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T2 COD. ma ALK, TRIEITEREY, T Ebirhd fmee Jioe, KA EZRE Ik
F 1mg L', Bah KA Y 2% (moving bed biofilm reactor, MBBR) & . A= 4 4 firh 420 £k 0 A 9 i Ak
PRI D, 8T A R Y vk . TRESCER R, MBBR T2 HAMRMmMbrapd fifrge /1. e
4t )7 595 7K I 520t Bardenpho-MBBR T. 258 i J5 1, #E/K COD B sh# B Ay Il T, H KK Bfa & ik
br, HRESGFREIZEIT; 2555 % H MBBR T. AN & #p7K, # MG Rk @ A A7
far 4 0.21 kg-(m’-d)™', T2k H MBBR T. 205, & fiA 0.53 kg'(m’-d)”', MBBR T. Z fi§ fk 1 fif $2
FE 1545, IimifRkE T2 A& kbR .

AHF ST o ] E MG R R TP RO B IR AR, TR & MBBR 1.2, R EE BT AR XS
T 0 AR 0 VR IR BT e K op iy, DU IR B BTK BT o o RO, PRRREK T AR ik bR s i ad
SEPR TR ATRCE, HlE 20 MBBR T2 Mt oh i MERE, S8 5 8 i il £h /N ik 52 56 Fn A= AL B iy
RO , A0 T i R ME TR AP vERe; @t & s, WA AERR TIE
PE 75 e A B I A T A AL A B 1 AR RE T s AWZWANTHOW | 23 Hr T MBBR I 20 iy bt oh i M B
S KPR MR E ST T AU MHISIE S, MR M TR BT IR AEIE R S
1 SKTERRGEN

%75 7K | A2 Ak 3 % i Bardenpho (A¥O+A/O)-MBBR T. 2., & HRT Jy 19.33 h, i1 i R 4 X I
B4IX HRT SH 7.06h, 140X 4 8.42h (MBBR [X. HRT 4 4.93h), JGH4 X HRT & 2.80h, J5iF4 X HRT
J1.05he VSIRWE R 4 gL', THIRIEN16d, HIEIE LR 100%~300%, M A1 R 50%~150%

MBBR [X 4% Jil & 7 2 1 Jy 7 B IF 40 4K SPR-ITT, 2P a A A2 K (25£0.5) mm, 154 (10£1) mm,
G E SRR, A2 ERBKT 800 m>m>, 54 (/K Ab B 5 % B8 2, 1 B 07 2 ik 4
B (CHT 461-2014) 15 AR HE o B S0 P9 [ 9 s A T 4 BB aE AN BTk 480 DX, AR5 Ak TN 25 Bk 19 [R] B 32
T EK BRI R E . BeAh, e B XV R e R RS A DX, T3 A YR A1 i kD Y I R X
IR AR S — 25 Bk, MIRIPRERE TN B9 25 BRAS 32 I F B BR 1, 9 fk TN Bk . A= A Ab BB A i 11
U AR DCORTE T A B 25 R S A= it t0 K b — 5 BV i AEOR B2, B Ak 0TS e R
1.1 JETESCE

R T A BT Y T BRSO, WAL B A DR X HEAT T SRR A A, RO S AR AR b
itk REAXHAK . AKX K, 5 TIFAX T K, 54 MBBR X K, B2 i X K. &
Sl AL DX K RIS G AU DX K, e 8 AN IRORE A, ELARIRORE S 7 T 45 D fg X K W T, 40 A G A
JI7R o BEEI G 2~3 h BORE , Fir A A i e PR S 0 VE 5 B Vs W, BRIAT S S ik afi A7 AR 38, 8 3 U
FRIRAYWSE, MR TEA . HA . TN, COD illxE .
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Fig. 1 Sampling points distribution along the process device
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XoF Ak T R RN I PR 7 Y ) A AL PR RESEAT I A, S KR T B AR X K S U0 TE Je 1Y TSR
SEYRREE N 13 °C, SiIE PRI VRS AR TG IR MR 4.4 g L', Al R G AR B IR BRI AN 33%.
1.3 FEARMIR

W RERE A AL /N i B RLFE AR I T vk an R o B ECR AN R A e BRI, AR
KON LRI A, TN R o SR B7 Ak 58 40 43 66 R 22, COD R FH 3 4% 82 41 5 I A
pH. DO X WTW Multi-3430i 25 £ 1l 7 .

