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ABSTRACT

In this research, two kinds of typical polybrominated diphenyl ethers (PBDEs) were selected as the target
pollutant and their aqueous solubility in the presence of two dissolved organic carbons (DOCs) from two
different anaerobic digesters (35€ and 55€ ) were measured. In the solubility experiment, a wide range
of DOC strengths based on the chemical oxygen demand (COD) concentration was used. From the linear
relationships between PBDE and DOC concentrations through 48 hours equilibrium experiment,
furthermore, the partition coefticients (Kpoc) of the two PBDEs between water and individual DOC were
determined. The results revealed that Kpoc at the thermophilic condition (Kpoc =0.0114) was 10 times
higher than that at the mesophilic condition (Kpoc =0.0011), suggesting that the solubility of PBDE was

affected by the DOC sources in the environment.

1. INTRODUCTION

Because of its excellent fire resistance ability, some
PBDEs as the famous retardant were widely applied in
textile, plastics, and electronic
worldwide ). On the one hand, it is known that such
PBDEs are toxic to the endocrine system and the nervous
system and also has enrichment in vivo, and has a huge
threat to the humanity [*!. Currently the PBDEs are diffused
everywhere in the environment, and they are easily
detected especially in the water environment. Hence, they
are listed as persistent organic pollutants (POPs) under the
Stockholm Convention. Although these POP- PBDEs are
hydrophobic, their aqueous solubility tends toincrease
according to the organic concentration in water. This
feature is the key for POP-PBDEs to diffuse into the
environment. Therefore, in order to understand the
behavior of POP-PBDEs in aquatic environment, it is
important to grasp dissolution characteristics for various
organic pollutants in water environment.

circuitry industry

PBDE partition coefficients (Kpoc) between water
and DOC components in water environments such as
rivers and lakes have been measured in previous studies so
far Bl. The Kpoc is calculated by the following equations
(1-2):

Spoc_ _
S5 = Kpoc * Cpoc (1)
Water
Srotal _ K *C +1 )
s, — B\Doc DocC ()
Water

where Stotal, Spoc, and Swater is the PBDE concentration in
total solution, DOC phase, and water phase, respectively,
and Cpoc is the DOC concentration in the solution.
Because Kpoc is constant regardless of DOC
concentration, the higher the DOC concentration, the
higher the risk of contamination expansion by PBDE B,

In this study, we focused on digested methane
fermentation solution containing very high DOC as a
sample of water system. Methane fermentation is operated
under various conditions. Typical conditions are classified
to two temperature conditions: medium (35 € -
mesophilic) and high (55€C - thermophilic) temperatures.
The objective of this study is to clarify the influences of
DOC extracted from two different digested liquids of
methane fermentation (35 € and 55 € ) on aqueous
solubility of two POP-PBDEs resulting in determining
their Kpoc values for two different DOCs.

2. METHODS

Solution Preparation: The sludge was centrifuged and
filtered with a 0.22 pum filter, then the supernatant was used
as DOC stock solution. The DOC solution was adjusted to
0, 10, 50, 100, 250, and 500 mg/L (as COD measuring '),
respectively. We selected BDE-47 and BDE-99
(AccuStandard Co., USA) as target POP-PBDEs. 5 mg of
each PBDE was dissolved into 500 mL of hexane
respectively. The solution was used as the standard
solution in the following experiment.

Equilibrium Experiment: First, the standard PBDE
hexane solution was added into a 15-mL test tube. Second,
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the test tube was heated at 90C  to evaporate hexane. The
amount of solidified PBDE in the tube exceeded the mass
of PBDE required for preparing its solubility in 15 mL of
water. Then 12 mL of prepared DOC solution was added
into the tube and shaken at 35 € for 48 hours in an
incubator. Three parallel experiments for each sample
were carried out at the same time.

Sample Extraction: After the equilibrium experiment
was settled down, the supernatant of the solution was
filtered to remove the superfluous solid PBDE with a 0.22
pm filter paper, getting 10 mL of each sample. And
dichloromethane was used to extract PBDE in the solution

for 3 times, then dichloromethane in the extract was
replaced with 10 mL of n-hexane. All samples were stored
in brown bottle at 4C |

Sample Analysis: The PBDE content in hexane was
determined by a gas chromatography/electron ionization-
quadrupole mass spectrometry (GC-EI-QMS) system
(5975C GC/MSD system; Agilent Technologies Inc.,
Santa Clara, CA, USA) equipped with a DB-5MS capillary
column (15 m % 0.25 mm, 0.1 um film thickness; Agilent
Technologies Inc., Santa Clara, CA, USA), according to a
previous study .

3. RESULTS and DISCUSSION
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Fig. 1 KDOC of thermophilic and mesophilic DOC
solution for the BDE-47 and BDE-99
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Fig. 1 illustrates a linear relationship between the
DOC concentration and the two PBDE contents. The
correlation coefficients for BDE-47 are both higher than
95%.The Kpoc values for the thermophilic solution of
BDE-47 and BDE-99 were 0.0114 and 0.0024,
respectively, while the mesophilic Kpoc values for the two
PBDEs were 0.0011 and 0.00027 by order.

