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W OE OEETUMANEEAFEI A (CANON)/EM Y A TP #5 E (CRI) 2% B 5 I fi fLBR % (DPR) I CRI %
BEHANET R AR RAE S . SR A A RS 16 5 # (SNADPR) 1 Fl 19 42 & 3 T b 3 35 9§ (H-
CRI) &%, RR T HIBITHERE MUY 22 47 4E . Y H-CRI 2R 55 #% B8 N 11 BR800 W A S S 1B A7 I, S I 28 B 7
K 3 A R 0.18 m(m?-d) ' By A& AT R AN IO A ALY . TN NHZ-N Fl TP (19 25 B 5643 5 AT 35 (94.39+1.32)%
(97.87£0.43)% . (99.00£0.32)% F1.(95.96+2.79)%. H:¥f, CANON S5 54 ¥ & BE/E M 20 9 B RS A 5w n 2
WAE, PIE LR E B 0 S H-CRI AR G0 B A SR8 B 1Y (72.13£6.12)% 1 (82.29+5.58)% . 45 A4 T A -5L
g AT, IS A A RS AT B TS0 H-CRI R G b i R AR A . IRR AR TR . RO B 0 2R R
T ZLME 00T {2 /F SNADPR S W A 2 7 b % sl s Ak, S B0 A 15 15 K T A5 AL I BB T 2 1 = 3
KB ATHEBIERS, KEAREh; MkRs; #Be; Bk

P m AL i3 € (constructed rapid infiltration, CRI) £ 4t (19 I (B3 B 14 B & i A 1% 1 25 m vk
PR AW ok my e fEE 2 h, AL CRIRGE T Wby 2 f A 7= A
(completely autotrophic nitrogen removal over nitrite, CANON) /£ F # A Ry & 3 5 1% T 4 B ARG 1 &
BRAE, MHORBEZ H T ARG 5K AR D #R R B AT, A AR R TR IR AIRNH-N e
T CRI &% CANON 1E I & A= S Ak it o2, JFEUAS T — g gk Je ™), SR, 7 AL BRI LA 16 15
JKIF, CANON B! CRI T ZANAFAEA R, RIBFRIAELUT 2 45 o, W TigKh Ak ih &4
Wk HEA: 2021-01-21; A BEH: 2021-09-13
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—EWE ALY, CRI RS H CANON 1E M % 5 S A, DU E o 2@ R 25 gk . IR
‘A 24 A Ak (anaerobic ammonia oxidation, ANAMMOX) 5 [ ik (simultaneous nitrification, ANAMMOX
and denitrification, SNAD) Fii & 5 AR Z 52 B &OB &, SR, A2 06 15 7K v fi 4R B NHL =N iR B2 5
B B IR AL (C/N) 2352 CANON [ I 1 3 2 M AR e Pk, 2 51 R Ak re e s, 3
K, JCit/& CANON fEHIREE SNAD YE I J0IE L BR 5K h i 32, CRI & iy BT 85 2= 1Y
W2 BAHITT 3E RUCR 23 B iz 47 B [B) (4 BT R B3, DT 3 3508 0 1Y) BR i 1k B AN AT 4 221

YE R 55— P 22 K AE W B bR BB R, A ALBR % (denitrifying phosphorus removal, DPR)
TZEFEA DRI, Il R —m W R D RE, il BRI S 6 1 7 B S REE T R  52 i A
W25 A A UE L, AL BR#ERE & ANAMMOX 1 FH 09 4= 9 [R) A Bt 280 B il 1 25 B 4% v R Ak B T3
TS K BV 70 N BEAE CRI % 45 7 52 B CANON £ 11 5 DPR /8 I #4 , Tl CANON %! CRI T. 25
1 b A kB i A W] BEAS B DR AR o

AW 2 T R TR AL Rk . ANAMMOX ., [z Ak Fi 52 il AL B3 5 (simultaneous partial
nitrification, ANAMMOX, denitrification and denitrifying phosphorus removal, SNADPR) 1E H #9 & & 5{
N T3 3 J€ (hybrid constructed rapid infiltration, H-CRI) R4, %IRRT T 1% R G B 17500E
A REPE, e X b A BT R WA T T AT R Y, AT R SR RO i DL R kb
CANON # CRI 1. 2 7E b FUBUAF AR 16 15 /K IF () S5k B 4t vy 0 R0 R ol P B S AR M, T 4 3
YA Wy [) 20 Rl & B il T 28 i ke S i o
1 RS
L1 SKERE

SNADPR % H-CRI 3 & 4 71 UL, [l 1

B9 56 5 43 5 B4 4 T CANON &I CRI' & 4t
1 DPR # CRI £ 4:1*1%, H. CANON %I CRI
RYiH PVC ik, FFIZ 314 em?(p=20 cm),
HECRHZ R K 50 cm HALBR R4 0 37%: Ji§
BN 5 em JERR A ARIEE ) B R 1~3 em; |
oA 45 em B A )ZE , KA 5~10 mm, % E TN
To0 3R 1SR A i A itk K A R KA, KA L
B A T 1 A ) 2 A HE K B3R (vy)o I DI A I
e, Yy, 0.5 L-min ', % HH) CANON
VE RIS LAk . 3L TN FINHE-N 25 B 320 51
(85.02+2.24)% F1 (94.16£1.03)%. DPR %! CRI &
GEm R B, R AT A JERHE 38 5 2 [F] CANON #4
CRIZASE, X2 AbHE T HIFRZ FH R 45 cm
JEE W B2 CRLAZ A 5~10 mm), 2% Bl BE 4 51 5%
BIEKE . HKE MBS, &8 %

TR S em Ak . Horr, S e s B 1 SNADPR & H-CRI £ &%
8 — iy 5 R AR R A R A B R R Sk Fig. 1 Schematic of a H-CRI system utilizing
— Vi 5 R U AHIE . B E R B HE s L the SNADPR process

Wk B bt o A P EORHZE S AR IR B AR IR . BTSSR, NOS-N A ML I 20 T 1) P B ik 7K
W as 4777 ALL S SEURZ o PR AR/ SR S I A s AL T X RS Y DPR AR, HERHZ RGEXTA
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ML . NO-N I TP (2B K (96.09+2.51)% . (93.74+2.46)% F1 (97.49%:+0.73)% .