14 SBENF

e T8 I 3 4 79 &5 (E.Z.N.A Mag-Bind Soil DNA Kit, OMEGA) $& Uik ¥y 5 1 41 DNA, i@
1 1% BB E 5 R K RS T Al B R PR A A 2 B M, ) Quibit 3.0 DNA 3471 & K 0 25k (5] 240 DNA ¥
JE . PCR Y34 Fr 5198 341F/805R., X PCR ;= ¥k A7 B g M e e rL Uk, I3 2 DNA B [T i3 7
% (SanPrep) Xf PCR =4 #E47 010, F1 FH Qubit3.0 DNA A8 I3 7] & X} [m1 0 ) DNA K 5 52 |, $4% 18
11 SR AR, S8IRAN, SR DNA BH 10 ng, HZ EHLNF K E K 20 pmol, i@
i Illumina Miseq I 7 ~F- 55 5 B FE i A9 v 38 12000 ) o

K il UPARSE 7.1 8 A4 #R 85 97% W AR LI E #E4T OTU 2% i i UCHIME #1451 B fix &1 5 F)
HH RDPclassifier ¥f £ 55 7 5 AT #4281 ERE,  HLXT Silva 8045 2 (SSU123), & H X B E H 70% .
2 #HR518
2.1 K[TIBITHR

K2, 183 R 45 51 k%K 2018 4E 2 A 27 H % 2019 4F 2 J1 26 H 9 BOD., TN & & iz
P8 . I 2 FiE 3 sh el LR, —4F it
IKAEAE 2 Rl br, FEE TN, BOD, if
7K C/N(H. H AT E i B8R R 5.57£2.61, —4F
gk K A B A A R A 1 T E A (1.23 kg (m*-d) ™)
FIBFEGE R T 111 d, 5 30%. BARIEKEAAAN
bR, {HJ2 TN HAn, #F7K TN B AR K5k 5
137d, HARFEN 38%, T TN (1L BRAS LA
e AstEh F, B BRAS AR i A T E,
TN (8 b 1] B 3 S 20 T & AR Ef i/

o[ 2, & 3 a0, 7E#E/K BOD, TN # &2 ik BOD H%EL
IR AT, ki Eskr, 1k BOD ¥ Fig. 2 Changes of BOD in inlet and outlet water
% (2.8240.34) mg-L”, B4R ERT T HEN ;‘z [ itk ik
FKbr#E . K TN K (7.75+2.67) mg- L™,

i F 10 mg-L™" I [E] Ry 262 d, i5 % 72%, 1k
F 12 mg- L7 ByitE Sk 332d, K3 91%, Vi
JI SRR R AT

M 4], —AFE K E A E N (2.43+
1.04) mg L', IEFWEN T, HKAA W LfRE
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F 1mg L' HK, TEATHEXEMN T TR, Bk AayBn KRy, 30K e i i
SEAH AL AN B 0 R SRS T . A, R T EIR R L AR A X, T AR A whs Rl
1 fR B B 77 B R A S X N R R, AT AR B A AL ROR o 2% BT iR, R Bardenphof# itk
MBBR T2 nl i Ak A A A S A fad A2, P G5, ATk 21 H K R ik pr i H 10l
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55 F MBBR T 2576 A ALY of b 1 B0 X R G AL B 0, B 4T B TR 3k A B0 1k ¥ YR A Ak
IR XF V57K T A Ak B A% T BE X AR VR R AORE 147 4G 0 43 7

FE Xk VR B AR BT e Ak M RE AT X FL A, AR % MBBR X SEPRE AL, 4 WIAE A ALY oh o T S
XoF g 4 b P A A ) Y AR A RN TG M Y VR R AT A A /NS 0, I e VR AR AR BT M T VR A i Ak
AR/ S SR BT AR I 25 B L 1
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Table 1 Nitrification test parameters and results

s N SEEHE, SEER IR R 13 °C.