Under both 35 and 55 € conditions, the Kpoc of
BDE47 was higher than that of BDE-99. This is because
the increase in the number of Br in PBDE molecule
decreases the solubility. !, In addition, the difference in
Kpoc between mesophilic and thermophilic conditions
may be due to the number of adsorption sites and types of
functional groups in DOC molecule.

4. CONCLUSIONS

Aqueous solubility of BDE-47 and BDE-99 in the
presence of DOC derived from medium temperature and
high temperature anaerobic sludge were investigated.
The Kpoc was determined from the solubility data and
DOC concentration data. The results obtained in this
research indicated that Kpoc of PBDE with DOC of
thermophilic digested sludge was clearly higher than that
with DOC of mesophilic sludge. It suggested that the
solubility of PBDE was affected by the DOC
sources in the environment. Further study is necessary
to clarify the mechanisms of the factors caused high
solubility of PBDE.
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ABSTRACT

The AOSD (Automatic Oxygen Supply Device) system is the latest environment renovation system which supplies only
the necessary quantity of oxygen of the microorganism in the advanced sewage treatment under the electric power
reduction. It also contributes to COP21 including a basin of lakes and marshes. In the sewage treatment process,
optimal oxygen amounts required for organic matter removal, nitrogen nitrification-denitrification etc. are predicted by
using some parameters such as water temperature and dissolved oxygen (DO), and efficiency of blowers and stirrers can
be operated automatically. As the model project of Asia Water Environment Improvement by Ministry of the
Environment of Japan, "Vietnam's sophistication of wastewater treatment and cost saving response control system
dissemination project” is carrying out. By this project advanced BOD, nitrogen and phosphorus removal have been
accomplished and verified with more than 50% electric power reduction in combination with AOSD system,

simultaneously.

1. INTRODUCTION

For the restoration and preservation of lake areas, N/P
removal and saving energy waste water treatment is very
important.

The energy for aeration in the aeration tank usually
occupies large part of total energy consumption in
wastewater treatment plants. An oxic-aeration blower
usually needs its operation of 24hours. AOSD system is
one of the best ways for energy-saving equipment for
improving advanced treated water quality. The application
of this equipment will serve to improve water quality,
reduce electricity cost by constantly sending to CPU-PLC
information signals regarding temperature and dissolved
oxygen to work out the nitrification-denitrification
velocity and the proper aeration hours and the system off-
aeration time. The time length for aeration depends on the
load of inflowing organic substances. Automatic controls
of aeration enable advanced sewage disposal, by
maintaining pH for proper bio-treatment, depending on pH
decrease by nitrification or pH increase by denitrification.
Moreover, the Innovate AOSD system could confirm the
stability of water treatment power reduction performance
and best biota under on/off aeration, automatically.

In the last fiscal year, we created relationships with related
government and companies in the verification, determined
the candidate sites for demonstration with AOSD
(Automatic Oxygen Supply Device)system which can
improve performance of wastewater treatment and save

We need to start the spread in Asian areas such as Lake KASUMIGAURA basins.

cost for aeration and investigated the conditions such as
treatment method and water qualities. As a result, 4 sites
were selected for the demonstration in this fiscal year as
follows;1) Binh Hung Wastewater Treatment Plant at Ho
Chi Minh City managed by Steering Center of the Urban
Flood Control Program, 2) Thu Dau Mot Wastewater
Treatment Plant at Binh Duong Province managed by Binh
Duong Water Supply — Sewerage — Environment Co., Ltd.
(BIWASE), 3) Wastewater Treatment facility at industrial
park at Binh Duong Province managed by Investment and
Industrial Development Corporation (BECAMEX),4)
Wastewater Treatment facility for food processing factory
at Mekong Delta area managed by private company.

2. METHOD

AOSD system have been introduced as a main target for
Asian water environmental improvement, restoration and
preservation.

The effect value on the introduction of AOSD system have
been evaluated by the road map building of the spread
development for environment protection revival plan in
Asia. The thing with a high possibility of the business
expansion estimated AOSD introduction of the system
business application properties as its effect, and was
inspected. These results can be contributed to the
restoration and preservation of Lake KASUMIGAURA
basins.
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3. RESULTS

It succeeds at amount 140,000 m?/ day,17,000 m?/ day
sewage-treatment plants, 1,000m?/ day industrial park
processing institutions and 500m?/ day fish processing
effluent treatment facilities.

AOSD system introduction at a sewage-treatment plant,
about more than 30-60 % of electric power reduction
below T-N and the BOD10mg/L were achieved by the base
of the most suitable DO control. And it was found out that
a phosphorus outflow load can be reduced nearly about
50 % compared with an existence system.

In the case of introduce AOSD system for HRT about 2.8
hours of 141,000 m?/ day and change the former 2 hours
for 1 cycle in 1 hour, nearly 60 % of power reduction
effectiveness , and T-N and the BOD concentration less
than 10mg/L was obtained. Continuous aeration for 24
hours have been caused and occurred dispersion of
activated sludge in low loading in the time when that
inflow large rain fall, reduction of inflow raw water
volume and system trouble appears.

