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Water culture



Promote growth 

Differences in Growth of young ginseng seedling 
(B : Fine bubble water treatment during growth, 
C : General water treatment during growth) 

Korea Food Research 
Institute
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Novel Development & Application of 
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Project: Combined Microbubble-Catalytic Ozonation Process For 
High Strength Petrochemical Wastewater Treatment
Drs L. Jothinathan, QQ. Cai, S.L. Ong & J.Y. Hu
Centre for Water Research, Department of Civil & Environmental Engineering, 
National University of Singapore, Singapore

Current Scenario:
Phenol is used as raw material in many industries such as 
plastic and petrochemical industries etc
Petrochemical wastewater contains high levels of recalcitrant 
organic compounds that impose huge challenges on 
conventional wastewater treatment processes due to their 
inhibition effects and high treatment cost
Advanced oxidation processes (AOPs) was proven to be 
efficient for degrading recalcitrant organics

Parameters Value
COD (mg/L) 1900-2800
BOD5/COD 0.25-0.35
TOC (mg/L) 600-900

pH 7.0-7.5

Phenols (mg/L) 150-250

TDS (mg/L) 1500-1800

Characteristics of Petrochemical 
Wastewater (PCW)

Parameters Value
COD (mg/L) 1,900-2,800
BOD5/COD 0.25-0.35
TOC (mg/L) 600-900

pH 7.0-7.5

Phenols (mg/L) 150-250

TDS (mg/L) 1,500-1,800

Characteristics of Petrochemical 
Wastewater (PCW)

Proposed Solution:
Treatment of PCW by microbubble-catalytic ozonation processes

AOP Pre-treatments
Conventional Ozonation
Microbubble Ozonation
Microbubble + Catalytic 
Ozonation

Organic 
Oxidation

Raw PCW

AOP Pre-treatments
Conventional Ozonation
Microbubble Ozonation
Microbubble + Catalytic 
Ozonation

Biological 
Process

Raw PCW Experimental Setup

Results:
Microbubble-catalytic ozonation can achieved 

81% COD & 97% phenols removal efficiency
highest BOD5/COD ratio (enhancement from 0.31 to 0.87)

(A) COD (A) BOD5/COD(B) Phenol

L. Jothinathan, Q.Q. Cai, S.L. Ong, and J.Y. Hu (2021).  Organics removal in high strength petrochemical wastewater with combined microbubble-catalytic 
ozonation process. Chemo Sphere 263: 127980.



Project: Waterless Shipping of Live Shrimps with Fine Bubble 
Technology
Aquaculture Innovation Centre, 
Temasek Polytechnic, Singapore

Current Scenario:
Shipping live shrimps in a waterless condition is a practical, profitable but 
challenging endeavour
Extremely dependent on transit environment to maintain

Optimum selling conditions
Minimum mortality

The whole process is extremely stressful to animals
Needing special pre-conditioning protocol to mitigate logistic and environmental 
stress and abuse

Experimental Design:
Species: L. vannamei
Healthy animals were used
Pre-conditioned at 5 ppt salinity in normal 
or FB water
Cooled down from 30 C to 15 C over 2 hrs
using cooler
Packed shrimps (30 g size) in waterless 
styrofoam box
Maintaining oxygenated, cool and humid 
condition

From 16.5 C to 19.5 C over 12 hrs
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Results:
Shrimps can survive without water for >12 hrs with proper conditioning 
Animals pre-conditioned in FB water prior packaging recovered better from the 
logistic stress
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Current Scenario:
Cleaning processes for parts of aero-engine use large quantities of chemicals which 
are not environmental friendly
The contamination of aero-engines can be tough to be removed
The cleaning mechanism of fine bubble is mainly through the interaction between 
the bubbles and the contaminations on the surface

Project: A New Fine Bubble Cleaning Method on Aerospace Parts
Dr He Wei
MPD/SIMTech, A*Star, Singapore



Technology Gap:
The slow interaction between the fine bubbles and the contamination on the 
surface

Proposed Solution:
To use acoustic meta-surface to focus the ultrasonic energy to enhance the 
interaction between the fine bubbles and contamination on the surface to improve 
the cleaning effect on the aero-engine parts

i.e. integration of the acoustic meta-surface and ultrasonic source to drive the fine 
bubbles 

To achieve energy efficiency; less water usage; no chemical usage; less waste water 
discharge etc.

