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Nitrification and Denitrification of Land-based Fish Farm Wastewater
using an Anaerobic-Aerobic Upflow Biological Aerated Filter

Noh-Back Park*, Hyun-Young Lee!, Seong-Min Kim, Jun-Sang Lee?

Aquaculture Management Division, National Fisheries Research and Development Institute, Busan 619-705, Korea
!Jeju Branch, National Fisheries Products Quality Inspection Service, Jeju 690-755, Korea
’Korea Environment Corporation, Incheon 404-170, Korea

This study induced biological denitrification and nitrification via a biofiltration process with the view of removing
nitrogen from land-based fish farm effluent. To achieve this, we operated an aquaculture nitrogen-removal system
that includes a denitrification and nitrification reactor [working volume 40 L, flow rate 64.8 L, HRT (hydraulic reten-
tion time) 14.8 h, HRT considering recycling of NOx 7.4 h]. In the continuous process, the nitrification rate of am-
monium nitrogen exceeded 90% at a steady state and the denitrification efficiency exceeded 80% with recycling to a
pre-anoxic reactor. In addition, the pH in the final effluent was lower with a low influent water alkalinity averaging
100 mg/L (as CaCO,). For effective denitrification reactions, carbon must be supplied via particulate organic matter
(POM) hydrolysis because of the low C/N (carbon/nitrogen) ratio in the water.
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Utk olof wheh MA=E52 e 7S A o8 JFo)sto]
L, A47Rs e A1) e e o2 mlshs gale
2 4P o] 2hci(Buschmann et al., 1996; Houte, 2000; Olin,
2001; Harache, 2002; Cranford et al., 2003; Pita et al., 2006).
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e A2, oFAlgA 2ol A A% 1L @lth(Chudoba and Pujol,
1998; Gilmore et al., 1999; Payraudeau et al., 2000; Chen et
al., 2006). whetA] AEof ik 574 Th917g o] 29 % module
35 F8l 715 Fofsto] vt F7ol E 50l whet A
7} bsh, WAR(PARER) R FUE 5714 208 &
A A5 ditslel 24 vk o2 AaAdA As
° A3k 2= 9l
S5k 7120 shs o) & Al 5714 A2 5
o] g5to] == A& AAkstol| ofgt Lo A4
sjol ojEs}ol, Bhg % W QFAAE A2y A AL
T71 A 5o 9 8¢tt). Rakocy et al. (1992)-2 RASO|A
o) Ak A Zho| EefRlE AABH =T, of wf AAMI A4
7122 1,000 mg/L 0|3k v} A A7g5]o] SIcHTable 1).
e} 4] EAJo] hmlobA] 2o obRAY A4
Hrp w8 pEolx|ut 2] Aol A AL A A B
= YybE o & 50 mg/L o|skR He]E|oof 3hH(Wiboonluk
et al., 2013), AAGALE A ASH7| Yt 71 avp# el &
w0 2 AJESHA e 2L A ASHL 9lh(Lee et al., 2000;
Menasveta et al., 2001; Singer et al., 2008). A=sH] &2
A2 19601 Wuhrmann process (Wuhrmann, 1964)0]| 4 A2t
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EH2 (post-denitrification) J- 4 ol A Z 22 A= =],
-‘EITETH AAREAAE FYskod A2l aes A B4
AR 3 A712E 272 ol IAIst] el #71=
S gH2o]| 0] 83} e (pre-denitrification) 57421 MLE
(Modified Ludzack Ettinger) process (Barnard, 1973) 542
2 wreeo] ghon, QFAuES S ONHIZE ol e
B Rrke 49 g4o] ATkAY 4 olrk

A & AtollAs FAE AR HiEE A 2lsh] sk
A A4S 71D ATE, VAR E Zf'é‘i
A A1gF ANR (Aquaculture Nitrogen Removal) A]~8-S 3_
lo] A EakA AL 9 g uk8of o5k A LA A A5
H5h 7|6t SAEA S Boshch

FL ox

ERIETE

AN A G waten) shde] ) F 9124
S)oll ermjoby o] A A%L shetat] slaf 21980
2 NH,CIE H7et9a, gankge) ehhglo g gga)7] ¢
3f| iE‘:L(glucose)% Q5% thH(Table 2). 3fjAto] OFA vlj&

Table 1. General water quality guidelines for recirculating fish culture system (Rakocy et al., 1992)

