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Effect of Hydraulic Retention Time on Biological Nitrogen Removal in

Land-based Fish Farm Wastewater
Park Noh-Back*

Jeju Fisheries Research Institute, National Institute Fisheries Science, Jeju 63068, Korea

This study investigated the removal efficiency of organic matter and nitrogen from fish farm effluent by hydraulic
retention time (HRT) using an upflow biological filter (ANR system) reactor. The recycling time and influent flow in
the reactor were controlled to 14.8, 7.4, 5.5 and 3.2 h to evaluate HRT. In addition, each reactor was coupled to a fixed
bed upflow filter charged with media. The results showed that removal efficiency was > 95% with an HRT of 5.5 h,
and nitrification efficiency was reduced to 81% with an HRT of 3.2 h, although nitrification efficiency temporarily
decreased due to the shock load as HRT decreased. Total nitrogen removal rate was also reduced to about 65% with
an HRT of 3.2 h, which was considered a washout effect of nitrifying and denitrifying microorganisms by increasing
the shearing force to the filter media, which decreased organic matter and nitrogen removal efficiency.
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Chen et al., 2006; Park et al., 2013; Park et al., 2014). 218
U 7)129] 344 A (activated sludge process)S 0]-&-
S A=A ATk o 2 oFAluljE4=E A Elsr] siAl=
w2 C/N (carbon/nitrogen)H]| 2 13t SHA|Q} Y2 HA| &0
o] et A s dstr] olF 7] Wl BEoli
(Biofilter process)} -2 1 =4 2] 34 o] = = A ch(Park et
al, 2014). YOI HNA YEILS GAIok ole] R
2 G2 (Dissolved oxygen), 42|84 A4 7Hhydraulic
retention time, HRT), =%, 7|25, alkalinity, A=22] F+
7 @ AR e] EA So] 3] 9Jrh(Choi et al., 2003; Park
ctal, 2010). §71% =7} vl A SHE 0GB AL T
ol RS TEE A AASEIt el n|Re] A3t
St A A13h74-S A|-5-31a2(Shin et al., 1995; Park et al., 2010;
Ahn etal, 2012), 524 4R o 83 49 Hg4A v
AEETE 2ot FA Rl Zysh, efsha] AlFAlzto]
& 790l = P A Q1 A 2] 7} 7Hg st A o] $lrk(Randall
and Sen, 1996). T3F FAHEW 4 AAE 913t BEst

https://doi.org/10.5657/KFAS.2017.0250

@ @ This is an Open Access article distributed under the terms of
@ the Creative Commons Attribution Non-Commercial Licens
LAl (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 © 2017 The Korean Society of Fisheries and Aquatic Science

Korean J Fish Aquat Sci 50(3) 250-256, June 2017

Received 18 August 2016; Revised 13 December 2016; Accepted 27 March 2017
*Corresponding author: Tel: +82. 64.750.4316 Fax: +82. 64.750. 743. 5883
E-mail address: pnb502@korea kr

pISSN:0374-8111, elSSN:2287-8815



AEeta] oA 2A HRT 9F 251

2 AAikekel FANS-S §-=57] 918 HRT2F 2% C/NH| 7}
-9 F2 g ao|m, o] = FAES A Y] oA vEg-2
715 AAst= 543 X 27F Hok(Park et al., 2014). &
At RES-S =Y P 4R nd=ol ol X E =, 17159
ol =R Aete SV EEA ST =87
ool BEA Q1 AARE Mg F=5H7] lelAl= Hla 71
SRT (solid retention time)7} R-H T} o|uf], | AYE2] A
71 Al Al 7H(generation time)oll G2 H=t], YW= ¢l 24
SeA A F7 & AlStol| Tofdte FEFS B EEY
A A S Atk A& o) oF 10-208 7 = AHA| 815w
(Lawrence and McCarty, 1970), H<=4] 2] 57| 4| ZAks] gt
= HeliA = el B Aikst nAlES aed off SRT
£ AA &Fste Aol vigA sk, AASHE 915t £ 85
2 2)(1)1} Zto] SRTE 7|20 7 SFCH(USEPA, 1993).
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SRT: solid retention time, day

