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A Study of Nitrification Kinetics in the Biofilter Process for Aquaculture
Water Treatment: A Review

Noh Back Park, Mi Seon Park*, Jin Hwan Lee and Jeong In Myeong

Aquaculture Management Division, National Fisheries Research & Development Institute, Busan 619-705, Korea

There have been many studies on biofilter process regarding satisfactory water quality and the operational conditions of Recirculat-
ing Aquaculture Systems (RAS). For effective nitrification processes, it is necessary to dynamically identify and apply nitrifying
microorganisms. Physical, chemical and biological processes concerning biofilms can be applied and influential factors including
substrate, dissolved oxygen concentrations, organic matter, temperature, pH, alkalinity, salinity and mixing velocity intensity need
to be considered. Also, designing and managing the process based on the dynamic interpretation of these factors are prerequisites
for engineering applications of the biofilter process. This paper draws on current literature on the kinetics of nitrification of biofilms
in the biofilter process. Influential factors for nitrification are crucial during the biofilter process and are expected to be critical in

informing the design and operation of recirculating aquaculture systems.
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A S7HA] FAA RAS (recirculating aquaculture system)
ol A= =3t 4t nitrification)o]] 2J7F FEUOKNH,,

NH,") AA, 224 oju} & Aol ozt JAHd 113= AA
ol o4 A2l 2§19 3(van Rijn, 1996), H4ksto] <]
14T 82 §7189 240 Qs AlAd Ruo) of
5-10% A &=2] QF =25 718t 9= o] StH(Masser
etal., 1999).

AulA 0 2 AR AReSe] Aok ofm ol NH, 2
NH,” Fe=A] 7 7HA] B off SA o= 2485, oFAl4
8 6P74] NH, 5=+ 0. 0125 mg/L (Colt and Armstrong, 1981;
Meade, 1985)2 &4 ¢11l, Losordo and Westers (1994)~
RASY| NHB—J AA sX+= 0.025 mg/L A3}l Qlct 4=
©] NH,2} NH, 2| Hl%f_’_ &=, pH 9 grof FoF= ‘?:*%Eﬂ
(Trussell, 1972), %2 pH % =20 A= NH, %7} 5715}
™, NH, 5%+ 7H43ch(Huguenin and Colt, 1989). whetA]
TAN (total ammonium nitrogen) .t} ¢ ok 24 (NH, -

01'

N)7} RAS $=2#e]o] AA 2 4ol a2 A-8-gtct
(Losordo and Westers, 1994).
RASOA G Yold A5 A AsH ] SI3t A= Za“&ﬂ
IS 718 a7F Yoy AA(NH,-N)= 22k %
I yolsHammonification), YU ot A7} ZAR] A4
AFete]= A eKnitrification) HH-g-o] v}, HAksE Hk-g-of o)
= 29 n|YE-LS Nitrosomonas spet Nitrobacter sps 2] 4]
931, Aol Ba g o|uix) 7] 2] 4lstel ]3] 47
Hof| EHGSAN|FLE EFHTE AOB (ammonia oxidizing
bacteria)ol| 2J3f| &t o]2o] opFAY AR ASIEH, of
24 A4 (NO,-N)i= NOB (nitrite oxidizing bacteria)®] |
3 A LA AANO,-N)= Atob ). wheha] Aite) gk
sol FRAE7] flsliA= 4719 F 7HA] 542 vkg-o] X138
wojof shr, A3 2] BHofA] AOBL} NOBO| 548 213t
223k &7 27l o] rEE| oo gt 3 51 9 43 (autotro-
phic) Pl ot BESH Hatsl A S 7| d s, 2,
alkalinity, pH, 8-&4F~(DO), SRT (solids retention time) 2!
$715 Feof s vkSst= Ao & A A Qlok(Park et

Yol |
"1 h

HU
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Fig. 1. Characteristic concentration profiles (Rittmann and McCarty, 2002).

al., 2010).

