17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

TS7-1

Restoration of Loch Leven: sustaining ecosystem services
Brian J. DARCY'

'Independent environmental consultant
Keywords: Lake restoration; phosphorus; pesticides; BMPs; diffuse pollution; ecosystem services

ABSTRACT

The pollution and restoration history of Loch Leven has been variously described in earlier papers. The nature
and basis of the controls implemented during the recovery period included work with a textile mill, and
determining appropriate best practice discharge standards for the municipal sewage effluents. The regulatory effort
included enforcement actions with various polluters in the catchment to raise awareness of the requirements for
better quality in the tributary watercourses and hence the loch (lake). From the mid 1990s, awareness of the
nature and importance of diffuse sources of pollution increased and a series of initiatives with local farmers,
agricultural advisors and the River Purification Board (later SEPA) led to the establishment of a suite of diffuse
pollution controls. Creativity in finding means to fund measures such as buffer strips and reduced nutrient additions
was a feature of effective work during that period. Whilst an EQS approach to discharge standards to a tributary
watercourse was taken, setting standards for discharges into the loch was more challenging, and a best practice

approach was adopted. That was extended to measures to manage diffuse sources too. The experiences at Loch

Leven subsequently informed the development of diffuse pollution regulations and strategy in Scotland.

1. INTRODUCTION

Loch Leven is the largest lowland lake (loch) in Scotland
(13.3km’) and is relatively shallow (mean depth 3.9m)
with a large surface area in relation to its catchment!'],
Historically, water quality was good at the turn of the 20"
century, but deteriorated as industrial development and
increases in the size of the villages and town in the
catchment, resulted in phosphate rich effluents draining
into the loch. A condition of hyper-eutrophication
developed, with varying periods of improvement
followed by slippage in quality. The catchment of the
loch is mainly mixed agricultural, with some forestry in
the hills. Diffuse sources of nutrients became
increasingly important as restoration efforts focused on
the effluent discharges were successful, leaving diffuse
pollution as the principal challenge.
Social and economic activities provided by the loch have
included:

e Drainage and effluent disposal

e Nature conservation

e Angling (trout)

e Bird-watching (an RSPB reserve adjacent)

e Informal recreation (walking and cycling)

e Hydropower generation (downstream industries)

e Local economic benefits (tourism)
Ecosystem services (provisioning, regulating, supporting
services and cultural) have been discussed in relation to
Loch Leven by May and Spears'"!, exploring the
inter-related impacts of various factors and actions,
including unintended consequences. The years of
deteriorating water quality adversely affected the above
in varying ways; perhaps primarily by establishing a
public image of the loch as being badly polluted with
health risks from toxic algal blooms and decomposing
scum along the beaches. The realities were somewhat
different, but the negative messages were consistently

stated.

2. POLLUTION CONTROL ACTIONS
2.1 Pollution abatement strategy

There were 3 steps in the strategic approach to achieving
reductions in pollution in Loch Leven:
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a) Review existing discharge permits and use
published environmental quality objectives for
specified pollutants in effluents discharging to
the tributary watercourses of the loch

b) Adoption of a pragmatic best practice approach
to P-removal at municipal sewage treatment
works (STWs), and to the control of diffuse
pollution sources across the landscape.

c) Support continuing monitoring of the loch and
seek evidence of consequential improvements;
that required development of strategic water
quality goals for the loch.

2.2 Pollution abatement at major point sources

The first step was to seek compliance with the discharge
limit for P which had been agreed some years earlier at
the textile mill in Kinross, and to begin a review of the
permit to also cover moth-proofing chemicals and toxic
metals. Enforcement action was taken, followed by a
strategic decision at the mill in relation to P use, which
since 1987 has made the mill typically no more relevant
to P issues in the loch than any other business.
Subsequently, new discharge limits were agreed which
precluded use of moth-proofers, and protected the S.
Queich (and hence the loch too) from pollution from
toxic metals. The review also reduced the permit P limit
to 2 mg/l, consistent with new limits being agreed for the
remaining discharges by then”. Prior to the actions at the
mill, that P load had been estimated at 30.6% of the
external load of total P into the locht™.

In parallel with the work at the Mill post 1985, the
effluent discharges from STWs in the catchment were
re-appraised. The principal discharge was from Kinross
North STW; a relatively new works designed to remove
as much P as was possible by conventional treatment with
enhanced sedimentation. Wedge wire screens in the final
clarifier polished the effluent to a high standard (limits
were for BOD, ammonia and total suspended solids;
indirect benefits for P-removal). A 2,000 population
septic tank input from South Kinross was draining
directly into Loch Leven in 1985; transferring that input
for treatment to Kinross North was a priority and
achieved as the first stage of STW progress (agreed for
some years prior to the review post 1985, and already in
the capital programme of the water utility (Tayside
Regional Council, then East of Scotland Water, later part
of Scottish Water). That action addressed a TP load of
6.7% of the total external TP budget in the 1985 study
(Bailey Watts et al 1987). Two other sewage discharges
comprised the rest of the major point source inputs:
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Kinnesswood - a village on the east side of the loch; and
Milnathort, the second largest village in the catchment
and served by an old combined sewer network and an old
treatment works. A new works was completed for
Milnathort, designed with P-stripping, in 1995, and
Kinnesswood was pumped to the neighbouring village
which was just outside the loch catchment (discharging to
the Leven Valley Sewer) . The standards for TP in the
sewage discharges (2mg/L) were determined by
participating in a European workshop on appropriate best
practice discharge standards for municipal sewage
The regulatory effort included enforcement
actions with various polluters in the catchment to raise
awareness of the requirements for better quality in the
tributary watercourses and hence the loch. That work
included a focus on combined sewer overflows and

effluents.

pumping station discharges too.

2.3 Managing diffuse pollution

From the mid 1990s, awareness of the nature and
importance of diffuse sources of pollution increased and a
series of initiatives with local farmers, agricultural
advisors and the River Purification Board (superseded by
SEPA) led to the establishment of a suite of diffuse
pollution controls™. A national ‘Buffer Strips Initiative’
was launched by the partnership, and Loch Leven
tributaries became part of that. Creativity in finding
means to fund measures such as buffer strips and reduced
nutrient additions was a feature of effective work during
that period. Evidence of the efficacy of those measures
was published in 2006".  Nutrient budgets were
important and popular with farmers.

2.3 The impact of ‘Scum Saturday’, 1992

13™ June 1992, became known locally as ‘scum Saturday’
when an algal bloom at Loch Leven coincided with a
major nature reserve open day and attracted a lot of media
attention. A combination of anglers and locals formed an
action group. The statutory bodies involved, together with
the loch owner and the principal scientific research
organisation at that time working on the loch (now CEH),
responded by forming a Loch Leven Area Management
Advisory Group (LLAMAG) in 1992. Of several options
identified, the principal options were P-stripping (£2M)
and diversion of the town effluents around the loch into
the Leven Valley sewer (£3.2M). There can be little
doubt that the crisis accelerated agreement on the
implementation of P-stripping at public STWs (Kinross
was the first town in Scotland to have this retrofitted).



3. SUSTAINING ECOSYSTEM SERVICES

The improvements in water quality began to restore the
reputation of the loch. A walking/cycling trail around
the loch was completed and attracts many visitors and
locals. Numbers of visitors to the RSPB bird reserve
have increased from 40,000 p.a. to 70,000. The Mill has
allowed access through their property for the trail and
re-opened a shop and café. Two
café/restaurant developments have grown significantly

additional

too.  The Mill has strengthened its position in
international markets and has had a
environmental impact on suppliers as well.

positive
Biodiversity
has greatly recovered in the loch. Conversely, the native
trout fishery!! has been greatly reduced in size, as a
business decision by new managers of the estate.

4. DISCUSSION

The intervention of a crisis into the abatement
decision-making process had consequences. The urgency
cut-short consideration of long term benefits of diversion,
with its advantage of total reduction and allowance for
population increases and growth in influent loads. Often
limited or false information was seized upon in the press.
The main beneficial consequences were the acceleration
of actions to reduce the sewage P-load, and to support for
diffuse pollution partnerships with farmers and their
advisors™*!. Efforts to persuade local authority planners to
target
piecemeal development in the rural areas largely failed.

sewered areas for development instead of
The belief that treatment technology should prevent a
problem, ignores widespread professional experience of
small private treatment systems. For the main water
utility STWs, the discharges are well within limits; should
their concentrations be allowed to rise? Should there be
an upper limit to growth of the settlements? Abatement
success brings new challenges too; tourist facilities need

to consider P losses more effectively.

5. CONCLUSIONS

A mixture of approaches needs to be used for pollution
prevention and control, and these have been well
demonstrated in Loch Leven:

1. Environmental goals need to be simple and clear

2. Cessation of a discharge in perpetuity is better

than investment to achieve a percentage

reduction by a treatment process.

3. Setting discharge limits based on published
environmental quality standards for tributary
rivers and streams, rather than allowing piped
effluents into the lake, provided better control of
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pollution for the lake than setting limits based on
debatable in lake mixing zones and dilution
concepts (c.f. coastal water discharge practices).

4. For industry, environmental improvements are
consistent with business efficiency and cleaner
technology.

5. Many pollution incidents are avoidable; fair and
reasonable enforcement actions are often needed
to underline the importance of environmental
protection in a community or catchment.

6. Good will from local business sectors, the public,
and the water utility and local council, can
accelerate progress beyond the scope of
regulatory actions. Catchment management plans
are one mechanism to achieve that.

7. People in a lake catchment respond well to a
campaign or initiative, since they identify with
their local rivers and lakes. That is especially

important for diffuse pollution control, which

relies on widespread uptake of best practices.

8. The sewered catchments of Milnathort and
Kinross, drain to modern STWs with P-removal;
those areas are therefore preferable for

development to areas outside those sewered

areas, when allowing development in the lake

catchment.

9. Drainage from Kinnesswood and Scotlandwell is
pumped into the Leven Valley Sewer,
discharging after treatment into the Firth of Forth.
That is therefore the least impact area for
development, as long as it is connected to the
sewer.

10. Success brings new challenges; tourism.
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ABSTRACT

The management of water environment in Japanese lakes and reservoirs started in 1970’s by the
environmental water quality standards (EWQS) such as CODy, to prevent serious problems in water uses
caused by organic pollution. Effluent regulations were also started by the Water Pollution Prevention
Act to satisfy with the standard. However, percent compliance of the EWQS on CODy, did not improve
and various problems associated with eutrophication were reported. Additional EWQS and related
effluent regulations both for nitrogen and phosphorus started in 1982 to cope with eutrophication.  Also,
the Law Concerning Special Measures for Conservation of Lake Water Quality (1984) was enacted to
control non-point sources, to regulate total loading of pollutants and to protect lakeshore ecotone
vegetation. However, only a half of lakes and reservoirs could satisfy with the EWQS even in 50 years.
Also, COD y, increased in some lakes irrespective of the reduction of loadings. The new EWQS on
benthic dissolved oxygen concentration and littoral zone Secchi Disk transparency were enacted as new
targets of comprehensive water environment management.  Also, adaption to climate change is a new
challenge in Japanese lakes and reservoirs.

1. ENVIRONMENTAL WATER QUALITY >class 1 — can be treated by simple purification
STANDARD FOR LAKES AND RESERVOIRS process such as filtration

Japanese management for water environment started by >class 2 — can be treated by conventional purification

the adoption of the environmental water quality standards .
(EWQS) in 1970s. EWQS define desirable quality of filtration

environmental water necessary and sufficient for various >class 3 — can be treated by advanced water
water uses based on the Basic Law for Environment and purification processes with pretreatment.

are administrative targets and criteria for promotion of ~ In the EWQS, the most important parameter to be
comprehensive measures to cope with water pollution. achieved has been CODy, to cope with organic pollution.

processes such as coagulation, sedimentation and

Table 1 shows one of EWQS for lakes and reservoirs to
conserve living environment, i.e. to protect all the water 2. EFFLUENT STANDARDS

uses for daily human life and the living environment for . . . )
Regulations of wastewater discharge into public water

bodies from the specified facilities started by the Water
Pollution Prevention Act to satisfy with the EWQS[z].

aquatic plants and animals closely related to human life!!).
The following are examples of definitions of the water
uses in the table on drinking water supply:

Table 1 EWQS for Lakes and Reservoirs (mg I, volumes > 10 x 10° m’)

category water use pH CODyy SS DO
AA water supply class 1, fishery class 1, conservation of natural
. 6.5-8.5 1 1 7.5
environment, and uses A-C
A water supply class 2 and 3, fishery class 2, bathing, and uses B-C 6.5-8.5 3 5 7.5
fishery class 3, industrial water class 1, irrigation water, and use C 6.5-8.5 5 15 5.0
industrial water class 2, conservation of environment 6.0-8.5 8 INo floating] 20
: : matters :
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The effluent standards are uniform and national minimum
criteria on effluent quality being applied for facilities
with daily discharge more than 50 m’.  Local, i.e.
prefectural governments, therefore, can enact more
rigorous standards than the national standards by local
ordinance if the national standards are not enough to

satisfy with the EWQS for local waters.

3. WATER QUALITY IMPROVEMENT

The comprehensive efforts to control wastewater
discharges resulted in the improvement of water quality.
As shown in Fig.1, water quality in rivers improved and
percent compliance on BOD significantly increased from
ca. 50% in 1970s to more than 95 % in recent years'".
However, those for lake and reservoirs on COD are not
They remain between 40 % and 60%

showing little improvement irrespective of the similar

satisfactory.

regulation for wastewater discharge.
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Fig. 1 Percent compliance for EWQS

4. EUTROPHCATION CONTROL

The fact that little improvement both in lakes and
estuaries suggested that internal production of COD, i.e.
organic production in receiving water by primary
production of phytoplankton, is responsible for the

non-compliance of EWQS in COD. Also, typical
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phenomena in eutrophication such as water bloom
formation by cyanobacteria and sand-filter clogging in
drinking water treatment plant have been reported.
Nutrient control, therefore, is necessary in addition to
Additional EWQS and effluent
regulations both for nitrogen and phosphorus started in
1982 to cope with eutrophication as shown in Table 2.

organic pollutants.

Fig. 2 shows percent compliance for EWQS on T-N and
T-P in lakes and reservoirs.  They are less than 20 %
for lakes where EWQS on T-N are applied.  Other
lakes with T-P and both T-N + T-P are applied are also
low and show little improvement irrespective of nitrogen
and phosphorus regulation for wastewater discharge.
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Fig. 2 Percent compliance for EWQS on T-N and T-P

In addition to the effluent regulations, the Law
Concerning Special Measures for Conservation of Lake
Water Quality (1984) was enacted to control non-point
sources, to regulate total loading of pollutants and to
protect lakeshore ecotone vegetation. However, only a
half of lakes and reservoirs could satisfy with the EWQS
on COD even in 50 years. Also, COD y, increased in
some lakes irrespective of the reduction of both organic
and nutrient loadings.

Table 2 EWQS on nitrogen and phosphorus for Lakes and Reservoirs (mg 1")

category water use T-N T-P
I Conservation of natural environment, and uses listed in II-V 0.1 0.005
Water supply classes 1, 2, 3 ((except for special types), fishery class 1, bathing,
11 ; . 0.2 0.01
and uses listed in I1I-V
111 Water supply class 3 (special types), and uses listed in [V-V 0.4 0.03
v Fishery class 2, and uses listed in V 0.6 0.05
v Fishery class 3, industrial water supply, irrigation, conservation of living 10 0.1
environment ’ '
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Table 3 EWQS on benthic dissolved oxygen (DO) concentration (mg I'")

category designated use DO
Habitat 1 + Area to protect and restore habitats for adult species sensitive for low DO 40
* Area to protect and restore habitats for species sensitive for low DO in reproductive stages
+ Area to protect and restore habitats for most adult species except for sensitive species for low DO
Habitat 2 |+ Area to protect and restore habitats for most species in reproductive stages except for sensitive for 3.0
low DO in reproductive stages
+ Area to protect and restore habitats for adult species tolerant for low DO
Habitat 3 |+ Area to protect and restore habitats for species tolerant for low DO in reproductive stages 2.0
Area for the survival of most tolerant benthic organisms

5. EWQS ON BENTHIC DISSOLVED OXYGEN
AND TRANSPARENCY

The comprehensive efforts for more than 50 years to
restore lake water environment, however, cannot satisfy
with the EWQS, i.e. lake environment is not satisfactory.
Fishery production remains low compared to 1960s and
has not recovered yet. Also, wide and frequent anoxia
in lake bottom have been reported. Many circles claim
that the current EWQS was good to remediate serious
water pollution in 1970s, whereas they might not be
appropriate as targets of the current management of lake

water environment.

The Japanese government started to reconsider the
current EWQS and proposed new EWQS for the better
management of water environment.  The new EWQS
have two parameters on water quality, i.e. dissolved
oxygen concentration (DO) at the bottom to secure
survival and reproduction of aquatic organisms (Table 3)
and littoral zone Secchi Disk transparency (SD) as local
criteria for the conservation and restoration of submerged
vegetation and recreation.

Designation of water area types for benthic DO in lakes
will be discussed based on expected fish species for
Different from COD, T-N and T-P where
the same parameters were applied for effluent regulation,

conservation.

DO standard may require effluent regulations on organics
and/or nutrients depending on local conditions.

e fuiuny climair
carrent climsts

VY

Incamplere circilation for J years?

|

1
1

=1
E2 4
-]

Fig. 3 Predicted incomplete circulation in the Lake Biwa

6. CLIMATE CAHNGE: ADAPTAION IN LAKES
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It is well known that global surface temperature will
increase several degrees and current climate will be
changed in near future. Although various measures
have been proposed and carried out to prevent the change,
it is well known that the increase and change will be

inevitable.

In addition to these mitigation, i.e. decrease in
greenhouse gases emission, therefore, measures for

adaptation has been studied in three Japanese lakes!™.

Changes in water temperature and precipitation were not
significant in the Lake Biwa even in the most pessimistic
scenario, RCP 8.5.
autumn were predicted to decrease in some years and
area of DO deficit in the bottom increased by a climate
model as shown in Fig. 3.

However, depths of overturn in

This may damage benthic
fish population.

However, another climate model did not show any
reduction of overturn depth.
studies are required to evaluate effects of climate change

The more intensive

on lake ecosystem and efficient measures for adaptation.
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Value-chain analysis - An assessment approach to estimate Lake
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ABSTRACT

Although, the fishery in Lake Nasser has existed for more than 40 years, the economic and financial
performance of its fisheries-based businesses not well understood. The current study aimed to improve
understanding of fisheries value chain performance in Lake Nasser. Individual interviews and focus group discussions with
fishers, traders, and processors were used to collect quantitative and qualitative information about financial performance,
employment creation and critical factors impacting performance of each node throughout the chain. Tilapias account for
75%, while pebbly fish and tigerfish account for 13% of capture. Fish processing is an important subsector as some fish
species (mainly tigerfish and pebbly fish) are only consumed after going through a salting process. Fishers obtained a
relatively low percentage (49%) of the final consumer price. Average catch per fisher per day was 20 kg and average total
cost in the three fishing harbours was EGP 5210/t. One hundred tons of fish caught and sold provides an average 29.99
Full-Time equivalent jobs (FTE). The current study suggests that the fishery is under pressure from overfishing. Critical
factors facing the fisheries sector and impacting profitability are numerous. This value chain study improve our
understanding of the performance of fisheries sector in Lake Nasser and identified limiting factors and action needed to

support fisheries development in the Lake.

1. INTRODUCTION

Lake Nasser is an important source of fish for the Egyptian
markets. Lake Nasser has a diverse fishery with 52 fish
species belonging to 15 families ['l. During recent decades,
the lake’s ecosystem has undergone change and species
diversity has declined > 3!, Tilapias, comprise 75% of the
total catch by weight and are sold as fresh fish, while
pebbly fish (Alestes spp.) and tigerfish (Hydrocynus spp.)
are also important and are used as raw material to produce
a traditional salted fish product. Other fish species in the
catch are Nile perch, squeaker catfish, sharptooth catfish,
Bagrus catfish and Nile carp. The statistics indicate that
fish catches declined in the last 5 years mainly due to
reduced tilapia and Nile perch catches . Value chain
analysis (VCA) has become increasingly prominent as a
form of analysis in the fisheries and aquaculture sectors [°
-7l The particular aims of this study were to: Map the
fisheries value chain and the flow of products through the
chain; identify the various actors, their functions, and
existing linkages across the chain; conduct a preliminary
analysis of the input-output structure and the distribution
of margins, return on investment and job creation along the
chain; identify the problems and opportunities facing
different actors in the fisheries value chain.

2. METHOD

The work for this study consisted of three main stages:
planning, data collection and data entry. Three main target
groups were identified in this study: fishers, traders

(intermediaries, wholesalers, and retailers) and fish
processors. Three questionnaires designed to be used in the
study (one for fishers, one for processors, of both fresh and
salted fish, and one for the postharvest subsector; i.e.
intermediaries, retailers).  The
questionnaires tested and revised and simplified wording
for the interviewees.

wholesalers  and

Fishers were selected on a stratified random basis in the
three fish landing sites (Aswan, Garf Hussein and Abu
Simbel). Fish processors are based in Aswan and the
sample selected randomly from a list of fish processors.
While, fish traders were selected to represent different
trading activities (intermediaries, wholesalers, and
retailers). The number of interviewees for each category
considered in this study are as follows; fishers 162;
processors 22 (fresh and salted processors); and traders 23
(intermediaries, wholesalers and retailers). A total of 207
respondents (fishers 162, processors 22, and traders 23)
were interviewed. Data collected allowed the estimation of
a number of key indicators for each link in the value chain.

The data collected allowed for the construction of costs
and earnings models for each respondent across the chain.
The data collected on employment was converted into
Full-Time Equivalent (FTE) jobs. FTEs were estimated
based on 1 FTE being the equivalent of 300 days per year
in fishing and processing sub-sectors, and 330 days FTE

in the trading sub-sector as described by Macfadyen et al.
(6]
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3. RESULTS AND DISCUSSION
4.1. Lake Nasser fisheries value chain mapping

Results of the value chain mapping and analysis revealed
that the average catch per fisher per day was 20 kg and
average sales price is EGP 6.3/kg, Fishers obtained a
relatively low percentage (49%) of the final consumer
price, due to the long supply chain compared to
aquaculture value chain [°), Tilapias represent 76% of catch
and pebbly fish and tigerfish represent 13.6%.
Intermediaries play an important role in collecting catches
from fishers in their fishing camps and selling on to

wholesalers at landing sites or in the market. Fish
processing is an important subsector of the fisheries value
chain in Lake Nasser. Fresh fish processing generates 5.7
FTE/100t processed, while salted fish processing
generated 5.5 FTE/100t processed. Also, fresh fish
processing led to higher value added (EGP 3652/t) than
salted fish processing (EGP 2507/t). Salted fish (muluha)
is a product that is unique to Upper Egypt and comes
mainly from Lake Nasser. Muluha is made from tigerfish
(Hydrocynus spp.), pebbly fish (Alestes spp.), Nile carp
(Labeo spp.) and other species that cannot be sold as fresh
fish.

