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Denitrification of Synthetic Wastewater in Submerged Biofilter
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Denitrification is one of the important processes of removing nitrate from in recirculating
aquaculture systems. And this process is affected by many factors such as external organic
carbon sources, hydraulic retention time (HRT), COD/NQ, -N (C : N) ratio, etc. However,
not many studies were done for the optimum conditions of denitrification in the recirculation
system for aquaculture.

Therefore, this study was conducted to find out the optimum removal condition of NO; -
N using submerged denitrification biofilter. The combinations of two external organic carbon
sources (glucose and methanol), two HRT (4 and 8-hour) and four different C : N ratios
(3, 4, 5, 6) were tested.

The removal efficiencies of NO, -N and total inorganic nitrogen (TIN) at 8-hour HRT
were better than those at 4-hour’s (P<0.05). The maximum removal efficiency of NO; -
N by methanol (97.8% ) was achieved at HRT and C : N ratio were 8-hour and 5.0 respectively
while that by glucose (86.3%) was achieved when HRT and C : N ratio were 8-hour and
4.0 respectively. The efficiencies of methanol for the removal of NO; -N and TIN were
always better than these of glucose (P<0.05). The maximum removal efficiencies of total
inorganic nitrogen (TIN) were gained at C : N ratio of 5.0. The maximum removal efficiencies
of TIN using methanol and glucose were 96.9% and 71.5% respectively.

Anaerobic condition which is necessary for denitrification process was not made until
the 8-hour HRT and higher C : N ratio (5.0). Removal of NO,"-N at 4-hour HRT and
C ' N ratio lower than 5.0 were inhibited by oxygen and/or low quantity of external organic
carbon. Removal efficiencies of NO, -N were also inhibited by high C : N (6.0) ratio when
HRT was 8-hour.
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1. Reservoir 2. Feed tank 3. Pump 4. Samp-
ling port 5. Submerged filter chamber 6. Cor-
rugated skylight plate 7. Baffle 8. Outflow

Fig. 1. Schematic diagram of submerged filter for
the test of denitrification efficiencies.
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Table 1. Compositions of the synthetic wastewater
used for the test of denitrification efficie-

ncies

Compositions Concentration (mg/¢)
Glucose as need
Methanol(77.3%) as need
NaNO;(NO; -N) 20.0
NazHPO4(PO4-_P) 4.5
MnSO, 2.0
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3 WA AsE A9 330 68 fRIs
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Table 2. Results of NO; -N removal efficiencies in a submerged denitrification biofilter when glucose

was used as an organic carbon source

HRT Inﬂuentﬁ Nitrate _Inﬂuent ) _Effluent ) Removal efficiency
COD/NO;™-N loading rate NO;"-N NO;"-N pH NO;"-N NO,"-N pH of NOs-N
(hr) (ratio) (kg NO;~-N/m*/day) (mg/0) (mg/0) (%)*
R R Y B R Y
oo omaw OO
s ossows NG Sy Sy i siw san 9SO
B0 R G Gl o soss stes o TR
Y R R VR TR S
S0 wws00n Gh s Jon siw soe sor 86456

*Values with different letters are significantly different(P<0.05)

Table 3. Results of NO; -N removal efficiencies in a submerged denitrification biofilter when methanol

was used as an organic carbon_source

HRT Influent Nitrate Influent Effluent Removal efficiency
COD/NO;:™-N loading rate NO;-N NO;"-N pH NO;"-NNO,"-N pH of NOs-N
(hr) (ratio) (kg NO; ™ -N/m*/day) (mg/t) (mg/t) (%)*
2070 09 81 740 232 82 -
4 30 0.124+ 0.006 £097 000 +01  +109 +034 o1 0423
1965 049 80 267 141 82 ,
40 0.118+0.003 1046 £022  +01 1045 +0d6 0o o520
200 018 79 322 055 8l )
30 0,126 0.005 £085 003 £02 1048 1005 01 or6x23
1951 197 19 174 418 81 -
8 30 0.058+0.002 £083  £021 £01  £015 086 o1 WlELO
1904 19 80 050 031 82 .
40 0057+ 0,002 1066 +023 +01 014 4013 01 407
060 12 80 046 022 82 .
39 0062 0.003 FLIL £009  £01 £007  £005  oq 8308
2020 028 80 149 062 82 )
60 0.061+ 0.001 1049 +007  +01  £027  +007 o4 Or208

