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Nitrification Performance of a Moving Bed Bioreactor (MBBR) at Different
Ammonia and Hydraulic Air-Loading Rates under Seawater Conditions

Jaegeon Lee and Younghun Lee and Jeonghwan Park*

Department of Fisheries Biology, Pukyong National University, Busan 48513, Republic of Korea

The purpose of this study was to assess the efficiency of nitrification based on ammonia loading rates and hydraulic
air-loading rates in a moving bed bioreactor (MBBR) under seawater conditions. The goal was to provide foundational
data for the design of these bio reactors. At an ammonia loading rate of 0.2 g TAN-m™ surface area-day!, the influent
TAN concentration was determined to be 1.76+0.33 mg-L"!, which is below the safe concentration for fish survival
(2 mg-L"). Considering operational aspects, the optimal ammonia-loading rate was derived. Subsequently, experi-
mental results for nitrification efficiency at the optimal ammonia-loading rate revealed that the optimum hydraulic
air-loading rate was 1.8 L-air-m? surface area-min’'. This condition resulted in the lowest concentrations of TAN
and NO,-N in the influent water, thus establishing the optimal hydraulic air-loading rate. A regression equation was
derived for the ammonia-removal rate (Y) based on the ammonia-loading rate (x) and expressed as a 0.5—order equa-
tion (Y=ax’3+b). Specifically, for TAN concentrations of 0—6 mg-L"!, the regression equation Y=0.1683x%3-0.13628,
was established.

Keywords: Recirculating aquaculture systems, Moving bed bio reactor, Ammonia loading rates, Air hydraulic load-
ing rates, Nitrification kinetics

N 2 ehd 4= 9ltk(Ip and Chew, 2010). TANS 75t A1 =4 &

ARA MRSt 2B S e 4= 9lon, 52 50 TANS

£=3to] TRoFA A AH(recirculating aquaculture system, RAS) AABR 158 28 A, Az oA A 58

2 ofg 7kA] AP AR EE o]gst ARgSt BS A4S {913} 4= 9l th(Tarazona et al., 1987; Shiwanand and Tripathi,

& = Qlo] Rl g HAohe 4= 9 7 S 2013). whEbA] TANS HEA 0w dojaos Fajh daky
=

Aol S ZIEA 0 2 FAojFE AR 4= Q= o]
QITHEng et al., 1989; Iwama, 1991; Edwards, 2015; Preena,
2021). =30} ToFA] & 2] pAl st Al 0 2 Apzel of
T EHo] & o2 iR = AE aH o2 AT 4 9l
O, A&5A 02 S5 QARSI R 50 F i od A
Z>(total ammonia nitrogen, TAN)Z} o} AMA] & Ax(nitrite ni-
trogen, NO,-N)¥} Z-2 244 3lgtao] S22 4= Qlth(Van,

2] 2x(nitrate nitrogen, NO,-N)Z A &5}= 243} =314 of
3}20] #go] B#lo|ch(Kuhn et al., 2010). B4 o] 4511
U A=A ot G4 weba] Aea], A4,
84 o] 3-2(moving bed bio reactor, MBBR) 5 T}f3lC}
(Ebeling and Timmons, 2010). Z|<2ofl= 80t 34t =29
olof A 7t 4 B MBBRO| A4 0 & 717 Wo| o] &-&
1! Qlth(Kamstra et al., 2017). MBBR-2 Ak 2] 1} 2] 2] 4] -2

2013). A BRtEs W sERoME P el S

2 S o] g3t of o] wlsl HAtst s ol B

*Corresponding author: Tel: +82.51.629.5911 Fax: +82.51.629. 5908
E-mail address: parkj@pknu.ac.kr
@ @ This is an Open Access article distributed under the terms of
@ the Creative Commons Attribution Non-Commercial License
S (http://creativecommons.org/licenses/by-nc/3.0/) which permits

unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Copyright © 2023 The Korean Society of Fisheries and Aquatic Science