But, aeration time have been reduced less than nearly 10
minutes for 1 cycle under the AOSD introduction system
in comparison with conventional 60 minutes. And
advantage of an artificial intelligence (AI) system was
inspected. For example, as the case of Thu Dau Mot
Wastewater Treatment Plant, the results on AOSD system
is shown in Fig.1, Tablel, 2, Fig.2 and 3.

4. DISCUSSION
4.1 Binh Hung Wastewater Treatment Plant

It succeeded that the performance of AOSD control was
reproduced by the open and close of the air-flow valve on
site without any influences to existing blower. And
furthermore reducing the amount of air for aeration was
able to make the gently mixing under the anoxic condition.
As a result, AOSD could create nitrification and
denitrification and removed nitrogen with higher
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Fig.1 Effectiveness on AOSD installation
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Tablel Operation time for each process of Thu Dau
Mot in current operation method
Operation Time

Aeration Scycles(24min * Stimes = 120min)
Stirring 2cycles(24min * 2times = 48min)
Settle (Precipitation) 60min
Supernatant discharge 60min
Per 1 cycle 288min (4.8hr)
Pre 1 day 288min * 5 cycle= 1,440min (24hr)

Table 2 Operation time for each process of Thu Dau
Mot after AOSD installation

Operation Time
Aeration 3cycles(28min, 14min, 14min;
Sub-total 56min)
Stirring 3cycles(28min, 42min, 42min;
Sub-total 112min)
Settl (Precipitation) 60min
Supernatant discharge | 60min
Per 1 cycle 288min (4.8hr)
Per 1 day 288min * 5 cycle=1,440min (24hr)
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Fig.3 Reduction of effect by AOSD on phosphorus load

Percentage than existing system. Therefore, AOSD system
reduced 13% (5,587 kg) of the load of nitrogen discharged
to the natural environment compared with existing system
during the demonstration. The reduction ratio of electricity
consumption calculated by the opening time and closing
time of air-flow valve was 42 ~ 61% with high
performance, although it fluctuated in consequence of
seasonal change.

4.2 Thu Dau Mot Wastewater Treatment Plant

AOSD system carried out the improvement of wastewater
treatment and saving electric consumption at the same time
with higher performances even though the existing system
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was already installed PID control program to

Dissemination Project on AOSD Control System as a Sophisticated
and Low-Cost Technology for Wastewater reatment in VIETMNAM
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research, we found that the performance of
wastewater treatment by AOSD was highly stable even
though there has
wastewater.

4.3 BECAMEX wastewater Treatment facility

Because of the raw water acceptance discharged from
another wastewater treatment facility managed by
BECAMEX, the facility subjected to have installed AOSD
system needed to receive the wastewater and the amount
became more than usual. Under the quantitative and
qualitative fluctuation of wastewater, AOSD system

fluctuation of concentration of

maintained the performance of wastewater treatment. At
the same time, 74.3% of acration time saved and estimated
reduction ratio of electricity consumption was 53.0%
compared with existing system. The saving electricity
arises from the suitable control of amount of air required
for removal of organic pollutant.

4.4 Mekong Delta wastewater Treatment facility

The quality of wastewater in Mekong Delta facility
included high nitrogen and much fluctuation of raw water
that is typical of industrial wastewater. Under the control
of AOSD system, microbial reaction such as BOD
oxidation and nitrification-denitrification maintained good
condition and quality of treated water was stable highly.
As a result, removal for BOD, COD were almost perfect.
Regarding the treatment of nitrogen, nitrification ratio was
95.8% and removal ratio of nitrogen was 90.5%. Both high
performance of wastewater treatment and reduction ratio
of electricity consumption was 61.1% as average in
demonstration period and 83.7% in lunar New Year
holidays. We found that AOSD carried out the electricity
saving not only daily operation but also big event such as
long vacation.

4. 5 Cost evaluation

Based on the results of demonstration related to reduction
of electricity, the cost evaluation was studied. Applied

Fig,4 The outline of this project and effects of the AOSD
system introduction by Ministry of the Environment of
Japan.

methods were B/C method as one of Present Value method,
EIRR method as one of Internal Rate of Return method and
Payback Period method. As a result, for example in case
of Binh Hung Wastewater Treatment Plant, investment
efficiency on introduction of AOSD system was high in all
applied methods and it expects these results served as a
great incentive to install the system.

Fig.4 show the outline of this project and effects of the
AOSD system introduction.

5. CONCLUSION

The new challenges emerged from the demonstration in
this fiscal year will be revealed through verification test
with high accuracy. Based on the obtainable data, the
project effect including the cost evaluation will be
estimated and studied, and the business plan made from
feasibility study in the last fiscal year will be readjusted for
commercialization. Depending on the result of summary,
we have to put forward a suggestion to government that
changes enforcement of policy. In parallel to the
establishment on business model, the enlargement of sales
activities such as the installation of AOSD system to
planned projects of sewerage system in Vietnam and the
spread to Japanese private companies have to promote
strongly. Based on these win-win advanced treatment and
electric power reduction results, we need to pursue the
preparation to start the spread in Asian areas such as Lake
KASUMIGAURA basins. From fiscal year 2018, in the
bottom of cooperation and support of Rtec co.LTD, using
AOSD system can be contributed for the restoration of
accelerated pollution environment and global warming.

