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Sustainable Sanitation System 
based on the concept:

“don’t collect” and “don’t mix”
wastewater
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International Symposium on Sustainable Sanitation

2003 Nanjing University

2004 Northeast Normal University

My topic today is

Why do we have to develop a 
new sanitation system?
Our interdisciplinary research 
project supported by Japan Science 
and Technology Agency
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> 1.2 million 
tons of fresh 
excreta 
deposited in the 
environment 
and water 
sources each 
day
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To achieve the Millennium 
Development Goals
Water Supply and Sanitation 2000

Served
Unserved

Sanitation

Water

2.5 billion lack 
sanitary 
means for 
excreta 
disposal

>1 billion lack 
access to safe 
water

82%

60%

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.



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

Sanitation Issues in Asia

Distribution of the global population not served 
with improved sanitation (WHO, 2001)

80%

13% 5% 2%

Asia
Africa
Latin America
Europe
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Economical Issues
(Peter Wildere, 2002).

It becomes evident that the capacity 
of the global money market would not 
be sufficient to cover the need for 
investment capital for centralized 
system
The rehabilitation cost for the piping 
system in Germany is estimated to be 
in the range of 100 billion euros
The cost of the installation of the pipe 
system is almost one order of 
magnitude higher than the cost of 
building the treatment facilities

Don’t collect
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Watershed Management       
Don’t collect 

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.
sewers and water mains are 
leaking



8

Water Resource
Don’t collect 

A significant amount of the 
drinking water is used as a 
means to transport the 
pollutants
Reuse wastewater by retaining 
water near the point of origin
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Don’t Mix

Managing raw wastewater quality to 
recycle nutrients and to use simple 
treatment process

4.0%4.3%7.6%1.2%22%16%Washing 
machine

5.1%4.1%25%0.7%6.4%12%Shower

1.3%1.1%15%0.6%2.5%16%Bath

2.1%1.3%11%0.1%1.7%13%Wash Basin

10%9.4%38%0.3%23%13%Kitchen 
sink

77%80%3.8%97%44%31%WC

TSSPO4-PNO3-NNH4-NCODVolumeAppliance

Don’t Mix
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Controlling micro-pollutants
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Feces Philia Culture vs
Feces Phobia Culture

Feces Phobia Culture Feces Philia Culture

water water

food food

Surface 
water

Surface 
water

ground 
water

ground 
water

This figure is modified from Professor Kada’s original by Funamizu

Left 
over

Farm 
land
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ONSITE WASTEWATER 
DIFFERENTIABLE TREATMENT SYSTEM

Compost

Agriculture

Bio-
Toilet

Feces,  
Urine,

Garbage

Treatment

Ground and/or 
Surface water

Rain 
Water

Bath &
WB

KS &
WM

Soil
System

House
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Benefits

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

On-site treatment gives
No requirement of pipes 

The system creates
Material cycle (organic matter and nutrients) 
New social system such as M&O NPO or 
company.
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Fan

Air 
circulation

Mixing mechanism

Exhausted air

Exhaust pipe Mixing Device

Sawdust 
Matrix

Composting Toilet
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oo Sawdust properties:Sawdust properties:
High porosity
High water and air 
retention
High drainage

High bacterial 
tolerance

Low apparent 
density

Biodegradability

SAWDUST MATRIX: Key element of the SAWDUST MATRIX: Key element of the 
composting reactorcomposting reactor

Aerobic 
biodegradation 
(without odor)

Use of sawdust 
for long time

Energy saving 
when mixing

Reuse as a 
fertilizer or soil 

conditioner
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BIODEGRADATION OF ORGANIC MATTERBIODEGRADATION OF ORGANIC MATTER

130 g 130 g 
feces/dayfeces/day

(wet basis)(wet basis)

23.5 g 23.5 g 
feces/dayfeces/day

(dry basis)(dry basis)

BioBio--
degradationdegradation

Remaining TS: Remaining TS: 
44%44%

Accumulation:Accumulation:

10.3 g TS/day10.3 g TS/day

Accumulation:Accumulation:

7.6 kg TS/6 7.6 kg TS/6 
monthsmonths

Accumulation:Accumulation:

15 kg TS/year15 kg TS/year

Design and Design and 
operationoperation

Lopez Zavala et al.:J. Environ. Syst. And Eng. JSCE, No.720/VII-25, pp.99-105(2002) 
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Health Risk : Mixing frequency・
reaction time and infection risk
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(a) Salmonella

Nakata.Funamizu:Proceedings of Dry Toilet 2003, 1st International Dry-Toilet Conference, pp.131-139
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Compost is safe-1:
Fate of pharmaceuticals (F/S=20%)

