Ecological Purification System (EPS)

Slow Sand Filtration (SSF) to make Safe Purification mechanism of SSF was

. : misunderstood by the name.
Drinking Water was developed in London, UK. | proposed new name of EPS instead

”'_r__:;"T_EEBI_o_g_lc_aﬂ_ﬂ" of SSF in 2004 (20 years ago).
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Chemical Free

Eco-friendly Ecological Purification System (EPS)

0. Introduction: Phytoplankton, Reservoir study, Meet Slow Sand Filter,

Importance of Ecological point.  JICA training" e -1
*E#@japgbys ﬁ?] 5‘mﬁﬁ%s ﬁgaﬂs E%%@*ﬁnﬁs JICAEﬁ{%/\ : ’ AL ;
1. Water cycle, Safe water, Acceptablerisk. 20-31 5. FErom JICA training\in Miyako-jima, Okinawa to Samoa
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2. Key of purification in nature is food chain. 6. Safe water for rural people by EPS in Fiji -
Re¥ocug to Slow Sand Filter. 32-57 24— DR EVFLIATHITIEKA 125-147
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: : : 7. Aerobic condition is essential for EPS.
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It all started with the biology club in my high school.

| was supplied with there was a world of protozoa
e that could only be seen using a microscope.

- - N =3 -
- . ) /._, ' '

| presented the
microbial world of
= protozoa to our
¥ school mates at
. our high school
festival in 1960

(64 years ago).
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| entered Tokyo
Metropolitan :
University to study @
biological science.

m&I .0
i | studied
'gvsmma% ; gjﬁ | phytoplankton
gt W I%‘-n | ecology in

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

| found that Plankton in all regions in the ocean was same species
and under hungry condition. 2
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N also studled plankton in reservoirs &
in Japan and in Brazil.




From 1975,

| worked as a
teaching staff
of Shinshu
University at

Ueda Campus.

» e 2
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- and Dam -

k
1964 Algal bloom
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. @ Odor problem
in tap water
55
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Sugadaira High Land
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Dam was
constructed in 1964.

AT

R Heavy Algal bloom in
3 a slow sand filter pond

Delicious tap water

ood Algae in filter pond but Bad Algae in the reservoir.

mm) | started to study Role of algae in a slow sand filter pond in 1984.
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Principle of Purification mechanism to
make artificial safe drinking water had

been misunderstood as mechanical filter

by the name of Slow Sand Filter.

Slow sand filter was constructed
in 1923 (100years ago) in Ueda
city, Nagano Prefecture.

IS THE WATER
SAFE TO DRINK?
Harris Report 1974

3
~
}ﬁz’

-~ Stop alg|C|de

i Safe and

£  delicious tap
- water by

- Ecological

~ Purification

Cancer rk by
chlorine addition

When Sugadaira Reservoir was
constructed in 1968, odor problem
_ -~ was happened in tap water.

—Rename to
Ecological Purification System

Image of Slow Sand Filter

. Slow
ol filtration
by fine
e -1 sand
Mechanlcal Filtration

They believed that
algal bloom
produced odor
substance in filtrate
of slow sand filter.

O

Algae are
Bad.

This is due
to chemical
treatment.

* Purification

t id
" sustamasLe
DEVELOPMENT

G<:ALS

https://www.youtube.com/
watch?v=b7wPQIKVIMY 8



. Slow Sand Filter is Wise Use of Natural Purification
System to make artificial spring water. =

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

@Wass 177 |55 | noticed that Slow Sand Filter
4 2 =) has been misunderstood by

Slow Sand Filtration the name in the world.

| proposed Ecological Purification System (EPS)

in 2004 instead of the name of Slow Sand Filter.

| was a professor of applied biology of
Shinshu University.

The filtrate |, applied biologist, taught the students that
Idse(|:ilceigﬂsandwv . |purification in nature and its application is

called slow sand filtration.

However, | pointed out that the name of SSF
gave rise to a misunderstanding of how
purification works.

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

water.




| Modern Water Supply system was developed in Towns.

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

He (31 years old) was invited in May 1887 by the Meiji government
== L0 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 In April 1894 (Meiji 27),

of Waterworks” in 1894 | Hiroshima City asked
in London Burton for guidance and

advice to design a water
| supply system. gy
WATER SUPPLY OF TOWNS He visited Hiroshima from September 16 to
o 18, 1894 (Meiji 27). He submitted a plan to
CONSTRUCTION OF WATERWORKS Hiroshima City in December of the same year.
B o e el He submitted a plan to Hiroshima City in
S G December of the same year (1894).
Ushita Plant was completed in 25. Aug. 1889
(Meiji 31). -

A PAPER o~ rng EFFECTS or EARTHQUAKES ox WATERWORKS

By Proressox JOHN MILNE, F.R.S.

With numerous other Jllustrations
)

https://wellcomeco
CROSBY LOCKWOOD AND SON llection.org/works/
n ) S’ HALI-]S(;‘O‘URT. LUDGATE HILL da2p35kj/items

23 services expanded with the
588 development of cities.
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EPS-Use of Natural Process-Chemical Free : Gentle for small organisms

Slow means gentle for small organlsms

v Reservoir

Surface stream water
\

\

\ \ Up-flow f
\ Raw water \ Roughing Filter ESco%sgll'lcg lcaeh(yr
== % (GravelFilter) \(Sand) Tank R
— \(natural down‘ﬂow) Storage Tank
EPS is simple - Over-flow to
technolo Y W= ([ keep gentle flow
gy. o [t for EPS system
We can =) :
construct and
manage EPS ﬁf
by ourselves. g
Fubiic 1aps
Borehole =
. - Sediment heavy # ) ) H—'_H
muddy matter 7 R T u U u a8
+ Complete “Store the germ , 'Project in Fiji provides
purification free safe & 6 litters/person/day
" .delicious water * |, For drink & cook

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

aerated water

11




JICA-Hiroshima, July, 2018
Microscopic organisms

e

2018/ 7/ 2 10:33 EPS mini model

2018. &

Up-flow
Raw water Roughing Filter Ecological Purification
(Gravel Filter)  (Sand) Tank
(natural down flow) Storage Tank

Over-flow to Aug ; 9

il keep gentle flow
Settling = for EPS system 2018.
Tank e

2018/ 8/ 9 6:55

| 11 Pacific Water and Waste water
e conference, Noumea, New Caledonia,
U U Y August, 2018 12




’ o i Ecological Purification System for Safe Drinking Water
Ecological Purification System Contents ,
1.  Smart technology 3
for Safe Drlnklng Water 2. Ecological point on slow sand filter ~ 4-7
3. Refocus to chemical free SSF 8-10
- Application of Natural Process - 4. Foodchain  11-12
5. Bubble formation 13-17
Eco-friendly technique to make artificial spring water 6. Algal succession 18-20
7. Biological active layer  21-22
NAKAMOTO Nobutada, Dr. Science 8. Filter resistance  23-27
Prof. Emeritus of Shinshu University, Japan 9. Flowrate 28-29 fﬂ;eof
10. Up-flow Roughing Filter ~ 30-33 larvae
11. Instant purification ~ 34-35 -
12. Dry and rewetting  36-37
13. Aeration 38
14. Capacity 39-40
_ 15. JICAtraining 41-46
SUN LIenT 16. Samoa  47-50
— x\[/ -GTm:f" \'-“_m 17. Fiji  51-62
M“":;{ T e 18. China  63-65
5y o 2 y < 7
BN > 4%%. j‘"’,ﬁ.‘ . o~ 19. Social contribution 66-72
S ¢ gaiomd e Htorotrophic. | 20. Acceptable risk  73-75
el ;-NEM&pER:?fmUp;? - ¢ : 21. From Japan to the world 76
E- 3 ' 22. Ecological sense  77-80 :
=F‘:I‘l = P gz;n:leya WTP, Uet;la
(G onet,| o ; ”ﬁﬁ st
e
August 1992 Filter
August 2018 5
http://www.cwsc.or.jp/files/pdf/ 11t Pacific Water and Waste water conference,
EPStext-NC-2019.pdf Noumea, New Caledonia, August, 2018
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= EPS

Public Seminar/
Workshop

“ An approach to

People loved the latest socuring the safs water -

advanced technology. e i
12 & 13 March 2019

@ Japan-Pacific ICT Centre, USP Laucala Campus

However, there Is

suitable technology for
each country. That can
be maintained and
managed by local
people.