olefet AEEH S RN FE S0l §E4 5
A& WESP] el = Fr/d 3 (suspended growth) £7g3F
2% (attached growth) 3785 o]-8-5to] &2 A=
= gAaof sk, ASAT FHNE Atrow w2t
47k B 2ak(biofilter) 24-S 0|83} )th(Fitch et al., 1998;
Nogueira et al., 1998). o]= tF-2 9] o] Fo A Fefiot= o
ol Aa9] ) wof B2 =] ekA] Al FA ol A At
Ao g2 AARE fedts A WjiZel AR Hilwar gl
(Chen et al., 2006). =1t 5742 AAikst njES0] 2244
(hydrophobic) o] #f|(media) o] A2 © & F2}oh= 54
o] Q7] wjZoll R 34 k= et 37g o] AAks) v
A& 22 0| f-2]5lthal 8tk (Jung and Yun, 2003). FE3F A
SRS nAEY A el FARE A 9] aEAke] 53 (lay-
erlike) 0= IAH A3l AET 2H Aefjof A &3]
kA, A=odAi(trickling filter), 3]7A8E7< % (rotation
biological contactors, RBC), &7]4 oJA}(anaerobic filters)
T} Zro] AEZ el =2)2] FH(Rittmann and McCarty, 2002)
7} RAS 5 k41224 2] 28 (Chen et al., 2006)0] 4 22 28
w3z gl

whehA] B Lo A= 3k A ABRI(RAS, recirculating
aquaculture system)o]] 2}-§-%|11 Ql= FAI n|ELE o] &

MEoto M2l 8-S S2{5HKinetics of biofilm)

A= oA o] ol FAE A= (biofilm)a} 745 %
FAA HeFo LHdEEE AAshs 340l o= YFE
&, 25, a5 Al 2 HE e e
(slime layer)o] 5} Bl EA5k= AH, & 59 Wl 3
dEo] shU L Hd=E Y A eES ERsHA E=dl, o ¥

£ 583t a5 Aok g S soti o s 1 aadlsl
= Zlo] A&7 EA41sH (biological contact oxidation process)
It o wf A=ufolgh, wjA o] o FA4E vg=2
A% O REE ol Afl(media) i o F2HE v E
71 270 FEE RU1E, B, T2 AL A
of AEuhe FARh el A4S Al&sto] gl
A Abax7h AEare] AS7HA] mEehA] ko] Aav)
of @71/450] FAE=d|, dutdor ikart 3R 4= 9l
A& = 2-3 mm =2kl A A Qlek(Bryers and
Characklis, 1982). &7]/d -0l A= n]A8E2] AlXIthAbe] ofsf
F71 geleart sk, |714450] i #7]5t
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|
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7F AR H A oF 37 ARk et A off Hiet MAY S
< =24, ofeha], et A Eo] B o= 25k,
A Aze BAe sl Ao vpEElo] 34 ohotal 7 e
- A, & fr71Eel 2w el FAshs 9, =
A, v & AR EHO R o] Fshe TA|, AA, el &
Holl F2kshe ©HA|, YA AEato] A= T oA, A
o] A or eefshs Tz FFEE T oA Wi &
Holl g% AE} 5ol EXshs 7187 WIS
1) 71383 Aka7t 9 (liquid) & 2458 oll- A= Hpzhe] 79A| = 2
AF2) 718 ARA7E B E e R 24 3) AE e el A 7]
A aovfo] whE AoterA Hhg-4) AU R 25 dirfihE
o] lAFO 7 Hl=E| oA SLEE T} Williamson and Mc-
Carty (1976)°l| 23 Ax-2 2 AIFE 74 5 718 & A A}
- Rittmann and McCarty (1978)%= n|RE1 FHof AA|F
SNukE THfato] HJE 9o 2 o] ok G4 7129 S
Ficke] A2 2Jo]l w2 2} Shito]) g3kl

ET W] 7A@ old QoA e Rt 2
4]0 2t}

re=-D, £ -D,, ﬁ;S‘l(Rimnann and McCarty, 1980)

dX L

r .- rate of substrate surface flux, g/m*-d

DW: diffusion coefficient of substrate in water, m2/d

dS/dx: substrate concentration gradient, g/m*-m

S,: bulk liquid substrate concentration, g/ m’

S,: substrate concentration at outer layer of biofilm, g/ m’

L: effective thickness of stagnant film, m

712 Fick®] A|2% 2ol nh2 B4 ko] o3 A2t

2 Solon] 7189 Skt o] §-2 Ao WAl B AB0

o AAE 5= A A1E 919 7189 BASAE Tkt gk,
ds kSeX

r.=—— =

YodX KS+S:
r,: rate of substrate utilization in biofilm, g/m*-d

(Rittmann and McCarty, 1980)

S substrate concentration at a point in the biofilm, g/m’
7|&sZ(substrate concentrations)

ARk 0 2 RAS Wl A &S o] -g-sto] HAlshs f st
= A9 drYopd A4 ks Fas AAMARE 28t
TH(Wheaton et al., 1994). ©]+= RAS W A&uato]| A ZALS} ut
S-S F=317] §8H TAN (total ammonia nitrogen) 2] Z| A5
OF W2 20 Yt Yo} FTt o] Fof HAJ o= Ag5h| uf
2ol B2 myole] 7] -z o)A A&t o5t A4k} vt
o] 83| 45| o]of FFH(Chen et al., 2006).

