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Slow Sand Filtration (SSF) to make Safe Drinking Water July 9 (Wed.) am 10- pm 16. 2025
was developed in London, UK. NAKAMOTO Nobutada
Professor Emeritus of Shinshu University,

Dr. Science cwscnkmt@yahoo.co.jp
https://eps.watervision.jp

Slow Sand Filtration

Image of
Slow Sand Filter

Only 200 years stvef="r 2 : Purification mechanism of SSF was
have passed,  roesz /] | 7 | misunderstood by the name.
Like a paper

since SSF was . . .
Food Chain is Key.

developed to Small particle
| proposed new name

supply clean water to urban
areas in London, UK. _
T of EPS instead of SSF.
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|dea of
Ecological Purification System

_ 6’ was born from this plant, in Ueda,

E8® SSF is to make
% artificial spring water.
| Hiroshima City Waterworks Bureau (I[Z&™HK:ER)

JICA-Hiroshima training on: Operation and Maintenance of Urban Water
Supply System (Water Distribution and Service) from July to Aug., 2025
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Participants for JICA Hiroshima training in July 2025.

Operation and Maintenance of Urban Water Supply System (Water Distribution and Service)

Nakamoto will explain how to
get clean safe water by EPS.

Temperature, precipitation
and radiation are key.

Participants come from
different climate regions.
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Introduction: My background: Phytoplankton, Reservoir study,

Meet Slow Sand Filter, Importance of Ecological point. | | was born in May,
=y . 1942 in Tokyo.

o Py , _ It all started with the

I e ) ' Y biology club in my
o, i A7 i s high sChoO.

| | | was supplied with
there was a world of

' / protozoa that could

4 onIy be seen using
a microscope.

L 1

4 )
. ¥ | presented the
1 -~'- ~ microbial world of
protozoa to our school
mates at our high
school festival in 1960
~ (65 years ago).




| entered Tokyo Metropolitan University to

study biological science.
| studied phytoplankton ecology in graduate

school.
1969, Tahiti, South Pacific
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| also studied plankton in reservoirs
in Japan and in Brazil.

JICA Expert to Fed. Univ. Sdo Carlos and
Univ. Sdo Paulo, Brazil in 1974, 1976.

Marine surveys were also
conducted in the Pacific _
and Atlantic Oceans.

5 T —

| found that any
plankton in all
regions in the ocean
and in the fresh
water was same
species and under
hungry condition.

1970, Miami, USA




From 1975, | worked as a
teaching staff of Shinshu
University at Ueda Campus.
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Heavy Algal
bloom in a
slow sand
filter pond.
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study on Sugadaira
Reservoir from
1975.
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< in tap water

Plant manager said Good Algae in filter
pond but Bad Algae in the reservoir.

%

| started to study Role of algae in
a slow sand filter pond in 1984.
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—>Wise Use of Biological Phenomena




My first visit to Thames Water

Company was on August 19" in

1992. | explained my study on the

role of algae in SSF system in Ueda.
. |} e

.A ﬂ‘ .bﬁ o p.l

About higher flow rate from N. Nakamoto
Michael Chipps Principal Research Scientist

Thames Water’s asset standard
says we can operate up to 0.5 m/h,
but in reality, we are usually in
region of 0.25 to 0.35 m/h, but we
can reach 0.4 m/h occasionally if we
have to. We do have keep a careful
eye on dissolved oxygen (DO).
Since your visit (Aug. 19th 1992)
we have added DO and turbidity
monitoring on the outlet of all
SSFs.

creates an environment
in which heterotrophic
organisms can thrive
without worry. Slow
does not refer to speed,
but to being gentle to
the organisms.
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Idea of EPS spreads from Japan to the world.
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—7 Slow Sand Filter is Wise Use of Natural Purification System
iz to make artificial spring water.

Microorganisms trap and decompose dirt in
water near the surface of the sand layer of
slow sand filter (SSF).

— .1 Sieve filtration | Large particle
Soirdl fsiie | é | noticed that Slow Sand Filter
G Hole size has been misunderstood by
¢ the name in the world.

Like a paper
with holes

Small particle

| proposed Ecological Purification System (EPS)
in 2004 instead of the name of Slow Sand Filter.

|, applied biologist, taught to the students
that purification in nature and its application

Is called slow sand filtration.
However, | pointed out that the name of SSF

Slow Sand Filtration

The filtrate is clean
and delicious water.

é"’, gave rise to a misunderstanding of how

[ | purification works.

— | have been teaching this EPS at JICA
400 training since 2006.




| Modern Water Supply System was developed in Towns.| People in the city struggled to get clean water.

William Kinnimond Burton was a Scottish engineer, born on 11 May 1856 in, Scotland.
He passed away on 5 August 1899 at the age of 43, Tokyo.

He (31 years old) was invited in May 1887 by the Meiji government to assume the post of first
unofficial professor of sanitary engineering at Tokyo Imperial University. He advised to major
important tows (cities) in all over Japan during 12 years (from 1887 t01899).

Burton published “The Water Supply of Towns and the Construction

of Waterworks” in 1894 in London.

THE

WATER SUPPLY OF TOWNS

AND THE

CONSTRUCTION OF WATERWORKS

A PRACTICAL TREATISE FOR THE USE OF ENGINEERS
AND STUDENTS OF ENGINEERING

W. K. BURTON, Assoc. M
o

LONDON
CROSBY LOCKWOOD AND SON
7, STATIONERS' HALL COURT, LUDGATE HILL
1894

In April 1894 (Meiji 27), Hiroshima City asked
Burton for guidance and advice to design a
water supply system.
He visited Hiroshima from September 16 to 18, 1894 (Meiji 27).
He submitted a plan to Hiroshima City in December of the same
year. He submitted a plan to Hiroshima City in December of the
same year (1894). Ushita Plant was completed in 25. Aug. 1889
(Meiji 31). { fNT R
f

B8 photo 1974

/£

Urban water suppy services’e'xpanded
with the development of cities.

https://wellcomecollection.
org/works/da2p35kj/items



Ecological Purification System (EPS) : This is Wise Use of Natural Phenomena.
This is Chemical Free System to make Artificial Delicious Spring Water.
This is a Smart and Eco-friendly technique.
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This is a concise
English manual on
EPS. You can
down load from the
following address.

2

11t Pacific Water and

Waste water conference,
Nouméa, New Caledonia,
August, 2018.

Ecological Purification System
for Safe Drinking Water

- Application of Natural Process -

Eco-friendly technique to make artificial spring water

NAKAMOTO Nobutada, Dr. Science

Prof. Emeritus of Shinshu University, Japan
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Ecological Purification System for Safe Drinking Water
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Focus to Slow Sand Filter from Chemical treatment of Rapid Sand Filter in the world.

SLOW SAND
FILTRATION

o -~ Y
ADVANCES m SLOW SAND axp
ALTERNATIVE BIOLOGICAL FILTRATION

ETED oY NIGEL GRAMAM
M0 ROBIN (OLLINS

Nigel Gragik ¥ S
| could study on Thames
My first visit to Thames Filters during 1994 to 1996.

Filter was Aug. 1992.

A 1988, Nov. :

. - - 1996 April, 3rd SSF
‘-;'{E - 1st. SSF 1991,0ct. 2nd. Conf. ir?London, UK
- = 3 Conf.in SSF Conf. in c
= .._!‘- " London, New Hampshire,
A - f UK USA
- A
PROGRESS IN
Key speech of Global SLUW SAN D AN D Prof Nig;IJ.D. g&f :am {Prof obutada
100 Eco-Tech Awards ALTERNATIVE Graham Collins Nakamoto

Recent Progress in Slow Sand and
Alternative Biofiltration Processes

— =

Ceremony, 2005

World Expo. Aichi, BIOFILTRATION 1™ 2014 June, 5th SSF Conf.

in Nagoya, Japan
PROC ESS ES s https://www.youtube.com/re
sults?search_query=5ssabc

Nobutada Nakamoto, Nige! Graham,
M. Robin Collins and Rolf Gimbel

Slow Sénd Filtration Technology
Focusing on Algal Production

2006 May,
4th SSF
Conf. in
Mulheim,

Germany J

N SN

https://www.youtube.com/watch?v=Xf2
HOJ7y7c8&t=21s 8 min 32 seconds

Ecological Purification System was focused
and recognized. 13




JICA supports EPS as Japanese innovation for the people.
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Nobutada Nakamoto

How to make drinking
water by Ecological
purification system

Aug. 2005.

July 2010.

Portuguese,
Brazil

Ecological Purification System
for Safe Drinking Water

- Application of Natural Process -

Eco-friendly technique to make artificial spring water

NAKAMOTO Nobutada, Dr. Science
Prof. Emeritus of Shinshu University, Japan

https://eps.watervision.jp/wp-
content/uploads/2025/04/Trat
amentoEcologicoTexto.pdf

O WEZEE ~RETEVULLWKERDHT~ [25:55

March,:2009.
Internet text by JICA

B LWIKD
DL NPZ-2

WEHBTE < EWBEE
Emxnssie PAEE

How to make drinking water

by Ecological purification

SVT‘ T‘

https://eps.watervision.jp/
wp-
content/uploads/2025/04/
EPStext-NC-2019.pdf

(26 min Full) :
https://www.youtube. com/w
atch?v=V6_uDZE _ |8E&t 423s

It mig ht Iook |IkP;A mechanic ﬂ filter:
butiit 1(1 ally xh l0gIc 1|fll«r

(3 min Digest)

| https://www.youtube.com/w
atch?v=QAH1SoAgfLO&t=27s
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International Contribution Award of the 21stJapan Water Awards, 25. June, 2019

Safe Drinking Water by Ecological Purification System

Chemical free purification system focused on food chain

as a new treatment system from Japan.

Leaked matter near

the surface is adhered

on the sand surface
beneath the biological
active layer.

RN . )
Fig. 3. Algae and small animals are active at the top

Raw i
water g%t‘t(l g & 3 times repeat of
= k

https://eps.watervision.jp/wp-
content/uploads/2025/05/Doc
ument_Int.Contribution_Awar
d_21stJapan_Water Awards
EN.pdf

Fig. 2. Attention to
the role of algae
and micro-animals

“j
{4

o

Heavy particles :
are easily settled

but light colloidal  Light colloidal particles are
particles are not  adhered to the gravel surface @F
Settled. and small animals remove them. b

Fig. 4. Settling tank and URF for turbid reduction 15
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. ‘ a pa n Ministry of Foreign Affairs of Japan J a p a N V| d e O To p | CS

Feb. 2021.
Clean drinking water is essential for life, but expensive water filtration systems
are out of reach for many communities around the world. Japanese scientist
NAKAMOTO Nobutada is unlocking the water-cleaning power of algae and
microorganisms to bring down costs!

“SAPAN
VIDEO-
ToPICS'

3 M

e 1)U

=~

e eyt 7]
T ERTeE %lﬂé P 2ot 4 )
Clean Water Agualimpa  6i&E%KE— De l'eau propre Agua limpia

ENWIC for All para Todos BABY2KERA  pour toutle monde  para todos

https://www.youtube.com/
watch?v=ki8Qyb2IZ10
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@ JAPANGOV e covmmmenrorinas NHOS://WWW. ] japan.go.jp/kizuna/2023/07/utilizing_microorganisms_to_purify _water.html

K I Z U N A Linking Japan and the World

Health & Welfare
Utilizing Microorganisms to Purify Water and Enhance
Public Health 07/07/2023

A Japanese researcher has been promoting a method called the ecological purlflcatlon system
to purify water utilizing the activities of small organisms. What is this low-tech but smart
solution that produces safe and affordable drinking water to help protect people’s health?

i “Inplaces without safe access to this vital resource,

. slight improvements to water for drinking and cooking
- can reduce instances of diarrhea or dermatological

-~ diseases. You'll then see

| a change in people’s
health awareness. The
{ key is promoting
' sustainable, do-it-
yourself technologies
and fostering
awareness.”

17



Quest for Pure Water
from SSF to EPS.

(2)N0.18-41:24/176

YouYube: 21 slides (D—@) and

movie of microscopic organisms.

From SSF to EPS

https://youtu.be/CJ-WvvOo09b0
8 min 39 seconds
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This is said to be the
beginning of public

Gibb had water left over from his factory work,

water supply systems.

so he put it in barrels and sold it around the city
by horse-drawn cart.
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During the Industrial Revolution, many people
concentrated in cities, and urban rivers became polluted.

The River Thames in London during the Industrial Revolution

e tta (lean M

§ Sewer | whythere ave 130 Sech. !

T0h " mever mind any Nastinefs goes dewn
i here i the Borouy)

on springs and water vendors.

»

e Yot

LT 1832: Sewage was spilling into the Thames.-__

Birmingham

In search of clean water, citizens relied

England {7,
:VFens
Ipswich

Cﬁal’"ﬁel Channel
I, Tunnel
0  France
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hO This became known as the Quest
e for Pure Water.

Orkne
IsIands

andel Channel
ch 1 Tunnel
0 France

James Simpson
surveyed various
parts of the UK for
clean water.

X James Simpson (1799-1869) was
.| 24 years old (1823) when he joined

his father's Chelsea Water

1 Company and made a "2,000 miles

| tour of inspection” around England.

7 Londo
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govsmairoae g Polluted Thames water — i
: Acss uf lup ‘ I
— 1Y "Mooy b 57
Decanling: ‘;‘E g‘?:ll.h DeC.antl ng
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2 whay full,
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/
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on filter, 15 inx.
Sand, 2L,
(ermvol, 2 5.

Fio. 28.  jases SimpsoN's EXregiMeNTAL FILTER OF 1827-1828

- -
1829:30 years old =
About 100mx40m =

- -

The Chelsea Waterworks' working filters were in use from

Fic. %9, Caoss SEcriox oF Sivrsox’s ONF-Acre FILTER roz _ : =
" ’ Curisea WATER Wourxs Co., 1829 ~, 1829 to 1856. When the railway was built the water company

moved and began filtering water upstream at Surbiton.
No detailed drawings of practical filtration ponds remain. i(.".' @-22
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It was said that eventhe
polluted water of the River.
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I~ 7\, N 38 cm Water depth [E

Sand, 2L,
(ermvol, 2 £5.

Fic. 28. 7James SimpsoN's ExrrrimMeNTAL FILTER oF 1827-1828

The practical filter
was completed in
1829.

30 years old

Fic. #9. Cross StcTiox oF Sivrson’s ONF-Ace: FILTER roz
Carisea YWATER Wourns Co., 1829

in 1838, James Simpson pointed out that slow
I sand filtration had greater removal capacity
han mechanical filtration. |

t
-

/= o84 cm Sand depth
61 cm Gravel depth

The sand
doesn't
move.

139 years old

Sieve filtration arge particle T
Thickness at

| feel that

e J

- The image of
et Slow Sand Filter

which particles 2@
adhere

)

Like a paper
with holes

Small particle Depth filtration

The mechanism of slow sand
filtration that was able to remove
fine particles at that time

The world's most widely used
English filtration rate

48 m/d (20cm/h).

Did Simpson

biological
activity was
involved?




James Simpson and the Chelsea Water Works Company

Best known of all the filtration pioneers is James Simpson. He was
born July 25, 1799, at the official residence of his father, who was In-
spector General (engineer) of the Chelsea Water Works Co. The
house was on the north bank of the Thames, near the pumping sta-
tion and near what was to become the site of the filter that was copied
the world over. At the early age of 24, James Simpson was appointed
Inspector (engineer) of the water company at a salary of £300 a year,
after having acted in that capacity for a year and a half during the
illness of his father. At 26, he was elected to the recently created
Institution of Civil Engineers. At 28, he made his 2,000-mile inspec-
tion trip to Manchester, Glasgow and other towns in the North, after
designing the model for a working-scale filter to be executed in his
absence. On January 14, 1829, when Simpson was in his thirtieth
year, the one-acre filter at Chelsea, commonly known as the first Eng-
lish slow sand filter, was put into operation.

Of the eight water companies supplying Metropolitan London in
the 1820’s, five, including the Chelsea until early in 1829, served raw
water from the always polluted and sometimes turbid Thames, taken
within the tidal reach of the stream into which numerous sewers dis-
charged. The Chelsea Water Works Co., probably led by James
Simpson, was the first to give official attention to this deplorable con-

M. N. Baker 1949.
The Quest for Pure Water

THE QUEST
for PURE WATER

In Two
Volumes

The History of Water Purification
from the Earliest Records
to the Twentieth Century

AMERICAN WATER WORKS ASSOCIATION

https://babel.hathitrust.org/cgi/pt?id
=mdp.39015007372272&seq=10

T Unfortunately, this drawing

does not remain.
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Robert Koch investigated
bacteria in tap water and
reported that water is safe for
preventing cholera and typhoid
iIf the general bacterial count is
less than 100 per mL.

Altona

Water by slow
sand filter
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This idea and values are carried
over to the current WHO drinking
water standards.

Clear ewdence of the
effectiveness of slow sand
filtration came in 1892: a cholera

epidemic broke out in Hamburg,

killing 7,500 people. However, in
the neighbor city of Altona, which
was supplied with water that had

This idea does not require
complete sterilization.