Day 1 09:30~17:00 Public Semlnar( hments & lunch) ¢ : ]

Main Presenter Dr Nobutada NAKAMOTO b e
Expert, rRuraIW r Supply | %% ‘
f) apan 4
ICA HQ, Tokyo Japan a
Day 2 09:00~18:30 Workshop & Study Tour (nc iuncn)™ R SN v
Workshop - Demonstration of EPS Construction | 3%

By Mr Makoto Vi

Study Tour - EPS Site Visit to NAKINI Village |
18:30~20:00 - Evening Reception (Cocktail Party)

ECOLOGICAL PURIEICATION SYSTEM

[l
I I l at I S E I S ** Pre-registration is required at Day 1 (clos 11:30) due to limited space
. T lurlher del t JICA Fiji Office ail: jicafj-recept@jica.go.jp
or telepho 7 0 ? )7

14



Fijlan Minister for Infrastructure
opens the Ecological Purification
System Project at USP (The
University of South Pacific)

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. "



EPS Public Seminar/Workshop 11:30-12:30 Principle of EPS, Q&A

Ecological Purification System EPS 44 P coe PR 5~
for Safe Drinking Water & O W

- Application of Natural Process -

NAKAMOTO Nobutada, Dr. Scinece | c.yogical puriication system
Prof. Emeritus of Shinshu University | forsafe orinking ater

. . I - Application of Natural Process -
Eco-friendly technique to make artificial
spring water

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

oo =] https://www.yotu.com/watch?
v=vji0ay-7GA8&t=254s
L

&

https://www.youtube.com [=]:F
. /watch?v=fEI5ghBzfMw&t E=7
=62s 4min 32 sec

7min 08 sec

This Constitution issued

N on 7 September 2013.

SORSTLIOY 36: Right to adequate

iiognan ol | food and water

the right of every person to have adequate

food of acceptable quality and to clean and
Remember Three Steps safe water in adequate Quantities.

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. 6



International Contribution Award of the 215t Japan 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.

— P_. N
;‘773“.' gﬁalgicide T ;k

S -

Slow Sand Filter .g — Ecological Purification System F|g 2. Attention to the role of a|gae
Fig. 1. Delicious water by stopping the algicide and micro-animals
. Raw [
e e W ) TrGyes water g?]tlt(lmg o Stimes repeatof
o T2, S AR i;;%: L >, Up-flow Roughing Filter
N dC/?a/'n :j'"-:. .;. =
Leaked matter near . Lol SR e LR PO oy
the surface is adhered Heavy particles i e
on the sand surface are easily settled ) :
beneath the biological but light colloidal ~ Light colloidal particles are
& active layer. particles are not ~ adhered to the gravel surface @F
: pi— g‘ Settled. and small animals remove them. !
r . . .
¢ Fig. 4. Settling tank and URF :

Fig. 3. Algae and small animals for turbid reduction
are active at the top

http://www.cwsc.or.jp/files/pdf/Document_Int.Contribution
_Award_21stJapan_Water Awards(EN).pdf
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“SAPAN
VIDEO-

TOPICS

Clean drinking water is essential for life, but expensive
4 water filtration systems are out of reach for many
communities around the world. Japanese scientist

Clean Water Bli&’E#KE—  De I'eau propre Agua limpia
ENWIC for All para Todos BAHIEKEEA  pour toutle monde  para todos

https://www.youtube. &
com/watch?v=ki8Qyb =
21710 "




@  JAPANGOV e Govensmior jara https://www.japan.go.jp/kizuna/2023/07/utilizing

KI 7UNA .. o _microorganisms_to_purify water.html
Linking Japan and the Wor
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 purification 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?

e . . “In places 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

M= technologies and fostering

awareness.” ~




Chemical Free

Eco-friendly Ecological Purification System (EPS)

0. Introduction: Phytoplankton, Reservoir study, Meet Slow Sand Filter, {
Importance of Ecolo%cal p0|nt JICAtramlng" | e
WEMTSoob . BrKMEIZE., $EEA1B, £EZ 0D A, JICAHHEA e A,

Eoomguml Purifcation System &

1. Water cycle, Safe water, Acceptable risk. 20-31 5. From JICA training in Miyako-jima, Oklnawa to Samoa
KIBIR, RETK, JF«’&"C%%;UZO = E.%JICAE)HI’%\UU':ET’\ 109-124

2. Key of purification in nature is food chain. 6. Safe water for rural people by EPS in Fiji -
Refocus to Slow Sand Filter. - T4 — DR EW; 13/5111*375?‘\*’\ 125-147
ALSRDEEA R, EESBOBRE . 23

7. Aerobic condition is essential for EPS.
3. élﬁag ar:%g)r:g%li%;]%ow Sa~nd Filter. E%,%t,ﬂiﬁﬁf:b\ | 148-157
=AY 22 10
- / \
%%:éw}““"“ /-1/— ORGANICS
8. Confirm by yourself. Don’t believe commercial. _
4. Up-flow Roughing Filter to reduce SS  80-108 :‘__;"’I'_r_g§ttyour true sense.. § \—Cﬁﬁ‘&)*?o 158-172
BYNE T EREMSB. T7 L TR g
A 29 15

JICA traln/ng in leosh/ma in July, 2024. 20



Precipitation’, '\ %" %\ %

' Rainfall
Water vapor transport ér:) Re
/ R S - Sy % 2 S b
‘ ' g S /
|/ 7

Transpiration

!

Evaporation

e

r——

. "/ ‘;?"'A TV

Groundwater flow

We have been use natural safe water
which is natural spring water. This water
is purified in nature without any chemical.
We prefer this water than chlorinated tap
water. Commercial bottle water is just

filled with this water. g
st _
—_— EP_Sf_ IS a new
— ) purification system
s to make artificial
5 safe water. This is
N : S Wr|18e use of nathu_ral
CONTIIREEREEE Image of Slow Sand Filter Ps ﬁgf&%‘g'az 1S
Artificial clean subsurface as Ecological Purification slow sand filter.

water in a flood plain. System (EPS). 21



Familiar surface waters are not always safe. How to get safe water.

Rain water
collection

river

Surface water is easily contaminated by i/%% Multiple layer filter, Bio-Sand
pathogens and other dangerous worms. ____{ Filter and Ceramic candle filter
It is not always safe to drink directly. do not perform completely at
removing pathogens. These can
be reduced the risk.

Fish is one of the indicator.

oo Almost all
\I| pathogens may
n& be removed by
[l ceramic filter.
& The pore size is
Af smaller than 1.5
~ micron.

Heavy metals are easily dissolved in ! _
underground water. This water does  Boiling is the Al the contaminated

not contain enough amount of best way particulate matter can be
dissolved oxygen. against removed by a membrane
pathogens. filter. But it's running cost is
S0 big.

22



Sweet drop (honey dew)
Natural sweet and de|ICIOUS water |

Natural spring
water and rain
water are

usually sweet
and delicious.




Natural delicious
spring water contains
enough amount of
dissolved oxygen. It is
usually safe to drink.

Addition of oxygen:

Aeration is frequently used for treatment
of groundwater (reduction of unpleasant
~ tastes and odors, discoloration,

" precipitation of iron and manganese).

per- raw water
8 X T Cascade

aeration

- \
R

aerated water

? Aeration |
_Tfilter

7 e

Iron and manganese are oxidized and
form nearly insoluble hydroxide
sludge. They can be removed in a
settling tank (a coarse filter).

24



What level of water, we need?

We have to think about acceptable risk and treatment.

Which level of treatment, we need? IS this, safe
or not?




~ What level of water, we need?

We have to think
about acceptable
risk and treatment.

https://www.youtube.com/watch
Kava ceremony in village in Fiji. ?v=vQxpxhUVkM8

| could not say that bacteria free water Is safe.




