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Abstract: To address the bottlenecks of slow start-up and poor stability of aerobic granular sludge (AGS)
under continuous-flow operation, two upflow continuous-flow reactors equipped with three-phase separa-
tors were constructed in this study. A control reactor (R1) providing only hydrodynamic shear and a test
reactor (R2) operated under coupled feast-famine conditions were used to systematically investigate the
granulation mechanism and operational performance of AGS under continuous-flow conditions. The results
showed that although AGS granulation in R2 proceeded more slowly than in R1 at the initial stage, R2
eventually developed more mature and stable granules with an average particle size of 0. 68 mm and a gran-
ule fraction of 83.4%. In terms of stability, the lack of effective metabolic selection pressure in R1 led to
severe filamentous bulking in the later phase of operation, with the 30-min sludge volume index (SVI;,)
reaching 302. 6 mL/g. In contrast, the feast-famine regime established by a pre-anaerobic compartment in
R2 effectively suppressed the overgrowth of filamentous bacteria, maintaining SVI;, at approximately
50.5 mL/g. Analysis of extracellular polymeric substances revealed that the sustained accumulation of
polysaccharides and the enrichment of humic-like substances in R2 were key to maintaining the structural
homeostasis of the granules. With respect to pollutant removal, R2 exhibited markedly better nitrogen and
phosphorus removal performance than R1, with average removal efficiencies of 86. 0% for TN and 75. 0%
for PO} -P. Microbial community sequencing confirmed that R2 was significantly enriched in polyphos-
phate-accumulating organisms and slow-growing microbial populations. This study demonstrates that
creating a feast-famine environment through functional compartmentalization in continuous-flow systems is
a key driving force for achieving long-term stable operation of AGS.
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i S -8 0BG U8 (Aerobic Granular Sludge. AGS) & iy 8 24E 91 A 5B 5 I8 A 1Y 5 2 B0RIR 35 1 75
Y, A UUREEREDL 5 o A W v LA R A UL P S B 22 G SRR R L AT S B T A B R B A R
MBAEG GG R T L, AGS TZ00] W RRAR (5 . 3217 REFE Bk HERL, BE% R F —1RT5 K B RS,
SR AGS HIARTE % 20 KT EAEH RN A S &% (Sequencing Batch Reactor, SBR) {5 /K& #L ™ 52
BTRE N, HEA SRS KA B DL S A O L LR TR R P AGS (PR 3h 5 K 02 R A
XA s B 2% AR S — 2B RS L B, iR 5 SR A TS VR ORI A 3 0K B
PRI, I I T & S5 F T 3 L 38 A7 A0 FLEL TREE B Mk ) RN 2 F AL, O AGS 734 SL 3 15 K AL B R 45 P 1Y
o7 FH B8 B il

#£ SBR R, V5 U BURLAL AL EE O A3 21408 RGEMBESE . Hor, ARUR ¢ R B TR 24 W 5 14T BA 4 1 11
CER-OURTEIS W2 2, I AGS-SBR(I Nereda T.25) (9 TR fb #2 it 7 5 32 a0 S 45 A sy
AGS-SBR J& J 72 PR S B B a8 J5S 5 14 A3 7K 24 B 50 30 ) 3 3 (00 %85 A K, S IR) Bk K 1 [) s T 7K
HEZK s F5 07K B B 25 o J5 AR U aE AR SORT L TE B B, AT A JURL AR 1 3 AN DGR 3. D FE R ) R 1B
TR WA ) 5 S R 4 5 R RE S AR L R K O BB T R A R FE R RS MR B IR B =, AN TR A o -
YUK 1SS B A B s @ BEAHI A MK 185 9 1 42 ¥ R UKL Ak KT8 SR 5 (O i 1) 190 U N 1) 32 428 i ¥ UK
UUREMERE 22 O UIRT5 IR . R R -YUR /K 187U+ Uik 57 = R A, ¥l W& AGS 7€ SBR
T e R A% O AL

