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Development of Membrane-Based Advanced Wastewater Treatment Process Effectively
Utlizing Foods, Fungi and Enzymes

KATAGIRI, Nobuyuki
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A novel enzymatic membrane reactor using the non-purified culture

supernatant of white-rot fungi was developed to perform continuous decolorization of dye wastewater.
The culture supernatant was periodically obtained from fungal cultures cultivated in natural
medium, which uses blackstrap molasses typically present in food waste. The supernatant and dye
wastewater were mixed in a membrane reactor with an ultrafiltration membrane that permitted enzyme
recycling in the reactor. Approximately 80% of decolorization was maintained for a few days of
continuous treatment.

In the dewatering of excess white-rot fungi by mechanical expression, the moisture content of the
compressed cake was significantly decreased by applying pressure greater than 5 MPa. The squeezed
liquid contained substances with hypotensive and antioxidant effects. The cake had very low moisture
content, suggesting the possibility of its conversion to solid fuel.



& ERE [I%iﬁi’é%m]

| &eswEn| ) Jp—

e e = E LK
“® \ 0 P

— ABEKOFIA
v l \\ 5K
| A - FHKAK
-IREBEAK

CD%D e

BREMEY

50 R BB A SRR TR KL ERAY
= LT (A TLUITH5—)

in?

S£EEMEYE I7—I4)L5—



® 2

30°C 200rpm 24
MF-GLN
1 1lpg 1 unit
@ 2
MF-GLN Ca0=0.04g/L
5,000
(©)) 3
@
TOC: Total Organic
Carbon
TOC 88gL o
5
6
2
3 4
TOC
500 I ™ 100 \ \ \ \ 2.0x<10°

5 i o T. versicolor

= L n e Culture supernatant; 0.55 U/mL

% 400 _ 80" p=100kPa pH 45 115

= T. versicolor! S ~ :

> 300 VersiCol OI‘: D _O @ Qs O‘A_O = -

= O Natural | S 60 e

§ A Synthetic i = Decolorization, dv/dt 5

o 2001 N Natural o , @ 1107

S S 40|~ |Synthetic A , A <

8 100 g JEENN °

S a _ﬁ—A.L‘_A—i

8 @) 0.5

g o 20

a} 2nd

Pl il \ 0 \ \ \ \ 0
0 5 10 15 20 0 2 4 6 8 10



@

dv/dt
pH
pH
80
37
(—dCa/dt) Michaelis-Menten
Km
_ dCA _ rmax CA
dt K,+Cx
Ca
av dc
A(dtjp(c“’ G ):V[_ Y j
A (dv/dt)p
2
— Ca)/Cp0x100
Vr max K
—m_ —(C,,-C, )+—(C,,-C
A(dv/dt)p ( A0 /-\) CA ( A0 A)
t (d)
0 1 2
100 I I
_ 805—0—00 o 5
s A DN A
§ 60 BT versicolor A
w® Culture supernatant; 1.20 U/mL
= p=100kPa
2 40 opH45 -
3 ApPH5.0
a OpH 6.0
20— —
—r— 00—
0 \ \ \ \

0 20 40 60 80 100
v (cm)

pH

0.55 unit/mL 70

Decolorization activity (U/mL)

400 unit/mL
o
pH
10 37
rmax  Michaelis
)
Cao
2
V
(1) Michaelis-Menten
Ca = (CA,O
©)
100 \ \
T. versicolor
Culture supernatant
80~ p=350kPa, (dv/dt), = 1.8>10° cr/s ]
;\5‘ pH 4.5
< — cal. )
S _|
T
N
5 _|
)
o
[a)
0 | | |
0 0.5 1.0 15 2.0



®

Eav
p2=1,3MPa 5MPa
7MPa Eav 0.230
0.2595
Terzaghi— Voigt 3
7MPa 20wt%
ACE
3) ’3_
0.8 100 i
80 T. versicolor
0.6
; z
T. versicolor
04 P, =500kPa © 401 N
1O p,=1MPayz ca.