ArYol= 259 pH, 2% Fof ute} o] 243} vlo] 2/ o
B R, H]o] 24 Y ok= o] foll H40] Sl A e

Aol chet %k 677

Table 1. Inhibitory concentrations of FA (free ammonia) and FNA
(free nitrous acid) for ammonia oxidizing bacteria (AOB) and
nitrite oxidizing bacteria (NOB) (Sudarno et al., 2011)

FA, mgN L FNA, mgN L References
AOB
10-150 Anthonisen et al. (1976)
>10 Mosquera-Corral et al. (2005)
78(ICy) Kim et al. (2006)
54 (1Cs) Sudarno et al. (2011)
0.1 Vadivelu et al. (2007)
05 Qiaoetal. (2010)
0.0021 (IC4)-0.02 (100% inhibition) Sudarno et al. (2011)
NOB
0.1-10 Anthonisen et al. (1976)
>1 Mosquera-Corral et al. (2005)
0.7 (ICy) Kim et al. (2006)
270 (No inhibition) Sudamo et al. (2011)
02228 Anthonisen et al. (1976)

>>(.79 (No inhibition) Sudarno et al. (2011)

Table 2. The effect of temperature on nitrification maximum
specific growth rate

-1
References Wy, day”’ M
10°C 15°C 20°C
Dowing and Hopwood (1964)  (0.47)e*®®* ™™ 029 0.47 0.77
Dowing et al. (1964) (0.18)e*" ™ 01  0.18 0.32
Hultman (1971) (0.5)10°%*) 023 0.34 0.5
Barnard (1975) (0.33)(1.1272”‘20) 0.1 018 0.37
Painter and Loveless (1983)  (0.18)e””*™®  0.12 0.18 0.26
Beccari et al. (1979) 0.27
Bidstrup and Grady (1988) 0.65
Hall and Murphy (1980) 0.46
Lawrence and Brown (1976) 0.5

2 4 A JrH(Zhu and Chen, 1999). SAAEo] gmiL]o}o]
O3 e E=H JAE W SE = T, of7hr] o)A A (gill ab-
normality) 5-9] @40l Uepih= A o2 delA itk Miller et
al., 1990). ¢t oh= of ol ofsf HiE 5= thAMHE=A] A
& 1 g9 30 mge gitjols AJAksk=d|(Miller et al., 1990),
Hlo] 24 Qruiofe] A9 FA7HE01 9] LC - 0.32 mg/Lo]
o, 7]9] LC, 2 3.1 mg/LE Ue{A St} YytA oz H|o]
2/ SrEYok= 0.05-0.2 mg/Le] Ao WA o) F
9] A Adfisl= A eg RAE 1l Qlck(Miller et al., 1990).

T71/d 2719 BETH W2 WollA= S5 atE 2of
7RIS AR &, AASRto] AAE 43717 o
ol A (EE AW ONHIZF a5 dAakst &
o A 4= Uek(Park et al., 2010). URFA O H4=2]
A oA U =2 dfEuoby A 3 opEAMY A
Soll 93t 7|AAs) 7} BarE i 9l e (Sharma and Ahlert,
1977; Carrera et al., 2004), RAS®] 7 441 7] 4% =(TAN)
7h 7] whioll Eut A S83 AR 2geke JloR
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Table 3. pH effect on nitrification activity (Chen et al., 2006)

