Y. WS TIESFIR £15% B 7M1 %7 A

Eco-Environmental Chinese Journal of Vol. 15, No.7  Jul. 2021
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

T wERE. IMEEMEA

DOI  10.12030/j.cjee.202103059 HESEEE X703.1 SCHERFRIRES A

JE SRS, UK, BEbE K, 4, — B U R fb- I A B AR & SRR IR IS AL TR B L BR EAD]. PR R4, 2021,
15(7): 2468-2479.
NI Mazelang, MU Yongjie, XUE Xiaofei, et al. Advanced total nitrogen removal by the column of one-stage partial nitrification-

anammox coupled slow-release carbon source[J]. Chinese Journal of Environmental Engineering, 2021, 15(7): 2468-2479.

— B U R AL R A AR B 2R B i TR D8
HEEFEEE

R AR SRR B kmm YT, AL, E 2
LAb A TR b2 TR 2B, JbA 100029
2. b K 55 S A FR A T b5 K 5058 e, AL AT 100102

E—EH . JBDERE(1994—), F, WA R KAMRE ARG ST % . E-mail: nyimatsering20@163.com
MEAEER : REEE (1977—), 2, W, EmP LR #5005 m . KAFE AR WK 5 IF K . E-mail:
zhanglili03@bewg.net.cn

W E ESBRP T -BEREREMA-RALAM T Z0E YL, IFERBBEE, ik SBR K#EA
AR R IEAR BUR S L A, ST IR AR . 45 R 3R M, 4 SBRET 176 d WA sk, miThsk
P — B S R il A - R R & Ak T2 MR 22 17, U KNHS-N 8 100 mg-L™', NH}-N £ BR %k 98%, TN LFRRiA
73%., AOB K. Anammox & i 1 43 4% 7 2 8.6 mg-(h-g) ' # 12.6 mg-(h-g)"', iMii NOB i #4: /N F 1.0 mg-(h-g) "5 7E
15 CARR SN IR EB AP RS, SR IERRIET L 15% MIEAE A SAAEM AR, 1K IN/NT
SmgL", F¥IH K COD H Nk 19.3 mg L, Az uEAF b i — B =X J A Ak - DR 4R s S Ak R D R Al Ak J 7 1) 3 )
Y 52 U FE B R . SBR 5 22 B Ak U5 IR VIR 78 B M 159% B9 BB A 21 A 0 BB & R 4 - 19 TN 25 [ Rk 96.7%, 3%
SBR 2T} T 28.9%.

KR Rtk RAEEM; ERmE; WRERA; Mk

IR & % 54k (anaerobic ammonium oxidation, Anammox) H 1995 4% & FLE — Bk 5 7K Ak 3 45 3k
PEF IR RGN, B R TR B AN AR IR . AR BEARRERE . T5le e . BT MRS R, —B
AWK AAEMA T Z, B i E s A 4L % (aerobic ammonia-oxidizing bacteria, AOB) 7E %f
RE VR S5 2R AF TR 4 NH-N 44 BENOS-N,  F5-38 i Anammox B CIHEH , #FNH;-N FINO,-N ¥4
B HINO-N e N, % L2 W T A B B 08 ™, & & Rk KD, AL TR K 45 mNH;-N
JEK o BRI 2 (1) AT, X T 23 TN LER %0 88%, 59R A 10% Lh 1/ TN LINO;-N JE R ¢
TS, S EOL B R NHG-N KBS, H K TN XE DL 2 HERChR ™ T HL S A 50 4 100 ST il 1 5 4
A& B (nitrite-oxidizing bacteria, NOB) % PE R}, — 3% 43 #F 7K NH;-N #% #% fb i NO;-N, 7 3 i /K NO;-
N & THUSER Bk, S A 2 HEBohs i, A 1 7K NOS-N S 1 7 B2 AR HE