Figure 1. Schematic chart for Lake Nasser fisheries value chain.

Intermediaries

14% of fresh fish

26% of salted fish
66.5% of fresh fish
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4.5. Data summary

Changes in the average product price across the value
chain indicate the average sales price for each link in the
value chain (i.e. the basket price) (Table 1). The data
indicates that fishers receive just below 50% of the final
retail price.

Table 1 Gross output values (average prices) for the
Lake Nasser fisheries value chain

Subsector Price EGP/kg % of Retail prices
Fishers 6.29 49
Intermediaries 9.32 73
Wholesalers 10.40 81
Retailers 12.79 100

4.6. Job creation in fisheries value chain

This study found that the fishing subsector resulted in total
employment of 30 jobs (FTE) per 100 t of fish caught in
Lake Nasser (Table 2). The highest employment level was
in fishing followed by retailing, and intermediaries and
wholesaling. More than 90% of fishers working in Lake
Nasser are from Upper Egypt governorates. Meanwhile,
50% of wholesalers and 65% of retailers are also from
outside Aswan. This indicates that the fisheries sector is an
important source of job creation not just for Aswan but also
for other governorates, including those of Upper Egypt.
The current study found that most work was full time
(>79%) indicating that fish businesses generate a good
level of income across all subsectors. Furthermore, in fish
retailing and wholesaling, almost all employment was full
time (97% and 95% respectively). Youth (30 years old)
represented 49-59% of total FTE indicating that working
in the fisheries value chain is an acceptable option for
young men.

Table 2 Employment creation in the Lake Nasser
fisheries value chain

Employment Fishers | Inter! | Ws? |Re? | Total
igi’; (FTEY100 t1 1oy | 319 [1.63 .08 | 29.99

% across the chain 60 11 5 24 100

Full-time (% of

FTE) 79 78 95 197

Youth (% less than

30 years old) 37 >3 9|49

Source of labor

Aswan % 9 47 50 |35

Other

governorates % 91 53 50 |65

Intermediators; 2Wholesalers; 3Retailers
4.7. Analysis of critical factors limiting fisheries
development

Focus group discussions (FGD) resulted in identification
of a series of challenges categorized into; livelihood
challenges; inputs availability challenges; operation

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

challenges include; post-harvest and marketing challenges.

4.8. Recommended actions to improve fisheries value
chain performance

Suggested recommendations are based on the critical
issues identified during the FGD and issues raised by
fishers during interviewing.

*Establish new service organizations to provide inputs.

*Capacity building on recent fishing methods, improved
handling and fish processing technologies.

*Facilitate affording operations inputs (food, fuel and ice).
*Ensure enforcement of security on and around the lake
* Adopt community-based fisheries management approach

Improve living standards in the fishing camps in the lake
and provide health service and social insurance service.

*Local authority should support establishing fish auctions
in both Aswan and Abu Simbel to regulate fish prices.

4. CONCLUSION

The Lake Nasser fishery is an important source of food and
job creation in Aswan and Upper Egypt. The fisheries
sector contributes significantly to direct job creation,
including for youth. No women were employed in the
fishers or fish processing sectors in Aswan.
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ABSTRACT

This study focuses on freshwater ecosystem services that support hydropower plants (HPP)/dams
development in the Kura-Aras River Basin in Azerbaijan. The study assesses the HPP/dams sector, and
reviews additional sectors including nature-based tourism, irrigated agriculture, and drinkable water supply.
In addition, the study briefly discusses the role and value of ES that help to mitigate natural hazards related
to poor ecosystems management.

The study used a basic Targeted Scenario Analysis (TSA) approach. The TSA assesses current “business as
usual (BAU)” ecosystems management practices and its current value of ecosystems services under BAU.
It uses sector output indicators and compares with potential “sustainable ecosystems management (SEM)”
outputs to assess losses and potential gains (or losses) of shifting from BAU to SEM. The BAU approach
is characterized by a focus on short-term gains (e.g., < 10 years), externalization of impacts and their costs,
and little or no recognition of the economic value of ES, which are typically depleted or degraded. Under
SEM, the focus is on long-term gains (> 10 years); also under SEM, the costs of impacts are internalized.
Ecosystem services are maintained, thus generating potential for a long-term flow of ecosystem goods and
services that can enter into decision making. SEM practices tend to support ecosystem sustainability as a

practical and cost-effective way to realize long-run profits.

1. INTRODUCTION

The hydropower dams/ reservoir in Azerbaijan provide a
preferred cultural, regulatory, and provisioning ecosystem
services [1]. The study aims at: 1) Demonstrate the value
of contribution of biodiversity and ecosystem services to
hydropower/dams development in the Kura-Aras River
Basin; 2) Support the introduction a Sustainable Dams
Assessment and Planning Methodology; and, 3) Mobilize
key stakeholders, secure their support and launch the
Caucasus Sustainable Dam Initiative [9].

The study stresses that joint-effort of key stakeholders at
the river-basin-scale can support sustainable ecosystems
management to ensure that the benefits of the hydropower
sector, both financial and economic are secured for the
long-term.

The study assesses the HPP/dams sector, and reviews
additional
irrigated agriculture, and drinkable water supply. In

sectors including nature-based tourism,
addition, the study briefly discusses the role and value of
ecosystem services that help to mitigate natural hazards

related to poor ecosystems management.

2. METHOD
The study used a basic Targeted Scenario Analysis (TSA)

approach. The TSA assesses current “business as usual
(BAU)” ecosystems management practices and its current
value of ecosystems services under BAU. It uses sector
output indicators and compares with potential “sustainable
ecosystems management (SEM)” outputs to assess losses
and potential gains (or losses) of shifting from BAU to
SEM. The BAU approach is characterized by a focus on
short-term gains (e.g., < 10 years), externalization of
impacts and their costs, and little or no recognition of the
economic value of ES, which are typically depleted or
degraded. Under SEM, the focus is on long-term gains (>
10 years); also under SEM, the costs of impacts are
internalized. Ecosystem services are maintained, thus
generating potential for a long-term flow of ecosystem
goods and services that can enter decision making [4].
SEM practices tend to support ecosystem sustainability as
a practical and cost-effective way to realize long-run
profits.

It is expected that the TSA approach will serve multiple
purposes:

1.Analyze the HPP/dams sector and determine the
potential economic gains or losses of undertaking
productive activities by comparing “poor” with “sound”
environmental management practices.
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2.Inform policy makers and businesses about the economic
risks and opportunities of undertaking productive
activities that impact ecosystem services.

3.Assist government officials and the private sector to
incorporate management
economic planning, corporate business plans, and
investment policies at sectoral level.

4.Provide economic (and social) arguments to mobilize
political will to increase financial support to improve fresh
water and forestry ecosystems management [2].

ecosystems’ policy into

3. RESULTS

During 2005-2009 large investments were made in HPP
sector, including new and advanced generators installed in
several HPP. Contribution of these new generators rapidly
increased electricity production, however, over the last two
years a considerable reduction of the electricity produced
is noticeable. However, during this period, little or nothing

was invested in watershed management (the water factory).

This is typical BAU scenario; it may include deforestation,
intense silting, and poor dam management. Despite the
increasing trend for this period, total amount of
investments is rather low [6]. Under BAU, investment in
infrastructure and equipment is high; Economic losses in
electricity production for the period of 2003-2012. Actual
production of HPPs in Azerbaijan is much lower than the
installed capacities of all HPP. E.g. the Mingechaur HPP
the installed capacity is 402 Mw, while actual production
in 2012 was only 159 Mw. This difference may be
explained by the impact of various factors. One and very
simple explanation is related to the effective dam
management. This large difference between installed
capacity and actual production is considered as an
indicator that HP dam management in Azerbaijan is under
BAU.

A total economic loss 2003-2012 under BAU makes nearly
4.5 billion USD (for 2000-2012 it makes 6.4 billion USD),
which is considerably higher than market value of
produced electricity for that period. The optimal annual
level of productivity assumed under SEM is nearly 2000
kWh per year, while under BAU we observe sharp
fluctuation of productivity.

Comparison of total actual productions and total installed
capacity of HPP and Economic loss from reduced HP
generation sector 2003-2012 under BAU

The current BAU situation contributes to create conflict
amongst stakeholders; i.e. reduced electricity production,
less water available for irrigation leads to a decrease in
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agricultural output, and inadequate flood management that
leads to flooding in downstream regions. For instance, the
Mingechaur dam and reservoir has a purpose of
hydropower generation, irrigation, and flood management.
So, at least three stakeholders have an interest on
management of the dam and reservoir.

Well-managed reservoirs should be operated to be able to
storage water during high flows [5]. However, state owned
HPP/Dams operators are interested in maintaining energy
flow and little is invested in maintenance on dams. For
example, during the high flow seasons, Mingechaur
Reservoir serves as a flood prevention depository,
reducing the risk of floods. However, in 2010, before high
flow season, Mingechaur reservoir was not emptied to
prevent reduction in electricity generation. Thus, during
the high flow the reservoir did not function as a depository
and it resulted in floods and inundation of 50 ha of irrigated
lands, and destruction of homes. By the end of 2013,
Azerbaijani hydro power plants decreased electricity
generation by almost 75%. This is a strong case for
promoting a shift from BAU to SEM.

Simultaneously,
hydropower plant crisis in Azerbaijan started in the end of
2012 and continued in 2013. According to the information,

the government reported that the

power generation at HPPs for January-October 2013
reached only 1.209 10°KW/h that is by 24.5% below that
for the 2012 same term'. According to estimations, this
makes additional economic loss equal to USD
184,292.000 only in 2011-2012. Estimated total economic
loss in hydropower sector over the period of 2002-2012 is
nearly USD 4.5 billion.

Poor dam and watershed management started to cause big
floods since 1993. Recently, floods in the target region
affect lives 0f 200,000-250,000 people on average per year.
E.g. in May 2010, more than 240,000 people were affected,
with tens of thousands of homes flooded or destroyed and
50,000 hectares of farmland inundated. The damage was
estimated at $591 million. The main reason for this flood
damage was a combination of poor upper basin
management and dam management (flow regulation).

In 2010, the GoA increased its state budget up to USD 425
million to eliminate consequences of flooding. In 2013
USD 180 million has been spent to reduce consequences
of floods. In 2014, the projected costs will be nearly USD
185 million. Total spending over the last four years slightly
exceeds USD 1 billion. The Figure 12 shows the annual
costs for elimination floods. The high cost of the 2010
flood is linked to BAU. This cost could be reduced by
shifting to SEM management; for instance, only USD 20



million annually. The data to support this estimation was
provided by the government.

4. DISCUSSION

BAU practices in fresh water ecosystem management have
a high cost to the economy of Azerbaijan. Part of this high
cost can be avoided by shifting to low cost SEM practices.
Despite the availability of several laws and regulations
governing the administration and management of HPP and
Dams in Azerbaijan, enforcement is weak. The legal
framework is also incomplete, there are no means for law
enforcement, and no measurable indicators or means to
collect and evaluate it. Therefore no results of evaluation
are fed into policy making or to improve HPP/Dams
management.

5. CONCLUSION

Because of different priorities, poorly planned BAU
management generates conflict amongst fresh water
ecosystems’ stakeholders [3].

The current environmental impact assessments of
HPP/Dam projects (small and large) neglect to assess the
potential impact of current ecosystems management
practices in the upper river basin. This in turn will have a
negative impact on HPP/Dams performance that may
result in additional negative externalities affecting other
sectors such irrigated agriculture, tourism, fisheries, and
drinkable water supply. The aggregated cost of these
negative externalities often surpasses the current benefits
deriving from the HPP/Dams sector.

Because improving ecosystem management in the upper
watershed requires the participation of multiple sectors,
e.g., HPP/dams, agriculture, forestry, fisheries, tourism,
water supply, a comprehensive package of interacting
policy reform measures is needed, both at national and at
regional level. This is defined as a “policymix” package
that is indispensable to introduce sustainable HPP/Dams
development in the Southern Caucasus [10].

The lack of information and data limited the scope of this
study; therefore, further research is needed, and it may
include developing of primary data baselines. However,
basic scenarios (BAU/SEM) were constructed where
possible to inform policy makers and businesses about the
and opportunities
productive activities that impact ecosystem services.

economic  risks of undertaking
It is evident that BAU scenario causes huge economic
losses in all sectors, reducing long-term gains. In contrast,

the SEM could help to gradually increase ecosystem
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values and related benefits. For illustration purposes, a
rough aggregate of the economic losses in various sectors
under BAU and shows how costly BAU management can
be, USD 18,6 billion. It also shows how economic losses
may continue to increase, unless SEM management is
provided.
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ABSTRACT

West Lake is the freshwater lake in the Red River Delta in Vietnam, located in Hanoi capital. The lake is
one of the few natural freshwater largest lake in the country. West Lake is listed as one of the lakes to be
preserved in the world. Due to this such important role of lake, this research has analyzed current status of
natural and socio-economic conditions of the West Lake, Hanoi capital and surrounding areas. From there,
assess the ecosystem services that the West Lake ecosystem brings. There are four ecosystem services
groups of West Lake: provisioning services, regulating services, supporting services and cultural services,
in which the group of cultural services is crucial. By analyzing climate change scenarios of Vietnam in
general, climate change scenarios of Hanoi capital in particular to assess the impacts of climate change on
each group of ecosystem services of West Lake. From that point of view, proposals will be made to mitigate
and adapt to climate change impacts for conservation and sustainable development of lake ecosystem
services. A system of mitigation and adaptation actions has been proposed to restore West Lake as natural

wetland as previous time for strengthening the resilience of West Lake to climate change.

1. INTRODUCTION

Analyzing the impact of climate change on ecosystems in
Viet Nam is a country-wide requirement and based on
these results of this analysis to propose mitigation and
adaptation measures with climate change.

West Lake is the largest lake in the Red River Delta. The
lake has an area of about 527ha, average depth of 1.5m,
capacity of lake 7.5x10°m3. Lake is one of the few natural
freshwater largest lake in the country. West Lake is listed
as one of the lakes to be preserved in the world. Besides,
ecosystem services of West Lake play an important role for
Hanoi capital.

2. METHOD

This research uses method of document synthesis and
methods which authors used for the previous researches
listed in references.

3. RESULTS AND DISCUSSION

3.1. Current status of water quality, environment and
aquatic biodiversity of West Lake

There are so many surveys on water quality, environment
and aquatic biodiversity of West Lake since 1960. The
most recent and more in details is the report of Institute of
Ecology and Biological resources (IEBR) in 2012:

- Water quality: all the water quality parameters are in the
limit of tolerant of National Technical Regulation on
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surface water quality of QCVN 08-MT 2015 BTNMT with
category BI i.e. for living aquatic organisms but not so
good in comparison with the past time (1960).

- Water and sediment layer depth: after a half century, the
water layer depth is shallower around 0.5m (in 1961 the
deepest point is 3.5m and 2.5m in 2012. The sediment
depth is more deeper, around 1m.

- Heavy metals of water, sediment layers and in living
organisms: there are so many heavy metals in presence of
water and sediment layers such as: arsenic, cadmium,
chromium, copper, iron, lead, zinc... The above heavy
metals are also in presence (contamination) on aquatic
plant species and commercial animal species such as fishes,
shrimps, molluscs...

- Aquatic biodiversity: is originally very diverse (1961) but
rather poor now. There are many exotic (alien) species,
cultured species (for fish species). No aquatic plant species.
For other species such as shrimps, crabs, clams,
snails...are decrease in species number and in stock
(biomass).

3.2. Climate change in Vietnam in general and in Hanoi
capital in particular

The ministry of Natural resources and Environment has
deliberated two scenarios for global climate change 2009
and 2016. The followings are some data of Hanoi capital
in the recent scenario 2016:

Annual average temperature: The change in mean
annual temperature (°C) over the baseline period (1986-



2005) (The value in parentheses is the variation around the
mean value for the lower bound 10% and the upper bound
90%):
- RCP4.5 scenario: 2016-2035: 0,6 (0,2+1,1); 2046-
2065: 1,7 (1,2+2,5); 2080-2099: 2.4 (1,6+3,4);
- RCPS8.5 scenario: 2016-2035: 1,1 (0,6+1,6); 2046-
2065: 2,2 (1,4+3,4); 2080-2099: 3.9 (3,0+5,7);
Annual average precipitation: The change in mean
annual precipitation (%) over the baseline period (1986-
2005) (The value in parentheses is the variation around the
mean value for the lower bound 20% and the upper bound
80%):
- RCP4.5 scenario: 2016-2035: 12,6 (3,1+22,9); 2046-
2065: 17,0 (10,8+23,8); 2080-2099: 24,0 (14,3+35,3);
- RCPS8.5 scenario: 2016-2035: 9,9 (2,7+17,0); 2046-
2065: 17,8 (9,8+25,9); 2080-2099: 29,8 (18,0+40,9);
Extreme weather phenomena in Hanoi: It can be said
that with the people of Hanoi, the phrase climate change is
no longer strange, because the unusual evolution of the
weather in recent years has had a great impact on the life
and environment in the capital. The issue for Hanoi is the
response to climate change and extreme weather, such as
colder winters, hotter summers, drier seasons and more
rainy seasons. There are six rivers and dozens of natural
lakes in Hanoi, which have suffered from climate change,
such as erosion, lower water levels in recent years.

3.3. Ecological services of West Lake and climate
change impacts

3.3.1. Provisioning services

Food supply (aquaculture, vegetables and fruits); Water
supply (for irrigation and domestic use). Every year, West
Lake is put into raising from 2.2 to 2.5 million, equivalent
to about 5 tons of fingerling. Estimated, the yield of fish is
supplied to Hanoi market over 400 tons per year. Genetic
resources includes the genes and genetic information used
for animal and plant breeding and biotechnology. Flora
and fauna in the West Lake is very diverse and abundant.
Therefore, this is the place to store biological genetic
resources with many rare genes. Under extreme heat
conditions at certain times of the year, surface water is
heated up and the absorption of oxygen into the water is
reduced. When surface water oxygen levels decrease,
some of the surface water species are affected. In addition,
warm waters, oxygen-deficient and excess CO» are
favorable for algal blooms. After the algae blooms, the
water will be contaminated by dead aquatic organisms,
along with decaying algae causing odors, pollution in the
lake area, affecting the air environment as well as lake
water quality. Highly polluted species will overwhelm
low-polluted species. Increasing temperatures during
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intense summer heat, or longer deep cold in winter can
affect the organisms inside the lake as well as on the lake
shore. Some species that do not suffer from prolonged
colds can die and cannot be recovered without protection,
such as the Bach Diep lotus species in lake. In addition,
invasive alien species will rapidly overwhelm the native
species.

3.3.2. Regulating services

Climate control (air conditioning, micro-climate of the
city); Hydrological regulation (under groundwater
collection and exchange); Pollution control (receiving and
keeping of sediment, solubilizing nutrients and pollutants,
waste). Disaster control (flood control). In the context of
climate change, storms with high intensity, heavy rainfall
in short time, change in precipitation intensity and
frequency, increase flooding in the lake and surrounding
areas. Floods associated with rainwater combined with
domestic effluent spills from the sewage system, along the
lake can be turned into the disease outbreaks associated
with stagnant water environment, pollution. In addition,
when rainwater runs over sewers with high concentrations
of inorganic substances, organic matter can cause
eutrophication in the lake and can cause odors. This
phenomenon not only affects the organisms in the lake but
also affects the people living around as well as visitors.
Besides, due to the increased rainfall, however, not
frequent, therefore, it will cause sometimes floods,
sometimes drought and the erosion and sediment will be
increased, the life expectancy of the lake will decrease as
the depth of the lake will be shallow gradually with faster
speed.

3.3.3. Cultural services

Spiritual values (belief and trust of the people); Landscape
value, entertainment (opportunities for tourism and leisure
activities, sightseeing); Educational value (opportunities
for education, formal and extracurricular training). Due to
the harsh climate,
temperatures in summer and winter, people often prefer to
live around the lake. Land price in the West Lake (Tay Ho

unusually hot sunshine, high

district) is the most expensive of Hanoi. Human activities
have encroached, separating the lakes into areas that serve
different purposes: restaurants, hotels, houses.., water
surface area is shrinking. Crowded population will cause
pollution from the discharge of the basin due to tourism
activities on the lake, including solid waste. Many
construction works are not suitable to lose the beauty of
West Lake. Urbanization process of rapid development,
especially in the northern, northeastern together with the
population density is on the development. This process
reduces the risk of rapid area "green" of the natural
ecosystems in the basin.
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3.3.4. Supporting services

Support biodiversity (habitats of species); Nutrition cycle
support (take / hold and nutrient handling). Supporting
services are those that are necessary for the production of
all other ecosystem services. Extreme weather makes rare
species listed in the Vietnam Red Data Book. Described
species and new species (possibly endemic) will disappear.
Southern species will dominate the northern species.
Gradually, primary production, atmospheric oxygen
production, soil formation and retention, nutrient cycling,
and primary production will be reduced.

3.4. Suggestion a system of mitigation and adaptation
measures of climate change impacts on ecosystem
services of West Lake

Climate change will put negative impacts on ecosystem
of West should
preserve/restore the natural biodiversity of the West Lake,

services Lake. The issue is:
as wetland. The best way, in view of this research is: to
conserve the maximum biodiversity, minimize and adapt
to climate change while limiting human activities affecting
the natural biodiversity/ecosystem of West Lake. Here are
the proposed actions in this direction:

«  Making a system of floating treatment wetlands and
near coast wetlands.

«  Removing the toxic microalgae.
«  Destroying/catching the invasive aquatic species.

«  Reconstructing 3 islands in the centre of the lake as
formerly.

«  Making the lotus plantation and submerged aquatic
plants as formerly.

«  Better bio-manipulation of lake.
« Integrating lake and water management.
- Enhancing the community participation.

- Adaptation with climate change by construction. The
canal connecting with Red river — sustainable
biodiversity development.

