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1. Eutrophication Phenomenon

i 1
- Microcystis 3~7umde
Cyanobactera, amorphous
gelatinoid colonies

. Anabaena 4.5~10am¢
Cyanobacteria

Found colonies f coiled filaments

Oscillatoria 25 um length
Filamentous cyanobacteria

Cyanobacteria forms blooms in eutrophic waters



2. Damages caused by Eutrophication

Water supply

. S5, pH up — Inhibiting coagulation — Much coagulant, hard settling
. Pre-chlorination required — Trihalomethane production (carcinogen)

. Clogging in filter media and screen
. Production of 2-MIB, geosmin —Offensive odors
. Anoxic zone created by dead algae — Eluting Iron and manganese

Agriculiures and Fisheries

1. Changing aquatic life

2. Irrigation by eutrophicated water — Crop production decreasing
3. Toxigenic cyanobacteria — Health disorder of livestock

4. Anoxic zone - Fish killed

Landscape and Recreation

1. Reducing transparency
2. Coloring (green, brown)

Bloom & fresh water red tide
3. Smelling
4. Toxins release




3. Mechanisms of Eutrophication {1/2)

Non-poini sources

Industrial wastewater y
% s Priﬁﬁf
% production

Tnxi: cyanobacteriz

N & P Influent into Lake




3. Mechanisms of Eutrophication (2/2)

Basic unit loads {per capita and adult farm animal)

BOD (g/d) | N{gid) | P {g/d)

 Human excrement 13 8 0.6
Household effluent= 27 2 0.4
Pig 130 37 14.7
Cattle 800 290 54

¥ domestic wastewater exclusive of excrement

Pollution sources of Lake Kasumigaura

B domestic wastewater

1ndustrial wastewater

| livestock wastewater

fishery

Non- point source




4. Eutrophication in Lake Biwa and Measures {1/2)

Water area; 670 km2

Volume; 27,500 million m3

Water depth; max. 130 m ave. 42 m
Population density ; 44 / million m3
Population density per basin area; 381 / km2
Average retention time; 5.5 years

1970s; eutrophication spread
1877; red lide

1879; Ordinance for eutrophication prevention in lake Biwa
1983; algal-bloom

1985: General wastewater standard for N and P
1989; mass multiplication of picoplankiton

Water quality in Southern Lake {mg/L)

coD T-N T-P
Env. 5id. 1.0 0.20 0.010
1996 3.0 0.42 0.018
2001 4.2 0.32 0.016 Env. Std.: Environment Standard




4. Eutrophication in Lake Biwa and Measures (2/2

Measures were takenn 7

#Control of effluent COD, N and P

»Water quality conservation facilities improvement project

»Domestic wastewater joint treatment plant installation project

»Small ww treatment facilities in agricultural village improvement project
»Waterweed harvesting project

#Enforcement of ordinance to reed community preservation

. Long retention time (about 5 years)

. Underestimation for load amount from agricultural land

. Increasing N and P by shifting from pit latrine to septic tank
. Possible increase of residential pollutant load

. Time lag of sediment sludge decomposition

. Lack of integrated management of environment




9. Eutrophication Study Methods and Considerations
(1) Purposes; Restoration of Eutrophication Lake

Characteristicy of IRogssay

(1) Ecological Index -

a) biotic characteristics, species compaosition, individual numbers

b) characteristics of dominant species

c) diversity of community

d] substance metabolism, nutrition, oxygen demand, etfc. in one system

(2) Physio-biochemical Index :

a) oxygen demand of individual creature or mixture community
b) reaction of cell ! organization of individual creature

c) growth condition of specific creature

d] change of specific bio-materials ! life substance

indicators high high )
eudrophic polysaprobic
Trophic state - Saprobic state _
(productivity) - ntmph_u: (decomposability) mesosaprobic
oligoirophic oligosaprobic

low low



9. Eutrophication Study Methods and Considerations
(2) Survey Methods -Procedures

Procedures at surveying Preliminary studies

1. Confirming objectives of study 1. Infermation of lake

2. Discussion 2. Targeted biotic communities
3. Research plan 3. Study location & objectives
4. Preliminary research 4. Observation of lake

3. Full research 5. Correcting schedule

6. Discussion

7. Concluding results

8. Reporis

Animals - reproduction, hatching, eclosion--- -

Phytoplankion - doubling time — 7 days

Dominant species - seasonal changes

Sampling Trring
& Infervals




9. Eutrophication Study Methods and Considerations
(2) Survey Methods - Apparatuses and devices

Sampling Devices Microscopic Observation

Messenger

Optical microscope

05
ti

tereomicroscope “—""

fa iy
SR

-

-:ll T

" ro

...........