Water quality parameter Unit Water quality guidelines
Dissolved oxygen, DO mg/L >0.6
Carbon dioxide, CO, mg/L <20
pH 6.0~9.0
Alkalinity mg/L as CaCO, >20
Biological oxygen demand, BOD, mg/L <5
Suspended solids, SS mg/L <10
NH,-N mg/L 0.02~0.5
NO,-N mg/L 02~5.0
NO,-N mg/L < 1,000

Table 2. Characteristics of synthesis and rearing tank wastewater (sea water)

Item Range, mg/L Average, mg/L
Substrate as SCOD Glucose 0~130
Ammonia as N NH,CI 30
NH,*-N 0.059~0.16 0.12+0.03
NO,-N 0.003~0.004 0.003+0.00036
NO,-N 0.18~0.202 0.192+0.0067
PO*>-P 0.024~0.118 0.046+0.027
Sio, 0.038~0.438 0.421+0.018
COD,,, 2.03~2.85 2.32+0.23
Salinity, psu 34.26~34.74 34.54+0.13

SCOD, Soluble chemical oxygen demand; COD,, , Chemical oxygen demand.
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49| UHA] 45 = Table 29} 2o v, QhwLopAd Z4(NH, '

N)9] Bt BFH R 0.12 mg/L, oFEAH FA(NO,-N)
EURIRIZS! é‘i(NO “N)9] == 0,003, 0.192 mg/LE L}

Aok, b4 v A adtekzo] EAjsls o]z sl

& A= L‘EQ} FAYE AS7I7E 58 o F of7fu]of
Zpelof QAL Ak ) EASHE Ak ula o] ol b
Uohd) 247} 3 AHstelo] 2RI A0 alapEh %
A ApgZeu Qroby Aol 371402 NHCIS ol g3}
of ¥FgE FUYe YoM A9 F5E 30 mg/LE
248130th ol A AR mgheo] YRt o g AT
051 HHOR W ofo] B8 AFgelT Q] HAES
o g2 Abm o tE S AR 13 34 AE 4
3} A17H 131202) B AHA] oF 3.8 mg NH,-N/L7} 24l el
A0 2SI o3 Aol el At A
RS 183E FasilS 45 A4 Folde AFdsto] 4
YBLiobd 40 28 A4eIech f7189] 49 oFAl

9] COD (chemical oxygen demand) 5%=7} 2.3 mg/Z %

o} B2 o] 0]-g38} 4> Q1= ek (glucose)S 100 mg/LE %4
sko] =5kl o]= *“%51”91 S 913 C/NH| &= 50] 4]

™, 2|4 3 o] 4] C/NH|oj A kg0 U (van Rijn et al.,
20060)%= Aoz A A 3lof E Aol A= FA S A
gzlzi Ba7Eset 47159 okS 1854 Yl glucoseS 0]
&5t C/NH| 3 Y= —Erxd_ﬁ}%"i‘:k
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Mo

/S sl vlEeedl FYEEEE 5 = A
71E 98l ANR (aquaculture nitrogen removal) A]~81S A
Zksto] A8k 1:]-(F1g 1) ks 7\4 ¥H & Aot datst
(nitrification)- st flslf A8

A4 - ol
Wl ISR, WRS R o) 971 Beat] o) AR
(pre-anoxic) 54 &= A8} th & W2 ekt
342 0] ALY ¥ (dead space)= A7 Y13l 10-30 rpm o2 1
wsiot, ol ol ARy BRS B vheo) ehagl
o2 B3 BH 02 9lT, R Aol B igo
A AATRAN,) &S S18] port X5tk A4
52 7] U 55715 olgslol s3mplel $
A S fAIse] QA4S hgo] SR8 WHlE 4 =
= shateh

7} WS- 9] 8- K 1] (working Volume),_ 40 L, 5= (flow
rate)> 64.8 L/day 2 A 5lo] 2435} AL, o]uff iH-3-2.9] 42
2 4| F A ZHHRT)S 14.8 ho| ik, AALSE BE-S-zof 4] ZA}
3% AadtsiEe] B wHS 9la) AL ol galo] T
A WES 2.2 W(recycle) 100%S T2ialS A9, Al2d
AA| 2 AA FAIZHE 7.4 h o] Qlek. 2t REg-Zofl = B of
A(media)ys S5 DAA AFaFR4] e (filter) B 2 27

SFRAL, S oAl = 77} =017F 12.7 mm (0.5 1nch)°l A
#(ring-ype)o] Zekae Aol o, 7t hg el 4%
100%, o]} 5-5-&-& 90%e]¢ich. 2 v ) Bl 9 ks
SPA=BAY S 4\‘3—%“4 21 e2AE AFsto] vhe=w

