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Impacts of the Hydraulic Loading Rate and C/N Ratio on Nitrification in
a Trickling Filter with Styrofoam Bead Media in Seawater

TaeGun Choi, Pyong-kih Kim' and JeongHwan Park*

Department of Fisheries Biology, Pukyong National University, Busan 48513, Korea
'Department of Aquaculture and Seafood, Gangwon State University, Gangneung 25425, Korea

Styrofoam beads, which are relatively inexpensive and can provide a large specific surface area, were tested as filter
media. Styrofoam beads with a diameter of 3+0.5 mm were used; the specific surface area of the beads was 1,034
m?-m?. Five independent recirculating culture systems were used in the experiment. Each system consisted of one
culture tank and three trickling bio-filters. Using the systems, nitrification efficiency was evaluated with respect to
hydraulic loading rate (HLR) and carbon/nitrogen (C/N) ratio. The lowest ammonia and nitrogen concentrations were
0.84 mg-L"' and 1.30 mg-L"!, respectively, observed at an HLR of 50.9 m*-m-h"!. Nitrification efficiency in the culture
tank was highest at a C/N ratio of 0, with ammonia and nitrite nitrogen concentrations of 0.32 mg-L" and 0.90 mg-L-,
respectively. Ammonia and nitrite nitrogen concentrations in the culture tank abruptly changed at C/N ratios > 3.
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£=31o] 19k A A| A"l (recirculating aquaculture system, RAS)
<& 0ehE Eol= Al R Yol 9 opHAMY A4 AIAE 9

5H4] o] 25 295lal QItH(Greiner and Timmons,
1998). A= ofshis vlE o) A4S uH-S o] g Al
B AH% 5 UASHE Gk ol W ol HAMY HAE 51§45 o
sk Al 7lelo] QFAlAEol el Has 2 8RS &
A SBol TP A 2B o] B4 SR A, BE-S Thstel
7] 913+ 4512 hats] o)1 QJck(Kim, 1980; Nijhof and Bon-
verdeur, 1990; Lee et al., 1999). 9FA] AlS-4=of = QF AR E-o]
uAdst & by olbAl Z4(TAN, total ammonia nitrogen)7}
Uom, o= FAEY T8 AatriHER $5ollA NH,
9} NH, F 714 e & EA4gtch(Colt and Armstrong, 1981;
Chen et al., 2006). 5= 7}A] Fe| BF G2 Fro A 9F4
A&l ZAS HH(Chen et al., 2006). 15E=2] ¢FE Lo} 4l

opEAMY Aao) b2 A ES 249 28 7], N
& APRESE 24, A WA ZAIE o, ARE
eh540] Al of bl o] 4t A, o)kl ol Lehts
o2 UdHA Qlch(Beaumont et al., 1995; Beaumont et al.,
2000; Miller et al., 1990; Shingles et al., 2001; Wicks et al.,
2002). 53], gt yoto] T A o 2 e Z ¥ 79 YA 74
oF tf=F HARE Zefisto] ot A Al AR o Algt &
o]o] Fth(Russo, 1985; Jeney etal., 1992). 2k} WS- 913t
Bt ojmie S aelet of 3 whAlof wet Al 1
A, 354, 34 YubA] 50 & teFsith(Van Rijn, 1996; Ling
and Chen, 2005; Malone and Pfeiffer, 2005). AF4] o1t z=
e o253 Hlalste] =2 FEO AME FE6te] B8
= a3 & 4= qlen, g o] Qlol A, Ay, &% H e
7} sttt o4& 7HA AL QUtk(Eding et al., 2006).
ety ojatx of AAakst w82 A4S u]Ad=2l Nitro-
somonas°l| sl EYol7} opA ke = AFehE a1, op AR
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Y 7lES HaYdoR o|gsto] A= mAES T
ol SYHFYYES 759 TS E TaY o g o gs)
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sh 7149 B1hE THELE 5 ofah fo] $440l 9
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Fig 1. Schematic drawing for the trickling filter experiment.

Circulating Pump Q

sto] AE|RE H|EE AR o] 835 wf C/N (carbone/
nitrogen)H|of| w2 LS} A &H7HE HAISHITH AEEE
H|E9] o] §-2 &4 ojufx 58185 g7]4o=2 &Y
T e 3R AL YA o' o, fEko nkekA]
A|&EHo A AE|2E H|EE oAl 2 o] 83 uff oyt &
Ag 24T 5= e 71 ARE AASHLAL 7

=
dH2 Artet BEE7HE S LT 2ol SH AL

G5 SO Al2EE o] 83T ZH7he] AlAEle 1
e Zejoddl wo] ARgx 1,015 % 1,150 mm, -84

X
1,080 L) 171, Wi o] go)gt & PVC (27 100 mm,
°] 1,300 mm)E ©J-§-3F =4 o 7k=(8-4 10.2 L) 37H(34E
), $EHHE, A, JFEE, 300 W 38, 5o m e
o= FASIAtH(Fig. 1). ¥ Hzof Qe S 7t
o ol 12 AL 2 QLS of7ht Aol A 413
ShoiEh. Al ol of 3t o2 S Bkt 3 of % sjero]
T2 40 mm F7]9] wlip-E Fol RO ARG ER AR H
£ gsholrt, olul, o 47 o] of 7k U 52