1277




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

P7-4

Nutrient removal performance in a constructed wetland

using modified biochar as a bed filter
Kaoru Abe', Michio Komada?, and Miyoko Waki®

'nstitute for Agro-Environmental Sciences, NARO, “Central Region Agricultural Research Center, NARO, ’Institute of
Livestock and Grassland Science, NARO

Keywords: biochar, constructed wetland, nitrogen, tidal flow

ABSTRACT

Nutrient removal performance in a constructed wetland using modified biochar, which has a high
monovalent anion exchange capacity, was studied. Moreover, the performances of two influent feeding
modes—tidal flow and horizontal subsurface flow—were compared. Zizania latifolia dominated in
constructed wetlands with modified biochar and grew better in the horizontal subsurface-flow constructed
wetland, which had a constant water level. Modified biochar effectively removed NO3-N, whereas
removal of NH4-N was assumed to be due to plant absorption. Nitrification progressed better in the
tidal-flow constructed wetland than in the horizontal subsurface-flow constructed wetland.

1. INTRODUCTION

In rural areas where sewerage systems are not constructed,
either domestic wastewater is treated by household
wastewater treatment facilities that combine primary and
secondary treatment processes, or excrement and urine
are treated and miscellaneous drainage is discharged
without treatment. Therefore, in many cases, wastewater
in those areas is not purified as efficiently as that
processed by sewage treatment facilities. In particular,
nitrogen and phosphorus are not removed sufficiently.
Constructed wetlands have been studied as an advanced
treatment method for such domestic wastewater.

In recent years, modified biochar, which has a high
monovalent anion exchange capacity, has been
commercially available. We studied the possibility of
using the biochar as a bed filter in compact constructed
wetlands to enhance the nitrogen purification of the
effluent from a combined treatment tank. We also
compared the efficacies of two different influent feeding
methods, namely tidal flow and horizontal subsurface

flow.

2. METHODS

Each model constructed wetland (0.6 m long % 0.41 m
wide x 0.2 m deep) was filled with 6.67 kg (dry weight)
of modified biochar (particle diameter 1-3 mm; Nisshoku
Corp.), and vegetation (Zizania latifolia L., Vinca major
L., Trachelospermum asiaticum ‘Hatsuyukikazura’,
Salvia microphylla Kunth) was then transplanted into the
wetland. Two constructed wetlands with different feeding
modes of artificial wastewater were prepared. One was a
tidal-flow constructed wetland (TF) with a water depth
that was varied from 5 to 14 cm each day by using a

siphon, and the other was a horizontal subsurface-flow
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Fig. 1 Constructed wetlands (wetland area: 0.25m?)

constructed wetland (HSF) with a constant water depth of
14 cm (Fig. 1). Artificial wastewater (18.5 mg/L NHy-N,
17.0 mg/L NO3-N, 5.6 mg/L PO4-P) representing effluent
from a combined treatment tank was supplied to the
constructed wetlands. The wastewater loading rate was 4
L/day (~160 mm/day). Volumes of influent and effluent,
and water quality parameters, were measured weekly for
22 months. Plants in the constructed wetland were
harvested several times during the experiment to measure
dry weight and nitrogen and phosphorus concentrations.
At the end of the experiment, the nitrogen and
phosphorus concentrations of the modified biochar were
measured. The amount of NOs3-N adsorbed to the
modified biochar was also measured by KCl extraction.

3. RESULTS AND DISCUSSION



Zizania latifolia dominated the vegetation; the other plant
species died or showed inferior growth. This outcome
was likely due to the low pH of the modified biochar. The
dry weight of the aboveground plant parts in HSF was
about 1.5 times greater than that in TF. Thus, Z. latifolia,
which is an emergent macrophyte, appeared to prefer the
constant water level of HSF.

The concentration of NO3-N in effluent was less than
1 mg/L for about 6 months after the start of the
experiment in June 2015, but it then shifted to 2—4 mg/L
(Fig. 2). The NOs3-N concentration in the effluent from
TF started to rise sharply at about 18 months after the
start of the experiment, suggesting that the adsorption
sites of modified biochar became saturated more rapidly
in TF than in HSF. On the other hand, the concentration
of NH4-N showed a seasonal fluctuation that declined
during summer with vigorous vegetation growth and
increased during winter (Fig. 2). The PO4-P concentration
of effluent remained low for about the first 4 months, but
then increased and showed seasonal fluctuation (Fig. 3).
The PO4-P concentration in effluent from HSF tended to
be lower than that from TF.