NH; +0.850, + 0.03HCO; —0.44N, +0.11NO; + 1.08H" + 1.44H,0 + 0.03CH, O, 5Ny 5 @))]

i BEA: 2021-03-09; XA HEA: 2021-05-17
EEWH: JbiBKSER A F R L IIR B (ZZ1X-2018-05)
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HHH FIRE ZBENO-N ML G ik T2, WEBME A0 . F I MRS VLRI,
AEFER I M LAES 6 . S KoK BT . s T4 e, DL S i RS Y AR £ fn) il o e
AR F % RS AL TS g i Iz K R E R, BT BIE AR, IF B n oK &
B 2 R 23 B K AR &k R BLAIE AE RS U, A SR A T8, AR & KA L, &
BOBITRUAE NN, FLAFAE % 4 ) B

VAR, W 61 AH % B IR Ry SO PR AR TR, 2% 7 B R A 98 B 0, AR 30 . oKk, BFFAE R
SRR IR R AT E , HS A IR, Mo TREVERRIEE AR ZEE, Tk
BOBERR, HASHER RIS MEATY, maFREWTHRZ IR NIBREE (polyhydroxyalkanoates,
PHAs) 72 fie 75 18 ] 3 52 fiF A0 10 20 A0 [0 66 o ), G S fF Ak 3 3R v T2 MRS RAR ALY B, H
PHASs [ BEASFAREY, ST 4Fok, PHAs HP )RR T W/ FR IR (PHBV) 1 by 52 fiFd 4k i 5 A1 A= 49 JI5 2%
RSB WG 2, B8 T PHBV WA T AW RO A S B R B2 SR, H ek — B
% A - DR B A T4 5 A 8 B U5 1 B8 AR 5 R R AT TR 5 S 1 F 9 ik A i3

i LTIk, ASCE el P X N 2% (sequencing batch reactor, SBR) F 58 — Br = FE il £k - IR
AAERMT 2R, MRGEEBFEEITE, HHKFH S A B B % B UE PHBV 1 184
HATIREE LA, % T A B IR BUE 78 L B8RP (B 1 TR, R T SRk IR 10 B (4
BUEFT L, R TR R AR I HF.

1 XEHMRERE*®
11 SEWXRE

WE 1R, — B AR iR A E AL SBR W AN EEM M B, N2 K 23 cm, 4MEH 34 em,
I E R 50 em, ARUEBUN 18 L, HEKEE 50%s R 2% A8 2 K 2, IR 4E R AE 30 C A2
fr, AR AT E . RO S Ak (KL 10 um, B4R 80 mm, 5 50 mm)
K S GE LR, MR AR TS . N R PCL 45 R g L8 A shis il . s 17 AR
A 12h, #E/K 12 min, PRSI FE 635 min, # ¥ 60 min, fE/K 13 min,
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Fig. 1 Schematic diagram of reactor
PEAE BT R A PP I, A AR 500 mL,  FR AR B e e 28 B U 5 il A HEAT IR A
WA 1%, 5%. 10%. 15%. 25%), JFPE= HH (REE KA, TEBEwRE). Lk
PHBV W& Bk i, PHBV HA A4 0T A Pk A K i R Al ¥ R 3 2 AN 4F 0, W IR (B 0RIR
W T T R ZE R A RA A
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1.2 EMISIRFSLIE AKX

SBR 2 15 U6 B [ 5= 75 7K b B R AR R AL O 48 o B RIS VR TR A TR TR AR Tk B
(MLSS) 24 6 858 mg-L™", VR W #4 & 1k B 7 [ 44 o7 2 Wk B2 (MLVSS) iy 3 580 mg L' 45 g AL i P
15U H AR HE R 5%

SBR # 7K 43 %] A (NH,),SO,. NaNO, K NaHCO, fF & NH;-N. NO;-N 68 J& i9 5 i o 45 B ik
S F#ER 10 mg- L™ KH,PO,. 5.6 mg-L™' CaCl,-2H,0. 300 mg-L™' MgSO,-7H,0. 1250 mg:L™' NaHCO,,
PR ICE [ 125 mg L A e £ 111.25 mg L', K UeA: kK o SBR B s 17 W Bl Hi K .
1.3 SLWAHE