This is an acceptable risk.

been filtered by slow sand, there
were almost no deaths.

chu/mL

—_—

Normally, even if we are exposed to small
| _~-| number of pathogens, humans have a W
- strong immune system and are fine.
/J%‘ «/ Reduce the risk of danger, dilute it, or ‘&y%a. 5;5‘5;
ey o .| make it an acceptable level. B .26




In 1838, James Simpson pointed out that slow sand filtration had greater removal capacity than mechanical filtration.

Bactort 55 years after Simpson's findings, in 1893, a report from a

acteria per Gram. . . . .

100000 500000 o0 water purification plant in Berlin stated that only the upper part

o Tager removed by Scraping of the sand layer was polluted. The erosion was deep in winter

- — and shallow in summer. However, algae were in bloom in
summer. When comparing open and covered filtration ponds

Hazen, A. 1905: The Filtration and investigating bacterial removal for 20 years, the open

c s of Public Water Supply filtration ponds had a better removal rate. The report said that

L8 g this may have been something special.

g\ %5 The report said that temperature and solar radiation are related, that biological
A 61

phenomena are involved, but that mechanical removal is the greater factor.

-

He can't get over the image of the name
g slow sand filtration that Simpson first

I ;arge particle T mentioned.

Sieve filtration
Thickness at

o Partiies el Considering the size of the pathogens,
their removal cannot be explained by the

Hole size

Like a paper size or gaps in the sand, nor by mechanical
with holes ievi filtering through the sand
Small particle YR Depth filtration sieving orTi g g ]

®-27



Experiment filter

| Open Filtrate Basin

1827-1829 , :
_— Practical Filter NY
1829 1832: Sand filter
W Richmond, . k!
e o = |:>Virginia,
E T USA
L2 IE=IE2 Germ free filtrate
o A

e

Slow sand filtration
removed pathogens
from the polluted
water of the
Thames, making it
safe to drink.

[

>,

Normally, even if we are exposed

The filtered
basin was open
because the
pathogens had
already been
removed.

The average temperature in January

From 1872: Poughkeepsie Filter plant,

In the United

to small number of pathogens,
humans have a strong immune

system and are fine.

is below 0 degrees.

{ s recommended to »
7 ¥ cover filter ponds
#%° | and filtrate basins

Normal Mean January Temperatures
vt Unres  STaTes

and DaAren i which Titers shesld be severed

Clear water basin is open in 1998.

>
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10 4

Average temperature
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States, it is

1891: llion, NY.

: New York

8

to prevent freezing.

Average temperature

s+ BRI

London doesn't get very cold even in winter.

New York gets
very cold in
the winter and
hot in the
summer.

' Vartry Water works, Dublin, Irlanda, from 1860s.

s
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0 28

_New York

Max 2

The warm Gulf London
Stream and the
westerly winds
keep Europe
New York gets  from suffering

very cold inthe  gevere winters.
winter and hot

@
A

Max =

3
a8

Average temperature

w

Average temperature

e -

’

London doesn't get very o ==
cold even in winter. .

’r |. i "-v—;

<

The inland of Ea
North America is
extremely cold in
winter.

i 4 5 6 7 E 9 11?

Thame{
Filter >




Development of rapid sand filtration with | VVinters in North America
are extremely cold, so

the water is very

coagulation and chemical sedimentation
treatment to combat turbid water.

Viscous.
The rivers of the New World were less polluted Ertégrﬁgs?ﬁ(ge@%corlgbfgﬁo i-lr-mhc?orr?tlijr?edrzltg\ll ?)tlzgn
o i were u
by farmland and c]:tles. P | active and the filtration rivers is fine and
= There was little food for living things. ponds became clogged. does not sink.

=Biological activity was poor.

1882: New Jersey, USA: Coagulants used to combat turbidity: Origin of rapid sand filtration | People

1910: Safe water made safe by chlorine disinfection: Origin of American filtration love new
= Spreads throughout the United States = Worldwide things.
P Rapid Filtrate
H Coagulant Sedimentation gﬁtg? ;' Tank
Raw _L l_l — — — J_L 1_1
e =F R R eRir \ k3
Q..<7 Slow mixing et SR

Rapid mixing

Although it is called rapid sand filtration, the
correct name is coagulation chemical
sedimentation and filtration processing.

11-30



From Rapid Sand Filter to a Safe Purification Method without chemicals: Rediscovery of Slow Sand Filter.

Rapid Filtrate
fQCoaguIant Sedimentation Sand Cl Tank ' :
H edimenta Filter IS THE WATER Robert H. Harris and others
aw __ l=m - d L ek {7
5ater—->~7<7 L—%l_z"ﬁhx_i]& 55 T = 'ﬂ SAFE TO DRINK?  Consumer Report, June, 1974
| sowmxng  |EES | T © B @ L Cl
Rapid mixing = ,x& cl - (': _H Tri-halo methane
v |
@

They point out the risk of
carcinogens in chemically
treated tap water, the risk
of asbestos pipes, etc.

Filter clog algae

Algaecide is common practice
in rapid sand filtration.

Tast, Odor algae

R At
Wi e e Y ¥

Slow Sand Filtration: &
a safe chemical-free  WHO 1974

|

purification method, |~ Ay

by Huisman and

warned that the pesticide DDT was causing ‘ SPRING W 1974
biological condensation, killing not only insects "- R’l(‘h@l 0od,
. < y

but also other unexpected organisms. It warned / h NSO ‘ bty i

In 1962, R. Carson published Silent Spring. It |8 " SS]LENT

@-3“1



A large-scale outbreak of diarrhea Rediscovery of slow
caused by Crypto zoa that had passed E:> sand filtration without

through rapid sand filtration. backwashing

?Coagulant Sedimentation gi%glcr‘d Cl _f;;l;rste In Aprll 1993’ an OUtbreak Of e ; ﬂ’> &_i"t \‘Hii:_\}\_r&:%ﬁ 3
Rew _ [Sammy ¢ _ | diarrhea caused by Cryptozoa I
water = IS : e = occurred in Milwaukee, USA,

AN S affecting 400,000 people. Rapid

sand filtration was carried out
through the backwash process.

Backwashing lets everything pass through. Rapid sand

e

7 e = protozoa have a re%)grltzeid asa |\l et | I m———
SN thick shell and compistely > g

cannot be killed defective process.

by chlorine, so @ _
h h h
:hgxfap;?izss;r:(c)iug In September Refocus, Rediscovery, Timeless
filter. 1994, the American Technology for Modern Application.
Water Works @
Association held a
Worgslj_}?ptpn slow However, people loves
cahd Eranon In New Technology.

Satem, Oregorn.

4/_,

@ ¥ Watery diarrhea

June1996:Mass | ~=========-=

l l
diarrhea in Ogose, |-=1 22Pan recommended
: : : : _ ’ | membrane treatment.
Only mammals with long intestines get diarrhea. Saitama Prefecture T T T T T W




Development of Eco-friendly and Chemical-free
turbidity countermeasures: Up-flow Roughing Filter.

Luiz Di Bernardo 1980

Down Flow and Up-Flow

3 INFLUENT CrPLUENY

& TROUVSM
——— =

> | DOwN Frow urno-r‘

)

200m
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GRAVEL

o

(rumnto PLASTIC PIPE

FOR LFPLUENT COLECTION

* upflow
(in series)

« upflow
(in layers)
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Univ. Sdo Paulo, Brazil

- e Lot
:
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CPRAKAT Thoein

Up-flow Roughing
Filter: presented at the X

International
Conference on Slow
Sand Filtration,
London, 1988

SLOW SAND
FILTRATION

nology

in 1988, Martin Wegelin from
Switzerland reviewed past
roughing filters

=International joint experiment
=In 1996, a roughing filter
manual was published by
Switzerland.
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g
.
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SANDEC Report No 296
Surface Water Treatment
by Roughing Filters
A Design, Construction and Operation Manual

Martin Wogelin
Suten Pacurn bnatn tr Environmantal Science and Tochnciogy (EAWAG)

Ouparimant Water and Sanitaton in Developing Covetries {BANDEC)

https://www.ircwash.org/
sites/default/files/Wegeli
n-1996-Surface.pdf

Martin Wegelin
Swiss Federal Institute
of Aquatic Science and
Technology

19-33
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¥ 1T

Up-flow Roughing Filter

Raw
water —| l Filtrate

P

Drain for |75
sludge

-
| ——

biological community was also key in Up-flow Roughing Filter.

L — =
- 1

Up-flow Roughing Filter

SAT LT %S
RS
1 ... '.".".“
IR 3 1

02492%%9

similar to activated
sludge in sewage
treatment, where
the biological
community is
active.

The activity of biological communities is key. ‘ i} 45-34



Artificial delicious
spring water

Photosynthesis is dependent on

e Algae
the amount of solar radiation. oroduce
Radiation [ Growth and \ oxygen,
Photosynthesis \ reproduce & making it
& ' \ o + easier for
& Rlgae %%,  Newalgae gnimals
%,,o/ . . tothrive.

Decomposition
in fecal pellet
(=
O
N
N
\f
@é
: Wgo e
®

R 7\ * Q
) o+

9 Bacteria
Animals Organlc

Gentle for smaII organlsms e ?e’p"ygg;ggd Decomposmon matter

The sand does not move even andanimals  The activity of microorganisms and animals
when the flow rate changes. is related to temperature.

<--—---->
1mm = r1 ,000 um
=1

Organisms smaller than the size . . . - .
of eand are active here. Hungry microscopic animals will eat anything. 19-35



Hungry animals move around in search of food
and will eat anything they can.

——

Long-term action.

Decomposition takes place

over a long period of time

within the feces.

Fermentation progresses in

It only takes a split The food that is eaten passes  the anaerobic environment
second for the = through the intestinal tractina  Wwith a lack of oxygen,
microscopic organisms to capture 22 short time and is immediately ~ Preaking down polymers into
food and turbidity. excreted as feces. smaller molecules. 36




When observed under a microscope, algae and other tiny organisms are at work.

%ﬁzoa Vi T ow Fllamentgius . Ollgochaeta
ortcella 3 d|atom,. |

| (= Filamentous "
greqp alg‘ae“‘
A ) ~ .

Tiny
orgarusms 5

Carnlvorous dragonfly nymph

<! 29
Rotifer Chlronomld 23@%5;9
@

“The snail eats There are clams in
green algae. the sand layer.

In slow sand filters, the food chain is the
key to purification - eating and being eaten.

19-37

larvae

Nematoda



Chlronomld IS not same as Mosquito. Mosquito | | Biting Mosquito (Female)
AR P R (P g

Chironomid

Non-biting
Mosquito

Both Midges of . .
Chironomid and | Midge swarming
Mosquito swarm
for mating.

Vending
Machine

Mosquito larvae
live in stagnant
environments.

——— w=== The mosquito larvae

== float on the water
surface, drifting with
.~ their tails up. Their
g tails act as

Chironomid larvae are

respiratory organs,
active on the muddy and they bring them
surface, sandy surface, to the surface to
and upper part of the breathe.
sand layer. These

~

Ecological System under
slow water current

environments with
currents have dissolved Chironomid larvae:

oxygen. making nest at the bottom

19-38



Algae growonthe =
sand surface. i

Animals work
near the surface
of sand layer.

Image of Sieve filtration | 20¢ particle
Slow
Sand Hole size

Filter.

Like a paper
with holes

Tmm =#1,000 ym

po. "
-
., -
:‘ .i

Slow Filtration with fine

under slow current. Ecological

Slow Sand Filter >g;;itiz(r:r?tion

slow =) gentle .

Hungry organisms
works in this EPS.




Slow ¢ :\,- Purification mechanism of SSF
Sand was misunderstood by the name.
Filter S : P &

Mechanical flltratlon with

fine sand under slow current : ;(
Sieve filtration éﬁrge particle /s e

Hole size ‘ > “\‘ ¢ . L :

Like a paper
with holes

-,; | Slow sand filtration, which
S, -’5 originated in the UK 200
- | years ago, was reborn in
4 Japan as the Ecological
' Purification System (EPS).
‘, ,a' From Japan, EPS began to
' spread throughout the world.

:‘
e

Small particle

a

Ecological Purification S

o from Japan to the world
Super clean delicious water Trust Our Sense !




A large-scale outbreak of diarrhea caused by Crypto zoa
that had passed through rapid sand filtration in April 1993.

Rapid Filtrate

i i Sand CI Tank
Sedimentation Filter

‘?Coagulant

Backwashing
lets everything

% ‘ Slow mi;(ing
' pass through.

Rapid mixing

Refocus to Slow Sand Filtration after the large-
scale outbreak of diarrhea caused by Crypto zoa.

— f =

Major turbid matter
in mountain stream
is easily set within
several hours.

1
Storm event

' T

Rapid Sand Filter backwash.
2 degrees -

Coagulant+Chlorine  SS passes byﬁ
&
&

.

. LJap. standard o -
? . Q
1= to
4= after CNYP _
] v %utbreg)&- 28
3 o C
le| Recommended =9
1 |to 0.1 degrees g !
3 — : 0.2
©
> 2
» —
- >0
i o'¢ 73
- 'O —
: o2 T
=Nl =)
— -
59 ®
- oo Z
. Super clean
] and delicious.

(¥

-i Artificial Natural spring water
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Safe and Acceptable Risk.
! Water vapor transpor CQD 1.

Precipitation® "\ - *

3 By & A \

1 Transpiration A
2 { S

\\ .

74l PerCo\a{‘on

Evaporation ? 7
A\ river

Ocean
-

2 . gt
Saline water

Groundwater flow

cut
4
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~
\Water vapor transport
/ :‘ = “. \-

Precipitation

. v

& / |
) | perco@®”
(i : S e

Transpiration

X

Evaporation

Artificial clean subsurface
water in a flood plain.

h" Pem—— ¢
SunNToNn
% ==
IS

—
L] BT VS
1 by & V72

(EPS):

We have been used naral safe water
which is natural spring water. This water
is purified in nature without any chemical.

Image of Slow Sand Filter as
Ecological Purification System

Rainfall

Rain falls on mountains
and islands. There is a lot
of sunlight, clouds form,
and rain falls. Rainwater
seeps underground and
comes to the surface as
spring water. It is purified
in the soil and becomes
clean water.

Ll
| !;‘:

S T )
S // 9/ S S,
v . -

300 J /
/ vy g, //////
S A ™~/
Ry (A

EPS is a new puirification
system to make artificial
spring water. This is wise
use of natural
phenomena.
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Familiar surface waters are not always safe. How to get safe water. ‘

Rain water
collection

Surface wter is easily contaminated by
pathogens and other dangerous worms.
It is not always safe to drink directly.

Fish is one of the indicator.

Heavy metals are easily dissolved in
underground water. This water does not contain
enough amount of dissolved oxygen.

Raw water — == = —=~———_

Multiple layer filter, Bio-Sand Filter and
Ceramic candle filter do not perform

completely at removing pathogens.

These can be reduced the risk.

Almost all pathogens
may be removed by
ceramic filter. The
pore size is smaller
than 1.5 micron.

A b All the contaminated particulate
Boiling is the matter can be removed by a
best way against membrane filter. But the running
pathogens. cost is so big.
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Sweet drop
(honey dew)
Natural sweet
and delicious
water

Natural spring
water and rain
water are

usually sweet
and delicious.

1. Dt . "
W I ‘ ok
Iy ,“ 'j"""v‘ "3 e e,
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Presence of Dissolved
Oxygen is Key.

Natural delicious
spring water
contains enough
wl,  _» Spring |@mMount of
dissolved oxygen.
It is usually safe 3 s
| to drink. s ) _.
Addition of oxygen:
Aeration is frequently used for treatment of groundwater

(reduction of unpleasant tastes and odors, discoloration,
precipitation of iron and manganese).

X 5

Heber 1985 o water Cascade
I ’i [ . A\ aeration
Aeration
filter

LT aerated water
. ——
7777L ST

Iron and manganese are oxidized and form
nearly insoluble hydroxide sludge. They can

be removed in a settling tank (a coarse filter). 16



‘We have to
think about
acceptable
risk and
treatment.

Is this, safe
or not?



What level of water, we need?

We have fto think o
about acceptable risk
and treatment.

1J' fu/ml

I could. not say that. .@,p.gf.g‘.g‘

bacteria free water is safe.

Kava ceremony
in a village in Fiji.

https://www.youtu
be.com/watch?v=v
QxpxhUVkMS8

49 seconds
48




There are many kinds of
bacteria in nature (in water
and in the soil).

eral bacteria: many in
al environment

Group of coli-form bacteria :
an indicator of pollution: many in
the natural environment

Escherichia coli : indication
of intestinal bacteria.

e : I
Fecal Escherichia’ coli . i ’
||nd|cator of fecal contamlnatlon : l
' of mammals.

e N

Esd
P Wash hand!
Reduce the risk.