Bt Xt i B A% PR R ol = R g1 < S TR HE VR 7K Tk B 5 Bk b K B TE R R LR,
A 5T 3R A I 3 Ak / 22 Gt S Bt 48 30 I 8% (Continuous Stirred Tank Reactor, CSTR) &% B i 7T
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FRICYIRRBE | 508 AN 0N 8 R4 IR 1 10 e 3 32 sOBURE R AR ) LA B 5 85 43 85 46 PR T A 6 oF i 1 B 46 1
I WS B 0 0 UREAE L N, Sun S5 P TR RORE 7 R & B, YRR A LR R
50 1 T 3R ¥ R T A S O A s ) ROBE b Ak, AR RS i DU XK UK 45 ¢ R AR 5 AR AR
FHECEZ, MO, BRI h R, UTRE/ZE 0 E K 51 Y SN 4% 0 B 5 00 1o kB b B, 4 T R ) 2R
B (Phosphorus Accumulating Organisms, PAOs) /B M # (Glycogen-Accumulating Organisms, GAOs) %
8 77 TR 1A 0B 0 I R R K B s R R T U 2R 4 TR L I S T RS ¢ o B A < I AR SR R R A
FERT I 4 ROBEWFFT i, T 76 3% S U MR A Tt P9 3 5k 1N 30 s A < A B i R0 40 X SR AL IS 4 5 9% fie 4
(Dissolved Oxygen, DO) K EE . SCBLTE M5 U 17 3E 2L i AGS B TR BGE , JF e 1 48 15 ) 0K E )5
AR E R RN A2 2 RE R G2k M sh . B S 2 ARG, LI — 25 4 B AR
VEFEHE 17 5K S BV /43 2 K 7 %o UL AR S P 9 AR X DTRR

EATEER R, KREAPRTGRASEFEREND S AGS MR H ., LR R R &5 R K (Upflow An-
aerobic Sludge Blanket, UASB) M fU3%, Hii # R FH % 22 ol () B IE 7K, K EE 7= A4 8h 5 1 T i sl 4 ik 5y
DIREE . JFiE T = A A B d B R [ o B S5 e . N A AT BORL S e 10 5 A S AR
SECT K SBR AR R R #EAS AL S UASB [ = A4 B aR R T TR G, A A PR AR R K0k
[V 43 25 HE 70 T 5 L 3 PC % ZE Ui As T W B B SURL TS e I N A . P RIR R e = 7 2 —FF T AGS-SBR 1K
FE 18 7K 5 TR IR A e B 1) RUBE BT il il 2 1 E LR S B L B A UASB 7 7 2241 45 S 1F Tl
Ble= WA A« E R DU AR BE s DRI, 7 3% S0 O SN 4 FP 0T B < S LR R A R S IR A R R 1
EAL RS TR,

BT, ASHF ST B G — i A S U N A . Al IO AR A B A A X T R I A A R o A A
Yo, BEARE R 5 5 B 0F —BR BT ER T . 38 2 2 BE 4 DX i R AR X)) o 2 ) RUBEE 11
RUHE RIS, WE A /T F VU MRz 178, X 43 A 75 U JORE 1 5k B o (9 08 45 3 A8 L 350
Wk BE . L AM 5 5 ¥ (Extracellular Polymeric Substances, EPS)¥RAE . 15 Ye ¥y 2= 6 Pk 68 K 18 A= W0 1 7% 45 #4
ARAL B TER R I SR T AR T VS VR BURLAL 1 SC R IR Zh ML . R SRR AGS R A A A TS TR
FH 2 A8 0 A 4

1 #MEERE
1.1 REEBHEBEITEH

T 56 7F P B R A MLBE 3 S #s P O (B 1, 4000 D o B R1 RS 4 R2,

R1 S TR = A 53 2 A% 00 T U U N &% . &5 1 000 mm, N4 80 mm, AR 5. 4 Lo 2 N;
R Sk oK 5 gk <Oy X 17, KB R ER3E A, K & T = A 40 2 de HE . B 45 6
0.3 L/min, ¥ A 4EFF1E 3 mg/L DL b, BEEEARMT , RV A NIRG 54, 8= & B R AR
T B RV S 1F . Rtk T3 U UKL Ak 3 2 A2 E K S5 R R 7K T 85 9] ) Bk 3