https://doi.org/10.5657/KFAS.2023.0870

Korean J Fish Aquat Sci 56(6), 870-877, December 2023

Received 15 November 2023; Revised 4 December 2023; Accepted 18 December 2023
Ak A$: ol (NS, o FE(HSHAN), BB LA

pISSN:0374-8111, elSSN:2287-8815



FEYor 8l 7] Falao] uhe e el vtz Artet A7t 871

o

Aoz oA Qlth(Pulkkinen et al., 2019). MBBR 2] 79
322 5ol 4 2|4 20,2 ofofa o] 4 shwiA] of o] 42
Foll F-sto] @714 s3] 24 EA] 97| o]t gt o
AR o] Ak f-58HHA mjE 7hof| wpzko] WhAgsto] nhegh
719 FAolu —,—771—‘% Euto] A E|z| oFol A=}
B7R] AaAsleHe ) G244 7 A8 AEE o] A4
°2 =2 A%S el 4= Qlth(Magdum and Kalyanraman,
2019). MBBROJ|= 1), Ze}AE] g o] Ho s1=s) 124
=9 o7} ij a2 AFE3THShitu et al,, 2021). T Q] 7}
ZF 7|27 o] Me] 7|28 AESH oy xR AL AR =
Al A Acket Bl 22 4 515 ol v
2 (specific surface area)©]tHRusten et al., 2006). H] 3 H 22
G491 £90% -8 oo o] A 3 RS ekl
o) 2717} 247 33%o) S8 SR Wofle) ui
A At k) TS mefakod o g Aeisof st of gt

o= thefst 94 271 3 MBBR| A5l 7MY Q3RS ol
FE 0912 TAN Rolnt 2skd g7] Salagolct. TAN
2 W2 oA E o Foll A ARt HAS e B R, FA A
$9] Pe §AT 5 9l TAN Folaf £-23 ¥glel4 A
Wk A=g717) D Qs duld o g sk Rolo|A] L5
+ TAN F%+= 079 HEEE ZqtH(Campos et al.,
1999; @degaard et al., 2004). w24 RAS Ujof| 4 MBBRO|
x%&g]b TAN # =] ].akg /\I—EH;G og “H [¢] u—o]. ou] H o]:oﬂ z_ql
3+t MBBR A% 29 E&3)of g}, 422]3H2] 37| H3)
2] 79, Jialago] Wol §5o] fgelA] ekl AlEuto] =
AYA =0 itol] F7]50] FAEL Fdo] Az &
TEA F=tt. o] A e dig gErd gl dojubar A
28] ol 23 SRS WAl o2} ot} =
Ao &2 4 QIth(Park et al., 2013). ¥ 2 2=t 2|5}
2] 37] B-5}8- MBBR W] 9] 48 0] of 2o &l 7ho] mpzt
o] A F7tsto] AEdto] A= P = A| ol 5ol 2
Al A3}t 4= At Eding et al., 2006).

sl RASS 7iE B 283517] fleliAl= —%Lid of uh
MBBR®] 4558717} W it} SRRk o A Q1752 ghw]
ok wai 5) M T 54 A% 2 58 5
of A5 AR 2 Aol = EEH Ao o
of Rale T|EoR Aol g7] Halake EEanA} of
k. whaka] 2 olqt= MBBR2| A%l 9 o] 2 TAN H3}
FE AN 5 elebd] 3] Hstael nhE A4S A5
B7Fsto] sl RASS| MBBR 7| A 7|2 A=E A A5kl
2} 5131k,

_8,

(o]

_E

Mz H EH
HeAlAH

& VN9 =HE ALEE o83l & A5 WSt
e £ PVC ofntz(27, 250 mm; %°l, 1.2 m; §4,

Air flowmeter

. IREIR
Air bl
rblower - -

Moving bed

filter unit Water

g flowmeter
Media & Valve

Nutrient reservoir

.::6969% YeYaYs
[ 5606

Peristaltic pump |

Culture tank
u

Fig. 1. The schematic drawing of the MBBR used in the experi-
ment.
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Table 1. Characteristics of bio media used in the experiments

Media Kaldnes K1

Type Flat cylinder
Material High density polyethylene
Density (g:cm?) 0.92-0.95
Diameter (mm) 10.0+0.2