Pathogenic
bacteria

49



Easy bacteria test paper of
SUNCOLI paper

https://www.sibata.co.jp/wpcms/wp-
content/themes/sibata/en/pdf/test_paper.pdf

Coli form
Bacteria

D @) @Use Pipets Incubate at 35-37 C.
& 0 Coli form bacteria: 15 hrs.
cut - cut i
' General bacteria: 24 hrs.
I @B
o — T e
%‘; 4o | Sad VR
Open the polyethylene o ) 35" i ge
pouch. pnch the top of || Drop mL.of thesample wateron & b o0 L e etiylone pouch. cu the perforaton lin and o - e
i the test paper. ’ T i
::1?[[ paper ant take it pap throw away the top. a General bacte,na

® @

Incubater
(3710)

7

Coli form .groupi‘:{i’acteria‘_::

L
Test Paper

Push the air out of the pouch. Then seal the Put I[OI“ a thermostat and incubate it at
fastener. 35-37°C.

Coli form Group* **15 hours
General Bacteria® **24 hours

\\lights7/

Fluorescence emitted
when exposed to
ultraviolet rays in case of
Coli form bacteria paper.

Count the number of spots(colonies).
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New Movement in Fiji
NETEER G aed e A Ao At the opening ceremony of
Safe Drinking water for rural
people in Fiji, January 13th.
2013.

Ay e

Bacteria Test by SUNCOLI e
test in Fiji under UV light

Watch 3:21-4:22
Total length 7:43

https://www.youtube.com/wa
tch?v=Vrr2ZEOS1PMA&t=49s

‘~‘
-~
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There are so many bacteria.

—Medical doctor touches with patients.

Medical Doctor is safe.

Logarithmic bacteria number in 1 ml

ﬂﬂcfufml

T

10,000,000 100,000 10,000 1,000 100 10 1 0.1 0.01 0.001 0.0001 0.00001
100,000,000 _ 1,000, ooo o ] 5 3 4 5
108 107 10° 10% 104 108 102 10! 10° 1071102 102 10% 10

T8 £ o £ . ® Coli-form bacteria are abundant
3 | 28 52 £ in soil and are not germ bacteria
g8 ;SON - 5% g3 ¥ :
oooooooo O o w O (ONS)
_ . = e m- .'. Please compare the numbers
S .0 oeeeccccccccs E®© c - @ . . .
3 - t d 2925 =2 ES of Cryptosporidium with
Wash han g 8 Wa er g 8 u?: g : g S bacteria in water. Risk?
. Sterilize by
Risk of 5 £ e s chlorine
Elimination anj RSF é.q:) =8 Es ! NEEEEEEEEEEER
. S} I~ ® o S0 o
germ . by chemical G § S8 83 & ° "Toxicityof =
bacteriain | | N~ "7 T = chlorine? .
Water EEEEENR l.'.' .0‘.-
Elimination by biological community sc :EPS £o £ -
g8 bl g ES
8% :(SSF) 1 3z &3 85

We have to
think about

acceptable
risk.

=

52



Gabriele Heber 1985: Simple Methods for the Treatment of Drinking Water

Simp-bl;l{::j:d for the Turbidity, Average | E. Coli Processes and Combinations
r
Treatnent of Drinking Wit Values (NTU) (MPN/100 ml)
Up to 10 10 | No treatment necessary
10 100 | Only disinfection
100 1,000 | Slow sand filtration
250 1,000 | Pretreatment + Slow sand filtration
250 10,000 Pre.treatr.nent + Slow sand filtration +
Disinfection
Two pretreatment methods: e.g.
sedimentation + coarse filtration or
https://www.nzdl.org/cgi-bin/library.cgi?e=d-00000-00--- 1,000 100,000 | coagulation/fluctuation + sedimentation
off-0hd|--00-0----0-10-0---0---Odirect-10---4------- 0-0I--11- Subsequently: slow sand filtration +
en-50---20-about---00-0-1-00-0-0-11-1-0utfZz-8- disinfection
10&cl=CL3.21&d=HASH175e57dd8f453120fc2d5d&gt=2
100 2,000 | Rapid filtration + disinfection
% 1,000 3,000 Pretreatment + rapid filtration +

disinfection

Table 4: Treatment processes and combinations as a function of turbidity and E.

Coli count in the raw water. Additional aeration generally helps to increase oxygen
content in water. The turbidity values refer to the contents of settleable and non-
settleable substances. The choice of pretreatment method thus depends on the type
and composition of turbidity.

It is popular in the world to eat with our bare hands. We have to remove
the contaminated small stones in food. This is a reasonable way.
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@ FOOd Chain iS Key @No0.54-73:20/176

Large Fluctuation

Filamentous
sand surface.

DO concentration

Day Night

Radiation ! Growth and \
Photosynthesis w reproduce l
gae

ge) +
i } New algae

0

g o
73 288im; . G
N7 ! :;' o I'a .
25 0 Digg 1 %

s ©
[ %} o
g ¢ 2 %2%
Oc 5 e

L] ’\ 8

https://www.youtube.com/w

0 o Gacera” -4— Organic atch?v=pBmHox0qi1U&t=3s

Growth and
New bacteria  reproduce "W, Decomposition

and animals 54




. This i fth lect
THIS is FOOD CHAIN. at UCL and Univ. Glasgow, in May, 2011,

The first use of slow sand filter for the public supply of drinking water
began in 1804 in Paisley, Scotland. The present vertical type of slow sand
filter was devised by James Simpson in 1829 after his 2,000 miles
inspection trip all over the Britain. This filter provided safe drinking water,
free of pathogens to residents in London. This vertical type of filter
spread round the world and was known as the “English Filter”. Slow sand
filter has been believed that it was a mechanical filter with fine sand
under slow current. However, the major contribution of the purification of
the impurities is the food chain in this system. The word of “slow” was
“gentle for organisms™. Recently, the English filter of “Slow Sand Filter”
has been recognized as “Ecological Purification System” in Japan.

Slow Sand Filter — Biological Filter — Ecological Purification System

- Short time work  Long term action

" " Q: X & e @ -'n.b:“n" ;';OPD." 32 :.:-\‘. = ! food chai a ,"7 i
English Filter : ST |aed [ Sens New Concept R T v b W

0 CER o (b q' > :?.9‘-.1 ;‘% <5’:‘;;: % ;’%""’ o anaeropic condition,
Kb k| ¥ 3tk 0 and New Name ‘ T2 0
4 g aks Animal & P v
S Siale N matter
3 -l collection, crush, grazing, fecal pellet R O S
o2 . 00goonr £os g rodu G 3% 5% =

Mechanical filter
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Food chain among small animals is the key for purification system.

nm nm sm oum LaZm  mm cm cm m m
210™ 100™ 77 190%™ 400*™ ™ " 4™ " g
3 / =
o . . o » : <
= _(Eollmdal partlcfl.e 24 @ '\\ ﬂ
5 it ; Cripto % )

5 g Bacteria e . <Eod

(@]

- & o nematode Insect fish

5 é E@?“ ﬁ larvae human
e S e

5 sand Food size and animal size

Passing time of food
in body is also very
short. .

Long term action

Complete decomposition
(mineralization) in the
faecal pellet.

Anaerobic condition
inside of fecal pellet.

A o g -
O O it 6

. o 8 : . S : \\
portant to trap any particles under

getl conditio.
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Sand*®
particle

Slow sand filter is real ecological
purification system. Food chain is the key.
It’s an ecological purification system. /5:22

Filamentous
sand surface.

https://www.youtube.com/watch?v=pBmHoxOqi1U&t=3s

~Filamentous diat
of Melosira

Fecal pellet of
Chironomid larva

Detail of Ecological Purification System for safe drinking
water / 6:23

S

~ e

S A y S &
. RERNCI X =gy &
o A AR
i B i
\ B 3
Wk }‘g ! / {
~ 2 ke

Continuous culture system of filamentous algae

\ 7 7
m )
be v.’~'{ o
4 5’ Vo
.“ '/ .y |

Float by bubbles
produced by TrapSS on

| https://www.youtube.com/watch?v=Pk_JNC6RTyo
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l

Passing time during biological
active layer is very short.

English standard filter rate 4.8m/d (20 cm/h)
In supernatant water.

Purification is done during
the passing time of 1 to 2 Purification time is very

minutes through biological short near the surface.
active layer.

Guarantee and insurance
layer for emergency

JE%» When the porosity is 50% in
sand layer, filter rate becomes
double. 9.6m/d (40 cm/h)

g" v
English standard filter rate 4.8m/d (20 cm/h)
S}
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Sand stone and
soil are not moved. — :
rises and the gravel rolls around

living creatures are washed away.

Small animals on the surface
of rocks collect turbid matters.

Gentle for small organisms is

Spnng water is always clear vertical current. the key to make clean water. 59




Algal mat lifts by oxygen
bubbles produced by
photosynthesis.

4"4“-;2 g \
M SSF Capacity to make se rking
diatom § water is so large.

Capacity of one filter pond:ﬁ
780 m2 x 5 m/d = 3,900m3/d

One day demand per person: 0.3 m3/d
3,900 m3/d + 0.3 m3/d
= 13,000 persons/d

Particles were trapped to |
the flamentous algae.



There is a thin slimy ((?elatinous) mat known as the Schmutzdecke, or filter skin on
the surface of the san '

layer in many textbooks. This explanation is not correct.

On the surface of sand layer,
there is a soft mat like light

feather mat. Filamentous algal ~ YVhen we pull up this mat from

mat is just lay down the bottom to surface and in air,
On the shallow bott-om sand tutrn]§ tdlrty Cg I%rSA large
. , amount of trappe amon
filamentous algae grow well. filamentous algal mat drops |gnto
— ‘'sand layer.
sonst

Ay - 3

Algae are the best
food for animal.

Natural flow

i
DQO;bDO

Filamentous diatom is a
pioneer plant in cold water.
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Schmutzdecke Sampler Reduces Filter Bed Damage

Nobutads Nakamoto
Department of Apnlicd Biological Science
Shinshu University
Ueds, Japan

A schmutzdecke is a sticky algal mat
cultivated on the fine sand surface of &
slow sand filter, The schmutzdecke i3
vizluable because it acts to remove tur
bidity without chemical coagulation. The
algie prevents the filter from becoming
clogged by Lrapping suspended matter
and producing oxygen to promote decom-
position activity on the surface sand.
When a schmutzdecke is praperly main-
tained, it acts as an “avtomatic purifier”
For a schmutzdecke to form, flow rafes
must be kept very low.

Operators frequently have diffi-
culty checking the condilion of the
schmutzdecke while the slow sind filter
iz being operated. The device describid
in this article allows samples Lla be
drawn so that the schmutzdecke can he
epsily analyzed without any damage to

the aand surface during operation of the
filter.

Sampler Components

The schmutzdecke sampler shown in
Figure 1 was assembled from the parts
listed in the box below. Figure 2 {page 4)
shows & schematic view of the sampler.

Thie: Lotisl costs of all components was
estimated to be about $10D, primanly for
the hind pump and acrylic tube. Several
hours were required to construct the
sampler.

Building the Sampler

The schmutzdecke sampler can be
constructed by following the steps listad
1)(‘]“‘0'{.

1. To construct the ring weighse, drill
an inner hole 1.4 in. (35.7 mm) in dizm-
eter in Lhe 2.75-in. =% 2-in. (70-mm =
50-mm) brass rod. Drill Lwo heles
through the ring weight for screws to
secure the scryhic tube. Form the 0.3-in.
(8-mm) edge on the bottom of the ring
weigrht.

Materials and Costs of the Schmutzdecke Sampler

Item Purpcse Cost
ane brass rad, 275 0. * 20 (70 mm x 50 mim) fing welght 3 1.50
sl AR A o M AIACITE iy A2 st rsiar Ivammer ret 15

Opflow: American Water
Works Association 1993.7.

| made algal mat sampler without
any damage of sand filter during
the filter run.

Figure | The schmutzdecke sampler

2. Dirill i1 hole in the inner hammer

rad for the hanger string.
3. In the stopper rod, drill (L1Ban.

(4.5-mm) diameter holes in the center for

feontinued on page 21

EEEEEEasZiERNREaEEsasasEmEEs
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- ALGAL BIOMASS

- ON THE SAND SURFACE

Aa(4d
B\

\ s
3

Algae grow well in summer. Continuous culture system of
filamentous algae becomes after 10 days.

&N
;

10 20
DAY IN FILTER RUN

30

1 g Chl. am?®

Filtrate
TURBIDITY

MEAS

0.000 =

TUH=-1&8U

: CHLOROPHYLL a
+ IN FILTRATE

10 20
DAY IN FILTER RUN

mg/L

,.

1 1\ I

|

Filtrate water became clear
water in 10 days. Grazing
animal community grew well
within 10 days.

Japanese standard of filtrate
is 2 degrees (mg/L).

In summer, scrapping of
surface mud is not necessary.

Super clean filtrate.
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Development of algae on the sand bed during filter run in June in Ueda,
Japan.

leoshlma' 4
‘b
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/r-z "
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N
c &
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o
o
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32

©
E O
:(D
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Filamentous algae
grow well on the
sand filter bed.

Nawcula

From a river

5

Someya WTP, Ueda
- Raw water

Seasonal change

| of temperature

My city (Ueda, Nagano,
Japan) is located in cool
region in Japan.

0.....,.....
JFMAMJIJIARASOND

10 15 20 25 30

Days in filter run

In June, algae first appear on the sand are the same
as attached algae (periphyton) on the rock of riverbeds.

When the filtration continued,
filamentous diatom of Melosira
became dominant.

Melosira became dominates in cool water
where grazing activity of animals is weak.
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At scraping time,

we took sand

- sample.
Lift up in air. !
Algal mat on the sand surface in water. Suspended Solld = washed sand
Sand beneath the surface in water is clean. SS mg/ g of sand
When the supernatant water drain off, the 2 180 4.0 00 80 ,;.00
trapped SS releases and drops into sand Iayer 2 ?[ : :
| % = % 1) A 1 Dirty matter in
i S e ey |+ sand layer is
| o ' R= = - only near the
| ' E s {7 surface where
! 6 N—= - . .
' o S 3 = o 4 biological
| . G e 3 activity is high.
g g — I e Deeper sand
| e 12 { ¢ 1992, 1993 layer is clear.
| : Xex I§T. S Someya Plant, Ueda
| - : ' l
Dirty Suspended matter is only near the surface. 1e
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n/cm2

&7 B
Bl
.'Er )
& .’ ¢
4
LY

N
o

- Raw water

Water temperature C
o

T F Y AN I RS oNTD

Cell number per aria
in log scale

In winter, it was the same as the J F M A M J J A S O N D

Month in year

attached algae on the riverbed.

When the amount of solar
radiation increased and the

the filamentous diatom of
Melosira became dominant
until December.

Weak biological activity
in cold water.

From a river

water temperature increased,
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Different type of algae grow in different environment.

In Slow Sand Filter pond, there is down ward current from surface.
Filamentous form of algae can grow on the sand bed.

Stream, river

Pond,
lake <=
and
ocean

Horizontal
running water _
Occasional storms

Navieds |
G R
Y Nivachds
ATy
- : Periphyton
W Attached algae
Float and s
drift algae Phytoplankton  Flagellated algae Filamentous algae

and rapid currents.
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A?al growth made Try to accelerate algal growth in Wmter

elicious tap water |
T Al - | thought that 3 Evenin 1 vzl
. the nutrient § winter, the
diatom

- concentration in
- rivers in Ueda
. City was poor
than in London.

grew well in
London, UK. &3

| thought the nutriént. o
. Whenlput
- ‘-;:" nutrient to

samse e the floating
ut nutrient to the § L = bottle in
f| ter pond in cold X S winter,

winter. algae grew

But no growth of even in cold
algae in the filter condition in

pond.

Ueda.

) Algae

grew well
Ina
' Algae grew well ,&;shallow
id | in shallow water < i model.
In March when snow melt period, .M

algae did not grow in the filter pond. % nthe flood plain.

Melosira S

A -l.km

HIOV] u
Max. de J }
34t 3 i
eresdoaqfi oo Gontonts
?" whay ful Il
mrmnu

Sed Arva,
_’%I 1,000 8. 1t

— Main Dr
L 1 inn. Jnn.

concentration was too low. Fio. 25, Jaoss Swuemons Exreamine Fictin of 15271855 | |

38 cm Water
61 cm Sand
61 cm Gravel

| found
shallow
depth was
the key of

growth of
algae than
nutrient.




Continuous algal culture system is a nutrient reducing system.

A Over flow

Much _Et e
nutrient .7 d - 5 Nutrient in
‘ :  ~q algal mass §

Less
nutrient

gl)?pl;\éﬁsrrtlent Average daily harvest during 11 days in July

was done. Wet matter 173 g/m2
Dry matter 25.9 g/m2
Organic matter 7.81 g/m2
Nitrogen 373 mg/m2
Phosphorous 32 mg/m2

Nutrient reduction from inflow water to filtrate by algal growth.

.\l w

Nitrogen 4.6 %
WW‘WW Phosphorous 27%
VVITG'S 1

—“.an---oo-.
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Aerobic condition is essential for biological activity. There is down ward current.