R2 7E5 R1 AH[F] G0 2 4 48052 07 DX o 5 8 IR 40 S L IXC T8 il IR AR A7 ER B R 48 o TR 480 S i X
= 700 mm, WAR 70 mm, ARCEM 2.7 Ly FEKHIEHRIEA . I8 2 G MU (100 rpm) 4ERF 1 2)
RG . DO ZERFTE 0. 2 mg/L AT . #4500 X I Z5 M) 5817 260 5 R1 — 20, IR X o3 5 T30S 45 531
I A T 5 A SR DX JEC T v T, LA S DX R K B . Sy B AL ZR 6T RIURE 45 R 1) I A T IR
DR o e 4 DX 0 2 DR 4 DX T 30 ) 322 3 A8 R T A4 07 CBR Bl o DR 4 DX vl 48 2 e 4 IXC 0 1) 322 3 il 3 DU AR
SER 22 SCII Bl . S RO DX 5 A R X X AT R A RS (H BEOK B R R IXOIR R i AT 48 IR A RS T
HEAGF SR DK, AR N IR AR DX 2 T R B A X o T AR X AR, T FE RS NTE R B 10 2 i %
DU B 47 56 . MG, R2 Hys Je 0k Ak o A5 52 42 B -V 2% 1 5 4 480 DX K g 59 90 7 i s IRl T
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BH1 RBEEREE
1.2 RWHKSEMTIRE

HACRH AN T H . DL 2R &~ ik R, K COD i 500 ~700 mg/L. R1 A1 R2 By 7K J 5 B8 B[]
(Hydraulic Retention Time, HRT) & £f — &, JF W46 A9 12 h ZF Wi 45 5 R 6 h, XJ RN A HLA B G fif
(Organic Loading Rate, OLR) N 1. 0~2. 8 kg/(m® « d), PLG {8 N A, #E/K NH, -N ¥ B} 40 mg/L;
DIBE R — SUE0 SR A BN BRI, JEK PO -P o 8 mg/L. LABRMREEANFE Mg™™ (6 mg/L), PLIG/KA L
BEHNFE Ca® (20 mg/L) . A TR S MM 5 SCBR e il B 38O 42 He 48 hm

%ﬁm%mﬁﬂam%mﬂﬁmﬁﬁrﬁ%mo%ﬁﬁ%ﬁﬁ%%ﬁﬁ4ﬂgm,ﬁ%m%@ﬁﬂ,
SVI,, N 68.6 mL/g, FIKiAE N 0. 07 mm., {568 A 4T AN HEVE .

1.3 SRS NE R *
1.3.1 KA 4F

COD, NH, -N. NO, -N., NO; -N 5 PO} -P Z# (K FUE AWM 487 i) CGEIRBO ST E . BA
(TND#% NH, -N, NO, -N 5 NO, -N ¥ & Z fil5H .,

1.3.2 AGSHAEL5miudie

KBRS AH AL 5 0% 2% B 08 (DM6B, Leica) %15 Ue 22 WIE A8 22 IR A A K AG BLHEAT B 8 W%, RG]
277 B AW BE (Mixed Liquid Suspended Solids, MLSS) 5 % 4 & 7% [ A ¥ FF (Mixed Liquor Volatile Sus-
pended Solid, MLV SS) R4 b i 75 1% 43 51 A FHEAR T8 A0 5 s by Be 52 . SV, RHT 1 L & 18 B LR
TR AE . V5 VR ARLAR 50 A1 R 0GR A (1.S13320, Beckman) il
1.3.3 EPS # M5 #

R UK e ik $2 T e A b EPS, H 43 R 8 1 BT (Protein, PND Hl 2 B (Polysaccharide, PS),
PNxm&aanumw%M*W LA I 3% 2R O B o s PS SR ORI vk I a2 L DR AR R
PR, 3 — 2R 2605 X (1-2700, Hitachi) X $2 U EPS #E47 = 489206 (3D-EEMD 94 . Uk K
250~550 nm, KH K 200~500 nm, FHK 5 nm, FARMEEF 30 000 nm/min, HLETEE 10 nm, M) i [E]
FI IR, 7K T LA KORAR SR8 BR 2 64T 2 /0 3 O AT I I IO #4908 . 3847 o B2 45 S 8 3% 2 URE 1) s ] )
GUECHE . FHLLRAE RGAEAR RS IT I Bery I sl 53,
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1.3.4 WRAEDREZE S
RAEFLFPG Y KIS ATH 100 d I R1 5 R2 M5 9K 4 10 mL, Z4E L8 AR Y B2 RO IR F
e DNA #2150, PCR 3§78 K iy ad 5 0 F7 o 907 B i aod 56 3 =7 5 AT AL B S e R e i