£ 570 fA5te] W47 E B olat a0 GAL WAIS Y
ok offe] e} g whhol A, -3 B vhols) 0] R}
£ o]8sto] ARgE U] DO (dissolved oxygen)E YA 5HA 1
Asteh. pH= FEAT LIEB(NGHCO) 0.2 28540,
Abe e 28718 o]83te] 22 25CR 24319l
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Table 1. Characteristics of bio-media

ltems Description
Type Globular form
Material Polystyrene foam
Average diameter (mm) 3+0.5
Specific surface area (m?/m?®) 1,046
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conversion rate, VIR), 84k~ A& (oxygen consumption
rate, OCR) 4] (1) o} 3o AXISIe, v}l |2
TAN A%+ & (areal TAN conversion rate, ATR)= 4] (2), &
2 opgAbg Ha 3T (volumetric NO,-N conversion
rate, VNR)E 4] (3)2, o) MIERIA obalaby A2 gt
<; %= (areal NO,-N conversion rate, ANR):= 2] (4)5 ©]-85

o] L5Hck.

o T A 8-A T HELE (g m? X day™?)

VTR=[(C,,-C,, ) X Q* 24]/(V, ;. < 1,034) =+ 4] (1)

media
C; ol R<14 ) TAN 5 (mg L")
Cy O3 j%4 1 TAN 5-=(mg-L")
Q RYSHLA)

Vo SERE EE S8 m)

a: TAN, DO, total alkalinity

of ol ] T TAN 85 (¢ TAN-m > day ™)
ATR:[(CI_CO) X Q]/A ............... é} (2)

OI]EJ—HHXE] —g—@'% O}XE!/}J—A{)] XE]_/]\_ %ﬂ_%]——ﬁ?—i(g NOZ-Nm’3day1)

VNR=[(C, 2 - Coner ) X QX 241V, X 1,034) -+ 4] (3)

CI,NO2 N o7tz el W NOZ-N =% (mg-L)

CO,NO2 N oz v Ea= NOZ—N = (mg'L‘l)

oyl 2l v FHA T oPAARY A A ﬁg‘:’:‘E-(gNOZ-N'm'Z-day‘)
ANR=[(N02-N. -NOZ-Noutlet) X Q]/ A e /l] (4)

inlet

B AHE 94 AP £2E HAY Stk Bolu
2} A 2eglo] s £E|ZF HES ol Az

3
SFATh o) ARS0] R0 800 L2 o T} ARSo] &

Table 2. Composition of chemical nutrients hydraulic loading rate

experiments

Ingredient Concentration (g-L")
NH,Cl 44.54
NaHCO, 114.14
MgSO, 7H,0 1.16
Na,HPO, 3.23
KH,PO, 4.94

FeCl,-6H,0 0.16
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Table 3. Composition of chemical nutrients C/N ratio experiments

Ingredient Concentration (g-L™)
Glucose* 0-473.2
NH,CI 30.09
NaHCO, 77.11

MgSO, 7H,0 0.78
Na,HPO, 218
KH,PO, 3.33
FeCl,-6H,0 0.10

*Glucose levels were adjusted depending on the experimental.
C/N, carbon/nitrogen.
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Al 4= Thermo™AS] Aok 21554 7](Gallery, Thermo
fisher scientific, Waltham, MA, USA)E- o|-8-5}0] F431-¢c}.
pH, &, &-&Ak4+= HQ 40d multi parameter meter (HACH
CO, Loveland, Colorado, USA)E 0|43} =435}t G&
& Z4 4] JEA(ORA 2 SA, KERN, Mannheim, Germany)
£ o]-&sto] A5

SAX

FA A2l SPSS 25.0 A2 S o]83l3itt One
way ANOVA testS A A|5to] S2AM A4S $13l Levene
AARES AAFLE S2A o] 211 5] 918 72 Duncan’s mul-
tlple range testE 0|85} 11, 54 o] BHEER] kS 7
2 Games-Howell’'s multiple range testS A A|51o] 524 #

Xé]‘é‘ }'ME]'

2[3HY HER0| 2 A4l OfHEC] TAE 58
S

PN
2|t Hoiol mE daAl izl YEL|0F sk HEt
2 Y7t YL |of ML

|82 Fokero] digh 7U7e] A A VS Table 4] Lref
Witk 12.7 (H1), 25.4 (H2), 38.2 (H3), 50.9 (H4), 63.6 (H5)
m’m?-h' 9] ZF A to] A *e—’F* MR E Foje= e
2} viE9] TAN Hab-sTE+ Z2H2F 2.28+1.02, 1.79+0.77,
1.46+0.71, 0.84+0.51, 1.82+0.78 mg-L'e} 1.03+0.75,
1.13+0.55, 1.02+0.50, 0.50£0.39, 1.49+0.62 mg-L"'= 1}
efete AR A S AT £215 U] TAN 52 04
202 tho 0 2 e ou HeolA b2 a5 B
3l frolstAl 7H WA e TH(P<0.05).