We have to think ‘.__
about always e

acceptable risk. ....’.f.ﬁj.f

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.

= . [
IFecal Escherichia’ coli : an i "
sindicator of fecal contamination !

s
o= >
— of mammals. | /,/ﬂ% sl
Pathogenic [f======2r=========== PR
. -+ - “
bacteria Wash hand! LAA E

Reduce the risk.



Easy bacteria test paper of SUNCOLI paper General -~ Coliform
: 4.y  Bacteria

Bacteria

https://www.sibata.co.jp
/wpcms/wp-

content/themes/sibata/e
n/pdf/test_paper.pdf

(2) ®Use Pipets
cut
(0] th lyethyl
p(if:h ;r?:h);ie ?o;n:f Drop LmL of the sample water on Dip it into the sample water, pull it out and shake off the extra water.
’ . Put the sample test paper into the polyethylene pouch, cut the perforation line and
the test paper. P pap polyethylene pouch, P
::;: paper ant take it pap throw away the top. I ncu bate at 35'37 C .

Coli form bacteria: 15 hrs.
General bacteria: 24 hrs.

A LA e S 3.
»

@ @ Incubater @

(37T)

%

Test Paper W\ lights /,
’
Put It In a thermostat and incubate it at .

35-37°C. Count the number of spots(colonies).

o
Coli form Group ++15 hours Coli form group-bacteria

General Bacteria* * *24 hours
J »

Push the air out of the pouch. Then seal the
fastener.

-

General bacteria

Fluorescence emitted

MAGIC LIGHT PEN

=5 Rl ] wemms niiet when_exposed to
' o : _‘ - ultraviolet rays in case of
:-‘:, b — Coli form bacteria paper.
-
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https://www.youtube.com/watch?v : b New Movement in Fiji
=VIr2EOS1PMA&t=49s e New Plans for Cleaner Water
Total length 7:43 "
Bacteria Test by SUNCOLI test in Fiji
Watch 3:21-4:22

Fecal coliform
Luminescence
under UV light

Q“
~
-~
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There are so many bacteria.—Medical doctor touches with patients. Doctor is safe.
Logarithmic bacteria number in 1 mi

10,000,000 100,000 10,000 1,000 100 10 1 0.1 001 0.001 0.0001 0.00001
100,000,000 1,000,000

108 107 108 105 104 10% 102 107 10° 107102 103 104 107°
I I I I I I I I I I I I I I

B8 € g £ S om e Coli-form bacteria are abundant

28 igoil i 2@ g2 i EQ in soil and are not germ bacteria.

gg S80Il : =53 $ 3 © 58

< :.......‘ Og LLO .. (DU ()
Please compare the size and
number of Cryptosporidium

@ with bacteria in water. Risk?

- . : _ Sterilize by
Risk of = o - e LI chlorine
germ eion 8§ | RSF 25 3 I AR

. y O g Ss °3 . 85 o =Toxicityof 3
bacteria in ...’ | uchlorine? =
LS u
water. Seevesesees N :
Elimination by biological communit sz EPS @ Es £ oo
gg =z g I . E5
g% :(SSF) : 5k $5 " 88
_EI >
—
e - !
U N ——— We have to think L

.&% ﬁf 5’ 5‘ about acceptable risk. éﬂ% 2



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

Gahride Heber
Simp le Method for the
Treaiment of Drinking Water

https://www.nzdl.org/cgi-
bin/library.cgi?e=d-00000-00---off-
OhdI--00-0----0-10-0---0---0Odirect-10---
4--emmme 0-0l--11-en-50---20-about---00-
0-1-00-0-0-11-1-0utfZz-8-
10&cl=CL3.21&d=HASH175e57dd8f45
3120fc2d5d&gt=2

Turbidity, Average
Values (NTU)

E. Coli
(MPN/100 ml)

Processes and Combinations

Up to 10 10 | No treatment necessary
10 100 | Only disinfection
100 1,000 | Slow sand filtration
250 1,000 | Pretreatment + Slow sand filtration
+ i ion +
550 10,000 Pre'treatrjnent Slow sand filtration
Disinfection
Two pretreatment methods: e.g.
sedimentation + coarse filtration or
1,000 100,000 | coagulation/fluctuation + sedimentation
Subsequently: slow sand filtration +
disinfection
100 2,000 | Rapid filtration + disinfection
1,000 3,000 Pretreatment + rapid filtration +

disinfection

It is powlar in the world to eat with our bare
S.

hand

e have to remove the contaminated

small stones in food. This is a reasonable way.

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.
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Chemical Free

Eco-friendly Ecological Purification System (EPS)

0. Introduction: Phytoplankton, Reservoir study, Meet Slow Sand Filter,

Importance of Ecolo%cal p0|nt JICA trammg" e -1
Mi] WIS BRI, BESE. ERF DR, JICATHEN § =g
1. Water cycle Safe water, Acceptablerisk. 20-31 5. From JICA training in Miyako-jima, Oklnawa to Samoa
KIEHR. R2IK, HETEDURY 1 BEBICATHERSTES~ 109-124

2. Key of purification in nature is food chain. 6. Safe water for rural people by EPS in Fiji -
Refocus to Slow Sand Filter. - T4 — DR EW; 13/5111*375?‘\*’\ 125-147
ALSRDEEA R, EESBOBRE \ , . 23

7. Aerobic condition is essential for EPS.
3. élﬁag ar:%g)r:g%li%;]%ow Sa~nd Filter. E%,%t,ﬂiﬁﬁf:b\ | 148-157
=AY 22 10
- / \
%%:éw}““"“ /-1/— ORGANICS
8. Confirm by yourself. Don’t believe commercial. _
4. Up-flow Roughing Filter to reduce SS  80-108 :‘__;"’I'_r_g§ttyour true sense.. § \—Cﬁﬁ‘&)*?o 158-172
BYNE T EREMSB. T7 L TR g
A 29 15

JICA traln/ng in leosh/ma in July, 2024. 32



' The original water
' source was a

& water

t
from 1923.

'subsurface water
7 Subsurface -In a flood plain of
' the River Chikuma
|
|

Odor problem oo -
4 of tap water - Bad Algae
appeared, after | =l in the =
- the construction | reservoir.
» - of the

N —— e — ————

i ; ~ -
& o~ _
s B 7/,
;l b 3
{
@ ” —— 2101y
Vi 4

Themade a mistake the biological purification mechanism ~—==—==—————-
due to the name of Slow Sand Filter. 33




There is vertical downward current
in a filter pond. This is gentle
environment for small organisms

Filamentous algae grow
well on the sand surface.

where sand does not move. Microscopic and small
animals live on and among

the sand layer where food
comes.

Natural flow

it Food comes from the top.
.

Ll@' Microscopic organisms
Germ free safe OOV collect any germ cells.
collect any water to drink

turbid matters . ) ) )
near the P T Trap and collection time of particle by

surface where small organisms is very short. Passing
food comes. time of food in body is also very short.

Short time work  Long term action
R

" )
Animal %
collection, crush, grazing, fecal pellet

producer, carrying up particles

food chain psa o
. Mmicrobial activity,

anaerobic condition,
fermentation,
decomposition of
hardly decomposable
matter

There is no foo-d‘
in deep place.

in the fecal pellet

Food chain by small animals is the key for purification system.

DR N .- 5 i
Healthy and hungry condition of animals are important to collect any particles
under gentle condition. 34



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

nm nm zm Lm gZm  mm cm cm m m
210 1Q0 1 10 100" 7 1 10 1 10
3 / | 2
2 _(Eolloidal partic-:l.e oo L @ K e
v B . Cripto % N =
; Bacteria - <E}@
o VIrus ; =
B s Ciliate , =
o 3 e nematode nsect is
% § .’:"—ﬂ:" 5 @ larvae
8z "~ e OO
SR sand Food size and animal size
Passing time of food
ShO ti in bodygis also very
@? K ae Mme wo short. :
ST rk s Long term action
a o

Complete decomposition
(mineralization) in the
faecal pellet.

Anaerobic condition
inside of fecal pellet.

