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Table 1 Composition ratio of modified ceramic particles in the
main layer of different filter columns
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Fig. 1 Schematic diagram of experimental setup
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Table 2 Main water quality parameters of influent
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B A A VR bR, FEH C/N L2 411, (mgl!) (mgL') (mgl’) (gl (mglh
S~ VBB CO/N 2l 1:2; AUET . MLk I 22.93 - - 22.93 0.81
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Fig.2 Remove effects of NH;-N, NO3;-N, NO;-N, TN in composite modified ceramsite biofilter
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Table 3 Removal of NH;-N, NO3-N., TN in composite modified ceramsite biofilter

NH;-N/% NO3-N/% TN/%
I I I v \ I I I v \
EF-A 3157 4363 4636 768 887 3129 4184 2871 740  7.62

ek

EF-B 33.56  63.13  57.39 5798 2833 3336 6225 5431  57.81  27.94
EF-C 2622 36.77  29.64 95.64  30.13 26.06 36.70 2854 9504 28.84
EF-D 27.63  37.73 3548 98.45  76.83 2747 37.65 3453 98.04 6542
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Fig. 4 SEM images for main layer of filter column before operation at 2 000 times
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Fig. 5 SEM images for main layer of filter column after operation at 2 000 times
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Fig. 7 XPS patterns for main layer of filter column

24 WEMEEETE

D) A ZHE . BUERER R EY 2 25 WEMEEE SAEMAFEE SRR
FEPEAG TN R 5 Frn o & FEAS I 7 55 R I 1E Table 5 Indicators of microbial community diversity and
99.90% LI I, MFEERAFAHE T ITA AR abundance estimates

FROMREEY) . MEIZAEYE T Chao il Observed Ffdli Chao  Simpson Shannon Pielou Coverage Observed
AT E Y RER 5 B2, Shannon FHTIAE g 501037 09130 532 05931 09999 501
WUEAL Z AR XFLL 3 41FEdh Shannon  prp 4s0.008 090493 583 06589 09999 4587
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Shinella F1 Acidovorax "N FFEMELIFESAEILE ;s Brevundimonas 333 R HICH LI A HL A, wTLAfE R
LIEEA e e
3 ihg
3.1 FHVERRHIE

RN LR FESE @I AEYIR I E . Ao I P e B 2 AR R AR, 7E—eE R
Pt T2 A RBREY s HBOR M LU R TR A TR R LIRSS A R TS AL ) R AR . B e () ks T LA
SRAEVIREATE T, YR m A IR,

HSAREBRFELEL LT 3 NSRS BRMRASA, B TRMERAE g ik A 7= s s fb A
i A SRSl . ARG R R e A, AN U™ MO s P ERSCE IR s Arrh &
MR A AT, BRI R AR S SO A A E . RT3k i A g e Ak T UK (1) 5
2) #2535 2 BN i AN A AR RN P MR AN B SR AR B, AT A X AR S e % A AE
o BSIEEEY ST A LUBEE AR NE G, Wk C/N NI ARSI 50—, did
XPER . B AR Y s SRR S s A

10Fe* +2NO; + 12H* — N, 1 +10Fe* + 6H,0 1)

FeS, +3NO; +2H,0 — 1.5 N, 1 +2SO;™ + Fe(OH); + H* 2)

PRAAZAET Fe(0) UL = A= 1) H, it T A, NOZ-NJy it 732 Al NP (3K (3). (4))
Fe(0) nJ 5EETHEAT A SRR MR Fe™ SOV KA Fe* ABTEAE (X (5)) , MIMSEEL Fe(MN)/Fe( 1)
TEFhe [, Apify Fe? WRBME M AE L WARGE AL 1 HEINERES 1k nl LU A F7 S AL i 142
PR, MM S PERES

Fe’ +2H,0 — H, + Fe’* + 20H" 3)
2NO; +5H, — N, +4H,0+20H" 4)
Fe’ + 2Fe’ — 3Fe** %)