Thank You
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Promotion effect of air 
ultrafine bubbles on 
barley seed 
germination

Dr. Seiichi Oshita,
The University of Tokyo

Japan
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January 21, 2021

Apply UFB water to seed in order to 
confirm the promotion of germination.

Mechanism of promotion effect

Minimum viable number concentration of 
UFBs for promoting the germination of
barley seeds

Seed selection

Submersion

UFB

Distilled

Germinated

Non-germinated 

With dipping 
time

Big seeds
Without visible 
defect
More than 200 , 
divided half

DO: adjusted to be the 
same (about 9mg/L)
Temp.: 25oC
Dipping time: about 
20 hours

Score the germination ratio
For staining experiments



DO: 9 mg L-1  

S. Liu et al. (2013),  Chemical Engineering Science

25oC, 20h submersion

UFB water

ESR signal intensities of OH
of different UFB number concentrations 

1.3 x 108/mL 6.0 x 108/mL

ESR: EMX-plus (Bruker)
CYPMPO was used as a spin trapping reagent.

Magnetic field Magnetic field

Possible mechanism of seed germination 
promotion

Ultrafine bubbles generate ROS ( OH).

ROS outside seeds ( OH) play as a signal 
molecule and provoke the generation of ROS 
(O2

-) inside seeds.

α-amylase (starch degrading enzyme) activity 
increases.

Seed germination is promoted.



Liu et al.,, ACS Sustainable Chem. Eng., 2016, 4 (3), pp 1347–1353

100μm

Barley  seed

Oshita et al., Japanese J. Multiphase Flow, 34 (1), 194-204, 2020

-
OO2OO2 ···-

·· OH

HH2HH2OOOO2

11OOO2

1
Cell elongation

(Muller,  2009)

DNA Damage

(Tomizawa et al. 2005)

Lipid Peroxidation

(Sandy et al. 1986)

Oxidative window

Seed germination

(Ritz et al., PLOS ONE, 2015)

(T50 = time required to reach 50% of maximum germination rate)

T50=Time to reach 
50% of Gmax



Exponent
Number

concentration
(/ml)

Storage
duration
(month)

T50,

control
(h)

T50,

UFB
(h)

Gmax,

Control

(%)

Gmax,

UFB

(%)

Significant
difference Δ

6

9

7

8

Table 1 Promotion effect of UFB on germination of barley seeds 

Exponent

6

9

7

8

1) UFB water can promote seed germination without using any
chemicals.

2) ROS ( OH) generated by UFB provokes the seed germination.

3) Minimum viable number concentration of  UFBs for promoting 
the germination of barley seeds is in the range of the order of 
10 to the 8th power.

Conclusions

Acknowledgement to financial support by 
METI International Standardization Program, FBIA and
Grant in Aid for Scientific Research (B: 18H02302) by JSPS, Japan.
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APEC-WS 2 presentation 

) Introduction to dissolved air 
floatation (DAF) process and DAF 
bubble bed

1



Introduction to Dissolved Air Flotation (DAF) Process
and DAF Bubble Bed

HYOUNGJUN KIM
IREHENVIT CORP.

Asia-Pacific Economic Cooperation Workshop

2

Solid phase pollutant in water

Filtering Sedimentation Flotation

3

Flotation process
gravity separation process in 
which gas bubbles attach to solid 
particles to cause the apparent 
density of the bubble-solid 
agglomerates to be less than that 
of the water, thereby allowing the 
agglomerate to float to the surface

4

flotation process by which low density particles are removed from water and 
wastewater by using fine bubbles which are produced by the reduction in 
pressure of a water stream saturated with air

Dissolved air flotation (DAF)

Coagulant

Flash 
mix

Floats

Flocculation
tank

Contact 
zone

Separation
zone

Clear water

Skimme
r

Water flow

Coagulant 
storage

Saturator

Compresso
r

Recycle 
tank

sand
gravel

Filtration 
column

Outflow

Recycle water

Inflow

5



inner pressure of saturator which is used for generating bubble

Saturation pressure

Pressure (atm)
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6

DAF tank
tank that DAF process is performed in and is roughly divided into two 
compartments containing contact and separation zone according to the step of 
flotation process: formation of particle-bubble aggregates and rising to the 
surface

Coagulant

Flash 
mix

Floats

Flocculation
tank

Contact 
zone

Separation
zone

Clear water

Skimmer

Water flow

Coagulant 
storage

Saturator

Compressor

Recycle tank

sand

gravel

Filtration 
column

Outflow

Recycle water

Inflow

7

Contact zone / Separate zone
contact zone
zone where the floc particles are carried into and generate the particle-bubble
aggregates by contacted with air bubbles

separation zone
zone where aggregates are separated from the water and become
concentrated in a float layer at the top of the tank