4. CONCLUSION

West Lake is one of the most famous natural lakes in
Vietnam, so the locations around West Lake always
attracts a large number of visitors. West Lake has high
level of biodiversity and there are four ecosystem services
groups in which the group of cultural services is crucial.
Climate change affecting the ecosystem services of West
Lake has made them degradation. If combined with the
inadequate economic, social and cultural activities of
human, the ecosystem services that West Lake supports is
likely to be at risk and destroyed by the end of the 21%
century. To better preserve ecosystem services of the West
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Lake, a set of actions has been proposed and should be
implemented.
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ABSTRACT

To establish the whole effluent toxicity (WET) test specific to evaluation of sewage effluent, we
examined the sensitivities of Zebrafish (Danio rerio) and Japanese medaka (Oryzias latipes). In the test of
sensitivities to three chemicals (nickel chloride, ammonium chloride, and sodium hypochlorite), differences
of NOEC values by these two fishes were the extents of 0.5-2 fold. These results showed that the
sensitivities to chemicals were similar in D. rerio and O. latipes. In the WET test for the sewage effluent,
NOEC values of the influent were the same (40%) as D. rerio and O. latipes. The NOEC value was over
80% in the test of second effluent using D. rerio. On the other hand, the NOEC value of secondary effluent
could not be obtained from the test by O. latipes, because surface of eggs allowed microorganisms to grow
in water samples diluted in 20 and 40%. From these reasons, we suggest that D. rerio is recommended to

be used to evaluate wastewater in the WET assay.

1. INTRODUCTION

The whole effluent toxicity (WET) test is useful to
evaluate effluents from the two points of view; firstly, the
WET test can evaluate chemical toxicities including
unknown compounds, while conventional methods using
chemical analysis are restricted to detect known chemicals.
Another is that WET test can evaluate multiple-chemical
effects by using biological responses. In the late 20th
century, the U.S. EPA has started WET test to monitor
effluents, and the method has been followed by many other
countries including Canada and Germany to protect
Japanese
government is considering the application of WET test for

environments from pollutions. Recently,
environmental conservation [, The WET test is suitable
for evaluating wastewater because various kinds of
pollutants are discharged into sewage treatments from

many sites such as residential and industrial areas.

Zebrafish (Danio rerio) and Japanese medaka (Oryzias
latipes) are recommended to evaluate water samples in
WET test . In acute toxicities, D. rerio have similar
sensitivities to O. latipes . However, there are few reports
on comparisons of chemihal-sensitivities between D. rerio
and O. latipes in subchronic toxicity test used in WET test.
Because WET test using fishes takes a lot of time and labor,
more convenient methods are needed to promote WET test
for evaluation of sewage treated water.

Here, we examined sensitivities of three chemicals
(nickel chloride,
hypochlorite) using D. rerio and O. latipes firstly. To
establish the WET test method specific for evaluation of

ammonium chloride, and sodium

sewage treated water, secondly, influent and secondary
effluent water were examined using D. rerio and O. latipes.

2. METHOD

D. rerio and O. latipes were obtained from the National
Institute for Environmental Studies in Japan (NIES).

For chemical test, nickel chloride (3.75, 7.5, 15, 30 mg/L),
ammonium chloride (12.5, 25, 50, 100, 200 mg/L), and
sodium hypochlorite (chloride concentration; 0.03, 0.06,
0.125, 0.25, 0.5, 1.0 mg/L) were used in this experiment.
We examined the water quality base on the WET test (!l In
each beaker, 10 eggs and 50 ml test solution were added,
and incubated for 8 (D. rerio) and 13 (O. latipes) days,
respectively (Experiments were carried out until 5 days
after hatching). Four replicates were performed for each
treatment and control. Hatch of eggs and viability rate of
larval fish were documented every day. All the beakers
were stored in an incubator at 26 £ 1°C (D. rerio) and 24
E 1°C (O. latipes), respectively. Exchanging water was
performed every other day.

Wastewater samples (influent and secondary effluent)
were obtained from a waste water treatment plant
employing conventional activated sludge process in
November 2017. The water samples were filtered with 60
pm mesh and stored at a dark cold place (4°C). Secondary
effluent was used after treatment with chlorine (2.5 mg/L)
for 30 min to simulate final effluent. Eggs of D. rerio and
O. latipes were exposed to each diluted wastewater (0%
(control), 10%, 20%, 40%, and 80%). Dechlorinated water

was used to dilute water samples and control.
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Experimental conditions were the same as the above
method.

Statistical analysis was performed using the statistical
package R Bl The homoscedasticity of viability and
hatching rate were examined by Bartlett test (p<0.05).
Statistically significances were evaluated using Dunnett
test (p<0.05), because of the rejection of homoscedasticity
in the all tests. The highest concentration with no
differences between a samples and control was determined
as the No Observed Effect Concentration (NOEC).

3. RESULTS and DISCUSSION

Comparisons of sensitivities for three chemicals (nickel
chloride, ammonium chloride, and sodium hypochlorite)
between D. rerio and O. latipes were examined based on
hatching and survival rate. As shown in Table 1, NOEC
values calculated from survival rates were lower than those
of hatching rates both in D. rerio and O. latipes. These
results suggest that egg has more chemical tolerance than
larval fish. Differences of NOEC values by two fish-
species were the extents of 0.5-2 fold, though NOEC value
were different among chemical types in these fishes (Table
1). These results suggest that sensitivities to chemicals
were similar in D. rerio and O. latipes.

Table 1 Comparison of NOEC values for three
chemicals derived from D. rerio and O. latipes

NOEC from hatching | NOEC from viability
Chemical
D. rerio / O. latipes D. rerio / O. latipes
Nickel
. 30 mg/L>/>30 mg/L 15 mg/L/ 7.5 mg/L
chloride
Ammonium
. 100 mg/L />200 mg/L | 25 mg/L/12.5 mg/L
chloride
Sodium
. 1.0 mg/L>/0.5mg/L | 0.5 mg/L/0.5 mg/L
hypochlorite*

* Total chlorine concentration

Interestingly, characteristics of chemical sensitivities
were observed in hatching times of D. rerio and O. latipes.
Delay in hatching was observed in D. rerio treated with
nickel chloride, which was not observed in O. latipes.
Acceleration in hatching was observed both in D. rerio and
O. latipes treated with sodium hypochlorite. These results
may suggest that hatching time is important factor to judge
water quality in addition to conventional criteria including
hatching and survival rate.

Water samples of influent and secondary effluent
(addition of chlorine 2.5 mg/L) taken from a wastewater
treatment plant were evaluated by the WET test using D.
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rerio and O. latipes (Fig. 1). Both NOEC values of the
influent were the same (40%) between D. rerio and O.
latipes. The NOEC value of secondary effluent was over
80% derived by the test of D. rerio. On the other hand, it
was difficult to obtain the NOEC value of secondly
effluent from the test of O. latipes because treatment with
20 and 40% diluted secondary effluent resulted in
annihilated eggs, though 80% diluted secondary eftluent
was not effect on them. These results may be due to the
differences in the hatching time between D. rerio (8-9
days) and O. latipes (13-14 days). Low concentrations of
chlorine may be a reason of microorganism growth on egg
membrane, though further studies are needed to appear
these phenomenon.
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Control 20% 40% 80% 20% 40% 80%
Influent Secondly effluent
(B) O. latipes
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:S § 60 %
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2
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Control  20%  40%  80%  20%  40%  80%
Influent Secondly effluent

Fig. 1 Evaluation of wastewater samples (influent and

secondary effluent) using D. rerio and O. latipes

4. CONCLUSION

Our study demonstrated that sensitivities of D. rerio
exposed to chemicals are similar to those of O. latipes. Egg
haching of D. rerio was more stable than that of O. latipes
both of the cases in the treatments with standard chemicals
and actual wastewater. From these reasons, D. rerio is
recommended to be used to evaluate wastewater in the
WET assay.
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ABSTRACT

This paper deals with field experiments conducted in actual brackish environment (Hinuma lake/river and Naka river) to
investigate the effects of sediment and water quality on antioxidant capacity of Corbicula japonica. For sediment
experiments, clams were cultivated on sediments with adjusted contents of clay/slit (3.7, 20.2 and 33.1%). For water quality
experiments, clams were placed in water of totally five sites. It is observed that sediment with clay/silt content of 33.1%
decreased in oxygen radical absorbance capacity (ORAC) within two weeks, while sediments with those of 3.7 and 20.2%
had no changes. The results indicate that the effects of sediment with up to ~20% of clay/silt content can be neglected on
ORAC assay. On the other hand, Naka river had a large variation in salinity, which was different salinity condition to
Hinuma lake/river. ORAC assay showed that there were significant differences between Naka River and Hinuma River
(»<0.05). To estimate the water quality parameters that affect ORAC, multiple regression analysis was carried out. The
results revealed that ORAC values were affected by variations in salinity and turbidity. In particular, variations in the two
parameters during the past two days determined ORAC of brackish bivalve C. japonica.

1. INTRODUCTION as follows; (1) to investigate the effects of different

Recently for environmental assessments, application
of biomarkers is becoming an important topic in aquatic
organisms as indicators of pollution effects !!. For
sustainability of ecosystem, countermeasures and
technologies based assessment is required. Oxygen radical
absorbance capacity (ORAC) has been widely accepted as
a biomarker for the direct assessment of antioxidant
capacity. The ORAC assay measures peroxyl radical—-
induced oxidations of a fluorescent probe through the
change in its fluorescence intensity with a microplate
reader. This enables rapid and simple assessment of total
antioxidant capacity.

There are limited findings on the effects of sediment
and water quality on antioxidant capacity of bivalves in
brackish environment. Present study focuses on brackish
water clam C. japonica '?) available in Hinuma lake/river

and Naka river. The research objectives can be described

sediment composition on ORAC; and (2) to find out the

water quality parameter affecting on ORAC.
2. MATERIALS AND METHOD
2.1 Experimental conditions and sampling

2.1.1 Sediment experiment

Field experiment was carried out in Hinuma lake from
October to December 2017. Plastic cage (35%65%30cm) of
three different sediment particles of (3.7, 20.2 and 33.1%)
were fixed in the site. These sediment particles were
obtained by blending bottom quality of the field
(experiment site) and clay sediment obtained from Naka
river shown in Table 1. For each run, 50 individuals were
placed, out of which 10 individuals were taken out once in
every two weeks. 5 individuals were used for ORAC
analysis and others for NADH analysis. Both analyses

were conducted for six weeks from the start of experiment.
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Fig. 1 Experimental site

Table 1. Composition of sediment for experiment

No. Clay / silt Ignition
content (%) loss (%)
Run 1 3.7 2.8
Run 2 20.2 20.2
Run 3 33.1 10.4

2.1.2 Water quality experiment

Field experiment was conducted at the survey points A,
B, C, D and E shown in Fig. 1 from October to November,
2017. Clams were placed in a basket once every two weeks
on each survey points for ORAC and NADH assays. At the
same time, water quality parameters such as temperature
(°C), Salinity (psu), DO (mg/l), Turbidity (FTU) and
chlorophyll a (pg/l) were measured every 30 minutes

interval at the survey points A, C, D and E.

2.1.3 Biochemical analysis

Each soft tissue of five clams was homogenized in

20mL of buffer solution (20mM Tris-HCL, 1mM EDTA,

(Infinite  F200 PRO, Tecan Japan, Tokyo). Total
antioxidant capacity was expressed as micromoles of
trolox equivalent per milligram of protein . Protein was
quantified by the Bradford method I using a Protein
Assay CBB Solution (Nacalai Tesque, Kyoto, Japan).
Oxygen Radical Absorbance Capacity is given by the
following equation;

ORAC (umol-TE/mg-Protein

__ Sample Area _, Trolox Concentration _ Dilution Factor

= X X eq (1)

Sample Value Protein

Trolox Area
2.1.4 Statistical analysis
Water quality data at the survey points A, C, D and E
were analysed by principal component analysis and cluster
analysis. To understand the independent water quality
variables affecting ORAC, each water quality variable;
average, standard deviation, maximum, minimum and
median were calculated as 1 day, 2 days and 3 days before
the measurement day of ORAC respectively and then
ORAC and the extracted water quality data were subjected
to multi-regression analysis. Tukey’s test was conducted to

detect significantly different means (p<0.05).

3. RESULTS AND DISCUSSION
3.1 Sediment and ORAC in C. japonica

The three-different composition of sediment particle
with respect to ORAC is shown in Fig. 2. Sediment particle
that of 33.1 % decreased in ORAC, while those of 3.7%
and 20.2% had no changes. It was revealed that the
influence of bottom sediment up to ~20% of clay/silt

content can be neglected in ORAC assay for C. japonica.

50mM KCI) for 1min (GLH-115, Yamato Scientific,
Tokyo) and centrifuged at 10,000g for 10min at 4°C. The
supernatant was subjected to total antioxidant capacity and
protein assays as a sample. Total antioxidant capacity was
assayed as ORAC B! with minor modification. 30uL of
sample was added to each well and mixed with 150puL of
fluorescein (40nM) as a fluorescent probe and 60uL of 2,2-
azobis (2-amindinopropane) dihydrochloride (AAPH)
(100mM) as a source of peroxyl radicals. Fluorescence

was continuously measured with a microplate reader
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3.2 Water quality characteristics and ORAC responses
3.2.1 Evaluation of water quality parameters

Remarkable variation in salinity at points A and C was
observed as shown in Fig. 3. Also, turbidity was seen
highest at points C, D and E. It rapidly increased in
approximately one-week span. Chl.a, was seen highest at
point E. Principle component analysis and cluster analysis
demonstrated that points D and E were found to have
similar characteristics and points A and C have a separate
feature. In terms of salinity, the average value is almost
same at points A and C. Value of turbidity at point C have
greater influenced than point A. Also, the value of standard
deviation shows that points A and C have high salinity
variation compared to the points D and E. Value of Chl.a
was seen higher at points D and E. This is due to the
growth of phytoplankton in Hinuma lake as compared to

rivers.
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Fig. 3 Salinity variation in experiment points

3.2.2 Impacts of water quality factors on ORAC

The differences in ORAC were found in experimental
sites (Fig. 4). Significant difference (p<0.05) was observed
in ORAC value at points A and C in the brackish river
zones where salinity variation was large. Multi-regression
analysis revealed that two water quality factors salinity and
turbidity were the most affective to ORAC. The highest
value of R? was observed in 2 days (R?>= 0.87) analysis,
compared with 1 day (R*= 0.49) and 3 days (R>= 0.43)
analyses. ¢ values were highest in salinity and turbidity that

suggests variable highest impact on ORAC.
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4. CONCLUSIONS

Clay/silt content of sediment is very important to
evaluate the responses of ORAC in C. japonica. Also,
salinity and turbidity have an influence on ORAC
responses. Particularly, variations in the two parameters
during the past two days determined ORAC values. We
conclude that natural environmental factors should be

considered in ORAC assay for C. japonica.
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REICHEHARETH Y, SFG<0 ThiUTRFEZLEIC
RTERVWRKETHD LHITTE 5,

SFG (ngC/individual-hy=C - (P+U+R) (1)

B 1 RFWSUESSRENFHEFEOBEEX

(1) EEEER

HOEME 45 L 77 AF v 7 QUREHC, HEREESE
20 mg-SS/L IZFHFE L7 N TR 3L &P~ X 30
AEZEAL, TR 72 AN THoIcigR s #e
iTolz, EBRPIIY 4 —F —_RZ2DOHPTKIERE—TE
Iz L7,

HETRFNC LV, Y~ oY I BN EEPICHET
FEEFEITRBOKPICIT 5 &, BEEONEICEEY
KIET RN ERSTNE, FOT-8, BIED
JEB AP 72912, Y~ h Y JEBEHE 50 um O
T MRy MCANTERE T2, 777 b
VU Foy MNTTHIEE U7 B3 I3 ER %, Bk Z Nz T
REVTA KB L, 2EHIKFE (TOC) ZHIE LT,
Z LT, ZOHREHKD TOC Z¥~ hv Y I DR
E L7z, Y~ by U B2FN LR 2 SZ25RBA 4G I 4
L, | TR LizkiriEiRFE (POC) B4 EEH
e L7,

(2) PetFEER

BEERCTHEH LY~ Y I2 <X, 05L
DNTHKIZEA LT, EBRPIIKIEEZ —EICR D,



17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

TCREREAT 212, Y~ by U I BT 53 (POC) 5% 1 EAMOKEICHTDRE S - RHERLH O
PRt E L Lz,

MIMEED, % (POC) 14 1| WIS CrtiR gy BRIt
<72V, HrtEOB/NETE 72D Z R BN E o fun |Feeding sal | Weter | ww o Ireeding sal. | Woter | ww
TU\Z)O %@f:&b, }ﬁ%{ﬁﬂj%@{&b‘ 30 ﬁﬁ&:?ﬂ%ﬁ7}< ‘" (mgss/ind.d)|  (psu) T?ﬂlg)p- (DF=x5) . (mgss/ind.d)|  (psu) T?"'g)p- (DF=x5)
AL, BEfFOJ7IE L RERIC 1 ReR OBl & 2 L H 1] 5 51 2% - 89105 5 | 25| -
L?LCO 2 5 5 25 (@) 10 0.5 5 25 (@)
(3) W%%% 3 5 5 15 - 11 0.5 5 15 -
TV & 30 ERBATR, EEEEEH 20 mg-SS/L ITFHEE L 6l 5 | 20 25| 0o 1alos| 2 | 25| o
TN ER R B IR ST AT K 2K E TRA LE 7 5 20 15 - 15| 05 20 15 _
PALT-, EBRPIIKIEEZ —EICR-o 7o, B LKA 8| 5 | 20| 15| O 16/ o05]| 20| 15| O
BB & L, 1 R TCHIIN U 7o PR A R AR 3R
(DIC) EZMWIZ XD mABPEMEE Lz, kLT
B~ COEMRE G TewIs, Wil T 7 ¢ & 600 5 ,
BHCHE L7z, € LT, $A°0I DIC 24347 L7z, s00 £ oo i atEm
FHOMRIC LY, WERT T 4V 2ERT L LI 400 | aCc P
L B#ED DIC 3L LAV L 2HERLTWD g BU- AR
(p>0.05) . 300 ¢
2.2 VAR B IREAE BEH LR T AR ICKT B 200
ENDISEER 100

FENATHBEL TS Y~ PP (BFE 205+ £ 0
1.5mm) 90 A% kiR 20 °C, Hi%y 10 psu O EHAN 2-100
B L, BNEEELTOWSEEEEA 1B 1 EEHZY = 2200
1 mgSS L7285 & 51T 1 BERIEIC S0y R 2 4 L C B 600 >+ ° T °
BLye, BIECHE, FUKIIOF MK & LCRIR 30 | 3 SF (AR
(SS), Kl #i%y & ABHIKEER & LCHTiTFA (5 00 | ¢ op
ERH) OUWAKOEF 4 BRE 2 KHEOMAADET 300 O "uER
B3 16 ROBNERZ Effi L7, EBRAMHEEE 1IOR ;
+ 573 HIRE Lok, R L RHH(E /) (ORAC) 200+
ZRHE L7, ORAC HHFIZEEH it ~72, % ER 100
DHIRNL, FHIOBRFEROMERITHE SO TIRE LT, 0 1
B FER I PRI iRy &[RRI, B R EEme R A faeE L -100 1
Too AT FAKIZALHEAKT S 5N LT, -200 s 0 1 2 1w

B O EREE L OSREEREB 52T 5ol 2

KRG 2 e, RAFOEIHTIE LisQV)EITE Z
MW, iricd 2y, FZEROLDHE (FHR) 2 VEAIRD BRI EERLE T FAKICKT S
BLO2 WFHOEEEM REER) &2A0Z &L

U, 3T EoR T fEfIEREe & Lo, R DIEE
3. RERLEBZ
3.1 ki B RHIKE BIK L8 T AKICH 4588 1400
RBHOGRE 1200 £ (0<0.05)
[B242 A B ARHK R & i F KIS ) % 1000 £ .
BRI & RS 2T, FARRKEERIC LR L 500
THH T ARE G2 7-R1E, AROKEEROL %5 2 g0 £
TR U THEATEN L 0 DR RBEEN AR LN # 400 k Q\‘
oo —HC, HRlRCIPIRRIL LY 2 < 72 B2 £ o0k
BTz, F ORER, B EH S AR AR LT, o §
2FED , %BFE‘F7K51’\7’\7 ]\*‘/*‘/i@ﬁkﬁélﬂ Lfﬁm -200 __
WBEEZ TWAHZ ENbhot-, £z, EHJE (SS) -400 3
DIGETER V720 E (Run9~16) 1F, FREIEDL R 5 05 5 20725 15" - o
(Runl~8) &Ll LT, BEFEN DR RY, kE SS Sal.  Water ~ W.W.
HHELS REL O AEAN AL, BESDOR temp.
(Run5~8, Runl3~16) DOF & ik L TS D F
(Runl~4, Run9~12) OpkE L, K< AED 5 X3 #hRHEERX

AR R BTz, Y~ b3 ITEEE AN D R

673



17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

HThY, BIE L blolofike & big, HEORE
Wz175%, LovL, @HmIcigEEinsd & BT 5 REH
NEL 72519, ¥~ by Y N IEHE S IR S TR
THRMNFELS 20, REFEBWEDD R BT EE
ZBbivd,

Loz L b, WSt LR E O FEE v
5 ERBRRLEN S OMAA ORI X > TRENIE
WIRA BTz, KEBERDEEINCRIETEEIITE
BLEZOBEBANRH NN, FMEOMAEDEIZL -
TEOMERA TR DB DR TE 2, Zhik, K
BHERNZHAEDED Z LICL2EAEHORETH
HEEZLBND,

3.2 KEERPRENDCKITTHREIEESIER

i 1 DSl A A LR D K HERR I A L CELH T
DRFEEIZE ST, BERP Y~ U IOENIC
FAET RO EMZ W L2, DRHEENEZK 312
R, RENT 5 ERIR LT FKICEEEZ TS
ZEBHBMNE IR oT (p<0.05), #EH 5 (2017) I,
10 EF R OERTH F/KICIE L2 Y~ b Y 2 OMiRICHE
ENEZDZEHZPALMILTWD, KERTEMEL
LCH X7 5 RO KRS, Y~ PIca
DB 2 TWDHEEZ LD, — T, SS sy,
KIBDOEEIIZ T W EnboT= (p>0.05),

30 T
25
g |
# 15
P
8 10 §
5 |
0¥ : : : : : :
SS Sal. W.  W.W. BxD

(A)  (B) Temp. (D)
()

B4 BRI HIKIKD B REKE ER LA
TARDOEFEELER

400 1

300 ¢ o o

s ]