NH,-N(mg/L)

Inflow (HSF)
=& Inflow (TF)
—o— Outflow (HSF)
~0=Qutflow (IF)

Inflow (HSF)
=< Inflow (TF)
1 — Outflow (HSF)
- Outflow (TF)
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S & & & O & & PO E S &
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Fig. 2 NH4-N and NOs:-N concentrations in influent

and effluent of constructed wetlands
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Fig. 3 PO4-P concentrations in influent and effluent

of constructed wetlands
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Fig. 4 Nitrogen balances in constructed wetlands

In a batch adsorption test using artificial sewage,
modified biochar adsorbed NOs3-N at a maximum of 7
mg/g (dry weight; data not shown). A KCl extraction test
indicated that the NO3-N adsorbed on the modified
biochar in TF reached 34% (3.44 mg/g) of removed N,
whereas that in HSF, where the vegetation grew better,
reached only 11% (1.27 mg/g). Based on the N balance
illustrated in Fig. 4, we assumed that NH4-N was
removed mainly via absorption by Z. latifolia, because
this species absorbs NHy-N preferentially over NO3-N [1].
Nitrification N (NH4-N decreased — N absorbed) was
estimated as 21% of influent NH4-N in HSF and as 32%
in TF. Thus, TF seemed to be advantageous in terms of
oxygen supply to the bed filter. Most unknown parts in
the N balance are assumed to have been due to
denitrification. In HSF, denitrification seems to have
progressed well because of the abundant supply of
organic matter from the roots due to the vigorous plant
growth.

4. CONCLUSION

Zizania latifolia dominated in the constructed wetlands
with modified biochar and grew better in the HSF system ,
which had a constant water level. Modified biochar
effectively removed NO;-N, whereas the removal of
NH4-N was considered to be due to plant absorption.
Nitrification progressed better in TF than in HSF.
REFERENCES

[1] A. Kohama, K. Enari, S. Tamaoka, and M. Nakayama:
Evaluation of the amount of nitrogen and phosphorus
absorption by the aquatic plant (Zizania latifolia), Journal
of Japanese Society of Water Treatment Biology, Vol. 39,
pp. 5966, 2003.
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ABSTRACT

Small-scale onsite wastewater treatment plants are widely used as decentralized wastewater treatment
systems in sparsely populated areas of Japan. The Fuji Clean CRXII model has been developed in Japan
as an enhanced nitrogen and phosphorus removal system using an iron electrolytic process. The structure,
function and mechanics of the CRXII model is introduced along with performance data from grab
samples taken from 27 actual sites. The result showed high treatment performance, suggesting that the
CRX II model is an effective option to protect water resources worldwide.

1. INTRODUCTION

Small-scale onsite wastewater treatment plants referred to
as Jokaso are widely used to treat domestic wastewater in
sparsely populated areas of Japan. Jokaso means
“purification tank” in Japanese. The current number of
operating Jokasos in Japan as of March 2017 is
7,589,176!"1. Recent developments in Jokaso technology
provide for reduction in nitrogen and phosphorus
compounds as well as BOD and SS. These nutrient
reduction systems are increasingly popular to prevent
eutrophication in the environmentally sensitive areas near
compromised water bodies.

Fuji Clean Co., Ltd developed the CRX model as the first
phosphorus removal type Jokaso in 2002 and has
installed about 4,000 units in Japan. The CRX model uses
iron electrolysis to remove phosphorus. Because of its
easy installation and maintenance properties, this model
was well received in the industry. More recently, the
updated CRX I model was released in November
2016
and even easier installation and maintenance. In this

featuring reduced energy consumption as well

paper, structure and function of the CRXII model, and
actual field testing results are described. Then challenges
for exporting Japanese Jokaso technology to the other
countries are discussed.

2. STRUCTURE AND FUNCTION OF CRX I

The CRX Il model was tested and accredited by the
Building Center of Japan with a treatment performance of
biochemical oxygen demand (BOD)= 10 mg/L, total
nitrogen (TN) = 10 mg/L, total phosphorus (TP)=1 mg/L,
suspended solids (SS)=10 mg/L and chemical oxygen
demand by KMnO, (CODy,) =15 mg/L. The tank is
made of fiber-reinforced plastic and contains five
functional treatment chambers (Fig.1 and Table 1). The
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first chamber is a sedimentation chamber and the second
chamber is an anaerobic filtration chamber which
contains cylindrical skeleton filter media. These two

Clarification Ckam
Disinfection Cham

Anaerohic
Br Filtration C

ntation

Fig. 1 Structure of CRXII model

Table 1 Design specification of CRXII model

Model CRX1I-5 CRX1I-7 CRX1I-10
Person Equivalent (PE) 5 7 10
Hydraulic Loading (m*/d) 1.0 1.4 2.0
Total Volume (m®):
Sedimentation 1.048 1.502 2.113
Anaerobic Filtration 1.052 1.498 2.106
Aerobic Contact Filtration 0.482 0.687 0.939
Clarification 0.237 0.339 0.470
Disinfection 0.015 0.021 0.044
Total 2.834 4.047 5.672
Blower Flow Rate (L/min) 60 90 110
Power Consumption (W):
Blower 45 58 80
Phosphorus Removal Device 3.8 7.4 10.7
Total 48.8 65.4 90.7




chambers provide primary treatment functions such as
sludge separation, sludge accumulation and anaerobic
decomposition. The third chamber is an aerobic contact
filtration chamber which is filled with two different types
of media; board contact media in the upper section and
cylindrical net contact/filter media in the lower section.
In aerobic chamber, organics are biologically
decomposed and ammonia is nitrified to nitrite or nitrate.
The fourth chamber is a clarification chamber followed
by a disinfection chamber. A recirculation air-lift pump is
equipped to constantly return treated water from the
bottom of the clarification chamber back to the
sedimentation chamber through a phosphorus removal
device installed in the sedimentation chamber.
Recirculation volume is 4-6 times Q (4-6 Q) with 1Q
equivalent to total daily flow. Sludge accumulated at the
bottom of the clarification chamber is transferred to the
sedimentation chamber by this recirculation process.
Nitrified process water is also recirculated to the
sedimentation chamber as nitrite and nitrate solutions,
which are converted to inert nitrogen gas in the anaerobic

filtration chamber and vented to the ambient air.