2 H#RE54HMH

2.1 BRESSENSFE

15U AR S PR AN 2a BrR . BEFITS Ve M B A 2RISR, 21725 28 d, R1 5 R2 i LR fk
WA, HW w2 R . ZK T3 U 1R R R AR K i 45 40 4 o S0 1 A Motk T VR AR AL
BN F RV 2 R2 0] 32 B2 3 30 45 K AH X R A B /INTS e R AA . 1S AT B A 49 d. R1 RIS
Vet — A R, LSRN LB AGS; M2 . R2 A9 Bk AL JE R 5 AH X 2218 . 847 B4 70 d. R1
FARGE RBORLAL , B KA AGS 54535 R2 IR R AR BURLAR 52 KA AGS, (HR R A7 {4 B3 5 5 LL o)
AR5 VE . 1817 25 98 d, R2 M BURLAL i BRIEAS 52 ), AR5 IR o bE R AIR . X — 45 R 3R WY, 7k )
By 5 A 5] LR A 1 2 R S B B R RRAE AU Ak R 2R

GIRHREERRIAE AGS ZRAEBITREWE LIRS —, Hah BB 2b FE 2¢ FrR . RN &
WIhh MLSS ¥ 4.7 g/L. Jsh/a 7 d. R1 5 R2 () MLSS 433l F+ % 5. 1 g/L f1 4.8 g/L, F£WLEELEH
WK SRS ALANT, BB A B I5 RAREAE T, ol 7 — e B LRI R S RN 24
R R Gs AT 2 A O B g | 1 3& N IS ik . 134T 24 21 d, R1 5 R2 9 MLSS 73 5llf& % 2.9 f1 3. 1 g/L,
VIR =M B o oA — E R R SOR , A 2 D8 30 T DU IE R AL S 80 5 R ok . FE Bl R iz
I8 BL, R1 Uk aE R g, (B R Bl— 2 PR B A5 Je i 2k, MILSS 4ERF7E (3. 1+0.4) g/L. ML Z
T R2 WUKLAE R AE XS 2218, H I MLSS Bk m T R, 5 2t B9 MLSS 2 (4.1£0.9) g/L,
XRAEFEREYUR” WP R VE R, R4 0K Ak HE R 2%, IR S B A IO P SRR, B Rk A
Yl A R 4 FFRE ) . BEE PRAL SR, REGRIKERLFE 6.1 ¢/L, #F— LRI T AGS T.
20T 2 R A )RR

MLSS ALK R N 2B IF B K, 1M MLVSS B I oA HLAL 40 & &, Rtk MLVSS/MLSS [ {E 7]
FHE R 15 P LA B AR AT 5 F . R1 H MLVSS/MLSS A4 # 0. 6 THEH 7 d 1 0.7 7, B E
£ 0.5~0. 6; R2 WZM#i @ I FRETE 0. 8, L R KW R1 th AL A0 & 4, T A 5 iRt se b =
B BEPE PRI A O . B BER/INI A HLZE R B 5 B R oK Bt T B A Y JE LT, W CaCO, 45, B 5
TEZRGE N EF, MR MLVSS/MLSS, M2 F. R2 78 E YUk b R/ R A F T A HLAEY
R, A RANA S SR,

SE I W 95 U AR B % (Sludge Volume Index, SVI,,) PLEAE 5 R UTHEMERE . HAS b & 2d, RSz
PRI, FEE S K S SRS B AR IR BRAE NN, UM MR AR 22 1 B TS R AR S W Ok . TR BN 4 T R
UUMEPERE 2 R 3, R1 M R2 19 SV, HWI5 69 68. 6 mL/g 43 MIFEAEE 42. 3 mL/g Ml 34. 2 mL/g. &k
M. B RN A WIS AT, G N #4575 R DURE PR th 3L 8 404k . R1 ZEi2 A7 A 2 R kAR 15 R ik . R R R
SEN] Y5 JE AN 2R A TEAS , BB T R 2R B K A, SV, A KT 100 mL/g. & T
F 302. 6 ml/g. X7 WA K 7 36 B FE 7 ME DL 00 DT R P RE e 2 IR Cln 220K D 0 B L A
2T, R2 1Y SV, BT, N 50. 5 mL/g, &bF SCHkHE 19 FOR 5 U8 370 36 Ly, 5 F
R1 5 R2 7E#E/KK BT, BR R4 S QIS A7 6 1F AR R — 3, LR 225 EBIH R T SO 45 14 AL 5 f it % i
MEEFEE JIANIR . R2 78 F DU IS 17 SR M N, B8 IR 460 52 I DX nl R & #4540 Wk % e A 0 . il 224k
BRI 3 A K, DT o AR ¥ VR M Tl XU 5 17 R e =2 . B 9 R T, PR R AR MR S . B AT R T S
R REW K.
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28d 49d 70d 98d