SNADPR #! H-CRI % %t HH CANON #! CRI %% # (bric b i & 5 70) #1 DPR % CRI %& & (b5 i M bR
BEERTT) WA ML (B 1), BDMERIT ERHES, JFiRE 3 G RER s, Hh, 15 R8#KE, 5
FRufE T KA, 1 G ANTERRIE, 400 5 BREE S0 iy HEK 8 R ZCR T itk KA &, AT
BRTH HKEATGE; 1 AN RMUERAE, SEREERITH e ML, oAb, A5 ik
14 CANON #! CRI ZGiAE T fEZH, F T H1 SNADPR % H-CRI & 4847 % 1L
1.2 EBITHR

Z e B A R A AL (AOB). JRA R AL (AnAOB). 2 fitf £k B A1 Al fk 58 W5 I (DPAOSs) %
IREI A Wy 4% A AR B A AR R, 75 % SNADPR %Y H-CRI 2 45 #E 1725 1] 5 I i) b 60 43 %) 5 528 %
A weHf Ok EIR TN REGE W R m AL IR o S, R R Gk BRI E BRI i 45 i ks AT 150 A
B (B 2), BARWERKS 120, B850 K 5 L#FKIEABRBERITT, i L A R #E R
W, WM AR T TN E R RS, NIRRT K ABRBE R OTEA M A LT, s E A
JE RSO U] R At B T A T b ) DR R B LR O IR S N A RS, IR T R 75 K
it HEZK A L 0.5 Lomin ' A9 -HEZK 38 30 A BR80T v, DS B3t S s A T s s vy 3, i i 2B T
WA ZWOR S e, BREEF TS (5 K HEE RS0, 4% BT, bR S 7 R A Py
Bk i BT A A2 47 3 AR K AR e o 1 K 3 (R A 15 min) . BB R 391 (B KSR 150 min), Al HEZK
1 (WHE A 15 min), A E]RVE I (B KR 270 miny, H LR K Y (KR 15 min) IR S B (G
4 240 min) FIHEAKH] (B H 15 min)7 SBYEE B AT B 172 AR R R E 1 (B KR 165 min)
HEZK ] (BHE R 15 min) . B &R B 391 (B 8 270 min) . HEZK 3] (5K R 15 min) A YR &30 (B
A 255 min)5 BBt . H-CRI R G R 157K AR S Ry 10 L-d™', /K Jjfifif (HLR) 24 0.18 m* (m*-d)'s

a

s A0 shlelit kA
m:> VD) o i PR 40 WA )
‘.’ A
HEA) ko
v
m VR 0 T I IR
T T
K e

2 SNADPR & H-CRI &4 HEITER
Fig. 2 Operation mode of a H-CRI system utilizing the SNADPR process

Xof 8 L AE 5206 By BE LA 9 AR R R E 4k i2 47 T 150 A, A EBIR KN 12 h, gk
B (BN 15 min) . WK (BHHE R 270 min) . HEZK B (BF K8 15 min, v=0.5 L-min") FIIA & B (B
420 min)4 AN FYBE . ARG TE KA RS 10 L-d", HLR 4 0.32 m*(m*d) ',
1.3 ROWiGiRE

£ AT H-CRI RGP W bR s e b A7 2 vk, DA BRI TP BAb A W5, 4k 5 DPAOSs 1 74 9F
DR IUREZ B FLBR R o SR AR IS B I X0 L B oe R A7 B b S % LBl <0k 4 min,  fif
Ja A K A Rk 5 min, B 5 UE 9 mine b AR K U AT 9 58 B 4 1A 6 L(m*s)” Al
12 L-(m?s) "o V8 VEIBORNBE 75 19 A 1) B3 2o % B e I HE 2 4 EA T IR
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1.4 HEIKIKER

S K A A K 2= B X N A 16 VK, S HARTDUE 09 EIE R AE R 2 B dEK o HFEE A
ML (UL COD ). TN, NH;-N, NO;-N. NO;-N il TP 5 e B/l (274.44+27.72) . (40.96+1.42)
(39.54+1.45), (1.01+0.21), (0.40+0.03) FI (5.66=1.15) mg-L™",
1.5 S5 E

1) KBEREE B 79 o B R R BB B R KK RE ;. UK RGiFa g is 1ot o H R E 3 iy
SR HURHZ B9 K RE . KEEH COD, TN, NH;-N., NO;-N. NO;-N Fil TP 43l 52 J5 3 2 i 3¢
AR, Y R D) P 3 b Y DO ¥k BE AT ORP B 2R ] 22 T RE /K 5T 43 BT X (Multi 3401, WTW) #E47 J5L 7
M o

2) BUBME SR AR o 76 SEI0 B BER R4 2 4 SC 0 %6 B P I BORHRE & B 4 o0 il A S, (LA
XTHRZH) . S,(HU A H-CRI &G A R IT) Al Sy(HL H H-CRI &R 4t I BR B FRIT)

3) WA BRBETERE I 2 o X S, A S,, AN AR 1L M (PPNA). G M2 L 15 1 (PNA). [k iE
£ (PDA). 2 I i fb i P (PBDA) M IR & A AL LG 1 (SAA) 43 il 5 BESCHK [15-16] H 5 vk 25470
Es TS, HAEWES PHA. PHB, PHV. PH2MV FH[E (Gly) & 5 1930 5 2 B SCHR [17], DPAOs
i5i PAOs Lt (R} DPAOs/PAOs) Il E 2 M8 SCHK [18]. BURIAE il Hh 4x UM A 25 & i I E J5 1 32
HESCHR [19]0