£ SBR il 47 — B U R A A - IR R AL T2 WA shlfe R e 217, & B Bostr 2480
1R, EAEHEKNH-N, NO;-N #2208 1:1 Bl , Anammox B 4K &2 ) i i % 25 #1255 E /K NH;-N
FINO,-N BC bb . RGBS e SO e iy i 4 =X, S8 il — B U R Ak IR S = Ak T2 )
s, KR E TR R DB FE B BOI I o 24 SBRIA BN IE TS, B KAE = Rk
FE L FE I B S AR (R G2 B AR R AR B S L B BB AR o #E1S C, pH R 7.8~8.0, 7K J 45 R BT[]
(hydraulic retention time, HRT) “&y 2.5 h, #f 7K % fi# 45 (dissolved oxygen, DO) & (4.20+0.3) mg-L™" f%) 514
T, A G BRI AR BRI 7 Lo i BB AT A IR RUROCR . DLR S = — B U AR A - IR R A A T
20 TN BBRFRA RO

#* 1 SBRE{TSH
Table 1  Operating parameters of SBR

HEKNH-N/ #KNO;-N/ NH{-NYj  NHp-N%RUag B DO/

WrE: mHAEd 2 L .
(mg-L™") (mgL") - NO7-NRJHMH  (kg:(m*d)')  (mL'min™)  (mgL™)

I 1~7 50 50 1:1 0.1 50 0.05~0.09
I 8~65 50 25 2:1 0.1 50 0.05~0.09
I 66~85 75 25 3:1 0.15 75 0.11~0.15
I\ 86~102 100 25 4:1 0.2 100 0.12~0.19
\Y 103~128 100 10 10:1 0.2 100 0.12~0.19
Vi 129~176 100 0 — 0.2 100 0.12~0.19

e H M BOREEYI 30 °C, pHE K 7.8~8.1,

14 SHHESHE

2 T A FRINAE 7 1 e MR E AR B P I . NHE-N: 40 G20 66 B 5 NOS-N: N-(1-Z53E)-
AR s NOT-N: 22483 66 BE e 5 MLVSS /MLSS: FREEJE; COD 2R JH 38 [ 4 7 b gk
AL pH, DO\ iR =R WTW 3430 I 00 52 . 76 SBR 45 M Be A, S5k gl %™ (1 )7
R 15 P 1

R A5 PR G 2 S s 1o — B X R il - PR AR R Ak B B A Ak 2 T o L B2 T AT, FE NOB T
PEREAME &6, SBR Y, KA AL SV NH-N £ 5 iRk N, . — Bl i ik -k A Ak
JBENH-N 25 5 JF 5 e JEE Ny FEHENOS-N B R R Tyo 20 3% 2L 2). 3K (3) Fist (4) 148

CNO’ in CNO’ out
- 25 25! 2
A 1.32 @)

CNO; Jin T CNO; ,out

132 @

TNO; = 026NA + 01 INPN—A (4)

Npnoa = CNH;jn - CNH},out -



%57 JEEHPERRAE . — B Rl - AR @ AR & SR IR TR BE 5Bk A 2471

K NN REE S BINHN LR, mg L' Ny M—BE R b-R A2 AL
JENH;-N £ B FRREE, mgL'; Tawo NHEIENO-N L ZFRREWKE, mgL'; Cromif KNO-N i
W, mgL"'; CnojoutliZKNOZ-N BT & B, mgL™'; CuupanifKNH}-N BT IE, mg L5 Cuuoutl)
JKNH}-N Bii i B, mg-L™;
2 #BR512
21 —EBAEEBHEE-RESEXIZHNENRIBEEBIT

D) B AMERE /M. 7E SBR HP il i 3% 25 2 5 E /K NH-N FINO,-N Bt B, R i 4 S0 <R 3 m %
Jie i A O 5, e M R SRR AR S B ) — B X R A Ak - IR R R SR A S B L A . R SBR HEZK
FoA 50%, A 50% H & A b R R 25 B 58 2 BINH-N LA BFINOG-N, - 8045 B Boatt /K 58 52 5
I #  SEBRNHG-N (B K FRCKAE o 45 B B ZUROCR UL ] 2~ 6.