R1
0.2 mm 02 mm 0.2 it
R2
0.2 mm 0.2 mm 0.2 mmh 0.2 mm
a. SRR ER
10 1.0 10 1.0
¢ MLSS o MLVSS & MLSS o MLVSS 1+
é: g F—e—MLVSS/MLSS dos i~ g _—A—MLVSS/MI.S -
5 A — Towm
5 6f {06 5 2 3
= o @ = > ]
S 4F o o o 104 = E o © o0 04 =2
3 o o 00 o .0 % = 4+ o o =
» a < o0 2 o 8.9 =
3 2F a o o oga D g ol 0.2 A o a < a a o O -40.2
= = o o o D
= 2r o o
Ok y R 2 2 40 2 ’ 2 R R 10
0 20 40 60 80 100 0 20 40 60 80 100
A fa/d A ia)/d
b. RIFYMLSS. MLVSS AEZMLVSS/MLSSEE{E c. R2ZFIMLSS. MLVSS ZMLVSS/MLSSEE{E
350 0.8 100
—-— —e—RI1 —e—RI1
L o —a
250 = E 06f R2 D > 1%
= — X
3 @ A 0 =
.é 200 % 04F E
= R
= & 02f Fe
7 [0 N SENENEREHE N ——— & o
I 20
! 'Ll
0 1 1 K 1 1 [ 0
0 20 40 60 80 100 2 4 6 8
A /d A ia)/d
d. SVL f9detk e. PR R LEEIR Lk

B2 SRESEZSRE

15 R AR A Y AL WL B 2e BER . S BERESESCHR . LA 0. 2 mm AE b BORLTS U8 A 0 RS L TS TR AR
TR S5 R4 1) 78 Al A B2 ] G S I sl 0 L 30T AR 0T 3 AR B, X R1 MM &, 0~35 d WIREUE Bk
FH 0.068 mm 34 % 0. 24 mm, “F¥IEHL 4.8 pm/d, PR LGB 2. 8003 & 42. 7%, KUK R H
LR B ) R AR/ IR S48 35~77 d WARLAEH 0. 24 mm #E—2B 10 % 0. 63 mm, P33 H 4 5
£ 9.4 pm/d, PRIk L BIHE— 25 R KA 75,900, ATk UKL B Y - 1 Bl 25 40 0% A SR Y B TEA
77~98 d, RLAETE 0. 58~0. 63 mm W N3, WORLAL L HITRE T E (29 70.0%0) . X R2 &, 0~35d
PURLAR T 0. 068 mm 4% 0. 23 mm, FHIH A 4.6 pm/d, Pokifk Lol 2. 8% 8 = 40. 8% ;5 bl J5 78
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35~91 d WHRLARFFEE . M 0. 23 mm B 0. 67 mm, FHHL 7.9 pm/d, PR H ) F — 23 K &
81. 7% » FBUMNE N G2 1 TR K5 B E s & 91~98 d. KRR ELE 0. 68 mm FFIT . UK AL FE E 1
83. 4% . HIMETT UL, R 7E Hh i 3092 50 0 B 10k 428 18 4 5 500 fh Ak 0 4K 1T 76 B2 B B, R2 (957 ¥ kL A2
EIBURLAL LA 24 5 g, R BSOS R DU e R ) TR R T AR A SRR LR T A ORGSR A
2.2 MASMREVHEIESESTAHAM

