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e Why do we have to develop a
new sanitation system?

e OuUr interdisciplinary research
project supported by Japan Science
- and Technology Agency
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> 1.2 million

tons of fresh
excreta
deposited Iin the
environment
and water
sources each
day




m To achieve the Millennium

Development Goals
Water Supply and Sanitation 2000

Up to 5.5 billion people will be
without sanitation by the year
2035, If sanitation provisions
continue to be installed based
on the current standards.

means for 50% Sanitation
excreta

disposal




_ Sanitation Issues In Aslia

e —

= Asia

= Africa
® | atin America
= Europe

K.USHIJIMA, M. IRIE, N.SINTAWARDANI, J.TRIASTUTI, T.ISHIKAWA: The 5th
International Symposium on Sustainable Sanitation Tokyo, Japan(2007)



Economical Issues

“ (Peter Wildere, 2002).

e It becomes evident that the capacity
of the global money market would not
be sufficient to cover the need for
INnvestment cap Iital for centralized

system[DON t collect

e The rehabilitation cost for the piping
system In Germany is estimated to be
IN the range of 100 billion euros

e The cost of the installation of the pipe
system iIs almost one order of
magnitude higher than the cost of
building the treatment facilities




BBl Watershed Management
Don’t collect

e Taking water from a discrete
location and discharging it to a
distant surface water body may
negative effect on the water
cycle in that area.

e sewers and water mains are
leaking



.. Water Resource
Don’t collect

e A significant amount of the
drinking water iIs used as a
means to transport the
pollutants

e Reuse wastewater by retaining
water near the point of origin



treatment process

Managing raw wastewater quality to
recycle nutrients and to use simple

Appliance | Volume COD NH,-N | NO5;-N | PO,-P | TSS

31%  44% 97% 3.8% 80% 77%
ritehen 13% | 23% | 0.3% | 38% |9.4% | 10%
Wash Basin 13@()1ﬁ%to|.\/4_/@i]>¢1% 1.3% | 2.19%
Bath 169 | 2.5% | 0.6% | 15% |1.1% | 1.3%
Shower 1296 | 6.4% | 0.7% | 25% |4.1% | 5.1%
Washing 169 | 229% | 1.29% | 7.6% | 4.3% | 4.0%
machine




B Controlling micro-pollutants




m Feces Philia Culture vs
Feces Phobia Culture

Feces Phobia Culture | - ‘ > Feces Philia Culture
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This figure is modified from Professor Kada’s original by Funamizu



ONSITE WASTEWATER
DIFFERENTIABLE TREATMENT SYSTEM




.. Benefits

e Separating black water gives
® Recovery and recycle of nutrients
® Elimination of micro-pollutants in urine
® Elimination of sources of pathogens
® Reduction of wastewater flow
® Conservation of water resources

e On-site treatment gives
® No requirement of pipes

e The system creates
® Material cycle (organic matter and nutrients)

® New social system such as M&O NPO or
company.
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Composting Tollet

Exhausted air

| Air @
circulation '?[
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= Fan
Exhaust pipj T Mixing Device
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Sawdust

Mixing mechanism

Matrix
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—
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SAWDUST MATRIX: Key element of the
posting reactor

0 Sawdust properties:

Aerobic
biodegradation
(without odor)

Use of sawdust
for long time

Energy saving
when mixing




ODEGRADATION OF ORGANIC MATTER

@ Design and
@ operation
Bio-
1309 degradation Accumulation:
feces/day .
Remaining TS: 15 kg TS/year
(wet basis) 44%
23.59 Accumulation:  Accumulation:

feces/day
16 qﬁwﬂfﬁ_—
( @ia SO

Lopez Zavala et al.:J. Environ. Syst. And Eng. JSCE, No.720/V11-25, pp.99-105(2002)




Health Risk : Mixing frequency
m reaction time and infection risk
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Nakata.Funamizu:Proceedings of Dry Toilet 2003, 1st International Dry-Toilet Conference, pp.131-139




Compost Is safe-1:
m Fate of pharmaceuticals (F/5=20%0)

Acidic
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Kakimoto and Funamizu: Chemospher (submitted)



Bl Compost is safe-2:
Basal Cytotoxicity of compost

from Bio-tollet Bio-assay by human
NB-1 basal cytotoxicity
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Kakimoto, I mai, Funamizu,Takakuwa,Kunimoto:
Water Science and Technology, vol.54, No.11-12, pp.421-428(2006)
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B Gray water Treatment-1

Slanted soil treatment system

by Dr.ltayama National Institute for Environmental Studies

20.0
A15.0
A kitchen sink N R ﬁ
(@))
wi AR
o
A slanted soil treatment Loso [ & &
system of 3 stacks
0.0

‘01 '02 '03
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2000
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These figures are prepared by Dr.ltayama



mGray water Treatment-2

MBR without high pressure for kitchen

Sink wastewater
Water [Level sensor

pump

g
“ reactor ﬁ

UF membrane
(PAN-100kDa MWCO)
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Aileen Huelgas, Funamizu: NOWRA'’s First US International Program on Decentralized Systems ==
Water for All Life, Baltimore, USA, 2007




Urine Treatment -1:

m Concentration of Source-Separated

Urine by Electrodialysis
= =

eMax. consumption 0.1W
eVoltage 3.4V

eRequired membrane area: 400cm? (for
treating 4L of urine in 24 hours)

diluat

9

(conc

entrate)

Hotta, Amano, Funamizu: Proceedings of Advanced Sanitation Conference, 11-12, 2007