Kakimoto and Funamizu: Chemospher (submitted)

Basic

Acidic
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Compost is safe-2:
Basal Cytotoxicity of compost 
from Bio-toilet Bio-assay by human 
neuroblastoma cellNB-1 basal cytotoxicity
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No toxicity was observed

Kakimoto,Imai, Funamizu,Takakuwa,Kunimoto:
Water Science and Technology, vol.54, No.11-12, pp.421-428(2006)
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Gray water Treatment-1

0.6m
0.2m

A kitchen  sink

A slanted soil treatment 
system of 3 stacks

0.6m
0.2m

A kitchen  sink

A slanted soil treatment 
system of 3 stacks
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Slanted soil treatment system 
by Dr.Itayama National Institute for  Environmental Studies
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These figures are prepared by Dr.Itayama
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0.5 m
influent

permeate

reactor

pump

Water Level sensor

UF membrane
(PAN-100kDa MWCO)

Gray water Treatment-2
MBR without high pressure for kitchen
Sink wastewater

Aileen Huelgas, Funamizu: NOWRA’s First US International Program on Decentralized Systems 
Water for All Life, Baltimore, USA, 2007 
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Urine Treatment -1:
Concentration of Source-Separated 
Urine by Electrodialysis

Urine

Anode(＋) Cathode(－)

＋

－

＋

－

－

－

＋

＋

AEM CEM

(concentrate)(diluate)
Tap water

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

Max. consumption：0.1W

Voltage：3.4V

Required membrane area: 400cm2 (for 
treating 4L of urine in 24 hours) 
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Electro-oxidation of pharmaceuticals 
in urine

2 7 12
pKa

Neutral

0

3

5

-2
• Tetracycline

• Oxytetracycline

• Amoxicillin

• Diclofenac sodium

• Aspirin

• Amoxicillin

• Atenolol

• Metoprolol

• Paracetamol

• Iopamidol

• Caffeine

• Imipramine

• Bezafibrate

• Pravastatin

• Ibuprofen

• Naproxen

• Indomethacine

• Carbamazepine

• Simvastatin

Possibility of Possibility of 
treatment by treatment by 

electroelectro--
oxidation oxidation 
processprocess

ー : Possible

ー : Difficult

Kow

Kakimoto, Ohsawa, Funamizu: Proceedings of Anuual Meeting of Society of Civil Engineer, 2007
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Pilot projectPilot project

Asahikawa，JapanAsahikawa，Japan

Okinawa，JapanOkinawa，Japan

Bandung，IndonesiaBandung，Indonesia

ChinaChina

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

Chichibu: Japan Model
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Copy right © Mitsumasa Yokota （Industrial Innovation Partners Inc. Ex-President,  Advisor of Chichibu City）
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Copy right © Mitsumasa Yokota （Industrial Innovation Partners Inc. Ex-President,  Advisor of Chichibu City）



Kiaracondong
=Typical slum

Bandung City

<Study site>
RW02, SUKAPURA village
Kiaracondong district

Population: 1,477
Household:    410
Area :     0.03km2

Slum in Bandung
Interview Survey

Field Measurement

Water flush toilet (87%)
Septic tank 
No treatment

Defecation
12%

Urination
29%

Washing
13%

Kitchen
12%

Plant
4%

Bathing
30%

Ave. 89 liter/day/capita

Toilet
41%

Result of interview (62 households)

USHIJIMA Ken  (WEC) :  3rd South-East Asia Water Forum: 22nd Oct. 2007
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River

Rural Area

Products

Urban area (slum)

Farmland
kitchen

Water resource area

Water supply

G
ra

y 
w

at
er

Compost
Composting 

Toilet

Collection & Transportation

Utilization

Shift the social system

toilet

Garbage
Interface

USHIJIMA Ken  (WEC) :  3rd South-East Asia Water Forum: 22nd Oct. 2007
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Low cost composting toilet
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Compost Collection System

Residences

Collection Middle station Dump site

Total amountTotal amount
ApxApx. 68m. 68m33/day/day

TransportedTransported
ApxApx. 52m. 52m33/day/day

Waste picker

13m13m33××４回４回

（１～２person）

Managed by 
local community
（Each residents pay the cost）

Managed by Bandung City

Junk shop

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

Compost Collector
1 person

Middle Station To Suburbs
Collector works 3time in a week
Urine collection: once in 2 weeks
Compost collection: once in 4 months

Urine Collector
2 persons

Compost
8m3/day

Urine
19m3/day

8m3×1time

4m3×5times

Collected amountCollected amount
27m27m33/day/day

Managed by local community
（Each residents pay the cost）

Managed by Bandung City
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Summary

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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