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Fig. 1 Changes in SS in non-treated and treated sea water, and
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Fig. 2 Changes in organic materials ratio in non-treated and
treated sea water, and a membrane wash solution
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Fig. 4 Changes in organic nitrogen in non-treated and treated

sea water, and a membrane wash solution
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Fig. 6 Changes in the number of total and alive bacteria in
non-treated and treated sea water, and a membrane wash
solution
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Fig. 8 Bacterial composition in non-treated and treated sea
water, and a membrane wash solution at July, 2005
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Fig. 3 Changes in polysaccharides in non-treated and treated
sea water, and a membrane wash solution
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Fig. 5 Changes in the number of planktons in non-treated and
treated sea water, and a membrane wash solution
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Fig. 7 Changes in the number of nitrate and nitrite bacteria in
non-treated and treated sea water, and a membrane wash
solution
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Fig. 9 Bacterial composition in non-treated and treated sea
water, and a membrane wash solution at December, 2005
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Fig. 10 Changes in dirt adherent ratio on the surface of ion
exchange membrane at salt-making plant
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Fig. 14 Changes in the number of total and alive bacteria of
the adherent dirt on the membrane surface

%100% T DOunkown
c 90% @ Vibrio sp.
g 80% BPseudomonas sp.
‘B 10% F—Pooann OPasteurella sp.
g_ 60%F— GEnEEEE B Moraxella sp.
€ 50% @Flavobacterium sp|
8 40% DAlteromonas sp.
] 30% DOAlcarigenes sp.
s 20% BAeromonas sp.
“g 10% % / OAcinetobacter sp.
0%
@ A memb. C memb.
2005.12

Sampling regions

Fig. 16 Bacterial composition of the adherent dirt on the
membrane surface at December, 2005
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Fig. 11 Changes in organic material ratio of the adherent dirt
on the membrane surface
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Fig. 13 Changes in organic nitrogen of the adherent dirt on the
membrane surface
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Fig. 15 Bacterial composition of the adherent dirt on the

membrane surface at July, 2005
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Fig. 17 Changes in elemental composition of the adherent dirt
on the membrane surface
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Fig. 18 Effect of microbubble air or ozone treatment on
organic nitrogen concentrations in seawater
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Fig. 20 Effect of microbubble air or ozone treatment on the
number of planktons in seawater
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Fig. 22 Effect of UV treatment on organic nitrogen
concentrations in seawater
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onpolusaccharide concentrations in seawater

(=2

Total Bacteria
Alive Bacteria

£

N

(LogCFU/mL) bacteria

U/ /7

/8({/8({/(({{{§§<{§§§

A

Total (Log cells/mL) and Alive

0 7 N I M o I B
blank | 0.15 L/m| 15L/m | 60L/m | 0.15
(1000min) ' (100min) (10min)
Microbubble Air Microbubble Ozone
Treatment
Fig. 21 Effect of microbubble air or ozone treatment on the
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Fig. 24 Effect of UV treatment on the number of planktons in
seawater
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Fig. 26 Effect of hydrotalcite treatment on organic nitrogen
concentrations in seawater
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Fig. 28 Effect of hydrotalcite treatment on the number of
planktons in seawater
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Fig. 25 Effect of UV treatment on the number of total and
alive bacteria in seawater
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Fig. 27 Effect of hydrotalcite treatment on polysaccharide
concentrations in seawater
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Fig. 29 Effect of hydrotalcite treatment on the number of total
and alive bacteria in seawater
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Fig. 30 Detergent effect of microbubble air treatment on the
dirt adherent (organic nitrogen components) of ion exchange
membrane
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Fig. 31 Detergent effect of microbubble air treatment on the

dirt adherent (polysaccharides) of ion exchange membrane
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Fig. 33 Detergent effect of microbubble air treatment on the
dirt adherent (alive bacteria) of ion exchange membrane
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Fig. 32 Detergent effect of microbubble air treatment on the
dirt adherent (total bacteria) of ion exchange membran
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Summary

In this study, the survey of the adherent dirt on membrane surfaces as well as the properties of the
raw and the sand-filtered sea water, and a membrane washing solution was investigated at an
ion-exchange membrane salt-production plant. Reduction effects of the air or ozone microbubble, the
ultraviolet (UV) radiation and the absorption treatments on the contents of various substances and
microorganisms causing membrane fouling were also examined. Furthermore, a detergent effect of air
microbubble treatment on the adherent dirt of the membrane surface was investigated.

Sand-filtered system decreased remarkably the contents of SS and most organic substances
including planktons and bacteria, but low removal rate of polysaccharides was revealed.
Polysaccharides trap various substances such as bacteria, small particles of organic and inorganic matters.
For the reduction of membrane fouling, therefore, an effective removing system of polysaccharides from
the sand-filtrated sea water is required. The utilization of microbubble, in particular ozone microbubble,
technique was effective for the elimination of organic substances, except for planktons, from the
sand-filtrated water, though effects of the sand-filtrated water including microbubbles on the structures
and the functions of ion exchange membrane and on the electrodialysis apparatus in itself are not clear.
An application of UV ray decreased significantly the number of living bacteria, but it was not so
effective on the removal of most other fouling substances. The removal rate of hydrotalcite-filtration
was also not so high.

In this study, it was also found that the membrane washing solution used in a salt-making plant
was polluted by organic substances including microorganisms. For preventing the membrane from the
secondary pollution, the utilization of cleaned solution was also required.

The utilization of microbubble-treated water for membrane washing decreased significantly the
amount of adherent dirt on the membrane, when the current run at a speed of 40 and 60 mm per second.
This result suggests that the utilization of microbubble-treated water in the washing process of

membrane being in the assembled electrodialysis apparatus in salt-making plants is very effective.
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