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Abstract A new type of zeglite-suspended packing was devéloped by using Fotc a5 an important raw material, which was then used to start the zeolite moving bed biofilm
reactor (ZMBBR). ZMBBR was compared with the ceramsite moving bed biofilm reactor (CMBBR) packed with ordinary ceramsite-suspended packing to investigate the
different witritation performance. The results showed that stable nitritation was successfully achieved in two reactors by the inhibitory effect of free ammonia (FA), and both of
their nitrite accumulation rates (NAR) reached 90% ; due to the adsorption of zeolite to ammonium, ZMBBR relieved the inhibition of FA on AOB faster than CMBBR and
achieved nitritation earlier; CMBBR and ZMBBR could maintain long-term stable nitrosation when p( NH,” -N) was 350 mg+L~"and 1050 mg-L~" and NPR,,, was 0.43
kg+ (m’ +d) "'and 1.26 kge(m’+d) 7', respectively, and ARE yppq = 82.21% and ARE,y 55, = 88.85%. In the process of the influent p (NH,' -N) gradually
increasing from 250 mg-L ™" to 1250 mg+L ™", the maximum nitrite production rate (NPR) of CMBBR was 0. 563 4 kg+ (m’ +d) =" ; when p(FA) reached 166 mg-L ™" at
the influent p(NH,” -N) of 750 mg-L™", CMBBR broke down for the heavy inhibition of FA. The maximum NPR of ZMBBR was 1.800 kg (m3 «d) 7", and the
performance of ZMBBR was getting worse after the p(FNA) reached the peak value of 1.961 1 mg-L ™" at the influent p(NH," -N) of 1250 mg+L~". Subsequently, the p
(FA) of ZMBBR reached 158 mg+L~" rapidly, the NPR dropped significantly to 0. 902 8 kg+(m*+d) =", and the performance of ZMBBR hecame mgnlf]camly worse. It was
demonstrated by high-throughput sequencing analysis that the dominant strain of ZMBBR and CMBBR was Nitrosomonas_europaea, and the relative abundances of N. _europaea
in ZMBBR and CMBBR were 11. 15% and 10.92% , respectively.

Key words: zeolite-suspended packing; ceramsite; nitritation; moving bed biofilm reactor (MBBR) ; high-throughput sequencing

BEZ 2R R R KR AR AT S BRI 0 T A 1 R R W R T B
PR 2 5 K AKIRL ) 2017 AR ETS KR BT AE M T S N B e B AR L H
RHEBCR TR 139,51 J7 v, LG A R K IRBE I A i a4 i 0 8 40 ( FA ) 8 5 10 ) STV i R 36 480
AREZN A AR WA T2, 5% (LB (NOB) i A3 il 4 E L 41 5 ( AOB) K 52 I A&
LT L7ERAL I BB AEREws ML RO (H FA X NOB B 2B % 2 A
BB LS Rk B A e ————— ‘

FS TR RERE IO A TR T PRI i oy e i1 1 45
I LT 2 K T e s AT T 5 A5 (2019B110205002 ) ; ' [ 4 + 3 # % 2 & 7 H

(2019M662930)

£ . ) EZ B . XBAR2(1996 ~ ), Lo, Wi+ BF 55 4, FEAFSETT 18] My i5 g
51t 495 5 A A B AL T 20 L, LT e i Wfs BRI ) Jo T LT

PR R L T2 A IRRERE 15 Ve el FAS T AR * A, E-mail:cexinang@ seut. edu. en



410 ®

B 43 %

AR T 5. A OTE R, A B AL 2
RUF 00 R W24, XoF B B3 W ik 5SS 4 e ) e 8
Pl FA W B MO SE B ARR E WEA AL B
PR 2 IR 1 i FLBR 3N 5y 35 98 AR 4
FHZ BT 305 5 W B e, T B SEURL DU T 5 [
SE T BRI T LR N R T R S
AL AR TAL 5T, DT 2 g S 1 A BRSO,
SR E HT G R A W A T EORE Y Y A OC BF 5T
fiiA.