Electro-oxidation of pharmaceuticals

.. IN urine

pKa
>
2 7 12 Neutral
Possibility of
Kow e Tetracycline Y
treatment by
» Caffeine electro-
« Oxytetracycline oxidation
0 process
* Amoxicillin ;
- Possible
« Amoxicillin * Atenolol Eficul
« Diclofenac sodium | * Metoprolol » Carbamazepine - Difficult
« Aspirin » Paracetamol
3 » Bezafibrate
* Pravastatin
* Ibuprofen e Imipramine » Simvastatin
* Naproxen

kg - ——— __——

e
Kakimoto, Ohsawa, Funamizu: Proceedings of Anuual Meeting of Society of Civil Engineer, 2007
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C h i C h i b u : J ap an I\/I O d e I dion model bazed on Community Innovation Platform - (W Vokota)

Wi B - 2(E - SR TEE - a0 - R - B\l - EEh | B R ERE - 03 anF Dk o TfliER RSB S, TEeR ) D T
EHINCTSA i g DT T e b7 = LERIER LR L.
AR T, ok BAE - 8 - N A gl MEHEEEL., EMEEEEEICTIEMEE L« P LTEYET, (Mitsurass Vokota)

IR S i AT AEEROY =T UL EFIL

Hustainable sanitation model in Chichiboa City

S (RS, R EM. & £za LR

Compostitg toilet
[ EL . i s e
Gt

Slanted soiltreatmerd
[ Gray water frefed by Slarded-Soil-Charmber Meathad )

Cu:ump:ust toilet
[Fathagze, Human excierrent)

Inprovemert of torer water quality Water consetvation Biom ass citculatiotn

Iliteumasa Yokota, as an Innovation Pattner, produced Community Innovation Platform to design the optimized concepts of sustainable sanitation madel,
irchadinng cireulation of biomadss, harmondzed with the natiore of Chichitiu City. Sharing of a wisionowith the resddents, commnanity and local government,
which hag inherited the " culture to water' and life style harmonized with nature serves az a statting point of the sustainable system creation.

Copyright @2005 Witsiamasa Vokiota, AL rights resetved
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Copy right © Mitsumasa Yokota Industrial Innovation Partners Inc. Ex-President, Advisor of Chichibu City



[af (L33 - 4 -0 A A7 A SR DI a T aE A LR A B Designing the optimization of entire value-cham (M. Yokota & 3. Imai)

Hurman friendly design Pikased & LTH SNNERA TS A2 =7 ¥ L] SRMIMAT7AFa-A

Cuality - Functional, comfortable, safety and sustainahle

W E 202 E R L (3R
Designed by Il Wrs. Hashirmoto, Yokota & Trna 2004
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Copy right © Mitsumasa Yokota Industrial Innovation Partners Inc. Ex-President, Advisor of Chichibu City



Mok {4885 - 174 - ) 0 A7 A SRS A LR AEE  Sustainahle Sanitation model based on Community Innovation Platform (M. Vokota & 3 Imai)

Creation of Sustainable Sandtation model by emergent evolution which shall bring the best out of the wisdom harmonized with nabare, colture and lifestsle of naral area.

005F11H Mg EE - Ik - RS ERRIL. TEes) 4 M) FENICE L4/ A -2 a CBEoOBIERLmOY. fEEs o EOEESF LI L.

Emlogth  Rodlegh o Haberof Total meight - Stoewweigit -
" 12 8 a0 2% | how | FEw
27 Experimsn crmy cen Eime | kgra kg :
e s Dt [T = = o T reps e —
A amtro] IEI. B B85 7.3 253 €08 2E6 218 b

Copy right © Mitsumasa Yokota Industrial Innovation Partners Inc. Ex-President, Advisor of Chichibu City



m Slum in Bandung

Bandung City

e

<Study sif
RWO02, Sl
Kiaracor

Populatiol
Househol
Area: |

Interview Survey

m b -
\ 1 3
el
I
1

Y& Kiaracondona |l &

e\Water flush toilet (87%0)
eSeptic tank
eNoO treatment

Result of Interview (62 households)

Kitchen Plant . . Toilet
12% 4% 1e0eca | 41%
Washin
13%
Bathi rination -
0% 29%
Ave. 89 liter/day/capita

USHIJIMA Ken (WEC) :

3rd South-East Asia Water Forum: 22"d Oct. 2007



BB shift the social system

4 Urban area (slum)

O
Interfdce «

-/

i=

Compost
Toilet

tm

~

Water supply

4 Rural Area

Water resource area .
@
N

armland Utilization

Collectio

rtation

USHIJIMA Ken (WEC) : 3" South-East Asia Water Forum: 22"d Oct. 2007




Low cost composting toilet
: |
e "
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Compost Collection System

1 g% Urine
vt ﬁ 19m?3/day Am3><5times
4 b ey, — iy

“ Urine Collector

- 2 persons Compost
Ssodan 3
borpen = .;szf 8m3><1time
”
Compost Collector
1 person . ]
: i : Middle Station ‘ To Suburbs ”
Collector works 3time in a week
Urine collection: once in 2 weeks Collected amount
Compost collection: once in 4 months 3
G 7 27m>/day )

Managed by local community Managed by Bandung City

Each residents pay the cost

Each residents pay the cost

USHIJIMA Ken (WEC) : 3" South-East Asia Water Forum: 22"d Oct. 2007



B Summary

e Sustainable sanitation system
® “Don't mix! “, “Don’t collect”

® Onsite Wastewater Differentiable

Treatment System

® We have developed and analyzed several
technologies for on-site differentiable
wastewater treatment system

® The new system for rural area in Japan: Pilot
plant in Chichibu, Japan

® The system for developing countries: Pilot
project in Indonesia
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