X: average mixed liquor suspended solid (MLSS) in aeration
tank, mg/L

HRT: aeration tank hydraulic retention time, day

X,,- biomass production, mg/L

Akt Hhgol /g dHi(steady-state)oll A= Wl g=2] gl

eczquu'N:MN_bN .............................. (/_\_! 2)
uy, : Net specific growth rate of nitrifiers, day™!
uy: Specific growth rate of nitrifiers, day™'

b,: Endogenous decay coefficient for nitrifiers, g/g-day
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Aol AR o (raw water)= = spabtehl AEAls
AU siAkel(F A]) A - vilE(3l) 437442 Table 10f] Lre}
WAt sfjate] k4 viEa=2] UREA Qi yobd A4 (NH,'-
N)9| 5= FFZ 22 0.12 mg/L, oFdAM] A A(NO,-N)
2 ZAHd AA(NO,-N)9| 5E4= 0.003, 0.192 mg/L& Le}
Wk A s dailskEo] EAShE olf= sl
& 2ot T FABE ARSTIXE B8 o] F ofrtu]of F
2he] o] QAU AR Uf EASHE AAks) n] &l os) of
Loy daxrh A5 AbslE o] EAstSle A o= ot &
A AU 7 22 NH,CIE o]8ste] Bh2 F-Ye4
o gfyopd A0 FeE 30 mg/LE 2ESH ol= &
A ARS=0] oghgo] URHA O AJ7HG 0.5-1 B oR W
= o =2 RSl Sl=tl, ol Fol weEt v EAT AR E e
OF AR 22HES 138 4SS 795 7HYshe] d= 9t
ol 0] F=E ARSIt CO/NH| o] thE A4k} 2
29 3a2 Brhel] 9l 2= (glucose)E 0-130 mg/LE

SARPAA Sl Wl QFR AL o) AR A
71E $J3ll ANR (aquaculture nitrogen removal) A] 28-S A|
Hsjo] LABSATHFig. 1), g 20] F4S MBI A}
(Nitrification)-2-2 (Denitrification) ¥H-8-2 -x=3}7] {l3f A
Zol(biofilter) B4 02 SAGxO AshEx Az
vl gstslal, ¥R U 7S E8st] fle deE

Table 1. 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,Cl 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 2.3240.23
Salinity, psu 34.26-34.74 34.5410.13
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(pre-anoxic) T4 0.5 S AT, B EE oo} ur
S0 A 9(dead space)S HA5H] Yall 10-30 ppm o= W
WSSt ol Sl YAy B BN ehadl
o= BgY BAOR Sy, MR e BAUg o

WA AATEAN,) hES 91 port A shelct,
3 Wk 372U $F712 ol §5to] 48 mylL
Ak S =S §73h0] WAISE Uk o] FH8 WEE 4
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(flow ratey2 64.8 L/day = A7 sto] 481911, ojuf 73
o] 4=2J8H4 A FAIZHHRT)- 14.8 h o] Sic}. HAkst vhg-
o4 DASHE A2UBHZ] BANSS 913 FFAZE

g5to] ARG 2 kg (recycle) 313 L, BFS-& 100%E 1L
319l A% A2 HA| S:28kA] AR 74 hol9)
o}, ee]sh AR Akl vhat W7k Sla) uh Tt Sl ae
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Fig. 1. Schematic diagram of ANR system.

°]7}12.7 mm (0.5 inch)Q1 13 (ring-type) 2] SetAE A4S
AFE3 L, ZF g2 0] S8 100%, o]t 382 90%
ololtt. Zhvhg-xu &4 9 HAkst &A= BAl9] sk
el & A5 AF st vREEU AF8aL, dfol S=
3] 2-5-5lo] AT Table 2= 7€} AAIGH LA 2 AS U

aj4= W EA5k= A 4x4= Hach Co.9] 7]7](DR2700)E ©]&-
st Yy ol Ao A2 Nesslerd, obdAby A
2~ Diazotization ¥(Hach, USA), A 4= Cadmium
reduction ¥ (Hach, USA)2- o] 8-3}0] 245}% T} 3}ska] A4
25FHCOD,,, SCOD,, ) Y8 AR o I
YRS o] 8-ke] FEshalal, ¢ e = standard
method®] 217 H(APHA, 2005)2 o]-&5to] 453t} &
2412(DO), pH, FE5=2= YSI Co.2] 7]7](YSI-556NPS,
USA)E o83t 4391, 71Ef 3+~ standard method
(APHA, 2005)2} 3llF24-5 A S H(Ministry of Oceans
and fisheries, 2008)-2- o|-8-5}0] £43}% T}
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uEA © 2 RAS (recirculating aquaculture system) ]| A]
AEakE ogsto] AARIE fieshs 49 Ry obd A
9] e 2 Q3 AA QAR Z-E3HHWheaton et al., 1994;
Park et al.,, 2014). o]3= RAS Y] AE1}o| A ZAls} uk-e-S &
=3}7] 98 TAN (total ammonium nitrogen) 2| & A~% o} &
& S50 hmujo} S} ool B402 2] ui]
W2 Yol 7]A 2o A AEate] ot Ak} REgo] &

Table 2. Operation condition of ANR (aquaculture nitrogen removal) system

Process Aquaculture Nitrogen Removal system
Parameters Denitrification Nitrification
Flow rate(Q), L/day 64.8