<
51 s av® Over

flow

Raw water 'ﬂt ki
Filamentou oY : Sr)(())éguec?ion by
algae ' ; photosynthesis
N Shioals
and
’ . microbe ‘oo’ :
=l (B Diurnal change of dissolved oxygen (DO) was measured.
CO,+H,0 = CH,0+0, | .
Algal photosynthesis 40% Partial pressure of oxygen in bubbles was also measured.
accelerates purification 209 ° 20% : "
rocess. P o 90/?3 - OCI)OO_O_O oa“: @ Bubblesz :ueep aerobic condition after sunset.
c A A - . :
g O 7. concen © 1o ZS'{;«, Saturation
D o 12 Ve tration T U o
< £ 0 C 120
O ¢ & _g 100
o .0 & © 80 Inflow
O = = o
=3« 2 w
O 2 (Fg 20
o g 0 i ——r A 0 _— A A A
E c 06 12 18 24 06 12 06 12 8 24 06 12
3 Day Night  Day Day Night  Day
After sun rise, DO in filtrate was rapidly Even after sunset, DO in filtrate
increased. was super saturated condition.
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| investigated the seasonal change of algae in Thames fllters in LondQn from 1994 to 1996,
30 years ago. ‘ h: ;?f 3.-; --:.t' Biological roughing

Thames Bubbler 5;,,‘ ¥ ~ 4 filter without
" chemical.

WTP, Thames
Water

Filamentous diatom in winter

% Summer-Autumn  Winter-Spring
London 3 1994

2 - F.antX) r ‘(\o&\ ®
© 169 Y & o £

15 / ' & 8 | Melosira ot S/
o R O . S .
= B2 2.8y, < / = </
E 12 ."/ “.1:‘:“;9 / X, 2 5 ~ o . e > 4/
: A Den & | it
g' . ... ...86"  Temperature of surface water L | :
o ° PO of reservoirs. Thames and Lee b

. . o) . =

= N ge/an/a Diatom to Green algae in summer

I I A — 5 //// e Midge larvae|  is due to grazing activity.

JEFM A MUJ J A S OND 0 Run Days 100 0 50 71



Aerobic condition
is essential for
hetero-tropic
organisms in the
sand layer.

Faster flow rate
was better for
small organisms
in the filter.

Surface Loading Rates for a SSF at Ashford Common during April and May 2006

05
045
o e
£ 3 i 13
E’ )3 E -
@ Small Fluctuation
25 —
o 5 : ]
= K 1
=2 r ® outflow * 1 _|
s )2 = d .
- S ) PP i i inflow
o O .
- 8 r D ¢
S A Flow rate SISy —
ﬂ r .
T Day Night _
wn
0 T T T T T 1 T T T T T T T T T T T T
O (<o) O O O (<o) O O O O O O (<o) O O [(o] O O (Co) O O O O O
@ © 9 9 Q Q 9 Q Q 9 9 9 ©Q 9Q 9 9 9 Q9 9 9 9 Qg Q
5 5 5 5 5 5 » ¥ ¥ ¥ 2 (P2 P : 2 2 2 P2 2 2 2 3?2 £ ¢
ww ¢ 3 3 I Z 3z 2z 2 2 3z 2 2 3z 2 3z 3z 3z 3z =2 3z 2 2
Sy, - & N 6§ N T @& W 9 £ 8 B = @ 8 /R & B R &
s The filter rate was

200yrs ago

2-3 m/d (10cm/h).
38cm water depth

4.8 m/d (20 cm/h)
World wide English
Standard Filter rate

The filter rate of 0.4 m/h (9.6 m/d)
m) is adopted in Thames filter plants
in London to escape oxygen drop

in filtrate during the night time.



W. K. Burton published “The Water Supply of Towns and
the Construction of Waterworks” in 1894 in London.

https://wellcomecollection.
org/works/da2p35kj/items

THE

WATER SUPPLY OF TOWNS

CONSTRUCTION OF WATERWORKS

A PRACTICAL TREATISE FOR THE USE OF ENGINEERS
AND STUDENTS OF ENGINEERING

W. K. BURTON,

A PAPER oN rnr EFFECTS THQUAKES ox WATERWORKS

By Proressor JOHN MILNE, F.R.S.

LONDON
CROSBY LOCKWOOD AND SON
7, STATIONERS' HALL COURT, LUDGATE HILL
1894

| f On p94
practice.  Dr, Koch, the eminent bacteriologist, has (the writer

understands) come to the conelusion that a filtering speed should
never exceed 73 feet in twenty-four hours. It seems unlikely that

any such hard-and-fast rule can hold good for all cases,” for there

can be no doubt that the efficiency of filtration varies with many §

circumstances—with the purity or the reverse of the water, for
example ; with the nature of the sand ; and with the temperature.

* A series of experiments, both biological and chemical, earried on in connection

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

On p95

e ) L, 1 € | (T e e e A e e e

A S e L i A i v e e A e i el [CAY AT e oty SN g S T\ P

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Dr. R. Koch

neve exceed 7 %
feetin 24 hrs.
=2.27 m/d

Osaka(Japan) wks gave very
different results from this.
>faster rate?

Berlin wks discovered that
covered filters are much less
efficient than open.

>0pen is better.

English engineers adopted
more 16 feet in 24 hrs.
= over 4.88 m/d

Burton : max 10 feet in 24
hrs. = max 3 m/d

At that time in 1894, he believed This means

that purification was done by

filtration.

) Present Thames wks
* mechanical ':> adopts 9.6 m/d.

slow speed with fine sand.

This means Ecological Purification System.
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(5)N0.74-99:26/176

(5 URF and EPS Model.
\I?vg)(lér :ﬂ Filtrate

= o Y

P B ECOLOGICAL PURTFICATION SYSTEM

— . P Y

2 R (EPS) N\

L§;..'-; Er,*’ ."3_,’_1‘ -[1 JULY 20/2017 @ HIROSHIMA INTERNATIONAL PLAZA https://www.youtube
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- 1 Major turbid matt
The name of Slow Sand Filter caused 500 9 in Mountain stream
- - | I is easily set within
a mlqunlerstand of real mechanism. ﬁgg % several hours.
They believed mechanical 50 ] E
- =[St reduction by slow 1 |
- ' <5 The filter rate was | filtration with fine sand in |5 20
E 2-3 m/d (10cm/h). 200 years ago. They called c 10 3
38cm Waterdepth | Slow Sand Filter. 5 A Coagulant+Chlorine  SS passes by 0
61cm sand layer - > 1 Rapid Sand Filter backwash. =~ &
61 cm gravel layer = 9 "'| 2 degrees | ' ®
Clogbyss  Refocus to SSF of S 4, J: [Jap-standard
I chemical free system. _e 05 i° Crypto
T 7 ; i . : 1 r =
g o 1 F- oﬁtbrea& S3
= 02 1V o=
01 4« Recommended =)
: 1 | to 0.1 degrees o9
Fine colloidal particle does not settlg y _ | 0.05 A — 69
47Coagulant Sedimentation E?tﬁd Cl _T_;Hite : O 02 g
’ ilter (@))
o PRI | £
4252 | siow mixing 001 3 5
Rapid mixing #B @ e 0005 = ©
> b T e } X —
. | i " 0002 | £
This is American Commercial Filter. 0001 - Z
& / N | proposed Ecological ' 3
\ 47 I:> RSF spread Purification System 0.0005 ; grl#j) edre(I:llgng
s s to the world. instead of Slow Sand 0.0002 1 DT A M rea—ra
s N A 5ack washing Filter in Japan. 0.0001 q Artificial Natural spring water # 25




Development of Eco-friendly and Chemical-free
turbidity countermeasures: Up-flow Roughing Filter.

Luiz Di Bernardo 1980

Down Flow and Up-Flow

200m

Univ. Sdo Paulo, Brazil
Up-flow Roughing
Filter: presented at the v

- e Lot
:

P

INFLUENT LY LUENY
g TROUSH
— = N——— 1 e
i
= | bown Frow wno\v1 !
° ]

270 0,00 %

GRAVEL

l:>'

b= LEOMOLD
BLocx

o
-
o

|

o

* upflow
(in series)

m.‘;‘}: R

« upflow
(in layers)

(rumnto PLASTIC PIPE
FOR LFPLUENT COLECTION

iy

——.. co———
CPRAKAT Thoein

International

Conference on Slow
Sand Filtration, London,

1988

SLOW SAND

At the internatidnal conference

in 1988, Martin Wegelin from
Switzerland reviewed past

roughing filters
=International joint experiment

=In 1996, a roughing filter
manual was published by

Switzerland.

SAMDEC Report No 296

Surface Water Treatment

. by Roughing Filters

A Design, Construction and Operation Manual

Martin Wogelin
Suten Pacurn bnatn tr Environmantal Science and Tochnciogy (EAWAG)
Ouparimant Water and Sanitaton in Developing Covetries {BANDEC)

v

. ; —

;
g ’

1 |
i
|

L] ‘ uy
I

A B |
AN
» -
- o
&4

https://www.ircwash.org/
sites/default/files/Wegeli
n-1996-Surface.pdf

Martin Wegelin
Swiss Federal Institute
of Aquatic Science and
Technology

33=>76



The role of the biological community was also key in Up-flow Roughing Filter.

| Upflow roughing

Up -flow Roughing Filter i . i . Dl -

, J——
J ﬁ
g i

T 0.45m | 0.50m

atcﬁié’s’t’ tankf;, 7’
Filtrate ss——.
| examined URF from 1996, and |
noticed a large contribution of
biological action in URF.

(o]

3

3
0.80m
£
SR
g=

030 0.30M
o

)

>

o

-~

ANHA ST, SRR
AR

sludge S

b -
P oy oy DY o e
e S un 0. P80

Up-flow Roughing Filter

[, O *mtr’

#Fe8 Ithas good settling properties
/T;;‘,;:':g and is similar to activated

12426728 sludge in sewage treatment,
Pl —>92 >>¢ -w »" where the biological

community is active.

Nakamoto was a JICA advisor
of the control of a reservoir
ecosystem to Sdo Paulo Univ.
and Federal Univ. of Sao
Carlos in 1974 and 1976.



Effect of open filter and
covered filter.

Multiple Rdughing Filters to eliminate Filter resistance (NHL) of Open filter was almost constant.
SS from an irrigation canal water. But the resistance of Covered filter increased almost every day.
£ 250 Algal growth under
i 200 | COVERED FILTER S“”Sh'”e"
(@]
9 .
« 150 | Increase grazing
Supply of Towns and the T 100 | ‘
Construction of Waterworks” ® .
N 50 | OPEN FILTER These animals search
: _ T for food, make holes,
Berlin wks discovered that covered % 0 99" 0904700088 ¥ " ond do not increase
filters are much less efficient than open. z 0 1 2 3 4 5 6 7 8 9 theresistance of the

>0pen is better. FILTER RUN in DAYS water.

We confirmed the role of algae in EPS. "



After
heavy
storm
event,
river water
becomes
dirty and
rapidly
increases.

In Japan, river water

is usually clear and
small amount of water.

Flood water is dirty. There is huge

amount of soil matter from land surface.

is found in a flood plain.

Clear and suspended
free water from spring

] y and
cles in a storm water.

e amount of heav

A larg
large parti

Light and small particle

which is not easily settled.

79



- Light turbid water
| March 18-19, 2008
20 == T 5tm -©-25cm -—=—45cm -#-65cm
_ 15 39.6% was settled. '—ﬁ___i —_—
E —
< 10 | |
£ . 60.4% of SS did not settled.
=
ER | |
I:Z'urbid water after a heavy rain fall
: : : | :
July 29-30, 2008
300 = : ; :
i I ——5cm ——25cm ——45cm —=—65cm
250 NS | '
77
200 5% vy S g Ss* \‘
e
U, O’
150

Turbidity NTU
)
=}

Dsaka, _
A B 7O : g
o) .i-?! »a ""1’ - 100 Miles >
s Foorm1

ks, 4 50 Heavy particle
- settled within 4 hrs.
- " G
This res_ult is for o . . - iy i
mountainous country.

Elasped Time in Hours

There were extremely small particles like as colloidal particles in case of small
turbidity, like as less than 20 NTU. The rapid settling of turbid matters was
observed within 4 hrs. However, a large portion of turbidity did not decrease.

20 NTU water
60. 4%

Light turbid water:

small turbidity, a
large portion of
light particle.

w
0
o))
X

In case of turbid water, a large
portion was heavy particles.

28.5%
Light particle =

Heavy particles rapidly
settled within 4 hrs.

71.5%
Heavy particle %

I 4 hrs. settling is enough. I
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OISCA (The Organization for Industrial,
Spiritual and Cultural Advancement-
International)

OISCA has started working on the idea that EPS, which applies natural

mechanisms, can produce safe drinking water without relying on others.

There are sedimentation tank, 4 gravel filters, and slow sand
filter. Polluted water turns to safe and reliable water quality.

Polluted water

from River Kanda,

Tokyo is pumped
up in 2005.

No detection of coli-form bacteria, lead, herbicides of Atrazine and
Simazine. Nitrate N concentration : 2.0 mg/L, Nitrite N: 0 mg/L,
pH8.5, total hardness: 250 mg/L and residual chlorine O mg/L.
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r s

OISCA Tokyo:
. polluted water
- —EPS :|_|_{}
— safe water ik

2005

it R et
R e

| advised
URF to him.

Mandalay, Myanmar: Pond — settling tank — 3 Up-flow
Roughing Filters — Sand Filter — safe drinking water.

Try it !
First, check it
yourself

any subsidies.

Sri Lank: three Up flow-Roughing Filters'— sand filter —
safe drinking water (300 liters / day). This waterisithe -
demand of safe:drinking and cooking water for 5-6 familievs,_/»-,

ol

Three points worth to remember

. Knowing is NOT enough, we must APPLY it
to something useful.

without getting 2. Willingness is NOT enough, we must PUT it

into the PLAN and ACTION.

3. Putting the PLAN into action is NOT enough,
we must ACCOMPLISH the goals.
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Niko-San participated OISCA training
in Fukuoka, Japan, in 2007 during 1
year. He remember my work on
Ecological Purification System.

I met Niko-San in Fiji, in June, 2017. He showed his text on EPS.



To make subsurface suspension free clean water in the flood plam

Filtrate storage tank
keep out dust and light

continuous flow
by a small pump

Filtrate

Under drainage porous pipe
covered with mesh cloth.




JICA training of Ecological
Purification System using a
simple model in Miyako-jima,
Okinawa, Japan, Nov. 7th.
2007.

Flow rate is
controlled to
keep the water

Up-flow Roughing
Filters using gravel.

Sedimentation tank
(Reduce heavy particle matter)

@ (Settle Heavy matter)
Up-flow Rourghlng Filter

(Reduce fine particles)

(Trap Colloid matter) \

Sand F|Iter (Com lete
elimination of impurities by
Ecological Purification System)

Sedimentation tank, inflow regulation system -~ -

Sedimentation
tank

Slow sand filter

Up-flow Roughing
Filter using gravel.

up-flow roughing filter

\ JICA training in Miyako-jima,
Okinawa started from 2006.

bb\% . %fﬁa () Sy35# ODASIE 201457518
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JICA training in Okinawa,
in Feb. 2025.

o =

W381E 0 W
, Storage
tank ByKi® 2016/ 8/24 9:01

'JTI'CA training in Okinawa, in Aug. 2016




g Tank (Settling Tank)

Receivin
Over [ | Raw water
flow o

2. To keep
%2 | calm surface

| \

In case of open tank, filamentous algae
clog the outlet.

Flow Control The Water Supply of Towns
by W. K. Burton 1894.

Z

(

000e %
—I ! To keep

' )\J calm surface

i—»—»—»_,‘_,

MR ;_': erver—mmgen = [N\ R

\ :—i*j- === —————— N\ \

: '**-‘*'-‘3‘—*—_:::; -------- E i
\\\ MUOMIIBHIN \\

Fig.65. Settling reservoir: Inlet and outlet at surface level.

Heavy particulate matters are easily settled.

However, colloidal light particles like silt
material are not settled in this settling tank.
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Up-Flow Roughing Filter
(URF): Gravel Filter

I

C=D

Drain cock for
accumulated mud.

Additional URF if necessary.

Colloidal fine particles adhesive to the
surface of gravels. Small animals scrape
them and produces fecal pellets. Fecal
pellets accumulated to the bottom.

X8 When the filter resistance increase, the
drain cock is opened in short time to drain
the mud (accumulated fecal pellets.)
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EPS (Sand) Filter (Natural Down Flow) Ecological Purification System

Raw —| \

water ’
Syphon
break

Mesh cover on a porous pipe

Germ free
delicious
filtrate

Biological active layer is only surface and
thin layer beneath the surface.

Algae and animals grow well on and beneath the sand surface.
Deep sand layer is a guarantee layer for emergency.



Storage (Filtrate) Tank

Cover for Storage tank is required.