2123519011, Fjgro] 255 2250 9433t Table 32 7]
R ET R
A

3|4 Y 2A8]= A4 Hach Co.9] 7]7](DR2700)E o] &

Oll

P, dEyobd A0 E42 Nesslert, opgibg 2
2= Diazotization ¥(Hach, USA), 24 2 4= Cadmium
reduction ¥ (Hach, USA)S- o]-&5}o] 241519 ct, 3F6l2] Ak

:rLF":(COD 2 SjrstE R A A A o] akzhely ThiAb

o e
h(biofilter) 37202 B4 wk-3-Zof AAls) wkg-x 2R FHE o] 83lo] Al ¢ e standard method
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Fig. 1. Schematic diagram of ANR system.
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Table 3. Operation condition of ANR (aquaculture nitrogen removal) system

Process

Aquaculture Nitrogen Removal system

Parameters

Denitrification

Nitrification

Flow rate (Q), L/day
Working volume, L

HRT (hydraulic retention time), h
Recycle ratio

Seeding sludge

Media type & Packed
Reactor type

Temperature, T

Dissolved oxygen, DO, mg/L
Mixer blade type

Air stone type

64.8
40
7.4
1Q (100%)
domestic wastewater plant sludge

fully packed with 0.5 inch ring-type plastic media

biofilter
10~28+2
0-2 4-8

PTEF impeller -

- plat

o] AAW(APHA, 2005)= o]-8sto] Akt &-EAtA
(DO), pH, ¥E-5=+ YSI Co.2] 7]7](YSI-556NPS, USA)E
o] g-5to] 243191, 7|ef -2 standard method (APHA,
2005)%} s I3 T HAIAH (S FAtT, 2008y ©]-8-51]
A 5H3

Zn o 3

ANR SE0IM 2ot B

YRbH 0 2 RAS WollA AEdlE o] 8sto] AAiRE fi
Sl 749 Yo Aal] e T o AARIALE 2§
Stch(Wheaton et al., 1994). o]&= RAS Y Asof| A AALS)
HH-& G-=5}7] $J3F Total ammonia nitrogen (TAN)2] Z] 4
FEot W2 9] ot Yol kTt ofFol A= A5t
7] tjzoll W& o} 71 Az o) A AEatol| o)k AAkst
Hk-S-0] ZE35] 8-k x]ojof 3eK(Chen et al., 2006; Park et al.,
2013). YEYoH= 4259 pH, &% Fof o} o] 242} vlo]
208 FEEH, Blo]2/] H Lol ofFol F4o] =
RO & 4#A 9l=t|(Zhu and Chen, 1999), NH, ¥ NH," &
B = =Foll A eH FollA 9 et uof FE Bl &S 5=,
pH ¥ 9=o] Jaks vh=rK Trussell, 1972). W& pH ¥
2oA= NH," %7} $7FskL, NH, §%+ 425to{(Hu-
guenin and Colt, 1989), TAN Xt} ¢t Lol A 4~(NH,"-N)
7} AT o) A d -2 of 32 ¢1xKLosordo and Westers,
1994)& 21-8§-517] ufji2ol] £ Aol A e oy Ao A
= Tasto] AAkekeS Bkt

FAg AAA FAA 9 drY oM A A5 Fig
20f] e QITt BEER §4=9] tyobd Aa9] 5=
HiA oz oF 35 mg/L A=+, o= NH4C1—‘;: H7H30
mg/L)SFaL AA| FAIARS: v S0l 2231 AR 71849k