gﬁfi%{d&tfg ff%?gﬁ w% S BT EMSIE EMSR BRsk
RUAA, ARG AT Z S, B8 g www e BRGGT B ARG
PR AL B R TS e . vhil R, BT (gL F/% (kg(m d)") (kg(kg:d)") (kg-(m*d)")

HAR LT fE RIS RIS IR MY 1.4 4%, b s it 42 33 0.076 0.018 0.108
MR 1.9 15, WAL X EFRE LN hlE 57 33 0.057 0.010 0.109

PRI H L RE R T A, Rk R
W5 VeV BT, (HJR TS TR A AL 7 e A7 T RRAIG, AR T B 0.076 kg-(m’-d) ' BF % 0.057 kg+(m’-d) ',
FEAR T 25%, 57 B9 RS AL 77 1 0.018 kg-(kg-d) ' B2 0.010 kg-(kg-d) ', FEIKT 44%. it T=iF 4k
i, v e AR R R A AR A, X U BH AT LA I oo DR A R e R VR R AR A Ak R

KAWL &SRR R E B, NmGEGREEN & A, BT HRE
TR AT A3, SRS, HEEETS K BIAGRHECE MR, RESET
Bl Pl TR 7R TG RS Ve B o FERR AR, AT S BUS e RS IR PERE R . WX T EIF AR, TR
W& TEFEAER, HEFRACHEEGEX, EEGILYhEREGET, BFEAOAS
TR, AEWIRE ) A A RO T A, NI ORBE TR TR R RS AL RE N A2, B
Bl WAL L

J oM ML op G LT A R GRS T RE X A R E AL FRAE B, X A Ak BE A T RE X R AT HURE
R, A Al A R W T R A& 6 s . 6 W, B RGHK A AR RITE,
TN ARSI T, HKEA N 1.42mg- L, K TNH 1148 mg L™, ¥EF&iHAaME. X Faifk
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AR, TR LR, LR M mahl et
1K IR AR R R B R AR N 12y - MR
2.66%, FEALABUAT N 0.029 kg-(m*d) . ~ 1
il 7645 48 MBBR X P, 0 48 1L 300 35 51 PR
90% L I, il 4k % B f A ik B 0.192 = O
kg-(n-d) !, RSTLHAR AR 1 XA 6.6 1, o
BT R B T 4 MBBRIX t A 0 B i |

HR . TR AR R, PRI B 05005 10 15 20 25 30 33

o U N BT /A
DX TN B £ BR A KH T 70.22%, If
s " . s B 5 BHNHENEFEERSRFELMEENZIE
FLATBRAI K BRI A DR, ] o o
ig. 5 Effect of organic matter impact on suspending carriers
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SRR S R AP R AL R iS4k (SND) & 30 | | 1o
P EERZE ., A, BTSSR 28 I
A7 05 L7 7 SRR B Bl R or N N N N
1 ;F/ . ifﬁff A 5 il aw = = ww = IR
B, LY M RER B . RN A PR B K MBBR K2 SR
BEIE R S A, 540 T BEAE LU E KK KR K dk gk Bk K

HURE A
6 BREARSH

Fig. 6 Nitrogen analysis along the process device

IFE AL A s N E NP Bk AR ) R,
B 2% IR A 2 fiE 1 TR RE e 65 45 LA A KT
W AR A ik o ARSI A
4f %0 MBBR X 7K TN B & FEAK £ 15.12 mg L', 3 3 78 J5 B S X B ik i, i K TN it — 25 %
ik, WZ&EH 1148 mgL ',

MIEBR AR LR RE, 2 KAIY BT, REIRE IR B Ar r A FEAUR |
A A/ N S T R AT AT, MBBR L2028 RGEHt oh YEge SR 1t 1 OR IR . — Jy 1) 38 2ok BRI A
MBI, ST ) K AR KR T S5, Sz vl AL TR R R R A L,
E K AEAE R far op i ), MBBR $Lobili B 158, Wit T Rz opd i far i gm; 5 — i, RH
MBBR T 2 7l , 3K 1 8 A XA B INF ], JRHOR N 75 A IX, MR T 1 L X TN &
FREGPR &I, wI#E MR . 24 MBBR X 7K TN iEbRIS, 5 S04 AT AN B s I, A1 DK fi 6 5535
Wk IR AT RS AL T 2 BR 0 1 A9 TN, 1 — H#E7K TN Hids, 53 MBBR X 7K TN i = B, 00 w]
T T J AR XBO A YA, DT DR B AR Ak S 7K TN Gk pRU
2.3 MBBR Z&ZMEM 5