Plankion net Vandon water sampler



9. Eutrophication Study Methods and Considerations
(2) Survey Methods - Apparatuses and devices - N, P Analysis

N, P-----esseniial for microbes o propagaile

T-N (mg/L)

*
T-P (mg/L)

Analylical ilems
N analysis  T-N, NH,-N, NO,-N, NO,-N
P analysis T-P,PO,-P

Analytical methods
Official methods

Auto Analyzer /

Handy analytical kit [pack test)

+ pH, COD




9. Eutrophication Study Methods and Considerations
[2) Survey Melhods - Apparatuses and devices - N, P, ofhers Analysis

Standard color o

box

P packing

NP Auto nalyzer tube

Pack Tester for NH,



9. Eutrophication Study Methods and Considerations
(3) Evaluation - Algal Growth Potential

Algae Inoculation

1,000 lux for cyanobacteria | A?P

4.000 lux for others .
ﬁ_} ) ! Eutrophlc

=  100~300ml Mesotrophic
Shaken culture
20 or 25 °C A mg"____
Cultivate until propagation reaches maximum
(1~3 EVEEKEI Oligotrophic
'ltl‘. : ) ‘.’ ¥
Ii.....* L ]

weight



9. Eutrophication Study Methods and Considerations
(3) Evaluation - Chlorophyll

Probability distribution for chiorophyll related to trophic state

1.0

0.75

Proportion
=
Ln

0.25

0.0
1 10 100
Chlorophyll {2 g { L)

(W K Dodds Fresh Waler Ecology p. 3358, Academic Press | 2002)



9. Eutrophication Study Methods and Considerations
(3) Evaluation —Water clarity, P, Chlorophyll
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(WK Dodds Fresh Waler Ecology 0.538, Academic Press, 2002)



6. Administrative Countermeasures in Japan

(1) Administrative measures

Basic Law for Environmental Pollution Control

Water Pollution Control Law

Inauguration of the Environmental Agency

Special measures for conservation
of lake water quality

Setting effluent standards for N & P
related to lakes and marshes

Systemization of measures against
household wastewater

Fifth Total Effluent Control System + N & P




6. Administrative Countermeasures in Japan
(2) Changes in environmenial conditions

Succession of achievement ratio for enwvironmenial standard

100

75 80 85 90 95 00

River; BOD, Sea, Lakes and marsh; COD



/. Improvement Technology for Water Quality of Lake & Marsh
Preventing Lake & Marsh from Eutrophication

N & P Reduction - ~,
- Removal Processes

- Cleaner Productions
o | - Management of WW Facility
1. In Premises measures - Life Cycle Assessment
. i S
- Industrial Wastewater
- Domestic Wastewater - Aquaculture Purification
_ - Aquatic Plant Cultivation
2. On Site Measures N - Aerated Circulation
- Lake, Marsh - Lagoon System y

3. Household Waste
Load Reduction ) [ - Residential Participation




7. Improvement Technology for Water Quality of Lake & Marsh
(1) High-rate multitayer soil treatment method (1/3)

Principle
Polluted river water _
or wastewater Sand Sand );Elﬂﬁlm

Biofilm

Operation

#Shift operation ; 3-momth operation, 1-month halt

#Intermittent operation ; 3-hr operation, 4-hr halt
#Long term operation halt; 3~4-month every 2- year




7. Improvement Technology for Water Quality of Lake & Marsh
(1) High-rate multilayer soil treatment method (2/3)

Struciure

Purification soil media —

Basic material: soil with high water permeability
Additives: powdered charcoal + leaf moid + Fe + Al

Polluted river water
or Wastewater

-

Blower

Treated water
m—

Equalization ]
SS removal basin

\Suppnrting ! percolation media

3~5 mm ¢ zeolite + pumice, etc



f. Improvement Technology for Water Quality of Lake & Marsh
(1) High-rate multifayer soil treatment method (3/3)

Specifications for 12,000 mé/d
Loading rate 4 m3/iméid 8 miimé/d
Inf. (mg/L) BOD 60 SS40 BOD 20 SS10
Performance Efl. (mg/L) BOD 3 SS 2 BOD 3 SS 2
P- removal (%) 60 15
N- removal (%) 40 10
Stages of soil media 6 10
Size / soil media (cm) 40X40X10 20X40X5
Dimension Area of tank (m?) 4,000 2,000
Depth of media (cm) 125 105
Water pit depth (cm) 30 30

No specific measures to remove N and P by adding FelAl balls




/. Improvement Technology for Water Quality of Lake & Marsh
(2) Biopark Agquaculiure Purification - - - - Principle

25% 30% A45%,
For vegetable
Baits for animals flower Cnlnpnst

Eutrophicated

Treated
Water or

wastewater

water

FiItratiuP by roots

Capturing phytoplankton, S5



/. Improvement Technology for Water Quality of Lake & Marsh
{2) Biopark Aquaculture Purification - - - - Fealures

»Removal; BOD, COD, SS.P. N

*»Providing safe & comfortable space
»Harvest; vegetables, flowers, fish & compost
#»Environmental education for the public

Swamp cabbage

Kibagata



f. Improvement Technology for Water Quality of Lake & Marsh

(2) Biopark Aquaculture Burification - - - - Performance
Annual average of nuirients removal * g dm3)™
Pollutant Place Influent Effluent Removal Removal