551 BBt (1~7 d) /& Anammox [ 1% I B Bt . #E 7K NH;-N FINOS-N it Fb ol 1:1, FoiR Bk ¥k
50 mg-L™', BRI SO mL-min™', SN A% AR A RS E AL N o FESE 7 RIENH-N 25 BR R
95%, NO,-N ZFrFIk%] 62%, HSZPRNO;-N FLER B i B AR THLENO;-N LR BT vk i . axX 1 B

- JKNH;-N -0 HiKNH;-N - JiKNO;-N" -0 Hi/KNO;-N = Ji/KTN  —#* #/KTN
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Fig. 2 Nitrogen removal performance of SBR
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Fig. 3 Nitrogen removal efficiency of SBR
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Fig. 4 Variation of transformation path of ammonium
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SN N Anammox B 16 PE R 45, HLAMS T NOB (3% P42,

55 BB (8~65 d) 3501 455 AOB T, il RINO,-N B ER M2 Anammox BTG PRI 7,
MNERE 8 RIT Ui IR 2 ik /K NH-N FINO;-N [t Fb o 2: 1(#E /K NH-N 24 50 mg-L™', #7KNO;-N & 25 mg-L™),
HE M 35d N, NH-N EFRRAUN (50£2)%, FPIIET AOB il HE K. K #F N AOB TR M A2 &
S HE A F R AR 1 A SRR Y B in R e mT B0 i) NOB T 4, I HL 3 2o #8283 32 Wi S IL i (HAO) T
PES I AOB B TR P, 43~53 d 4 KA 10 mg L' B, S NH:-N 25 5 6482 55 2 98%. %
2 i Je — B =X A Ak - DR AR A B A SO NH-N 25 [ 9k Bl (114£2) mgL ' I 21 (28+2) mg- L,
—BEUNH-N L BR Tk R FETE 64% o4, Vil AOB 1 PE7S 21 . 5 42 5

55 B Bt (66~86 d) #f /K NH;-N Jit & ¥ JB 2 /51 2 75 mg- L', NH;-N & F i 7 14 0.15 kg-(m*-d) ™",
HAZ e T A R 25 £ 75 mL-min™' o F T IR R A0 42 50 0] 003 NOB 76 1, SEBRNO;-N 1
TR T BB NO-N FH Bk (S mg L' L ). 7380 d A KAEHNT0 mg L™ i ¥ i LU
il NOB {f ¥, 55 85 KELPRNO;-N R 8 it & vk JE #2 Ir FEIE NO-N A R it Wk &, H — B ANH;-
N LB oTik F A2 E 1E 70% 7.

SV B B (86~102 d) # 75 ¥E K NHI-N & 100 mg-L™, AW 7} B < & £ 100 mL-min ', [&] &
86~91 d & K4 h 10 mg- L™ F M. FH 102 K, KN #x A AOBIH PR AN BHG 58, TN FINH-N X BRr %
3 BIRRGETE (60£2)% F (68+3)%. FE1t, —BraUNH-N ZBRTTHR 2 51%.

55 VB BE (103~128 d) 4 %% §E /K NH;-N FINO;-N fig Fe o 1051, #E/KNO;-N & 10 mg-L ™. 1 B Bt
NH;-N 23 BRH 59% 2 i T+ 2 68%, TN JBR 5 46% & it 7+ 2 55%. — B R m fh-IR &
A AL SR NH-N 25 55 5 v J 58 mg L™ & i 4 .31 72 mg-L™', — B ANH-N 25 bk 57 ik % 38
90% LA I, 123~128 d B R 10 mg-L ~' 32, {HSCPRNO;-N FH 3R o it vk i 5 BB NO;-N B R it it
WM Y . IR R R RIS PrBoERmE A B F R B # R 1B 1T, X524 ESE0Y
RO BF 5% 45 R — 2L,

VIR B: (129~176 d) b — Bl B -R B E EA T 2R 217 B . NH-N fifar A48, i
JKNH;-N 24 100 mg'L™", JENOZ-N ¥ fle Sz b7 g v o B b IR A0 28 S 1 S iy 31— B X AR Ak - IR AR
AALN A, B 175 K, —BORNH-N ZLBR5THR 28 100%, NH;-N 25 Bk %1k 98%.