Inflow

Flash 
mix

Floats

Flocculation
tank Contact 

zone
Separation

zone

Clear water

Water flow
Outflow

Sludge

Coagulant

Saturator

Bubble bed

8

Contact zone / Separate zone

Contact zone

Separate zone

9



Recycle water / Recycle ratio
recycle water
water used to generate fine bubbles required for the DAF process among the
treated water by the DAF process

recycle ratio
ratio of the flowrate of recycle water to the flowrate of inflow to the DAF
process

Coagulant

Flash 
mix

Floats

Flocculation
tank

Contact 
zone

Separation
zone

Clear water

Skimme
r

Water flow

Coagulant 
storage

Saturator

Compresso
r

Recycle 
tank

sand
gravel

Filtration 
column

Outflow

Recycle water

Inflow

10

Treatment capacity / 
Hydraulic loading rate
treatment capacity
capacity that a certain process can handle for a unit time

hydraulic loading rate
index representing the treatment capacity at a limited area, calculated as the
ratio of the flowrate to the DAF process to the surface area of the DAF tank

11

DAF bubble bed 
layer generated by fine bubbles in separation zone

Inflow

Flash 
mix

Floats

Flocculation
tank Contact 

zone
Separation

zone

Clear water

Water flow
Outflow

Sludge

Coagulant

Saturator

Bubble bed

12

Effective depth of DAF bubble bed

DAF bubble bed

Effective depth of DAF bubble bed

thickness of DAF bubble bed after the DAF process reaches state of
equilibrium

13



Bubble bed

Bubble bed

FILTER BED

Bubble bed

3rd Generation
4th Generation

2nd Generation1st Generation

Almost no bubble bed at separation zone Bubble bed formation at separation zone

Increased tank depth and bubble bedDeep bubble bed formation at separation zone

Changes of DAF cell 
& effective depth of bubble bed

14

Description 1st generation          
(prior 1960)

2nd generation          
(1960’s 1970’s)

3rd generation         
(1980’s)

4th generation            
(1990’s)

Hydraulic loading rate 
(m/hr)

2 3
less than 3 8

5 12  
until 1990

20 25 in 1996
expand to 40

Separation conditions Turbulent flow Laminar flow Laminar flow Turbulent flow

Effective depth 
of bubble bed (m) Not Available 0.1 0.7 0.1 1 2.5 3.5

Active time for floc-
bubble collisions (min.) Not Available NA 0.5 3 5 20

3rd, 4th generation DAF systems Increased tank depth Bubble bed was important

Water treatment capacity             Hydraulic loading rate            DAF efficiency             
Square DAF cell Separation zone bubble bed depth, time for floc-bubble collisions            
DAF efficiency

Development of DAF technology

15

DAF tank in plant
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Depth ( )
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The depth of bubble bed can be observed around 53 3 cm
10~50 size bubbles were measured as decreasing rapidly 
around 53cm by using on-line particle counter

Pressure: 5atm, Recycle ratio:50%
Contact 

Zone
Separation 

Zone

Bubble 
Bed depth

53cm

Effective depth of bubble bed at pilot plant

17



<Sampling points at the pilot plant and fullscale field>

Boundary 
of Bubble
Bed

16
0 

cm

120 cm

31
50

53
76

99

135

8

Flocculation basin Separation zoneContact zone

20 20 20 20

Turbidity & 
the number of 
particle of 
effluent

Sampling 
point (depth)

55cm
75cm
95cm
105cm
125cm
155cm

Turbidity Alkalinity Temp. pH

2.4 NTU 26 mg/L as 
CaCO3

7.5 7.7

<Characteristics of raw water>

Pilot plant Full scale 
field

Pressure
(atm.)