Working volume, L 40

HRT(hydraulic retention time), hr 148,7.4,55,3.2

Recycle ratio

Seeding sludge

Media type & Packed
Reactor type
Temperature, ‘C
Dissolved oxygen, mg/L
Mixer blade type

Air stone type

1-2Q (100-200%)
domestic wastewater plant sludge

fully packed with 0.5 inch ring-type plastic media

biofilter
10~26+2

PTEF impeller -
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23] G5 ofof $ItH(Chen et al., 2006; Park et al., 2013, Park
etal, 2014). o] wf ZAASHE 9|3t 7MY A% Q1A 59 shut
7F =2k A FAlZkolH, 24 efsha] AlFAl o] oY
obd AAE AAS] gt H4 HAHAE A7 dio
a-& 20|l AAH N A FAIZEe] 2-80] uf$- F a5t}
AFATEE 14.8 holl 4] 3.2 h7lA] 4axA]7]"HA] ANR sys-
tem ZARS} BhE-x0] Qru o A0 AF-S Fig. 2] 1
P Sl =, FABHES 20 Al FAI ] 242 Y RE-ES
0-200%747] G2k Z71A)# ZA3F%c}. HRT 14.8 ha <
P R AT f9e] GEYobd A T Wit
Ao = oF 35 mg/Lo| ¢l aL, =77k ¢k 204714 HF FE
+ 9F 10 mg/L W& FE=30ch 24717k oF 3597k4] &
AFHEE OF 70%0]%13L, 60 o] % FEU ey obd A
20| s Bt 2.93 mgLz 90-97%2] g #|Ql Aitske
S YefQie) &1 %7 vkS-2 7] AT (steady state)71A]
Tebeby] sl dakst n| &S] bgst 717to] oF 60U H®
2 Q%= 20 AETh HRT 14.8 hof|A] AAlshgo] A4
defell EEetaS f WEESHES 100% S7kste] HRTE
74 ho & 7Aaskelal FAHatol| os) HAkshgo] 60%714]
Hastglont o] % fEu o] AA9] Fee Bt
o7 1.5 mg/L AE& °F 95% o]o] Aitsha-g YehSl
t}. 100%2] Wiuks Z71& Q15 HRT7F 744(14.8—7.4 h)
S9S o f- U YoMy A= 2.1 g@NH,-N/day©l| A
0.096 g'NH,"-N/day & 4 0 & 0k 95% o|Ate] -2 A A3}
&2 YeEPGIth HRTES 5.5 ho 2 Z4st9e 49 v %+
7tol| w2 FAHalo|| e HAlshgo] oF 68%71A] dA B
astelar, Has daskgo] YAFE 7] mEstr| 714
oF 25U = o] A|7ko] | QIrh HRT 5.5 h O 2 245198
0 27] S A7 91 cHA HRT 5.5 hof| A 24Hkg 95% o]
AErET dEYoMd H4 0.1 gNH,-N/day)9| 53 24t
S-S g - e A o2 Bt HRTE 3.2 h o2 2
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Fig. 2. Ammonium concentration and removal efficiency with
various HRT.
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A ot A|5219] AAkske Aol WEE i
W8] 200% F715HRA B2 fol ofe) A v]
0| -4 (washout) o] E&o] HAF e Ao FH .

HRT 3.2 hollA 75 W d2yoby dae 2-3 mg/L=
ZHUIL, 01 40 myL o402 FEHo] 80% olste] A
Abeh B8-S eI glot. weba si<(sea water)d] YFiLu{of
3 A&E 95-100% AIASE] 8= 5 h F&=o] AlFAIRE
o] 8% HRT 3 h JEofA= 80% olste] e 7|
5 U Ao BUHTHFig. 5). PAF 250 4B
2 Aol lo] ol IE EYD A ikl ofet Uity
o EE 7= FH o At Y= Hastsr] flsf AlLH
of o 5-10% Y| SRETFE F7pstol 5P S
(Masser er al., 1999), E3&<=of &gt 314 aul-5 123t AA
o} ¥R S8 4= Qs 4 ARAREY mo] aHLt,