A p,=3MPa ¥ 20—

O p,=5MPa

V p,=7MPa
0.2 ‘ 0

0 1 2 3%<10* 0 2 4 6
ia/ug, (s*%cm) P, (MPa)

1) N.Katagiri, M. Takatsu, S. Kitahata, Y. Mizuno, E. Iritani, Membrane Type Wastewater Decolorization
Using Culture Supernatant of Trametes versicolor, J. Water Environ. Technol., 16(1), 2018, 54-62
2) : :
, 64(11), 2019, 736-740
3 : : : :
, , 46(2), 2020, 18-23



24 22 6 1

, , , 46
2020
18-23
DOI
10.1252/kakoronbunshu. 46.18
N. Katagiri, K. Tomimatsu, K. Date and E. Iritani 11
Yeast Cell Cake Characterization in Alcohol Solution for Efficient Microfiltration 2021
Membranes 89
DOI
10.3390/membranes11020089
45
2020
22-28
DOI
10.5360/membrane.45.22
64
2019
736-740

DOl




19

2020
59-63
DOl
E. Iritani, N. Katagiri and H. Masuda 134
Evaluation of Variable Pressure Dead-End Ultrafiltration Behaviors of Nanocolloids Based on 2018
Filter Cake Properties
Chem. Eng. Res. Des. 528-539
DOl
10.1016/j .cherd.2018.04.026
E. Iritani, N. Katagiri and D. Sawada 51
Simultaneous Evaluation of Mechanism and Degree of Fouling from Limited Flux Decline Data in 2018
Dead-End Microfiltration
J. Chem. Eng. Japan 507-517
DOl
10.1252/jcej .17we379
tl tl I I 44
2018
253-259

Dol
10.1252/kakoronbunshu.44.253




E. Iritani, N. Katagiri and H. Masuda

51

Simplified Estimate of Cake Porosity in Dead-End Ultrafiltration of Protein Solution 2018

J. Chem. Eng. Japan 589-595
DOl

10.1252/jcej .18we033

E. Iritani, N. Katagiri and K. Kawasaki 18

New Developments of Solid-Liquid Separation Technologies in the Activated Sludge Process 2018

Filtration 171-180
DOl

D.Q. Cao, J.Y. Jin, Q.H. Wang, X. Song, X.D. Hao, E. Iritani and N. Katagiri 28

Ultrafiltration Recovery of Alginate: Membrane Fouling Mitigation by Multivalent Metal lons and 2020

Properties of Recycled Materials

Chinese J. Chem. Eng. 2881-2889
DOl

10.1016/j .cjche.2020.05.014

D.Q. Cao, X. Wang, Q.H. Wang, X.M. Fang, J.Y. Jin, X.D. Hao, E. Iritani and N. Katagiri 606

Removal of Heavy Metal lons by Ultrafiltration with Recovery of Extracellular Polymer 2020

Substances from Excess Sludge

J. Membr. Sci. 118103
DOl

10.1016/j .memsci .2020.118103




D.Q. Cao, X. Song, X.D. Hao, W.Y. Yang, E. Iritani and N. Katagiri 202

Ca2+-aided Separation of Polysaccharides and Proteins by Microfiltration: Implications for 2018

Sludge Processing

Sep. Purif. Technol. 318-325
DOl

10.1016/j -seppur.2018.03.070

E. Iritani, N. Katagiri and K. Kawasaki 18

New Approach to Behavior Characterization of Membrane Pore Fouling in Membrane Filtration 2018

Filtration 212-224
DOl

D.Q. Cao, X. Song, X.M. Fang, W.Y. Yang, X.D. Hao, E. Iritani and N. Katagiri 354

Membrane Filtration-based Recovery of Extracellular Polymer Substances from Excess Sludge and 2018

Analysis of Their Heavy Metal lon Adsorption Properties

Chem. Eng. J. 866-874
DOl

10.1016/j .cej.2018.08.121

S.E. Wu, K.J. Hwang, T.W. Cheng, K.L. Tung, E. Iritani and N. Katagiri 94

Structural Design of a Rotating Disk Dynamic Microfilter in Improving Filtration Performance 2019

for Fine Particle Removal

J. Taiwan Inst. Chem. Eng. 43-52

DOl
10.1016/j .jtice.2018.04.032




E. Iritani, N. Katagiri and Y. Yamaoka 94
Filtration Behaviors of Suspension of Dual-Sized Submicron Particles Through Semi-Permeable 2019
Microfiltration Membrane
J. Taiwan Inst. Chem. Eng. 62-69
DOl
10.1016/j . jtice.2017.09.040
s s 45
0/W 2019
72-79
DOl
10.1252/kakoronbunshu.45.72
D.Q. Cao, X.D. Hao, Z. Wang, X. Song, E. Iritani and N. Katagiri 535
Membrane recovery of alginate in an aqueous solution by the addition of calcium ions: Analyses 2017
of resistance reduction and fouling mechanism
J. Membrane Sci. 312-321
DOl
10.1016/j .memsci .2017.04.050
tl tl I 43
2017
289-295