41

Filtrate

I
Over flow

Water seal to

r‘ ‘ keep out dust

:,:E:\] Tap

In case of Circulation Model

0L

Filtrate

— ©—> Returnto
setting tank

Pump for
circulation
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Raw water Settling box
(over flow to keep water pressure)

Up-flow .
— Roughing ECQ'fQQIf,aI
—&> . Filt urification
\ e Tank (down
oOo Oog%._> \_ ﬂOW)
Reduce heavy % %’%@é’ 1 e
particle QT iy ‘% 0
Sludge S
drain valve
Reduce silty particle W305mm outer
D440mm size
Filter area = 26.5 cm x 40 cm = 1,060 cm2 :Hsmmm
In case of Present Thames filter rate (40cm/h =9.6m/d)
S Filtrate/min = 1,060 cm2 x 40 cm/h/ 60 (min) =707 cm3(ml)/min
a cup and is regu|ated by a cock. Filtrate/d = 42.4 liter x 24 hrs =1.02 m3/d
\ _ Simgson English | Present | Experiment
unit | 182 Filter "I:'_rlmtames in Samoa
ilter
IA— =y, Shaliow mid 2 18 9.6 20
'*ﬁ 'g“ N\ water depth Flow rate ' '
ALY over sand is cmh | 8.3 20 40 83
o important to Flow rate in sand
keep aerobic layer (50% cmh | 16.7 40 80 167
Condltlon. poros|ty)
Passing time of water is shorter ﬁ’?ﬁsggﬁc}'{gie?f hr 6 2.5 1.25 0.6
in shallower depth. 5 t -
And higher flow rate is also assing time o :
better to keep aerobic condition. Upper active 1 min 3.6 1.5 0.75 0.36




| studied on ecological function of Miyako-jima
wks. | made a video on EPS function of
Miyako wks in March 2004 and published a
book in August 2005.

JICA tralnlng

¥

P p—— Slow sand filtration: creating clean, safe
water(Full ver) in 2020

B BLOLLKD
’.)<U75

(.
7J<

pr—— Y NOE]

‘&
g

M{lé“

"'"'n-
Ea

https://www.youtube.
com/watch?v=V6_uD
ZE_I8E&t=1218s

Quest for Safe and Delicious Tap Water,

Miyako-jima, Island in March 2004. /15:22 https://www.youtube.com/w
With English subtitle version in Oct. 2007. atch?v=r1LIPuQliu0&t=16s

Ecological Purification System : JICA g)tﬁ* A

training for SIWA, April 18, 2013

https://www.youtube.com/
watch?v=NCI90eNMOal

Slow sand f|Itrat|on (Dlgest ver) in 2021/3:26

https://www.youtube.com/watch?v=
QAH1SoAgfLO&t=37s
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JICA Training on Ecological Purification System
(EPS) in Okinawa, Japan in 2022

DIY EPS bucket model making 2022 - YouTube / 38:01
https://www.youtube.com/watch?v=jz94KFkLL3E

NGO Okinawa Blue Water

1 _ N o0 A ' i
e~ /
US| . [ S i 4
‘ ' 1S -
S— ‘, < B
.‘ _f‘




Un sistema ecoldgico, econdmico y replicable que puede
ser utilizado por pequenas, medianas y grandes
comunidades. Este sistema fue desarrollado por el
Doctor Nobutada Nakamoto

Ecological Purification System

M Daniel Castro
| 2017/07/20 (C23F

https://www.youtube
.com/watch?v=Ye-
POV6qBUO0&t=39s
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i . ' Ecological Purificatioh System Model for §afe Drinking Water
| JICA training in Okinawa, on Jan. 16. 2024.

<
2
&éo — A
® { . ‘
" Up-flow
, u R_I ;rhlng p-flow l 4

| ) i oughing e

_______ — O R R ilter ~Sand . Water circulation
Rain watef . 4 = = o B Filter Fitrate |- EPS model
i harvested by g o y — tank Settling
. Mr. Yano. B - | = tank
' He want to : . Ty | = a
' use chlorine Receiving tank =20 L2 - e )
» free clean . - : S e 7
uates '];Water pllep : ' Nutrient poor clear ﬁ\ Sl
Rs=aeon. | water was used asraw | [ Tank tank
|

i | water for this training.
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Just filtered by EcologicalPurification

- ‘ﬁx_rc*rzm Stowvwr-Sand Filte

https://www.youtube.com/
watch?v=RJLgf63s50¢g

This water is always circulated. Avail ak
was eliminated (absorbed) by biolog

. 2 g Sy
“Clear(gter
—t

The filtrate

Decomposition Algae grow well.
and Algae absorbed »

mineralization »
in URF

Filtrate Water that is free of substances
that living things can react with.
It's water that tastes delicious and sweet.

nutrient.

Sweet drop (honey dew)
Natural sweet and delicious water

became
nutrient poor
water.

_5,

Algae grow well.
Algae absorb
available nutrients.

Super Clean
Delicious Water
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Most of small organisms live on the surface of substrata
(sand particle) under slow current condition. They live at
the top of sand layer where food comes. They are always
waiting for food. They are hungry.

Too small
A particle
< 1 > radius = 0.5 radius = 0.25 radius= 0.125 becomes a
Bottom surface area Surface area Surface area of one ball  One ball area flat surface.
=4 XTTXIXr =0.785 =0.196
:":" e e - > '(-—_:‘3“1-;1\:‘ 8 balls in box = 6.28 64 balls in box =12.56
..... T 9 1% ) T < Totalareaoftop4 balls  Total area of top 16 balls
~ ( "| ________
=314 \— — — — — =
: : Sl ind ; '=3.14 . relate
Surface area of a ball is 3.14 times than flat area. Seoemees ’ \t/'stceorﬁg)érature
o
Total surface area of top layer of balls is always same of 3.14 times than flat area. ——

Smaller ball makes larger area.
And, total volume of balls is always same of 52 % (porosity : 48%) in a box.

Filter resistance increases toward smaller size of particle. 97



Points: shallow depth,
enough radiation on the
bottom, rapid growth, large
size of sand.

Sand separated with
mosquito mesh (1-2 mm)

v

Drain cap Up Flow Roughing Filter

Two up-flow
roughing filters

ﬂ Sand filters (5m/d, 10m/d, 20m/d) All good filtrates. Febd4.(15th) g

=y

Shallow depth: Algae grow well.

Porous pipe
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= : River 3
national Ratnapura hospital, WRLE =% ' - - | Sedimentation |\ ¢ 201 ahing Filters
Sri Lanka by EPS - = ’

_ L = Natural
| explained the chemical free : Filter
mechanism of EPS, the —
maintenance and management ==
of EPS at the site to the
engineers. This was wise use of B
natural system.

The manager understood the
reason that we had commercial ‘ U fow Roughing Jl;l-l‘t;,rs ..

hnology. |
technology | visited again this site after constructlon in 10 years later. The hospital director said there was no problem. 99




@ From I\/Ilyako Island (©N0.100-116:17/176
to Samoa

Rainfall

% 2% R E ol IR
al Purification System as taught by you,
Dr. Nakamoto; a simple, natural and yet an effective water purification technology,

we can all agree to as the most relevant technology for the Islands.

It is cheap to construct, operate and maintain which makes it even more attractive.
We are grateful to your pioneering research on this technology and for generously
impart this to us, so that the people of the pacific may in the very near future will
have access to the high quality and delicious taste that this technology provides. 1o



FrOm JICA Polluted Bjxg[yvater //’_:_}_‘_‘.._—-—f""—.
training in pr
Miyako-island, y
Okinawa to

Samoa

Settling
Basin

Slow =0
Sand [
Filter ==

They believed mechanical reduction of polluted
matter by fine sand under slow filtration.

& J
o |
|l

Pre-chlorination was a popular water treatment to
kill the algae in all over Japan and in the world.
This treatment was for Rapid sand filtration. Y

Mr. Mitsutoshi Tomari, | [ 3
managing director of | He stopped to injection of algaecide into receiving well in 1997.

Sodeyama WTP, . As soon as the injection stop, the taste of tap water became
Miyako-island, visited to . delicious. Biological communities started to work in SSF.

Nakamoto, Shinshu Univ. | Ecological Purification System functionated in this SSF.
in July 8, 1997. R

Rainfall

Miyako-island island is
a raised coral reef
where is quit different
environment compared
with main part of
Japan.

How to make % x50 \Livko
delicious water jx  O<U75

ERPitE e
S AR
g MRS

% =
S
L |—

;

{
i
e

Nakamoto published
Ecological Purification
System text in 2005.
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7 The pre-chlorination was a popular treatment to kill the algal growth for

\ WTP in all over Japan. The close the scum out was also popular.
Infmratio”r:‘.::; h -X\i ‘J_I:I“\
A : I | ;
They pumped up the
underground water as water R S , T—
source. They could not flow el New hard work raised to
out from the scum out. In the "~ __remove floating algae. After the injection stopped in 1997,

the algae grew well in filter ponds.
The taste of tap water became
delicious.

pond, algal bloom was so
severe. The pre-chlorination
was introduced to kill the algal
activity.

Ood
pEn| o

U @
l

'3

(

‘ ; ]
;]

= [
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| started JICA
training on EPS
in Okinawa from

2006. 7‘.", \/_,- s L

—

At the end of the six-week JICA training in
Okinawa (September 1, 2010), Ms. Marista
from the Solomon Islands, gave a speech

of thanks on behalf of the trainees.

B sl
! 2

2 ge b=
I - X

o) un
P o, o<

n P -

arete / .y O

e i . )
w
-

It is also worth appreciating the Ecological
Purification System as taught by you, Dr.
Nakamoto; a simple, natural and yet an effective
water purification technology, we can all agree to
as the most relevant technology for the Islands.

It is cheap to construct, operate and maintain
which makes it even more attractive. We are
grateful to your pioneering research on this
technology and for generously impart this to us,
so that the people of the pacific may in the very
near future will have access to the high quality
and delicious taste that this technology provides.
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International Course on Slow Sand Filter in Okinawa, in 2010 by JICA
YouTube /6:08

https://www.youtube.com/wat
ch?v=c3mVIbmFPgA&t=138s

2 v In Miyako and Ishigak
islands, Onawa, Japan

—
NCA : Japan
nternational
Cooperabive

L
) We got ailot Bf things.
%\ i these islands. =

Z = : ;“\
. " ': 4 :. J.
==\
. : L _ASa
“Q‘Mkvuoak.‘-un.‘mdmll aninals ace ’ s,

M | plenty om the curfuce of the sand bed, | heriog . 3 SR - . - \ P R—
Q) sty o the e o i L . : RS oo g et SET 0 AR L R : ‘Weare:oagappy.

through outdoor experience rather
than classroom lectures.
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Slow sand filter problem in Samoa was solved by
ecological point in 2010 — YouTube /13:45

https://www.youtube.com/ E i

At O
watch?v=Kkk-wdIHui4 .ﬁfﬁ-’ v

During heavy flooding or rainy days —
very high turbidity blocks sand filters

This problem was happened by the misunderstand
of the real mechanism. Slow sand filter system is

not simple mechanical filter. This is a real
Ecological Purification System.
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s Samoan people used non-treated water (Non-purified water),
before construction of Alaoa Purification plant (1984).

k Settling
" tanks

- g - 5 slow sand filters only during 1984-87. ﬂ
| - - ' /,:{j‘gﬁ“,;.‘»_gg S

! 2000 Roughing = o S

b,! 3 filters iz
x' > :

Filters were blocked with
turbid matters by storm event.

\ 4

Dorsch consult (Germany) constructed
Settling tanks and Up-flow roughing
filters in order to reduce the extraordinary
load of surface run off by storm event in
2000.

et

d adls Slow sand filters
751 1984-'87 e
- b

https://eps.water e Sy Comienn
vision.jp/wp- e et s Ot M
content/uploads/ 2000.4.
2025/04/AlaoaDu et
rch-Manual.pdf G 838
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Slow Sand Filter
= Ecological
Purification
System :
Purification was done
by the function of
biological communities.
It was the food chain.

Talrace Intake.
18.85

_._.h.‘

= ‘NU
m.e1 w0

Mo

East Vaiai H

: ano
River Intale.

Slow Sand Filter

Slow Sand Filter
Ve 0125 m/h

3m/d

Crossing wes|
Vaisigano River

LT
i

e

M T T

.

Natural Down flow

Slow Sand Filter:
English standard rate: 5m/d (0.2m/h).
Present Thames rater: 10m/d(0.4m/h)

ND 450

-
"99-.,_ 106.40 0620 106.00
S N .
-— ~ 3 .
R L | Wy ee== e
- b . H
u — ‘
Chlornmation ND 400 1.....’.#,5 Slow
Tmg /L Balancing - ca
Reser v?ir M Filters
450 m eler ML Vaea
. Chamber - .
Balancing Reserver )
: S00m?
Reservoir e Slow Sand Filter
. g . e
.l | 100:40 sterv%irg Diameter 28 m
Jx _E = Area 616 m2
98.40 S}y [ M1 Vosa 5 filter ponds
ND 450 | ~ ascoms Flow rate: 3m/d
ron | . { Exi -
ND 400 i‘\* i 1 Himling )
"\.#ﬁ
To Distribution

Retention time: 3.3 hrs

Our experiment in Samoa :2013: 5m/d, 10m/d , 20m/d

= Any rate is good results.
Samoa is located in warm region.
Biological Activity is always good.

centrol well

. lli.. Diameter 17.8 m

Up-flow Roughing Filter

Up ~Flow
Roughing Filter

¥Ye = 1m/h

Settling tank

Seltling Tank
Vs =0.75m/h

ontler valve Area 248.8 m2
2 tanks
Retention time: 3.3 hrs

Stdge withdrawa! M_'

Fine, light
particles cling &

to the gravel
surface

. -‘Ay/‘e‘il}\] =l

Up-flow Roughing Filter:
!

Diameter 11.2 m
Area 98.5 m2

4 filters

Filter rate: Tm/h

outlet weir \l’_]

750 mm deep gravel layer 4 - 7 mm f

300 mm deep gravel layer 8 - 12 mm

§§RF outflow valve
500 mm deep gravel layer 14 - 18 mm

250 mm deep gravel layer 20 - 25 mm io slow sand filters

From settling tanks .——DQ—

mlel valve

dirty wash water.
stuice valve

e RS

e Y -,
ey ‘ L
Y B AR

Ketworl.

‘ One day demand: 0.1 to 0.3 m3/day person (Japan)

I IF: One day demand: 0.2 m3/day person (Samoa) I

616 m2 x 3m/d = 1,848 m3/d  x 5 filters = 9,240 m3/d
5m/d : 3,080 m3/d  x 5 filters = 15,400 m3/d
10m/d : 6,160 m3/d  x 5 filters = 30,800 m3/d

= 0.2 m3/d = 46,200 persons
= 0.2 m3/d = 77,000 persons
= 0.2 m3/d = 154,000 persons

Heavy rains during the rainy season cause filter
blocks, which are a major problem. Water leakage
from water supply pipes is also a problem.

Samoa 217,000 persons (2023)
Apia 36,000 persons (2021)
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We advised: Reduce inflow water for set turbid matter.

The ideal is a calm surface.

’ L a4 29_30; 2008 ; centrol well
——5cm .—_9—.25cm —-—4Scn‘1ll—-l—65cm — -‘Q' o .

rine particie M l r\ ‘I]'ﬁ - J

not easily set. = \ . ——— .J«‘" ) ontlet valve
E "“'-——\ﬂ'__—_'_"_—-—-u——_.__ ooy ' R A
Heavy particle o
set in short time. R

4 8 » 1 20 24 Retention time: 3.3 hrs (design)

Elasped Time in Hours

Result of pllot plant in Japan

We reduced
the inflow rate.

LR
Sedimentation | -
tank g

Shallower depth
Lifted algal mat with mud.

Almost no
sand layer.

Shallow depth: Active
photosynthesis: much
oxygen bubble formation.

Large mud on
the bottom
108



Shallow Water Depth is the Key for Ecological Purification System of a

Filter Pond. In shallower pond, algal mat lifts
7 up by photosynthetic bubbles.

.

& ikl Thick mud layer was seen
No floating algal mat.  on the bottom at Alaoa No. 1

'___deep filter on 26th Nov. 2010.

depth: [High pressure

220 and low radiation o of aloal
Role of algal mat in

cm on the bottom. slow sand filter,

shallow depth is key:
experience in Samoa -
YouTube/ 5:05

https://www.yout
ube.com/watch?v
=ot-KAm6TuaY¥Y

Hardly growth of algae at

the bottom due to low

radiation. Easilv block.
Hardly growth of algae on the deep bottom.
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| advised to use beach sand and easy way to wash.

a .
» B
.

Beach sand near
a river mouth was =
washed to make
a shallow depth
of slow sand filter
pond.

From Deep
fo Shallow

| knew there was only

sand layer on bottom
porous brick in slow
sand filter pond in UK.

Mesh cover on
a porous pipe

Only the sand was put on the gravel layer using
a cloth to separate them.

4 Over-flow
- from the
balance
tank for
filtrate
water.
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% i - SN | G From the video photo of friend of
‘ A ) : Samoa Water Authority.

Sanitation Centre

WHO Collaborating Centre
The Hague, The Netheriands

Slow Sand Filtration

https://www.ircwash.
¥ org/sites/default/files
| /255.1-855L-1994. pdf

Training Series

IRC Slow Sand Filtration

Manual for caretakers y

How to wash the sand.