UZF TAN A2k ATRY VIRE) 72 2H2f 0.40+0.15,
0.42+0.17, 0.43+0.22, 0.44+0.28, 0.54+0.23 g TAN-
m“bead-day '@} 418 +157, 438 + 173, 440 +222, 455 + 286,
553+237 ¢ TAN'm*bead-day '2 ¥7F TAN A3k& == HI,
H2, H3, H49] AR77bol 4 2jsta Salefol tigt folat

Table 4. Effect of HLR on TAN concentration in inlet and outlet water, ATR, VTR and ATR/Inlet conversion rate of trickling filter with

styrofoam bead media

HLR (m®m?h) TAN con. inlet biofilter  TAN con. outlet biofilter ATR VTR ATR/Inlet
(mg-L") (mg-L") (g TAN-m? bead-day”') (g TAN-m?bead-day") con.
12.7 (H1) 2.28+1.022 1.03+0.75° 0.40+0.15° 418+157° 0.17
25.4 (H2) 1.79x0.77° 1.1320.55° 0.4240.17° 438+173° 0.23
38.2 (H3) 1.460.71° 1.02+0.50° 0.43£0.22° 440+222° 0.29
50.9 (H4) 0.8410.51° 0.5040.39° 0.44+0.28° 455+286° 0.52
63.6 (H5) 1.820.78° 1.49+0.622 0.5410.232 55342372 0.28
P 0.000 0.000 0.000 0.000

HLR, hydraulic loading rate; TAN, total ammonia nitrogen; ATR, areal TAN conversion rate; VTR , volumetric TAN conversion rate.
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Zpo| & LR 2] 2EQTHP>0.05). WHE, H59] 4131 F-of A ATR
3} VIR 25 T2 4719 Aol vlisled ool e 4
sl 7} e,

2H A% AN §904 52 A7 M5 TAN 5 E(ATR/
inlet concentration) A|AFA 1} 2+2F0.17, 0.23, 0.29, 0.52, 0.28
o] H]2 H4 o 0] 715 2.2 A A8 ey sic
2ot 2510 e ApAl ofutxo| ofEMe HA S

WS 9 27H OPEIALY HA Hgid

— =21 i

Sreloral Rtape] ek 7a7ke] A 2312 Table 591 ket
Yigith. 12.7 (H1), 25.4 (H2), 38.2 (H3), 50.9 (H4), 63.6 (H5)
mmh1] 7} AT A4 olttRR Sol ot f9%
o} 240 ob ALY AA0] Biks w242 262.23 % 13.56,
257.06+8.71, 5.11+2.12, 1.30+0.53, 1.63+0.81 mg-L'¢}
261.57+5.46,255.39+6.55,5.31+2.26,1.22+0.57, 1.52+
0.78 mg L2 vhebeh, 9140} wlE0] obaAry d: 3
5 H3, HA, HS AFo4 013 2ol 7} g1l ot HI
3 H2 4G Tl thE AETe} ] stel §ofal] 8 S
of obAMY WA H A El 210 2 Lhebdeh(P<0.05).

A7k obuAHY W ATLE ANRT VNRE| 2he 22}
1.93+2.13,1.66+3.17,0.31£0.23,0.46 £0.32,0.63+0.42 g
NO,-N'm *bead-day '2} 1,996 +2,210, 1,720+3,277, 320+
238, 478329, 655+436 g NO,-N-m“bead-day '= HI1z}
H2 5 ART200] 218 2ol S LiehfA] 9L LHP>0.05)

H1

o

7 - s

H3, H4, H5 Ag79} vl mstel §olal] 28 AREES 1
EPSICHP<0.05). ZF AlF 2ol A Sl S5 AA 7hs
3t oA R A9] = (ANR/inlet concentration) A A 2 w7}
7+7+0.007, 0.006, 0.06, 0.35, 0.382] v 2 H42} H5 A3+9]
g W obaabd s et B3l E5tstal H49F HS
AT 28 5] oA st A FRsst Aoa
vehdet.

22515 H5120] T2 A4 ofniEol 8ZAA i Hat

=
Yigit}. 12.7 (H1), 25.4 (H2), 38.2 (H3), 50.9 (H4), 63.6 (H5)
m’m?h' 9] ZF ARl tof Al A=A otz g Soleo= ol
o} wjEo] &AM T Z47F 7.73+0.40, 7.59+0.27,
7.58+0.35, 7.54+0.28, 7.49+0.26 mg' L'} 3.09+0.28,
5.61+0.33, 5.76 +0.35, 5.25+0.47, 6.51 £0.52 mg-L"'& 1}
ehdth AR AT 7] AU G5 ) SR SEE 2 A
B2l 213 Aol7t AP>0.05). et 2 T
A HiEs W) SEAkal olst Halake] Z7kawA ob
A AEe e et

A7 &2 ARAATEROxygen consumption rate, OCR)
2 27} 1,276 +161, 1,396+201, 1,823 +291, 1,155+232,
1,317+411 g DO'm bead-day '& Yebgt}. H3 A3 Lo) A
A o AngkRS YeRi I HE A9 to) A 7P e A

N

Table 5. Effect HLR on NO,-N concentration in inlet and outlet water, ANR, VNR and ANR/Inlet conversion rate of trickling filter with

styrofoam bead med

HLR (m*m?h)

