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Summary

The purpose of this study was obtained optimum operating conditions
for variation of HRT and packing ratio the water treatment of marinefish
aquaculture which was biological nutrification process using halophilic
microorganism.

Experimental conditions of this study were that packing ratio was 50, 40,
30, and 20(v/v)% and HRT was b5, 4, 2.5, 1.25hr respectively in the
INSUB(Indirectly Aerated Submerged Biofilter), respectively.

The results obtained from this study were summarized as follows.

1. The removal efficiency of ammonia was grew higher positive
correlation with increasing HRT, when increasing tendency of removal

efficiency was considered, and the optimum HRT was more 4hr.

2. When packing ratio was 40% and over, the removal efficiency of COD

was more then 80% regardless of HRT.

3. When correlation equation was calculated for the removal efficiency of
ammonia and COD with variation of HRT, difference of removal

efficiency decreased with increased packing ratio for HRT.

4. Effluent concentration of ammonia and COD were 0.46mg/L, 4.80mg/L,
and removal efficiency were 83.2%, 85.3% in the optimum operating

conditions 4hr of HRT and 40% of packing ratio, respectively.
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Table 1. Factors affecting biofilm reactor performance(John et al., 1989).

Water nutrient composition and concentrations

Recent changes in biomass or feeding practices

Water Water Temperature
properties Salinity
pH

Suspended solids content

Filter hydraulic loading

Total surface area of filter media

Biofilm

o Voids ratio in media
characteristics

Biofilm reactor depth

Residence time in filter




Table 2. Water quality criteria for aquaculture

Roberts  Klontz et al. Nightingale Environment Suggested
Parameter US EPA
(1978) (1979) (1976)  Canada(1979) level
(mg/L)
Aluminum 0.2 0.1 <0.1
Ammonia 0.02. 0.02 0.012 0.1 0.02 <0.02
Calcium 52 >5.2
carbon
o 2.0 <2.0
dioxide
Chromium 0.1 0.05 0.5 0.04 <0.1
Coliform 14
<14
(no./100mL)
Color units 75 <75
Copper 1.0 0.01 0.006 0.02 0.005 <0.01
Dissolved
5.0 4.0 >0.40
Oxygen
Iron 1.0 1.0 0.5 0.3 <0.5
Hardness 300 <300
Lead 0.03 0.1 0.03 <0.03
Magnesium No data
Mercury 0.05 0.1 <0.1
Manganese 100 <100
Nitrate No data
Nitrite 0.1 0.55
pH 6.579 6.578.5 ol 6.578 6.579 6.579
Sulfate No data
Sulfide 0.002 0.002 0.002 0.002 <0.002
Temperature 50790 Varies
Total ~ ~
. 20 207 200 20 207 200
alkalinity
Total
. 110% 110% 105%
dissolved <105%
gas
Total
dissolved 250 400 <400
solids
Tatal
suspended 8 80 25 <25
solids
Turbidity 60 <60
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DO v A=A dAFAg oA disin s AFE2 dikste) gt F
83t 93-S m Atk growth-limiting substrate concentration &% DOZ 7}A 1L

Monod 2]< Nitrosomonas® 737l thale] mdle)dt oo o3} half-saturation
coefficient = 0.15~2.0mg/L - 0.2 H3 HJAHEPA, 1975).

Ao ® HW AistEe g DO 9 B =Ao o] EHojgtom,
EPA(1975)¢] Design Manualdl A& DO E7F 05mg/L ©lstel EAT Z 78}l A
et AAaksr AR AT ST

Holl= AAkstel digk DO e Gt o]y d #Alel] FEFS vAl= a4
giste] AF5AA AF7F #3352 ok (Stenstrom, 1991).

EPA(1993)%= Manualol A o]&#g A543 2 Hanaki et al.(1990)¢] <54 ¢}
Loveless(1968)¢] AT 43E £33, DO 5% 1.0mg/L °]4el A Nitrosomonas®
AL FGaks WA o) AA Hikst FAAE Ammonia®l peak loadE i1 8}

o & 20mg/L olFo2 DOE #A& = o 9 A2 yeyri 53l

AAbsl Wb 22X ZA dFS HERoF LA glon i 4~45T 9
2EHYAA Ao, HAHe WwS2EE Nitrosomonas® 4% 35T,
Nitrobacter?] 7% 35~42C ©]tHEPA, 1993).