Height (mm) 7.0£0.1

Specific surface area (m?-m) 600
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Table 2. Chemical composition of synthesized stock solution for
ammonia loading rate (T1, T2, T3, T4) and air loading rate experi-
ments (A)

LK T2,A T3 T4
NH,CI 17.52 35.04 52.55 70.07
NaHCO, 45 90 135 180
MgSO, 7H,0 0.46 0.91 1.37 1.82
Na,HPO, 1.27 2.54 3.81 5.08
KH,PO, 1.94 3.89 5.83 7.77

FeCl.-6H,0 0.06 0.13 0.19 0.25
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Fig. 2. Areal TAN removal rates (ATR) at different TAN inlet con-
centrations.

of tigt A% ATHE Table 40 Lebct zF AEo] ol
U NO,-N 55e= T1 Aol ol ] th2 Aeltof lsf f2l3H]

Table 3. Effect of ALR on TAN concentration in inlet and outlet water, ATR, VTR and ATR/Inlet con. of MBBR
ALR (g TAN-m2surface ~ TAN con. inlet bio TAN con. outlet bio ATR (g TAN-m2 VTR (g TAN-m™®

area-day™) reactor (mg-L") reactor (mg-L") surface area-day™') volume-day™) ATR/Inlet con.
0.1(T1) 1.00£0.35¢ 0.52+0.23¢ 0.04+0.02¢ 23.1+14.4¢ 0.04

0.2 (T2) 1.76+0.33¢ 0.92+0.26° 0.07+0.02° 40.4£13.2° 0.04
0.3(T3) 3.71£0.49° 1.26+0.26° 0.20+0.04° 117+£22° 0.05

0.4 (T4) 4.86+0.64° 1.65+0.28° 0.24+0.02* 143+142 0.05

P 0.000 0.000 0.000 0.000 -

ALR, Ammonia loading rate; TAN, Total ammonia nitrogen; ATR, Areal TAN conversion rate; VTR, Volumetric TAN conversion rate;
ATR/Inlet con., ATR/TAN inlet concentration rate; MBBR, Moving bed bioreactor.

Table 4. Effect of ALR on NO,-N concentration in inlet water, outlet water, ANR, VNR and ANR/Inlet con. of MBBR
ALR (g TAN'-m?Zsurface  NO,-N con. inletbio  NO,-N con. outlet bio ~ ANR (g NO,-N'm?  VNR (g NO,-N-m?

area-day™) reactor (mg-L™") reactor (mg-L™") surface area-day™) volume-day') ANR/Inlet con.
0.1(T1) 0.29+0.11° 0.25+0.11° 0.04+0.02¢ 25.2+15.0¢ 0.14

0.2 (T2) 0.91+0.222 0.79+0.222 0.08+0.03¢ 46.0+15.4° 0.08
0.3(T3) 0.99+0.232 0.67+20° 0.22+0.04° 133126° 0.22

0.4 (T4) 0.98+0.282 0.64+0.20° 0.27+0.03? 1591182 0.27

P 0.000 0.000 0.000 0.000 -

ALR, Ammonia loading rate; ANR, Areal NO,-N conversion rate; VNR, Volumetric NO,-N conversion rate; ANR/Inlet con., ANR/NO,-N
inlet concentration rate; MBBR, Moving bed bioreactor.
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AAS == elota 7] Haleo] S7H5HRIA A4 202 5
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diA e g wrobxl 7 o 7 wetEth NO,-N9| 7¢I 0|9} &
)3t FAFO 2 3413t 2= QIth(Table 6). EXP. 10]A] =& =
9] TAN @ NO,-NojlA] 3-& TAN @ NO,-N A A4 %7} 1t
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T HE TANZF NO,N 557} 2852 474w} el
th31 ek

Fig. 2014 £%4= TAN =0 oh& 34 2714 MBBR
o] A7t FHAY TAN A|ALEE 0.52 LA o850

Table 5. Effect of aHLR on TAN concentration in inlet and outlet water, ATR, VTR and ATR/Inlet con. of MBBR

aHLR (L-airm? surface TAN con. inlet bio

TAN con. outlet bio

ATR (g TAN-m? VTR (g TAN-m?

