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Effect of Decay Rate Coefficients with Sulfur Denitrification due to
Salt in Seafood Wastewater
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Abstract This study examined the effects of the salinity of seafood wastewater on the sulfur denitrification process.
An examination of the denitrification efficiency showed that the optimal EBCT was lhr at an influent T-N concentration
of 20mg/L or lower and 2-3hr at an T-N concentration of 30mg/L.

An examination of the denitrification efficiency according to the nitrogen load showed that the legal effluent water quality
criterion was satisfied when the influent load was maintained within 0.496kg/m'/day. On the other hand, the reactor
volume increased when this was applied to the site. Therefore, the influent load should be within 0.372kg/m'/day
considering the denitrification and economic efficiency.At a load of 0.248~0.628kg/m"-day, the k value was 0.0890~
0.5032hr'. The batch experimental results according to the Cl™ concentration showed that at an influent nitrogen
concentration of 30.0mg/L, the effect of the denitrification efficiency was not large below the salinity of 7,000mgCl7/L,
but inhibition occurred above 9,000mgCl /L. Calculations of the reaction rate constant according to the Cl concentration
showed that the reaction rate constant was 0.1049~0.2324hr™! at a raw wastewater concentration of ~5,000mgCl /L.
In contrast, the k value was 0.1588hr™" at 7,000mgCl /L and 0.104%hr™' at 9,000mgCl /L
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Fig. 2. Schematic diagram of the continuous reactor for
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Table 1. Experiment conditions of the batch-reactor.

Item Operating factor
Temperature 30+1 C

EBCT 1~4 hr

Salinity raw~9,000 mgCl /L

RPM 90 rpm(batch test)
Influent flow 12~48 L/day(continuous test)
T-N conc. 20~50 mg/L

3. Fat W m
3.1 E-HESH &8 Gt

369
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A5+ A1 ZHEmpty Bed Contact Time : EBCT)< 1~4 hr
A 35 A=, Table 29} Fig. 30l 3% ub
o] A7 B TN 22 287 sEdgE A
3 Aotk 9 T-N %% 20 mg/LolA 2AFTEL
EBCT 1 hr ©|A 22.8 %, EBCT 2 hrollA 38.5 %,
EBCT 3~4 hroll A 22} 54.5 %9}k 77.1 % 2 ZALE 9}
. #Y T-N 5% 30 mg/LolA 2 @882 EBCT 1 hr
oA 194 %, EBCT 2 hrolA 37.9 %= ZAElch
w3 EBCT 3~4 hrollME 53.4~714 %2 AL
Fom, 49 T-N 5 20 mg/LY wjo} vlushd ofzk
o AAEL A7t ok, A9 FARHI ZAME AT,
I8 T-N 5% 40 mg/L9} 50 mg/LollA e 22 g8
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Al
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#2438 sl

g 94 ¥4 o 542 A5 AHTHAA
AP E T-NE AR 34, B A FA
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Fe 48 i)

27} 20 mg/LolM 9] EBCT 1 hr o]4ol 456
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Table 2. Evaluation of denitrification efficiency according to EBCT.

EBCT(hr)
Inf. conc. 1 2 3 4
(mg/L) Eff. conc. Rem. Eff. Rem. Eff. Rem. Eff. Rem.
(mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%)
20 15.4 22.8 12.3 38.5 9.1 54.5 4.6 77.1
30 242 19.4 18.6 37.9 14.0 53.4 8.6 71.4
40 347 133 29.8 254 253 36.7 20.6 48.6
50 45.0 10.0 41.5 17.0 36.5 27.0 30.5 39.1
25 100 50 100
20mg/L 5 30mg/L 2
20 ¢ 80 &S 40 80 9;
— A Q - Q
= c = \ c
B VAN P
Ens 60 = £ 60 =
A \"'>a(X 5 d 5
c
8 " —e—T-N Conc N 20 % 8 | w0 %
z | e | A/A_‘LY \ 0 7 9
- s - s
5 20 ¢ y 20 ¢©
A——A/A/A/ ) )
0 T T 0 0
30 60 90 120 150 180 210 240 270 300 0 30 60 90 120 150 180 210 240 270 300
Operating time(min) Operating time(min)
(a) 20.0 mg/L(T-N conc.) (b) 30.0 mg/L(T-N conc.)
50 100 60 100
40mg/L 3 50mg/L 3
40 0 S 50 0—e 0 S
3 g d g
E ; 3 ;
Ex Len & Ea 60 £
S T 5 T
é —e—T-NConc : < G —e—T-N Conc 5
20 - o 5 830 - 0 2
7 —#—Rem. A/A/A/A/ Q z —&—Rem. /A___A/A/L g
- S [ £
10 20 £ 20 20 %
VA/A/A’A/ : :
0 A5 T T T T T T T T Y 10 T T T T T T T T -0
0 30 60 90 120 150 180 210 240 270 300 0 30 60 90 120 150 180 210 240 270 300
Operating time(min) Operating time(min)
(c) 40.0 mg/L(T-N conc.) (d) 50.0 mg/L(T-N conc.)