4) ££F 16S rDNA (1 Illumina ~F- &5 = i 5 R o 2k B b R SEORLRE 5 SR T A A= M B8, T s o %
& S AR B 25 0w ATl A A o Y AT e, AR Barcode J7 81 X 4R AN FEAR
BB BE AT i A I g, 15 2R TR 220 M 00 8 . B Clean reads. A T BF SRR & 10 ) b
AR, XA AR A Clean reads HEAT 2K, VL 97% A — B (identity) Kf ¥ 51 2B 25 i OTUs
(operational taxonomic units), #&J5X7-OTUs I3 7 91479 Fh i3 B o
1.6 HiEALIE

K H SPSS 22.0 X i 5 %5 4l #E 4743 43 M5 R one-way ANOVA #47J7 2243 #r 5 2K Origin
2018 FEIE, [ AH S B T - (E bR 22 SO ) 5Bk (e k) & (&), RBE &) FitHE
A S BOCHR [20]; 550 e o BB 2 BRI AR 1Y f AT O 1A 275 SR [21]
2 #HR5TE
2.1 EITMERE

M1 3 AT, VRN ATIE BEh R 3B CANON &I CRI R 4, X HR4 B A R UFia LY LBk
fiE [7=(82.10£0.12)%], H:HI7K A COD fH<50 mg- L' A WF5E™ 20, m T A Py PS5 A R H P 3R i 2R
BRI et FEEE CANON T & W A7 7 Al S 80 1 S 7R B A=, HEmT 3 A5 s 3 i A L 25 Bk
RO . BRI, HEAK TP AT AL E X R U AR R R, D TN FINHE-N 25 B % 4 51 52 56
R Y (87.9125.28)% HT (95.44+8.88)% & 2 Fa i 12 17 B BE 11 (61.12+2.85)% 1 (72.44+1.65)%. BLAL,
LR G oK T TP 1 T H W BE AF 5250 B B 4R 24 0 (5.0040.14) mg- L™, HJH: TP L FRF AN (11.67+
0.79) % % T 23 B BRBE MY 32 2R 12 R ORI B IO UE VR T, AN A 0 B M B 1 091 D] 1 8 A 8 A1
AR 25 £ )

iz fTiE, SNADPR & H-CRI REGuXF#E K AN . TN, NHi-N 1 TP 1) & B2 5 5l
ik (94.39£1.32)% . (97.87£0.43)% . (99.00+0.32)% Fil (95.96+2.79)%, Bl H 7K # COD, TN, NHi-N,
NO;-N., NO;-N Fl TP 4 5§ 52 78 (15.38+3.59). (0.87+0.17), (0.39+0.12). (0.33+0.07). (0.14+0.07) Fll
(0.23+0.15) mg-L™'(1&¥ 3). LAk, Hi& 4 FE S 0, AERBER AN, R FR#ERITH DO W
55 ORP {H 53 W 4EHF1E (0.15£0.01) mg- L™ FI—(177+6) mV., WjE], FEREE ¥ ICH COD fEFE & (32.30+
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Fig. 3 Comparison of the performance of two devices
7.20)mg L, HoFRM o R ik (5.22+0.48) mg-(L-h) ", A=Wy B8 5 i P B VR & IR FE % Gly 1Y B% it g
R4fmn, PHA. PHB. PHV Fl PH2MV (& i3 43 51 h (3.97+0.62). (3.08+0.45). (0.45+0.07) il (0.73+
0.15) mmol-g'c SR, X HLICH TN FINHI-N (99 BE 20 0UZE Bl S N 1 Z W ms A R B, 2 e A e
TE (37.02+0.54) mg-L™" il (35.58+0.54) mg-L™'. B S W W25 A J5 , /K o N1 B0 8 R AR A R o0
o, 3% B T AR WU 6 TN FINHG-N 19 25 R 2R Bifi 22 T 3k (80.54+3.72)% Fil (95.85+6.37)%, F il
JK TN B ¥ B R (7.12£0.87) mg-L ™' H 3B LAINO-N o 3, B0 K 78 i %020 T A 9 1 el 45 4 45 &
CANON 1E I 9 B 07 ¢ a5, i B8 50 7 00 80 B o7 30 9 3 vl gk — 25 L BR oK b i #E S8 A AL, Al
COD fHi#f— % (18.432.51) mg' L', #R1M, H TP EMRSURAE, HK TP g ik ik (17.77+
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Fig. 4 Pollutant concentration variation of contaminants in phosphorus removal unit of the H-CRI system during a typical cycle
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Fig. 5 Pollutant concentration variation of in nitrogen removal unit of the H-CRI system during a typical cycle
1.03) mg'L™'. BE# V5K XEHEABRBESRIT, HoiyTs5 4 Ot HIENO,-N Al TP) 15 DLk — 25 LBk
W Bt B I BB R eh T v T DR Y TR R Rk =y e Ok O 2, R R DO ik B
5 ORP {43535 (4.47£0.41) mg-L™" il (225+20) mV.,  Bifi 5 Wl S i I RO R4, BORHZ F A DO Ak
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THFE, TP FINO;-N MYFT IV B [0 TR, [RII i oo A MR v Y I P B R 7 F AN IBT R AIK . 1H) PHA
PHB. PHV Hl PH2MV Y31 #E 20 5 A (4.38+0.75), (3.17£0.36). (0.45+0.12) Fil (0.76£0.15) mmol-g ',
A= R P9 Y Gy 75 5 0 (3.21£0.74) mmol-g ™' 3 (5.51+0.18) mmol-g ', 431 AT A1, H-CRI &
gt b B B T ] 25 BR E K R (73.67+1.88)% 1 TN F1 (86.08+1.59)% [ NHI-N; A HL4 11 [ i 5
TP 1) & W S0 = B AR FEBR B e . FEREBE SO, HEBRIA LY i R ALY L BR S
[ (93.53+2.42)%, FEULHIEZ e BBl 2 2, B BeoR oK TP T2 ik B2 AA (18.79+0.93) mg-L™;
TE W B SR 3, OH BTG TR R R, SRR N (35.2842.17) mg-(L-d) !, (HIXFNOS-N Y 25 [ & AR ik
(10.24+0.60) mg-(L-d) ',