2 200 ¥ .O

S 100 ( Yo

=2 ]

o 0T

L 1O FxmL O‘.
100 § o®

1@ wxsY o

200 +———— :

0 10 20 30 40 50 60 70
ORAC (umol-TE/mg-protein)

5 BEALwHiE b OBER
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£/, FEROTFHRIINZ CERBOEAIER %

HOENCT 5700, RAEEHLBE LI 08air 21T

ST, REINZXT DR O I HTHER L Z D% E

BEZNEN 4 1R T, RENTEAT FAROEZE

K OERTH FAK &M ORZBEAERZ%00 5 Z ERH B

Elpodz (p<0.05), BARMKEEKD —>ThHHED

WCERITRWE 0D, Hl FAKICER S NTZGAIER

AAERDRAL, WO LRENCERE 2 HHKF L

D EMH LN T,

3.3 RENEERNAA A ~—I—D %

X 5 (2 SFG &#apiltit /) (ORAC) DOBEIfRZ T,

ORAC NEL 725 EENIZIEL e aHmzE R LT
(p<0.05), Z ZTiX, ENZHFEGTLHH T FRKOE

MIZER L THD, HRBKEERICORELZFRT

IZ, ORAC & SFG (Z8WE OMHBEMENE LTz
(p<0.01), —5C, #BT F/KICHEL7=%TlE, ORAC

& SFG IZIFMEN A B 72 o T2 (p>0.05), K HIZ

T UE=TICHES D & RN OTEMERE FEE O AR MR

HENDZERMBENTWD 12 k%< OIEMERESE

EEET D1 DICHE LR B IHE ST, LT

PR by iR % Z L VT 9, ORAC fEAVEL

RolbDlEZLND, ZDLHIT, KENERE

Feib. 1 DEIERDN 5 ORAC DIFIR N ATREIC R D L £ 2 6

nb,

4. FER
AT T, RB|BNTICES S EDFMMFiEE2 Y

~ MU RITEA L, FAKIBOKER Y~ R Y I

REINCRIETHELZFTI-, T2, Y~ FVID

whilit /) (ORAC) L E N ORREREE LTz, 5

LIV R EZ L TITRT,

1) SRR ZEN (SS, #H4y, KiR) Fv~hv o=
DR TN LIy 723, #i FAK (5 f54R)
IR RIE LIz, £72, RKEHCX LT, By
T N AKROZAAER P HER S L7,

)Y~ MU IORE D LRIt oMIciZB ke
BN B D NTZ, 72720, & TR FEET B8
BILHOWTIE, AR SHICEITAIVNERD D,

o E-B N 1) Gorbi et al. (2008) Marine Environmental Research
65, 34-49. 2) Hagger et al. (2008) Marine Pollution Bulletin 56,
1111-1118. 3) Regoli et al. (2014) Marine Environmental
Research 93, 106-117. 4) Grajeda-Iglesias et al. (2014) Food
chemistry 194, 749-757. 5) #ifl 5 (2016) L4 U B2
(M5 %) 72(2), 1.1351-1 1356. 6) Widdows et al. (1988)
Marine Ecology 46, 113-121. 7) #8175 (2018) /KEREEFEAEE
(54 7). 8) Chandurvelan er al. (2012) Aquatic Toxicology
124-125, 114-124. 9) L% (2016) LARFESHMIE G (B
53) 72(4) 61-69. 10) A H B (1978) KFEHEFE 19(4), 167-182.
1) #H 5 (2017) LARF2FmCE B2 (LY 73 (2),
I 12191 1224. 12) Chetty et al. (1995) Joumal of Environmental
Biology 16, 137-142.
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07-10
A UG A T 7 e FH T B L AL D R

R BORER Y, #Em O EAY, HA A0 2, mEe hE 22 e
ICRIER G FrRetEAE AR EOITER TR, 2 BIORER TR TEERt i TP

X —U—R:HYHRT 7, Microcystis aeruginosa, Daphnia magna, 4K, 50k B E 7R

ez
PASHMEKIROD & R FBALICIV S ZE I SNA B BIEO KR &R AT A8 E) 1%, FBlOE(L, DB, KiE
KOAHBEEIZL DB R R E G ST 720, ERROLIN TS, ARBFZETIE, BUHAZ 7 B L7z
%Ay (FHEIRC K> C, Bt Microcystis aeruginosa ~DILKEN RO WA FEE LT, [RIFRFZ, BEEFE~0

RN RDBNDIINEORETL ERL 7. 612, WEHAT 7 DO Z D KA A ~D 5B A g7
512912, Daphnia magna % N TlEpk R F28R A T L7z, BefETERESEBROfE R, BIEHAZ 7¢I, Bafh
R 0.8 mL ZIRINL7c & EITmWILREBR £V R A 1G0T, Daphnia magna % RN lEpk B E F2BR O
R, WHAZ 7 Wbl H PRI B W TREN W LITE 2 eh o 7e. T, AT 7 2 W o BEsE O TR R
LB FIRE T DO EMTRE TED, EH T H7DIITmMEET0 5 TRPNLEELRD.

1. [IC®IT

BA S M AR Ik D B S kI RV B | X - & H B makE
DREFRA(TA2EER)T, JBLOE(L, DB, K
EAKRDABIEFICLORFHERZ SR 720, B
MRDHILTNWD[1][2]. BLROT A= 5R Cix, 13F
TRAB AT R D ZE ThHY, MEFrE P
AR D ENRIE A EL TETBND[3]. Ll
25, HEO K TMg(OH), 28452 TTr4am
RS S22 8R0[4], PAC(RUAL T L3 =7 )
LB A% FHVNT, Microcystis aeruginosa % EE5EFR 75
CETHE S BDHTEND, PHSHMEAIIZ SEHI 2 A
THNRPEN THLHEEZOND. £z, $% HV Tk
LR Ehi S TRY, AUV ERPSHE VTR
BE RS T-RE R HD[6]. T TARMFETIE, FE
AL L TRV ZMIC AT N A HETHY, BEAFHFIELY
BEEEE % 59D T REME D Mg, Al, Fe & & tepE
EBEEYM THLRAAT I IERHL, TORICEHEEND
AT LD IEBE PR B FIBETH DD E EBREIZ TR
FTHZEIUTz. Fe, BRI ~OHAA K E LT
Bty KEAED~ORBNBREIND. ZZ TR
T, 87778 Td% Daphnia Magna % FVNT
BTN AITOZ LT, FEEFETEYD R O AR
N A2 L T 1O
2. EBRFIE
2.1 BERICREER

T3, BUEHAT 7 % F O CRED LR B AT HET

BHOMERRGET DD, BRI ERE L L 7=, &
| \RT HBARDTEREDORGIAT 7%, EEARRRETE 50ml
MAS TWBRERE IZIRINT 58T, TRk R A i
ERRETUT. BRI, S IICEE S LTS
Microcystis aeruginosa(NIES-102 )OIz HL7-.
e, Wiz en 7 L a %A 1,500~2,500 pg/LELT-.
WINt% 1, 2, 24 BRI O/KIE, pH, BiEEOMEE
A TWDRRE IR (UL T s m IR L3 2)D LA 10
mL ([ZBIF57aa7 b a EZRELE.
£ 1 BNINGE

r—21 (EEFEN
r—R2 |KEEEEER-FAEREE (LT ARBEPIR)
A3 |BREHEEER-THEFEN (LT BEEESIEAR)
A4 |BEHAE-FAE5REE (U TERESEER)
F—A5 |BEHAE-FAESE (UTFERESIREICE)
T—A6 |BEHAE-FHESEHFEE (U THEE FIEDRE)
WA, BB DOIED R ERIN TR Z 7 D
FEREIZOWC, AN A B S L C, BEEE O
2208 LA B2 T 7 D e D BN & O HE & % F i
L7z, FEBREIET, I 7aa7 L a JEEEA 500 pg/L
WHE—L, KIR 25 CEREL. 2, HITLDLRER)
BOIEL X EPERT DTS TEREZFEL
7o, WhNi% 24, 48 WifEt: O KE (IR, pH, ORP, #JH
SRR O _EVEZ 10 mLIZBIFH7mm7 ()L a i FE) &1
FEL. RERICBWT, 48 BEfil#% 0 FyE 10 mL 12
BiIs7au7 v a BENEREMOLMELRD 10
ng/L UL R ChHDIRREZTEIERR BN RN HDHE R LTz,
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2.2 Daphnia magna % I\ Tz lEvk Bl E EER

BRI PR B R R CE TR BN T,
D BEEHEE SRR OEEZRINL, KAEEDIZE
B2 KX SO EER T 52 HE L CTEMLT-.
TR, IRIEE 25 °C, BUEZ 2500 lux, HIRS)E
% 16 L/8 D LL7=. FEBRIZIL, % 24 FFRILIN O
Daphnia magna OEfE%Z 1 DOa=Jine—i—|Z
DX 10PEHV=. Daphnia magna \ZPFEEBEZEY) H D
Ry % #BEL T 0, 24, 48 W% IC/K'E OKIR, pH,
DO)B L OB E N E LT Daphnia magna OfE K
BAaRE L.
3. EBRERLER

=7, WA T 7 OREROEOIC L DB EBIEL R E
BROME KA 2 1R T

2 BROBWICK DB R R

T=X1| 7r—R2| 5—2X3
0.8ml X O O
1.6ml X O O
4.0ml X O O

r—=X4| r—25| 5 —26
0.8ml @) O X
1.6ml O O X
4.0ml O O X

R 2D, r—RA2~5 2B\, LRV NS
7o BN RN RO BEH LT, PEEFEEMIZE E
NDNFTF (A ) S, RROmETAL
T4 SR K ER b4 S BE L B S R B TN D ATTRE
HNREZOND. FTo, SHOERERIZONTITr—
A3 BLOVTF—RA 4 |ZOW LR T 5.

AR D SRR ST — AT DWW Tl MR I D
HEE I d2him L=, BB AZ 7 et H h Fnife (A %)%
R SRR SR U 7= SR B AE BA I 1 R

_. 600

-
% 500

= 400
1
# 300
b
r-\:' 200
g 100 *

o m |

2 0
0 0.6 0.8 1.0 1.6
#Fm&E(mL)

1 RSV BaHPR®EA B TORER
(n=2~4, AVE+£S.E.) * :Dunnett ;5IZT 5%EE
BUEHAZ 7 FEdi i P RR(A R)ZRINLTZSA IR

WV, 48 I D7 am 7 b a IS 10 pg/L LA %
ERLTWAIXRENE, 0.8 mL IILZEA& Th o7z,

676

0.8 mL ININL7=5E12881F5 48 Kfiltt D /a7 4)v a
2R RX ELC, £ (Dunnett 1£)% 30 L7
BRUGH AT 7 FE IR (A TR 2 BRINL 72 X I B) T, 0.6
mL FINL7Z X E 0.8 mL L7z K EDM T, A E
KHE 5%IZHBWTHEREN AL, ZOREEND,
AW IBNT, BIHOILRERR R0 R 2580
A7 7 MM R (A R)DEIL, 0.8 mL SHEE T
7.

AR, WEDK PH 5 52 2 UG 2 7 27 Fe il HH PR (A
W) Z TR FEBRAZ TN 7=, IRIN 48 e o I i =2 (3
VKBRS R) 2 MesB8 L7 5, 50mL O /L & KiEKIC
% U CRUIAZ 2 i hh H P AR (A ) T, 1.0 mLZE
T 38.3% & Rz, ZORERAZ T probit {54 WS
Z& T Daphnia magna lZxtLCO EC50 (IZFHY 5K T
BOHEEZER L7, £ORERE, 1.2mL EHEE TS/,

4. FEE

TEREDIE N LD BRI B R BR ORGSR, PESEFETEY)
R L7Z5AICB O T, @O EERIEL R s A
HNHFER LI o1, ZoZ L XD, RIGHAT 7 DBHHL
AT A BLOHFOEE TAE L& B KEBE L H
PO TR RSB L WD ATREM VRIS ST, &
HIZ, BN LR LB REIZ BT, BEEEO IR RERR
EZH R D DD e U & O HEE 2 F i LR A Z
7R PR (A HOIZBIL T, 0.8 mL EHEE TX7

WEVK P EBRORE R, R AT 7 b R Fniki2 s
VT, Daphnia magna (258 T L72Z L X0, RFHA
Z 7 At PR (A IR DK AE AT L TR
HENE TN Z NS L7 o7,

BUGH AT 7 % DT BE B O VR R AL BN AT BE T D
ZEIFRETELD, FHT L0, mEEIMAs
TRBMELIRD.

51 FSCER

[1] CAHEA, NHETS 4RI L S ERESEOTR & FTHE
PEL), BRESHAT, Vol.17, No.12, pp36-38, 1988

2] @ T AR D 2V E CORY fHA L
AEFRIZ AT 724 1% OFYE, Vol.37(A), No.5, ppl56-159,
2014

[3] EMOKPES BRI EA R, BEMKICE
F 57 A xS BRE, pp73, 2012

[4] MHHERT, FEARMEE, "SR, SR, A LA, F
FISE KR~ 732 U L &G LT BREYCETIED
BA%, H7K & PEK, Vol.56, No.3, pp52-58, 2014

[5] AAR—KE, WAHER], ArdekE, & mEs, s, M
I, e RRAAEE, FIRFRIL, 7 A4 3 BEAIOBIYE, 1
MR PESER = & — i st 3, 19 75, pp19-21, 2007

[6] $HAKFEIL, JLILEER: BRIEEEEA] L ALRD B A % v
ToBEEE - TATRSYBEEIC X 2 BB R 2512 B9 2 LR A
72, IKEEEES4NEE, Vol.24, No.5, pp317-324, 2001
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B2 KIRE T DB T 70 KA 27 WD FEREFER (1)

— A DA B OB S P D R —

M BT, RN BN, i R ik o, Nk RElk
VRIIRARZER), 2 () R AR A

F—U—R K PR

b3

TR R TIE 10 kS CHIKSGEEAIT->TERY, 20N 6 BAKBREFHEEUKEEL TV,
OB, Tl 0 OB ER 2L, 1960 FERDDERBILDEITL, AR B
RILTHREL TWDZEND, B¥FRGIZB WX, BEMORN a2 kbke, LMo B8 E T 2500
FWVE SRR REIRFRRE LT >TND, Z227C, HRTHE, 2009 45705 2011 H20M T TR 3L O L[EFZE
IR TGS, WA RENEA A L A S AR AL K OMIEHE IR L LB AN ER - i 2 KT L T D1 KL BRIZH 2D T D
SR, ZOREREBEE R, Bl KB, 2SO AR A A DY 7= BT /e i K VL S AT B R
TFIUNRRZRL, 2014 4 12 AN EIEEREIT > TS, S, ZNETOERIZE>TEDIL-, AU

AT DB DRBE R, FRIAEERRICALBE DAL FEMEZ SOV T 975,

1. IITBIT

RIRARZE R DEE 354 10 KGO E 6 Kk
BN E A BUKIRE L TWAD, B b a itk e
DRk 2 IR K ALERBE E N T T, FITHA NS
FHNOT TRAETL2EIREDONDRYE (1993~
2017 EIZBITD 2-AF VLAY RILV A=V (UL,
[2-MIBJ &), ) DF KAE 910ng/L) ~D*tits, Fi-H
FLEOIEIZE ST A EAZ L (LR, TTHM 2V, )
AT HEEBIZEWNIEVMELRD RN N AZ
FAE (BLF, TTHMFP &), ) DFRENRE RS
o TN,

DI A BUKIRE T DB il KRB 0
TITATEBIC A AVER, 14 B ORDIR TR M IR U 238 AL
THRHGLTETZ, UL, EW BRI HERAS BRI 3 S
B CTHHEEBITAHICZ O LBEDNME T T 50
BARSHY, Fio, BLRIGVE R LB 4 2 7528 2 238
MF BN DD, TN ST RIS K IS T 57280, X4
JAE 2009 45 2011 A F TRMABFEE O KFEFEE
TV, A Y (LT, TDOC &V, ) D EBR
EReEA T HWRIMEA A B RS LB (LU, Bt
SLER) &, ARAIRINZ BV CH RV DREREREZ AL,
20 B R A O I 20 SR 2 DF R O (R HE e b AL BR
(AT, TAOP1EW), ) BAEZ CThHEHIMILTZ, ZOkE
RAEWFEZ, BEFORELE - A BIT Nz, #iE

ALERE AOP ZE AT 5Z8% HAYIZ 2014 & 12 Ab
EIFEBRAIT > CNDBEZATHD,

2. EBR-FAEFHIE
2.1 EBRT T NEERS S
EER T T ROMBE T a— XK 1 DEBYTHD,

i 1

W, PAD

sur
A
ot

R

X1 EBHEBRICBITANE T a—

WA AR X, A4 A MR K> TR K
H D DOC ZFRETHHLOTHY, H/AKTHAL, MoK
LA RE T D, 7R BIIRIL, BRKEIZ T2
BHAMBIIEED K (BVTR :Bed Volume Transfer Rate) 73
10,000 L7025 85 5| &HhE, &, AEZITo7, AOP I
AV g Kk FEOHFMIZED, AV Kob ek /)
DINER TR TN D AR IEEL, HHEYORE
53R DR EE2XBHEDTHD, D7, FKIZK
TR E IR E D E LR DE W DELIMNIT T
X AOP %, DO HAMITA VBB A THZ L
L7z, AOP (ZEBIT D LK ROWIITA il
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201 1) DHELI=, 7235, BRI AKFEITAY LR

Xt A B (BT, TELEL 2D, ) CHRIEILIR

MLTIY, A il 3 2B b Ak FE o

EARIT 1 DEBYTHD,

H00 FEASE = ZxB /L xO5 A X 3
(mg/L) (mg/L)
F7m, KEBRICHT D BEMIE, £ 1080 Th

%,

(= 1)

£ 1 FEERICEB TS5 BEHE

HH KGR K EREYE
2-MIB AV XL AOP 1 ng/L LT
ALER K
REMR BAC #LEE/K 0.005 mg/L LA F
THM e D A1 K 0.03 mg/L LT
T2heTHM3% | Ed#S Ak 0.07 mg/L LR

SR IEND AR KR T SRR N T AT, THIE
FC 72 BRI #AE L7-$5 0O THM 2

22 PORWEIRINIEER

WELALBES 2T M IT DR IR EN O E O AL ER
PEAERA T 5720, KN ORYEIRINERETT-
7o WINEBRIXTHIRD 2-MIB K OV =4 A AEUE H,
BRI, BT hOREE DDA (X 1) 12
FE U728 B (& 250~2,000ng/L, E# 10~
1,000ng/L) &72 D XML, A A (1.0~
3.0mg/L) K ONERR{b K DE/VEL (0~10) 22 LS+,

INORE DO, RRBROIHIRE 2R AL,

7E, YEERICBWTUL, SRENCEWEIZED
ARFRET D720, EWTENER (LUF, BAC) LBLEE LA
fe~IFaEAR LR o7z,

2.3 AR ZAEE L2 72h THM

FK R A MELZ 72he THM FHEZEH (7~9 H)
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Figure 1 Image of UF membrane filtration
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Figure 2 Fouling parameter with lab filtration test
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Table 1 Specifications of PVDF Hollow Fiber UF Membrane

Item UF membrane
Membrane material PVDF
Molecular Weight Cut Off 150,000 Da
Outer / Inner diameter 1.4/0.9 mm

Table 2 Specifications of Membrane Module

Item Membrane Module
Flow direction Outside-In
Module size 216 mm(8”) dia. x 2,160 mm
Membrane area 72 m?
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Figure 3 Schematic flow of UF test equipment

g = BW AW
g o oV v
% e djo 00
s 2| S2h, T
= At P AR,
__:"é | .
= Time, 1 Time, t
AP=p-J - AR
AR AR
MA=—""4 0B, =—> —
a-J g At B e - At

Ja : Filtration Flux (m3/m?/s)
u @ Viscosity (Pa-s)
t : Operation time (s)

Figure 4 Calculation of UF filtrate resistance
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Figure 5 TMP operation and simulation

at the time of UF trouble
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Process, Organizational, and Operational Developments in Putatan
Water Treatment Plant 1 from 2015 to 2017
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'Maynilad Water Services, Inc.

Keywords: water purification, wise use and development of water resources, water quality and pollution concerning

water use

ABSTRACT

Putatan Water Treatment Plant 1 (PWTP 1) is vital in Maynilad’s aim of providing new water sources to
the south of Metro Manila’s West Concessionaire Zone. The plant obtains its waters from the brackish

Laguna Lake, which has a turbidity of 100-200 NTU and a seasonal taste and odor problem, among others.

The plant has a design capacity of 150 million liters per day (MLD) at the end of 2015, but it only

reached and exceeded this nameplate capacity by the middle of 2017. The challenges in lake water quality,

as well as other difficulties, were addressed by these five general aspects: (1) inculcating the safety
culture in the plant such as implementation of self-evaluation of the safety of the personnel’s tasks, (2)
improvement of process streams such as the inclusion of biological aerated filters (BAF) to address
ammonia, (3) re-organization of personnel such as the addition of the technical wing, (4) maintenance
schedules, which cater to the production demand, and (5) changes in operational philosophies, especially
in cleaning of ultrafiltration (UF) membranes. These developments have increased the total treated water
to the reservoir by a 36% difference from the 2015 to the 2017 yearly average, which means more water

is provided to the community.

1. INTRODUCTION

PWTP 1 taps the Laguna Lake as its source in order to
provide potable water to the residents and establishments
located at the southern part of the West Concessionaire Zone
of Metro Manila, such as in Las Pifas, Muntinlupa, and
certain areas of Cavite.

The Laguna Lake has brackish water, with turbidity ranging
from 100-200 NTU, and a total dissolved solids (TDS) level
greater than 400 mg/L. Its waters may have seasonal taste
and odor problems, and algal blooms may occur in it.
Laguna Lake water also has high levels of total organic
carbon (TOC) and ammonia.

The process of PWTP 1 in 2015, which addresses these
concerns, can be divided into two major sections: the
Pretreatment Section, which consists of a basin called the
Forebay and the Dissolved Air Flotation (DAF) system; and
the Membrane Section, which is composed of
Microfiltration (MF) and then Reverse Osmosis (RO)
Membranes. After the treatment process, the water is
chlorinated for potable use. Figure 1 shows a simplified
block flow diagram of PWTP 1 in 2015.