Maximum growth rate™ 10T “gsAlvtch 28] S7Fste] Van't Hoff-Arrhenius
A3 - FARERE, 5~30TH A HAabste] gk 2] gk
Arrhenius—type @Ejoll & Ste=ths ARAo] ofg AFAEl osiA HEEHA T
(WPCF, 1983). #4Fs}& (Nitrification rate)= 30~35C o]/delA #ashe A=
dFH A=, o= olyg WA v F2 T 7pA e wEgo] dojuhr] wf

Ol tHU.S. EPA, 1975). 4 %7t Asddd met dikstgo] Srksta 1 v
o2 BEA 2EE YoAW vAE AlxUFe dud wdo] dojuiA Hrt

(3) pH, Alkalinity

Aikstell digk pHOl F&Fe AT7AE webA g 23E vebde, w39
ol#]gt AFEo] &-&(Acclimation) @A E AAA & 3]&2 (Batch) 2 g ol gh+=
e aysledor & Aolth(Barnard et al, 1992). Wild et al,.(1975)¢] -2 3}
w=Zw pH 7.0 oA ¢ Maximum specific growth rate:= pH 8.0 °lAle] 3ol

_8_



50%e°lw  olE  Atolel=  AIFAAVE vk A Wk Engled}
Alexander(1958) 1231 Downing et al.,(1964)2 7.2°14 8.0A}Fo]2] pHolAl+= #
2bstel gk gdo] Ao glom, pH 7.2 o|stall A& Hikslgo] d¥gAo=z A
st thar ®aehd ek ek Hall(1974)2 pH 7.0 9.4 Alolol A= st A4kst
7b olFoixi e, pH 6.3 oAM= Axtshrh o] Fo| A A ebkeS Halstilvh pH
4201 A 9] HAirslg&2 pH 7.20014 9 HAtstg 9] 55%°] .

SEA e MAES o]&3 Antoniou et al,(1990)] H AGE e 2
Lol A Aikstel tig pHO FEFeo] o AFE the ol Hastrh 20 Tl
Al pH 6.9°] AArst&-2 pH 7.99] 84%°|w, 15T+ pH 6.8¢] #A4tst&o] pH
7.82] 42% o] At

olgHom pryobyd A4 Imgol 4HstE = 7imge] dA =T AMEHE

o], AA wg7]el = w& Alkalinityl M= =2 pH7F A€t o= AA A

|

34 HEg7)d A= A EFS Y35t Open system®] FEZ 375 &3
2 COF g715o] Aitstygola Q5= o &2 Alkalinity #t Xt} 42
ol ARE7] wEolt),



Table 3. Percentage of free(as NH3) in freshwater(FW) and seawater (SW)

at varying pH and temperature

10C 15C 20T 25T
pH
FW SW FW SW FW SW FW SW

7.0 0.19 0.27 0.40 0.55

7.1 0.23 0.34 0.50 0.70

7.2 0.29 0.43 0.63 0.88

7.3 0.37 0.54 0.79 1.10

7.4 0.47 0.68 0.99 1.38

7.5 0.59 0.46 0.85 0.67 1.24 0.96 1.73 1.39
7.6 0.74 0.58 1.07 0.84 1.56 1.21 2.17 1.75
7.7 0.92 0.73 1.35 1.05 1.96 1.52 2.72 2.19
7.8 1.16 (O 1 1.69 1.28 2.45 1.90 3.39 2.74
7.9 1.46 1.15 1.15 1.66 3.06 2.39 4.24 3.43
8.0 1.83 1.44 1.44 2.07 3.83 2.98 5.28 4.28
8.1 2.29 1.80 1.80 2.60 4.77 3.73 6.55 5.32
8.2 2.86 2.26 2.26 3.25 5.94 4.65 8.11 6.61
8.3 3.58 2.83 2.83 4.06 7.36 5.78 10.00  8.18
8.4 4.46 3.54 3.54 5.05 9.09 7.17 12.27  10.10
8.5 5.55 4.41 4.41 6.28 11.18 8.87 14.97 1240

#Freshwater data from Trussel(1972), Seawater values from Bower

and Bidwell(1978)
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3. Zitstold=