area-min') reactor (mg-L™") reactor (mg-L™") surface area-day™) volume-day') ATR/lnlet can.
0.6 (A1) 1.620.27° 0.94+0.212 0.04+0.03¢ 25.0£19.0° 0.025
1(A2) 1.80+0.302 0.96+0.222 0.07+0.03® 40.0+16.7° 0.039

1.4 (A3) 1.44+0.18° 0.78+.016° 0.05+0.02° 32.0£10.5° 0.035

1.8 (A4) 1.49+0.26° 0.79£0.17° 0.06+0.02° 33.249.6° 0.040

P 0.000 0.000 0.000 0.000 -

aHLR, air loading rate; TAN, Total ammonia nitrogen; ATR, Areal TAN conversion rate; VTR, Volumetric TAN conversion rate; ATR/Inlet
con., ATR/TAN inlet concentration rate; MBBR, Moving bed bioreactor.
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S 27AGHAA ofzk)e] 3} BH wal o] A TAN HE7b
oF 3 mg-L'of| A Ztf A A<=7} 0287} 0.64 ¢ TAN m? d
& Ve Zhu and Chen (1999)9] Zxto] v]sj © @& 7]
oA e A AL EE Bt} 0|9 & Heinsbroek and
Kamstra (1990)2} Kamstra et al. (1998)2 0.5%} ZE4]& o]
&5to] g 2710l A MBBR} AF=4] o] ih20f] Tl TAN -
sieol THE TAN A7) Al S48 =4t glck, 2 A1l
A= sl ko A A2 S AAISH] fls) B2 TAN
12 W9lol 4 MBBRO| Al 3418 0.5% w814) & o] g5t
2|4 3}3} 91 tH(Y=0.1683x"%-0.13628). - A3l of| A Lehdt 2
9 TAN 5=+ 9F 5.5 mg L2 Yehton, o] uj TAN 2o
A ALEEE= 9F0.26 g TAN m? d' 2 LT} 0]+= 0.5% 2
Ao AASES Hrhe ol Aol vlmatol i 2
Lo A AR A AL Uehd A o=, o] 419} v s}
of M7 71 AASES Roic AR ek of7}ze] 714 A
7| B4 ko] ael, WAL, T, £ 27 Sol et 27
o 4 Uk A gt A9 A9, 2 AT ] I
Z710|l A HAIRE Aol AY, sz dollA AR AR F
S A o] ThE A Al 283 ARgieh TRk ohE A

& ol ahx Aiket 57t 875

ol eJstd Hrapof] ]38l <ol A AEHY of 1kx9] 450l
oF 40%= 7Fadtral sh= S(Rusten et al., 2006) 3= U
TAN 5%, g&, o2 20| mapA et ofakx o] A5
2 3A G 4 Uk mheba] sl 2ofA] oA ES A
4kt o]l 2 Q3 MBBRE| AlA 452 B7FE 4= Q= A
&l oj& Helo] & a sl

2 Ao A= =ET 0.5 HE A o] §ato] djg=z 7 of A
OFAl A& ARSsh=d| LA 3FTAN oHds = 7|& 2 &2 MBBR
o] AA e} AR 4 2 A4S AAdt= 7| 2ARE A8}
12 gt} sz 7o) A MBBRE A 2 24 271S 41

° ox

St o] ghof 0,12 FRO.2H T8 4 90w oF 2 mg L2
AFE3F 4= Qlth(Anadu et al., 1996; Eshchar et al., 2006; Boyd,
2013). o] F= AR uj &4 U 818 7Hs 3 o TAN
50|, o] Wiz atolTiaba] A2 o) AE DY of}
22 oo of7lz §eld ) SAI = TANS] 3557} Hiek,
wfep B Aol EETH0.57 AL 7120 2 ARSI oft
Z£2 TAN 527 2 mg L'Ql =0 42 uf, 7|0 = =
MBBR®| FHA T TAN A|ALE(A% 14T TAN 75t
2= 2F 0.1 ¢ TAN-m surface area-day'o|™ T H 2 24
TAN Fs}-2- ¢F 0.2 g TAN-m? surface area-day™ 3l gHH(
G 30 psu, 52 2F 25-26°C).