WAL, P FA YR G I, T SRR AR R . DRI 53 ) 70 FEA FRBIRR AL RE, TE R
K, ARG FRHIER Fe(11) #1 [H] (X (6). 2 (7)) o ENEAEERME, TLMERE
ANPGRS By [H] P md ol gt A 52 e A=

FAML . Fe—2e — Fe** 6)

[IH%: O,+4H* +4e” — 20" +4[H] - 2H,0 (7
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JETERMIRAER A AR AR A R, SeaRiidfl . Bk AR fLaf nl e AR, (EAN
EF-D 5 EF-C. EF-B RUWaS i RSCRATK LUk A, 75 RS RURAR i B I8 e T Re e B £ %
YEM. EE, M EF-D ) XRD., XPS %A, EF-D SELRIOAAEGIRERFIE T, HalfeRidky A
I B A B R 4 WRCEIEE (151 9(b) ) &, EF-B "RERATIEJE . BRI R U BRI, T EF-
D "PEATER . SRR ERE, LU F SRR A T e AR
3.2 WEHVERRIIE

A=W E T R B A R A N A BB LA S A B . AR R T AR YE R SR A AR W BRI (Enhanced
biological phosphorus removal, EBPR), R#p T AR IR AU ASM T REROBMSBE -1 A0 4R R i
REUREL, JHEHER E SR TS TR BIBREE H ™ BEBUEY A KRWESTR, BRI R
AR R A A ARy, TR AR T A, T 0 B SRR 0 AT —SE ORI, T AR
PERCE A KN R0 A AR — 7 T i U820 AT BRI E R, S — Tk es 7 MO AR
YBAERRBE P AR T, AL, A=W R PTBE QLR B AR U BRBEVEFICT . BRI RN A IR
AR TMA, TRRBR AR 2t 1 B RO A R P kB TR B, TS 1 BRmisie.

5Ca’* +40H" +3HPO] — Cas(OH)(PO;"), +3H,0 ®)
PO} +Fe™ — FePO, | ©)

2P0} +3Fe** — Fe; (PO,), | (10)

Fe(OH), + PO}~ — FePO, | +30H" (11)

4 5P

1) 1EIRJE 4 20 °C, HRT J 5.9 h, C/N AR 1:2 BISAET, SePER kg i b - Bk ok TN
TP ZBRFITHIIRER T 91.05% . 14.99%.

2) EkmRiGrRAR . B A SRR . Bk E IR AL R AE G s e S I R E A T RO R L AR
ATRBER . XY & S R R R 5 K B R AR

3) TR B RVE YRGB PR A TRk A g, X5 K AR ER T IR EE K HA B
SR R R BRI .
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Effect of composite modified ceramsite biofilter to strengthen the nitrogen and
phosphorus removal from wastewater plant tail water

SONG Rui, YU Jian"

College of Civil Engineering, Hunan University, Changsha 410082, China
*Corresponding author, E-mail: jianyu@hnu.edu.cn

Abstract With the improvement of the discharge standard of urban wastewater treatment plants, the advanced
treatment of low-carbon tailwater of secondary wastewater has become a common concern. In this study, iron
powder, pyrite and biochar were used to modify ordinary ceramsite, and the effect of modified ceramsite as
fillers on the removal effects of nitrogen and phosphorus from low-carbon tailwater of sewage plants were
investigated through comparative experiments. Under temperature of 20 °C, HRT of 5.9 h, and C/N ratio of
about 1:2, the removal rates of TN and TP by the modified ceramsite filter were 98.45% and 69.03%, which
were significantly higher than that in the ordinary ceramsite filter of 7.4% and 54.04%. Denitrification, iron-
based autotrophic denitrification, sulfur-based autotrophic denitrification, and enriching microbial by biochar
synergistically strengthened the denitrification of low-carbon tailwater, and enhanced the denitrification
performance of the system; TP removal was a result of the joint action of biological and chemical precipitation.
This study provides a good technical solution for the advanced treatment of municipal secondary wastewater
treatment plant tailwater, which is of great significance for water environmental protection.

Keywords modified ceramsite; iron powder; pyrite; biochar; autotrophic denitrification; microbial diversity
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