AEA AAE o &7 FANA AaAAdE AR gz AYHoR o §

A dFg Ao R o' 549 33hA mydgdnAEe] tiakel BEEo Qv
AP 2 Winogradsky(1933)2] Aol <jal wfal A vdl AE3HA F3g Wi A
TogiREe] frlEEe AEFAESE A FUIEES ol&dte FEIYAE
(Heterotrophic Organism)oll 23] AAEFHY dRYol= MEFAHAHYGE AUX LS

A7) sfA o] &3E= =H dn W E(Autotrophic Organism)oll &J&] F& A7}

fr

JEFS ofFidoz AT WS #ToJstE v AELS Nitrosomonast
Nitrosococcus, Nitrosospira, Nitrosolobus©] i, o} dArA S HAld o2 AH3hA]7]&= Hb
Lo #os= v AELS Nitrobacter®t Nitrosocystisztal  Painter(1970)7} 23 3o}

AF3 nAEZo A Nitrosomonas® Nitrobacter?o] % AR = HAE Hol o

i
N
L
>
L
N
fo
rot
i)
T
Lo

i
o
o2
o
=)
0%
e
ul
tlo
e
B
3O,
o

&S AAskE T5GE dEgotel we) dHs] JFI. webA vAdssA S

71 % 835 (Barmes et al.,, 1983).

1) Zikste] #3k A s}st
Nitrosomonas® T E =& v Fol os) ofdAitd e AL 2(1)3 #2o] A=
o},

Nitrosomonas

NH; + 1.50; — NO; + HxO + 2H + 240~350 KJ/mol (1)

ojg g whgoll A WEH= A= CO, HCOs, COs oF #2 Frgtadoziy
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8% FrlEEds ke Aakst mAd e 98 o]&Hth(Prakasam et al., 1972).

NO; = Nitrobacter® == W AE o)A NOs & ¥ =d 2 ¥4 2(2)

Nitrobacter

NO; + 050, — NO3 + 656~90 KJ/mol (2)

Akst v Elols F5QY A =R vaElA wie =9 A4S
Uzl 7149 AE Bags Ao ol dyA] 7[dae dEAE daet Athe 59
FE WABERD Aikst vte g olrt FUIMEEAY] FA FUIEARE Q8]
ojth. AbY F7H A Abstol A A AUAE COE F71F
o]- &=t} Nitrosomonas®t Nitrobacter® T+A°] C:HNO.Z Yelold 4 9
7Hgstel Al g EA S 33 Zoh(Sharma et al, 1977).

Nitrosomonas

15CO2 + 13NHs  —  10NO: + 3CsH7NO: + 23H" + 4H20

Nitrobacter

5CO; + NHy" + 10NO; + H.O — 10NO3 + CsH/NO; + H

druote]l Fakstol M FET HE A, et A Abstd AEAYLF
- Ha, sAEs daksl 3t ES

A 71zl oF 45g9] Atavh Basiy AAzs darst dgel wAEE Hell o
pH AstE =719e] 1go] NHy -N& Abstr|7]=d o 7ge] de|rt dasirs
2 ol

N
Nitrosomonas®} Nitrobacter®] AEAHES o|2H o7 FAHH CHO.NO = e

o
=2
>
o
oft

b
1o

>

ol

B 4= 9lt}. Nitrosomonas AAFEFo] 0.15g VSS/g NH4, 2 7} 3} Nitrobacterd] 43
AFFS 0.22g VSS/g NOs olgbar st 1 uf MxEAdGe] sletdE s o5 2}
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Nitrosomonas

55NH, + 760, + 109HCO; —  CsHyNO; + 54NO; +57H,0 + 104H,COs

400NO; + NHy + 4HCO3; + HCOs; +1950;

