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Effect of oxygen micro-bubble for the temperature and oxygen

concentrations of fish farming facility
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Mass mortality of mariculture fish due to high summer temperatures is a major issue in the mariculture industry in many
coastal waters of Korea, yet measures to mitigate the impact are generally limited. We injected a micro-bubble of liquefied
oxygen into the bottom of rockfish cages (about 6-8 m deep) in order to maximize the dispersal of micro-bubbled seawater
and reduce fish mortality. The injection of low-temperature oxygen in micro-bubbles lowered the water temperature at the
injection area by as much as 1C and increased dissolved oxygen concentration by 0.5 ppm. In early August, following
a week with persistent high water temperature (above 28.57C), there was an increase in fish mortality despite the micro-bubble
system, which resulted in approximately 7% death of the total introduced fish population. However, this mortality appeared
to be much lower than mortality reported in a neighboring mariculture facility (approximately 50% mortality). We also estimated
the volume that can be recirculated with pumped seawater using a micro-bubble system. We suggest that this approach of

injecting liquefied oxygen through a micro-bubble system may reduce fish mortality during high temperature periods.
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Fig. 1. Location of aquaculture facility for the experiments.
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Table 1. Summary of the experimental design of micro-bubble
injection of liquified oxygen

Cheonsu Bay on the west

Location
coast of Korea

Dimension of aquaculture

facility about 120 m long X 50 m wide

Experimental duration July 24 th — August 20 of 2018

micro-bubble + liquified oxygen
(-1837)

Number of units installed 4

about 1,500~2,000 ml min™

Test method

Flow rate of oxygen

Injection depth of

micro-bubbled oxygen about 6-8 m
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Fig. 2. Realtime monitoring of water temperatubre (a), and dissolved oxygen (b) from August 03 to August 13 measured at 1
minute-interval, with the sensor moored at 6 m deep. Tidal elevation during the period is also shown.
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Fig. 3. Simulation of the effects of injected liquified oxygen through micro-bubble system on the sweater in the mariculture cages.
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Fig. 4. Distribution of water temperature and dissolved oxygen before micro-bubble injection system was operated. Note that the heat
diffuses from the top. a,b — plain view, c,d- cross-sectional view.
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Fig. 5. Distribution of water temperature and dissolved oxygen a week after micro-bubble injection system was operated. Note that
the heat diffuses upward to the top. a,b — plain view, c,d- cross-sectional view.
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Fig. 6. Vibrio spp. and heterotrophic bacteria in the surface at three sites measured at various times during the study period (Treatment:
inside the micro-bubble injected culture cage, Control-neighbouring culture cage without micro-bubble injection, Reference- Bay water
outside the cage (200-300 m away)). Vertical bars represent standard errors.
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period. Note that dead fishes increase in numbers about a week following the persistent high water temperature (>28.5C).
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Table 2. Financial analysis of micro-bubble injection of liquified oxygen for reducing cultured fish mortality. The costs are in Korean

won in thousands

Total dead fish

Type (inds.) economic loss

Estimated cost of

Cost of
micro-bubble
system (4 units)

Cost of liquified Total cost of
oxygen loss

Culture

facility using

micro-bubble 12,058
injection

32,770

No use of
micro-bubble in
neighouring culture
facility
(Worst-case)
No use of
micro-bubble in
neighouring culture
facility
(Best-case)

100,000 271,776

50,000 135,888

28,000 800 61,570

0 3,200 274,976

0 3,200 139,088
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