|E4 dRYoM da wof Zo|7p A Ao s wik
o 2927 Aikst SR (M8E)= BA kAl 27
ol A ZF|ste] AFstEt, EeolAl Ae-E Hitst nlAy
T 250 ZA7E ANE ALz dPstal o, Al
o S HE A Hi(steady sate)oll =Esh= A O 2 LE
ol Al A8 Ak} n] & sl 250l A7 fle
Ao =2 wehet), AHbA © 2 |0 biofilter 578 ol A FA|
2k 0F 10-309 Ar=E FAs L e, w20 A
ol =d5}7] 9JaliA] = HH-3-% SRT (solid retention time) 2] 3
v A=rF a7 E =], WS A AR ko] A4k ks
o] 4188 9341 11 (Carmignani and Bennett, 1977), 15
&(Yang and Yan, 1988), 17 (Luo etal., 2010) A =7} 2 7%
ok shgieh. 2 Aol Sl o2 i A48} v]
AES AE8H7] ol A 59 58 Fatkerh i
= 202 eyt
AEa 574 9] ALk HkGof| 9lo ofAl(media) EH S| A=
ul =7 9 L2 5 biomass7F 5.3 2 421H|, Gjaltema et al.
(19942 A2 B4 8 P TS 557, of3) Eelo] of
AL g, vkex T 5 =24, 2ok, e 5 vpefet &
Aol o8f @RS W=kl Harsteick ofof whe} g A
So] B olA 7HE At AEat FAlOl tiet ol & Al
o519 1(Yoda et al., 1987; Wang and Zhou, 1994), biofilter2]
35 oA type, 71824 W F5, $YfsHA 2o AEd
Aol ek Fr}al 3t Andrews and Przezdzie, 1986;
Kugaprasatham et al., 1992; Buffiere et al., 1995). Liu et al.
(2013)= =1t FAof] ThE ol A &9] A
£ Arstol=dl, e FA7E 38.2-66.7 um 57 o] o
ol AAEE A3 o2 F7Ietehal 51glal, 2|4 o) A&t =
s 70 um AIetarl Hasheich & AtolA] AAtet v
sz o224 AEd FAE AMst7] f18l Fick o A2 ]

I
(i

r BN
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9 R Ak S5 30 me/Lot
Table 39] 712 o] §:5fe] A ZTHA 1), B Aol

e Ao wrEch

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

D,: diffusion coefficient of substrate in water, m*/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

(Rittmann and McCarty, 1980)
A1)

R4 g joby W] FEl FRHO R o35 myL ol
T, SA7IZE OF 2007H] AR FE Frioby
141 0k 20 me/L, HE §E4= BFAOR oF 0 mg/LE

2 Qryjoby Yot gt
72 AAIBE MR 2ol A A1SHE W AASHENOX)O]
o] 340} o3 I S ioby Aot skt A
3} uh ) A S5 S FRE| FSe] 24717 o 35
Wb AABHE-L H O OF T0% HEG O, Mo
7l o] 2] egkeh. £-97171 359 o] F 60 7HA] 2% kg
2olA] §E5H= rELjoby Aok HF 8 mg/LE o 77%2)
AABHE-S LehSlet. 27717 602 o] F Ak} whg ol
S ZE obmjob AAal W 293 mg/LE ©F 91.6-97%
2§25l R oz grioly ask AstEl Aow
vepget.

[e]
[}
=5 ckFig. 2). gANE®

do X ¥@

& ool osf S W=H(WEF,
Bl 7t 7180 ok EA1E 7

100 120
—e— Raw water
—o— DN Effl.
80k —w— Effluent 5 % 1100

-0 Removal(%)

s 60 B
3 ©
: 160 3
[&]
g w0 ;
o {140 2
z Z
'+ 20+ s
T I
Z {20 =
Or {o
0 20 40 60 80

Operation time (day)

Fig. 2. Variations of ammonia nitrogen in ANR system.

1998). YA o & F4-o oFu| A E(Heterotrophs)> F-7| A
HE ARS oA 2 E-8-ol= datsh s 59 =334
Exc) suf Ax wE Ao g #1E3 9)o}(Grady and Lim,
1980), A4k} ¥h-gof 9lo] W C/N v]9] F=7} Fas)ct.
ufehd] 2 QoA G2l $718E A2 54 o))
o= o]§x o] A}t M2 Y Y= C/N H|[7} 3
Al FA= 7] e iZoll Hakst agol A et A o= st
Hrt.

Fig. 32 A4} ¥-g-2 Y -8E4(DO) =5 Yet =
o, &2717F 209 7HAl= oF 4.0 mg/Lo| 1L, o] A Aks} vt
o2 -S4 F = et 6.0 mg/L QA 0] ¢l
Lz =2t pH