Nitrobacter

— CsH7NO,; + 3H2O + 400NO3

Aakst g E o] gt kYol Abska2 ofefol Pt

NH;" + 1.830; + 1.98HCOs
— 0.021CsH7NO2 + 1.041H20 + 0.98NO3z + 1.88H2COs3

Fig. 1. Nitrogen recycle by Nitrifier.
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o] o, 75~85%7F HEZ o] &sto] &

offl
<
k)

ofs
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Fig. 2. Schematic diagram of experiment.
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2 APl o8 S5 AFARY FRY AFAA AT E FAHoR 4
L ¥R BYS 2E ASASE AGath B3] el F5E Ry 3

al
v GG EEFENHCDS o]&3tdon, A3l ARyHE dZEEe BRSS9
NaHCOsE o] &3ttt f7]eagdo® CHOHE, SIS 2 NaHPOE AHE3H4

o,

Table 4. Synthetic feedstock solution

Composition g/m’
CHs;0H 99
NaHPO, 4
MnSOy
NH, -N(NH,CI) 13
NaHCOs as need
Salinity 32%o

AzE 8- FF A-RANA FAe AFAFF 2 pH, NHy -N, NO; -N, NOs -N,
COD, T-N, T-P, Microbesel thate] 4 - #&stg o XEE AR Standard
method(APHA, 2000)° whebA] #2183 oh

DOE £&EXASAHIIE o] 83193, pHE pH meterE AF&35Fe] AlgAF 9 54

o Z4se.
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Table 5. Analytical method and instrument.

Parameter unit Experimental method
pH - pH meter (Electrode Method, Orion )
Alkalinity mg/ ¢ Potentiometic Titration Method(mg as CaCOs/L)
DO mg/ ¢ DO Meter(Electrode Method, Orion )
NH; -N mg/ ¢ spectrophotometic Method
NO3; -N mg/ ¢ spectrophotometic Method
NO; -N mg/ ¢ spectrophotometic Method
COD mg/ ¢ Potassium permaganate method
T-N mg/ ¢ spectrophotometic Method
T-P mg/ ¢ spectrophotometic Method
Salinity %o Salinity meter
Microbe Olympus U-PMTVC

INSUB ®F37]&= &xx4do] 7153 2o MAAsle] 20£2T oA Sdaq o,

AE2 30U AEANF ARESATE 1A %) tube®t & tubew] €] scaledd

FeSA ARAG]  FEUSE AAN WAL GFES Loty st

SV (Superficial Velocity):= 15.18cm/min® A A 71 Aeol A 8 8t2 A FA7HS

4, 25, 125 BAHOE WHATWA Qe Feleta AFALES S, W
gxel FHgol e e Tolurl 8 FAEE 50, 40, 30, 20(vV/A%E B
Moz MaArEA 49 s

_22_



Iv. 4 %
1. HRT H3atof| WE Fe
1) #ibs &8
35
Sty dh 2. Gite 1.25hi
! ]
25 fo l T'i FI 1 1- Fll rI| |I 1| ]
I |
'E-i 2 b T'II Ill ]I I I I. | ]l | 1 L {1 -y
-] | ‘ *

_I l T 1 J. 1|' t l- #. EI 1;'. I| *I l | III
g1 ! e SETLNRNANARENE
e Jr. et I"., \1‘ i TRV EN
| i : =l I -

| 1 LL ] ' - "
|
0.5 |!IIIIII 0 == l.J|I|I|l L..
0 . .
i o & 30 40 A0 &0 T0 8 900 100 10 130
Time{day)

Fig. 3 The variation of NH4 -N effluent concentration during
experimental period.

A

%

717bE)t Yol Aol WEkE fig. 3o YEhAT A8

Shr, & %-& 50, 40, 30, 20(v/v)% = WsIA|7]HA AFsR o, o= HRT 4,

25, 1.25hr= @A o2 WA 7|EA 72+ S & 50, 40, 30, 20(v/v)%ol sl A
R A=

_23_



2ol A9 Al et ARk o 6 o lE el o e =
ke gido 2 skt

Fig. 4 ~ 72 #A2ks v Eo] nAgsty wdols 50, 40, 30, 20(v/V)% =2 FZ1A]
71311, SV(Superficial Velocity)E 15.18cm/min 2.2 LASA FA3 A4 HRT
£ 5, 4, 25 1.25hr= WIAIAS W FE59 dryolel NOx(NO: + NO3)°| Ar
d-FETE L AAZE] WEE YeERH ol