Recycle ratio
(%)

Pressure: 5atm
Recycle ratio: 

50%

Case 1 5.1 6.6

Case 2 4.1 6.6

Case 3 4.1 10.0

<Operation conditions >

Effective depth of bubble bed 
at water treatment plant
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<10 ~ 100 > <1~10 >

Middle and large particles were 
decreased under bubble bed

Small particles were 
increased under bubble bed

<Bubble & particle size distribution at Case 3 (4.1atm, 10%), Point C>

145 145

Effective depth of bubble bed 
at full scale field
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Case 3: 4.1atm, 10%
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Case 2: 4.1atm, 6.6%
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Case 1: 5.1atm, 6.6%

Pressure change (Compare with Case 1 and Case 2)
: the higher pressure, the deeper bubble bed depth

Recycle ratio change (Compare with Case 2 and Case 3)
: the higher recycle ratio, the deeper bubble bed depth

Bubble volume concentration                Bubble bed depth

<The depth of bubble bed at case 1, 2 and 3>

Case 1 Case 2 Case 3

Bubble bed 
depth: 115

Bubble bed 
depth: 105 Bubble bed 

depth: 145

Effective depth of bubble bed 
at full scale field
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The depth of bubble bed depth affects the turbidity, 
but the result is less 0.5 NTU        It is difficult to estimate an efficiency

A lot of particle in effluent at Case 2
A little of particle in effluent at Case 3

<Residual turbidity and size distribution at effluent (sampling point F)>

Effective depth of bubble bed 
at full scale field

21



DAF bubble bed compactness
index indicating the degree to which the DAF bubble bed is saturated with
bubbles at state of equilibrium

C
Vbubble

Vbb

i
ni i

100 ( ) 100bubbles
i

ibb

VC n i
V

22

23

Fine Bubble Technology for 
Sustainable Development Goals 

Ms. NISHIMURA Sahori,
National Institute of Technology and Evaluation (NITE), Japan

APEC Workshop II

September 16, 2021
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General principle/

Uniformity of UFB in supplied water for jet

Characteristic of UFB water: 
Average Diameter and Number concentration of UFB

Cleaning performance depends of UFB original   
performance, hydrodynamic performance and 
property of salt stain

Fixed are; Specification of High pressure water jet,
Properties of salt stain and test environment.

Modified are; Characteristics of UFB water

Hi Pressure Water Jet
Nozzle

Steel
Test 
PlateWater 

Flow

2 m

Alternatively
With UFB or Without UFB



Testing equipment

Hi Pressure Water Jet: 
Discharges water through small nozzle by high  
pressure, namely with high speed.

Nozzle diameter: 6 mm at exit

Water temperature: 15 -25

Pressure at exit: 5 -9 Mpa

Flow rate at exit: 300 – 400 L/h

Cleaning profile at test plate: 250 -300 mm and stable

Supply of cleaning water: Continuous

Testing equipment

Surface Salinity Meter

Method: Surface salinity density 
Electrical Conductivity of sample solution
(ISO 8502-9)

Precision 1 % at temperature 0 -50

Steel Test Plate (front)

Test Plate (Salinity 
Meter Cell applied)

Zone
Number

Salinity measurement 
Cell

Water Injector

Display & Control

Salinity Meter

Salinity meter measures 
the amount of salt on the 
surface covered by the 
Cell.

Water injector supply plain 
water to solve the salt on 
the surface.

Testing equipment

Test Plate
Simple in shape (eg. Flat plate)
Material: carbon steel
Dimension 530 x 530 mm x 10 mm(t)

Procedure (Before cleaning )

S(initial) =((S(2) +S(4) +S(6) +S(8))/4

S(initial): initial adherent average density (in mg/ m2)



Cleaning Procedure

Automatic stroke of jet mechanism is recommended.
(Example of manual operation is given in the document.)

Distance of water jet: kept 2 m

Test piece: fixed tightly and kept normal to jet stream

Stroke: round trip, may less than 20 strokes for a cleaning.

Round trip: approximately 1 second

A cleaning is repeated for a testing with UFB and 
control waters.

Measurement of salt stains after cleaning

After each cleaning stroke calculate: 

S(aw) =((S(1) +S(3) +S(5) +S(7) +S(9))/5

S(aw): adherent average density after cleaning(in mg/ m2)

Terminate of cleaning: Either density reading zero 
or specified number for stroke attained.



Calculation of removed salt stain 

Salt removal ratio or removal quantity: to be reported.

Salt removal ratio

R(asr) = (S(initial) –S(aw))/S(initial)

R(asr): Salt removal ratio
S(initial): initial salinity density
S(aw): salinity density after cleaning

Salt removal quantity

Q =S(initial) –S(aw) : (mg/ m2)

Hi Pressure 
Water Jet

Steel
Test 
Plate

Water 
Flow

Comparative Testing
With UFB and Without UFB

Reservoir 
Tank



Example; Removal quantity



(e)
"The standards for elimination 

method of fine bubble" 

Ms. Hirona Kobayashi,
National Institute of Technology and Evaluation(NITE)

Japan

APEC Workshop II

September 16, 2021
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