ERGERRW], M TX A, H-CRIRGE& TR ALY SR B SBRPERE, wTSCoix 2k
TET5 K BRI X Tz G 3, IR I A7 A =X Y 15 B T foff JHE o 7 6 605 s A B i
TR EME, H 2 BT CANON 1 Al DPR A FH B 5 BF R e M ] 458 75 0 i
22 WEDEEEMN

HE 6 Al 51, AL (Proteobacteria). 1% %5 W [ ] (Planctomycetota) F1 2% 25 1 ] (Chloroflexi) j&
S, A1S, FAIXT R A 3 N . Hi, Proteobacteria 75 2 LHAEAR B 5 H3>20%;  Planctomycetota
16S, R R X T2 R 17.66%, (HAE S, oA & & HL AT 3K 26.40%; M Ah, S, T Ak I8 T
(Nitrospirota) ) A1 X%F 3= BE 58 S,(5.16%) i & T &

2 0.85%, HILPFERFF R 1] (Acidobacteriota) Y 100
TR E 6.72%, T S,(091%). A& ol B on
Ik thers
fg i, 2% AOB(UN Nitrosococcus . Nitrosomonas AD/[esu_lfobacterom
S yxacoccota
% ) J& Proteobacteria; AnAOB 3t {1 §f 54~ )& 5 60 Nitrospirota
. A M Gemmatimonadota
9N A, ¥JE T Planctomycetota; 3V fif§ ik £ i jii;micgtest N
/ = 40 ctinobacteriota
A AL (NOB) J& T Nitrospirota; JZ isAk & W 52 = oidobactoriota
iy . ; ; Chloroflexi
BLEAE T Proteobacteria; 546, Acidobacteriota 0k b , ; Planctfmycet_m
o B 43 31 4 L ENOAN AT NLO 9 L procobacieri
AP, BRI, % T XHIEALR HACRI R o il S
LA ST, AOB Al AnAOB 23 rp 2 32 FEh
WA A . AN, FARE TR Ble6 SHAPEERINEMNFE

NOB. L HE N T FHEE, Rty Fig. 6 Relative abundance at phylum level in the samples
S A= BE K R IA T 2 413 B s A7 e

HE K IK BT )25 5+ . Proteobacteria. Chloroflexi 100 - ﬁfﬁ%‘fﬁ;ﬁ%ﬂ
T8 1] (Bacteroidota) 52 Sy H AR = BEAL 5 wl %%%Z%ZZZZM”ﬁbacm
3N W ] o AW IUESL, Proteobacteria 1 '
Bacteroidota J& A AL BR % 7 Gt P B SR 111, g 60 S
K H-CRI R G2 1 W Bl 200 P B A AR R B ) — Soaonacicrates
DPR JE 1 i 1 #72 1 NOB s R 15 36 = T | s
B E G P R A K 20l

W 7A N, S, F S, kB R A
5 Candidatus Brocadia F1 Nitrosomonas, 2 0
)E‘ Ej CANON fi m ;FH 5‘,& [24]O /ﬁ\: DF‘ , Candidatus RESD I Candidatus_Brocadia
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5 7E CANON ARG K 5K 6 MINFEN , Candidatus Brocadia R Nitrosomonas F£ Sy H ) A X
F 1 (14.56% F1 13.80%) 1K T S,(23.38% H1 24.25%); T LI IE )&/ (Nitrospira) 16 S, T # & & t B i
&F S,o SAT, JBLIREEL (Rhodocyclaceae) B I AH AL 1 J& —— Denitratisoma W} H1 &S, A BG4S #
W, AR FE N8 15.89%, X M, X R 4 A Sl b Pk BE B H-CRI & 4t A4 i 0B 0 A5 T 444
o P IREE IR HE— DR X B4 T H-CRI R 4t 19 i &L 50 T ¥ 47 46 CANON S i AR & 5 % B4
H T2 B K sl E AL B, SEOLP I R 3R W (B AL WA, BT
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M T BRBE SR IC 5 Z R 5 5 1T 22 M A ALY X LA W v 25k 1 b i DU 0B O Y CANON 1
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Wi, Dechloromonas J& & WAL F G AE Y, HE & B BE 0 A 1™, 45 8 I H-CRI R4 1Bk
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O, NHL T ZRIEAT B S Bl , FLIR /4 S 3B 132 AT B 008 S0 A % i & i A AR, il i pig
IR it ds A7 2R BR B 5 0 v 3G 0 19 S PR W AR B T Candidatus Accumulibacter B34 5H o AH N
Hi, S, AOB Il NOB fyAHXT 3= B AE IL S5 14 NG 2138 R, X — SR 518 6 MR . 53 4h, BRk
T H B E (GAOs)(UN Candidatus Competibacter . Candidatus Contendobacter Fl Defluviicoccus 55 ) 1)
AR = BE AR, B GAOs X R 455 4 1 AS 2 5% i 3] PAOs (1) 3 B 518 M, 45 SR 0 3 T )2 i
BB BARA A BT
23 IThREMEHIEM