A& 0(v/v)%ollA HRTel w& AAEZES Bd 5hrdwl 904%=, 4hrdd
87.4% 25hrd ] 75.2%, 1.25hrd Wl 71.2%, A& 40(v/v)%l A= Shrdwl 87.0, 4hr
Adu) 83.2%, 2.5hrdw] 705%, 1.25hrdw 655%<] AAZEZ #asta vk FHAE&
30(v/v)%oll A= Shrd o] 84.2%, 4hrdw 73.8%, 2.5hrol Al 63.2%, 1.25hroll Al 57.2%
2 A8 20(v/ V)% A= Shrdw 77.7%, 4hrdw) 71.0%, 25hrd vl 60.6%, 1.25hrd
w 51.2%°] AAES dERU A T

aga ZF FHEeA, HRTS F7bel weh sty Aabste] HFAHEQ
NOx(NO; + NO3)°| F7Fd o] 5 veht a&4 Astsrh dojut s & 5 AN

st
&
o,
ot
o
fol
o
o

23 A2 HEE HRTO F7bel wet dEyole] dikst g&0] TulxE&= (1) 4
g 4 odgler O AAEES FHAEES 18T u A HRT+ 4hr

ool 27E = Aow AdH

rJ
iy
)
it
ok
rO
it

714 Wrg) s

il

Suh(1998)5¢] Ca- alginateo] 74 3}3t AaAdaS S8 HH
o] §3te] FA FolFF &9 dRUYolY HAaAA AP #FE Suh(199W)5e A
of wzw A& 50(v/v)%, HRT 16.0hrol A 90%¢] Fyol A7 &S vetdon

0.6hrdmf 59%9 AALES YeEFH oY 2 AFoA= 1Rt &2 S5hrel HRTol A

0% AAZES DA

|

o
)
)
24
o,
o
fo
ro,
o
b
rr
o
fan
g
O
({14
)
Ak
i}
[
(o
1o,
oX,
S
SE
off
I
Jo
o
Jo
N
e

el dEvs Aoy AAREANA ] 2 Aolde YElls gdors A7t
St A o] MAE A= Aolz AtmEd. =, Suh(1998)5 9] AdddAM = HAibst

s stEAEE MAESs 7 Adsiden O vAETds F5FE B E]

il

_24_



o

—
file)

_25_



NH-"-M {mgiL}

I I [rifluent wam Efffuent -&- aificiancy
3 100

4Hr 5Hr
HRT(hr}

N mgL]

& 5 A
HAT k)

Fig. 4 Change of NH;" -N and NOx Concentration and removal
efficiency with HRT(packing ratio 50(v/v)%).
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I I | nflusnit 2 Efffuent -&- efficiency
3 100

1, 25Hr 2.5Hr 4Hr SHr
HRT{hr}

HOdmaiL)
Pl

2 5Hr

HA T

Fig. 5 Change of NH;"-N and NOx Concentration and removal
efficiency with HRT(packing ratio 40(v/v)%).
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Fig. Change of NH;"-N and NOx Concentration and removal
efficiency with HRT(packing ratio 30(v/v)%).
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NH-"-M {mgiL}

I I [rifluent wam Efffuent -&- aificiancy

3 100
1 &0
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1, 25Hr 2.8Hr dHr SHr
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F. |
< |
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F
=
i
ﬂ I I
1 _25Hr & G A
HAT(he)

Fig. 7 Change of NH;" -N and NOx Concentration and removal
efficiency with HRT(packing ratio 20(v/v)%).
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2) F71&(COD)2 AA

HRTS Wsle] w& §7]5] AAEALS Dolry] 93] INSUB ®H2-7]¢] COD
FAsEE 28~33mg/LE 3t HRTE 49AZ WA 7|HA Fd& 50, 40, 30,
20(v/v)%ell A&l Z2h Faakad

Fig. 839 98 A rd FAE& 50(v/v)%olA HRTO ©@AZ W3l thate] COD
A7 eS Shrd o 85.8%, 4hrdw] 85.3%, 2.5hrdw 84.8%, 1.25hrdw] 83.8%= UE}
Utk 24E 40v/v)%ol A= HRT7ZF 74 3te] wel Shredw) 84.8%, 4hredw) 83.5%,
2.5hrd W 82.2%, 1.25hrdw] 79.9%< AAEES AUt

F4e 307 20(v/V)%olME HRT Shrdul 820, 77.9%%, HRT 4hrdw] 785,
74.7%, 2.5hrd w753, 72%, 1.25hrdw] 71.0, 61.6%2] A AZ&S ERWLL