*Values with different letters are significantly different(P<0.05)
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Fig. 2. Comparisons of NO;™ -N removal efficiencies
in a submerged denitrification biofilter. Three diffe-
rent COD/NO; ™ -N ratios, two different carbon sou-
rces and two different hydraulic retention time, 4(A)
and 8(B) hours, were used.
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Fig. 3. Comparisons of total inorganic nitrogen
(TIN) removal efficiencies in a submerged denitrifi-
cation biofilter. Three different COD/NO; -N ra-
tios, two different carbon sources and two different
hydraulic retention time, 4(A) and 8(B) hours,
were used.
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64.2%, 86.5%, 84.6% £ C . N & 50|14 AA
H-gol Wolzley TINeZ B9 77 55.0%,
79.8%, 82.1% & Z7lsl= A5 ¥4k 1eln

k-

—340—



FAA AH2E o &F T4 Ay &dds
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24 Aelo]EZH(Corrugated plastic sheets) 3
H4AYUo R acetated A&l 1 kg NO; -
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AAlsle ZHoZ deA ddedl, 449 EAls
olAE 3D FHa AT 2 EA4o] %Az
Al® B3} UeKrul and Veeningen,
1977). et ¥8 93 nAEES I3UH
ZAsIME AAAS FUAD Harh et
(Korner and Zumft, 1989). £ AgdA%
HRT 4 A7 ool SF3L2] 29 §559
£ AL FE7) 1.6~1.7 mg/lE 3713 A
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-
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€ 23 AY F¢ HH CIN HE 5004
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Astod @714 AeE ol Fch 2Et HRTZ}
4 AL W 2RI Al FF34 £2
AL FEFF 1.6~1.7 mg/lE 371H s
Byl o] HA4 ozmzue) wEBe] 3
3 23 45 ¢17] 9% HRTZ UE ge
gleg AztE|ojRic),

24 W32 2§55 ¢ ©)83 Van Rijn and
Rivera(1990) & 0.68 m*/m*/min ©]4t9] wl&
Fré&ellA FEENe A R A uay L
FE9 AAE FAEAL ol(1993) 5 &2 4

A4€ NY N,OR 37l

Zlol]l gloAe &3 %) wE 8 As
7k 8 Wil H4E £33 fEke] gle
+odo] mighaslcta 2ebw, Daigger et al

(1987) Al HRT7} ZAAALE 87 g
Hole Fo] HolAlcka Hasm Qe

Pseudomonas 42 B4 v YE-S o) &3 A9

& AL 0.2 mg/le] FEAA gFo] oAg]
ke B3t 9le.vd(Terai and Mori, 1975),
24 €A 3HE o8 Aox FLT 2
F}Z Adck(Dawson and Murphy, 1972).
Nelson and Knowles(1978)- 0.13 mg/¢2)
& A& FxoA GAs W3gida Hu
&}t

A AaE A4 AR $947)7) 9%
BA 44 FEE 6~63 y]ME 21592} (Fo-
cht and Chang, 1975), Voets et al.(1975)-&
24 €8A 34 AR} 3014, €
Z7 25l A sl Zog waslgdel, §&
A4 FE7F 5 mg/l o)A IAE 2ANAE
$aYeg FFRIALE o|fdle] GAY U
detn R3sls 9lvl(Cavari and Phelps,
1977). ¥ AEAE HRT7} 4 A7) A6l =

g% vifez FFaA9 oHEE ogu
BE %90l glol §U4eh WS B 0.4 mg/l
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1A BEE o8 YA A+ wAn

ooz A WUH AL olFA XA
At SAE JEE + Uik

Nakajima(1981D% X3 AL FEshll4]
FA44 vldEd 9% @FNE WG,
@Ay 231 718 F71HQ1 vk A4
WAl Zleg FE4ch & ATz A4
X7t vAE FANS AA 44 FEF JE
W gtk Zelth 0.3~1.5 mg/ée] 3713
dee] 24 i FHAAE Gl 3ER
ZA(Rittman and Langeland, 1985)2.2 KXo}
£ AN fUret 57 8 At &
AR T4 g o] FA XA Aol
Egh] 32 v[AEUH] #71HQ vlL A4
AL ol Aoz AYzhs|ojRid,