i & 8 A1, X MR ZH i PPNA I SAA 43 % 4 (5.43+0.86) mg-(g-h) ' 1 (3.16£0.32) mg-(g-h)™", i
H: PBDA #1 PDA I 43 5] 4 (2.98+1.04) mg-(g-h) ' Fl (2.32+0.85) mg-(g-h) o SFZEMAF5RD AL, I
F gt CANON 1E i i B2 A (0K AE S i Ak M BE A0 A R IR BE A 4R T o AHES T XTRRZE, H-CRI &
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AL ICH ) CANON 1 I by B A& Ay iy s B2, H R i fb P pe o 15 8 — @ R EE my s fb o K
C/N £33 - CANON Z 45t 25 DI e 1 28 W 2 18] B 58 4 RN B[R] DG R B4 S 17K rb A ALY v B 4 6 1
BRI Be A W nl LA OF BARGE HE, BP RS Y AOB I AnAOB PME 58 i CANON i, &
i A B DU LA LAl DR e A, B AR R R I NOS-N DL B2 CANON Ji i 7™ 2B [ NO;3-N ik i oy
N, B N,O; 1M 444 LYk JE i &1, AnAOB 1938 G L 2 9l A AL B AR, [R] Bsf ol 184 40 1) 24
SRR IRSS AOB 5% 4 DO JF il Hyd v, B2 Ak R G MR R . A SCHERIESE, 7E AL HE
C/N=2 5K}, CANON T2 i E YRR S5t s R AR, R AR 5AaekE Z 25
YIRS [ R B A el AR BT A 5% v Ir FH A2 305 75 7K 1 C/N=6.50 HLH: COD {H ik (274.44+27.72) mg-L',
iG22 WA RO SE R THEWT, FEK b S B LN SR 1 6T B A rp B A R 5 R
K H A PERE TR B xS F H-CRI RS, o FH A0 BREE s gk b AL miEan, %
i Jid 0B T #E 7K H Y COD {HAY A (32.30+7.25) mg-L™!, /K Y C/N(=0.88) AL A i 25 5% i i & 20
JGH CANON YEH MR M, i SR iz oo B i SNAD # & N &, R ifi A Bl F &bk
ek — 204 . H-CRI ZR G0 R 50 o0 i DR SR RS 1 A2 7F (14.2240.76) mg- L™, L 47 /i 480 W
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i 43 5 4 (23.54+1.63) mg L' Fl (14.43+1.05) mg- L', RIiZ 70 H1 () DPAOs/PAOs 4 (61.30+5.12)%.
AH AT i 40) S 06 235 TR K HL AR AR 7T B, BR s BT h DPAQOs £E PAOs H Y 5 HAh T 458 5 K-, IR i
3 H-CRI F 4t H 1Y B 8 5 00 B3 B0 09 22 W 8 Wi 68 0, L HC A SHORY ) 30 pA 3 I o 0 i T ) s i Ak
BRBERHIE

IREE IR R, XA, WIER Y ST B R 1 H-CRI RS AL 2 T 5o
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T SEURE I B VE FH 25 BR 1 TN[=(19.9142.14) g] 10 5 L BT A R LB 1 6.73%. S BRBE ST, W
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9 99.26%. & 9 AL, BREk S A 2 BOTH) TP £ 91 (121.61£18.50) g Fil (25.07+3.87) g
Horpr, BRBE PR ICIE T PAOSs 1 3 8 W il VE FH B HCAth i A 0 1 WL/ AR L 25B5% T (120.7049.25) g
., AT HEIE TP RBR AT 99.25%, 1 SHURH IR BT VE A FHAC S BR T 0.75% WImE 2% o I &0 S Tk 7
(O B eI BR W 5 s, a2k SRR B ITCVE VR T 25 BR i i 5 OT TP K FREE Y 82.93%, H:
R A W A AR (=17.07%). 245 R R, 4 H-CRI R G F gz, BASIT TR
CANON 1 FHJ2& H AU 2 Wi B i 2 2Eam A8, M 0y 25 5 00 3 AR08 T B i 5. T b PAOs 1Y 3 5 W WA
F L 98 LB A i o 0 o5 R B 3R G0 R BR BT Y (72.1346.12)% 1 (82.2945.58)%. T iF
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Fig. 9 Nitrogen and Phosphorus removal pathways in the H-CRI system



10

FIMIELE . FEFSNADPRYEFIAYE &0 Topes

BUE RGBT TIERE

AW~ F IR 3397

3 i

1) %} F H CANON %Y CRI %% & Fll DPR % CRI 2% & 4l 4 11 80 19 H-CRI R 48, 4 Hi e B8 P 7 24 1
WA IR s 1T, A7 BT I SNADPR 1R % & AE Fitag 4k .

2) 24 HLR K 0.18 m*-(m>-d)' i}, SNADPR %! H-CRI % £
H XA HLY . TN, NH;-N #l TP (1 2 B

(99.00:£0.32)% Fil (95.96i2.79)%o
3) i A& 5.6 i CANON fE ] /& SANDPR %! H-CRI &4t R A M E 548, 0 RS h R iy 2

B 3 B F BR B 5.0 5 PAOs 3

) (72.13£6.12)% Fi1 (82.29+5.58)% .,

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

£ 3wk

FigE. N T B ISk BT
K2#,2016.
SU C Y, HUANG Z, CHEN M L, et al. Effects of infiltrator structure

ZAT I AR5 (D). K RS

and hydraulic loading rates on pollutant removal efficiency and
microbial community in a modified two-stage constructed rapid
infiltration systems treating swine wastewater[J]. Environmental
Progress & Sustainable Energy, 2019, 38(6): 1-7.

WAL, li—, TEAR, 45, BB e AT DS it R A s AR A
FEIR[I]. AKAREREE A, 2019, 45(7): 101-106.
Bt AT R GPN-ANAMMOXHE &
JRHS: VRIS KA, 2018.