F1ECOD)AAE Z+ FAE&o o] HRTO Walolx= ZA Wt g A4
oF L AAEES Bt

F71E(COD)9] AAEES 40(v/v)%elde]l Fd&o] SlojA= HRT Wsle] #A
°of #AIgle]l 80%°lde] &S dEUdoy, B v FH &A= HRTO S71
of wet thAhe E&S/F AFS FAT F AsTh olye AnE 2 INSUBOIA =

Ariga, 0.(1987)2 4= Yold Aol Aibste] #olsh= v A &2 Nitrosomonassy
¥} Nitrobacters ] SHIF A2 dagdor Frehadl oitgtgas A3
D2 golGT £ frIERE T 7 flo] A A s FEHS gaAE F

Ak ekt B AolAE rruoby Aol Aas Wk ol §7]E0] FA
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Fig. 8 Change of COD concentration and removal efficiency with HRT.
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&

COD(mglL)
8 & 8 B

=]
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Removal efficiency| %)

Removal efficiency( %)

Fig. 9 Change of COD concentration and removal efficiency with HRT.
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Fig. 10014 7z} ZH &4 HRTY Z7}d wet T-PAAE 9 Fgre] Z7174eS
, o= INSUBHFg-x9 EA44 HRTY 71 &3}

al

FE AL AESHAH zPAF3F(Autooxidation)ol]l 71Q1E AR AR
<
T

daksh dpgel A Aitsr v Ee] HA AR pHHS = 75~85010 fyobyd A
2o Aabshrl gE Agol EZe=e H47F yEhd pH7F AdtE o] ditks ukg
= AsistAl "rh 2u B Al el pHYF 7801 e = 80mg/Lell A
AA7I1F pHe| W G| Ao Fo] AA| gho}, Fre] dEY = AR
A7b= Stk 99714 Imole] NH, -N7F NOs; -N=Z #Aksl %A 1.98mole] HCOs
5 &Hstal CO(AAIGE ] HoCOs)©  Alkalinity 7} AX % o] X th(Bishop, 1976;
EPA, 1975).

—— 0% - 30% —a— 401% - 5%
100
£
= 80 |
. .
% &0
‘m
& 40
E
®
o 207
'_
|:'_'| L 1 1
1.25hr 2 6k Akir Shr
HRT(hr}

Fig. 10 Change of T-P removal efficiency with HRT.
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Fig. 11 The variation of NHy -N effluent concentration during
experimental period.
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A0/V)%AN M= 87.05%, 30(v/v)%AN A 84.2%, 20(v/v)% A 77.7%2] AAZES
BT
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A& Wge] w2 AAEE&o] HRTHS | wE AAZERTY AALe] AA e
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o] AL FHEol Eobdel wt Wgr] R ¢dRYel v izt AXAAN FE
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I I [rifluent wam Efffuent -&- aificiancy

HRT(hr}

G (mgil)
kJ

Packing Ratio]Viv)Hh

Fig. 12 Change of NH;"-N and NOx concentration and removal
efficiency with packing ratio (HRT 5hr).
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B Influent Efluant - efficiency

MHs <N [mgiL)
>

200 0% A0 E0%

Packing Ratio{Viv)%

Fig. 13 Change of NH;"-N and NOx concentration and removal
efficiency with packing ratio (HRT 4hr).
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MH<"-M ({mg'L}

B nfiuemt R Effluent & efficiency

HRT{hr)

20% 30% 40% 50%
Packing Ratiofviv)%

Fig. 14 Change of NH; -N and NOx concentration and removal

efficiency with packing ratio (HRT 2.5hr).
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I I | nflusnit 5 Efffuent -&- efficiency |

20% 30% 40% 0%
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Fig. 15 Change of NH4 -N and NOx concentration and removal
efficiency with packing ratio (HRT 1.25hr).
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Fig. 16 Change of COD concentration and removal efficiency with

packing ratio.
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Fig. 17 Change of COD concentration and removal efficiency with

packing ratio.
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Fig. 18 Change of T-P removal efficiency with packing ratio.
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Photo.

4.1.

Photographs of microbial attached to media during

experiment period. (Olympus, U-PMTVC)
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