How to set the gravel layer
and sand layer.

https://youtu.be/Ifol8D3tAAc
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Stuffs of Samoa Water Authority presented their activity
at the 5t Conference at Nagoya, Japan in 2014.

’ -

They made shallow water depth of 0.5 - 1m.
~AF oA .' ,?,~‘;

LONCLUSION

« Shallower water depth improves
SSF Performance
* Increased uplift of algae
* Increased sediment removal

 Self cleansing process reducing
scraping frequency

* Reduction in SSF scraping —
Reallocation of manpower
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AAA ZEEM.ETKiE100EE 1 38 -
_ &6 : The 100th Anniversary of

, 5, £@BLTKA100AE Waterworks & Sewerage of Nagoya  7he 100:h Avniversary of PROGRESS [N

oot Waterworks & Sewerage of Nagoya :g; SLOW SAND AND
ALTERNATIVE

SSSAB< : 5 BIOFILTRATION
PROCESSES

$50 HF\iR-EYWRBEESE 19th(Thu) June - 21st(Sat) June 2014
The 5th International Slow Sand and Alternative Biological Filtration Conference

-

Nobutada Nakamoto, Nigel Graham,
M. Robin Collins and Rolf Gimbel

—— _
The 5th International Slow Sand and
Alternative Biological Filtration Conference
RS5E EF-=95AER=A

*Date : 19th (Thu) June - 21st (Sat) June 2014
# Verwe : Civic Reception House Nagoya, JAPAN

be.com/watch?v=W
V1FXTkDfsM&t=2s

4] 5SSABC -
Professor Professor Professor (Emeritus)
Nigel J.D. Graham M. Robin Collins, Ph.D., P.E. Nobutada Nakamoto YouTube /
Imperial College London, UK  University of New Hampshire Shinshu University, Japan 14:15
Chairman, Vice-chairman, Vice-chairman,

Program Committee Program Committee Program Committee 113



High flow rate experiment for the
performance of slow sand filter was
done in Samoa (tropical region)
from Dec. 2012 to Feb. 2013.

Biological activity is T4 Two upfiow.
related with radiation S e
and temperature.

Different flow rate of sand filters
(5m/d, 10m/d, 20m/d)
All good quality of fiItrate\s. .

Sand washed with
mosquito mesh (1-2 mm)

Points:

shallow depth,
enough radiation
on the bottom,
rapid growth,
large size of sand.

Shallow depth: Algae grow well 114
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Up-flow Roughing Filter Drain

Large area of gravel surface
Is important to adhere
suspended matter.

Clear water in river
bed in enough area
of gravel surface.

[

URFé*ﬁ?D Full gravel

-~ with small

et | S

Top up the gravel
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Advise for a better plant system to Samoa

Tridty My

Reduce inflow
=Easy to settling

Improvements to the
IPurification Function.

Thicker gravel media

— S
e -

=Expand active area

A

PEREDIOLE

% o 4
33
S5 B0
D Ol S
S QOULY
ek o =

Make shallow depth
= Activate algae .

350 I -

. July 29-30, 2008
Suitable 300 § | : i
reS|dence | | —e—Scm: —=25¢cm I—-—45cm I---65t:m

: ] tlme . 250 i !
for settling 200 |
- 150 \\\:\‘;\ .
5'5100 '\?'\%.\..
Clear water £ e
. . mmna=as sse= | o %0
0
8 2 16 2 24 0 4 3 12 16 20 24

Elasped Time in Hours

Elasped Time in Hours

Py o o '-':-JJQEIJ-T": -'.'L;iﬂ!ti:h.

".";J_'T

/

R

Small —
organisms

active on
the stone
surface.

V *‘

Shallow
deFth IS
better
for algal
activity.




(DN0.117-138:22/176

From Okinawa to Fiji

A Q ".\
A i Kalou ka 00 =

CONSTITUTION
0))
THE REPUBLIC OF F1JI

Basic EPS systoem is composed with 3 tanks (URF, EPS and BALANCE)

L]
i
r ORF
Up-flow Roughing Filter EPS: Ecological Purification
< BALANCE Tank :

System (natural down flow)
over-flow 1o kee

cleaner water | vy Wiy

over-
riow

tap

https://www.you
tube.com/watch

Tank 3 In case of
tional
storage tank

Siphon STORAGE

?v=wxAGhjx7e40 e N bail tap
==

==
4+
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Hungry is Normal. . .

JICA training
in Miyako Jima,
in Aug. 2011.

N X
] S——g |

“ . e |\ | | =g sE Ok
Mr. Vishwa Jeet from Fiji asked me many questions during the training in 2011.

New Constitution of Fiji shall come

on 7 September 2013. p24, No.36.

https://laws.gov.fj/ResourceFile/Get/?fileName=2013
%20Constitution%200f%20Fiji%20(English).pdf

36. Right to adequate food and water

36.—(1) The State must take reasonable measures within its available resources to
achieve the progressive realisation of the right of every person to be free from hunger,

CONSTITUTION ) _
OF to have adequate food of acceptable quality and to clean and safe water in adequate

THE REPUBLIC OF FIJT [ERIENTITST

Remember Three Steps He remember these words.

1. Knowing is NOT enough, we must APPLY it to something useful.

2. Willingness is NOT enough, we must PUT it into the PLAN and ACTION.

3. Putting the PLAN into action is NOT enough, we must ACCOMPLISH the goals.
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He returned back to Fiji, he made a model to
make safe drinking water by EPS technology
at the yard of Department of Sewage and
Water. Water source was rain harvest tank.

Kick off Workshop on Jan. 16. 2013. at Holiday Inn. Commander Francis B. Holidav Inn: Jan.16.2013
Kean, Permanent Secretary, Ministry of Works, Transport, Public Ultilities. ofiday Inn. Jan. 1.

N INAL »

The Fiji Times ONLINE

Quality water for all

N ew p la n S t'O r T"ursca::qﬁriz::z 2013

WITH the new Ecological Purification System (EPS) in

The PM had attention for cleaner water s i e il i o et e
E PS d ISpIay d u ri ng the L now also ba made available in rurs! villages and

World Marine Time Day on

Sept. 28, 2012. Our Director https://www.you
informed the PM on the tube.com/watch
functions of the EPS and ?v=wxAGhjx7e40
reference to JICA was made.

A workshop on 8 new water treatment system, hosted
by the Department for Water and in collaboration with
the Japan International Cooperation Agency (JICA) in
Suvs yesterday, revealed that EPS was an economical
and ecological wsy of purifying water.

harvest tank of 2.7
afons 108 HUSOIPEL. S~

Works permsnent secretary Commander Francis Kean
said the vision to provide safe adequate water and
efficient sanitation to the whole population in Fiji was in
government's rosdmap

Water treatmant

KQMOLo
Nebutada specking at the Holiday Jrn. 1 1 9
directly from creeks and river sources which sre most Picture: ELIKI NURUTABU

"About 70 per cent of our rural population drink water



We can make it by ourselves.

EPS technology is our technology for ours.

. . 4 KALOKOLEVU VILLAGERS WELCOME ACCESS TO CLEAN DRINKING
39" WATER
< 7/17/2013
More than 270 villagers in Lami now have access to clean and safe drinking water through an

| ecological purification system (EPS), thanks to the partnership between the Department of Water
| and Sewerage, the Water Authority of Fiji (WAF) and the Japan International Cooperation Agency

(J ICA).

the Ministry of Works, Transport and Public Utilities permanent secretary Commander Francis Kean

! The EPS, which is the first of its kind to be installed in a local rural setting, was commissioned by
ﬁs- in Kalokolevu village, Lami yesterday.

Commander Kean said the pilot project was almed at improving accessibility to clean water and sanitation to people living in rural areas.

He said this is a major milestone for the country and the Government in particular in its desire to lift the living standards of people in the rural and
maritime areas.

"Improving the living standards of the rural citizens through better accessibility to clean water and sanitation is one of the key priorities of this
Government as enshrined in the Peoples Charter for Change, Peace and Progress and the Government Roadmap to Sustainable Development in the

medium term,” Commander Kean said.

. Beginning of
Ecological Ecological
Purlflca'gonm Purification System
System in Fiji, (EPS) to make safe
2013 for Safe drinking water in
Drinking Water - Fiji / 1:45

YouTube/ 3:05

https://www.youtube. com/watch?v waGh jx7e40
https: //www youtube com/watch?v kbCaSAACQZO
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EPS technology is our technology for ours. We can make it by ourselves.

Opening ceremony of public tap on

THE FIJIAN GOVERNMENT September 11, 2013. at 2nd Eps.

e /Q NAVATUVULA VILLAGERS GET ACCESS TO CLEAN DRINKING WATER !
1 2. 9/12/2013 |
4 i‘f- 5 Improving the living standards of the rural communities through better accessibility to c
P a) safe drinking water and sanitation is one of the key priorities of the Fijian Government.

This was highlighted today by the Ministry for Works, Transport and Public Utilities permr
secretary, Mr Francis Kean at the commissioning of the second ecological water purificaf
(EPS) at Navatuvula village in Sawani, Naitasiri.

The first EPS was commissioned at Kalokolevu village in Lami about two months ago.

Mr Kean said his ministry’s aim is to install EPS into rural water supply systems to ensui

removal of contaminants before water is consumed.
d

“The incorporation of the EPS into rural water projects will take place after further moni
the results of the pilot projects by the Water Authority of Fiji (WAF),” Mr Kean added.

Villagers of Navatuvula, Naitasiri have a reason to

smile, thanks to the governments of Fiji and Japan. Quality Water for All :
From yesterday the villagers started drinking safe Safe and Clean Water
and clean water, commissioned by the Permanent Project in Fiji, 2013 -

14

fi ks, i ;
Secretary .or Wor ‘s Commander Franc?s Kean YouTube/ 7:43
The water is supplied through an ecological
purification system (EPS) — similar to traditional  https://www.youtube.com/watch?v=Vrr2EOS1PMA

mineral water production. 121




Water
source

EPS was settled between the existing distribution pipes of non-treated water supply.
A public tap system of water supply for germ free safe water was proposed.

Settling storage tank

Sediment heavy
muddy matter

URF:
EPS:
gngohvivng Ecological
Filter Purification
System (natural  Sjphon
o i down flow) break

=

RO

-

.
AET w1

Ty e"

Existing system in village

EPS can provide 6 liters per person of
water for drink and cooking.

BALANCE Tank :
over-flow to keep
gentle flow for EPS

flow

tap Public

tap

Trap and reduce Comple(e
muddy matter purification
by gravel tank by sand tank

Non treated water

L
o w—

Store the germ free, |- '
safe and delicious
drinking water

EPS (Ecological Purification System) for germ free drinking water 122



Look like dirty mud. There are so
many microscopic organisms.

| showed microscopic
organisms using
portable microscope
to villagers at the site.
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Comment
on more
use of EPS
water in a
village

2,700
 liters

L ki
1' a\\ '

0.83
liter/min Ml

50
liter/h

1,200
liter/day

Save
water
Keep
tap
close

One day lost:
This amount
is the lost of
one open tap
during one

2,700 liter
tank

day .

1.66
liter/min

wog e ire .;-om. "o

liter/min

16.6

100 1,000
liter/h 3 liter/h
2,400 € 24,000

liter/day | ;. liter/day
) 24 m3/day
Tt

s

ABn

2,700 liter
tank

N N el
6 7ﬂ

EPS capacity of 2,700 liters tank
radius (r) =07m.  (xxrxr) =154m2
flow rate filtrate Available persons
. . . = . . . remarks
m/d|em/hlm3/d| liter/d| liter/h|liter/min| 2 liter/d| 6 liter/d|100 liter/d
2 8| 3.1 3,080 128 Z 1,540 513 31| Original flow rate in UK, 1829
5 20| 74| 7,392 308 5.1 3,696 1,232 74|English standard rate
10| 42| 15.4| 15,400 642 10.7 7,700 ,//2/,567 154"Pre\sent Thames Water rate
15 63| 23.1| 23,100 963 16.0 11,550 \\3L850 231 Possible rate in warm region
20| 83| 30.8] 30.800( 1.283 21.4| 15.400 5.133 308|Possible rate in warm region
. Drink Drink
Drink Cook Cook
Shower

1. Block distribution system for EPS water is recommended.
2. Install more public taps for villagers.
3. Training for the save the limited amount of EPS water.

EPS:
Ecological Purification System
(natural down flow)

URF:
Up-flow Roughing Filter

Bl

BALANCE TanK :
over-flow to kee

.- gentle flow for EPS
7 v \_t_=ﬁ over-
; fiow

L tap

Ee, B, Be, Be, B, B, B, B

There is non-detected leak, therefore we have to install EPS pipe
with may public taps in a small village (even up to 200 persons).

&
L N

tap

If there is absolutely no leak problem, we may connect to present
distribution pipe in case of a small village. But this is risky. | cannot

recommend this connection. 125



i Sltes visit.on 03/07/17 - A ey T e ®SRD. Present Recelving tank.
O : Na|vuc|n| 2 LR Y TR e =8 Water shortage problem.

1 mn \_ e
e W T
S8 55 present  w=w
P “Receiving. t&
‘ﬁNalvutaan~ra ‘

NEMANI TG 9501657
500 persons 120 houses

More use of EPS water is
key to be better quality.

\\i_‘...;

]

< New pipe line from new water
. source is now under construction.

6 liters x 200 peréons |
= 1,200 liters

6 liters x 100 persons

I

e B R Le

BALANCE In case of additional storage tank
Tank: with STORAGE

= 600 ||te rs >\ over-flow I,?&ké;l% tap ?;&%)G -
N =1

with taps ke N
fﬂfﬂ"‘ 71:@ —
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Comment on more use of EPS water in a village

Up to 200 persons in a village

URF:
Up-flow Roughing Filter EPS:
Ecological Purification System

(natural down flow)

BALANCE Tank :
over-flow to kee,

gentle flow for
D\_(—ﬁ over-
flow

S

200 to 500 persons in a village

We supply EPS water by new EPS pipe line with many public taps.
Or we install additional storage tanks for EPS water. And we
supply EPS water by new EPS pipe line with many public taps.

More 500 persons in a village

Present
receiving tank

Small Balance Tank:
with over-flow

If there is no leak problem, we may connect to present distribution pipe in case
of a small village. But this is risky. | cannot recommend this connection.

There is non-detected leak, therefore we

have to install EPS pipe with may public taps
in a small village.

BALANCE [n case of additional storage tank

Tank:ﬂwith ?TOP}A}GE
over-flow ank (1
D with ball tap SR HOC
)
|,1 > /Eg.:— with bali tap

LI

R = Srr;nL_aIIbStora%e Tgnk(l)
Wi all valve & over-
“*' KEa “ &]ﬁsﬁ;ﬁ flow
e, IO Small Storage Tank(2
é‘iﬁﬁg& N s S with ball valve (2):
ST p ‘\E\Eﬁfs?ﬁ L % “%s:
u L L‘?\ =3
\"’\‘?% aps&
We install additional storage tanks for EPS water. -
And we supply EPS water by new EPS pipe line S Sn'%ﬂ”bs'fl?ra e Tank(2) :
with many public taps. Wi all vaive
._4'\_\ ub/;
. ir~2'1C tg
L‘T:%klt(:hen tggs&
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Ecological Purification System for Fijian 2,700 Rota Tank Plant

https://eps.watervision.jp/wp-
Design by H|de (Hldemltsu EGUCHI) and Nobutada NAKAMOTO

content/uploads/2025/04/EP
S_design.pdf

https://eps. waterV|S|on Jp/wp-
content/uploads/2025/04/Fiji-
EPS-2016-tank300-
2700CAD-Design.pdf

jICA)

Operation gnd Maintenance Manua June 2016

% OUR LIFELINE
INFRASTRUCTURE
e TRANSPORT

Ecological Purification System

Operation and Maintenance Manual
g

\
\
\
T ages
\\ «8 p DEPKRTMEKT OF WATER & SEWERAGE
\\////

~ JUNE 2016

.-
jica’

https://eps.watervision.jp/wp-
content/uploads/2025/04/160
614-Eng-Fiji-EPS-
Manual_Eng.pdf

Construction Guide June 2016

1) Inlet pipe size is 1inch and is fixed with a clip to avoid any damage of the

] N : X
inlet pipe by shaking.
2) Flow rate can be controlled using a control valve (1 inch size) by watching

the pouring of an inflow water. (Suitable valve setting height is 1,100 mm from

the base.)

inches) and the bottom height of the outlet (over-flow) pipe is requested to

5) Insert a mosquito mesh (plastic) between the bottom a large gravel layer

drain.

And one cover near the inlet pipe can be lifted for a caretaker maintenance.
7) Each tank connecter must be tightly connect from both sides (inside and
outside) by two persons. Then the empty tank is filled with water. After the

the large gravel, mesh and small gravel.

7 |

gy rerE

8

A

E . OUR LIFELINE
PRASTRUC TURE
& TRANSFORT

3) A gap of 100 mm between the inlet pipe (1 inch size) and the inner pipe (4
inches size) is necessary to confirm the flow rate and to sampling the raw water.