With this set-up, problems in water quality (such as high
TDS and discoloration of product water) are almost always
solved by running the RO Membranes, which only had a
capacity of 30 MLD. The RO permeate is blended with the
MF filtrate, in ratios depending on the water quality. It is
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possible that the product of the plant reaches as low as 30
MLD due to unpredictable lake water quality.
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Fig. 1 Simplified block flow diagram of PWTP in 2015.

However, due to the changes which will be discussed in this
paper, in 2017 the plant has even exceeded its nameplate
capacity of 150 MLD, as seen in Figure 2.
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Fig. 2 Average daily production of PWTP 1, 2015-2017.
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This paper tackles the programs placed in order to address
high water volume demand and lake water quality issues,
which can be outlined in five major areas: (1) inculcation of
the
(3) specialization of the organizational

safety culture among personnel, (2) process
improvements,
hierarchy, (4) arrangements in the maintenance schedule,
and (5) improvement in the operational philosophies. These

areas constitute the following sections in this paper.

2. SAFETY CULTURE

PWTP 1 has inculcated into the personnel three simple and
effective means in order to maintain their safety: First, the
Take 5 Form, which was put in place to address the
knowledge gap and skills gap of the personnel. One stops for
five minutes to consider whether the personnel knows what
he/she will be doing, the hazards and risks involved, and the
PPEs required while doing the activity. This has caused a
decrease in the mishandling of the operations of the plant.

Second, the Near Miss Reporting has been set up to address
hazards. PWTP 1 has been recognized for making its
company reach a thousand near miss reports in a year. Third,
the personnel are assigned an area for housekeeping in order
to keep the place neat and safe. Other risk management tools
have also been introduced in the plant, such as Job Safety
and Environment Analysis (JSEA) and Quantitative Risk

Assessment (QRA).

3. PROCESS IMPROVEMENTS

Each of the circuits have been improved and upgraded. First
and foremost, the biological aerated filters (BAF) have been
added and the dissolved air flotation (DAF) has upgraded its
capacity both in 2015, and the membranes have been
replaced in the span of 2015-2017. Figure 3 shows the
simplified block flow diagram of the improved process of
PWTP 1.

I:'vn'llml'm'l LF-%0
T j Cleaning
Rmw: [ . Chemicals
! X
Water
'|]nn:h:r:, |—«Q—~| DAF | in AF I—ni UF-50 |
; | Sludge
T
Oraidant
A | !
L. .‘i:un;.tl‘ | |
| Pit LF-100 ’I
T

LF- 100
Cleanng .l 5
Chemscals |

: Prosdisct
RO Cleaning Chemicals a Water

RO Reservoir
Pre-Chlorimation ‘ Pos1-li.'1|!nr|.||.1l.|a|:1

Fig. 3 Block flow diagram of the updated PWTP 1.

Before, the issues in lake water quality, particularly high
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manganese and high ammonia have been both addressed
mainly by a decrease in production. This is the least viable
option both in terms of the business and the benefit of the
customers. Now, each of this has been addressed by the
proper solution. High manganese has been resolved by
changing the dosing points and increasing the aerators;
meanwhile, high ammonia has been addressed by the BAF.
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Fig. 4 Before (2015) and After (2017): Effect of
Manganese Levels in Production.

In 2015 (refer to top part of Figure 4), the manganese spike
(red line) causes a drop in production (blue line). On the
other hand, the production is not affected by the manganese
spikes in 2017.
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When the BAF has not been operational (i.e., in 2014), the
ammonia removal averaged at 40%. In 2017, this removal
has increased to around 85%. This removal is measured
based on the difference in ammonia levels between the lake
water and the filtrate.

An additional process control system was also installed in
the lake water feed to the plant. This reduced the noise of
the input to the plant, as shown in Figure 6. As seen in this
figure, the plant noise was abruptly reduced; thus the level
of the DAF was disturbed less, which encouraged the
formation of flocs. Figure 7 shows the effect of this process
improvement: a change in the process control has increased
the turbidity reduction of the DAF.
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Fig. 6 Lake Water Feed to PWTP1, Jan — Apr 2017.
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Fig. 7 Turbidity Removal in the DAF, Jan — Apr 2017.

4. ORGANIZATIONAL HIERARCHY

Before, the six complex circuits of the PWTP 1 were
controlled by one shift officer. This shift officer acted both
as a supervisor and as the control room operator. Now, the
control room engineers have been instituted, who were also
trained in field operations. PWTP 1 has also introduced the
technical wing, who watches the overall process on a
day-to-day basis, because lake water quality changes every
hour and PWTP 1 has to be proactive in addressing these
issues.
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5. MAINTENANCE SCHEDULE

The community's demand for water is low at certain
moments of the day. PWTP 1 has taken advantage of this
low demand in order to perform prolonged cleaning of the
BAF cells and the ultrafiltration membranes, as well as the
maintenance of pumps and valves. Therefore, PWTP1 has
achieved performing maintenance schemes without stopping
the plant.

6. OPERATIONAL PHILOSOPHIES

PWTP 1 has installed heaters for chemical cleaners. This is
in alignment with the thinking that the UF membranes serve
as polishers, not as pretreatment.

Operational limits for residual alum entering the UF
membranes have also been established, since an
aluminum-based coagulant is used upstream of the UF

membranes.

Operation of the UF membranes has also changed. Before,
the feed setting to the UF was according to the capacity as
indicated by the designers, i.e., 100 MLD for UF-100 and 50
MLD for UF-50. However, the filtrate production will be
less than these feed settings since some of the water will be
used in the flushing scheme. Therefore, upon discussion
with the consultant and design review, the feed setting to the
UF membranes was increased. Production in some days of
November 2017 even reached an average of 165 MLD,
which is beyond the nominal capacity of PWTP.

7. CONCLUSION

PWTP 1 has consistently achieved the high production rate
in 2017 by improvements in the safety culture; process
streams; organizational structure, which was more
specialized depending on the needs of the plant;
maintenance schedule, which was adjusted based on the
demand for water; and operational philosophies, especially

with regards to the ultrafiltration system.

Detailing the developments in the process streams, the BAF
has been added in the Pretreatment Section in order to
address high ammonia levels in the lake water. In order to
address high manganese, aerators were added and oxidant
dosing points were placed further upstream to allow
prolonged reaction. The lake water feed’s controls were also
improved in order to stabilize the incoming flow rate, thus
lessening the disturbance in the floc formation of the next
process stream.

These improvements have strengthened water security in the
south of Metro Manila, and the spirit with which it was done
will be reflected in future projects of water production.
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ABSTRACT

Stormwater runoffs are one of the primary causes for deteriorating water quality in the Nainital Lake, a lake of national
importance in Himalayan region of India. The Nainital lake is a prominent tourist attraction and the sole drinking water
source for the habitants of Nainital city. The aim of this study is to investigate the characteristics of pollutants of Lake’s
catchment area and performance assessment of Ballasted Sand Flocculation (BSF) technology during monsoon season of
year 2017. A 1 MLD capacity pilot plant was installed (land space: 54 sq.m.) and applied for treatment of stormwater
runoffs from Nainital Lake’s catchment. A conventional treatment method would require large land footprint, which is a
big constraint in the Nainital because of hilly region. The water quality results showed marked variation during different
storms especially for TSS, TP, COD, FC, Cu, Pb and Zn with maximum concentration of 864 mg/l, 1.2 mg/l, 388 mg/I,
14x10* MPN/100 ml,73pg/1, 83 ng/l and 890 pg/l respectively. The performance analyses result of the pilot plant revealed
that the contaminants including trace metals in the stormwater runoff were reduced appreciably. The removal efficiency
of Turbidity, TSS, Total Phosphorous, COD, FC, Cu, Pb and Zn are 86-96%, 69-93%, 75-95%, 41-82%, 61-96%, 40-82%,
56-87% and 51-77% respectively. The performance analysis results of BSF system have been found to be a promising

technology for treatment of storm runoff.
1. INTRODUCTION

Stormwater runoff is an important transporting medium
for various pollutants to transport from land to surface
water bodies such as lakes. Urban storm runoff pollution
problems are more difficult to manage than steady-state
point discharges because of the sporadic characteristic of
rainfall and runoff. Urban runoff pollution has been
studied in developed countries [1,2]. However, little
information is available on storm runoff pollution from
urban area in developing counties, including India. There
are very few reports or research papers are available about
the characterization of surface runoff in an urban
catchment environment in India including stormwater
inflow to the Lake of national importance such as Nainital
Lake.
thus face the deteriorating water quality problem [3,4].

Nainital Lake (India) receive polluted runoft and

The Nainital Lake is one of the major sources of water
supply to the Nainital city, and also attracts thousands of
tourists every year due to its scenery beauty. The economy
of Nainital region is directly or indirectly dependent on
this lake. Therefore, there is a need to devise an
appropriate storm-water runoff treatment plant to improve
the lake water quality. Availability of land is a critical
factor in Nainital to adopt a conventional treatment plant.
One of the technologies, which proven to be effective for
surface water and combined sewerage overflow (CSO) is
ballasted sand flocculation, also known as high rate
clarifier which require very less space [5]. There are hardly

any attempts to employ the BSF technique at full scale or
laboratory scale in India as per author’s best of knowledge.
In the present paper, stormwater runoff was characterized
and treatment efficiency of BSF technology was evaluated.

2. METHOD
Study Area

Nainital Lake, India (Latitude-29°23.127’ and Longitude-
79°27.656°) has a crescent shape and is situated in Nainital
district of Uttarakhand, India. The maximum length of lake
is 1.4 km and maximum width is 0.45 km and maximum
depth 27.32 m with mean depth of 18.5 m [4]. The
catchment area of lake is 4.9 sq. km and average annual
rainfall in the basin is 203 cm. The pilot plant of 1 Mld (42
m’/hr) capacity was installed near storm water drain
(locally called Naina Devi drain) Nainital, India. Naina
Devi drain is the major drain in the Lake’s catchment,
which contributes 60% of runoff to the Nainital Lake
(NIH, 2000).

Description of pilot plant

The ballasted flocculation technology is mainly based on

physical-chemical treatment process that uses a
continuous recycled medium along with chemicals to
improve the settling properties of suspended solids

through improved floc bridging [6,7].

The BSF unit involves three-stage process i.e injection,
maturation and settling. The technical design detail of
BSF pilot plant has been given in Table 1. The total
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hydraulic retention time (HRT) of the plant was 16 min,
which corresponds 2-2-6-6 design that means 2 min
retention time in coagulation tank, 2 min in flocculation
tank, 6 min in maturation tank and 6 min settling time. The
coagulation, flocculation and maturation tank were
equipped with mixers, which provides high mixing speed
(160-180 rpm) in the first two tanks and low mixing speed
in the maturation tank (40-60 rpm). The different
processes is shown in Fig. 1. and actual experimental set-
up (1 Mld pilot-plant) has been shown in Fig 2.

Table 1 Technical design detail of BSF pilot-plant

Parameters Unit Value
Design flow m>/hr 42
Coagulation tank size m’ 1.62
Flocculation tank size m’ 1.62
Ballastation tank size m’ 5.76
HRT minutes 16

Rise rate m/hr 40

The inlet and outlet samples of BSF unit were collected
during nine different storm events. Number of samples for
each storm event varied from three to seven depending
upon the duration of event. Samples were collected after
10 minutes of rainfall initiation and then after, at every
twenty minutes interval till the flow in Naina devi drain
reach to its initial flow.

Sludge
Sand
C Polymer
oagulant \l/
% Fine Injection 9 Maturation 9 Setthng >
screen tank tank tank Effluent
Sludge + Sand

Fig. 1 Schematic diagram of BSF unit
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Fig. 2 Actual Experimentation set-up at Nainital

3. RESULTS AND DISCUSSION
Table 2
concentration and removal rate of pollutants) obtained
during the study period. There are large fluctuations in the
influent concentration for all the parameters. The value of
COD and BOD reached upto 388 and 224mg/l
respectively (Table 2) indicates that there may be mixing
of sewage due to bursting or choking of sewer pipeline

summarizes the results (influent-effluent

during some events.
ranges from 0.08- 1.2 mg/l, which is much higher than the
threshold value causing eutrophication in the lake. Most
pollutants in the storm runoff are characterized by the
tendency that the concentrations increase with the
increased runoff flow rate at rising limb of hydrograph and

Total phosphorous concentration

then concentration decreases following the trend of
hydrograph.

Figure 3 indicates that the peak concentrations reaches
near the peak runoff flow rate for both storm events and
after the peak, the pollutant concentration rapidly reduced.
This characteristic of pollutograph is reported to hold true
when the watershed area is small (Lee and Bang, 2000).

The chemical dosages of the plant were optimized by
conducting modified jar test in the laboratory before the
field application of the plant. The optimum chemical
dosages ranged between 20 - 80 mg/l of alum (Al,SOs.
18H,0); 30-120 mg/1 of ferric chloride (FeCl3.6H>0) and
8 g/l of micro-sand.

The removal efficiency of pilot plant is presented in Table
2. Results showed that BSF unit is highly efficient in
removing particulate matter and phosphorous and it also
exhibit a significant removal of other pollutants. Turbidity,
TSS and TP removal rates ranged from 86 to 96%, 69-
93% and 75-95% whereas COD and BOD removal rate
ranged between 41-82% and 29-82%. The average
removal rate of ammonical nitrogen is 8 % but no removal
of nitrate nitrogen was found out. Phosphorous removal is
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important, as phosphorous is the limiting factor for on the performance of BSF systems for CSO/surface water

eutrohication of Nainital Lake. The removal efficiency of of similar characteristic of influent [6,7].
pollutants is comparable with other reported studies based

Table 2 Influent and Effluent concentration with removal efficiency of BSF unit

Parameters Influent Concentration Effluent concentration % Removal
Average (min-max) Average (min-max) Average (min-max)
pH 7.54(6.8-8) 7.31(6.9-7.8) -
Turbidity (mg/L) 135(21-635) 2.45(1.2-4.8) 95(86-96)
TSS (mg/L) 185(38-864) 14(6-45) 88(69-93)
COD (mg/L) 118(21-388) 30(12-78) 71(41-82)
BOD (mg/L) 46(7-224) 08(3-34) 72(29-82)
NH4"-N (mg/L) 1.53(0.26-3.55) 1.3(0.12-3.50) 8(0-46)
NOs-N (mg/L) 0.62(0.10-2.25) 0.75(0.13-2.71) No removal
TP (mg/L) 0.47(0.08-1.2) 0.07(0.02-0.22) 83(75-95)
FC ( MPN/100 ml) 19x103( 15x10'-14x10%) 59x10'(2x10'-39x10?) 84( 61-96)
Cu(pg/l) 38 (5-73) 12(3-32) 65(40-82)
Pb(ug/l) 25(7-83) 8(2-32) 67(56-87)
Zn(pg/l) 625(368-890) 226(126-327) 64(51-77)
during the overall experimental campaigns. The treatment
of storm water runoff with average removal rate was found
e RUnoff COD —e—BOD —#—TSS out to be 95% for turbidity, 88% for TSS, 83% for T-P,
_ 50 80 S 71% for COD and 72% for BOD. Findings of present
é 1.00 L o - 60 % study suggest that the BSF unit can be suitable for
4 - - 40 £ treatment of urban runoff.
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= 000 . E REFERENCES
. ()3 0‘5 11() 1‘,5 210 75 3.0 5 [1] Gnecco I, Berretta C, Lanza L G et al., 2005. Storm water
Time(Hrs) pollution in the urban environment of Genoa, Italy[J].
Atmospheric Research, 77: 60—73.
[2]  Suarez J, Puertas J. Determination of COD, BOD, and
suspended solids loads during combined sewer overflow
= Runoff —m—NO3-N NH4-N (CSO) events in some combined catchments in Spain. Ecol
oP TP %; Eng. 2005;24:199-217.
1.20 1.5 g [3] National Institute of Hydrology, Roorkee, Technical report on
g 0.90 /’T.\\R - .§ “Water quality studies of lake Nainital and surroundings”.
§0.60 1 ‘é 2000; CS/AR-1/1999-2000.
2 030 m 0.5 E [4] D. Singh, S.P. Rai, B. Kumar, Sanjay K. Jain, S. Kumar,
= 0.00 =" ‘ —~—— 0 § “Study of hydro-chemical characteristic of lake Nainital in
0.0 1.0 2.0 3.0 © response of human interventions and impact of twentieth
Time(Hrs) century climate change,” Environ Earth Sci., Vol. 75, pp.1380,

Fig. 3 Typical hydrograph and pollutograph for a storm
event

4. CONCLUSION

The characterization and performance of BSF unit was
evaluated for stormwater runoff of a hilly catchment area
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ABSTRACT

Nutrient runoff into aquatic systems leads to eutrophication. The Institute for Clean Earth developed a
new technology using terrestrial microalga (a drought-tolerant cyanobacterium Nosfoc sp.) that could
reduce the amount of nutrients in surface runoff. The field-scale experiments examined whether the
technology would reduce the water-soluble nutrients in the topsoils in water’s edges. The experimental
approach consisted of the following: assessment of the topsoil nutrient runoff risk, application of the
technology, and evaluation of the efficacy. For the assessment, the topsoils were collected from various
types of water’s edges. Unexpectedly, most unfertilized topsoils around lakes (Biwa-ko, Imba-numa and
Kasumiga-ura) and in planting beds, contained high amounts of water-soluble inorganic nutrients: above
1.2 kg N/ha and above 0.2 kg P/ha. Algal inoculated plots and the control (plots without algal inoculation)
were used in the application experiments. The reduction values of N and P amounts in the topsoils were
estimated to be from 1.3 to 5.4 kg N/ha, and 0.4 to 1.6 kg P/ha. Judged these values from the published
information, the results suggest that the algal inoculation onto the topsoil is a promising technology for
reducing water-soluble inorganic N and P in surface runoff.

1. INTRODUCTION amount of water-soluble nutrients (Table 1) was used as the

relative index of the nutrient runoff risk for giving priority

There are few technical measures to reduce the nonpoint :

pollution!"” ?!. Many microalgae including cyanobacteria
(blue-green algae) can utilize inorganic nitrogen (N)B] and
inorganic phosphorus (P)®! during efficient photosynthetic
CO, fixation”. Some terrestrial cyanobacteria absorb
ammonium (NH,"), nitrate (NO5), nitrite (NO,"), urea and
phosphate in the topsoil, and produce organic matters such
as proteins and saccharides during photosynthesis. These
matters have very long term mean residence time (ca. 40
years) in soil”.. Considering these facts, the Institute for
Clean Earth (ICE) developed a new technology against the
nutrient runoff from the topsoils, using photosynthetic
terrestrial cyanobacterium. This technology was registered
on March 2016 (No. KT-150125-A) in the NETIS of the ~ ZApplication of the technology

Japanese Ministry of Land, Infrastructure and Transport. Nontoxic. terrestrial c'yanobacten'gm' Nos t.oc Sp. - was
autotrophically cultured in 1,000 L liquid medium, collected,

2. METHOD mixed with sterile perlite particles, and followed by drying.

Assessment of the nutrient runoff risk A part of the mono-algal production system for the quality
maintenance was developed by the support from the

level. The deionized water extraction procedure’
performed at 24~26C: Soil to water mass ratio in centrifugation
tube was 1 to 5, and the extraction time on a reciprocal-shaker
at 90 rpm was 30 min. After centrifugation at 1,000 g for 10
min, the floating debris was eliminated, and the resulting
supernatant was used as the extracted solution. First of all, the

was

measurement of pH and electrical conductivity (EC) of the
extracted solution was performed. Quantitation of NH," and
phosphates in the extracted solution was performed using
indophenol blue and molybdenum blue, respectively. NO5”
was quantitated using the Griess reagent after removal of
NO; in the extracted solutions.

Surface soils from 0 to 2 cm depth!” were collected from ) i )
Zenkoku Chadkai grant in Japan. The dry alga-perlite

particles (2 <3 mm) were inoculated onto the following plots:
lawn soil surface of 40, 100 or 300 m* (at the rate of 0.6 mg
chlorophyll a/m”) in the river levees of Ara-kawa,

water’s edge plots around lakes (Biwa-ko, Imba-numa, and
Nishi-ura in Kasumiga-ura), around ponds and/or on
bayshore (in Tokyo Metropolitan Parks), and in planting beds

(near gutter gratings in Tokyo and Saitama Prefecture). .
e . " Maruyama-gawa (an upper stream of Ramsar wetlands in
Water-soluble NH, " and inorganic P may be the most

appropriate estimators of the concentrations in runoff water.
NO; can be easily extracted from most soils’®’. Therefore, the

Hyogo Prefecture), Tone-gawa and Watarase-gawa (an upper
stream of Ramsar wetlands and the Tone-gawa), and the planting
beds of 8 m” (at the higher rate of 2.3 mg chlorophyll a/m?).
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Evaluation of the efficacy

At the start and end (o months later: 0.6 < o < 2.5) of the
experiments, the topsoils were collected from inoculated and
uninoculated plots, and sieved with 2 mm mesh to remove
rock debris including moss-covered clod and crust.
Chlorophyll @ (Chla) content was spectrophotometrically
determined in the ethanol fraction” extracted from the
sieved soil. The algal biomass can be expressed using Chla
amount. The Chla increment during oo months (8y months)
was calculated as follows: 8y months = (Chla-e — Chla-s),
where Chla-s is Chla amount per area at the start of the
field experiments and Chla-e at the end. Preliminary
experiments at the ICE in spring and fall showed that the
alga grew linearly on the outdoor soil surface during 2.5
months. Therefore, 82 5months Was calculated from ¢

months. In order to offset the effects of native algal species
and unknown factors, the values of the alga inoculated plot
(62.5months-a) and uninoculated control (82 5months-c) were
used. The increment of Chla (82 5months) by using the
present technology was calculated as follows: &) 5months =
(32.5months-a — 82.5months-c)- The reduction of N and P
amounts (Table 2) were estimated from 62 5months, the algal
protein N content, and Redfield stoichiometry: N/P = 16.

3. RESULTS

EC and pH values in the extracted solutions varied by
location and with seasons. The average EC values (mS/cm)
were as follows: over a range of 0.14~0.34 at Imba-numa
and Kasumiga-ura; 0.09 at Biwa-ko; 0.07 at Saitama
(Kurihashi and Okabe). Most extracted solutions from the
plots showed around neutral pH. The average concentrations
(mg/L) of inorganic N (NH," + NO5) and P in the extracted
solutions were above 1.2 and above 0.2 (Table 1).