2) fesf i oM, FESC I AR P AT A 2R T F A AT, e T R R R B G AR
M PR R & AL v R AT AT, PR SR AL U ANO; -N/ANH; -N Al ATN/ANH;-N A9 B3 (5 43 51 R
0.26 F1 2.0, 1 H =X (1) 0T 60— B 2 J 2 A Ak - PR 48 24 %80 Ak S ANOS-N/ANH; -N #l ATN/ANH; -N (%) #
WAE 254 0.11 1 0.88.

WE 78, 5 1 BB ATN/ANH,-N 76 2 7247, BBz i F R, mAAEE VIR Bofae e — B
25 A AL TR AR SRR S B 0.88 Ze A, URWABEE /K S50, AOB i 1% 32 i 1% 5 H.
—BEUNHN £ R Tk R 2 i 7

S T~V HrEt, ANO;-N/ANH;-N sl K, A 0~0.3. & T 0.26 (19 5 [ ] G8 0 K2 2% A7 7
NOB ¥4 4P NO;-N # 4k 5 T NO;-N, TEF MG, ANO;-N/ANH;-N {f T [ 2 # S {H 0.26~0.11,
AW LI, ANO;-N/ANH;-N K F BIS A B , AHE 5% b R0 i 42 Fh 35 18 1 30 78 DR A8k A
TRAE I AR 2 ) RN A P AEAE R AL RO o 55 VB BE ANO;-N/ANH;-N 2 7 0.11 2
i, RS A8 T NOB G PEGEM I, RS AE A5 1k, H— B B Ak - IR AR 2 48 Ak s
Y XA B

B 1~V B, #&FrB ¥ ANO,-N/ANH;-N & F if 7K NO;-N/NH;-N, i} B 45 [ B 41 ] AOB 1
PEAN R, HEKNH-N K952 W FE, (H7E 4B BERK ANO,-N/ANH;-N 43 #:31 #F 7K NO;-N/NH;-N, ¥t
B2 o B b — B U AR AL IR R E AL IR B R B A0 4 T . fb2sih & L Bt AR fb i B, &
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—e—ANO, /ANH; —e— ATN/ANH; —0—ANO;/ANH; HEZKNO;/NH;
------ ANO,/ANH; FE{E0.11  ——-- ATN/ANH; BEi${110.88
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Fig. 7 Variation of stoichiometric characteristics
ﬁ 176dégi%?%, fi@%gtp%ﬁimg_{/ﬁﬁﬁ{’t 14 - Anammox AOB [_INOB
B Ry 3 — B 2 i AL PR A A A B R Y _ m} %
s ERT 7 o 7
PNPRETINN N e — —I, '5
3) SRS HIE AT . RS R S D =7 o
PRI s =y y g
RG22, R BORBUR G5 e, i ¥ . .
Frtt 2 se g ke e Hm v, AN 8 iz, & fh = ) N N
73 Anammox 1 I 1 4 4.6 mg-(h-g)!, 45 126 s N
_ sor { 2
KT E 10.6 mg-(h-g) o HVIBTE, 20 44d i
o JETION _ — 1 ]
H5 9%, Anammox & {fi PE #2 T+ 2 12.6 mg-(h-g) . e s 100 126 170
K- B 45 51 38 o AS W7 45 45 HRT 584L Anammox EATI I/
WM, 25T 188 d K, Anammox B {51 14 N 8 BMERINEEEMEEL
E N mg~(h~g)_1 o MIAO %5 B9 5 1 3 3 i1y — Fig. 8 Variation of functional bacteria activities at