P & b 4 2 4 . ' R
L (8 b, s o~ N N
/7 N ¢ 2N N
2 s ¢ . : y
& @ | > ;

mportan to trap ény particles under gentle condition.
35
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Fecal pellet of
Chironomid larva

\Filamentous die _ n o
of Melosira Detail of Ecological Purification
w -~ System for safe drinking water / 6:23

vt

- ew AR Ay = ie PeOgy SES——
K "}“-l? “Eﬁw =L —— ]
i | I LA . =
; 1 1% : 25 T
\ f a ‘ | b j . e 4
- il ) e B

Slow sand filter is real
ecological purification
system. Food chain is the #%
key. Its an ecological A
ourification system. /5:22 \ S,

Continuous culture system of filamentous algae

s b : ’ .:/ J
S > . =8 4 »
X < A & ;
< F i ?
- / " 2 8 - J .
e 3 A-_.A

Float by bubbles
produced by

https://www.youtube.co
m/watch?v=Pk_JNC6RTyo

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




THIS i1s FOOD CHAIN

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
iInspection 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

w'v
..(}A
24

e Y o
v.’.b & © e e
DD et

English Filter : Mechanical filter

Short time work

5'\3\ food chain
& T”

.—. ‘—M
Animal % %
collection, crush, grazing, fecal pellet

producer, carrying up particles

Long term action

microbial activity,

7 anaerobic condition,
‘ fermentation,
decomposition of
hardly decomposable
matter

in the fecal pellet

New Concept and New Name 37



}

Passing time during biological active layer is very short.

Purification is

through
biological
active layer.

done during the
passing time of
1 to 2 minutes

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

AN

A4

English standard filter rate
4.8m/d (20 cm/h)

Purification
time is very
short near

the surface.

Guarantee
and
iInsurance
layer for
emergency

5; English standard filter rate
8 4.8m/d (20 cm/h)
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Where is clear w

B o OETES

water rises-andthe*gravelieo
around; living creatures are
washed away. =

tone

-

| AT N Spring water is _ = XN .
always clear. vertical current. Sand and stone are not moved.
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Industrial Revolution
in 18 century

John Gibb poured muddy river water
horizontally into gravel and sand tanks

. Dublin Ma‘nclgester =

John Gibb worked "

as a bleachery of - A =)

textile, in Paisley 1829

near Glasgow.

A large amount of clean water was

required to wash the surplus dye
out of the dyed fabric.

He took a hint
from the clear
water that
springs up from
the riverbed.

\\\\\\\\\\'

L . -
74 WHINSTONE - SO N
PUDDLED EARTH

. 1804
. ( /L =====ww t0 Obtain a large amount of clean
Textile Industry
- United water in 1804.
d eve I Oped - é\/ ‘Isleofﬁ::lgdom HEWN

141 1 1A~
W % »1-% *ﬁ_—zs 6'—%r %«- —:N«—s Ml
_ EWN STONE T
T o 1L TERE d S

JO
WITH CEMENT

PUDDLED EARTH WHINSTONE

' He sold

- surplus

| amount of
" clean

' the people
i in all over
& the city.

< . 1o 2 .-( i
ThIS |s orlgm of Publlc water supply




During the Industrial Revolution,
the population gathered in cities.
The rivers in C|t|es were [ polluted

iy : water v
b Hi0e. 1 N : S
Ywx. depth. | Horizontal
vrecuadfu]scprem E"::?n:
0 imy ) gl Completion
=iy =€ London1843 : of present
James Slmpson Seod-Filtat. o 11000 . . Ellow Szaonod
examined vertical . lter:
type of slow sand e : ﬁ . years ago.
filter from 1827-1828 Jxxsii H_E : N PP The filter rafe was
an o ai%ggpracma' | e~ 2-3 m/d (10cmvh).
antin :
i Dapth of water 38 cm Water depth
an filter, 15 jns
sand, 3§ 61 cm sand layer

(irmvel, 2 !i.
Fue, 28, Jases SimpsoN's ExremimMeNntAL FiLTEk oF 1827-1828

61 cm gravel layer

Fic. 29. Cross SECTION OF SiMPSON's ONE-ACRE FILTER FOR

Media were: 1. fine sﬁ::;x;u;ut)\::‘::u!‘,v:n;scl?l?leslffg shells; 4. fine gravel; They believed that SlOW Sand Filter purlfied
by slow filtration with fine sand.

5. large gravel, containing “brick tunnels” or underdrains.

They believed this was mechanical reduction with fine sand.

41



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

THE QUEST
for PURE WATER

James Simpson and the Chelsea Water Works Company

In Two
Volumes

Best known of all the filtration pioneers is James Simpson. He was [

from the Earliest Records

born July 25, 1799, at the official residence of his father, who was In- K
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, https://babel.hat
after having acted in that capacity for a year and a half during the hitrust.org/cgi/pt
illness of his father. At 26, he was elected to the recently created ?id=mdp.39015

Institution of Civil Engineers.

the 1820's, five, including the Chelsea until early in 1829, served raw Unfortunately
water from the always polluted and sometimes turbid Thames, taken thijs drawing

within the tidal reach of the stream into which numerous sewers dis- does not

charged. The Chelsea Water Works Co., probably led by James remain.

Simpson, was the first to give official attention to this deplorable con-
42



Contaminated
well by cholera

James Simpson made an
artificial clear spring
water from polluted
Thames water in 1829.

A Large Outbreak Ch()lera )\
in London in 1854 PP\

watch?v INJrAXGRda4

d /In 1854, cholera struck Broad
Street in London. John Snow
could finally prove how this
killer spread.

We can understand the state
of London during the
Industrial Revolution.

: %
> BmadchkStreet Soh\ga

https://www.pbslearningmedia.org/resource/envh10.sci.life.

nathis.johnsnow/john-snow-pioneer-of-epidemiology/

How John Snow, a London physician, traced a major outbreak of
cholera in the 1850s to its source. Using logic, statistics, and
mapping, Snow rejected the idea that cholera was carried in a cloud
of bad air. Instead, he believed contaminated water was responsible
for spreading the disease among the local population.

Simpson's SSF, which created clean water from river water contaminated with

sewage, was spreading throughout London. And SSF expanded to other
countries. 43




was mechanical
reduction of
impurity by slow
filtration with fine
sand.

They believed SS'F

The clear proof of the filtration was
provided in 1892. This was 132 years
ago. Hamburg suffered from a cholera
epidemic that infected and caused more
than 7,500 deaths, while Altona was

few. Dr. Robert Koch tested the bacteria in the

» .\ water with slow sand filtration. When bacterial

\;". sl counts were less than 100 colony-forming
7T units per mL (cfu/mL), epidemics of cholera

5987 and typhoid were reduced.
S— E | ">

Lbangersie T g — "
0 €D EDED (DI (DT (DT
Present WHO safe standard for

bacteria is referred to this 100 cfu/mL
by Dr. R. Koch.

|

fat U vt

rrrrrrr

This idea is so called
- | Acceptable Risk.

Wash our hands!
v ¥ . Reduce the risk.

It was found that SSF couldellmlnate pathogens and spread

all over the world by English Filter of SSF.
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called
Thames

“In 1828.

100000 | awrence,

0 Layer removed by Scraping Massachusetts,
ey :.4 . i " T s USA

A. Hazen 1905: The Filtration of
Public Water Supply

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

Report in 1893 (Berlin): Bacteria and
dirty matter were accumulated at the
top of sand layer. Depth of scraping
was deep in winter, shallow in
summer. However, algae was in
bloom. Reduction of bacteria in open
filters was effective and more clear
filtrate water in comparison with open
and covered filters during 20 years. But
it may be especial case.

It was notified to biological phenomenon.
However, he said that physical process
was main.