The phosphorus removal device is composed of two or
three pairs of iron electrodes (quantity depends on system
size) connected to direct current power source. Fig.2
shows the process of phosphorus removal by iron
electrolysis. Iron released from the anode is oxidized to
ferric ions. These ferric ions combine with phosphate
ions to form phosphorus compounds which precipitate
and settle in the sedimentation chamber. Eventually,
phosphorus compounds are removed by the occasional
sludge pump out procedure. The amount of iron released
from electrodes can be controlled via a control panel by
adjusting electric current flow. The recommended molar
ratio (Fe:P) is 1.7. The polarity is inverted every 24 hours
to prevent forming an oxide layer, which doesn’t conduct
electricity.

3. METHOD

Twenty seven sites at five prefectures (regions) in Japan
were investigated from October to December, 2017; 9 in
Kanagawa, 8 in Ibaraki, 5 in Fukushima, 4 in Miyagi and
2 in Gifu -prefectures. The investigated number of
models CRXII-5, CRXII-7 and CRXII-10 were 20, 4
and 3, respectively. In Japan, a CRX II -5-person
equivalent (PE) tank is typically installed for a house
with a total floor space equal to or less than 130m’, a
CRX1I-7 PE is for houses larger than 130m” and a CRX
II-10 PE is for a two-family house (duplex). The average
water temperature in the aerobic contact filtration
chamber was 19.7°C with a range of 12.6 to 25.8°C.
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Grab samples were taken from the clarification chamber
BOD, CBOD, SS, TN, NH4-N, NO,-N,
NOs-N, and TP were measured.

at each site.

4. RESULTS AND DISCUSSION

All effluent data are summarized in Table 2. The average
concentrations of BOD, CBOD, SS, TN and TP
expressed in mg/L are 8.0, 3.2, 4.3, 10.0 and 0.5,
respectively, showing good treatment performance.

However, the maximum values were much higher than
the average and median values. These were mainly
caused by sites with a high number of occupants and
improper operation, such as an improper recirculation
rate setting. At the site of CRXII-5 where 7 people are
living (two more than standard for this model), BOD, SS,
TN and TP were 13.3 mg/L, 13 mg/L, 25.2 mg/L and 2.3
mg/L, respectively. At the site with no recirculation, BOD
SS, TN and TP were 55.1 mg/L, 8.0 mg/L, 23.2 mg/L and
1.4 mg/L, respectively. At the site whose recirculation
rate was as much as 19 Q (too high), BOD, SS, TN and
TP were 28.7 mg/L, 24 mg/L, 7.4 mg/L and 1.0 mg/L,
These data that adjusting
recirculation properly is one of the most important
maintenance procedures and essential to good treatment
performance.

respectively. indicate

Fig.3 shows accumulated distribution data for BOD,
CBOD, SS, TN and TP. More than 90% of the data points
are less than 20 mg/L. of BOD, CBOD, SS and TN, and
85% are less than 1.0 mg/L of TP.

Overall, the result shows good treatment performance for
every analytical parameter. Furthermore, effluent quality
could be further improved by proper maintenance
including adjustment of recirculation and electric current.
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Upsizing to a larger blower is also one proven technique
to improve treatment quality on sites with high inflow
loading.

5. APPLICABILITY TO FOREIGN COUNTRIES

Table 3 shows national testing condition in Japaln[3

compared to those in the United States of America'*,

I

EU"! and Australia'®. There is a significant difference
between Japanese standard and the other countries. The
range and maximum are typically wider and higher for
other countries. As shown in Table 3, phosphorus
concentrations in the other countries are much higher
than that of Japan. It means that more electric current,
larger iron electrodes and more tank volume for sludge
accumulation derived from phosphorus removal may be
necessary in order to treat this high concentration
wastewater properly.

The data of BOD and CBOD in Table 2 and Fig. 3 show
that more than half of the BOD was derived from
nitrification. This is because the effluent sample is
usually taken from the clarification chamber before
disinfection in Japan. On the other hand, CBOD is
measured in the USA and Germany. In Australia, effluent

Table 2 Summary of effluent data from 27 sites in Japan

Table 3 Comparison of influent concentrations

Japan USA EU Australia
BOD (mg/L) 180-220 100-300 150-500 150-750
CODcr (mg/L) - - 300-1000 -
SS (mg/L) 145-175 100-350 200-700 150-750
TN (mg/L) 40-50 - - 20-150
TKN (mg/L) - 35-70 25-100 -
NH,-N (mg/L) - - 22-80 -
TP (mg/L) 4-6 - 5-20 6-25

BOD | CBOD SS TN NH4-N | NOx-N TP

mg/L | mg/L | mg/L | mg/L mg/L mg/L mg/L

Avg. 8.0 32 43 10.0 2.3 6.2 0.5
S.D. 11.1 3.1 53 6.3 4.9 52 0.5
Med. 3.8 2.0 2.0 7.4 0.5 4.4 0.3