FA AR pHE o] 7 A1 Akt 9 Eankg-o] 5

e AR 2t ke o 2

A A% pHE 7.2-8.0.0.2 pH 704 AL

7482 pH 8.t} 2F 50% {F4dk= AL 2 e A QITH(Prin-
cicetal., 1998). A4ksl n|A=9] 27| 2ol =S4
A7F A5k, A/ Hli(steady state)oll A= S pH 2719
A& AR} n| g2 2 AES UEiH, ndE £4
T 7kset ez g#A Qloi(Haug and McCarty, 1972). =
% pHe 95 9ah9] &zhe] E(alkalinity) 750 583514, &
w02 2L kSOl A 1 mgo] frEyold A7} 4HstE
=4l ¢F 7.14 mg (as CaCO,)9| ¢Ze =7} AR =, 50 mg/L
(as CaCO,) olstoll A= AAkS} whg-o] Asfetial Hiskar
1 tHGujer and Boller, 1986). ¥ ¢17-9] &4 2 W 5h-3-320]
A = AES e eK(Fig. 4). 41717 52t vke-=
FURFAASE F590)9 928 ee= B2 22 100 mg/L
(as CaCO,) F== s e & F=7F F& a0 3l
AN 2 549 4] == oF 60 mg/L (as CaCO,) {2

=L A~
a4
%

X

S

—&— DN Effl.
—O— Effluent

DO conc. (mg/L)
S

0 20 40 60 80
Operation time (day)

Fig. 3. DO concentration in the ANR system during the operation
period.
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5ol ogt g ® ZANg- 20 g7ty
0 mg/L (as CaCO,) =2 &5 A o2 getet
Fig. 5= ¥h3-2W pH W3S Ueh =T, Ak} jHg- 3 X
T =70 pH7E 6 ol5k= WA A= o] AAkSF Rk 4
El= FAEG RSl 9 = 4= ot whEbA ¥R 54
9] myopy Ha0] FE7F il s YEE Tt 2
ozl FAkeh kS 3 pH A oHE 51| flsiAl= 7129
ebzhe| = o] EQl(Park et al., 2013)0|ut 7€} T 2o] @ LH T}

EtZIHZ(denitrification)Of] 2|8t RIA K|

A2 0|3t (dissimilation)e]] Jste] NO, H+=

O
[}
oz e

K
ut
i)
=

n
rir
2
[*))

120

Q 100}

D
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& 80t
@]
R
o 60}

(7]
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> 40}
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Fig. 4. Alkalinity concentration in the ANR system during the

operation period.
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Fig. 5. Variation of influent and effluent pH concentration.

J=5H2] A7 627

Z

0,2 N, 7k~ 2 st 3otk NO,; B NO,+= oY
| AARS SRt A8l = AR, 2 S AT I
ALEFS B FHYGROIT AR SHGFte] o3
o] FZ ozl th(Rittmann and McCarty, 2002). £3] =4 54
(biofilter process)> AR 7 2 5 Q=342
A A qlom, Aol oJgt g4l Ko Aot 3
AE A2 4= 7] whizoll 271744 AEv S 2ok 2 84
shS 28 = qlok. T3 of A i o] wlsErAlo] Wit vl
Aol §l= 49 =2l eH& A FAZHHRT, hydraulic retention
time)©| -2 73-f-oll &= 2ARkgo avtAloletal shel=d,
T/IREE29] 749 HRT7F 10 & ool A Earhg-o] Ul
ot 3k tk(Jeris et al., 1974).

2 Aol A BAERRSS F=sk] flal A7 (AR s
378= ol8st] frdrll frleS gETs Y Hadow
2h-8-517] 918l Aed (pre-anoxic) 374 0= /81 th £9
FU AaABREE(NOX) Y| s AEEA] aokaL, Faket vt
SZol| A ArebE dabelEo] HbgE o] AN R [ E
ek 2A717F 209 74A] gERRgo] U5 HE[ Gl O v
of| &J3t 3] Ao o3 AaAtehEo] A AH Ao g wehE e
AU GARESO] e Yo7 ARE = Sl AR &
71% 5 TCOD,, st oF 20 mg/L 2] g, -9l 2
A FEE 7|28 COD/N (NH,“N)H|= 0.6 2.8 W2 =3
oj itk wheba] B A9l HEREE-O] f =5 9ldf =T (glu-
cose)< ©|-8-51f Total chemical oxygen demand (TCOD, -5
5 100 mg/L Y35t CN H|E 3 A= 4519} C/N
17} F7Fge] wheh 7717 2040l 41 40U 71A] b A Q1 A
A A AAES HYletl, EAdkERolA fE5 = FAr
g a0 Fee o 4mg/L =oAL, mA g ol
A T FHAN(TN) AAER AATE 7 oF 74%] AAES
LER it 24717 40 o] % EANREE 50 A4
A AL AgtE o] &5k, ol B2 E R E

2BEA A5 YA R710] W Shad

N

Mo

mer 12

P

>
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il

o
)
)
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Fig. 6. Variation of nitrate and total nitrogen in ANR system.
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