Depth in Inches
A - . .

o

1832 : The great
common sewers
discharged into the
Thames river. This
was the Source of
s the Southwark

4 Water Works.

pore size trapped
particle

@ | filter

material
t

filter
material

passed particle
(A) strain (or screen) filter (B) depth filter

Removal of pathogens is not
explained by these phenomena in
comparison with size of microbial
pathogens and opening space of
sand grains. We can operate the filter
without any clog during long filter run.
We can not explain the reduction
mechanism of pathogens by
physical phenomena.
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Bacteris per Gram. 1000000 Lawrence:
L

X
i O 100000
e 0
e o 1~
S 2.
9
pr— London, 8
i UK A
"
Avsa mb lyp 20777 SO )
water-toval 2]
8088, L ;5.
lJclfuugli:lc- :I!‘l:g‘?:-l-) 150 &n G'
e Contonts a £
£ whan full, 20
2 12,600 gallonn,
= \] @ swr
: "
o
— Arva, M A e ms o De
Send.Fillur. | 1,00 3q. It . Frec == Mo —— M @ climatessosavel com £
S
, == o Berlin, g
Crow nrﬂ.llm" ﬁ = l:l.nm !)r;n_a,
ol x 3 luk n o Germany ... w.

J— 3optb of water
- on filter, 15 inx.

Sand, 21t
Gravel, 7 6.

Fie. 28, Jasies SimpsoN's ExremimentAL FiLTek oF 1827-1828

- “ Cool climate region
g ,’.r.;'?"-.‘. .
A ..+ Summer and winter
NN X
T
= \
45 | Warm (hot) region
1 L Always high
A | biological activity

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

) - — h}gﬂemovedby Scraping USA :, .
A. Hazen 1905:The Filtration of Public Water Supply -~ = = ~.i.” -

: Massachusetts, =

tH

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

Report in 1893 (Berlin): Bacteria and dirty matter
were accumulated at the top of sand layer.

Depth of scraping Depth of scraping was
was shallow in deep in winter.
summer.

However, algae was in bloom. Reduction of
bacteria in open filters is effective and more
clear filtrate water in comparison with open
and covered filters during 20 years.

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

......

il T
February
Glasgow

Safe drinking water
was made by the
" biological activity.

The average temperature in
January is below 0°C.
Covered filter was required.

Equator

Celsius 5 Monthly Average Air Temperature
30 30

London

257 25 1

20" 20 e,

151 15 ‘ =

10 10 .

| 5 ORI o JRgsAN |

, i R e
d— R The turbidity of rivers in the continental
1 2 3 4 5 6 7 8 9 10 1n I.IZ . . . e -
eadl 5 plain is fine and difficult to sink.

New York has cold winters London is not cold even in winter
and hot summers. due to the warm current.

Winter temperature in North America is cold and the biological activity is weak.
And the viscosity of water is high in winter.
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United 3
Canada Kingdom - 7 !
Coldin ; \; Poland__© _ Engllsh Fllter i
e WI n t é r_— NG : Kazakhstan ~ r Vﬂl Mongoha ! :_-:
United States - Aor J.' / ?pm 'S Turkey ”f, e i N
I’ \A,a" Atlantic ll b ‘ ‘\ “ = Chimo~ w _sauth Korea P.
Gt ’ e ] g\ _ Sieptnly 0
N—= e / - Algeri\ 5 \L'N ‘Egvpt K *‘\ Pa"'“a" ey \
Mexico ’l l, ,-ﬁ s ‘ AN Saudi Arabia | \ S india |'}" B ) ] \ \
, B ik -y Thailand ™ 1= apan

i /s ‘ X M?'l Nhfr« 'chad‘Rs N R ] g ?:

[ e Venezuela ,’ 0 JI 0 ngerii Ethlopla L ” :

L ety S e N i Ly
! Spreacr SSJffﬂeng Hé arm COUNTIES ™ fuoneeia i

(o B I JTanzania BN
! Rery 108 BlologlcaL@qnvuty Is high in warm reglon |

I Bolivia N ; Old tech nology {
” .,,_“"" South Botsv;z;ﬁa/ LEETRE laidialn Lg Of SS F :
I chie L) YT R New Technology ek i
|

Non-polluted river in new continent: poor food for small organisms : : :
1882: NJ, USA, Coagulation treatment : Origin of Rapid sand filter | Rapid Sand Filter is
chemical treatment.

1910: NJ, USA, Chlorine treatment Completion of American Filter
- > Rapid Filtrate
Coagulant Sedimentation gﬁtgcrj Cl_ Tank

Fine much
suspended T Sg;’;r—l- -
solid ‘><7

Rapid mixing

Non-polluted water contains fine SS

and poor food for small organisms in
continent river in USA.
Clog by SS

People loves
new technology.

Biological | Filter easy @&

activity is - t0 brock by \ RSF spread

weak in g VAR . = B h Id

winter. sus_,pended \s AR Jne <7 This isAmericaEOt € world.
solid. Pl e e 5 . Commercial Filter. 48
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Algae in water supplies: an illustrated manual
1} on the identification, significance, and control of algae in
__" 1 water supplies. C. M. Palmer 1962

n w:\ten http://digital.library.unt.edu/ark:/67531/metadc9129/m1/

supplies E Algae had been trouble for the conventional filter
(rapld sand filter) in US. Taste and odor algae, filter clogging algae
are important in water supplies (Rapid Sand Filter).

In slow sand filter, the algae and other aquatic microorganisms may play a
useful part in the treatment process. They form a loose, slimy layer
ALGAE IMPORTANT IN WATER SUPPLIES | FILTER GLOGGING ALGAE over the surface of the sand and

\ | ' “ act as afilter. The algae in this
layer release oxygen during
photosynthesis, and the oxygen
in turn is utilized by aerobic
saprophytic bacteria, fungi, and
protozoa which establish
themselves in and on the filter.
This permits the decomposition
or stabilization of the organic
material that was present in the
raw water. In p.22.

TASTE AND ODOR ALGAE

Main focus of this book
Is how to Kill algae for
Rapid Sand Filter.

PLATE | ' T PLATE 2 % 49




Refocus to Slow Sand Filtration as chemical free treatment

Instead of chemical treatment of_ Rapld Sand Filter.
# Congutant Sedmentaion  Sad C_ Tane” 3 . Rachel Carson 1962

Filter

Silent Spring.
~ Pesticides and herbicides have
2%%‘%% been pointed out the risk of
2 =8 chemical hazards through
R’&Chd biological concentrations
@AI@AN through the food chain.
Cl-C-H
- That was Chlorine compound. Cll
: : SLoW ~ WHO published a manual of
Filter problem : Odor, taste and filter t:log : SAND . Slow Sand Filtration which is
problem caused by algae. New chemicals FTRATN ! chemical free treatment
were developed oner after another. |  for safe drinking IEI :
IS THE WATER T ok g - water in 1974.

SAFE TO DRINK?

R @ \
PART T: THE PROBLEM

*= Robert H. Harris et. al. 1974 .. 72 I, P
= Consumer Report. ot | WK S G
Chlorine sterilization is |1 5mp
essential for rapid filtration of 8 P

Supporting | [s-oiseet aa,%

chemical treatment. There is

z——=7 a waming that i B
. | trihalomethanes, which are
carcinogenic substances, are  Water depth is 1-1.5 m.

generated by adding chlorine.  Simpson’s filter in 1827 is only 38 cm.

50



The diarrhea-causing crypt parasites passed through the
backwashing process of the rapid sand filtration.

Rapid Filtrate

§ coaguiant Sedimentation  Sand CI_Tank In April 1993, an outbreak of massive

waer s TR IRI IR diarrhea in 400,000 people due to Crypto-
| — SEps protozoa occurred in Milwaukee, USA.

The dormant protozoa had thick shells

and passed through the rapid filter ponds

and were not killed by the final chlorine.

Rapid mixing

(!

«
e |

Tye o
e,
T A

L\
l N

T tm— T,
|

N\

In InMS'eptemb.er' 1
_ Water Works Association held a slow
Only mammals with filtration workshop in Salem, Oregon.

Ihondg 'nteSt'njl_l tr?]CtS They said Refocus, Re-discovery, Timeless
ad watery diarrnea. Technology for Modern Application.

It became clear that RSF m) | However, people loves New Technology.

was a deadly treatment.
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Give up Amencan Filter!!