Max. 55.1 11.5 24.0 25.2 22.7 21.7 2.3

NOx-N is sum of NO,-N and NO3-N
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=4
s 3
-
< £
o 4 " : " — + ;
WeuRURRILRE S
VI Gl v eI L
BOD, CBOD, 55 and TN [mg/L)
100 — —
& 90 /—‘
¥y 2
EE Vo
=g 70
S 8
<& g .
i = CF = u =
=7 Al ol (] ] L]
LY /I Y | RV B, B |
TP (mgfL)
Fig. 3 Effluent quality
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is taken from the disinfection chamber after chlorination
and BOD is measured after de-chlorination. In this case,
the BOD value becomes similar to CBOD because
nitrifying bacteria is sterilized by chlorination procedure.

It is important to understand such differences in standards
as described above, and to incorporate these differences
in model design and selection when the Japanese Jokaso
system is exported to the other countries.

6. CONCLUSION

About 120,000 onsite aerobic wastewater treatment units
for residential use are sold annually in Japan. Fuji Clean
CRX1II model is a high-performance model which can
reduce nitrogen and phosphorus as well as BOD and SS.
This study demonstrated that treatment performance is
very high showing an average effluent quality of 8.0
mg/L for BOD, 4.3 mg/L for SS, 10.0 mg/L for TN and
0.5 mg/L for TP. It is anticipated that this Jokaso
technology will work for other countries as well, if it is
properly operated and maintained and model selection
considers wastewater characteristics within each country.
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ABSTRACT

The removal performance of nutrient (nitrogen and phosphorus) by actual Johkasou, on-site household
domestic wastewater treatment facility was investigated in the watershed of Lake /nba-numa. The nitrogen
removal type Johkasou showed better performance for BOD and nitrogen removal than the conventional
Johkasou. The high performance of nitrogen removal type Johkasou was attributed to a mixed liquor (after
aerated) circulating system for denitrification. However, phosphorus in the effluent from nitrogen removal
type Johkasou was not different from that of conventional Johkasou. Therefore, in order to reduce
phosphorus from Johkasou, the phosphorus removal pellets which recently developed were put into various
types Johkasous. When 400 g of phosphorus removal pellets were placed in the Johkasou in one week, total
phosphorus (T-P) and orthophosphate (PO4-P) in the effluent from various types Johkasous decreased. By
using these systems the Johkasou is able to remove nutrient from domestic wastewater in areas not provided
with a public sewerage system in watershed of lakes.

1. INTRODUCTION

Lake Tega-numa and Lake Inba-numa are polluted lakes Jone River

in Japan (Fig. 1), and their chemical oxygen demand i
(CODMn) are about 10 mg / L. One of the causes of Jepen {{v Lake Inba-nma
pollution of these lakes is eutrophication. Chiba z/ J}

Prefectural Government and other organizations ijm"
%f_! 2\

implemented various measures such as sewerage system
construction for the reduction of nutrient mainly nitrogen
and phosphorus in lake water. In these watersheds of lakes prefecture
there are also areas without sewerage, and in these area

most of the domestic wastewater is treated with various Fig.1 Lake Tega-numa and Lake Inba-numa
on-site treatment systems. The on-site treatment systems L ~ ~
. ) ake Tega—numa T-N Lake Tega—numa T-P
are called Johkasou which plays an important role to B domestic @industrial Dnon-point sources W domestic @ industrial O non-point sources
reduce pollutants caused by domestic wastewater in Japan. :Zg oo
As shown in Fig. 2, domestic wastewater accounts for a 2 5000 3o
large proportion among the nutrient loads of the watershed g o0
1,000 o

of Lake Tega-numa and Lake Inba-numa. Most of the load £ o #1000
of these domestic wastewaters is discharged from the 0 00

. . . . 1990 2000 2010 1990 2000 2010
house using various Johkasous. As shown in Fig. 3, Fiscal year Fiscal year
Johkasou for domestic wastewater is classified into Lake Inba—numa T-N Lake Inba—numa T-P

5,000 500.0

Tandoku-shori Johkasou, conventional Johkasou, and
nitrogen removal type Johkasou, and the like. (In Japan o oo
Tandoku-shori Johkasou is not allowed to be newly e
installed now.) It is important to reduce nutrient from the
Johkasou. Therefore, in this paper, we studied a method of , o

removing nutrients from the effluent from Johkasou. 1830 2000 2010 1990 2000 2010

Fiscal year Fiscal year

T-N Load (kg/d)
» w
o o
8 8

200.0

T-P Load (kg/d)

100.0

Fig.2 The Load of T-N and T-P in Watershed of Lake
* Present address : The Committee for the Lake Inba-numa