WINKLER M K H, STRAKA L. New directions in biological nitrogen

o UM R S WL D).

removal and recovery from wastewater[J]. Current Opinion in
Biotechnology, 2019, 57: 50-55.

WEN D, VALENCIA A, ORDONEZ D, et al. Comparative nitrogen
removal via microbial ecology between soil and green sorption media in
a rapid infiltration basin for co-disposal of stormwater and
wastewater[J]. Environmental Research, 2020, 184: 109338.

GONG Q, WANG B, GONG X, et'al. Anammox bacteria enrich
naturally in suspended sludge system during partial nitrification of
domestic sewage and contribute to nitrogen removal[J]. Science of the
Total Environment, 2021, 787: 147658.

SU C Y, ZHU X W, SHI X W, et al. Removal efficiency and pathways
of phosphorus from wastewater in a modified constructed rapid
infiltration system[J]. Journal of Cleaner Production, 2020, 267: 122063.
A, 2R, TABAT, 45, B E A NSBRAL M (LA sk IRy
FEPE[D]. T EFRBIRN2E, 2019, 39(11): 4660-4665.

ZENG W, LI B X, WANG X D, et al. Integration of denitrifying
phosphorus removal via nitrite pathway, simultaneous nitritation-
denitritation and anammox treating carbon-limited municipal sewage[J].
Bioresource Technology, 2014, 172: 356-364.

XU X, QIU L, WANG C, et al. Achieving mainstream nitrogen and
phosphorus  removal through simultaneous

partial nitrification,

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

. ] S B AR 3 5 K T AT WL S Y
A AR 0K (94.39+1.32)% . (97.87+0.43)%

R, P L BRI R W ) H-CRI R G i 0 bR e

anammox,  denitrification, * and denitrifying phosphorus removal
(SNADPR). process in-a single-tank integrative reactor[J]. Bioresource
Technology;, 2019, 284: 80-89.
YT, AR, TS5, HEK AR A TR CANONFE I #Y
HRAL[I]. P EIRERLE, 2018, 38(6): 2182-2192.
S/ o o TR o NS L R 7 bt VO L A R Ve
PE[]. T EEREERIFE, 2017, 37(2): 534-542.
[ ZIRBEAR BUR . KRB K Wl 30T 7 1 (M. b5
HURE, 2002: 227-285.
e BRIL, SEKEE, UG, S ARV AR AT T AR AT M S TR AR
[31. FEFERE, 2017, 37(5): 1769-1774.

FURE, VT, B, 5. TR R R R R U K e
JIFMNREYIZmI].  EFEERE, 2016, 36(7): 2006-2013.

OEHMEN A, KELLER-LEHMANN B, ZENG R J, et al. Optimisation

PIE PR R

of poly-f-hydroxyalkanoate analysis using gas chromatography for
enhanced Dbiological phosphorus removal systems[J]. Journal of
Chromatography A, 2005, 1070(1): 131-136.

LIN Z Y, WANG Y M, HUANG W, et al. Single-stage denitrifying
phosphorus removal biofilter utilizing intracellular carbon source for
advanced nutrient removal and phosphorus recovery[J]. Bioresource
Technology, 2019, 277: 27-36.
I RY SR LIRS [M]
1986: 66-70.

IR BT (R SRR 0 L P U B RS e AL B
FE[D]. Pri: INAKE, 2018,
XUTK, FIREG, 20K, 55

- Abat A EEREIRL A AR,

A N TR P A AR BR B T 0 A A B
HAEVET]. BRI, 2019, 40(12): 5401-5410.
TR, AR, T A, . TR R R ORI 5
[7]. "R EEFREIRIE, 2013, 33(2): 227-233.

HiBRwEAE
NIELSEN M, BOLLMANN A, SLIEKERS O, et al. Kinetics,
diffusional limitation and microscale distribution of chemistry and
organisms in a CANON reactor[J]. FEMS Microbiology Ecology, 2005,
51(2): 247-256.


http://dx.doi.org/10.1016/j.copbio.2018.12.007
http://dx.doi.org/10.1016/j.copbio.2018.12.007
http://dx.doi.org/10.1016/j.envres.2020.109338
http://dx.doi.org/10.1016/j.scitotenv.2021.147658
http://dx.doi.org/10.1016/j.scitotenv.2021.147658
http://dx.doi.org/10.1016/j.jclepro.2020.122063
http://dx.doi.org/10.3969/j.issn.1000-6923.2019.11.022
http://dx.doi.org/10.1016/j.biortech.2014.09.061
http://dx.doi.org/10.1016/j.biortech.2019.03.109
http://dx.doi.org/10.1016/j.biortech.2019.03.109
http://dx.doi.org/10.3969/j.issn.1000-6923.2018.06.021
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.02.017
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.05.020
http://dx.doi.org/10.3969/j.issn.1000-6923.2016.07.015
http://dx.doi.org/10.1016/j.biortech.2019.01.025
http://dx.doi.org/10.1016/j.biortech.2019.01.025
http://dx.doi.org/10.3969/j.issn.1000-6923.2013.02.006
http://dx.doi.org/10.1016/j.femsec.2004.09.003
http://dx.doi.org/10.1016/j.copbio.2018.12.007
http://dx.doi.org/10.1016/j.copbio.2018.12.007
http://dx.doi.org/10.1016/j.envres.2020.109338
http://dx.doi.org/10.1016/j.scitotenv.2021.147658
http://dx.doi.org/10.1016/j.scitotenv.2021.147658
http://dx.doi.org/10.1016/j.jclepro.2020.122063
http://dx.doi.org/10.3969/j.issn.1000-6923.2019.11.022
http://dx.doi.org/10.1016/j.biortech.2014.09.061
http://dx.doi.org/10.1016/j.biortech.2019.03.109
http://dx.doi.org/10.1016/j.biortech.2019.03.109
http://dx.doi.org/10.3969/j.issn.1000-6923.2018.06.021
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.02.017
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.05.020
http://dx.doi.org/10.3969/j.issn.1000-6923.2016.07.015
http://dx.doi.org/10.1016/j.biortech.2019.01.025
http://dx.doi.org/10.1016/j.biortech.2019.01.025
http://dx.doi.org/10.3969/j.issn.1000-6923.2013.02.006
http://dx.doi.org/10.1016/j.femsec.2004.09.003