DOl

10.1252/kakoronbunshu.43.289




43

2017
327-335
DOl
10.1252/kakoronbunshu.43.327
E. Iritani, N. Katagiri and T. Yoshida 41
Evaluation of Consolidation Behavior by Combined Membrane Filtration and Stepped Cake 2018
Compression
Chem. Eng. Technol. 79-89
DOl
10.1002/ceat.201700102
N. Katagiri, M. Takatsu, S. Kitahata, Y. Mizuno and E. Iritani 16
Membrane Type Wastewater Decolorization Using Culture Supernatant of Trametes versicolor 2018
J. Water Environ. Technol. 54-62
DOl
10.2965/jwet.17-026
E. Iritani, N. Katagiri and T. Yoshida 18
Simplified Evaluation of Consolidation and Expansion Behaviour of Highly Compressible Cake 2018
Filtration 50-60

DOl




34 5 12

52

2021

2019

2019

Katagiri, N., R. Matsuyama and E. Iritani

Effect of Polysaccharide-Protein Interaction on Membrane Fouling Caused by Microbial Metabolite

The 18th Asian Pacific Confederation of Chemical Engineering Congress (APCChE 2019)

2019

Katagiri, N., Y. Mizuno, S. Kitahata and E. Iritani

Development of MBR Using Enzyme of White-Rot Fungus and Dehydration Properties of Excess Fungus

The 18th Asian Pacific Confederation of Chemical Engineering Congress (APCChE 2019)

2019




Cao, D.Q., X.M. Fang, X. Song, X.D. Hao, E. Iritani and N. Katagiri

Removal of Heavy Metal lons by Ultrafiltration Combining Recovery of Extracellular Polymer Substances from Excess Sludge

The 18th Asian Pacific Confederation of Chemical Engineering Congress (APCChE 2019)

2019

2019

2019

Katagiri, N., R. Matsuyama and E. Iritani

Interaction between Polysaccharide and Protein on Membrane Fouling Caused by Microbial Metabolite

FILTECH2019

2019

Katagiri, N., K. Tomimatsu and E. Iritani

Effect of Ethanol Concentration on Filter Cake Characteristics in Microfiltration of Yeast Suspension

FILTECH2019

2019




85

2020
85
2020
85
2020
MBR
2018

2018




2018

2018

Katagiri, N., K. Tomimatsu and E. Iritani

Effect of Ethanol Concentration on Microfiltration Properties of Yeast Suspension

International Congress of Chemical and Process Engineering (CHISA 2018)

2018

50

2018

50

2018




50

2018
50
2018
50
2018
53

2019




84

2019

2017

2017

Yamaoka, Y., N. Katagiri and E. Iritani

Microfiltration Behaviors of Colloid of Dual-Sized Submicron Particles through Semi-Permeable Membrane

Water and Environment Technology Conference 2017

2017

Masuda, H., N. Katagiri and E. Iritani

Evaluation of Flux Decline Behaviors in Variable-Pressure Dead-End Ultrafiltration Controlled by Cake Formation of
Nanocol loids

Water and Environment Technology Conference 2017

2017




Mizuno, Y., S. Kitahata, M. Takatsu, N. Katagiri and E. Iritani

Membrane Type Wastewater Decolorization Using Culture Supernatant of Trametes versicolor and Squeezing of Physiologically
Active Substance from Fungus Body

Water and Environment Technology Conference 2017

2017

Tomimatsu, K., N. Katagiri and E. Iritani

Microfiltration Properties of Alcohol-Containing Yeast Suspension

The 7th Asian Particle Technology Symposium

2017

Yoshida, T., N. Katagiri and E. Iritani

Dynamic Behaviors in Consolidation of Bentonite Cake Evaluated by Combined Filtration and Stepped Cake Compression Test

The 7th Asian Particle Technology Symposium

2017

49

2017




49

2017

Katagiri, N., Y. Kuwajima, H. Kawahara and E. Iritani

Evaluation of Microbial Cake Characteristics under High Pressure Conditions

The 11th International Conference on Separation Science and Technology

2017

2017

2017

83

2018




83

2018

83

2018

2019

634

DNA

11

2018

752




2018

217

4.1

http://wwwl.meijo-u.ac.jp/~katagiri/index.html

(IRITANI Eiji)

(60144119)

(13901)