$E AL FEE 93 Ao 9 VXA
=)+=dl, Wheatland et al.(1959)-& 0.2 mg/29}
£E A4 FEoAY] €4 A8 0.0 mg/l W
2 389 Fulolgln By e, sl dx
B3 Zee] Bk (Focht and Chang,
1975). Wheatland et al.(1959)2 8 82
Adk FEE 2 mgihE ZF7HHEE dole= 0.0
mg/ld el 22 #Ee) 10% ek Bt
Terai et al.(1987)2 && 44+ Fx7t 0.25
mg/lolA @Frt AFEe] Ak FRUb T4
TrE 2 ffo] Ik ZeE Hisigich
H A¥AE HRTZ} 4 AR Al 352
25 o] &3 Adle EFY AL FEIF 16~
1.7 mg/e2 SR 25.6% ~43.9% &) TIN A7
HEE EYch a8y Ak 3R 2 F
AA HEL oA A Jeiyrt FFI~
ol &A= FE5Y 44 FE/F 0.0 mg/lY
o] HEL 1.6 mg/LY o xE 2.8 A=
FA oehE2] ZH9ollE 0.5 mg/lY o) HE2
1.88 =& 94 &&S KAk

4. pH W3}

AL vAEHE dzoez 93 FEL
pHe & =z Hbx gxube o HAFe
t}okstch(Focht and Chang, 1975). pH 7~8

Apolollt= @A #Hfoll G vIXA g3 pH
8~9.5, 7~4.0 AelollME &3 HEol AAH
o8 Zadde 2art YATHBremner and
Shaw, 1958), &3 v|AER] Hyphomicrobrium
spp.2l A pHE 8.3 Hog Huslo] ot
(Timmermans and Van Haute, 1983). ¥
AgoA #9F pHE 7.6~8.0 HIZ €3
gl dgS XA &g Zeg Aztdch

243le] 93 dzte|x A4eg pHe Wit
Hog g "ok B A4 fdd]
AR A& 57 20 mg/ed W 23 HEo
34 glo] 0.2 AX pH 45E 24k a8y
0(1996) 2 AdollA= FUF A B4 F
E7F 20 mg/éy w &2 HEo) we A2 15
Aw ol A5 Hoj B A3} 2ol & el
o] AL B Addl ol&H {7t AU
ol 9(1996)9] APHE 5 A9
pH7} E#8k71 diFez Azkdich

5. f71 &aqe o "4 F4: AA EF

2= - s B S ) I R R E |
ggks wk=t, M A EE e Fdvt
71 e 23 A§S 4F 4 Slrh 2Aeh}
ogbgo] &@F Fgo| Ut AP BAYE
o] 43 ZkWx} 3uf Fxo £ &A Hfo|l B
2¥o] 9l (Henze, 1989). x4, wiekd, &5
B ogaglog o83t Ay 24k
23 Ffo| 7 $u wghE, SFIET &
€% 2YcKTam et al., 1992), thiEe] &4
uhszol o Aoz A Bl & F Ue
o|eh2-2 o]8sln k(Narkis et al, 1979).
B AL o8 ekixflog degs FFF
25 Aol Hw-go] FFIN ) 4 H 8ol
£& 7oy vehyt

=
JAXE



MER 3 HAA Bz HAY @A 2AE
T Sl olR wAdem vk FH
FEE AMslo] f2jekd Al Al7H(hydraulic
retention time, HRT)Z CODoll tHg NO, -
N H]g #H3lol| mhE A4 @3 271g Lolrghie)
AR A49 ERINAL(TIN G AA &8
HRT 4 A7tEcls 8 Alzbe] E£9kow, 3535
ZRvhE wlgg-g o83 el FUrHPL0.05).
Hdl AAA AL AAE 5249 ¥ HRT
8 AlZkt C I N HlE 4 ol 86.3% R, wlgk
£< HRT 8 A7 C I N H|& 5% W) 97.8%,
64 W 922%E Hel C:N HlE 571 742
A Zez Jepdo Hd FF71F4& AA
HE2 HRT 8 A+ wl C:N & 5014
FFILEE 71.5%, HESE 96.9% % Rk
G 3}ol] A9 #r1- 2712 HRT 8 A7k
C N Hl& 5 olo] HUE uf o]FojZl Zo
Hol HA C:!N vl&# 718 =7o] o]Fo}
He o 2 23 &S Hole Zog Y
etk

B ATE BANSE AN 2R S
SrATAE Adgell o)
M2 Ax)el] =g

A 2984 A=Y,

Z}
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