANG Liqiu, LI Shugeng, et al. Study on carbon re-

—
W
[}

lease properties and denitrification performances of two slow-
release carbon sources materials [J]. Technology of Water Treat-
ment,2020,46(12) :34-38.

SR IR A 5T AE L DL AR AR AR S BB U 1 1 AR
RASAAFFE 1], ol sk db B, 2021,41(10) : 104-108.

PENG Jinyu, ZHANG Kefeng, WANG Quanyong, et al. Solid phase

—
(=)}
[t}

denitrification using four natural plant materials as carbon sources[ J].
Industrial Water Treatment,2021,41(10):104-108.

TRk, E R, AU, A LR A s 5 A P R SND b 3 S PR AR
BRIRIR AT 5 K ()], Tl K AR FE,2019,39(8) 1 19-22.

ZHANG Liqiu, WANG Dengmin, LI Shugeng, et al. Treatment of ac-

—
~
[

tual low carbon source urban sewage with solid carbon source bio-
film SND[ J]. Industrial Water Treatment,2019,39(8) :19-22.
[8] Zhnize, Z2fh Wit , 55 . 3 O IR 5 R R 30 T 1 G I 1 ) B
PEREXS L)) FRIEFRL24,2019,40(9) : 4143-4151.
YI Chenghao, QIN Wei, CHEN Zhan, et al. Comparison of polycap-
rolactone and poly-3-hydroxybutyrate—co—3-hydroxyvalerate for
nitrogen removal[ J]. Environmental Science,2019,40(9) :4143-4151.
[9] XIONG Rui, YU Xinxiao, YU Luji, et al. Biological denitrification
using polycaprolactone—peanut shell as slow-release carbon source
treating drainage of municipal WWTP [J]. Chemosphere, 2019,
235:434-439.

(101 b 28 , 96 Ji 122, 0 B0 00, 450 . O 28 8 TR A 0 RS 3 98 4% 2K [) 20 Tt
RABRBRIGOEFELT]. P E 2K HEK ,2017,33(9) :69-72.
ZHONG Liyan, HAO Ruixia, WAN Jingjing, et al. New slow-release
organic carbon source coupling sponge iron for denitrification and
phosphorus removal[ J|. China Water & Wastewater,2017,33(9) :
69-72.

[11] skvobde, F3HIR, T U748, 5 6 50 /R I8 REOR IR SBR S #7 JiE
RARER T[], Talkk 4b#,2022,42(12) : 128-135
ZHANG Kefeng, WANG Qikun, DING Wande, et al. Study of nitrogen

removal efficiency of lemongrass/PS slow release carbon source SBR



Tl K AL F8 2023-03,43(3)

TEH, % h-REBHIR IR R AN AR

[12]

[13]

[14]

[15]

[16]

[17]

[18]

reactor[ J]. Industrial Water Treatment,2022,42(12) : 128-135.
WEBER K A, HEDRICK D B,PEACOCK A D, et al. Physiologi-
cal and taxonomic description of the novel autotrophic, metal oxi-
dizing bacterium, Pseudogulbenkiania sp. strain 2002[ J]. Applied
Microbiology and Biotechnology,2009,83(3) :555-565.

i, XA H X KB, L G OB SR B R I U % 1Y i
7Pk i SR W 2 AR LT ] R RE £, 2019, 40(12) : 5446-
5455.

WANG Ru, LIU Mengyu, LIU Bingyin, et al. Operational perfor-
mance and microbiological characteristics of an iron-salt denitrifi-
cation reactor in co-substrate mode [J]. Environmental Science,
2019,40(12) :5446-5455.

JAMIESON J,PROMMER H,KAKSONEN A H, et al. Identifying and
quantifying the intermediate processes during nitrate-dependent
iron( I ) oxidation[J]. Environmental Science & Technology,2018,
52(10):5771-5781.

SCHERSON Y D, WELLS G F,WOO S G, et al. Nitrogen removal
with energy recovery through N,O decomposition[J]. Energy Envi-
ron Sci.,2013,6(1) :241-248.

[ 52 PRI AR AP SRy . RO B K W 40 A D5 i UML) 4 R bt
T E PR R L 2002

SEPA. Water and wastewater monitoring analysis method [ M |. 4th
ed. Beijing: China Environmental Science Press,2002.
MORAGHAN J T, BURESH R J. Chemical reduction of nitrite
and nitrous oxide by ferrous iron [J]. Soil Science Society of
America Journal,1977,41(1) :47-50.

MELTON E D,SWANNER E D,BEHRENS S, et al. The interplay
of microbially mediated and abiotic reactions in the biogeochemi-

cal Fe cycle [J]. Nature Reviews Microbiology, 2014, 12 (12) :

[19

[20

[21

[22

[23

[EEEAN] TEIE(1962—

]

]

]

]

[l

797-808.

TIAN Tian, ZHOU Ke, XUAN Liang, et al. Exclusive microbially
driven autotrophic iron-dependent denitrification in a reactor in-
oculated with activated sludge [J]. Water Research, 2020, 170:
115300.

XIU Wei, GUO Huaming, SHEN Jiaxing, et al. Stimulation of Fe( II )
oxidation, biogenic lepidocrocite formation, and arsenic immobili-
zation by Pseudogulbenkiania sp. strain 2002 [J]. Environmental
Science & Technology,2016,50(12) : 6449-6458.

WEBER K A,PICARDAL F W,RODEN E E. Microbially catalyzed
nitrate-dependent oxidation of biogenic solid-phase Fe ( II ) com-
poumls[]] . Environmental Science & Technology,2001,35(8) : 1644-
1650.

B, 3 95 5 Fed X R AL 5 G0 R ROR Kk
Py R L], BRSBTS, 2015,28(1) 1 125-133.

CAO Jiashun, XIE Yujie, FANG Fang, et al. Influences of Fe’" on
phosphorus removal and microbial products in denitrifying phos-
phorus removal system [J]. Research of Environmental Sciences,
2015,28(1):125-133.

AEOK . R A B B T2 Bk D[R] BR B R BESE LD ] i R
MR Tk K%, 2015.

LI Yong. Ferrous cooperative dephosphorization in denitrifying
phosphorous removal process [D]. Harbin: Harbin Institute of

Technology,2015.

), H#Z . E-mail: yuluji@zzu.edu.cn. if
HAEH B, W+ B #8Z . E-mail : pengzhaoxu1983@
163.com

[WFs B EI] 2022-12-23 (&S i)

—165—