Table 1 Water-soluble N and P concentrations of topsoils
in water’s edges

N (mg/L) P(mgl)

Water’s Edges *Sampling m;
NH,” NO; PO/

(no. of plots) date

around Lakes [unfertilized plots]
Biwa-ko  (13) 11 Now. 0.8 04 06
Imba-numa (12) 29 Jun. 08 80 02
(12) 29Aug. 18 17 03
(12) 29 Dec. 1.3 89 0.7
Kasumiga-ura(12) 30 Jun. 1.4 45 0.6
(12) 1 Sep. 0.1 12 07
(12) 28Nov. 1.5 6.0 04

in Planting Beds [unfertilized plots]
**Saitama (12) 13 Sep. 48 14 1.0

Unoki 1) 5 Dec. 3.5 1.3 0.2
*Samples obtained in 2016 (Imba-numa, Kasumiga-ura, Unoki in Tokyo)
and in 2017 (Biwa-ko, **Kurihashi and Okabe in Saitama Prefecture).

Assuming that specific gravity of the soils was 2.0 and the
topsoil consists from 0 to 2 cm depth, then the amounts per
area (kg/ha) of water-soluble topsoil inorganic nutrients were
estimated to be above 1.2 of N and above 0.2 of P. No
relationship was found between EC and NO;™ concentration
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in the extracted solutions from the unfertilized water’s edge.
Several weeks after the algal inoculation, sparse spots of
algae including cyanobacteria (i.e., algal crust) on the soil
surface became visible to the naked eye. This corresponded
to very early stage of ecological succession on land. Culture
experiments in vivo by using each extracted solution as algal
medium showed that Nostoc sp. efficiently absorbed NH,",
NOs5™ and phosphate during photosynthetic growth. Similarly,
the algal cells on outdoor plots probably absorbed these
inorganic nutrients, and reduced these amounts (Table 2).

Table 2 Reduction of N and P amounts of topsoils
in water’s edges after using the present technology

Water’s Edges N (kg/ha) P (kg/ha)
(no. of plots)
around Lake [unfertilized plots]
Kasumiga-ura (4) *2.1 *0.6
in River Levees [fertilized plots]
Ara-kawa (1) 3.1 0.9
**Maruyama-gawa(1) 1.6 0.5
Tone-gawa 3) *2.0 *0.6
**Watarase-gawa (1) 1.3 04
in Planting Beds [unfertilized plots]
Saitama (2) 4.9 1.5

* One ineffective result is included: Two heavy rain events
(Typhoon No.21 & 22 in 2017) caused the sediment accumulation on
the soils during the study period, and hindered the algal growth.
** An upper stream of Ramsar wetlands.

4. DISCUSSION

There are strong linear relationships between EC and NO;
concentration in the extracted solutions from agricultural
soils!", NO;” amount can be estimated from EC value in such
a case. Whereas, nitrate ion-meter is better choice to measure
NO; amount in the solutions from water’s edge around lakes.

N and P pollution in runoff is caused primarily by
agricultural and urban activities'". Land use can disrupt
the surface water balance!'?. Atmospheric deposition''?!
may affect the topsoil fertility. Some agricultural
chemicals degrade into NH4" and/or phosphate by the
action of microbes"¥. If limited to the lakes, storm waves
may carry the lake nutrients over to the topsoils. However,
the real cause of the high amounts of N and P (Table 1) in
unfertilized plots remains to be clear.

Fertilizers were applied globally in 2013 at 74 kg N/ha
and 12 kg P/hat™). River levees (Table 2) are covered with
fertilizing lawn soil surface (annual rates in the plots: ca. 30
kg N/ha and ca. 10.5 kg P/ha). Generally, fertilizer N and P
losses in runoff are below 5% of that applied'". These
values suggest that the annual N and P amounts in surface
runoff from worldwide croplands are below 3.7 kg N/ha and
0.6 kg P/ha. Those from the river levees may be below 1.5
kg N/ha and 0.53 kg P/ha. These estimated nutrient runoff
values roughly match with the reduction amounts by
“one-time use of the algal inoculation” (Table 2). In the
experiments, the inoculation was performed not in whole
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but in limited area. Therefore the nutrient inflow from the
surrounding area to the experimental plots could occur
naturally. Additionally, runoff water contains particulates'”
"%l and organic matters, which are rich in nutrients"”. The
algae in the experimental plots might utilize these nutrients
as well as water-soluble ones. It is no wonder that the
reduction of P amounts on planting beds in Saitama (1.5
kg P/ha, Table 2) exceeded the estimated amounts of
water-soluble inorganic P (1.0 kg P/ha) in the same plot.

5. CONCLUSION

The treatment of wastewater with aquatic microalgae to
remove inorganic nutrients was proposed over 60 years ago''*],
and many experimental studied on the process have been
constructed ). Meanwhile, terrestrial microalgae have been
used in the eco-friendly tools in soil fertilization and
desertification reversal®. No technical measure of nutrient
runoff was proposed using terrestrial algae. Field experiments
showed that the present technology using terrestrial
cyanobacterium could reduce the nutrients in surface runoff.

Some microalgae can utilize hardly-soluble materials as
their nutrients (N of uric acid; P of AIPO4; K of potassium
feldspar; Mg of Mg(OH),; S of BaSO,) as well as water-soluble
ones during photosynthetic growth”. At present, the efficacy
of the technology against nutrient pollution from the eroded
soil remains to be clear. Improvement of the technology is
now in progress at the ICE.

The riparian buffer zone removes efficiently inorganic N
and P of runoff from agricultural fields'. Judged from the
plant community, the soil is likely to remain uncovered by
the terrestrial algae during several months after its
installation. The present technology could synergistically
reduce surface inorganic nutrients in the zone. Now is the
time to take action against the non-point source pollution, by
using various measures including the present technology.
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ABSTRACT

Performance of novel nitritation process using gel entrapment carrier for municipal waste water treatment

(mainstream anammox with gel-carrier) was investigated. Purpose of the study was to assess the stability

of this process under low ammonium concentration (40 mg-N/L) and low water temperature (20 degrees

C) condition. We applied heat-shock treatment to some portion of the nitritation gel carrier frequently for

suppressing nitrite-oxidizing bacteria (NOB), and as a result, we succeeded to operate the process stably

more than 3 months with suppression of the activity of NOB. In addition, it was confirmed that half-

nitritation is possible at a high rate of HRT 1 hour, and that the concentration ratio of ammonium and nitrite

can be maintained optimally by DO control.

1. INTRODUCTION

It is important to remove nutrients such as nitrogen from
wastewater for improving the water quality in closed water
area. Anaerobic ammonium oxidation (anammox) process
is a novel biological denitrification process for nitrogen
wastewater treatment. Since both ammonium and nitrite
are needed for the anammox reaction, part of the
ammonium in wastewater has to be oxidized to nitrite with
pre-treatment, such as nitritation process. This nitritation-
anammox (deammonification; N-A) process is less-energy
and cost-effective way to remove ammonium nitrogen
compared with conventional nitrification-denitrification
process.

However, this N-A process has only been applied to the
sidestream municipal wastewater (digester supernatant)
treatment and some specific industrial wastewater
treatment with high ammonium concentration and high
temperature, yet not to the mainstream municipal
wastewater treatment with low ammonium concentration
and low temperature.

The main challenge for applying N-A process to
mainstream treatment is to keep the appropriate ratio
between nitrite and ammonium concentrations stably
under low ammonium concentration and low temperature
condition, because nitrite easily changes to nitrate under
that condition.

In our previous works, the full-scale nitritation-anammox
plant using gel entrapment technology was successfully
operated for industrial wastewater treatment ['l. Especially,
it is possible to keep nitritation without nitrate production
by giving the intermittent heat load (heat-shock) for gel 1.

In this study, heat-shock technology was applied to the

nitritation process under low ammonium concentration
and low temperature condition for investigating the
possibility of applying N-A process to mainstream
municipal wastewater treatment.

2. METHOD

In this study, gel entrapment technology was applied to
immobilization of bacteria. For the nitritation process, gel
carriers that immobilized ammonium-oxidizing bacteria
(AOB) and nitrite-oxidizing bacteria (NOB) inside were
used. The size of the gel carrier is 3 mm cubes and the base
material is Polyethylene Glycol. A complete mixing tank
having volume of 0.5L was prepared as the nitritation
reactor, and 0.05L of gel carriers (10%) was charged
therein. Synthetic wastewater adjusted to ammonium
concentration of 40 mg-N/L with ammonium sulfate was
continuously fed to the reactor. The HRT was kept lhour.
In order to suppress the activation of NOB, 4% of the gel
carriers were immersed in hot water at 60 degrees C for 60
minutes once a day. Dissolved oxygen (DO) concentration
was controlled to achieve the appropriate ratio between
ammonium and nitrite concentrations during the
experiment.

Temperature of the feed water and the reactor was kept
20 degrees C. In order to evaluate nitritation performance,
influent and effluent water were analyzed for ammonium,
nitrite and nitrate.

3. RESULTS and DISCUSSION

Heat-shock technology was applied to the nitritation
reactor from start-up period for investigating the
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effectiveness of suppressing the nitrate production. Figure
1 shows the nitrogen concentrations in nitritation reactor
with heat-shock technology. After 20 days, the ammonium
and nitrite concentrations maintained both approximately
20 mg-N/L stably. It was an appropriate ratio for anammox
process. In contrast, nitrate was not produced for 3 months.
NOB in the gel carrier could be completely inactivated by
the heat-shock treatment effect. Moreover, it was
confirmed that the nitritation process was operated with a
short HRT of 1hour, and half-nitritation was achieved. DO
concentration during the experiment was controlled about
1 to 4 mg/L for controlling the concentration ratio of
ammonia and nitrite to be 1:1. This ratio is appropriate for
the anammox phenomena. In this test, the ammonium
loading rate and nitrite production rate were approximately
0.9 and 0.4 kg-N/m3-reactor/d, respectively. Very fast
nitrification performance was observed even though the
packing ratio of the carrier was 10 percent.

4. CONCLUSION

In this study, nitritation performance using gel
entrapment technology at low ammonium concentration
and low water temperature was investigated for the
purpose of applying N-A process to mainstream municipal
wastewater treatment.

In the nitritation process, it was clarified that NOB can be
inactivated stably by periodic heat-shock treatment to a
part of the gel carrier. In addition, it was confirmed that
half-nitritation was achieved at a high rate of HRT 1 hour,
and that the concentration ratio of ammonium and nitrite

can be maintained optimally by DO control.

As mentioned above, it was concluded that partial
nitritation process under low ammonium and low
temperature condition was substantiated by applying the
gel entrapment technology and heat-shock technology to
the nitiritation process. This conclusion suggests that it is
possible to apply the N-A process using gel carriers to
mainstream municipal wastewater treatment.
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ABSTRACT

The study was focused on pilot scale experiments in order to understand the impact of carbon removal
and nitrogen removal configuration on phthalate removal in an integrated fixed film activated sludge
(IFAS) system which can be used to save lakes and fresh water sources from pollution. To achieve these
objectives, four priority phthalates (DEP, DBP, BBP and DEHP) were chosen. Run I was carbon removal
process and run II was nitrogen removal process. It was observed that during run I when there was
intensive carbon removal process, the percentage removal was in the range of 40 — 78% (DEP), 64 — 85%
(DBP), 40 -98% (BBP) and 65 — 90% (DEHP) respectively. Comparatively to run I, the percentage
removal in run II, the percentage removal of phthalates varied over a smaller range. The range of
percentage removal in run II increased to 84 - 96% (DEP), 83 — 97% (DBP), 85 — 99% (BBP) and 87 —
95% (DEHP). During run I, there were fluctuations in the removal of DEP, DBP and BBP with average
removal of 60+13%, 75+8% and 76+21% respectively. During run II, when the anoxic zone was
developed with inlet diversion, the removal of all four phthalates was steady and higher. The maximum
contribution to the overall removal was observed in the secondary oxic tank in both operational runs.
Biodegradation was observed a main contributor to the overall removal. Mass balance calculations
showed that during run I, 62% of influent DEP, 65% of influent DBP, 68% of influent BBP and 61% of
influent DEHP was removed by biodegradation while as during run II, 90% of influent DEP, 90% of
influent DBP, 91% of influent BBP and 89% of influent DEHP was removed by biodegradation.

INTRODUCTION sequence on phthalate removal. To achieve these
objectives, four priority phthalates (DEP, DBP, BBP and
DEHP) and an integrated fixed film activated sludge

(IFAS) process was chosen because IFAS process has

Large usage of phthalate acid esters (PAEs) or phthalates
in manufacturing of polyvinyl resins, wall coverings and
car coatings etc. and their release into the environment

have made their presence ubiquitous in the environment mounting market attention and contain features of both

activated sludge process and attached growth process.

METHOD
2.1 IFAS process based reactor

(1.21, Their release into the environment is because most of
the phthalates are not chemically bound to the product. 2.
High concentration of phthalates is detected in influents
of wastewater treatment plants and the inefficient
removal of these compounds in the treatment plant is
considered as one of the main source of their presence in
fresh water sources > 4. Our earlier study Gani and

A 35 L bioreactor composed of three reaction tanks and a
settler was used in the study (Figure 1). The three
reaction tanks were 1) media tank with aeration 2) an
anoxic tank 3) an oxic tank and the reaction volume was

Kazmi B! with full scale wastewater treatment facilities 10 L each. A 5 litre settling tank with rotating scraper was

observed that phthalate removal was highest in nutrient installed at the end of treatment process. The media used
removal based sequencing batch reactor (SBR) based in first tank was polyvinyl alcohol gel beads occupying
wastewater treatment plant. Fate study also confirmed
that the biodegradation was also highest in this treatment
configuration compared to conventional activated sludge

process and upflow anaerobic sludge blanket reactor

10% or 1 L of reactor volume. Aeration in media tank and
oxic tank was provided with diffusers placed at bottom.
Continuous mixing was carried out in anoxic tank with
the help of rotating shaft. Initially for 64 days the raw

followed by polishing pond.

The objective of this study was to investigate the impact
of nitrogen removal configuration and carbon removal

sewage inflow was completely fed to media tank. After
that 20% of raw sewage was fed into anoxic tank for
external BOD loading for denitrification. Total HRT of

703



17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

the wastewater in the reactor system was 6 hours with 2
hours in each tank. Sludge recirculation was carried into
the anoxic tank with flow rate of 60 L/d (Table 1).

Table 1 Operational information of the PVA gel based

IFAS pilot plant.
Parameter RunI | RunlIl
HRT (hours) 6 6
Flow (L/d) 120 120
SRT (days) 7.3 7.5
External carbon source flow rate (L/d) - 24
Raw Wastewater tank
Polyvinyl Alcohol
(PVA) gel beads
i — |
Fi LA | Effluent
ar ! —» — >
.'\-l' *'l
P .
1ol 44 |
Taakl < Tank S Tank I Clarifier |y, Wasteq Sudge

Fig. 1 Flow diagram of the IFAS pilot plant.
RESULTS AND DISCUSSIONS

3.1 Treatment performance of the IFAS bioreactor

Figure 2 and Table 2 shows the COD and BOD removal
performance of the IFAS reactor system in different
stages. It took almost 40 days for the bio reactors to get
stable and perform at steady rate. However, stability of
the bioreactor with respect to carbon removal (COD and
BOD) was comparatively faster than nitrification. COD
in the effluent of the bioreactor continued to be less than
100 mg/L from 15™ day of start of operation while as the
ammonia removal stabilized after 40 days. The longer
time for nitrification to get stabilized was due to washout
of biomass from the media tank and attachment to the
media. It was observed that the biomass in mixed liquor
reduced to less than 500 mg/L after inoculation with 1500
mg/L of MLSS in the beginning and the trend was not
changing till 40™ day of operation. From 45% day to 50
day, the wasted sludge was manually recirculated to
media tank which enhanced nitrification to a steady rate
of more than 90%.

Table 2 Performance of wastewater treatment in IFAS
reactor.

Efficiency (%) 82+11 91+6 96+2
Influent TSS (mg/L) - 250+86 313445
Efficiency (%) - 94+4 98+1
Influent NH4"-N

47+£25 439 17+8
(mg/L)
Efficiency (%) 31+30 97+2 9545
Influent TN (mg/L) 59+£28 68+1 39+11
Efficiency (%) 31+30 71£9 70+£15
Influent POS-P

14+3 742 8+1
(mg/L)
Efficiency (%) 49+15 37+13 25+24

Startup Phase 1 Phase 2

Influent COD (mg/L) | 3884211 375+65 435+124

Efficiency (%) 77+18 9143 93+3

Influent BOD (mg/L) | 185+74 199+47 188+59
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3.2 Phthalate removal performance of IFAS
bioreactor

Figure 2 shows the removal of phthalates in the IFAS
process during two different operational scenarios.
Phthalate monitoring in the samples from IFAS process
was carried out after stabilization of carbon and nitrogen
removal. During run I i.e. unavailability of anoxic zone,
there were fluctuations in the removal of DEP, DBP and
BBP. The average removal of DEP, DBP and BBP in this
run was 60£13%, 75+8% and 76+21% respectively.
During run II, when the anoxic zone was developed with
inlet diversion, the removal of all four phthalates was
steady and higher. The average removal of DEP, DBP,
BBP and DEPH was 89+4%, 93+4%, 95+5% and 94+5%
respectively. The steadiness in removal during run II may
be due to availability of different reaction environments
which enhanced the removal by providing different
metabolic pathways. Enhanced removal of micro
pollutants in a membrane bioreactor (MBR) having
several aerobic and anoxic zones was observed by Phan
et al. [ than a pilot scale MBR having only one aerobic
and anoxic reactor.

] DEP

®
. BBP A

£ \/ . ' —a—Tnlet -
o /,/\ . —a—Oulet -
. . A Remov

Fig. 2 Phthalate removal in IFAS pilot plant.
3.3 Phthalate mass balance

From fate calculations the contribution of the sorption to
the overall removal was very less (Figure 4). The reasons
for this was less wastage of sludge from the pilot plant



rather than low sorption of phthalates to suspended bio
solids. The average concentration of four phthalates
attached to bio solids in three tanks was in confirmation
with previous studies such as that of Gao et al. Bl and
Ganietal. Bl

Biodegradation was observed a main contributor to the
overall removal. Mass balance calculations showed that
during run I, 62% of influent DEP, 65% of influent DBP,
68% of influent BBP and 61% of influent DEHP was
removed by biodegradation while as during run II, 90%
of influent DEP, 90% of influent DBP, 91% of influent
BBP and 89% of influent DEHP was removed by
biodegradation. This implies that the increase in removal
of the phthalates during biological nitrogen removal
configuration (run II) was due to enhancement is
microbial degradation rather than sorption. Earlier field
scale studies such as that of Gani et al. P have also
observed the higher contribution of biodegradation to the
nutrient removal treatment

overall removal in

technologies.

] Removal by biodegradation
[ Removal by sorption

o
N

S

N
Percentage (%)

70

Fig. 3 Mass balance of phthalate removal in IFAS pilot
plant.

4. CONCLUSIONS

This study was aimed to investigate and report the
treatment of phthalates in biological wastewater treatment
under carbon and nitrogen removal conditions. After start
of the operation of the pilot plant, stability of the IFAS
bioreactor with respect to carbon removal (COD and
BOD) was comparatively faster than nitrification and the
treatment performance was conforming the discharge
criteria of India. The removal of phthalates during
nitrogen removal configuration (run II) was more than the
removal during intensive carbon removal configuration
(run I). Not only there was increase in average removal of
phthalates in run II but there was steadiness in the
removal performance of these compounds which can be
owed to the different reaction environments in run II. The

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

removal of phthalates in the presence of external carbon
source enhanced in anoxic zone. Finally, fate studies
were carried out in this study from which it was observed
that under similar operating parameters, main process of
removal of phthalates in IFAS reactor is biodegradation.
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ABSTRACT

Three full-scale systems wastewater treatment plants (WWTPs) from Thailand, United States of America
(USA), and Japan were used as study sites. All of these WWTPs were designed and operated for
biological nitrogen removal (BNR) by using nitrification-denitrification processes. In general, the WWTPs
in Thailand operated at higher values of temperature, HRT and SRT comparison to USA and Japanese
WWTPs. Influents and effluents from these sites are compared and discussed in terms of BNR, dominant
nitrifying and ammonia oxidizing archaea (AOA) microorganisms, and WWTP engineering design.
Polymerase chain reaction coupled with denaturing gradient gel electrophoresis was used to identify
dominant bacteria involved in nitrogen transformations: ammonia-oxidizing bacteria (AOB), nitrite-
oxidizing bacteria (NOB), and nitrate reducing bacteria (NRB). AOB Nitrosomonas sp. was found only in
Thailand where aerobic HRT was > 4 hours and SRT was >15 days. Furthermore, AOB Nitrosospira sp.
were found only in Japan at aerobic HRT < 4 hours and SRT< 13 temperature (21-27°C). NOB Nitrospira
sp. was found at aerobic HRT > 4 hours and SRT > 6 days. Interestingly, Nitrotoga sp. was found in the
aerobic tank one in Thailand and one in Japan and co-occurred with NRB Burkholderia denitrificans. The
higher wastewater temperature and lower influent nitrogen concentration in Thailand appear to promote a
different AOB and NOB community structure than in Japan. The conditions at the Thai WWTP promoted
the dominance of AOA amoA genes over AOB amoA genes, while conditions at the WWTPs in Japan and
USA promoted growth of AOB. The Thai WWTP is a unique system that can be used to better understand.

1. INTRODUCTION source of nitrogen. However, it is quite different to control

Nitrogen in municipal wastewater is source of water runoff from agriculture because there are more land and

pollution which reduces oxygen concentration. Nitrogen
should be removed before it is discharged into the

area. Also standard of effluent discharging from
agriculture is not too rigid. In general, WWTPs in Japan
environment. Nitrogen forms can have deleterious effects and USA report higher nitrogen removal than WWTPs in
Thailand. However, there is little information available to
elucidate the factors responsible for the lower nitrogen
removal efficiency of WWTPs in Thailand (humid tropical
climate) relative to the WWTPs in Japan and USA (humid
subtropical climate). Potentially important differences
include climate, influent wastewater characteristics,
WWTP design and dominant bacteria that oxidize or
reduce nitrogen.

on human health, aquatic life, and environment. For
example, ammonia (NH3) is toxic to fish and many other
aquatic organisms. Nitrate (NO3-) is a significant potential
public health hazard in drinking water which presents the
risk of methemoglobinemia (blue baby syndrome) in
infants. Nitrogen is the major nutrient that enhance
eutrophication of freshwater and lakes. Domestic sewage,
agriculture, and industries are sources of nitrogen. In
Thailand, domestic sewage is a main source of nitrogen. In 2. METHODS

Japan and USA, runoff from agriculture is significant Influent and effluent wastewater quality was determined
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according to Standard Methods for the Examination of
Water and Wastewater (APHA et al. 1995). All effluent
samples were collected every day for one year. All samples
were kept at 4°C until analysis. Effluent characteristic
quality was determined by measuring biochemical oxygen
demand (BOD), organic nitrogen, ammonium, nitrate, and
total nitrogen and phosphorus. All the effluent samples
from points from each WWTP were taken in duplicate.