A large outbreak of diarrhea was

— fuidly el Japanese Occurred in Milwaukee, USA, in

8 1 . . aurbidity 1993. Over 400,000 people were
g *4 5 kaoin)  Sickened by cryptosporidium.
8 61 asefbineseras mens apen sanissinnss mans ed 1‘55 1.05 : :
% £ Slow sand filtration system was
5 8 refocused and a workshop on it
p offmEmes e R | e R B 17 070 was held at Salem city, Oregon
= \ state by American Water Works

%) B ) Re——— \ Hip H o5 035 | Association in Sept 1994.

A LH LI L ) .

05 War 15 Mar 25Mar* CdApr 14 Apr 24Apr NTUXO.7=Kaolin Unit E—

Outbreak period However, people loves
New Technology.

1| Japan's tap water turbidity standard
of 2 degrees (kaolin) was suddenly
recommended to 0.1 degrees or less
after this outbreak.

Membrane filtration was recommended in Japan
after the diarrhea outbreak by cryptosporidium. 52

Refocus, Rediscovery,
Timeless Technology
for Modern Application.




JOUrnalAWWA i

Volume 88, Issue 12 December 1996
Pages 8-8

water reservoir

Acceptable Microbial Risk

Charles N. Haas

-~

Wlth slow sand filtration, they can trust that it WI|| be
absolutely safe even if it is contaminated with crypto-
protozoa. SSF plant was constructed in 1997 at

' Central Bridge, NY, USA.

JournalAwwAa

Volume 89, Issue 12 December 1997
Pages 14-15

Slow Sand Filtration:
Still a Timeless Technology
Under the New Regs?

Crypto-protozoa are detected in more than 85% of surface
water, but no crypto-protozoa are detected in treated water.

pflOW ‘\\ Jm Pi)l\:;ter wkﬁ

19789189
atis real ris
30 Many Oocysts, S Few Ontoreats

Am. Water Wks Assoc. 23 10, 1997
Cryptosporidium has never been What is more
Rabacca cacron, and swpmen s s SAFE treatment?

i detected in the finished water of
NSWC; however, studies have found
Cryptosporidium in greater than 85 ™. S0 many oocysts are detected

N percent of all surface water supplies. - ,,‘,,“:,“,K Jh;,‘

Stephen A. Tanner

These same studies identified fﬁi’i?;‘?‘;z‘u“.ﬂi,“ix eve rywhere but tf ere are
Cryptosporidium in more than 25 . QlMNOST no diarrhe '

Unfortunately,

percent of the treated (filtered) water sty posc.

tracting st lnrq ldm \emu\rdl) wll ler Inrwup‘nure walcrhmmwpm

supplies With efﬂuent tu[bidities Of less all pathogens. Some inf confer I&vcmuulr, &uc‘h a large percentage of  sporidiosis are prevented. Therefon
. Immunity for varying periods in the community’s population becomes — surveillance programs that rely os Iy on
than 0 1 ntu others confer litle or no nmlnxl) atall.  immune that new exposures cause few  the detection of cases of illness may not

Although prior infection with cryp-  linesses. This phenomenon was ob-  be sufficlent o assess the risk of water-
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E Major turbid matter _
500 1 ¢© in mountain stream $oaguan Socurortaton, Sl €1 Dok
200 o IS easily set within = rev Ll [
@) several hours. 2%
100 4 ¢
1 o
d 50 R 5
> 20 ,
E 10 1 |
& Coagulant+Chlorine asses by&

Rapid Sand Filter bac wash.

: 2 degrees
- Jap.gstandard

N

—
B
4

O
O

4 = to
39 fter CrypP
1 %utbrea '

v

Recommended
"" to 0.1 degrees
O. O5 -

0.02
001 1
0005 {

0.002 ‘
0001 19,
0.0005 -

0.0002 S RN
0.0001 { Artificial Natural spring water 8

Turbidity

@)
N

(B

Chlorination<::| ’

IS essential.

Purified by small

organisms
Natural spring

Super clean
and deI|C|ous




Purlflcatlon by smaII organlsms Is done near the surface. Food Chain

IS the key of
Purification.

Living organlsms has an ablllty

to escape from risks.

Hard surface to protect for risks.
Dry period, escape from grazer,
escape to cold season.

Large molecules are
broken to small molecules
under anaerobic condition
in fecal pellets.

Gentle for
every small
organisms.

£ Large molecule )

©

g

") Decomposition
' and :
4. fermentation

=\, in fecal pellet
, N\

N Small
BN molecule



Focus to Slow Sand Filter from Chemical treatment of Rapid Sand Filter in the world.

SLOW SAND
FILTRATION

ADVANCES i SLOW SAND axo
ALTERNATIVE BIOLOGICAL FILTRATION
[yl CRAMAM

My first visit to Thames
Filter was Aug. 1991.

1988, Nov 1st SSF 1991, Oct. 2nd. SSF 1996 April, 3rd SSF

Conf. in London, UK Conf. in New Conf. in London, UK
| could study Hampshire, USA
on Thames
Filters during ) Y Eco-Tech Award.
1994 10 1996. § Nigel Grah '! Y T World Expo. 2005.
9 ,}1\\, , \/ Aichi, Japan.
\ p—m— Dr Sombo Prof Nigel J.D.
EZ‘-‘E{D l./\bt/\ g/loaoyé aS\L\L/L \7J<0) BL\bL\ZK(D Aug iy, N Yamamura  Graham
K&K - 3<t)7‘5 KURE 2005. LREMAK
Au g EMROEIEE
o (e pv— e 2 ;;..“ 2014 June’ 5th
2005. l?t:f_l.&ntﬂ WAL ¥ SSF Conf. in
i . Nagoya, Japan
For Yo I o https://www.youtube.
i e Miyako ﬁ--t o YW com/results?search_ | ¢
wks. = 2009 query=5ssabc =y
Natural filter of , %

How to make drinking water by~ “+ s
Ecological purification system

’A’ July,
’ ’ 2010.
- hl Y\E% -

Portuguese "
Brazil

slow sand filter

March,
20009.

1 Slow sand filt

O WE3EE ~R2TEVLWKERDHT~ ([25:55]

Internet text by JICA

2006 May, 4th SSF
Conf. in Mulheim,
Germany

A Prof Nobutada

‘Nakamoto

PROGRESS IN

SLOW SAND AND

ALTERNATIVE e
BIOFILTRATION e

PROCESSES

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

Ecological Purification System
was focused and recognized.
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JICA supports EPS as Japanese innovation for the people.
BOLOKD i B LUNIKD
2 D=2

HELBTHE L EWiRiLiE
ke PARE R

- Application of Natural Process -

- > < U ﬁ Eco-friendly technique to make artificial spring water

NAKAMOTO Nobutada, Dr. Science
MR RATEHL AR EDE TS Prof. Emeritus of Shinshu University, Japan
At g Eor 25

A How to make drinking water
e by Ecological purification
Aug. 2005.
. Feb. 2021.
a&f&m;ﬂxtb!w&k:thl :~\:ID.'; e ”‘-“ “ . ——
WCTTILVKBEN TEELOR. XRRADTIIWRT R G, s L__{" l
How to make drinking

0®,opoforo-‘

water by Ecological
purification system

http://www.cwsc.or.jp/files/pdf/

- EPStext-NC-2019.pdf
Nobutada Nakamoto
J uly 2010. | e

March, 2009.
Internet text by JICA

Itimight I;)iy E)
but{it'sfactiia )

http://www.cwsc. oer/flles/pdf/
english/TratamentoEcologicoTex el ?
toFinalAbril080428.pdf tch?v=QAH1SoAgfLO&t=27s 57

https://www.youtube.com/wa



Chemical Free

Eco-friendly Ecological Purification System (EPS)

0. Introduction: Phytoplankton, Reservoir study, Meet Slow Sand Filter,

Importance of Ecolo%cal p0|nt JICA trammg" e -1
Mi] WIS BRI, BESE. ERF DR, JICATHEN § =g
1. Water cycle Safe water, Acceptablerisk. 20-31 5. From JICA training in Miyako-jima, Oklnawa to Samoa
KIEHR. R2IK, HETEDURY 1 BEBICATHERSTES~ 109-124

2. Key of purification in nature is food chain. 6. Safe water for rural people by EPS in Fiji -
Refocus to Slow Sand Filter. - T4 — DR EW; 13/5111*375?‘\*’\ 125-147
ALSRDEEA R, EESBOBRE \ , . 23

7. Aerobic condition is essential for EPS.
3. élﬁag ar:%g)r:g%li%;]%ow Sa~nd Filter. E%,%t,ﬂiﬁﬁf:b\ | 148-157
=AY 22 10
- / \
%%:éw}““"“ /-1/— ORGANICS
8. Confirm by yourself. Don’t believe commercial. _
4. Up-flow Roughing Filter to reduce SS  80-108 :‘__;"’I'_r_g§ttyour true sense.. § \—Cﬁﬁ‘&)*?o 158-172
BYNE T EREMSB. T7 L TR g
A 29 15

JICA traln/ng in leosh/ma in July, 2024. 58



Just after storm event, ¥&
stone and sand
became clear.