N - e ol \ N the end of each stage
B st R A LR B AL T 2 SBR 1R, %5 ¢

178 d B9F2 1517, Anammox [ {fi P H1 0.6 mg-(h-g) " #& 5] 1.2 mg-(h-g) '

2t 170 d ¥i % )5, AOBIETEH 1.2 mg-(hvg) " 27 8.6 mg-(hg)™, Jf H— B i Ak - IR 4
FE AL SOWNHG-N 25 5 e TR B B 2 v, UEPH AOB 7% M 2 52 i — B o S R Al Ak - PR S & A s
T P DGR 2R 2 R 42 A O3 fifi F — B U AR A Ak - IR AR U S8 AL T 20 A B IRk BE K, iR BIAR
iz 470}, AOB Hl'Anammox F 7% 7443 5 16.7 mg-(h-g)"' 1 9.2 mg-(h-g)', WIEW T AOB 1% 14 i) &
LR

A W58 HT AOB Fll Anammox B i P2 87 b F+, 1 NOB i P 46 & 4E ¢ 7€ 1.0 mg-(h-g) ' LLF,
AOB #1 Anammox B % PE L KT NOB, X # A FF—BaRRmib-REAZ A TZEZNREETT,
22 REBRRDH

1) A7) 28 F o U5 A RO 5 LU DB A B G LR 40 M o 6 15 CARIR 25 R, X SBREREZ1TFY
Bt (147~176 d) i K JE47 TR B L R WF 5 o & U AL G B PR BUILSE L 1% 5%, 10%. 15%.
25%, PTG BEWRIER M2 F 4 . BT & I8 EEK G SBR H /K B % 15 Jé H i /K Aifi th DO 24
Jy42mg L, SHUEAE B AR AL RN RS T AR, B LSS 1~30 KN BT BB AL th 1 % AR R R A
- EAL R R, FoT s a9 fiis .
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Pt (mg - L)

i (mg - L)

Pk (mg - L)

—=— jJi/KNH;/-N —e—iff/KNO;-N —a—ifi/KNO;-N
—o— {17KNH;-N  —o—[{7KNO;-N  —2—{[{7KNO,-N
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of nnl 1 0
0 2 4 6 8 101214 16 18 20 22 24 26 28 30
B1THTE/d
(a) mHA
—=— jJi/KNH;/-N —e—iff/KNO;-N —a—ifi/KNO;-N
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9
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Advanced total nitrogen removal by the column of one-stage partial
nitrification-anammox coupled slow-release carbon source
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Abstract Sequencing batch reactor (SBR) was used to domesticate the one-stage partial nitrification-anammox
process. When its stable operation happened, the SBR effluent entered the filter column with different volume
fill ratios of slow-release carbon source for advanced nitrogen removal. The results showed that the stable
operation of the one-stage partial nitrification-anammox process was successfully realized after 176 days of
domestication in SBR. When the influent concentration of NH;-N was 100 mg-L™', the removal rates of NH;-N
and TN reached 98% and 73%, respectively. The activities of AOB and anammox bacteria increased to
8.6 mg-(h-g)™" and 12.6 mg-(h-g)™", respectively, while NOB activity was less than 1.0 mg-(h-g)™". In the study
of advanced nitrogen removal at low temperature of 15 °C, the filter column with 15% volume fill ratio of slow-
release carbon source had the best advanced nitrogen removal effect, TN in the effluent was less than 5 mg-L™
and the average COD in the effluent. was 19.3 mg-L™', and advanced nitrogen removal was realized by the
combination of partial nitrification-anammox and denitrification in the filter column. The average TN removal
rate was 96.7% for the coupled system of SBR and the filter column with 15% volume fill ratio of slow-release
carbon source, which was 28.9% higher than that of SBR.

Keywords - partial nitrification; Anammox; slow-release carbon source; advanced nitrogen removal;

denitrification
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