Degree of

Organism pH inhibition Circumstance Reference
Nitrosomonas 8.5-8.8 Optimum Pure culture Metcalf & Eddy (1973)
790r9.3 50%
8.0-8.5 Optimum Pure culture Buswell et al. (1954)
8.3-8.6 Optimum Pure culture Lees (1954)
7.2-79 Optimum Pure culture Engel and Alexander (1958)
7.5-8.0 Optimum Nitrosomonas isolated from Loveless and Painter (1968)
activated sludge
Nitrobactor 7.2-8.2 Optimum Pure culture Lees (1954)
7.8 Optimum Boon and Laudelout (1962)
9 Optimum Kawai et al. (1965)
Nitrifiers, 7.0-8.0 Optimum Mixed culture in submerged Haug and McCarty (1972)
general filter
8.2 Optimum Mixed culture in submerged Villaverde et al. (1997)
filter
8.4-8.5 Optimum Two-stage, activated sludge Rimer and Woodward (1972)
pilot plant
8.0-8.8 Optimum Batch activated sludge; Lab Metcalf and Eddy (1973)

scale

7.10r9.8 50%

Activated sludge
Percolating filter; Lab scale;

Antoniou et al. (1990)
Forster (1974)

marine nitrifiers

7.8 Optimum
8 Optimum

59 50%

7.45 Optimum

filter

Mixed culture; marine nitrifying

Srna and Baggaley (1975)

R %31 QItH(Chen et al., 2006).

QL AL m A ES A0 o vIZRE A o= oA
Sl 0] -3} E A] & F i L oKFree ammonia, FA)%} o] &
S15HA] 92 o} &4k (Free nitrous acid, FNA)S 243} n]Ay
ol 4ok m|A = Ao & deA] Qth(Table 1). Anthonisen
etal. (1976)= 4% Y Yol H=7} =2 FA (free ammo-
nia, NH,) % FNA (free nitrous acid, HNO,)°|l ¢]3 AOB2t
NOB7} g3k =11 3}91+=t|, AOB X NOBe| A3 &
L FA%E 217} 10-150 mg/L, 0.1-1.0 mg/L ¥ $Jo] th. Mos-
quera-Corral et al. (2005)2 W2 G&, =2 35T, =gyt
2 2(CSTR)%| 4] AOB2] %9 FA 5= 10 mg/L ©]5}, NOB)
8% 1.0 mg/L o]stefl Al A8l 7} Lrehdthal sk¢ick Sudamo
etal. (2011} FNA2] 7% 0.0021 mg/Lo A= IC, 0] 5.0
0.02 mg/Lof|A 100% Adfl& F++= A2 HiEd Qi)

228t ®|ZAIZHHRT, hydraulic retention time)

= A= =3 2] FA oA el sk Al FAI7e] 11 o)
= gryopy ATt Akt 7] ffs A= AAksE Azt A
2 QE7] giZolt}, =e|gHA A FARE Fol7] aliAl= A
AR R ETRS 55, ST 2 LS A E oS S
AlA LetR71E & v e S dAstoiof gitt. o] &
QA= AL IRA] 7152 F9S
o]-§-5to] wash-out g 4= Q1= A} v &S F5foF gt

d
=

A E o83t 55 A} njgEo] HalE A
ZoEin 2= 9 SAE2 9 gFo] A2
QltH(Weon et al., 2004). L1} RASQ] 738 9F4] A
A 1= AAE Sl A a8 =4 A5
of| &AW A =24 AFAREY 4] D AAkskn
A0] S0] vl ofel9] Qhmuloby A AHShE 915 A4
2 e g2 A7t 28 0w wekE

=
=
A

o1
i rlo
EN e

*
;:,_deo
Mo e X ox

4

et A BhSolld 2w Al S A E
of B2 Y= vIAH, BAks nd = ) vl EdREW,,,
maximum specific growth rate)> 2o 34| G vk 7l
o2 AP A ek Aits} n]YEY) He-E e A] Aol AL
A2 7B vksSH T gaste] sk Hkgo] A%t
Aol A 2-&== Zlo] drtA]oth. Charey etal. (1979)2 &
AFSE HES-2- 15-30°C 94 Michaelis-Menten glof| 2]-8-%]
W], Qhmjoby 2 4110) HALEL oF 1T eka RSty
o} AARSE 9G-S oF 4-45T oA 2 Hojup, A p2-2 oF
30 CeEr €A th(Hitdlebaugh and Miller, 1981). USEPA
(1975)= 5-30C oA+ Nitrosomonas®] 2|et ¢yopA] 2
4:9] Akghgo| v 2| 0.7 Z7)5h, 30-35C ol A= ashe,
ol YARLE=ME0T)ol 717hI A T hd| w 7] wiiEol e