ARG 388 3 2 S A B B A B R
I8 T8 3l W a0 OB RS 3l K I N g
(zeolite moving bed biofilm reactor, ZMBBR) , [f] i} 5
I G P L 1) B R B T OB Bl IR ( ceramsite
moving bed biofilm reactor, CMBBR) 1E X} kb, #£ 57 iX
PRS0 g A PH 1 22 AU K B A PR R 22 57, P
25 G el Iy 7R I P A s s S 2

St L, LAIY ZMBBR BT i 2 AU K T 30 i
A Ak S A PR R LA v

1 HBSEE

L1/ %QA{JILfaﬁﬂfiszgﬁ
ZK%QAWAfiﬁ%%igﬁﬁﬂbﬁfﬁ%Jﬁﬁ/ﬁﬂm

AT IEDRL (ZMBBR) 1R R 77 0B ( CMBBR)
SR FHIG 8 28 ISR i SR kK ‘iﬁﬁ‘bﬁmka‘#—ﬁiﬁ?”’

W A5 U8, S R TR e B 3k | 8 i i s R
B, N 1 s,
T e
=
TN @%@ e »
© o = i
T = i
K |mawl  © WA R
A O~ YYYYYYYl O Hri

Bl1 ZREKEFS

Fig. 1 Schematic diagram of the reactor
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i 98 B K p (NH, -N) S $5 il 2 7 s 9 9
p(FA) ,LASZEEX) AOB 5 NOB HYAS[a]#2 BE#P . 52
M B 2 HEE TKIﬁJi_7J<p( NH, -N) X} ZMBBR #iI
CMBBR WA AL BE AT , 45 R an &l 3 fr . i
BN p (NH, -N) M\ 250 mg-L ™" $275 21 250
mg-L~", & B 7E CMBBR "', NAR B — H 4 5 7F
95% e A7, (HAE#E K p (NH, -N) Ky 450 mg-L~" A}
NPR 33k 2 £ KAEH (NPR,, ) 0. 563 4kg+ (m’-d) ',
K p (NH, -N) k27t 15 J5 [ # 19 NPR TG it
— T KA p (NH,-N) U 50 mg-L~' 42
JHE 120 mg-L~"; 1 ZMBBR fEiaf7 2% 35 d 5
NAR FFURIZHIEZE 73% , 1K p(NO; -N) T+ & 260



412 7N 5

L 43 %

L
&

mg-L7", J5 & i & K p (NHS-N) & 950
mg-L~" ,NAR FFLR T, 55 66 d T+ 95% . e 2t

K p (NH;-N) H1250 mg-L~" if NPR_ & 1.800

kg-(m’-d) ', /& CMBBR # 3. 2 £i%.

max

800 s
Mﬁ.ﬁ“"
L 'II[ -4 100
OpctogOcfnay2P050000000_ N0 g0y, P‘-’-"Uurcq a a
500 - o O o00eatanene {9ere ™00t qd nong o © "o 0 o
‘ g / o/
CMBBR 5 \i‘ £, ¥
T, pomes Jrum—— - F"\-f‘: ¥ I
-y W K -
é‘l T—-l--—l.-..d S j&*N”J_-N :5 480
B 400 / —e— HKNH N E g
= Jll m o .j? o v— tHKNOy-N = z
* N W WA P! \ " o x\. —4— NPR 105 < {60
200 + / \_&J,u:. -ﬁc_. [l s Y " 'Laﬁ‘ Q_Am_,_y‘.ﬂ =/\»_\.£ A“ o NAR
A by 24 pe, i\ b, o
A o
- \ B,
\.g"J '
0 -W{ .......................... YrvrerrYTY adddn s a :;2 a %la 1w
L 1 f N AOAN 0
‘ 10 20 30 40 50
1 500 3.0 - 100
ey “-‘H?tﬂ*’-"h’!—t.ﬂr::n:rn,ﬂﬂ:L . —
[==] \C:DLFrH'h:PJ:Q::t! _ _d"ﬂ"-q" y
1200 L ZMBBR r&ﬁ . dr:ﬁp , 1,
r; E mg
F qJ\uuPLtchﬁ 2 A A | 80
! [l
2 900t g T \aned = u
&l N b&ﬁm 33\«&2\* s “ <
=3 / “4 e .MH a 3 415 2 =
s oo e gl £ Jenfe Al 2]
¥ ,.Al“‘"k - £t “ﬁ £ 160
A v i &
b, £ : LA
; /
‘
4 40