NO,-N con. inlet biofilter NO,-N con. outlet biofilter

ANR VNR ANR/Inlet

(mg-L") (mg-L") (g TAN-m2 bead-day') (g TAN-m* bead-day) con.
12.7 (H1) 262+13.5° 261+5.46° 1.93+2.132 1,996+2,210° 0.007
254 (H2) 257+8.71° 255+6.55° 1.66+3.172 1,720+3,2772 0.006
38.2 (H3) 5.11+2.12¢ 5.31+2.26° 0.31£0.23° 320+238° 0.06
50.9 (H4) 1.3010.53¢ 1.22+0.57¢ 0.46+0.32° 478+329° 0.35
63.6 (H5) 1.630.81¢ 1.52+0.78¢ 0.63+0.42° 655+436° 0.38
P 0.000 0.000 0.000 0.000

HLR, hydraulic loading rate; ANR, areal NO,-N conversion rate; VNR, volumetric NO,-N conversion rate.

Table 6. Effect of HLR on DO concentration in inlet and outlet water, OCR and OCR/VTR conversion rate of trickling filter with styrofoam

bead media

HLR (m3-m2-h") DO con. inlet biofilter (mg-L-") DO con. outlet biofilter (mg-L") OCR (g DO-m?bead-day™) OCRNTR
12.7 (H1) 7.73£0.40 3.90+0.28¢ 1,2761+161b° 3.05
25.4 (H2) 7.59+0.27 5.61+0.33° 1,396+201° 3.18
38.2 (H3) 7.5840.35 5.76+0.35° 1,823+2912 4.14
50.9 (H4) 7.5410.28 5.25+0.47° 1,1554232° 253
63.6 (H5) 7.49+0.26 6.51+0.522 1,3174411bc 2.38

P 0.159 0.000 0.000

HLR, hydraulic loading rate; OCR, oxygen consumption rate; VTR, volumetric TAN conversion rate; DO, dissolved oxygen.
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e Uebdlleh Z7+9] s=ej sk Bsley 2704 TANS AR}
A7) =] 2REE A4 9HOCR/VTR)S AAet Ax) 242}
3.05, 3.18, 4.14, 2.53, 2.38% epytth H3 Ag o)A 713
W2 AbA AH|ERE UE o w HAQL HS A9l HollA &2
Ara 2H)|R2E TAN A A7} 7153 Aoz yehygth 79
AA7|Z FF A% ZF AR pH, 42, Aol o
gt Hat gk Table 70 UERY St 57437} 57 A+ 25
pH, =2, 99| Hats ol sl F2fgt Zpol& HolA| ¢t
om 7] B3R 2 A pH, 42, HE-2] HeollA A Hlof
UFA] oottt

C/NH|off TE &Al Hufxo| Zitet 85
il

C/NH|0l| 2 Al HpRO| AZL|0F S
YL HEEE

C/NH]of| tigt 7U719] A% 2 7HE Table 8of] Y Sict. C/
NH] 0 (C1), 3 (C2), 6 (C3), 12 (C4), 24 (C5)<] z} AlF]to|
A A=A k2R So] o= FYae iS5 TAN s
T 7k} 0.32+0.14, 0.26+0.21, 0.25+0.16, 0.27+0.15,
0.27+0.18 mg-L'¢} 0.04+0.06, 0.12+0.14, 0.15+0.10,
0.18+.14,0.21£0.20 mg-L'& Urepytch AlEZda} 57 AlF
TolA Fde W Yot s AAH o R B EL
= 57 A R0l Aol & UER A] 22 34tH(P>0.05). 12

§|_ ol alzt

= =21

Table 7. Water quality by different HLR

HLR (m®m2-h) pH Temperature (°C) Salinity (psu)
12.7 (H1) 8.0610.15 25.7+0.7 29.43+0.53
25.4 (H2) 8.08+0.18 25.5+0.7 29.71+0.49
38.2 (H3) 8.07+0.16 25.7+0.7 29.43+0.53
50.9 (H4) 8.0610.15 25.610.8 29.57+0.53
63.6 (H5) 8.0810.15 25.6£0.7 29.57+0.53
P 0.977 0.895 0.473

HLR, hydraulic loading rate.
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U iS5 Wl TAN 5= C/NH|7L 571kl whet S716t= 7
& e T (P<0.05).

A7F TAN AgE= ATRYF VTRE) 72 Z2+H2F 0.51+£0.22,
0.20+0.14, 0.17+0.09, 0.12+0.10, 0.12+0.08 g TAN'm*
bead-day '@} 525 +224, 203 + 145, 139+64, 128 £ 108, 128
+92 ¢ TAN-m *bead-day '& C1 A g oA th2 4719 AH
53 vlste] §oJ5HA w2 TAN A& 5 YeEf St
(P<0.05). Ao 224 frdles w2 AA 7Hse TAN &
Z(ATR/inlet concentration) AlAF A3} 2+2F 1.59, 0.76, 0.68,
0.44,0.44% C1Y off 7} =2 A AT e Sich
C/NH|Of| HE 2b=Al Ot 20| OFRIMY EHA Sk H3 3
U7t OfEMtY EA HEEE