S AR 1T i — 2 o B R Ge b v S A A SR, s K T IS PR TS Y DL SR  EAR R T T
BET 16S rRNA 74 7 mid S Fp, A AF bl s KW RS E B2 1 7 fr7s o MBBR &3 2R 4R
P BE B ALRE Nitrospira(fE AL IR EE JR ) . Acinetobacter(N S T J& ). Nitrosomonas(V it £t 5. i T&
JE) A 5 B BE R A $E Nitrosomonas(W 8 AL B M0 J& ). Thermomonas(\ ¥ i 1 & ) .
Nitrospira(fS L2 TE H 8 ). R Ge AOB F %K Nitrosomonas(WV. i £k PA 0 18 J& ), 762 17 4 AR A4 ¥y i
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G M5 U B F B ol 1.46% F101.08%, 100 | VK g
di tb# 4> o Nitrospira 7 3 2210 NOB W J& , 7F 90 -Jg\’Tt%_s(é;nEg;as
VT AR AR W R AT S U b0 S B Ay B %0 !,BE;,?(}};,‘;{?,O,)W
12.94% F1 1.01%. #F58 &K I, Nitrospira 45 % -Lclot%fzhw?aeffas
USRI, B, (ERIFRATHE 5 e
BERE K5 Nitrospira 1675 6 1 4 B 0 55 T15 5% = i’,¥23357££Z§”bf”m
VKT, T R A TR O U A B 7 = s e
G, XS REEAT TR, AR e b iR 40 (I iy seobacterium
Y5 SR H 0. AR BB, Nitrospira 2 =%%%$
F& H AOBFI NOB HIfiE, Ji4h, %W &S B B \ethylotenera
ARG RIRBET AT U th kK e A T
FeE e PERAE . I, Nitrospira TR AL 7 BkEEERE
PO B L R e T KT A BRAOCR B B AF . Fig. 7 Relative abundance distribution of
WRERS, B GT5 Rk E N 486 oL, microbes at genus level
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Abstract In this study, the upgrading and reconstruction of Bardenpho-embeded MBBR process in a WWTP
of northern China was investigated under a long-term impact of excessive organic matter in the influent.
According to the operating data of the past year, when the influent BOD and TN consistently exceeded the
design standard, the effluent TN, BOD and NH;-N were (7.75+2.67), (2.82+0.34) and (2.43+1.04) mg-L™",
respectively, which could stably meet the grade [-A discharge limit. In addition, the recycle ratio limitation on
TN removal was successfully eliminated through the setting of a post-anoxic zone, then the effluent TN of the
treating system still stably met the standard even when the influent TN exceeded the design standard, the
average TN removal rate was 88%. The nitrification experiment result showed that the nitrification rate of the
carrier was not affected before and after the shock organic loading, and their volumetric nitrogen loads were
0.108, 0.109 kg-(m’-d)”', respectively, while the nitrification rate of activated sludge decreased by 44% after the
shock loading. To explain this phenomenon by measuring the effluent of each functional zone along the
biochemical section, it was found that the NH;-N removal rate in the aerobic MBBR region was over 90%,
which ensured that the effluent ammonia nitrogen stably met the standard. Besides, the results of microbial high-
throughput DNA sequencing showed that the MBBR suspending carrier played an important role in the selection
and enrichment of nitrifying bacteria. The content of nitrifying bacteria on the suspending carrier was 5 times as
high as activated sludge, which guaranteed for the shock-loading resistance of MBBR from a microbiology point
of view. Overall, the Bardenpho-embeded MBBR process has a great potential as an alternative in upgrading of
conventional sewage treatment plant, which is capable of handling shock organic loading condition to provide
stable and excellent effluent quality.

Keywords Bardenpho process; MBBR; suspending carrier; organic impact; stably meeting standard; shock-

loading resistance
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