Fig. 3. Variation of T-N concentration according to T-N concentration.

Table 3¢+ FY F5& 300 mg/L=E 12788 & oA+ EBCT 4 hrelA FE%%7}F 19.5 mg/LE T-N
T-N -&t¢F EBCTel W T-N 5= Wstel AAE UH7IES el 208 A

o

H

= AN SelH F9 Az wolo] weE GdEg Av, f95e
A 453} 0.248 kg/m'/dayol| A= EBCT 1~4 hrollA] 0.248 kg/mS‘dayoﬂ/ﬂ'L; EBCT 1~4 hr &5 ¥ 7|2

FEFET 25~172 mg/LE, A4 H3} 0372 kg/m' el or, FUEst 0.3723 kg/m day oA =

/day°l A= EBCT 2~4 hrol| & §% T-N F5+ 9.1 EBCT 2~4 hroll A, 9158 0496 kg/m’-dayol A=
~16.1 mg/L=E ZAFEo] WA Wi7]ES WESIth EBCT 3 hr o)dolA] M4 #4 71&s wshs slow
A3} 0.496 kg/m/dayol A= EBCT 3~4 hroll A ZAFEQe™, 1 o]4ke] T-N H3lol A= EBCT 4 hr
2% %7} 155~17.3 mg/L, A4 23} 0.620 kg/m*day  ©]Ao] g Aoz ZAFHITH
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Table 3. Variations of T-N concentration due to VLR(T-N).
Denitrification Efficiency(%)
VLR(T-N) 1 hr 2 hr 3 hr 4 hr
(kg/m*/day) Eff. Rem Eff. Rem. Eff. Rem. Eff. Rem.
con. (%) con. (%) con. (%) con. (%)
0.248 172 427 8.0 73.2 4.0 86.8 2.5 91.6
30 0.372 2.1 262 16.1 46.5 11.8 60.7 9.1 69.7
mg/L 0.496 24.0 19.9 203 323 173 422 155 483
0.620 267 11.0 247 17.8 223 25.8 19.5 35.0
100 |H o] S7¥et HE Aol dAs] wil, 94
§ " & AARS 2eets 4 & 22 x A4 7Y
t © Bah= 0372 kg/m*day ©|Ujel Row weheck
f . Fig. 59} Table 4= EBCTel u}2 14 3 &4 ¥
g oMo gd g8 AAG Aotk A Fet
g TN $9%55EE 285~326 mgL# AAF sE0w
00.1 02 03 04 0s 06 07 Ao, AN B oJAle] F= A
TN ot/ /2 L PAS) SAste] 3715k A5 o)g ko] F7]
Fig. 4. Evaluation of denitrification efficiency due to Aol AMHS AT
T-N VLR. EBCT 1 hr 14 % 5% 212~23.65 mg/L, Al
s . . . AEEL 233~293%= ZAME o] WA W 74 7E
T 10 & ii}s}{— Aoz ATk EBCT 3 hrol A T-N
a0 \ w0 g FE FEE 16.7~187 mg/ll oM, AAZEL 384
3o Poodiy o Rl w | 454% EBCT 1 b ol 2o} 9 582 S71313)
§20 o w B o, WA WREFA VFd 28 FEFEE UE
< e Rem £ W Aoz zAMEILE EBCT 3 hre} 4 hroll 9]
0 ['.'.w oS 2% 5 747t 8.0~9.6 mg/L9 2.1~3.3mgL S U
e e oo Wow], AATEE EBCT 3 hrol 4 68.2~75.3%, 4
Operetng Timefdey) hroll 4 89.3~93.4%2 =2 AAZES UEh,
Fig. 5. Variation of T-N concentration due to EBCT EBCT Z7bo] ule} 4§ o] Z/bsldn). olejst 2

Fig. 4= fFY5-stell W& & 24 285 A=

tl, F953HE 0496 kg/m’-day ©olatoA] BA F&o
7 e Aom ZAEIAR A 4 vk

Table 4. Variation of T-N concentration due to EBCT in continuous reactor.