4) The height difference of 100 mm between the top edge of the inner pipe (4
keep the level of seepage water from gravels. In order to guard the outlet pipe

s against the excess floating scum, the larger size of gravels are heaped up the
/ I ‘ outlet pipe

(100-150 mm size) and a gravel layer (30-50 mm size) to avoid dropping small
stones from the gravel layer and to easy drain the accumulated muddy matter.
6) One drain pipe and valve are set near the bottom of the inner pipe to easy

6) Open (cut) windows are covered with chicken mesh to avoid fallen leaves.

confirmation of no leakage from the connect point, this tank can be filled with

Ecological Purification System

Construction G!ljge
//// \\
\\
\
\
1 9399 —
\ ‘OF WATER & SEWERAGE

,-\

o jica’

| jica’
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DWS actlvely
promoted EPS
when it had
the chance.

e e ~

WHAT IS AN ECOLOGICAL
PURIFICATION SYSTEM?

An Ecological Purification System or EPS A

Wity

AT e OUR LIFELINE
LRS!

ECOLOGICAL PURIFICATION SYSTEM

is a method of purifying water using
natural resources such as stones, gravel
and sand stored in two or three different
tanks where water will filter through the
stones, gravel and sand as a purification
process before it is ready for drinking or
consumption.

Algae grows on the sand surface to
provide oxygen and trap particles and
remove nuirients.  Other  micro-
organisms decompose organic matters.
This food web results in the removal of
impurities  (organic/inorganic  and
pathogenic) in the process, resulting in
purified water.

This system does not require power or
chemicals. It is cost effective and easy
to construct.

The Department of Water and Sewerage is
1

NAYOLAU VILLAGER DRINKING WATER THAT HAD BEEN responsible for the imp ation of

TREATED BV £PS

Ecological Purification Systems in Fiji using
biological processes of nature to clean and
purify water for

Cantact Address
Level 3 Nasilivata House, Samabula, Suva.

Phone: (679) 3310 575 Fax: (575) 3310672

human consumption.

World Water Day 2018.§March 22/23 Lautoka, Fiji

* UNDERSTANDING HOW THE ECOLDGICAL PURIFICATION SYSTEM (EPS) WORKS:

Basic EPS system is composed with 3 tanks (URF, EPS and BALANCE)

URFE:
Up-flow Roughing Filter
—p,

EPS: Ecological Purl'lc"all();\

System (nafural down CE Tank

BALAN
over-flow 1o kee
Siphon gentle flow for EPS
break

P . L| ger-

Tank3  /n case of
optional
storage tank

Siphon  STORAGE
bre

Fank:
with ball tap

i =

- S

algae growth and other micro-organisms (established
ecosystem) present to purify water.

. Water flows from source inta the Upflow Roughening Filter
Tank (URF) which has gravel.

2. From the URF Tank, water then flows into the Ecological
Purification System Tank (EPS) which consists of sand with

3. With the slow filtering, water then passes into a storage
tank ready for consumption.

ACCESSIBLE, SAFE, AFFORDABLE DRINKING WATER AND SANITATION FOR FIJI.

Upflow
Roughing
Filter

Natural
Down flow
Sand Filter

Storage tank for
Clean Filtered Water

New movement to
make more large
scale EPS plant
arises by own
activities of a rural
village in March, 2018.
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EPS: Ecolo?ical Purification
System (natural down flow)
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Volunteer

Volunteer

Nakamoto : Short term expert
2014.10,~201 @__.1_1 )

8 times of a month
visit during 4 years.

Hidemitsu Eguchi

. 2015~2016
lsamu Shioiri

Cleaner Water Project by EPS
(Ecological Purification System:
Wise Use of Natural Phenomena)
for Rural People in Fiji

EPS project started from
Kalokolevu and Navatuvula
in 2013

. EPS sites com
= % during 4 years.

2017~2018

The project was
implemented under the

initiative of the Fiji

government, and construction of
around 30 plants was covered by the
government budget every year, and
JICA only provided technical
cooperation by dispatching
Nakamoto and volunteers. EPS
technology has been transmitted
from Japan to Fiji as a technology
that can be done by themselves.




This seminar was held at
the end of 4 years EPS
JICA contribution
(Nov.2014 to Dec.2018)
in Fiji by Nakamoto.

https://www
£ .youtube.co
* m/watch?v=
vji0ay-7GAS8

EPS Fiji Wksp 2019 for safe water/ 7:08

People loved the latest advanced
technology. However, there is
suitable technology for each
country. That can be maintained
and managed by local people.
That is EPS.

EPS Seminar/ Wksp at USP, Suva, Fiji March 2019/ 4:32
https://www.youtube.com/watch?v=fEI5ghBzfMw&t=23s

EPS

Public Seminar/
Workshop

“ An approach to
securing the safe water

Reviewing Fiji’'s successful EPS imPIementation at Rural Area
and future perspective of implemeutation in PICs

12 & 13 March 2019

@ JaPaIrPaciﬁc ICT Centre, USP Laucala CamPus

Main Presenter - Dr Nobutada NAKAMOTO* 8

JICA Expert, EPS advisor for Rural Water Supply
Professor Emeritus of Shinshu University, Japan

~
ive lecture from JICA HQ, Tokyo Japan :

Day 2 09:00~18:30 Workshop & Study Tour (inc. unch)™*

& & Pl 2
Workshop - Demonstration of EPS Construction
By Mr Makoto YANO, Okinawa Blue Water, Japan 1

Study Tour - EPS Site Visit to NAKINI Village !
P~ 18:30~20:00 - Evening Reception (Cocktail Party) 8 N )
vh 4

.’ ** Pre-registration is required at Day 1 (close at 11:30) due to limited space.

j IcA For further details, please contact JICA Fiji Office by email: jicafj-recept@jica.go.jp
252,

or telephone: +679 330 2522

o

ECOLOGICAL PURIFICATION SYSTEM

&%
‘.K‘.
L |
s
=
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Fijian Minister for Infrastructure opens the
Ecological Purification System Project at USP
(The University of South Pacific)

https://www.youtube.com/
watch?v=iBcjbocOleQ&t=2s
11 min 21 sec

Fiji Government

The implementation of community based Ecological Purification System was made possible through
the funding of government.

The Fijian Minister for Infrastructure, Transport, Disaster Management and Meteorological Services
Hon. Jone Usamate, in saying this, officiated as Chief Guest at the opening of the Ecological
Purification System (EPS) Workshop which was held at The University of the South Pacific.

The EPS is a chemical-free and energy-free water purification technology which was initiated by
Dr. Nobutada Nakamoto, Professor Emeritus of Shinshu University in Japan.

Also present at the opening event was special guest was Deputy Vice Chancellor of USP Mr. Derrick
Armstrong.

The workshop is a two-day event hosted by JICA from 12-13 March, 2019 at The University of the

South Pacific ICT Centre in Suva, Fiji. 133
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EPS

Public Seminar/
Workshop

Day 1 09:30~17:00 Public Seminar (inc. refreshments & lunch;
Main Presenter - Dr N butada NAKAMOT
P

Day 2 09:00~18:30 Workshop & Study Tour (inc. lunch)**

Workshop - Demonstration of EPS Construction
By Mr Makoto YANO, Okinawa Blue Water, Japan

Study Tour - EPS Site Visit to NAKINI Village
18:30~20:00 - Evening Receptiol

egistration is required at Day 1 (close at 11:30) due to limit

tact JICA Fiji Office by email: jicafj-

/' <N
4
T =

Fulan»fpople made EPS plf\n s|by théinselves.




EPS Public Seminar/Workshop 11:30-12:30 Principle of EPS, Q&A E PS
Ecological Purification System
for Safe Drinking Water

- Application of Natural Process -

NAKAMOTO NObUtada’ Dr SCInece Ecological Purification System
Prof. Emeritus of Shinshu University |  for safe brinking water

- Application of Natural Process -

. . ) e Ecological Purification Syst

Eco-friendly technique to make artificial "o SateDrking ter
{ f

. NAKAMOTO Nobutada, Dr. Science - Application of Natural Process -
spring water S e ot Ui b
e

ake safe drinking

m
EPStO oal our technology-

waterisf

Remember Three Steps
1. Knowing is NOT enough, we must APPLY it to something useful.
2. Willingness is NOT enough, we must PUT it into the PLAN and ACTION.

3. Putting the PLAN into action is NOT enough, we must ACCOMPLISH the goals.

7min 08 sec

CONSTITUTION
(0) 3
THE REPUBLIC OF FIJI

This Constitution issued
on 7 September 2013.

36: Right to adequate
food and water

the right of every person to have adequate
food of acceptable quality and to clean and
safe water in adequate Quantities.
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From 2006,
JICA training
in Okinawa
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2011.8.

Super clean
delicious water

SSF was recognized as
Ecological Purification
System in Ueda, Japan.

JICA training began in
Okinawa, from 2006.

Fijian people
made a big effort
for the people.

EPS spread to Pacific
countries.
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JICA short term Expert JICA Volunteer JICA Volunteer

This ISl SNl o/0/eCL. o N e SoREn " S

Fijian pedple made EPS by themselves. | 5 times: @ @

I/l Each about
g one month

S

] &“,’ Ul N 2 N \ , PN The contribution of
oo X e . s ¥ s AL 7 i ~,
| ; | - - Y | / r—n NN AR | short-term expert by
: ‘ ;| o9 P N Mo ) g .| Nakamoto was from
Oct. 2014 to Nov. 2018.

This Fijian EPS project
for rural people still
continues until now by
Fijian government in
2024.

‘_j | This is a real technical

~ W transfer from JICA training.

EPS is Our Smart Treatment System. Fijin people realized
and certified. We can have safe and delicious water.
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Ecological Purification System
for Safe Drinking Water

- Application of Natural Process -

Eco-friendly technique to make artificial spring water

NAKAMOTO Nobutada, Dr. Science

Prof. Emeritus of Shinshu University, Japan

Roughing Filter ::
(Gravel f‘fﬁer)A ¢\ (Sand Fiter

~ This is our technology.

pe T i ; |
Microscopic organism is the key

WM s e

oy -

Biological activity was evaluated by the diurnal change of dissolved oxygen.

Ecological Purification System NAKAMOTO 2018

Toward Zero Waste
World by Chemical-free
System

Smart Treatment
System to make
artificial spring
water by Eco-
friendly technique.

https://eps.watervision.jp/wp-content/uploads/2025/04/EPStext-NC-2019.pdf 12140



- Underground water contains iron
| Cooperate(_:l with Yamaha and manganese in Jakarta plain.
Motor's social contribution Well water was clear. But the brown
. egn colloidal particle was formed soon.
activities by EPS tech nology. They could make clear water using
, _ cascade aeration system without
There was a factory in Jakarta, Indonesia any chemical reagent.

that manufactured engines for outboard
motors, boats, motorcycles, and other
automobiles.

Since it was related to water, they also

manufactured water purifiers.
- O, o a aerated water

raw water H
W o Cascade aeration

| advised we can make safe water
by ecological purification system of
wise use of natural phenomena.

Heber 1985

Roughing
Filter
(Coase Filter)

YAMAHA motor company in Indonesia _ "’5‘&\“‘\;5\
made a purifier for clean and safe water T i
in 1991.

Final water of cascade
- aeration steps.

== Mr. Yagi came to Shinshu
Univ. He asked how to

i make safe drinkable s
water without chemical : - PO S o
from unsuitable source of Iron and manganese are OX|d|zed and form
| water. nearly insoluble hydroxide sludge. They can
be removed in a settling tank (a coarse filter).




SUN LIGHT \ \
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GRO\ \
Oxygen
5\ AI.G Produc; NEW CELLS NEW CELLS
pS
°
o

Minerals 0, FBG IDaeY: E;

3
0ox; yge
ccccccc
BACTERIA

Lyl -1— ORGANICS
TEMPERATURE

J# Small animals collect silt
" and colloid particles in
i dirty water by the food

NEW CELLS

|\'“'°

. | N
A
' -a I\ o

| v

16.6 liter/min
1,000 liter/h

24 m3/day
Free tap is very

risky. It makes
he tank.

Active growth of algae and grazing animals grow well in the channel. | Public Ta
Active photosynthesis keeps aerobic condition. m System P
Slow

L1
S ‘ L-.--,. ~——{ sand
.-‘:;. ‘o » . ~
L:f: B~ Lo

filter
Sedimentation Animals grazed particulate matter
tank (living and non-living).

Periodical small drain to eliminate precipitate
material and unhealthy organisms.

This is new idea of ecological pretreatment system
without chemical to reduce silt and colloidal particle
for sand filter instead of URF.




j 7ap keeper Tap control is key. Lady

/8 collects money collects the money for the
of filling the amount of water. W
bottle for the Free water is not good. It . -
maintenance IS necessary to collect ol

[

v

money for the

|l c
AP )
I = e
“\ ,d,“
I LB <
i X | :
4 yo)

2 M - {!, j costof the plant. maintenance of the plant. o=t e
‘ : : S ]

Two bottles of 20 liters per 1 family. The good quality of

This water is used for drinking and cooking only. This water Yamaha clean water

is not used for bathing and washing hands. was also transmitted to
neighboring villages.
Diarrhea and eye sickness are disappeared. —Health village \Safe Dlellvetry rtsedmce has
—sanitary sense and its level are distributed among the villagers. l;nge\‘ also started.

—This acts to protect naturally against sickness. Acceptable Risk

1. Safe drinking water system which can maintain by local villagers
as a Social Contribution of Yamaha Motor Company. This pilot plant

2. Pilot test plant with several public taps was donated from Yamaha developed {o new

; - Yamaha Clean
Company to Kagawong village near Jakarta, Indonesia. Water Indonesia to

3. Villagers discussed how to maintain this plant by villagers. Asia and Africa.

System in 2010 and
distribute from
Indonesia, Vietnam,
5. Water committee started a delivery service to other villages. Cambodia, Laos,
Myanmar, Sri Lanka
Senegal, efc.

4. Villagers decided to collect money from the users in order to
stock for maintenance.

6. Water committee maintains more than 15 years without
any trouble.
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Wise use of natural
phenomena for
small organisms.

Cascade aeration

raw water

S

aerated water




High concentration of iron and manganese
in a tube-well water was treated by a
cascade aeration with an ecological
purifi’cation system.

Final treatment of
slow sand filter.

Mr. Jun Kinoshita

Shower aerator

R

Cascade aerator and
Oxidized by photosynthetic organisms

Filtered water
- reservoir

§ _I% Slow sand filters
U




Use of natural slope, drinking water could be made by EPS, Bolivia, 2008  Volunteer JICA' repor,

Horie, T. 2009

Pump for groundwater and source water tank 3 gravel filters Use of natural slope, pour in sand filter

'2__‘#
|

ﬁf l:nh manual

Primero tanque

- B ’

Filtracién de grava

. ¥ ‘ s
Corriente de agua =

£ - . After
Filtracion %  Tanque sand
de arena o filter

« Filtracion
u de grava

Filtered water tank

- P‘rlmeu;
tanque

After 4 days, filtered water became clear. After one month, the water
became drinkable water, in which coli-form bacteria form was not detected. 146
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ApamNapat Art Project (Mr. Sohei lwata
managed near Korcata in 2008).




Mr. Jin Shengzhe,
translator of
Chinese version,
made several
water plants in
China in 2008
after the Sichuan
great earthquake,
May 12. 2008.

2008 10 1[4,

10:05:34aM
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EPS(Sand Filter)
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Il Filtrate

A tank
! Settling tank




China: Mr. Huo Daishan Z {~Hft and his sons built EPS to made
safe drinking water. (helped by Mr. J|n Shengzhe ﬁﬁi*ﬁ)

2016

6 t/d, 500 persons.

Storage

"'\EPS for a school and’ ¥

illagers was built in 204488,
N - ‘

70-80 t/d, 4,600 villagers (246 students)ti |
16 liter/person/d

12 liter/person/d Filter(2 m x 4 m) x 2 set of filters (URF+EPS) | LB '

Supply to owner’s
kitchen.

3 o S

Public tap system

for villagers

Mr. Huo and his sons made 40

4 plants of EPS by themselves.
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NHK World Living beyond boundaries Dec. 13. 2014.

NGO Huai River. Guardians
Mr. Huo Daishan Exposes lies through photos

s 4
My*friend died|of!cancericaused
by water pollution. S

M

’
. We-launched a website!right away
and started to send'out information.

No probiem, l'.l’cy\‘t €0 dedotr than

5 centimeters inithesand layer




Since 2002, | have cooperated with the AS|an Arsenlc Network (AAN, NGO)

activity in Bangladesh. 3 a,.. sw-p| Wells contaminated with
Surface water is polluted. The people | i arsenic were painted red.
use underground water. However, this ' §
water was contaminated Arsenic. AAN
checked the Arsenate contamination. §

AAN made Slow Sand
Filtration system for safe water.
| advised better SSF system
using biological activity to AAN.

