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Abstract - EMMC(Entrapped Mixed Microbial Cell) process which is a kind of active cell immobilizing
method was applied to treat fisheries processing wastewater biologically. Kinetic constants were calculated for
organic and nitrogen removal and effect of effluent recycling on system performance was evaluated also. Yield
coefficient, Y showed relatively low value compared with Y value obtained from conventional activated sludge
process. It means that EMMC process can reduce amount of excess sludge significantly compared with con-
ventional activated sludge process. Endogenous respiration coefficient k. of EMMC process also showed relatively
low value compared with that of conventional activated sludge process. Yield coefficient Y, endogenous respiration
cocfficient k. and half saturation constant k obtained from EMMC process in terms of nitrification were compared
with reported value from literature based on suspended growth nitrification system. The value of Y obtained from
this study has no difference compared with values obtained from literature review and k. of this study was low
but k; of this study was high compared than values obtained from suspended growth nitrification system. To eval-
uate the effect of internal recycling on system performance, system was operated with internal recycling ratio of
1.5Q, 2.0Q, 2.5Q and 3.0Q. increase of internal recycling ratio effect more greatly on improvement of den-
itrification efficiency than that of nitrification efficiency. Accordingly, optimization of internal recycling ratio has
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Table 1. Operating conditions of experiment
Exp.1 Exp. I Exp. OI Exp. IV
Q(L/d) 11.12 15.19 22.24 30.08
HRT(hrs) 48.58 35.56 24.29 17.96
Volumetric COD Loading rate(kg/m*/d) 0.65 0.90 1.28 1.75
Volumetric T-N Loading rate(kg/m®/d) 0.119 0.160 0.230 0.317
Table 2. Chemical characteristics of influent in each experimental stage
Exp. 1 Exp. II Exp. III Exp. IV
COD(mg/I§) 1,165~1,450(1,309) 1,190~1,460(1,333) 1,080~1,460(1,295) 1,170~1,560(1,311)
T-N(mg/I§) 228~253(242) 216~242(237) 206~256(232) 206~263(237)
NH,™-N(mg//§) 201~223(213) 190~213(209) 181~225(205) 197~231(209)
NO;-N(mg/i§) 5.24~6.50(5.81) 4.78~6.32(5.84) 4.15~6.78(5.37) 4.21~6.70(5.77)

NOs*-N(mg/[§) 15.96~17.71(16.91) 15.12~16.94(16.60) 14.42~17.92(16.27) 14.42~18.41(16.59)
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Table 3. Operating conditions and influent concentrations in each recycling ratio

1.5Q 2.0Q 2.5Q 3.0Q

HRT(hrs) 2439 2429 24.39 24.39

Volumetric COD Loading rate(kg/m*/d) 1.33 1.28 1.30 1.28
Volumetric T-N Loading rate(kg/m’/d) 0.237 0.230 0.237 0.233

COD(mg/l) 1,170~1,560(1,350)

T-N(mg/l) 232~248(241)
NH,*-N(Bmg/) 202~215(207)
NO;-N(mg/l) 4.96~6.25(5.65)
NOs*-N(mg/]) 15.89~17.36(16.90)

1,080~1,460(1,295)

4.15~6.78(5.37)
14.42~17.92(16.27)

1,190~1,420(1,326)
235~248(241)
204~215(208)
5.12~6.82(5.98)
15.97~17.25(16.57)

1,165~1,450(1,304)
230~244(237)
204~223(211)
5.23~6.32(5.65)
15.75~17.50(16.30)

206~256(232)
181~225(205)
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Fig. 3. Determination of kinetic constant using graphical method in
oxic reactor in terms of COD.
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Fig. 4. Determination of kinetic constant using graphical method in
oxic reactor in terms of ammonia nitrogen.
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Fig. 5. Determination of kinetic constant using graphical method in
anoxic reactor in terms of COD.
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Fig. 6. Determination of kinetic constant using graphical method in
anoxic reactor in terms of nitrogen.
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Table 4. Kinetic constants in oxic & anoxic reactor
Y k. k K
Oxic 0.337 mgVS/mg-NH,*-N 0.001 day™ 0.075 day' 17.4 mgNH,*-N/I
0.102 mgVS/mgCOD 0.002 day’! 0.061 day’ 122 mgCOD/!
Anoxic 0.367 mgVSS/mgT-N 0.001 day” 0.045 day 102mgT-N/I
0.160 mgVSS/mgCOD 0.005 day™! 0.070 day’' 385mgCOD/!
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Table 5. Concentration of effluent
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2.0Q

2.5Q

3.0Q

245-356(298)
65.9-69.5(67.6)
53.4-65.2(60.2)
0.01-0.09(0.04)
0.06-0.42(0.23)

235-287(263)
53.2-58.6(55.1)
45.5-49.5(47.1)
0.01-0.09(0.05)
0.09-0.30(0.17)

218-253(232)
48.9-53.5(51.5)
40.7-46.8(44.0)
0.01-0.06(0.04)
0.05-0.15(0.11)

Recycling ratio
Item 15Q
COD(mglL) 305-375(337)
. T-N(mg/L) 72.7-87.2(78.7)
Anoxic NH,-N(mg/L) 63.8-79.5(72.4
effluent 8-79.5(72.4)
NO»-N(mg/L) 0.04-0.12(0.07)
NO;-N(mg/L) 0.18-0.62(0.40)
COD(mg/L) 71.5-80.3(74.9)
- T-N(mg/L) 60.9-63.7(62.4)
ystem

e NH,-N(mg/L) 3.87-4.42(4.03)
NO-N(mg/L) 3.69-4.02(3.89)

NO;-N(mg/L) 37.50-44.20(40.91)

61.8-69.7(65.8)
52.3-54.8(53.9)
3.12-3.35(3.19)
2.45-2.92(2.66)

33.14-36.05(34.68)

52.5-60.3(56.3)
48.5-52.5(50.0)
2.43-2.95(2.59)
2.11-2.17(2.14)

33.50-38.40(35.41)

47.6-56.3(52.0)
40.5-47.5(43.4)
1.35-1.74(1.49)
2.13-2.24(2.17)
24.5-30.5(27.29)
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Table 6. COD & T-N removal efficiency and loading rate of anoxic and oxic reactor.
1.5Q 2.0Q 2.5Q 3.0Q
COD removal efficiency of anoxic reactor(%o) 14.1 20.2 29.6 36.4
T-N removal efficiency of anoxic reactor(%) 26.5 313 43.6 43.8
COD loading rate of oxic reactor (kg/m’ d) 5317 4.711 4.144 3.649
T-N loading rate of oxic reactor (kg/m*-d) 1.141 0.953 0.742 0.693
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Fig. 7. Variation of reactor performance depending on internal recy-
cling rate in view of COD & T-N,
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