C/N H]ofl gt 747k} A3 A S Table 991 Lt it C/
NH[0(C1),3(C2),6(C3),12(C4),24(C5)2] 7t Aol A o]
28 Sol oo §olel wlE4o] o Ak HsE
= 242 0.90+0.46, 1.06+0.37, 73.46 £ 19.03, 84.55+£22.78,
89.25+18.35mg-L '2}0.81 +0.43,1.03 £0.34,72.65 +21.30,
82.64+23.12, 89.25+20.47 mg-L ' Lpebge}. A3 A7} ¢/
Nul7} 27kl et §914-0f 4 ) obd4ky Al
E7h oM A UER AEH(P<0.05). C1 C20)| A B]aL
A g2 e Ul obdad A =8 HER )l e ™, €3, C4,
C5 Aol A o Ul 352 s mof opdibd it 5245
© S22 LR

Ut opEAd A A= ANRYF VNRO g2 742}
0.63£0.35, 0.09+0.15, 3.04 £3.69, 3.71+£7.41, 2.92+£8.73
g TAN'm*bead-day '¢} 650+369, 91+ 156, 3,140+ 3,817,
3,838+7,667, 187319212 ¢ TAN-m *bead-day '& 217} o}
g A Aok = C/Nv| 2700 whe fofjk 2kl & o
B ATHP<0.05). 2} A9 =0l el 553 A7 7hs
St opalAH] A 49 5% (ANR/inlet concentration) A4t Z 31}
2470.7, 0.08, 0.04, 0.04, 0.03.0.2 C12) 1 7} =& 4| A2k
< WER 2l

Table 8. Effect of C/N ratios on TAN concentration in inlet and outlet water, ATR, VTR and ANR/Inlet conversion rate of trickling filter

with styrofoam bead media

TAN con. inlet biofilter ~ TAN con. outlet biofilter ATR VTR
CIN i L - e e ATR/nletcon.
(mg-L") (mg-L") (g TAN'-m2 ead-day”) (g TAN-m=3 ead-day”)
0(C1) 0.32+0.14 0.04+0.06° 0.51+0.222 52542242 1.59
3(C2) 0.26+0.21 0.12+0.14° 0.20£0.14° 203+145° 0.76
6 (C3) 0.25+0.16 0.15+0.10% 0.17+£0.09° 139+64° 0.68
12 (C4) 0.27+0.15 0.18+0.14% 0.12+0.10° 128+108° 0.44
24 (C5) 0.27+0.18 0.21+0.202 0.12+0.08° 128+92° 0.44
P 0.840 0.000 0.000 0.000

C/N, carbon/nitrogen; TAN, total ammonia nitrogen; ATR, areal TAN conversion rate; VIR, volumetric TAN conversion rate; ANR, areal

NO,-N conversion rate.
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Table 9. Effect of C/N ratios on NO,-N concentration in inlet and outlet water, ANR, VNR and ANR/Inlet conversion rate of trickling filter

with styrofoam bead media

CIN NO,-N con. inlet  NO,-N con. outlet ANR VNR ANR/Inlet con.
biofilter (mg-L™) biofilter (mg-L") (g TAN-m2 bead-day') (g TAN-m? bead-day")

0(C1) 0.90+0.46° 0.81+0.43° 0.63+0.35° 6501369 0.7

3(C2) 1.0610.37¢ 1.03£0.34¢ 0.09£0.15° 91+156° 0.08

6 (C3) 73.461£19.03° 72.65+21.30° 3.0443.69% 3,14043,817% 0.04

12 (C4) 84.55+22.78%® 82.641+23.122 3.71£7.412 3,838+7,667° 0.04

24 (C5) 89.25+18.35° 86.44120.472 2.9248.73% 1,87319,2123¢ 0.03

P 0.000 0.000 0.048 0.000

C/N, Carbon/Nitrogen; ANR, areal NO,-N conversion rate; VNR, volumetric NO,-N conversion rate.

Table 10. Effect of C/N ratios on DO concentration in inlet and outlet water, OCR and OCR/VTR conversion rate of trickling filter with

styrofoam bead media

CIN DO con. inlet biofilter (mg-L-") DO con. outlet biofilter (mg-L') OCR (g TAN-m= bead-day™) OCRNVTR
0(C1) 7.97+0.16° 6.58+0.20° 1,854+376° 3.53
3(C2) 8.20+0.142 7.24+0.26° 1,288+387° 6.34

6 (C3) 8.13+0.13* 7.32+0.33° 1,085+420 7.80
12 (C4) 8.06+0.15 7.300.15° 1,009+191° 7.88
24 (C5) 7.9710.16° 7.700.192 35543244 2.77

P 0.000 0.000 0.000

C/N, carbon/Nitrogen; OCR, oxygen consumption rate; VTR, volumetric TAN conversion rate; DO, dissolved oxygen.