3398 o T OB MR %15 %
[24] BE &5, TUHE, % FHEEENRESTAEAFEBA mechanisms[J]. Bioresource Technology, 2016, 211: 6-15.
(CANON) R G A IR AL F I CE RS 450 Jbat Tolk k% [33]  WANG L, LIU J, OEHMEN A, et al. Butyrate can support PAOs but
2#4%, 2015, 41(10): 1485-1492. not GAOs in tropical climates[J]. Water Research, 2021, 193: 116884.
[25] BAGCHI S, BISWAS R, NANDY T. Autotrophic ammonia removal ~ [34] BI Z, TAKEKAWA M, PARK G, et al. Effects of the ¢/N ratio and
processes: Ecology to technology[J]. Critical Reviews in Environmental bacterial populations on nitrogen removal in the simultaneous anammox
Science and Technology, 2012, 42(13): 1353-1418. and heterotrophic denitrification process: Mathematic’ modeling and
[26] HU B, ZHENG P, TANG C, et al. Identification and quantification of batch experiments[J]. Chemical Engineering Journal, 2015; 280: 606-
anammox bacteria in eight nitrogen removal reactors[J]. Water 613.
Research, 2010, 44(17): 5014-5020. [35] WANG D, WANG G W,-YANG F L, et al. Treatment of municipal
[27] GONZALEZ-MARTINEZ A, RODRIGUEZ-SANCHEZ A, GARCIA- sewage with low carbon-to-nitrogen ratio via simultaneous partial
RUIZ M J, et al. Performance and bacterial community dynamics of a nitrification, anaerobic ammonia oxidation, and denitrification (SNAD)
CANON bioreactor acclimated from high to low operational in a non-woven rotating biological contactor[J]. Chemosphere, 2018,
temperatures[J]. Chemical Engineering Journal, 2016, 287: 557-567. 208: 854-861.
(28] #hicAk, Shil, R, 2. CANONA MK 17 MG R &5t [36]  ZHENG X, SUN P, HAN J, et al. Inhibitory factors affecting the process
[0, P EFEERE, 2020, 40(5): 2062-2072. of enhanced biological phosphorus removal (EBPR): A mini-review[J].
[29] YUANY,LIU J, MA B, et al. Improving municipal wastewater nitrogen Process Biochemistry, 2014, 49(12): 2207-2213.
and phosphorous removal by feeding sludge fermentation products to  [371. VESCTE, T JL, 484, 45 Wi M 0k} Hoisk Bt U U 25 Ry
sequencing batch reactor (SBR)[J]. Bioresource Technology, 2016, 222: W], TS G 5B R, 2020, 42(7): 864-868.
326-334. [38] . Ishhic. SNADPR T2 Jl U Bk e 1 e B it W R ¥4 52 [D). K
[30] HUANG Y. Detection of polyhydroxyalkanoate-accumulating bacteria RIEFLT R, 2019: 15-16.
from domestic wastewater treatment plant using highly sensitive PGR | [39] ZHANG M J, QIAO S, SHAO D H, et al. Simultaneous nitrogen and
primers[J]. Journal of Microbiology and Biotechnology, 2012, 22(8): phosphorus  removal by ~combined anammox and denitrifying
1141-1147. phosphorus removal process[J]. Journal of Chemical Technology and
[31] FIGDORE B A, STENSEL H D, WINKLER M H. Comparison of Biotechnology, 2018, 93(1): 94-104.
different aerobic granular sludge types for activated sludge nitrification [40] HE Q, SONG Q, ZHANG S, et al. Simultaneous nitrification,
bioaugmentation potential[J]. Bioresource Technology, 2018, 251: 189- denitrification and phosphorus removal in an aerobic granular
196. sequencing batch reactor with mixed carbon sources: Reactor
[32] LIU H, WANG Q, SUN Y, et al. Isolation of a non-fermentative performance, extracellular polymeric substances and microbial

bacterium, Pseudomonas aeruginosa, using intracellular carbon for

denitrification and phosphorus-accumulation and relevant metabolic

successions[J]. Chemical Engineering Journal, 2018, 331: 841-849.

(3T 4 % 3. W )