Small organismsj
on and among |
rocks were
flushed out.

Muddy water due to a heavy rain. @
Soil is easily flushed out and flow
into a river. S

Sand, stone and
rocks don’t role

- and move in a
small creak among
& dense forest.

< When plants
- and animals
do not flush

out, water is
always clear.




apacity of one filteFpoN A
780 m2 x 5 m/d = 3,900m3,
One day demand per person 0.3 m3/

3,900 m3/d =+ 0.3 m3/d
= 13,000 persons/d

Algal mat lifts by oxygen
bubbles produced by
photosynthesis.

Particles were trapped to
the filamentous algae.
<7 5 E B 60

AR o




There is a thin slimy (gelatinous) mat known as the Schmutzdecke, or filter skin on the
surface of the sand layer in many textbooks. This explanation is not correct.

]

P T o W | . ° X
il ’ ~p . e~ '-‘“ TR
g ¥ e & o T -
2 - : p v - - &
_ s  p e o iy o - > . . S w
i S . % oy O
: R

< ”
- - .—..:_‘,‘. ‘

A5 A ) g 3

On the surface of sand layer, Sand is clear at the site in water.

there is a soft mat like light When we pull up this mat from the
feather mat. Filamentous bottom to surface and in air, sand
algal mat is just lay down. turns dirty color. A large amount of
M trapped SS among filamentous algal
‘AR

‘mat drops into sand layer.

a7\l
= (I
. On the shallow bottom,
= filamentous algae
b8 grow well.

‘_‘&~
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Schmutzdecke Sampler Reduces Filter Bed Damage

Nobutads Nakamoto
Dapartment: of Applied Biological Scienve
Shinshu University
Useds, Japan

A schmutzdecke 15 o 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
algae 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 purilier.”
For a schmutzdecke to form, flow rafes
must be kept very low.

Operators frequently have diffi-
culty checking the condition of the
schmutzdecke while the slow =i filter
i= being operated. The device describisd
in this article allows samples ta be
drawn so that the schmutzdecke can be
ensily analyzed without any damage to

i
“

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 bux below. Figure 2 (page 4)
shows g schematic view of the sampler.

The: Lotisl costs of all components was
estimated to be about 100, primanly for
the hind pump and acrylic tube, Several
hours were reguired to construct the
sampler.

Building the Sampler

The schmutzdecke sampler can be
constructed by following the steps listed
])l‘]“'.‘.'.

1. To canstruct the ring weight, 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 scrylic tube. Form the 0.3-in.
(8-mm) edge on the hottom of the ring
weight.

Materials and Costs of the Schmutzdecke Sampler

Item

Purpose Cost

arve brass rad, 275 0. % 20, (70 mm x 50 mimn)

ring weignt $ 1.50

Figure | The schmutzdecke sampler

2. Dirill i1 hole in the inner hammer
rad for the hanger string.

3. In the stopper rod, drill (L18.in.
(4.5-mm) diameter holes in the center for

feantiviued on page 31

R L T

| made algal mat

‘ ; sampler without any

| damage of sand filter
during the filter run.
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Algae grow well in summer.
Continuous culture system of
filamentous algae becomes

after 10 days.

S e ———t 3
. 2, N e

s-..‘ s . ] 2
R o X

. ALGAL BIOMASS

- ON THE SAND SURFACE
. A

mg Chl. a m?

-
o

. \
1 . —
0 10 20 |

DAY IN FILTER RL‘N

30 40

100
80
60 { Filtrate wa ame clear water in
10 days. Grazing animal community
40 _| grew well within 10 days.
PV A HUCICR N summer, scrapping of
1 N\ TUFEID&TDOG dall surface mud is not necessary.
20 A N\ - 3 ello b (5 .
N N - Tui-16al  mg/L Japanese standard of filtrate
\ is 2 degrees (mg/L).

10 20 30 40 Super clean filtrate.

DAY IN FILTER RUN 63



Development of algae on the sand bed CE A

g
; ’m!e

during filter run in June in Ueda, Japan. . /';Mi?-'
Vi "‘ﬂi‘ X&' Tokyo
7 k3 ,—:"n_f‘// x; {é'l\k;{". :“ =
o 'O r* .,:zg;? ~—
s £ < '4? Y Fmw
s c ! -
E |
= 100 } , From
8 % '_ '-__' .- o ’.‘- ‘4 3 — “ a rlver
SO 4% ' o “Nitzchia ] _J In June, algae first
S 210 ZF N x - appear on the sand
c o Gomphonema PP
— O are the same as
S c 10° attached algae
o 0 10 15 20 25 30 (periphyton) on the
SR Days in filter run rock of riverbeds.
Filamentous algae 20| pomeva WTF, Ueda

grow well on the
sand filter bed.

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

o

Water temperature C
o

JFMAMJJASOND
Seasonal change of
temperature

My city (Ueda, Nagano, Japan) is located in cool region in Japan.
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Algal mat on the sand surface Litupinair. At scraplng tlme we took sand sam'ple.'

In water.

Sand beneath the surface in water is clean.
When the supernatant water drain off, the

trapped SS releases and drops into sand layer.

)
S
LE

2
e
Ed
i &

mHMN;

L

(¥}

7 [T o o

Pe-€

sttt i

.?. (8]

Dirty Suspended matter is only near the surface.

Suspended Solid in washed sand.

o

Depth cm
®

e

0

SS mg/ g of sand

ao 40 60 8o 100

a2 A A A=

ko

l Someya Plant, Ueda

1992, 1993
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Seasonal changes of the algal mat
after 10 days of filtration run.

Melosira

—" )

From a river

Cell number per aria

J FMAMGUJ JASOND
Month in year

Someya WTP, Ueda
Raw water

N
o

In winter, It Was ggeas

Water temperature C
o

the same as

the attached

algae on the ¢ . { O FHAWIJASOND

riverbed. SR When the amount of solar radiation increased and the
Weak biological water temperature increased, the filamentous diatom

activity in cold water. of Melosira became dominant until December.



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  __
:

v o N ey
‘Y‘.w.‘\’

Horizontal
running water

Stagnant wate Slow gentle current Occasional storms

@ % » é %—“é e and raid currents.

¢

Gerrphaeniona

gAY R

Nieds

IR AU Ty
Ulaloin

QOO

Float and drift algae  Flagellated _ o Pariphyton
Phytoplankton algae Filamentous algae Attached algae -




Aigal growin made  Try 10 accelerate algal growth In winter.

de icious ta wate - | thought that

the nutrient
concentration

Even in F f,.':":f:‘::i
1 winter, thed .~
diatom

. in rivers in
Melosira 97 Ueda city was
grew well poor than in
ILrJ]KLondon’ = ; London

I thought the nutrient
concentration was too low.

-’-.‘P‘——

= - When | put
%- nutrient to
the floating
ut nutrient to the § bottle in
f| er pond in cold winter,
winter. algae grew
But no growth of even in cold
algae in the filter condition in
pond. Ueda.

. Algae
~  grew well
In a
~ shallow
model.

lgae grew well :
in shallow water | found depth was the key of
2in the flood plain. growth of algae than nutrient.