C/Nu|of| ME 4
SEMA ADEF

C/NHo| thgt 7471e] A A3 Table 100 LrER STt
C/NH] 0 (C1), 3 (C2), 6 (C3), 12 (C4), 24 (C5)<] z+ AFL
oflA] A4l otz R Soles Y ey S8
= 7k747.97+0.16, 8.20+0.14, 8.13 +0.13, 8.06 +0.15,
7.97+0.16 mg-L'¢} 6.58+0.20, 7.24+0.26, 7.32+0.33,
7.30+0.15, 7.70+0.19 mg-L'& et Al Zda 571 A
T Y W S84 T 2 AP ] ol Aol E
Y191 EH(P<0.05).

A7F A AAA e OCR)S 27 1,854+376, 1,288
+387, 1,085+420, 1,009+ 191, 355+324 g DO-m3bead
‘day ' 2 UEPTH OCRL ClojlA 713 a1 C5oll A 71 &
A vrebg o C/NBIZL F71ete] whel §-2J81A| st 7
e HER A EH(P<0.05).

Z}Z+o] C/NH| 270 A TANS A8 7] 1) AR )= Ak
9] oK(OCR/VTR)S AAFst A3} 72} 3.53, 6.34, 7.80, 7.88,
2.77=% UEbEth C32} ChoflA] =2 Abas 2n]skS el gl
o} 797ke] AA7IZE Bt S 7 AHAY pH, =2, ¢
Bo gt 3k Table 110f] e ict 2423} 7F A
T9] pH Hagh2> A gte] f2gt 2tolg Yepfgle
(P<0.05), =2, H-oll sl A= A1t f-9 2pol &
EFUA] 2 ATHP>0.05).
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2|eh2] Fojafol ik Aitel A&%71E AAskH 28t
2] Fslgo] tigt Aol =Ed Fobda o185k C/NH|
off w2 Aitet 282 F7Fst it

& A9 eEfehy Fekg AL A of3ter) whele
A& WA517] 9)3) Eding et al. (2006)0] A A&k =2|8k2] 2
st Aatslago] 2ol A= 92 HR ddad
oA L2 el ey Felers Farstol A4S =eleh]
ol Ad2at HlolA He Ao+ 7H] = 2| ah4] Fala

Table 11. Water quality by different C/N ratios

C/N pH Temperature (°C) Salinity (psu)
0(C1) 8.06+0.08° 25.14+0.17 29.8+0.38
3(C2) 8.18+0.13¢ 25.07+0.26 30.0+0.00
6 (C3) 8.24+0.13° 25.12+0.20 30.0+0.00
12 (C4) 8.46+0.032 25.15+0.28 30.0+0.00
24 (C5) 8.37+0.07° 25.07+0.23 30.0+0.00
P 0.000 0.649 0.423

C/N, carbon/nitrogen.



o] Z71gtol| whet 4914 Wl TAN =7} Zhadh= 43RS vet
Wit} 9914 ewak 77 7153 TAN S= A4 A} 4
3Ha] Halafo| Z715 ol A7 7Hs3t TAN B2 9X] Z716}]

=T o o

28tz Hajero] Z7F3HrE TAN A3kE7} Srolaitk &
18t B3l 5(Kaiser and Wheaton, 1983; Peng and Jo, 2003;
Nijhof, 1995; Nijhof, 1995)3} & x]}= Axnpqict. zF AE =
Aol A -8l 5= AlA 7FHs3 TAN &%= A4 23t H4 A
9] g W TAN T2/ 7P ol e &8kl 7V =
& AATO] Uskal, HS A5 A st 42| 8h4] Fatak
o] S7tef whet obAl= A YERl Itk HS A3+-9 4
-2 o] whE Hehe o] wsto] ofsf AjEato] 2HesthA|
getg]o] Akl ggo] gtz oz Holtk(Charaklis and
Wilderer, 1989; Park, 2017).

$ol4 U oFAY A S HITHH2 Pl &
0] oAby A4} ZHEE AS BB, Van and
Rivera (1990)= A<= W diyol =7} 1 mgL'Hoh ¥
= o obEAd A0 AAZE A dojub BHE f Yol Fie
7b w2 E oPAMY Aavt SAES DA Baske]
Tk H13 H2 27| A TAN F=7F obaAd Aa skeol JF
== AR YT oY A Het == HIT H2 A
ol A A #EE| QI ©]= Nijhof and Klapwijk (1995)
9} Liu and Capdeville (1994)2] RS E3] & ], =& &=
of opAAMY A7t o bz W= el ol et ek er) o
E Aol vis] =4 vehd Zlor Hojiny, 7 A =4
oA U 5= Al A 7Fert oA A e AL A
Selaha Ralee] Z7lol utel olAle AgS Uehfict.