Seloka] g7) %50 U MBBRE] A7 B4 wu,
Selsta] 27) Relgel £a4E faleel WiEa: ) TAN
3 NO,Ne| 3557} ol Zgfo|oleh. wha Bt &
2k TANZ NONe| AASE 7 A2 AaTolA 74 %ot
CH(Table 5, Table 6). ©]+= 7|& F w7} Wolx|HA A&}
of2zof 7hef Al Foligo] Aol 7] fzolch &, AAEE
g S A9 22o) Sejshy §7] alafo] 1.0 Leairm?
surface area-min™ (A2) 2 A Z-E| 02 = ARt vl &7 1.9
ASER SUE0] FUsel ] 5EE o] W] Hof
FHA T} GATG A AL =0 2po]7F ol A| H Aot w2t

Table 6. Effect of aHLR on NO,-N concentration in inlet water, outlet water, ANR, VNR and ANR/Inlet con. of MBBR

aHLR (L-airm? surface ~ NO,-N con. inlet bio

NO,-N con. outlet bio

ANR (g NO-N'm?  VNR (g NO-N-m?

ANR/Inlet con.

area-min') reactor (mg-L™") reactor (mg-L™") surface area-day™) volume-day')

0.6 (A1) 0.82+0.31° 0.69+0.29° 0.07+0.03® 39.1£16.1% 0.085
1.0 (A2) 1.31£0.172 1.21£0.27° 0.08+0.042 45.2421.42 0.061
1.4 (A3) 0.21£0.04¢ 0.14£0.04¢ 0.06+0.02° 35.0£11.0° 0.286
1.8 (A4) 0.16+0.03¢ 0.11£0.03¢ 0.06+0.02° 35.419.6° 0.375
P 0.000 0.000 0.000 0.000 -

aHLR, air loading rate; ANR, Areal NO,-N conversion rate; VNR, Volumetric NO,-N conversion rate; ANR/Inlet con., ANR/NO,-N inlet

concentration rate; MBBR, Moving bed bioreactor.
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A 2 AA vlEet f-YU4 U TAN 5522 NO,-N 5%
77 A U2 2 A o] pef ek 5] ek 1.8 Leairm?
surface area'min' 2 H oI}, B Adof A f2|etd] 7] K3}
o] motdeE HAF §-94¢t viE4 W TANZF NO-N &
L7} s S Btk Kamstra et al. (2017)0| A% &
7] 54501 0-5 m ' 7HA] TAN A AL =7} 57k S 5
olm, 6-16 m-h'ol|A 7]-&7|7} FA} sk A ALZE7 A
oM sk AFS Btk 8k olf= sk &
7] ool s A fol obA ofmbuf A o] AEvt &
ghof| JFFS v A Aikstol] A Gk v|A|7] wfzolth
(Eding et al., 2006). The}A], 2 Ao A] Zrafat A7 271 o
1 WellA & o, MBBRS 7] QIAF=A11.8 L-air-m™ surface
area-min’-& 2|8} 37| HoleFo] HA7|EH R o8
S Ao Holr),

o] Fofl what ARG ot AR FHE T AR 2 Ao
7} Stk SEA|RE o 77t AR AFE RS 7IREO 2 2| F 9] ¢f i
Yol 9 37| Rotegs aesto] ojatxFE A A5 ofFol &
AGS AoFE HRIth 27k thekst =2, d&, AFAL &
of gk A HA 8Ql& =E5H] YTt FHA A= 28
g Ao & Fotgr,

Al AL

o] FRL 20IUE AR/ S REAN] HAo=
HHEA7) 257129 222 ol S4H AT (No. 2021-
0-00225, #2]9] 4:4F GF4] 417232 913 ] A& ob o} &
A By ZRE 71% )
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