DGGE analysis and sequencing of DGGE fragments

For DNA analysis effluent samples from three WWTPs
were collected twice in one year. All the samples of DNA
analysis from this work were only collected in the aerobic
basins because of focus on nitrifying and ammonia
oxidizing archaca (AOA) microorganisms.

3. RESULTS
These WWTPs were selected as study sites because each

WWTP has biological nutrient removal (BNR)
(nitrification and denitrification process) and had been
designed and similar operation for municipal treatment
system. Average physical and chemical characteristics of
influent and effluent of these three WWTPs are shown in
Table 1. The qPCR results show the relative abundance of
AOA and AOB amoA genes at the three WWTPs.

Table 1 Characteristics of the activated sludge
systems at the WWTPs in Thailand, USA, and

Japan.

Parameter | unit Wastewater Treatment Plants
Thailand | USA Japan
Treatment OD OD AO
Process
Flow rate m3/day 28,735 15,160 92,300
Temp. °C 30 16 22
pH 7.2 6.7 6.2
BODint mg/L 174 336 110
BOD.tr. mg/L 3.7 3.7 2
NHatine mg-N/L 15.9 35.8 15.9
TNint mg N/L 25.3 56" 24.7
NHy* et mg-N/L 8.7 0.7 6.5
NOy ur mg-N/L 3.2 3.2 12.2
MLSS mg/L 7,180 2,330 920
Organic Kg/day 5,000 5,094 10,153
Loading
rates

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

4. DISCUSSION

The levels of AOA amoA gene in the WWTPs in Japan
and USA were below the quantification limit of 1.0x101
copies/ng-DNA, corresponding to 7.6x102 and 3.9%102
copies/mL-sludge, respectively.
number of AOB amoA gene averaged 2.4x105 copies/
mL-sludge for both the WWTPs in Japan and USA. This
indicates that ammonium oxidation was conducted by
AOB but not AOA in Japanese and USA WWTPs.

5. CONCLUSION

In contrast, the copy

The effluent characteristics quality both chemical and
biological quantity from USA and Japan are lower than the
standard. For Thai’s effluent on quantities of fecal
coliform and E-coli are significantly lower than Thai’s and

US EPA’s standards. The effluents could not usage as an

indirect potable water reuse.
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ABSTRACT

For environmental conservation of closed water bodies such as lakes and bays, the promotion of
wastewater treatment facilities that can remove not only BOD but also nitrogen, one of the causes of
water-bloom and red tide, is desirable. To apply Japanese johkasou to other countries, it is necessary to
modify the design of johkasou to harmonize with the local life style and environmental characteristics.
For this purpose, this study examined the localization of Japanese johkasou for the EU region where the
performance evaluation method for such facilities has been established. Focusing on the amount of
wastewater and the pollutant load which differ in the performance evaluation tests between EU and Japan,
an EU-oriented facility was designed with BOD volumetric load equal to Japanese facility. This facility
was experimented in France, and the results were compared to those of the Japanese prototype model. As
a result, the effluent quality of the EU-oriented facility was maintained at the same level as the Japanese
model even when the influent BOD load increased to 120% of the preset value. This result indicates that
the most common design method in Japan using BOD volumetric load is effective for designing
EU-oriented facilities, but there is a possibility that the volume of the facility may be over-designed.
Furthermore, to maintain the ability to remove nitrogen, it is important to the keep the water temperature
in the facility above 13°C.

1. INTRODUCTION technology transfers have been accomplished. On the

The Sustainable Development Goals (SDGs) entered other hand, in regions with an established performance

into force on 1 January 2016. To achieve one of the evaluation method for johkasou and other small-scale

wastewater treatment facilities, these facilities cannot be
installed if their performance test results using the
established method failed to meet local effluent standards.
Regarding the testing method, differences exist between
EU and Japan in influent conditions such as influent

targets to halve the proportion of untreated wastewater,
countries need to improve their wastewater treatment
facilities correspondingly over the next 15 years.
Moreover, in the event that domestic wastewater is
discharged into a closed water body, such as a lake or a
bay, it is desirable that in addition to BOD, the treatment
facilities are able to remove nitrogen and phosphorus, two

volume and pollutant load, and testing conditions such as
water temperature and maintenance interval. Also,
of the causes of water-bloom and red tide. different effluent standards 'exi'st among EU member
states. Due to these facts, no significant progress has been
made for localization of johkasou. If a design method that
allows redesigning Japanese johkasou to meet standards
of various countries can be discovered, johkasou’s
contribution towards the popularization of wastewater

treatment facilities that harmonize with local features

Wastewater treatment infrastructure in Japan includes
centralised treatment — the sewerage system, and
decentralised treatment — johkasou. Centralised treatment
suits densely populated areas, whereas decentralised
treatment is suitable for sparsely populated mountainous
areas. Currently, johkasou is expected to be the solution could be further expected.

for the latter areas as they have lower population . .
In this study, an EU-oriented small-scale wastewater

coverage of wastewater treatment. Johkasou is a type of > . .
treatment facility and a Japanese johkasou were put into
operation in France and Japan respectively for a period of

more than one year to investigate and analyze the

wastewater treatment facility uniquely developed in Japan.
Furthermore, new types of johkasou that can remove

nitrogen and phosphorus have been developed in recent . ) )
influence of different performance evaluation methods on

years. For these reasons, johkasou has been drawing
the treatment performance.

attention from other countries, and a number of
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2. METHOD

(1) Method of examination

In EU, ENI12566-3+A2 regulates the performance
evaluation method for small-scale wastewater treatment
In Japan, on the other hand, johkasou
performance testing standard was established based on
the Building Standard Law. A brief description of the
testing methods in EU and Japan is shown in Table 1.

facilities.

Analysis of the performance of the EU-oriented
small-scale wastewater treatment facility (the “EU
model”) was carried out with the following steps in this
study: (1) clarify the differences in performance testing
method between EU and Japan, then review the design of
johkasou (the “Japanese model”) for use in the EU
region; (2) regarding testing the effluent, prolong the
testing duration designated in EN12566-3+A2 for the EU
model, meanwhile, test the Japanese model in Japan
using the testing method for johkasou; (3) based on the
results from (2), comparatively analyze the BOD and
nitrogen in the effluent, and examine the influence of
different testing methods on treatment performance.

(2) Testing method for the EU model

Testing for the EU model, carried out by a French
testing institute, lasted for 63 weeks (442 days) in total,
including a 38-week (263 days) test based on
EN12566-3+A2 shown in Table 2, and an additional test,
which included a 2Q overload test to examine the
performance in the overloading condition. Water volume
1Q was 750 L/day. Influent quality, effluent quality as
well as water temperature were measured 38 times each
throughout the test. In terms of maintenance during the
test, based on the local testing method, desludging was
set to be conducted when settled sludge reaching 1/3 of
the designed volume of primary process chamber,
whereas maintenance and operation would be carried out

Table 1 Testing methods in EU and Japan (5 P.E)

Unit EU test Japanese test
Inflow rate (L/day) 750 1.000
Influent BOD (mg/L) 150 ~ 500 200 (180 ~ 220)
TKN (mg/L) 25 ~ 100 45(40 ~50)
NH,;-N (mg/L) 22 ~ 80 -
Water temperature ("C) - 20, 13 (low temperature test)

3%( ): range; ¥ ¢ T-N measured in Japanese test was substituted for TKN

Table 2 Details of the EU test

Ttems Testing duration (days) Times of measurement
EN12566-3+A2| Additional | Total |EN12566-3+A2| Additional | Total

Start-up(1.0Q) 34 0 34 0 0 0
Routine(1.0Q) 205 95 300 25 0 25
Low load(0.5Q) 28 0 28 3 0 3
Low stress 14 41 55 0 3 3
Overload(1.5Q) 16 0 16 2 0 2
Overload(2.0Q) 0 43 43 0 5 5
Total (excl. Start-up)| 263 179 442 30 8 38
Total 297 179 476 30 8 38

- Q Qo < >
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2 el Sleril sl 52 [Csl2 s g
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Fig.1 Treatment process of the EU model
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in the event of a malfunction, such as a breakdown. This
test will be referred to as the “EU test”.

(3) Testing method for the Japanese model

As shown in Table 1, standard duration of a johkasou
test is 16 weeks which is considered difficult for
comparison with the 63-week EU test. For this reason,
actual duration of the performance test in Japan was
adjusted to 52 weeks (to match the once/year desludging
interval regulated by Johkasou Act). Moreover, for
comparison with the EU model, a 5 P.E facility was
chosen as the Japanese model to be used in the test, with
an influent volume of 1.0Q (1,000L/day). Objects being
tested were set the same with the EU test and measured
26 times in the test. This test will be referred to as the
“Japanese test”.

3. Design of the EU model
(1) Summary of the design

The prototype of the EU model was chosen from
johkasous qualified in the Japanese performance test. The
design was then reviewed based on the differences in
testing method between EU and Japan. The reviewed
design is described below.

(2) Effluent quality and treatment process

Effluent standards in the EU regions are different from
the Japanese standard for johkasou (BOD<20mg/L;
T-N<20mg/L). However, as the objective of this study is
to examine the appropriateness of the method of johkasou
localization, the Japanese standard was adopted as the
preset value for the EU model, except for T-N which was
not measured in the EU regions. In response, TKN was
used as the nitrogen indicator for the EU model.
Moreover, taking of maintainability, a
combination of two simplified anaerobic chambers

account

without flow adjustment or filtration, an aerobic chamber
and a sedimentation chamber (Fig.1) was chosen as the
treatment process (structure) of the EU model. Moreover,
as disinfection was not required in EU, the disinfection
chamber was deleted.

(3) Volume of the EU model

In Japan, the most common method to design the
necessary volume of treatment facilities with various
inflow rates was to calculate pollutant volumetric load
and wastewater volumetric load of the influent, separately,
then adopt the higher value M In this study, volumetric
loads of BOD, TKN and wastewater of the Japanese
model were used for the calculation for the EU model. As
a result, the highest value was 2.838m’, calculated from
the BOD volumetric load, and was adopted as the
necessary volume (necessary volume of the Japanese
model is 1.892m). Moreover, assumed influent quality
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Table 3 Effluent results of EU model and Japanese model

a BOD TKN
Items Inraloew (mg/L) Removal (mg/L) Removal
Influent  Effluent rate Influent  Effluent rate
Condition 1.0Q 400 20.0 95% 80 20.0 75%
average 481 10.7 98% 102 202 80%
BU test 1.0Q 488 11.1 98% 104 20.5 80%
EU model 0.5Q 493 12.0 98% 105 16.1 85%
1.5Q 335 9.5 97% 83 522 37%
2.0Q 492 74 98% 101 11.5 89%
Japanese |Condition 1.0Q 200 20.0 90% 45 20.0 56%
test |Japanese model 1.0Q 207 11.9 94% 47 16.3 65%
- BOD TKN
? 600 509 49 150 ¢ 108 0
Z 400 100 r
2 200 50
= 0 0
o 600 60.0
ED 400 200 | 37.6
Z 200 9.2 13.5 200 11
2 00 0.0 : ‘
& >13C <13C >13C <13C

Fig.2 Effluent results by water temperature
of the EU model in this calculation was BOD 400mg/L
and TKN 80mg/L, taking into account variations.

4. RESULTS
(1) Effluent results of EU model and Japanese model

Effluent results of the EU model and the Japanese
model were shown in Table 3. As shown, in the EU test,
the average BOD in the influent (481mg/L) was 1.2 times
the preset value - close to the maximum value of the
testing condition, meanwhile, the average TKN in
influent (102mg/L) exceeded the maximum value. As a
result of the fluctuating inflow rate between 0.5Q and 2Q,
the average effluent BOD (10.7mg/L) was at the same
level with the Japanese model, and was below the preset
value (20mg/L),
(20.2mg/L) exceeded the preset value slightly.
(2) Maintenance in the EU test

In the EU test, it took 476 days to reach the requirement

however, average effluent TKN

for desludging. During this period, no functional
deterioration had been observed, thus no need for
maintenance work.

5. DISCUSSION
(1) Design method based on volumetric load

As the EU test had a higher influent BOD concentration
than the preset value, the BOD volumetric load (0.13
BOD-kg/m’-day) was higher than the Japanese model
(0.11 BOD kg/m’-day). In addition, the inflow rate
fluctuated intentionally. Considering these facts, analysis
of the influence on effluent BOD load was made with a
non-exceedance probability of 90%. The BOD in the
effluent of the EU model was 17.2 mg/L, which was
almost the same as the calculated value of the Japanese
model (17.0 mg/L). It indicates that using the same BOD
volumetric load is an effective design method for
calculating the necessary volumes of facilities with
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various influent loads. However, it is also suggested that
this method may cause over design. In terms of TKN
volumetric load (TKN-kg/m?), the EU model (0.028) was
higher than Japanese model (0.025). It is considered that
the EU did not meet the preset value of TKN.

(2) Influence of water temperature on performance

Water temperature in the low-water-temperature test in
Japan was set to 13°C. In the 26 measured results, only
one result was below 13°C (12.7°C). On the other hand,
results from the EU test were categorized into <13°C and
>13°C (Fig.2). Effluent BOD, TKN at <13°C were worse
than at >13°C,
concentrations being lower. Also, although variation of
effluent BOD stayed below the effluent preset value,
TKN at <13°C significantly exceeded the preset value. As

regardless of influent pollutant

a result of analysis, nitrification rate (mg-N/g-SS-hr),
which is the decreasing rate of ammonia nitrogen, of the
Japanese model was 1.70, similar to the EU model at
>13°C (1.65). However, the rate at <13°C fell to 0.88.
Therefore, in order to maintain the ability to remove
nitrogen throughout a whole year, water temperature
needs to be kept above 13°C.

6. CONCLUSION

This study aimed to find out the design method that
allows redesigning the Japanese johkasou to meet various
standards in different countries for its overseas

application. And the following conclusions were made.

1) As a method that allowed Japanese anaerobic-aerobic
johkasou to meet the low-volume and high-concentration
loading condition in the EU regions, an EU-oriented
wastewater treatment facility with the same BOD
volumetric load was designed. As a result, the effluent
BOD in the EU test met the preset value based on the
Japanese model. Moreover, during the 476 days of the
test, no desludging or maintenance work was required.

2) Although influent BOD in the EU test was higher than
the preset value, the effluent was at the same level as the
Japanese model. As a design method for wastewater
treatment facilities for various influent loads, using the
same pollutant volumetric load is effective. However, it is
suggested that this may cause over design.

3) In the EU test, effluent TKN worsened when the water
temperature was below 13°C. As this was caused by
decreased nitrification rate under low water temperature,
keeping the water temperature in the facility is considered
important in order to maintain the ability to remove
nitrogen.
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ABSTRACT

This study aimed to collect the information on water use, hygiene and sanitation and waterborne diseases among people
living on the lake and the lakeshore. The stratified sampling survey was conducted in three regions around Tonle Sap
Lake (TSL) involving a total of 542 families, which were randomly selected for the interview, comprised of 202 Land
base (LB) households, 132 Water-landed base (WLB) households and 208 Water base (WB) households. The results of
the survey showed that TSL water was the principle drinking water source of WB population (52.9%). For populations
in LB, well water was the main drinking water source (71.8%). Related to water treatment systems, 53.5% of LB, 34.9%
of WLB and 22.6% of WB used filtration system to treat their drinking water. Boiling of water for drinking was done by
37.1%, 20.5% and 32.7%, of LB, WLB and WB, respectively. Diarrhea and severe diarrhea were waterborne diseases
frequently found in this study. Diarrhea disease was found in 60.4%, 80.3% and 79.8%of adults, 39.8%, 61.3% and
75.3% of children under 5 years old and 42.4%, 67.1% and 72.9% of older children and adolescents, for LB, WLB and
WB, respectively. People living in WB and WLB zones seems to have high incidence of diarrhea disease as compare to
that living in LB zone. This may be due to the drinking water source, water treatment systems and flooded experiences.

1. INTRODUCTION and sanitation, waterborne and food borne diseases

Cambodia is one of countries which are most famous for among people living on and around the TSL, focusing on

freshwater fisheries in the world since the permanent the types of villages.
wetlands cover more than 30% of total national land

represented by Tonle Sap Lake (TSL)[”. The TSL is an 2. METHOD
invaluable natural resource of inland water for agriculture, Target population

fish production, biodiversity, water supply and sanitation,

2131 supporting more than 1.7 The primary data has been collected through surveys

transport, and hydropower
million people living around it"*. Communities in the

TSL have adopted their living system based on the

implemented questionnaire to people at LB, WBL and
WB areas around TSL. The target population is the

specific hydrological conditions of the lake, which form
three different human settlement communities: “LB
villages,” “WB villages,” and “WBL villages.” In LB
ones, villagers are engaged more in farming and less in
fishing depending on the distance from the lake. WB
villages are floating villages on the lake, where fishing is
the primary occupation for villagers. The third type is the
WLB villages, which is usually located six months on
water and six months on land, and both agriculture and
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fishing are the main activities for the villagers'
recent year, the increases of agriculture activities,
industrial development, numerous tourists and other
human activities in/around the lake has been threatening
the ecosystem and human health via pollution and
contamination of lake water®. The aim of studies is to

collect the necessary information on water use, hygiene

completed set of people identified for the investigation
according to the research objectives. The studied regions
were purposively stratified selected from three provinces
(Kompong Chhnang, Kompong Thom and Battambang
province) around TSL (Fig.1). And in each province, the
households and participants were randomly selected for
the interview. In total, 27 villages were selected for the
interview, in which 13 villages from LB areas, 6 villages
from WLB areas and 8 villages from WB areas.

Survey conducted

The survey conducted questionnaire interview was face
to face since the target people lack of access to the
internet and literature”. A total of 542 families were
randomly selected in this study where 202 households
from LB, 132 households from WLB and 208 households
from WB. The

interview was completed at the
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households considering the age groups (0-5 years old,
6-17 years old, and older (adult)) and sex of
correspondents.

. glﬁ Cambaodia Map

1:3,000,000

0 0 ¥50

o 25 0 0 200
T - — —

Fig. 1 Map of Tonle Sap Lake with three surveyed

provinces

3. RESULTS

Hygiene and Sanitation

Currently there are no affordable sanitation options
available for the floating communities of the TSL, and
many other communities that live in challenging sanitation
environments in Cambodia. Concerning hygiene section,
among the surveyed households, 58.2% in WB area,
28.8% in WLB and 75.7% in LB did not have toilets.
Interestingly, for the households in WB areas that have
toilets in this survey, almost all of these toilets were the
open toilet directly discharge into the lake. However, these
results showed that the awareness of sanitation and
hygiene practice in the communities is low. On the other
hands, using soap was found in WB zone more frequently
(80.3%) than WLB (68.9%) and LB (69.8%) zones.
According to the data of baseline survey with children
who live in LB, WB and WLB of TSL, the hygiene
practice of children in WLB areas were very low
compared to those in WB and LB areas. The percentage of
children under five year olds who washing hand with soap
before eating and after defecation were similar in these
three different zone. But, the percentage of WLB children
from 6-17years old who wash hand with soap before
eating food and after defecation was 56.72%, while there
were 69.57% and 75.56% for WB, and LB children,
respectively.

Solid waste management

The surface water and ground water source were
contaminated by leaching of non-disposed burned
substance and impacted to population health such as air
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and water-borne disease. In this study was found that
people in WLB (more than 50%) and WB (more than
80%) zones were directly disposed their waste into lake
surrounding their living areas where they take the water
to be use every day as their domestic water source and
drinking water.

Waterborne diseases

Data reveals that most of waterborne diseases were
diarrhea with level of 80.30% and 79.81% were found of
people living in WLB and WB areas, respectively; while
the lowest rate was from LB areas (60.40%). In the
meantime, severe diarrhea happened in the rate of around
23% in WLB areas and the lowest was found in LB
(11.88%) areas. The percentage of less than five years old
children got diarrhea was 75.25%, skin problem was
69.31%, eyes problem was 64.40%, and severe diarrhea
was 18.81% for these studied population. For children
aged between 6-17 years old who faced with diarrhea was
72.90%, skin problem was 69.31%, eyes problem was
64.49% and severe diarrthea was 12.15% (Table 1).
Children in these three different zones: LB, WLB and
WB of TSL areas were suffered diarrhea, followed by
eyes and skin problem and also severe diarrhea. These
diseases were highly prevalence for children under five
years old and aged between 6-17 years old who live in
WB zone.

Table 1 Common disease in studied areas

Diseases (%) LB WLB WB

Diarrhea 60.40 80.30 79.81
Severe diarrhea 11.88 23.48 23.08
Cough 47.03 68.18 69.23
Fever 53.96 78.03 79.33
Eye Problem 24.75 31.06 46.15
Skin problem 25.74 38.64 41.83
Others 30.20 33.33 28.37

4. DISCUSSION

The target of the Millennium Development Goals of
Cambodia was to halve the proportion of people without
access to sanitation by 2015. Cambodia’s National policy
on rural water and sanitation envisions that every person
in rural communities has sustained access to safe water
supply and sanitation services and lives in a hygienic
environment ¥/, However, the studied results showed that
less than 15% of mothers wash their hands with soap
after defecation, before preparing food, before feeding
their child, before eating, before cleaning the child’s
bottom ). The very low awareness of hygiene awareness



of communities, especially of hygiene practice of
children in WLB areas might be due to poor education
lack of

non-government organizations (NGOs). Most of NGOs

and support from related ministry and
and government have been focusing on people who live
in WB zones by improving education, hygiene, and
installed drinking water treatment system for some
community. There is only a few of NGOs could access
and supporting WLB community because this area is far
from the province and lack of transportation that could

access these communities.

In Cambodia, one of seven deaths of children was caused
by diarrheal disease. Every day, 50 Cambodian children
under five years old died from preventable disease such
as diarrhea and pneumonia''®" Children in these three
different zones: LB, WLB and WB of TSL areas were
suffered diarrhea, followed by eyes and skin problem and
also severe diarrhea. These diseases were highly
prevalence for children under five years old and aged

between 6-17 years old who live in WB zone.