68

In March when snow melt period,
algae did not grow in the filter pond.



Continuous algal culture system is a nutrient reducing system.

Wv’ Over flow

,,. - - . v \‘
Much d Nutrient in =%

nutrient (4<%

ot

P SRS L ess
nutrient

Harvest experiment was done.

Wet matter 173 g/m2
Dry matter 25.9 g/m2
Organic matter 7.81 g/m2
Nitrogen 373 mgim2. = ———
Phosphorous 32 mg/m2 TR

Nutrient reduction from inflow water to filtrate

by algal growth. _
. <= Nutrient removal as

Nitrogen 4.6 %

Phosphorous 27%

~
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Aerobic condition is essential for biological There is down ward current.

activity. S, ver
: flow
& & & um out
Raw water _

; | < o ° - Oxygen
Filamentous f§ A& = o ¢ M production by
algae 20 RS, Vo D Oromacdo i “aan " photosynthesis

AR AR -

s : l; Diurnal change of
w - dissolved oxygen
COz+H20 o4 CH20+O (DO) was measured.

40% Partlal pressure of oxygen in bubbles
20% OCI)OOO 20% /) was also measured.

— a0 0OQ O oeon.
- --N.. 16 200 A\
o O "y st Concen- 2 1o % Saturation
Dot s tration Q 0
> 140 | /;:}
> E 0 F C 20}
O C &8r g 100 }
© g 6} E 80
> 8 < 2 %
o T 2} © 5
% @ 4] i A m 0 A A
5 g 06 12 18 24 06 12 06 12 18 24 06 12
3 Day Night  Day Day Night  Day
Soon after sun rise, DO in filtrate Even after sunset, DO in filtrate
was rapidly increased. was super saturated condition.
Algal photosynthesis accelerates Bubbles keep aerobic

purification process. condition after sunset.



| investigated the seasonal change of algae in Thames filters Ashford Common WTP,

in London from 1994 to 1996, 30 years ago. Thames Water
' ‘ : Biological
roughing filter
without
v chemical.
Nutrient rich
water = 2 100mx35m

'2" 32 Filters

_Fllamentous green algae bloom in summeri"-' Filamaritas diatorn in wirites

-
= Summer-Autumn  Winter-Spring ’/‘\,
London . 1994 . A ir\\

2 - RFeg . ‘(\o\’b\ o/ ,
0 2% G £ )

15 - A 5.8 g'; Melosira (‘,\"?’(‘> Qxéo / ¥
g 132 Na6e., < . S S/
o /'88 Tl S | BN )
& ST esenors, Thames and Lee. | & Migge Diatom to Green algae

. . 20 e a . .
. 5 D177 7ratae Midge lavae| 1N summer is due to

JlF'M'A'MIJIJIAISIOIN'D 0 Run Days 100 0 50 drazing activity. 1
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015
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0.05

Surface Loading Rate {ma.fmth}

04 1

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

fi"'" . ,“ i SR hLTl - - &= ? | ;é!'llgé;':-’ v i
L] : 1 o ; M '.' Rl 25 \' ey i . . g \dls v ;':.r |’
| .
Large Fluctuation * Small Fluctuation
1 i ® ’“_L outflow - _ 1 |
T 5 f == = ' inflow
g slow fast P D i oo [
o .
n: D .
&) Flow rate 8 oy —
Day Night _|
© © © © © © © © © © © © © © © © © © © © © © © ©
T 2 £ £ % 2 %2 % %2 3% 3% 2% %% 233 2 2% T ¢
< £ £ £ 2 2 2 2 2 2 2 2 2 2 5 2 2 5 32 3 2 3 3 3
¢ & & & & & T & b R 3 I 3 & % 3 Z & & B & 8 <

38cm water depth

-. The filter rate was

200yrs ago

Standard Filter rate

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

The filter rate of 0.4 m/h (9.6 m/d)
is adopted in Thames filter plants
in London to escape oxygen drop
in filtrate during the night time.

" Faster flow rate was better for small organisms in the filter.
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00

W. K. Burton published “The A

Water Supply of Towns and
the Construction of
Waterworks” in 1894 in London.

On p94

practice.  Dr. Koch, the eminent bacteriologist, has (the writer

understands) come to the conclusion 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 71NS2

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 ehemical, earried on in connection

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

, . oy On p95
On the other hand, the much higher velocities—16 feet in twenty-

***********************

77777777777
777777777777

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

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

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.

2 Open 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

This means
mechanical
filtration.

At that time in 1894, he believed
that purification was done by
slow speed with fine sand.

» =

Present Thames wks
adopts 9.6 m/d.

This means Ecological Purification System.
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Ca,’stiﬁ'g’ skin of midge(Chironomid) and adult
Inidge’are remarkablelin warm water.

» | :
=) S ‘ s et . -#. " -.: :
R : e A L vas 8 ¥
. Filamentous diatom of |- Ok - AR :

';“ M

e

elosira in cold water. e Y=o T b

40 - U “ U U al(Jac eSe (gree Al(ae C ""\’}".

2100 all and large 2. ATLE



SUN LIGHT | | |
Photosynthes:s \ Nw GROWTH \ & \ x \ &

“0 Oxygen
oS ALGAE Producti, NEW CELLS NEW CELLS
CO; :
Minerals 02 A
Natural ﬂow
4//}&9/, o Q
/ xyg
600/2 consumption
BACTERIA
) =4 ORGANICS
NEW CELLS ecomposition

TEMPERATURE

Algal photosynthesis relates to solar radiation and the
activities of bacteria and animal relate to temperature.
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Chironomid Is not same as Mosquito.

Mosquito

Chironomid -

Non-biting Mosquito

Troublesome Nuisance Insects

* e /! 4 Both Mlges of
& J * | Chironomid and Mosquito

swarm for mating.

Biting Mosquito
(Female)

Midge swarming

Chironomid larvae: making nest at the bottom

Ecological System under slow water current

—:/ —
il Stagnant 5.4

water

Mosquito
larvae

@ 76



ironomid (midge) is callec
).

e

in stagnant water.
Dissolved oxygen is
almost none in
stagnant water.
Larva lives beneath
the surface to |
collect atmospheric -
0 gen from the
_ surface. X

s

They lives on the bottom in running

water. And they make their nest.
There is dissolved oxygen.




\'\ / Lo Wi N ;” purification system in a paddy field.

s ‘. % \ Turbidity reduction by small animals.

GROWTH Decompositio

TEMPERATURE

1. Safe drlnklng water system which can mamtaln by IcaI villagers
as a Social Contribution of Yamaha Motor Company.

2. Pilot test plant with several public taps was donated from Yamaha
Company to Kagawong village near Jakarta, Indonesia.

o> NEWCELLS

3. Villagers discussed how to maintain this plant by villagers.

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

to other villages.

E 6. Water committee maintains more than
B 15 years without any trouble. 78




! Indonesia

Public tap
system

Tap keeper coIIects money of f|II|ng the bottle
for the maintenance cost of the plant.

Two bottles of 20liters per 1 family. This water is
used for drinking and cooking only.

This water is not used for bath and washing hands.
Diarrhea and eye sickness are disappeared.

—Health village —Sanitary sense and its level are
distributed among the villagers.

Villager maintains over 10 years by themselves. —This acts to reduce the risk against sickness.

_ _ Acceptable Risk
New biological pre-treatment for SSF

Apphcatlon Of Active growth of algae : holding stick (code) for filamentous algae \ Safe
the mechanism . - Danger\
how to turn 0271 —bubbles —keep aerobic condition
clean Wat_er in pH T — precipitate oxide and hydroxide complexes.
a paddy field. ¥
Villagers 1*‘; Safe
. . Sedimentation drinking
maintained |2, water
. Periodical small drain to eliminate precipitate Slow sand filter
thIS plant by material and unhealthy organisms. - oty of
Metal-OH | Oxide complexes can react with anions and precipitate. owNeloeily'D
themselves' P PYECID water for microbe to

Animals grazed particulate matter (living and non-living). eliminate bacteria.
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