Percival et al. (1999)2} Vieira and Melo (1999)= %2 -4
o] 2UHL 72 2H0A o B2 nlE AR e
o] © QX0 £olo] KT A& HusT). & A9
3} Percival et al. (1999)¢} Vieira and Melo (1999)2] =& o]
151 o} 0] TANT ob 4] A me Sejsts) Hojey
o] Z7lo| whet =& 58-S Bty Ty Bk §42 A
guje] gebg of|sto] A4teh E gl RAH A5 ulA
Ao Ak,

CNujof T2 ksl BEHAHE 98 27] ONle] 44
o B AR AR o Rl AHE ol f
Shol ZAEL AT 1] A28 W A4S ONH|E
Ato] 1 ghe vheo 2 2 A9 ON 1l A5 AT O/
NH| AT 9l U TAN 2 B 027 mg L2 57)
AR BE e SER AP0 013 o] S e
29ttt W4 v TAN B2 ONH| 7} 2713to] wha ol 4
© %= et o|5 B8l ONB|7F 3715 AlA E=
TANo] Sropxith= 75 #hae &= QU3ieh TAN Hgk& o}
T =T AlA 7T ok Aaw: AL 23 Cl

st o/Nul o] ofa 263

o 27 A W 7} =2 B85 Hlon C2 o)4o] 2xlofA
Cl} H]asto] §A3] Fhashe A& WS 4= ek ol=
70| S7FeEE Yo Al AE0] 7H4gth= Pano and
Middlebrooks (1983)3} Okabe et al. (2000)2] A3} H] =3t
783Fe] Aitz vEkith

Tl W oPAAHE A 5= 0] A C/NEI7L57kgho] et
EOMA= A EE Hlon, TAN 5= oF gef C/NH|of tigt
e o e A o2 AZHETE C3 oo oA FABES
ARl HFHIA P 420 0 o] ofHAY A}
ZHElE A2 PRSG oF A Ab WY SEL (3,04,
C59] AglTtollAl 7] 2= 31t o]= Nijhof and Klapwijk
(1995)2} Liu and Capdeville (1994)9] 23S S5 2 uf, =2
FL9 opabg HaTt ok W= fodgol wheh ek
7 ohE Aol vl A Vet A & Hojzich

7 Y 27004 i =T AlA 7hHs e TANZ opd Ak
3 Aa ALt A3t ClaF C29] A7 240|418 & Afo|7h =
Al el om, C29F C39] A7 27lof|A 9] a8 Aol= =
A g2 Aol EE I o]= C/NH|7F 094 12 S71e of
Ak} g0l 45% axskal C/NH] 104 22 F71e uf 24t
3} G801 7% #Astt B 118 Zhu and Chen (2002)2] 2 1)
o} v]==5}Gi T} C/NH]of| tjgh &AM} 587} 23} TANZ} of
ALY A BE CNH7F S7H5 A 80 A8t B As
st o, opAAd H49f 79 TANo| H] sl C/NH] o
FEF= O e A om AZE A ONH7} ST
TEQY BB ALY E Y] S Ak 0] A o) ofsf
YARSH A O] 7hol whet AAKS} o] hAieh(Boller
etal., 1994; Ohashi et al., 1995). t}ofst £35S Fofl gl
Hle} 7o) pk-e. x 2-=(Bovendeur, 1989; Zhu and Chen, 2001;
Crab et al., 2007; Jeong et al., 2009)2 &3-S 53l C/NH]E 3
njke 2 A fAJsfof gt B sttt 7R W C/N
HIE A5k Zlo] AE8H ofit2E o] 83 a&2Ql ALt
o} uk8-2 15+ Z 7ol et Az,

ejshs Ralegel W2 WA AL 717 55U
of wiE4-o] wholsh UHRHE olgstol /) AT me) AL
F2 U §EAL SES FASH fA15HE) et ONY
A 2ol olzhhd SATHY F Cle) 270 U o) 24
4 EL 8 mgLlogon], €59 24 o u) §RAk S5
L2 mg L2 vehdh B9 A% U 84k BEE ON
u]7} S7hel whek aksict. e ol AAsh 587}
= 33t ok 2 E31E(Schoberl and Engel, 1964; Knowles et
al., 1965; Sharma and Ahlert, 1997; Choi et al., 1994; Zhu and
Chen, 2002; Park et al., 2004; Park et al., 2013)0]| 4] 2 AI3}o]
P A e AR i)l 23tE= AnE YAt
of & FF= XA ook Ao A7 E

B AP A 7120] Sehad AP o v Wt v wste]

HlEHA o] 2 FAlo] AFshaL A 72 = e LEEE
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A
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44 - %

%

] ofatz o] ofu A & o] g-5helrt. Ak} w|AY
1717881 of ahu Aof] gk thekgt Ao} 7o) o]
Slom, g wRlof|A] of wpul o] o] ALk A&
of & FFe vA= A& HEh ot (Kamstra et al., 1998;
Lekang and Kleppe, 2000; Nijhof and Bovendeur 1990). o]}
&S AEgto] Qlof Al F7t Woll Al AAks} mjg=9] A4
A2 RS SR E Sl T AT 7R W EHA S
Algdliok st FAlol o2tz o] vl MRS 23t A&
T 3f|ofsttH(Wheaton and Kaiser, 1991). @1E2 0.2 o 1}uj]
AL AEHH o g E8/olofof 5, IstA o g QgAY
R of et Alzto] Adol| whet FufishA] ootof gHtH(Chipper-
field, 1967). T3t H|-&-2 A sHH A oj k= Wf 75 sfist
A b= 220 A B|3EH A o] Aol ghrk(Park, 2005).

A=A ol w2 9] o] 8- ok W Bl A o] & o
Fofl W AL} n A E L] A e S ske] ru ot A
& ol Ao Fasith Lyt AA G oll A A
& YA S7tol ke A 889 FTtell= At kg
= QIt(Wheaton et al., 1994). 245} 1142 o wjuf 21 o] 33
of| F/dE A=t 5] Ao E AkaTE HEshe]
Uo}2 A|7 81 4 o ch(Park et al., 2013).