FHd

f —

i

4 d
i o

Sl T E— 25T % ZMBBR 5 CMBBR B4 F i 1k
HU AT SO e K H p (FA) 5 p (FNA) )
ARG DL, 45 R B 4 BT s, £ CMBBR H1, 24
p(NH,; -N) M\ 450 mg-L~" 3% #4255 3 650 mg L'
Bf, p(FA) N 25 mg- L~ "% 8 B T2 110 mg-L~", i
K p (NH;-N) H1 120 mg-L~' & ¥ #2 & 3] 360
mg-L™", {4 NPR 1 0.4459 kg-(m*-d) " [& 7
0.4389 kg+(m’+d) ' W 2 T 1.5%, Ui B it A
CMBBR W% AOB T4 O 4852 31— & B i 046, I
THALPERETT IR SZ 2520 5 24 p(NH, -N) #E— D35
#1750 mg- L"), p(FA) BKTH5 166 mg-1.~' ( > 150
mg-L~") ,CMBBR fJ NPR 7£ 5 d P4 FF&]0. 201 49
kg+(m’-d) ~', 55 15 d {X°50. 021 45kg- (m*-d) ~'.
5 ILIRIA, S #§ 7E fm pH A5t BT &R
PG RWRRSY HCO, LA CO, BT it 3 3
N A pH FE i, p (FA) B 2 = ik 404. 61
mg- L1 IR T RN A AR 5t TR S ) ) A 3 3
R H7K p(NH, -N) 555 5 9 4 #1671 57, CMBBR fig
g Fa % iz 17 W E K p (NH, -N) N 22 il 78 350
mg- L~ A fy ( AR BRI E L ER 3) .

' 7 -
3 AREEK p(NHS-N) T ZMBBR #1 CMBBR ) &% £ 1557

Fig. 3 fPransformation characferistics .‘gf nitrog_en"{rjft_he ZMBBR and CMBBR during different p( NH; -N)
. F -

P T A X B 5 1 I A R A P BT (1 ~
50d) ZMBBR H1#¥ p (FA) — E4EF57E 2 mg-L™" L)
M, p(FNA) <0.42 mg-L~", p(FA) S8R Ak T il
NOB M {f , {H NOB 7EHAIL FA MR EESAF T Al LI
I R AR R 3 AT, ANER 35 d R R Y
) NAR FFIR T F%; It p(FA) LIYKE ZMBBR
WAHEPERE, 25 50 ~ 68 d, #EJK p (NH, -N) Hi 950
mg-L™" B W JF 7 B 1150 mg-L™", p (FA) >3
mg-L~" ,NAR #2755 % 90% , W i 1k Pk 15 3% &
Witk —25 UL p (FA) & 5 2% 5530 il 1k i) 3 22
N2 M 4 A1, B EE S NLR #8338 p(FA)
INE IR T E 20 mg- L7, 203 ~ 4 AR A VR,
ZMBBR # B B 4 09 o ok o M AE. 4 iF K
p(NH,; -N) f1150mg-L ™" $#& /5 21250 mg-L~" (5
66 ~69 d), Hi7K p (FNA) M 0.087 6 mg-L~" F} &
1.961 Img-L~" LI} AOB 751 7 45 52 5] FNA J“ 5
55 70 d R A8 BB A ROR TR AR 22 FEBE S
JLRW H 7K p (NH, -N) ¥ 3 T3 5] 560 mg-L~",
p(FA) 14 % 158 mg-L™", NPR K IE & %0.902 8
kge (m’+d) ~', RN AHEITRUCR BEA 2. hIE 3 M