Arba] o 2 AEikgz Woll A &4 Al 2 7 71

i1}
oE




Table 4. Effect of DO on nitrification activity (Chen et al., 2006)

Aol chet %k 679

Organism DO (mg/L) Observation Condition Reference
Nitrosomonas 1 Limiting Pure culture Schoberl and Engel (1964)
2 Limiting Batches Knowles et al. (1965)
Nitrobactor 2 Limiting Pure culture Schoberl and Engel (1964)
4 Limiting Batches Knowles et al. (1965)
Nitrifiers, 1 Limiting Pilot plant: activated sludge Metcalf and Eddy (1973
General 0.6-0.7 Limiting Percolating filter: Forster (1974)
receiving seawater:
marine nitrifiers
4 Maximum rate of Activated sludge Wuhrman (1963)
nitrification
1-1.5 Limiting for growth Activated sludge Wuhrman (1968)
34 Limiting (without pH Circulation bed reactor (CBR) Nogueira et al. (1998)
controlled) Circulation bed reactor (CBR)
52 Limiting (without pH Submerged filter: receiving pre- Nogueira et al. (1998)
controlled) oxygenated feed
Upto60  No inhibition: no Haug and McCarty (1972)

increase rate of
ammonia oxidation

ARE el Y-S Ak o)
AE Az o] AYstet iE-0] Lzl g, o
HEAIE W F5EE 7 EX

sh=tl, ol= wAE Al o] AJo)st ut
27} A& W] ) Eo]th(Landelout and Van Tichelen, 1960;
Boon and Landelout, 1962).

%
=2
rd
2
ol
r
by
£
o

L2 =2t pH

OFA] A4 pHiz ol Alo] Qo] Fag AR, AAks)
hS-ofl | 2]= pHE| FgFol FafiA W2 A7 =24 vt 3l
o}, elkx o2 At vbEe] 22 A% pHE 728002
H 794 24k} n]4g50] 2| v]/43744&-2 pH 85t} oF 50%
faxshes A o= Ao A glom, pH 5.8 ool A= HAtsl vt
o] A& Hh= Zl o7 &elA QJck(Princic et al., 1998). 2
3t u e 7] AN = ST AA s, A
Pdi(steady state)ol| A= W2 pHOll &= HALSE ] &2
AES et njd=e S3o) 7heg Ao Ky
¢lth(Haug and McCarty, 1972). 3+ UuF2] o 2 2| Als} ot
SOllA 1 mge] Qo] Aart AFSksh=d] oF 7.14 mg (as
CaCO0,)?] &2 =7} A~ E ¥t} Gujer and Boller (1986)+= 50
mg-CaCO /L o]3}9] ol A= 24ts} vhg-o] AjsErtal 1
oSl webA $10e] FELioby Aa0] v 3 o
Ze| w7 A EA et FASE RS- F pHYF 7HAastr] ool
w2 27149l o

el e0] £¢lo] 2.7,

19

el

oN

ox ™ olo

e

2= ko] Arolgl o] f+= SRT, E=(floc)<] A7], wRE
Zde 9 =AW 5o Pz uheh AL

AL A ZfolE Uetf= A o= Terk(Park et al,
2010). F2H% 9 R334 AAakst 3404 571E st
2 79 s e Y JRE 445 844 1
ZE7] 2ol AAF o2 dAskgo] Yozt &4k
FE7FEAY vAE floc R g4EA o] 2 - SRTS
ZA 2-sto] $48k= o] ARl Ao g Kkl gtk
(Hagopian and Riley, 1998). Table 4= H+-3-x:0] 25 1 24
z7d0| wpet AR} ROl vj2]= 824 JFS sk
=), AAH &2 §-EAA 4.0 mg/L o)/doll A= AAkeke]
FE Y= AR YEyT

2 2

RAS (recirculating aquaculture system)+= A& 72 &
ole] 557} ol BHOR g5 uEo] WeLEst
mhE R ndES ol SR A S0t 48
ok et g0l A aaa ]l etk AAkeks St uke<
= QA= 71 e] Bkt ol g-of A 24 =S Yl o] v
S Fa% a4 gt web 4T RASE TE5
7] SJaiAE AEute] st S48 olsfeli 7| A, &
=, pH, 82414 5 B 1A that ol & @ Q177 . El,
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