5. CONCLUSION

Considering hygiene and sanitation, adults in all three
zones had used soap before eating and after defecation (it
can be found most frequently in WB area).Among
children, only 6-17 year-old children performed more this
habit than those at 0-5 years old. The diarrhea disease was
the main disease found in people living around TSL,
especially children under five years old (75.3%).
According to data analysis, improper water treatment,
water storage system, hygiene and sanitation, and flooding
were identified as the main causes of diarrhea in these
studied zones.
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ABSTRACT

Lake Victoria faces serious water pollution by point and non-point sources. As to point pollution control,
it is all most impossible to construct sewerage systems to all communities. House-hold sanitation system
is instead affordable and preferable. Nippon International Cooperation for Community Development
(NICCO) with the support of Kyoto University implemented an ecological sanitation project in
Bushiangala Village of Kakamega County, Kenya, since 2014. It is a comprehensive village development,
but water supply and ecological sanitation are key components to boost agricultural products and improve
income. Along the comprehensive development project, women are strongly involved in the project so
that women status is elevated. Nitrogen and phosphorus of point sources are derived from 35 million
people of the entire catchment of Lake Victoria. Total construction cost of one million Eco-san toilets is

estimated to be 300 US$ x one million which is most economical solution for water and sanitation issue

that is the number six target of SDGs, clean water and sanitation.

1. INTRODUCTION

Lake Victoria faces serious water pollution by point and
non-point sources. As to point pollution control, it is all
most impossible to construct sewerage systems for all
village communities in the catchment of Lake Victoria.
House-hold sanitation systems are instead affordable and
necessary. Nippon International Cooperation for
Community Development (NICCO) with the support of
Kyoto  University has successfully implemented
ecological sanitation (Eco-san) projects in Malawi during
2007-2014 ™. Tt is necessary to repeat the similar Eco-san
project to village communities in Kenya, because the
conditions of Kenya villages are different from those of
Malawi, in terms of climate, soil, crops, sanitation culture,
education levels, and religions, etc. It was decided to
introduce

Eco-san project with a comprehensive

development programs to Bushiangala Village of
Kakamega County, Kenya, since 2014. The project covers
1,6,14 families with 8,203 people.

This paper discusses success and challenges of the project

720

that shows similar as well as different from the results of
the Malawi projects that are discussed in another paper of
this conference. Upon the success of the Kakamega
project, NICCO propose extension of the ecological
sanitation projects to communities that locate around
coastal countries of Lake Victoria, namely Kenya,

Uganda, Tanzania, Rwanda and Burundi.

2. WATER AND SANITATUON
HEALTH CONDITION
NICCO newly installed two suction pipe and pump

IMPROVED

systems of deep ground water for Bushiangala village.
Pipes are extended to 12 km covering 5,887 people,
including 6 schools, 4 churches, 2 clinics, and 334
households and five water kiosks. The village community
realized the importance of maintenance of the water
supply system, so that the water supply committee was
established, which collect water fees, employed a water
engineer to operate pumping station, and extend service

pipes, etc. The water supply committee became a core



group for introducing Eco-san project. The restoration
and extension of water supply system changed life style
of the community in terms of labor time, school time and
household management, etc. NICCO constructed
total 216 units of Eco-san toilets ( 87 private houses and
129 public houses).Buyemi Health Center of Kakamega
investigated the results of installation of Eco-san toilets in
Mukongolo community of Kakamega comparing
pit-latrine toilets, in terms of the people health relating
diarrhea cases (2 Nov. 2017). The center gave a
certification paper telling that (1) Eco-san toilets had
improved public health compared to pit latrines,
evidenced by reduction of diarrhea cases; (2) zero
diarrhea cases were observed due to improved hygiene
and reduced flies in Eco-san toilets; (3) the reduction
number of flies in Eco-san toilets compared to that of pit

latrines was the ration at 5:16.

3. URINE AND SANITIZED FECES (HUMANURE)
WERE EXCELLENT ORGANIC FERTILIZER

The people of Bushiangala first did not believe in that
urine and feces were organic fertilizer, as the people of
Malawi project villages. In order to show safety of
sanitized feces that were disinfected and fermented by ash
application and stored in a feces compartment of an
Eco-san toilet. NICCO asked the Laboratory Department
of Kakamega County General Hospital to examine
Eco-san manure in terms of infectious microbes. The
results showed that Salmonella and Coliforms/E.Coli,
were not detected, and Ovarian cysts were not seen (18
Sept, 2017). The nutritional value of Eco-san manure
(Humanure) was analyzed by Non-ruminant Research
Institute of Kakamega, Kenya Agricultural and Livestock
Research Organization for different items. There was no
analysis of K, but P, Ca and Mg were well included to
fertile soil. Total nitrogen is low for fertilization of soil,
due to decomposition of protein and dissipation of
ammonia during fermentation. In order to improve soil
condition of C/N without chemical fertilizer of N, P, K, it

was recommended to use much urine in practical way.
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Maize crop test was done using urine and humanure and
chemical fertilizer in the test fields of Bushiangala,
Kakamega, Sep.2015. It is obvious that soil condition is
very important and without fertilizer it is difficult to get
crop yield. It shows dramatic improvement of crop yields
specially combination of urine and humanure. Nitrogen
supply with urine was important as indicated N shortage
in humanure. However, this test indicates another
important improvement of soil condition, that is
improvement of soil acidic condition by ash supply in
disinfection of feces, as indicated pH 10.65 of the
humanure. The people participated in this field test
satisfied the results and got confidence to using Eco-san

toilets and agriculture use.

4. CHANGES IN COMMUNITY ACTIVITIY
Bushangala community has changed its activity triggered
by revitalization and extension of water supply systems,
establishing four committees such as (1) Water supply
committee (3 men and 2 women members), (2) Eco-san
construction committee (6 men and 4 women members)
(3) Agri-livestock committee (13 men and 9 women
members), and (4) Women status elevation committee (2
men and 24 women members).

construction committee

Eco-san promoted many

workshops for propagation. They faced financial
problems and established loan system. However, farmers
must increase income to pay back to the construction fee.
Based upon crops yields improvement, they started
different crop culture than before introducing new types
of crops and started processing the crops to more market
oriented products. Soybean, sunflower seeds, and peanuts
are such newly introduced. The committee asked women
and elderly persons work for processing business, that
increased income for those people. The agri-livestock
committee started raising chickens at home. Chicken is
good market item to increase income. The women status
elevation committee started energy efficient oven
construction, and seed & seedling business. Pot seedling

business does not require heavy labor works. They select

721



17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

vegetable, crops and tree seedlings and conduct pot
seedling that help a lot farmers to avoid unsuccessful
seedling in the fields.

Trees are essential for cooking, etc. Reforestation around
the village is a key to survive. The pot seedling of useful
trees is very important and good business. Many other
ideas came to the committee and income for the
participants remarkably increased. Based upon those
Bushangala committee activities, NICCO think great
potential of expanding Eco-san projects to village
communities of other part of the catchment of Lake

Victoria.

5. THE CHALLENGE FOR PROTECTION OF
LAKE VICTORIA

Lake Victoria is shared by five countries in terms of lake
surface are, catchment area, shoreline and population.
Waste waters are generated by the people activities in the
manner of point source and non-point source including
agricultural activities. Pollutants such as BOD, COD,
nitrogen and phosphorus cover all human activities. Lake
Victoria Basin Committee estimated reginal point source
loads of TP, TN and BOD for Tanzania, Uganda and
Kenya. The point loads are proportional to population
of the countries.

Eutrophication of Lake Victoria is caused by nitrogen and
phosphorus loadings which are necessary for agriculture
and food production. Nitrogen and phosphorus control is
very difficult issue. We propose that the recycle of
nitrogen and phosphorus from urine and humanure is the
best solution for controlling eutrophication, reducing
application of chemical fertilizer in agricultural fields.
Eco-san toilets are the solution of recycling nitrogen and
phosphorus.

NICCO propose the challenging project that if one
million Eco-san toilets are provided to the people along
coastal areas of Lake Victoria, point source loads of BOD,
TN and TP are cut, that is equivalent 6 million
population ( 6membaers per family) of 35 million of the
catchment. Construction cost is estimated from Malawi

and Kenya experiences to be around 300 US$ x 1 million,
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which is much less cost compared to any other sanitation

systems.

6. CONCLUSION

Water supply systems were installed in Bushiangala,
Kakamega, Kenya, which dramatically improved life
style of the people. Eco-san project was introduced
constructing for 216 units of the toilets ( 87 private
houses and 129 public houses), which clearly showed
improvement of health condition to the people who
enjoyed clean water and good sanitation. Urine and
sanitized feces were proved to be excellent fertilizer and
soil amendment. Crops yields were increased to help
income increase of the farmers of the village. The people
want to install Eco-san toilets to their homes.
Construction cost must be borne by the people in addition
to some external subsidies or donation. They set up
Eco-san committee to start a loan/ship system that is a
new idea to disseminate the Eco-san project other part of
the village communities around Lake Victoria Coastal
countries. If one million Eco-san toilets are constructed in
the catchment of Lake Victoria, 6 million people may
enjoy good sanitation and practice recycling of nitrogen
and phosphorus which are eutrophication pollutants.
Nitrogen and phosphorus of point sources are derived
from 35 million people of the entire catchment. Total
construction cost of one million Eco-san toilets is
estimated to be 300 US$ x one million which is most
economical solution for water and sanitation issue that is

the number six target of SDGs, clean water and

sanitation.
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ABSTRACT

Lake Malawi collects surface and ground water from the west bank. Water pollution of the lake is mainly caused by poor
sanitation, domestic and agricultural waste waters. The rural communities still face famine, due to poor infrastructure
hindering from their economic growth. Malawi rural communities need comprehensive development models that could
solve the problems of infrastructure such as safe drinking water supply, proper hygiene and sanitation, and agricultural
food security. Nippon International Cooperation for Community Development (NICCO) with Kyoto University
implemented the comprehensive development projects for seven years.in two prefectures of Malawi covering about
3,600 families of 18,000 people, in the support of Mitsui & Co .Environment Fund, JICA and Ministry of Foreign
Affairs of Japan. The programs of safe water supply and eco-logical sanitation (Eco-san) were essential to protect
water environment of Lake Malawi. This paper discusses success, failure and the further problems of the ecological

sanitation approach.

INTRODUCTION

Ecological sanitation (Eco-san) toilets were introduced
two decades ago to Africa by many NGOs of Europe
and North America. However many of them were
abandoned facing difficulty of proper maintenance.
Most  important points of maintenance are,
understanding of hygiene and proper practical use of the
urine and feces separation toilets, and sanitation of feces
and urine for agricultural use as fertilizer.

NICCO implemented comprehensive village
development projects in Malawi since 2007 until 2014
 The ecological sanitation program is a key of the
comprehensive projects that consist of seven programs
such as (A) agriculture technology, (B)grain
storage-seed bank, (C)reforestation - moringa tree, etc.,
(D)measures for infection—malaria, HIV/AIDS and
schistosomiasis,  (E)human-resource  development-
education, (F)water supply and (G)ecological sanitation.
In order to overcome famine in under-developed
villages, agricultural development is the major target.
However, there are many obstacles to promote
agricultural development. The seven programs were
introduced in the good manner of coordination. Due to
limitation of this paper room, we would like to focus on
the ecological sanitation program, and analyses it in
terms of success, failure and further problem.

NICCO PROJECTS OF
SANITATION IN MALAWI

NICCO constructed ecological sanitation (Eco-san)
toilets in three Districts of two Prefectures such as
Nkhotakota and Lilongwe for the family of about 1000
with about 5000 people. NICCO also constructed
shallow wells with supplying safe water for about 3600
families. Safe water supply and sanitation provision are
minimum requirement. However, NICCO could not
provide Eco-san toilets for all families due to limit of
construction finance. The partial construction cost of
Eco-san toilet must be borne by the families of the

ECOLOGICAL

project. NICCO provided half of the total cost, and the
half should be borne by the families. Financial
problems still remain for expansion of ecological
sanitation in rural areas.

BENEFITS OF ECO-SAN TOILETS FOR
VILLAGE COMMUNITIES IN MALAWI

It is obvious that most villages in Malawi do not have
proper water supply systems and sanitation. The
people need safe drinking water, which can be provided
by shallow water well systems, because water quality of
the well is so far meeting to safe drinking standard.
However, the contamination of shallow ground water is
caused by poor sanitation such as dig-hole toilets
namely pit latrines. In spite of that, Government of
Malawi needs to introduce ground water supply systems
for all villages. The question to good sanitation is very
difficult to answer, because there are many obstacles to
find good solutions. NICCO invited Mr.Uno Winblad
who introduced the thought of ecological sanitation and
edited two books, Ecological Sanitation by Sida (1998)
and Ecological Sanitation, revised and enlarged edition
by Stockholm Environmental Institute (2004).
NICCO concluded to introduce Eco-san toilets in
Malawi. We think the following problems must be
overcome for the introduction of Eco-san toilets as a
sanitation solution; (A) scientific understanding of urine
and feces by the people, (B) proper disinfection of feces,
(C) understanding of nutrient values of urine and feces
by the people, (D) practical demonstration of treated
feces and urine for agriculture, (E) health improvement
such as less diarrhea, (F) agricultural yields increase
with more income, and (G) other indirect benefits.

SUCCESFUL RERSULTS

In order to construct many Eco-san toilets, NICCO
asked a Japanese specialist of architect to design the
Malawi style urine-feces toilet and teach how to build
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the toilets to village people. The construction work must
be contributed by the owner of the toilet. NICCO
organized a program, of Eco-san toilet builder
workshops in which the specialist taught techniques of
the buildings 14 people who later became a licensed
builder by NICCO. In the end 1000 units of Eco-san
toilets were constructed.

In general for Malawi people, human urine and feces
are dirty untouchable matters, so that they practice open
defecation or sanitation by dig-hole toilets that easily
fed up and abandoned contaminating shallow ground
water and surface streams. Maintenance of the toilets
needs urine and feces recycle for agriculture activities.
It was necessary for the people to understand urine is
safe to touch after holding in tanks for a week, even
urine comes from HIV/AIDS patients. HIV viruses are
weak in infection through urine. Urine contains all
necessary nutrient for agricultural cultivation, specially
N, P, K, S, and other minerals such as Ca. Mg, Fe, Mn,

and others. Human nutrition requires I, Zn, Cu. Co, Cr.

and Se for hormone regulations. Dilution of urine is
necessary for application to plants, that are very
important knowledge for Malawi farmers to understand
in practice. The problem is feces disinfection. NICCO
decided to select the method of ash disinfection, in
which the ash from oven was not at all utilized in
families of the villages. They just discarded the ash
elsewhere. However, the ash is excellent strong alkaline
agent to kill any germ, viruses and eggs of intestinal
worms. In addition to that, alkaline minerals such Ca,
Mg, K are best soil improvement matters to acidic and
poor soils of Malawi. NICCO asked Physics and
Biological Department of University of Malawi to
examine microbial analysis for Eco-san manure
(humanure) and the result is shown in Table 1.
Organizing many workshops of Eco-san toilets and
organic farming of application of urine and humanure,
farmers gradually accepted Eco-san toilets.

Table I Microbial examination of Eco-san manure
(Humanure) by University of Malawi

proper disposal mechanisms of feces and urine.
Comparative data were obtained at the inception of the
project through the midterm reviews, which revealed a
drop in water born disease cases and raised household
incomes, showing a positive impact to the communities.

The other immediate result was from the use of urine on
crops which would readily be used when diluted and
applied to soils in the gardens or around homes kitchen
garden. Such helps communities to earn income and
nutrition from the crops in the home gardens. The
project area of low income immediately improved
outbreaks of waterborne diseases when the toilets are
used. While the condition of increasing crop yields by
the use of humanure would be realized after six months
cultivation, the stabilization, decomposition and
disinfection of feces required six months in the climate
condition of Malawi, before applying the humaure to
gardens where crops grow. Table 2 shows the results of
maze harvest between application of Eco-san fertilizer
(urine and humanure) and no fertilizer application. It
was 2.4 times more harvest with Eco-san fertilizer.

Table 2 Results of maze harvest between
application of Eco-san fertilizer (urine and
humanure) and no fertilizer application.

Parameter Result

Salmonella Not detected

Fecal Streptococcus 40 colonies/100g

Crystopordia Not done, special
microscope not working

Ascaris eggs Not detected

pH 8.78

Moisture content 7.28%

Temperature 27C

CONDITIONS OF PROJECT SITES BEFORE
AND AFTER THE PROJECT

Generally the adoption of the Eco-san toilets technology

gave an immediate solution to the problems on
waterborne diseases which rise death from lack of
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Harvest | Harvest | Fertilizer Maize yield (kg)
place date conditions | Seed Food | Total
Eco-san
Kalusa 14 April, | Fertilizer 50| 31.5] 36.5
(100 m) | 2012 No
fertilizer 25| 20.0| 225
Eco-san
Chiuzuul | 18 April, | Fertilizer 35| 58.7| 622
a(100 m) | 2012 No
fertilizer 0.0 8.0 8.0
Eco-san
Njumbla | 14 April, | Fertilizer 1.5] 293 ] 30.8
(100 m) | 2012 No
fertilizer 1.0 225 23.5
Eco-san fertilizer yield 129.5
No fertilizer yield  54.0
PROBLEMS REMAINIG FOR FUTURE

DEVELOPMENTP

Physical maintenance of the toilet structure is important
for sustainability of Eco-san project. Although the brick
and cement structure of the toilet is very robust and
heavy, it may stand for 20 years, but there are problems
remained such as roof broken, door broken and leaning
of the toilet due to ground sinking by heavy weight. The
toilets are strong to stand challenges of collapsing of
soils in communities whose soils are sandy and soft, or
weak and collapsing during rainy season as they are
built on top of the ground.




Fourteen Eco-san toilet builders were established with
their skills. Training on care and maintenance of the

toilets has to be provided to the benefitting communities.

Local masons who are trained to support the
construction of the toilets in the project area also bring a
rich pool of technicians who support the adoption of the
technologies, when the project phased out. Eco-san
builders can help other communities where the people
require new construction of toilets. It is important that
the owners of the toilets show a strong sense of
ownership that requires good maintenance of the toilets.
Some religious groups such as Muslims use water for
anal cleansing after defecation, which is a challenge to
promote the current style Eco-san toilet. When water is
introduced to a feces containment compartment, it
delays the process of drying, disinfection and
fermentation of the feces. However NICCO have the
solution for this problem, providing another model of
Eco-san toilet that allowed to use small water to anal
cleaning for Muslims and Hindus communities.

In Malawi, there are still some traditional myths in
pregnant mothers who stop using Eco-san toilets during
pregnancy, because they feel a fear or think losing their
fetuses during defecation. This kind of thought deprives
them of the benefits in improved sanitation in the home
forcing them to use alternatives ways. They are not
good thereby bringing diseases and also not able to
realize the use of Eco-san products in agriculture, which
leads to increased crop yields when they are applied to
soil where the crops grow.

In order to promote the Eco-san toilet model throughout
village communities of Malawi, there needs a massive
propagation of the information on the benefits. Many
benefits are given by introduction of the system of
Eco-san toilet and agricultural profits with good health
and good water environment connected Lake Malawi.
On the other hand, financial problems are most
important to be solved. Governments of Malawi must
seek for international aids one hand, but on the other
hand, subsidies of the toilet construction by
governments is also necessary. Furthermore, farmers
must bear partial cost of the construction. It is estimated
roughly to be total 300 US$/unit for a family. If
introduction cost is provided by a community bank in a
manner of loan, any project could start for the
community. The loan could be paid back by increase
profits form organic farming with humanure and urine.
Financial problem is still a big problem remained for
the future of Eco-san toilet model.

CONCLUSION

NICCO successfully constructed 1000 units of Eco-san
toilets in two prefectures of Malawi during 2007 and
2014. Eighty percent of them is in use and successfully
connected with agricultural production. The good
practice of sanitation protects Lake Malawi from
contamination of both shallow ground water and surface
streams by discharging human feces and urine. It is
expected to expand the Eco-san toilet model for other

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

parts of village communities of Malawi. Technology of
construction needs the solution of constructing heavy
toilets over soft and weak ground soil. Financial
problems are most important. Poor farmers need
subsidies from governments and international aids for
the construction with their own bearing the cost.
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NUTTT 4 2 T F KO RSO H ARG Y
DERANTHD, RIEF ¥R 7 — VBRI W T, ARVEIC
DI YIE TR DEAL TR ZAT o7, AR TAE I,
1 2L CREFGERH ORIEAT v — VEZREZINT.L
THERR L, FURIZ AR DL LT, EBRIT ., EER I
OO 5 B A OB LAl 2 E L,
RO N ) THFKE R BB AL, F& FBDOAL
HKZFIAL TO Do, KENEL T2, FERED
DG AR D PPN T DHEFFE BT o7, 6]

4 ITEBRE R R BRERIT, e~ TR
IFIF 100% T, EFIL 70% TH 7208, Bl K FLHUE
X CE T, EROREEEIL, S0/ 7V TI2LD
b8k DILIAEH EARIED BB E Lk ED Iy BEE
XD THD, 708, AFEBROULFLKIZE-T, Z
DO T THWIT BRI - =TT,

F 4 NUTFF 4L 2 TOHEKNEDORE R

b3 (mg/L) &k (mg/L) ~> /> (mg/L)
ANV A 0.05 0.3-1.0 0.1
prsi A A 0.01 0.3 0.05

A E | JFUK ek ] | K B | B | TR K | R

s 1.2015.7.4 [0.22: 0.15 31% |6.17: 0.65 89% 10.76 0.17 : 78%

& 12015.10.4]10.20: 0.06 ; 70% [3.45: 0.00 1100%)0.63: 0.03 i 95%

¥ 12016.3.23]10.18: 0.06 | 66% [5.29: 0.07 | 99% |0.64¢ 0.03 i 95%

t [2016.4.27[0.21: 0.07 | 66% |5.811 0.05 | 99% |0.70: 0.03 | 96%

i 2016.5.29]10.13: 0.05} 63% [3.60} 0.49{ 86% [0.60; 0.16 i 74%

& TE RO AR S Ak

2016.7.31]0.18: 0.05 | 72% | 5.641 0.00  100%]0.60¢ 0.00 | 100%

5. fEm

AET ARV F—HE LRI ANTRAR BT
RALERDSAIRE7ZR 2 LD | B & R E DK EREEEKIC
FRAOFAEMBOUGEIZ T 5T 22N IR S5, £z,
WHEOKEREIIL, 572 b T ATER - VR
AL ATREZRARTEIZ A D7 xR D —2 LB 2 b,

51 F3CER
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