EPS 1E2 AGS W45 H 8 487, % i Je 21 43 78 Ak 5 UK IY B BE . 0 R R e o o B2 2 %% D0 A
B3 BRT R1 5 R2 LA EPS 4145 (PN 5 PS) e He AF Bt 32 7 I 18] 19 38 28 4% 45 . L PN 5 PS
ZHEAME B EPS &, i{I04 R2 AR 35 £ 8K A%, EPSH 0 d#Y 17.9 mg/g VSSZE AL THE 49 d
() 44. 8 mg/g VSS, HLEFW(70~98 D FEELE 47. 8~51. 0 mg/g VSS, #HILZ F, X R4 R1 ) EPS &
TERTIIA BT ETE, (BT 70 d ik B {H (44. 0 mg/g VSS)JF, £ 98 d & = 39. 8 mg/g VSS, Wor 5
EMEARE .

b — 2B T AL 5 SRR 2 B, P R 2 EPS W25 5 B T PS 19 BT R . R2 o PN 7E 49 d ik I
(30.8 mg/g VSS) JG WA P sl , 1 PS M & B H 58 2 AR5 2248 K (3. 3 mg/g>23.5 mg/g VSS), Iz T &
EPS a2 2., W R1, 48 H PN Bl B[R] S R334 (14. 6 mg/g—>28. 2 mg/g VSS), {H PS 7 70 d i5
W5 M VK, SRR EPS RN T W, MV, R2 A9 PN/PS i 4.4 W E 1.2, T EPS 41 i
] 2 AL EEE S 5 T R1AY PN/PSTHZE FFEZE 1.6 T2 2.4, £WH EPS S M7EsfTa L ET
WA G R T E A X R, R E R YU A R2 R A PSRRI, R T R G

EPS & & I e % .
50 5 5
PN PS —O— PN/PS 5 PN PS EPS
EPS
40+ 44 44
40
~ —O— PN/PS
e L 1 ‘on -
W 30 3 .  aal 3
%D & g &
2 & % &
& 20t 42 i
= 20} 2
10 41 10k 41
0 1 I 1 1 1 0 0 1 1 1 1 1 0
0 35 49 70 93 0 35 49 70 98
AHiE/d RiEl/d
a. R1 b. R2

B3 SiREPSSERARTL

A 4 AT, RS e B W A RN A A i RO 3 A ML RRE 0 . 1 A(Ex=220~230 nm, Em=
330~350 nm, FFHFEE AT . g B(Ex=270~280 nm, Em=320~340 nm, MR/ 0 R EH ) &
i C(Ex=350~360 nm, Em=440~460 nm, M) " & 407 5 A — 80, R i LR 1 0816 5%
LR, EPS MR O b2 o PR R AR E . iE— 25 X 2R S (Fluorescence Intensity, FD &, & H
Bk, R2 A9 FIMERACT RL, SHCEIN, R2 78285 56 IR X 1 (1 C) 3R BE H 558 /9 2 G I 1
2.3 SHMERIERE

K5 R T RIS R2 e KWL I E 7k COD #eBE X R BR AR fL . A 75 T B0k ik . % i 48
5 OLR. 7ERT 35 d. # 7K COD {5457 (500+50) mg/L, 35 d JFHTFZE (7004+50) mg/L., 45 B Bx, &t
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a. EEMSIRE b. R1

500 8 000

450 7000

6 000

400
5000

350 4000

Ex/nm

3000
300

2000

230 1000

200
250 300 350 400 450 500 550

Em/nm
c. R2
4 75k EPS #J 3D-EEM % 3t St it
25 d B R IE N, RN A K COD ¥R & 30. 0 mg/L LA R, 7E0~49 d N, R1 5 R2 #I L RAA
LR RE T, T3 RBRF 51K 97. 1% R 95. 8%, %5 49 d J5 . B# /K COD 427+ & HRT 4i%i, OLR
Pk, RERBEE NS, Kb, X4 RL A E S N REL, HK COD f##ik 99. 6 mg/L, X E
TN TF Rl B TR A A T mEN2REE K, SEEY R, 5 T REmduhd fmrae s K8
W, 15925 T R G 70 E WHEE L SR AN & B BE . R1 5 R2 19°F3 COD RBRFADAERELE 95. 0% L I,
JEBLT AGS T 264 HLY 2B Jr T i R fee 1
R it A F AL R L PERE . BT 49 d. R1 5 R2 B9°F2 K NH, -N ¥ JE 20514 0. 67 mg/L

0.98 mg/L, KBRFILE 970 LL b, JGWIBEE fff 2 7, 2L ALRERS AT TR, HH/K NH -N 24 #F
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