4717k &<t pH A& (Fig. 3y AwEH 27| Aibe}
uhgo] o3t ezte|x AW §E5:9] pHYt FAsH A4
oL Aibelkee] Weprt 2 o= WEE I o] HRT 5.5
hitE] SEFAEE(sodium bicarbonate)e F+¢15to] 243}
79 QA2 pH AFE Vet £427] s
AR vl e s FatA o2 oF 100 mg/L
(as CaCO,) & T2 4=30]o|A] HRT 7.4 hol|A+= < 50
mgNaHCO,/L &Z2|=5 FUst 2, HRT 4ol ot
£ U5 HESol 9fgt sl4E SR Qs dEE|=E oF 100
mg'NaHCO/LE F7}5te] =8kl wf whg-uff Haka} vt
ool AU, W= &l pHE SW S 745t
Ark(Fig. 4).
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Fig. 3. Variation of influent and effluent pH concentration.
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Fig. 4. Alkalinity concentration in the ANR system during the op-
eration period.
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f71% & TCOD,, &%=+ °F 20 mg/L W F=tl, U=
A4 EEE 71208 COD/N (NH, -N)H|: 0,60 8 Lo 4
O AUTh(Park et al., 2014). wpebA] A2 Q] 2 vkg-9]
L& flal 2= (Glucose)S ©]-&-sto] TCOD,, s%=E 100
mg/L =¢Jsto] 24 C/NHIE 3 J=2 45kl aL, 2| 5H]
A FA o] w2 2SS TS| f18l C/NH| SE F7HA A
et 24 Bhe-S FEskeleh - %7] C/NH] 0.694 32
2 Z7Fbe] wheh 241717 200l A 404 7HA] Qb A Q1 A4t
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14.8 hoflAl 3.2 ho= Wiutss Foff TA2 o= asiel
S o 2 Bk3-9] A5-S Fig. 69 UER Itk HRT 14.8 h
oA 7.4 ho 2 7+AFIHS ) 7] B vz §&Z7)
off a3t T4 T2 UAH R A Ao w7} 8.7 mg/
L2 FE5o] S84 LR oF 56%7HA] E8 Ao s
© ACE UEg oL o] & A ol mEEte] oAl &
585 eItk HRT 5.5 h o = sk gle ul 52 5-5F
2 59%7HA] - AAEC] HASIRIAL, o wf vA 2] H Ak
A9 Fee 2.8 mg/Lo| it o] £ AHAJHl ol =EEl3
OUHHRT 5.5 holl A 9] st S 4 A7 &2 oF 82.4% = et
Wk 22U HRT 3.2 hol A= iehs-8(2Q)9 7= <l
3 AaAAZe] Fopgetl, B whexoA fE5= A4t
3 Ao b gles oF 2.5 mg/Lo|glal S84 AIAES oF
60%714] FA 5| 4= Qle). Fig. 78 HRT 5.5, 3.2 hol A &
Z57]E(soluble COD) A%< R A|5}5}91=t], HRT 3.2 he]l
A SCOD A 7£-0] 80% ©]8F2 @AM 7rAE]= Ao] Izt
| Qlck E3F EAke- 2 §-E42] SCOD =7} 2F 27 mg/L
oA 58 mg/L2 281 = A == /. o= 557l 9
3 HEAIRto] Aol B uhe-of 'l o 2 o] §EA] 2 A
O 2 ek dutd oz AEut AN 77lE H AAA|
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A&L oA 9 ek WA AHAE AL Q=
ol (Boller et al., 1994), & A-FollA] HRTS] FHae ot F/M
(food/microorganism)H|, WA H518-0] Z-AE|HA {7]
= W AeA|AE] aE= Ao whErh

Zue nF

S S R i B S e eatel [ = R sl = i - ed
20§75 AAELS] Thhe vAES AAdF Boks 75
wHAste] ot ] A4l =1t Ee] e -4l (washout) = e
4= QItH(Choi et al., 2003). AETF F7g oA o EHO| A=
9l 9 R 7 E Bk, Al SAITA, bR e
ol et gebd 5= 917 wi<oll(Hoehn and Ray, 1973) A&
AlZFo] 14.8 holA] 3.2 ho & 7rAeh off RS2 f-4 571

2 At o] ogf Aakst 9 &4 njAlEEo] FAEAE A
o2 A} As)A-L(Park et al., 2014)°] 2J51H HRT 7.4
hof|A] A/ defA] g2 S4 5= Aol F70= 65 um
& 4P = o] Liu et al. (2013)0] A|AH 22 HE1f F7121 70
um ARSI oL, HRT 744x(5.5, 3.2 hy= A& #7417} 21
axsto] ks gl 2 §-80] A5 QlE A o7 A A
F 378 o] 83t AESHY AaX A oA Q] AEut
7] biomass7} 5715t A7} 57 4= QLo Al

Aol whE =5 At of) &Jsf) @2 =] 1(Characklis, 1981)
F/MH|7} S E]o] 5715 2 FF AF AAN A= 2t
S 4= 7] 2ol A4 f=eleA AFAIEY] 21 A
o] mj-9- 55t}

2 Aol A= AeZ (pre-anoxic) FE 3 £Y
S AT e wE FAARS &=l W 77
AaE AAE WISt HRTE ©HA A 0= 745131
(14.8,7.4,5.5,3.2 h) SAHsto] oa AAiksl m-go] YAIA
2 74815 0L HRT 5.5 h ool A= 95% ol e ey =i
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