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Abstract

The demand for sustainable aquaculture has increased the need for efficient seawater recirculating
aquaculture systems (RAS). Dissolved CO, accumulation in seawater RAS lowers pH, affecting fish health.

This study evaluated a degassing column (30 cm diameter, 100 cm height) under three conditions : control
(no media), cascade disk packing media and tubular packing media at water flow rates of 5-20 L/min and
air flow rates of 20-160 L/min. Tubular packing media showed the highest CO, removal efficiency
(25.8%) and daily removal rates (10.4 kg COym >-day '). Cascade disk media demonstrated moderate

performance, whereas the control showed minimal CO2 removal. Tubular packing media effectively reduced
CO, and enhanced pH stability.

Key words : Seawater recirculating aquaculture system (RAS), CO, removal, Degassing column, Cascade disk
packing media, Tubular packing media
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[Fig. 3] Left : Cascade disk packing media, Right :
Tubular packing media
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[Fig. 2] Conceptual diagram of degassing apparatus
and schematic installation of degassing
media (Left : Cascade disk packing media,
Right : Tubular packing media)
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<Table 1> Experimental conditions showing water
flow rates (WFR), air flow rates
(AFR), and air-to-water ratio

Water flow rates
(WFR, L/min)
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1:2
1:8

1:16
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1:4
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1:32
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1:4
1:8
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(AFR, L/min)
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<Table 2> Carbon dioxide concentrations (mg/L) in the inlets and outlets of the experimental columns and
three-way ANOVA with water flow rates, air flow rates and types of degassing columns.

Outlets CO, con. (mg/L)

Water flow rates Air flow rates Cgl le(t:m Pooled
(WFR, L/min) (AFR, L/min) 2 L ’ Control Disk Tubular mean
mgL)  No media)  media media
20 134 £ 3 124 £ 5 121 £2 109 £+ 4 122 + 10
80 156 £ 3 140 + 5 124 £ 6 130 £ 3 138 = 13
5
160 136 £ 5 125 £ 2 116 £ 1 107 £ 2 121 + 12

Pooled mean 141 + 11 129 + 8 121 £ 5 115 £ 11 127 £ 13¥

20 134 + 4 122 £ 10 114 £ 6 104 £ 12 119 + 14

80 161 + 14 149 + 12 131 £ 6 135 £5 144 £ 15

10 160 142 + 4 135 + 4 126 + 2 119 £ 3 131 £ 10
Pooled mean 146 + 14 135 £ 14 124 £ 9 119 £ 15 131 + 16

20 127 £ 1 113 £ 6 112 £ 7 110 £ 5 116 £ 9

80 146 + 11 138 £ 7 129 + 4 134 £ 3 139 + 10

20 160 142 + 4 135 £ 2 130 £ 3 119 + 2 131 £ 9

Pooled mean 140 £ 12 129 £14 123 £10 122+ 12 128 = 14

20 132 + 4 120+£8 116 +7 1087 119 = 11°
80 15111 143 +8 129+4 134 +4 140 + 16
Total pooled mean

160 140 + 5 132+6 124+6 115+6 128+ 11°
Total 142 + 12% 131 + 12 122 +8° 119 +13° 129 + 14

Group Sum of df Mean F value P value

square square

Treat. 10,079 3 3360 98.6 0.000

WFR 306 2 153 4.49 0.014

Analysis of AFR 9,498 2 4,749 139 0.000

variance

Treat. x WFR 321 6 53.4 1.57 0.167

Treat. x AFR 755 6 126 3.69 0.003

WFR x AFR 1,148 4 287 8.43 0.000

Treat. x WFR x AFR 232 12 19.3 0.567 0.862

Note : Pooled means £ STD having the same superscript are not significantly different at P<0.05 based
on Duncan's multiple range test. For significance testing, the Analysis of Variance section lists
the p-values for each main effect and all interaction terms.
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[Fig. 6] Carbon dioxide removal efficiency of degassing columns filled with different media types (Cascade
disk packing media, and Tubular packing media) as functions of hydraulic loading rates and
air-to-water ratio. Left: Control; Middle: Cascade disk packing media; Right: Tubular packing
media.
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[Fig. 7] Daily carbon dioxide removal rates of degassing columns filled with different media types (control,
Cascade disk packing media, and Tubular packing media) as functions of hydraulic loading rates
and air-to-water ratio. Left : Control; Middle : Cascade disk packing media; Right : Tubular
packing media.
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