http://dx.doi.org/10.1080/10643389.2011.556885
http://dx.doi.org/10.1080/10643389.2011.556885
http://dx.doi.org/10.1016/j.watres.2010.07.021
http://dx.doi.org/10.1016/j.watres.2010.07.021
http://dx.doi.org/10.1016/j.cej.2015.11.081
http://dx.doi.org/10.3969/j.issn.1000-6923.2020.05.024
http://dx.doi.org/10.1016/j.biortech.2016.09.103
http://dx.doi.org/10.4014/jmb.1111.11040
http://dx.doi.org/10.1016/j.biortech.2017.11.004
http://dx.doi.org/10.1016/j.biortech.2016.03.051
http://dx.doi.org/10.1016/j.watres.2021.116884
http://dx.doi.org/10.1016/j.cej.2015.06.028
http://dx.doi.org/10.1016/j.chemosphere.2018.06.061
http://dx.doi.org/10.1016/j.procbio.2014.10.008
http://dx.doi.org/10.1002/jctb.5326
http://dx.doi.org/10.1002/jctb.5326
http://dx.doi.org/10.1016/j.cej.2017.09.060
http://dx.doi.org/10.1080/10643389.2011.556885
http://dx.doi.org/10.1080/10643389.2011.556885
http://dx.doi.org/10.1016/j.watres.2010.07.021
http://dx.doi.org/10.1016/j.watres.2010.07.021
http://dx.doi.org/10.1016/j.cej.2015.11.081
http://dx.doi.org/10.3969/j.issn.1000-6923.2020.05.024
http://dx.doi.org/10.1016/j.biortech.2016.09.103
http://dx.doi.org/10.4014/jmb.1111.11040
http://dx.doi.org/10.1016/j.biortech.2017.11.004
http://dx.doi.org/10.1016/j.biortech.2016.03.051
http://dx.doi.org/10.1016/j.watres.2021.116884
http://dx.doi.org/10.1016/j.cej.2015.06.028
http://dx.doi.org/10.1016/j.chemosphere.2018.06.061
http://dx.doi.org/10.1016/j.procbio.2014.10.008
http://dx.doi.org/10.1002/jctb.5326
http://dx.doi.org/10.1002/jctb.5326
http://dx.doi.org/10.1016/j.cej.2017.09.060
http://dx.doi.org/10.1080/10643389.2011.556885
http://dx.doi.org/10.1080/10643389.2011.556885
http://dx.doi.org/10.1016/j.watres.2010.07.021
http://dx.doi.org/10.1016/j.watres.2010.07.021
http://dx.doi.org/10.1016/j.cej.2015.11.081
http://dx.doi.org/10.3969/j.issn.1000-6923.2020.05.024
http://dx.doi.org/10.1016/j.biortech.2016.09.103
http://dx.doi.org/10.4014/jmb.1111.11040
http://dx.doi.org/10.1016/j.biortech.2017.11.004
http://dx.doi.org/10.1080/10643389.2011.556885
http://dx.doi.org/10.1080/10643389.2011.556885
http://dx.doi.org/10.1016/j.watres.2010.07.021
http://dx.doi.org/10.1016/j.watres.2010.07.021
http://dx.doi.org/10.1016/j.cej.2015.11.081
http://dx.doi.org/10.3969/j.issn.1000-6923.2020.05.024
http://dx.doi.org/10.1016/j.biortech.2016.09.103
http://dx.doi.org/10.4014/jmb.1111.11040
http://dx.doi.org/10.1016/j.biortech.2017.11.004
http://dx.doi.org/10.1016/j.biortech.2016.03.051
http://dx.doi.org/10.1016/j.watres.2021.116884
http://dx.doi.org/10.1016/j.cej.2015.06.028
http://dx.doi.org/10.1016/j.chemosphere.2018.06.061
http://dx.doi.org/10.1016/j.procbio.2014.10.008
http://dx.doi.org/10.1002/jctb.5326
http://dx.doi.org/10.1002/jctb.5326
http://dx.doi.org/10.1016/j.cej.2017.09.060
http://dx.doi.org/10.1016/j.biortech.2016.03.051
http://dx.doi.org/10.1016/j.watres.2021.116884
http://dx.doi.org/10.1016/j.cej.2015.06.028
http://dx.doi.org/10.1016/j.chemosphere.2018.06.061
http://dx.doi.org/10.1016/j.procbio.2014.10.008
http://dx.doi.org/10.1002/jctb.5326
http://dx.doi.org/10.1002/jctb.5326
http://dx.doi.org/10.1016/j.cej.2017.09.060

55 10 PGS ST SNADPRAEHI A & 20N TR I8 R GE IS TPERE S Sl M= ik 3399

Study on the operation performance and microbiological characteristics of a
hybrid constructed rapid infiltration system utilizing the SNADPR process

SUN Feng', YU Xinjie', WU Wei', PAN Lingyang®, WANG Zhen""

1. School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China
2. School of Urban Construction, Anhui Xinhua University, Hefei 230088, China

*Corresponding author, E-mail: zwang@ahau.edu.cn

Abstract  This study was conducted to explore the operation performance and associated microbiological
characteristics of a hybrid constructed rapid infiltration (H-CRI) system utilizing the simultaneous partial
nitrification, ANAMMOX, denitrification, and denitrifying phosphorus removal (SNADPR) process, which was
composed of a constructed rapid infiltration (CRI) device utilizing the completely autotrophic nitrogen removal
over nitrite (CANON) process and a CRI device with the denitrifying phosphorus removal (DPR) process. The
results showed that, as the H-CRI system was operated according to the internal circulation tidal flow operation
mode, the average removal efficiencies of organics, TN, NH;-N, and- TP by the coupling device could reach
(94.39£1.32)%, (97.87+0.43)%, (99.00+0.32)%, and (95.96+2.79)% at the hydraulic loading rate (HLR) of
0.18 m’-(m*-d)™", respectively. Regarding the coupling system, the CANON process and luxury phosphorus
uptake by PAOs were the main pathways in nitrogen  and phosphorus removal, which accounted for
(72.134£6.12)% and (82.29+5.58)% of total nitrogen and phosphorus removal, respectively. In combination with
the results of experiments of the molecular biology, the appropriate coupling mode could be conducive to the
effective collaboration among four functional microbes [namely aerobic ammonia-oxidizing microorganisms,
anaerobic ammonia oxidizing bacteria(AnAOB), ~denitrifying bacteria, and polyphosphate-accumulating
organisms (PAOs)] in the H-CRI system when treating domestic sewage, then promoted the formation and
reinforcement of the SNADPR process, which resulted in the simultaneous efficient removal of organics,
nitrogen, and phosphorus by the system.

Keywords constructed rapid infiltration system; anaerobic ammonia oxidation; denitrifying phosphorus

removal; coupling; operational characteristics
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