134 XA 22 45 . A I SEORH A W RS 2l PR A S A A5 413

v
400 | p(FNA) =0.42 mgL! CMBBR
e et e e A e A e At e ettt ettt ee e et nam e men g e Loa
300
E 403 1
20 )
£ 200} £
= p(FA) =150 mg-L™! <
= <
e e e — H02 %
=
100 |
p(FA)=10mgL! - —— FA doa
A o —e— FNA
ok . » e A LP
Ay
se000g002000e® “!f . e * ®estess™’s o, %00000%900000000000000-00 40
0 10 20 30 40 50
170
160
150
140
130 |
407

p(FA)mgL™!

20

P(FNA)mgL™!

0 10 20 30

=

FHud
4 CMer';uz’MBBR Hk p(FA) # p( FNA) HIZEY )

Fig. 4 Oveldll Vdmdtlonb in p(F‘A) and p(FNA) in thg’ LMPBR dﬂd ZM']}BR

W4 ISR jﬂ%ﬂ ZMBBR E'ﬁ%;e:_m ﬁyk

(Nﬂ -N)Taﬁﬁl,oso mg L7, p(FA)( < Lof,

mg L3 )5 p(FNA) ( <0.42 mg- L“)iﬁfﬁﬂﬁﬂ’
AOB HBE P9, 13 IF NAR >90% HL#IA #5110 ARE
5 NPR(#3).

AT R FNA 23X i b D B i A AR
AR T, E 0 i v B2 R 90 B 22 57 3K, Miao
EPTRBFSE R A SBR A B 8L & UK K B & PR
2 p(FNA) =0.118 mg-L™" i, ;W % 1 AOB Al
NOB BYTEPEST 5 R W 27. 7% F1 54. 4% . Jiang 251
IR IE R BRA/ A/ O T2 NI 15 I 7Ep ( FNA)

=1.2 mgt 17 44F F 5252 18 h J5,NOB %i\ﬁe?{ﬁﬁ
AOB L f # 52.50% 1% M 7E A 525 b, 4 67 d
ZMBBR () p (FNA) ¥ FEiA 5] 0. 42 mg- L™ LA I, 2 d
JE kBN, 961 1mg-L~". fEMIS R, BN # AL
T AL PE REAE IR 12 h 5 A Bl B W, i
ZMMBR (IRSALTGIERT FNA HA B i A i 52 . A5z
IR IIR 55 67 ~70 d p(FNA) R34 1 J52 R 7E T 55
NPR {4 #& K & 08 5, 75 pH M 7.21 B 2 6.65,
p(FNA) AWiTHE 2. 961 Img-L ™" X 5XRE 1y
WFFE 30 pH A2 Ak b A 198 S v 2 R LI S A8 Ak X
I AR AAM I FH B R A 25 1A — 2L

%3 CMBBR 5 ZMBBR BEIEITSH SRR

Table 3  Comparison of operational parameters and operational performance of CMBBR and ZMBBR in stable operation

K p(NH, -N) p(FA) p(FNA) NPR
NAR/% ARE/ %
J i /mg-1L~! /mg-L~! /mg-L~! ¢ v /kge(m®+d) 7!
CMBBR 350 0.50 ~19.09 0. 008 ~0. 062 =95 81.21 0.43
ZMBBR 1050 1.09 ~19. 84 0.043 ~0.273 =90 88. 85 1.26
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AW SR IR DT H MR OKSE BT 02, 4
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1 CMBBR 975 PR BEVE X 0 W &, R U8 19 1 4
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(8.92% ) Fll Chloroflexi ( 8.56% ), 1M ZMBBR #i

CMBBR B 54 ¥ 53 51 & Proteobacteria ( 50. 28%
F1 49.23% ) . Patescibacteria ( 20.23% F1 17.56% )
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