= 21(2002)0] K
£o] #43] Fadthe

HIE ol

4% 398 '

Akl dAsk= AolT10].

EBCT T-N conc.(mg/L)
Denitrification efficiency(%)
(hr) Inf. Eff.
1 29.5~322 21.2~23.6 23.3~293
2 28.9~32.5 16.7~18.7 384~454
3 28.5~32.6 8.0~9.6 68.2~75.3
4 28.6~32.2 2.1~33 89.3~93.4
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Table 5. Comparison of decay rate coefficients
according to VLR(T-N).

T-N VLR Decay coefficients Duration time
(kg/m /day) k R (hr)
0.248 0.5032 0.970
0.372 0.2551 0.975
30mgL 0006 | 0.1388 0.972 >
0.620 0.0890 0.982

Table 6. Results of decay rate coefficients by other

study.
1 Refere
Item ki(day™) nce
Slurry-type swine wastes 0.036 Kim,
(S/1 ratio 0.3~1.3) ~0.046 2001
Swine wastes 0.155 K
(S ratio 0.4~1.0) ~0.209 eta‘;lg
Waste activate sludge 0.149 2005’
(S/1 ratio 0.5~1.0) ~0.153
Seafood 0.067
Granular slud;
wastewater ramar studge ~0.171 Choi,
(S/1 ratio anaerobic digestion 0.048 2011
03~1.2) sludge ~0.125
. N 0.0890
This study(0.248 ~0.620 kg/m™day) ~0.5032 hr
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Fig. 7. Plot of decay rate coefficients with various

VLR(T-N).
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Table 7. Variation of denitrification efficiency according to salt concentration in batch-reactor.

Denitrification Efficiency(%)
It Thr 2hr 3hr 4hr
ems
Eff. Rem. Eff. Rem. Eff. Rem. Eff. Rem.
(mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%)
Raw wastewater 24.7 17.8 18.0 40.0 13.6 54.8 8.7 71.0
30 3,000(mgCl /L) 24.5 18.5 18.2 39.3 14.2 52.6 9.8 67.5
5,000(mgCl /L) 24.7 17.7 18.3 38.9 14.7 51.1 10.1 66.3
mg/L 7,000(mgCl /L) 264 119 227 242 17.1 43.0 13.9 53.7
9,000(mgCl /L) 28.1 6.2 24.5 18.2 21.2 29.5 18.1 39.8
o Table 83} Fig. 9+= 3|84 3 &4 ¥AH& 7o
g EY=E A%4 § 9 AAANE ANH Aolth £V B
3 60 ® EBCT 3hr
4—'\'\; ko] EBCTE 3 hr, §95¢ T-N ¥%EE 30~32
P T~ mg/L HSJel A SAskd o, W S 30£1 CE
g fAs =g, f9Fe O FEE raw~9,000
8 mgCl/LE tawm dusEe] e g4 585 AR

0 T T T T T
0 1500 3000 4500 6000 7500
Chloride concentration(mgCl™/L)

T
9000

Fig. 8. Variation of denitrification efficiency with various salt
concentration in batch-reactor.

Table 8. Comparison of the T-N concentration

according to salt concentration in
continuous reactor.
Item T-N conc.(mg/L) Denitrification
Inf, Eff, Efficiency (%)
29.2 8.2 68.7
Raw wastewater 6 05 ~736
- 29.1 8.3 66.3
3,000(meCIIL) 311 ~103 ~737
- 29.3 8.9 64.1
5.000(mgClIL) 316 ~110 ~716
- 29.1 12.9 50.6
7.000(mgClIL) 320 ~15.1 570
- 29.5 16.1 '40.3
9,000(mgCl'/L) 322 ~183 ~476
w.astév':alﬂ 3000mgCl/L 5000mgCl AL 7,000mgCi /L 9000mgCl AL

100

o tsagtafa i, mfta e
W“&Mmﬁw

- 80

Influert T-N Conc. (mgA)
Denitrification Efficiency(%6)

20 4 -0-nf. [
i :kx: z‘ ?
15
e rh-. b0
0 M."MW

10 20 30 40

Operating Time(day)

Fig. 9. Comparison of the T-N concentration according
to salt concentration in continuous reactor.
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Fig. 10. Plot of the decay rate coefficients with various
salt concentration.

Table 9. Comparison of the decay rate coefficients
according to salt concentration.
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Fig. 11. Graphical determination of the decay rate coefficients according to salt concentrations.
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