Bryers and Characklis (1982)= d®b& o2 Akl HEE
T = e F7= 2-3 mmA Eefal B arskele) o] A%
7143} 4ha7t AR EE7IR] g E A] ol e W=
d714 5= A3t (Bryers and Characklis, 1982; Chen and
Blancheton, 2006). & 7|37} X3 =¥ o7} HAE 4= gl
AEdro] 22 FAo = fA g 4 ik 2EE AT
240 um®| =7 &= A|A 7} of B B opy et 7] A=t 9t
7| o2} vl g uof of k2 f 75 Wl 4= QlaL(Eding et
al., 2006), AAFs}F 8 -8-2 74 A 71tk (Pano and Middlebrooks,
1983).

AEH] ok of o] whet $skE = ek o] ofsf A
o] ol wpu F = Re| geby o 2 AEuko] fAof PR T
A 7|A T AT F 0 R RE A EYEO 2 SHbE = ke
u] 21ch(Bryers and Characklis, 1981; Eding et al., 2006). A| 2~
slof] et alshd Hojere AROLE AU TR $4
34 ook,

8ol ep A K| ATl 0] 450l B ofe] 718 0] olg)
7] U(dissolved organic carbon, DOC) 7| A} & Efj (particulat-
ed organic carbon, POC)Z &A1& 4= Qit}. 57| 2749 A=
a2 o]k oA §7]%ka S Al o] §5H S dokal
20 Bl 2 BREE 48] 0 R} ol 72 o
A Aka@) F-7tol ti3)] 74 A-S gck(Ohashi et al., 1995; Leon-
ard et al., 2000; Nogueira et al., 2002; Matsumoto et al., 2007)

dutAor FEHGIPES SHFdmEE] sl Sul
S SRS Holw Nl AR 230 Erkal g A
QItH(Ling and Chen, 2005; Gray and Lim, 1980). -7]& %

M o

=

7 - s

S17F 2 210l A A4k 382 agtth(Andersson et al.,
1994; Boller et al., 1994). =, C/NH|7} A& o2 ke x4
M= EHIgrE =] S AT = UAT CONEZL =
& 2004 A=A olitx i SE5GgmEe] 95 A
sHA| Elo] AASE 782 T4t Lomax, 1976;. Michaud et
al., 2006; Kang et al., 2009). Ohashi et al. (1995)+= C/NH] =
7ol whet of vk f AARS} u =0 H7} sk AS
Astittar Bty SEFdudzel o3t dAabst as
Tax0 o] 2 W AAFE0] et FA A -0 A 77 &
A Al 84S Baglch(Peng and Jo, 2003; Ling and Chen,
2005; Rejish kumar et al., 2014).

ARof o] 8 AF 2E B = 190,0009/m’ 2 7]Eo] o]

= ZotAE 22 9] of ol Al ] Kaldnes k1 media 1,300,000
Aol Bl A A1 Sl A Z oS 7HTE A
HojlA AE|=E H]E0] 7HA AL S S5t 2 Ao
= Holr), E3F 7|29 ofyjujdefA e g StE of vk 1
o] of A 1A A 7F = A 9R3k7] wiioll AE =
& H| = ARE-2 A4 of iz o] HA|of| Rlo] Thesh e 4= 3
= Aol Qe Ao AZE 2 Ao o8 AEEE
] =9] ] EH AL 1,034 m*m & AWHA 0 2 Apa] ofakz
o ALgElE ofzhul o] B TR (100-1,000 mPm?)a} B
S W 52 HIEEHAS 2= 202 Y TH(Crab et al,
2007). E3F, AHEA Q] AbpA] ok 0] gfntyo} Mgk =
0.24-0.55 g TAN-m?bead-day' & &&]A Qi) & A% Ay}
2)70) s2]51 et ONH| 2404 U7k ehmjol A
2= 0.4-0.5 g TAN -m?bead-day' 2 714, H| 3 H A, Ak
&% S0 DYPS u) A6 2E 0]Se] ojuul 9249 A
ol that 7Hs S Bhelstatr.

A2 GHQ) ZH3 WO ] TAN obAry
4 %5, TANT} oAby A HBEE, §95 SET A
7Hsat TANTH oM Ad BES Tefstde o 2ue
F H|EE o83 A4 ozl HAo] Selste ke
509 m*m? 2 Fheelch 2 AR A EgEel ARk
of 3k £ I3 ONHIE We Bue §Aa|FE 2o] £
o, §71% A A WE A A S 9g o] 437} Bado]
ehi AZhET B4, A6 2E )5S o] §3to] 03 W19 ¢/
N theh AAkel a887F Al & AR 1ol A3t
o7tz WA gt F=71AQ1 A7t = ETHH AERE v
5 o] &3t aA] ok Ao tiel B W R E Ale S
4= Q& Alolet A E

Al AL

o] =82 201613 E] 37t sk
371 &S A(KIMST) 2] 22 1o
A

Sferestoldt 8 47]ES AT AT 22D D).
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