Then, | was asked to
consider a mechanism that
can decompose pesticides
without using chemicals.

agD

Repeated growth of algae and decomposition by
grazing animals, and real decomposition of
pesticides and herbicides under anerobic
condition in fecal pellets.
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1 Treated
Wi ||| water tank

T f_ﬁ l H l ~—l|Raw water =2
H i — Filters [ tank. Repeated URF process of algal growth and
' ! : Office & decomposition by animals in 4 times. DO in water is
| [ — S - | e nPu necessary for animal activity in this system.
| ] el .
13 L4l Treatod water = Mr. Kawahara said to me
. “This is not SSF”. Then |
22 E proposed “ This is
£ P Ecological Purification
2% e , System” in Bangladesh in
LY T AAN made new co.nst.ructlon 2004.
g with UNICEF funding in 2019.
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In mountainous country like Nepal, many B S
houses are scattered on the slope. The BN ) 0 10m e e
use natural sprin onmgdslope. | visite i e NSRRI o, S T

Nlamal Pid O nlaian

VAt e

Vo ot
B s, r\' »
"
/
\’
|
W -
-

—~— - . ,./’

9 AP e 5 R
These waters by natural purified process

are always clear and safeto se: v, . ", ool Tte
. - Pt e e R W9 = 153
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Nepal is a mountainous country with a lot of precipitation. They also used
rainwater. Spring water is abundant, and it is drawn through pipes and used ¢
carefully. Because of the large difference in elevation, it is difficult to adjust the
water pressure with large diameter water pipes. In a mountainous country like
Nepal, it seems that using spring water is a good way.

A . \ \ e
| gave a talk on water purification to students at this university. | found a Three points worth to remember
rful slogan in Professor Shiba Kumar Rai's room.

1. Knowing is NOT enough, we must
Professor & Research APPLY it to something useful
| Director at Nepal Medical (7 Geothe)
| | "B College 2. Willingness is NOT enough, we must
& 3 i ' PUT it into the PLAN and ACTION

P

Prof. Dr. Shiba Kumar Rai (von Geothe)

CoTH R 3. Putting the PLAN into action is NOT

; FRQ‘ . enough, we must ACCOMPLISH the
rof. Dr. Shiba Kuinar Rai goals (Nakamura)
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Porous pipes were placed
b o R under the gravel bed in a

UdO, Japan: ge. i oo 7] B river. Almost suspended

" ' s > . ="~ 1 free water is taken for a

slow sand filter plant. This

is an intake of an artificial

subsurface water.

Water source for Akan water work:

l

Fe s v i vy
€« 31 e 000

2

In case of
mountain

area, we can :
find a good Wise use of natural
quality of purified water is the best.

spring water.
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Ecological Purification System (EPS) : This is Wise Use of Natural Phenomena.
This is Chemical Free System to make Artificial Delicious Spring Water.
This is a Smart and Eco-friendly technique.

e -, Do d

I ‘ . % -
Surface water of river / Reservoir, lake ¢ oo\ foco water ) -
Il 1 of the flood plain _ _-=~ _,——”— -
Underground water ¥ R water || Pt __—==""" __~""" Clear spring water
1 : ‘ ”f —’—— -
1 —* " “ « ’I””
.- o] Up-flovy _ ",* ]
“_'"1"" -—'—15| Roughing Filter Up-flow \. N
Settlin L S Roughing Filter Slow "' - -
ettling SR 5
tank St | sandfitter (]
S &‘ Storage tank We can make EPS
S R A ) purification device
Underground water
Drain ourselves.
Sink ded ' i
suspended | .
Sgl/g \\‘ Drain : = f‘
raw water Aeration Trap and reduce fine matter | =---- +{ Complete \ T T H*_tﬂ

N e

ILL{ purification \\ Storegermfree |\ Y Y & T
L : . [ safe and '~
. Key is presence of dissolved oxygen. delicious filirate. | 4 Supply to houses.
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Ecological Purification System Model for Safe Drinking Water

\ ”~ \_‘.
= o i = :
k| ! 3 -
\'! \
. (}@* < W —}
§§ tank ==
(D .-'17',_- — = g Lade- PV — -
BEBG- tpfow
W = e - Roughi - A
N o # Filter ' 0 ———
A R e == p-tlow
B— ee b L& ‘.‘.'mt?hm Sand |
' Rain water bt — a4 . ‘ ilter Filtrate
harvested by = L e tank
Mr. Yano. ' ——
He want to ES)L T Receiving tank. | 1 Settling T
use chlorine ek R |
z | tank
free clean ‘ ’ -\Natgr pump o o
s for circulation. Circulation mode:ly" g_
1 Nutrient poor clear i g
I water was used as raw |
I water for this training. ] Tank -

JICA training in Okinawa, on Jan. 16. 2024.

!

&

https://www.youtub
e.com/watch?v=Ye
-POV6qBUO&t=39s

Daniel Castro
2017/07/20 (40

Filtrate
tank

JICA Hiroshima

training, in July. 2017.
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Up-flow Roughing
“Tanks

Filtrate
tank

Slow sand filter
Sedimentation

tank

[ Circulate system model of Ecological Purification
;

| System for safe drinking water.

.\'(

\ 4
Up-flow Roughl’;iﬁer (URF) Tanks §
: =

A\ J

B l‘(ﬂ( Mo q,‘

A
Up-flow Roughing
Filter (URF) Tanks

\4
v B
»
s
—a 4 A

Sedimentation
tank (Raw water)

P

Bottom drainage pipe
of the slow sand ﬁlt_er

Pump for
cnrculatlon

Inside of .

§ Filtrate tank_

Washing the %, &
sand Py

W

Ned
Filtrate

tank

= T h/"" e

Slow sand filter

-.f"‘"“

T

Mr. Mhd Zairi, trainee of
JICA Okinawa returned
back to Malaysia after
JICA EPS training in
Okinawa from January
to February 2024.

He applied EPS
knowledge at his
A brother in law’s house in
~ April, 2024.

:??
Fnltra!e,,' On April 6, he washed
Sle the sand.

And EPS model was
completed on April 11
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April 11. 2024.

Finally, his first EPS bucket model launching
with production purification rate of 7.2m/d.
He mentioned the volume of storage
(filtrate) tank was 56 liters.

He mailed that hoping after few weeks, and
the algae start growing, the quality and
production rate may improve.




On April 11. 2024. Nakamoto:
Thank you for your effort to make
EPS model. | suggest that it is better
to remove some gravel in URF. We

can confirm the condition of URF
which produce clear spring water.
However, please cover the overflow
pipe with gravel.

Mr. Mhd Zairi :

Yes, | agree with you, round tank is
the best shape as the water tend to
force the square wall to become
round. | just found it when | see the
URF tank maintain the shape. It's a
Please remove this red part of gravel to watch lesson learn to me on how to design
o Tl the tank. | take note your advise, sir.

Covet the over flow
with gravel.

We can easily confirm the
clear water which is out.

https://www.youtube.com/wat
ch?v=Ye-POV6qBU0&t=39s

8

{ Please watch this video

|
i how to set sand and gravel
! in URF and Sand Filter.

Daniel Castro
2017/07/20 (C 2 F4
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On April 11, 2024, Nakamoto advised:
Well water (underground water: tubewell water)
often contains iron and manganese.

Since there is sufficient dissolved oxygen in URF,
these metal ions are removed by oxidation and
precipitation.

raw water

aerated water

Precipitated iron and manganese accumulate on the
gravel surface and at the bottom of URF.

If the size of the URF gravel is too small, it will be
difficult to remove the material that has hardly
accumulated on the gravel surface over a long period
of time even with mud removal operations at the
bottom.

Therefore, in the case of well water, it is better to use
large URF gravel of about 1 to 3 cm. It could be bigger.

©)-161



[l Nakamoto April 11. 2024:
= Wl Round tank is better for the model. Round tank is gentle for small
| organisms. If the sand filter tank is square, when sand or water enters
the tank, the tank will try to become round and expand.
The actual facility is made of concrete, which is good.

J Nakamoto April 12. 2024:

| suggest you that please put L cap and cover with mesh to keep
out dust and animal contamination to filtrate water.
We call the flow rate is in the supernatant water over the sand layer.
The real flow rate in the sand layer becomes about double.

Nakamoto April 12. 2024

Keep out dust
— The filtration speed of the sand filter tank is 7.2m/day (water
— ] | -2 layer above the sand), or 30cm per hour. In the sand layer, water
BT DA e A i passes through the gaps between the sand. The space per

...l.,.l:..,.?zm.’.ff.{.ffﬂcm.’.ffff.?,[?,..,.., _-l S— volume is about half. The speed will be approximately doubled.

Therefore, the flow rate of water in the sand layer is 60 cm per
hour. Slow filtration is said to take time. However, when we
calculated the actual flow velocity ourselves, we found that it was
faster than we imagined.

AStrivor s @_1 62




Mr. Mhd Zairi : Sept. 15. 2024: Just come back to home town in
Algae growth S 8 Kelantan after 5 months installing the EPS.
¢ : Thank you for the knowledge you share and benefits the people
in rural area to enjoy crystals clear, clean and delicious water.

| feel proud & thank full for the knowledge | gain from JICA
Program.

In addition, | want to share to all of you, up-flow filtration method
is super value for money, maintenance & stress free as to
compare to normal downflow filtration.

Non stop producing
crystal clear spring water

SRR

7
3

he Sept. 15. 2024 e o

Algae rowt S
URF 1st backwash after 5 months Back

ashing up-fl



June 9, 2025: | asked to Mhd Zairi that this
was under construction photo or not?

Mhd Zairi: Yes, this picture is before | connect
the filtrate pipe to kitchen tap behind the
wall. While the black storage tank after sand
filter only store about 180liters and balance
storage at the ceiling inside the house.

pump -—“‘"" d \Na eJI
Uﬂde&’for ﬁ\\\“g

Done upgradlng retlculatlon system from 56 liters &

storage to 454 liters for my village house.

Thank you for the support | have received all this

time and | can describe EPS as "Old Is Gold".

Mhd Zairi : Sept. 21. 2024 |
Floating valve help me to
maintain the water level
that self filling water
(underground water) into
the sedimentation tank.

Filtrate pipe
to new pump.




s —————ggll On Jan. 25.2025. Mr. Mhd Zairi :
B < | take this Chinese New Year holidays to review my EPS filtration
== after 8 months commissioned. The result still produce the same,
fresh, cool and refreshing water.

This is Super clean delicious water.

"LJ On June 6. 2025. Mr. Mhd Zairi :
= Comparison between 1st URF and 2nd URF. It shows
" 1st URF works well in filtration for underground water.

~| Nakamoto:

¥ You mentioned that water source is underground water. The 1st
drain is brown. This means oxidized iron and another metal ions.
The 2nd is clear. This means that only one URF is very effective
to remove dissolved metal ions in the underground water. | would
like to set 2 URFs for safe system. | will introduce next this result
for next JICA training. Thank you for this information.

h Mr. Mhd Zairi :
3 4 Yes, 1st URF is enough but for safety purpose 2nd URF is a must.
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Don’t afraid Failures. G i Ecological Purification
Recommending the Study of Failures -"— ' 458 .
People always make mistakes. g

We think we are lucky if we fail.
The experience

of failure gives
rise to a true Knowledge @

Trust Our

: /
understanding Knowledge and Ecological Purification System Sense !
of technology. Base of experlence that from Japan to the world
acceptance permeates the body |
Experlence Generallze uﬁlé% rsscifgéllfrl]c EltgpestrerSQIEesKeuanr](?t: Ral 0
z 0
feellng xperlence Director at Nepal Medical |
College
Three Points worth to Remember
I
ﬁ .i-_r_- 1. Knowing is NOT enough, we must
APPLY it to something useful.

@— 2. Willingness is NOT enough, we must
{ PUT it into the PLAN and ACTION.
“3 ‘ 3. Putting the PLAN into action is NOT
Learning from the mistakes. Responding to unexpected events. enough, we must ACCOMPLISH the

goals.
from Yotaro HATAMURA 2002
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(9 EPS: Trust Our Sense. o

Remember Three Steps

1. Knowing is NOT enough, we must APPLY
it to something useful.

2. Willingness is NOT enough, we must PUT
it into the PLAN and ACTION.

3. Putting the PLAN into action is NOT enough,
we must ACCOMPLISH the goals.

ical Purification S
from )an to t

We need
simple low
technology.

Present for you!

This is new
technology.
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Confirm by
yourself.
Don’t believe
commercial.

Trust your true
sense.

|, applied biologist,
began the role of
algae in slow sand
filter pond.

| noticed SSF has
been misunderstood
by the name.

This is Ecological
purification system.

This system is wise
application of
natural system to
make an artificial
spring water.

1964
Suwagata

Slow Sand Filter

\ Ecological

Purification
System

Rapid Sand Filter

N

?Coagulant

Chemical Physical
Treatment

Rapid Filtrate
Sand CI Tank

Sedimentation Filter

o
A7

" Natural fow - ol 1923
aTas ;
bg&b% ‘ V. g Someya
| q “ WPT Actki)vated
Settli il = carbon
StHing pon 56,000m3/day
capacity

Main Process

Pretreatment
(coagulation/ mixing/
settling) 7 0

Main Process
Slow Sand Filter

Ecological Purification
System

Natural
Filter
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Nagano
prefecture

~

«i= . Ueda city-

~

B

\

Suwagata WTP

¥

Someya WTP




. Collect natural
~we spring water for
~aee= nyblic water

S SUPDIY

& * Non-treated
A £ %8 delicious water

Cares

There are many
plants of non-treated
supply systems in
rural area in Japan.




Surface water of River Ohta
Settling + Sedimentation

Toita Intake
+Settling

¥
F
2017/ 7/19.18:01

2 kY

4 A T T
In July, 2017, at that time, Fuchu WTP was working.

Present view by
Google map in




Microscopic
organisms actively
work on the sand
layer and purify
the water.




When we can understand EPS, we can make the plant for our li

12. UR for
turbidity reduction

PR §

- 'Q»‘ .."ﬁ,&

Gentle: chemical free

EPS is Eco-Friendly
Smart Technology.
13.Temp. Radiation




Ecological Purification System (EPS) : This is Wise Use of Natural Phenomena.
This is Chemical Free System to make Artificial Delicious Spring Water.
This is a Smart and Eco-friendly technique.

1 N
,' Reservoir, lake Subsurface wa _ - g~ b
Underground water K \ of the flood plain _-=~ ,-——:’,; Clear spring water
f” ——’—— -
¥ Raw water \ Pt ="
1 " « ’¢’
¥ =— v ) -
i Up-flow e
N (M~F—T=== Roughing Filter U ow % = i
o , SRR | Roughing Filter b — & é :
Settling 5] P e et 2 Slow 4
tank s | Sand filter (]
=1 IR % storagetank | VW& can make EPS
o T A ) purification device
¥ orai ' - ourselves.
Sink suspended solid B
N Drain e L)
Trap and reduce fine matter | =---- + Complete 8 o T H‘_‘Lﬂ ﬁ"
purification | 3, & Tap
\| Store germ free | ¥ W
(N . . fe and M
O safe a .
@Q@QOO Key is Gentle for small organismes. delicious filtrate. |~ Supply to houses.
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- 1 Major turbid matt
The name of Slow Sand Filter caused 500 9 in Mountain stream
- - | I is easily set within
a mlqunlerstand of real mechanism. ﬁgg % several hours.
They believed mechanical 50 - £
- =[St reduction by slow 1 |
. ' <5 The filter rate was | filtration with fine sand in |5 20
E 2-3 m/d (10cm/h). 200 years ago. They called c 10 3
38cm Waterdepth | Slow Sand Filter. 5 A Coagulant+Chlorine  SS passes by 0
61cm sand layer - > 1 Rapid Sand Filter backwash. =~ &
61 cm gravel layer = 9 "'| 2 degrees | ' ®
Clogbyss  Refocus to SSF of S 4, J: [Jap-standard
I chemical free system. _e 05 i° Crypto
T 7 ; i . : 1 r =
g o 1 F- oﬁtbrea& S3
= 02 1V o=
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Rapid mixing #B @ e 0005 = ©
> b T e } X —
. | i " 0002 | £
This is American Commercial Filter. 0001 - Z
& / N | proposed Ecological ' 3
\ 47 I:> RSF spread Purification System 0.0005 ; grl#j) edre(I:llgng
s s to the world. instead of Slow Sand 0.0002 1 DT A M rea—ra
"W A Back washing Filter in Japan. 0.0001 { Artificial Natural spring water ¢ 755175




EPS from Japan to the World

Wise Use of Natural Phenomena for Human Life.
Safe and Delicious Water by EPS, Our Technology.

e PR

Sieve filtration | L2rge particle Slow Sand Filter gl T ——
= ioisize é .| | Purification mechanism of SSF
Like a paper

sl
with holes .

Trust Our Sense !
Super clean delicious water

= Ecological Purification System

Natural fiow

NGO Food chain
GO

organisms

Remember Three Steps

1. Knowing is NOT enough, we must APPLY
it to something useful.

-~ 2. Willingness is NOT enough, we must PUT

it into the PLAN and ACTION.

3. Putting the PLAN into action is NOT enough,

we must ACCOMPLISH the goals. 176
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