[mgilL) [mgilL) Rate{%) Amount 3%

COD  Tsuchiura 9.6 8.3 14 4.3

Kibagata 8.2 5.6 32 7.8

S5 Tsuchiura 20.9 9.6 a4 20.0

Kibagata 16.0 3.3 79 38.1

T-N Tsuchiura 3.7 3.1 15 1.9

Kibagata 1.7 1.1 36 1.8

T-P Tsuchiura 0.12 0.09 27 0.16

Kibagata 0.13 0.07 47 0.1



/. Improvement Technology for Water Quality of Lake & Marsh
(2) Biopark Agquaculture Purification---- Performance

Treatment of water containing water-blooms {Tsuchiura)

Pollutants Influent Effluent Removal Removal
(mgiL) (mgiL) Rate (%) e-(d'm2)~
S5 56 14 75 148

6.5 3.5 46 10.6
0.41 0.15 64 0.93

Assuming; H,O content of water- blooms = 98%
Removal velocity; 7.4 kg water- bloom / m?/d




7. Improvement Technology for Water Quality of Lake & Marsh
(3) Burification by Aquatic Plant Cultivation

Basic Principle

CH,, N,O

reduce
4

O,

P remove

BOD remove Néremnve
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7. Improvement Technology for Water Quality of Lake & Marsh
(3) Burification by Aquatic Plant Cultivation

Creation and Control of Aquatic Plant-Growing Environment

Creation and Control of Aquatic Plani-Growing Enwrnﬂmert

- Reed-co redf'el
i f?ﬂ her:tare 260,000

Performances
e .; N 27%
- I 6%

E E E E}] Chlorophyll 57%

Watarase Flood Cantrnl BEIEII"I

Performances
N 0.4 g{d-m2
P 0.02 g (d-m?-




f. Improvement Technology for Water Quality of Lake & Marsh
{4) Burification by Aerated circulation System

Principle %ﬁp

Turbulert
Ll Flover

Horizontal Density F|EI'-.-'-.-'}

Wertical Flow
acceleration

Under Flow
Circulation

i e




7. Improvement Technology for Water Quality of Lake & Marsh
{4) Purification by Aerated circulation System

Effects of aerated circulation
-Light control---—- —restraining phytoplankton
- Surface layer water-——-- shortening detention time — 2-3 days
- Improving lower water DO-—-—- —Preventing elution of Mn, NH; etc
- Sedimentation promotion------ —sedimentation of phytoplankton

Light intensity Growth rate Algal mass

Transparency productive

fm) layer {m]
Hypertrophic <1 <P =
Eutrephic 1-15 2-3 -
Mesotrophic 1.5-2 3-4 a

Oligotrophic >3 =5




7. Improvement Technology for Water Quality of Lake & Marsh
{4) Purification by Aerated circulation System

Kamafusa Impounding Dam

V=453 million ton
A=3.7 km?

Air-lift Pipe 7.5k, 22k
Purpese: muliipurpose

Phormidium { blue-green algae— musty odor

Resulls
3000 —
E
B
-
=
__g 1300 Aeration start
o
EE 0 o — o
(4] (4] [+ 4]
o o o




7. Improvement Technology for Water Quality of Lake & Marsh
{3) Purification by Lagoon System

Principale

(decomposition)

Water Detention BOD

Lagoon depth time removal
(m) (days) (g/m?/d)
Facultative pond 0.7-1.5 10-50 2-6
High-rate pond 0.2-0.3 2-6 10- 30



7. Improvement Technology for Water Quality of Lake & Marsh

(5) Burification by Lagoon System

Performance restil: Phelchaburi, Thailand

Depth Area Vol BOD T-N T-P

im [(m2] [ma3] (mail)

- - - 145 22 3.8
2.3 10,217 23,488 45 195 3.5
2.0 30,408 80816 31 11.8 3.1
1.9 34,888 66,306 21 7514
1.8 35,422 63,763 12 6.8 0.7
1.7 43132 73,324 14 B1 0.5

MNativie plant

A5%
Mangrovefiltyation
foRest

Rmv. Rate{%) 90 72 86

P-1]
P-3
-
Sed
Domestic sewage




7. Improvement Technology for Water Quality of Lake & Marsh
(6) Resident Participation Measures at Kiichen

others

washing
T-N
1.3g/d
bath "
30% COOKINg T-P
5% 0.3g/d

House hold wastewater load / capita




7. Improvement Technology for Water Quality of Lake & Marsh
f7) Resideni Parlicipafion Measures al Kilchen

Pollulant ioad reduclion

1. Control cooking refuse
- Cook just enough, no leflovers
- Collection of solids and food left over
] - Rice washing water— plants
A. Kitchen - Wipe sauce, oil, dressing, etc before washing
- Don’t dump soup, beer, etc

2. Properly dispose of used oil
- Use up cooking oil each time you cook
- Absorb used oil to paper or solidifier

3. Properly dispose of collected materials
- Garbage disposal or bury underground

B. Bath Use proper amount and type of detergent

C. Laundry Use used water for laundry or other purposes