Tega-numa and Lake Inba-numa
Watershed Management

1283



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

Sedimentation Aeration tank Sedimentation Disinfection
Black water == | separation tank |™ = tank = tank == Effluent
(a) Tandoku—shori Johkasou
Black water Anaerobic filter contact Sedimentation Disinfection
+ = | tank (1st and |™>| aeration tank tank tank = Effluent
Gray water 2nd)

always circulates in nitrogen removal type Johkasou

(b) Conventional Johkasou and (c)Nitrogen removal type Johkasou

Fig.3 Typical process of (a) Tandoku-shori Johkaso,

2. NITROGEN REMOVAL TYPE JOHKASOU

Conventional Johkasou generally treats black water (night
soil) and gray water (domestic wastewater) and the
biochemical oxygen demand (BOD) of the effluent after
treatments of these systems is expected to be less than 20
mg/L in most of the cases [!l. Nitrogen removal type
Johkasou is widely used in Japan recently. The nitrogen
removal type Johkasou is equipped with a device
constantly circulating treated water in a conventional
general system and having an anaerobic tank and a contact
aeration tank (Fig 4). In this paper, we report the results of
the survey of the effluent water of the actual 34 nitrogen
removal type Johkaosu. Those nitrogen removal type
Johkasous smaller than 10 population equivalents (p.e.) in
watershed of Lake Inba-numa (Chiba Prefecture) were
surveyed from 1998 to 2004. The results of survey
approximately 80% of BOD and T-N data for the final
effluent water exhibit below 15 mg/L 1. The data ranges
for the effluent water qualities and their average values are
shown in Table 1. The results were represented for
type Johkasou
conventional type without recycling 21 It was clear that

nitrogen removal compared with
the values of BOD and T-N for the nitrogen removal type
Johkasou were lower than those of conventional Johkasou.
The significant decrease in T-N suggested that the
denitrification of NOs3-N could take place in the anaerobic
filter tanks by recycling liquor containing NOs-N [2],
Whereas the T-P concentration for nitrogen removal type
Johkasou was not remarkably different from the
conventional Johkaosu (Table 1), because the nitrogen
removal type Johkasou does not have any function to
remove phosphorus. In watershed of lakes it is desirable to
use a Johkasou with phosphorus removal function in
addition to nitrogen removal function.

3. PHOSPHORUS REMOVAL PELLET

Phosphorus removal pellets for the reduction of
phosphorus were tested in existing Johkasou. The pellet

was developed by Sugawara et al. ¥ and was produced by

1284

(b) Conventional Johkasou and  (c) Nitrogen removal type Johkasou
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Fig. 4 Typical scheme of small-scale nitrogen removal type
Johkasou ; individual household type.

Table 1 Effluent water qualities in the nitrogen removal type
Johkasou and conventional Johkasou
mg/L
Nitrogen removal type Johkasou Com'entional;::::a::;:l\:thout treated
n="75 n =68
min-max average min-max average
BOD 0.9-55 10 23-127 19
CODMn 6.0-38 14 7.1 -47 17
ss 1-59 8.4 0.5-63 13
TN 4.0-33 12 71-74 25
T-P 0.7-85 29 031-76 31
Table 2 Types of Johkaosu investigated for phosphorus
removal
Type of Johkasou Equipment Number of  Actual number
No. users for design of users
Tandoku-shori T 3 3
Johkasou -2 7 S
T-3 10 3
Conventional C-1 7 3
Johkasou C-2 5 3
N-1 5 4
Nitrogen removal N-2 10 7
type Johkasou N-3 7 3
N-4 7 4
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Fig. 5 Changes of T-P and PO4-P in effluent water from various Johkasous

Nikka Maintenance Co., Ltd, Japan. Main component of
the pellet is potassium aluminum sulfate (AIK(SOs); °
12H,0) and the pellet was formed with adding a small
amount of auxiliary materials. Potassium aluminum
sulfate has been used as a coagulant, the pellet became
safer to human body and easier to handling by molding
into tablets.

Various Johkasous shown in Table 2 were investigated in
cooperation with Johkasou users in watershed of Lake

Inba-numa (Sakura City) in 2010.

Fig. 5 shows the phosphorus concentration in the effluent
water from Johkasou when the pellet was added into the
raw water tank of various Johkasous (sedimentation
separation tank or anaerobic filter tank, Fig. 3). There was
no input of pellets on day 0 and 400 g of pellets were put
in one week from day 1 to 14. Then pellets of 800 g were
put in one week from day 15 to day 21. As shown in Fig.
5, when the pellet was put in the raw water tank, the
phosphor concentration of effluent water in various
Johkasous was reduced, and the effect of pellet on the
reduction of the phosphorus was clarified.

4. NUTRIENT REDUCTION BY JOHKASOU

Johkasou has been used mainly for the purpose of reducing
organic matter of domestic wastewater. However, in the
area without sewerages in the watershed of lakes,
reduction of nutrient in effluent from Johkasou is required.

Nitrogen can be reduced by the Johkasou circulating
treated water, and phosphorus can be reduced by using
phosphorus removal pellets. The reduction of nutrient in
domestic wastewater is expected in the future by various
methods.
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ABSTRACT

The efficacy of rhizobacterium (Sphingobium fuliginis TIK1) of common reed (Phragmites australis) for the sustainable
treatment of phenolic endocrine-disrupting chemicals (EDCs) contaminated wastewater was investigated. Strain TIK1 had
been isolated from common reed rhizosphere. Strain TIK1 degraded various 4-alkylphenols (4-tert-butylphenol, 4-tert-
octylphenol and 4-nonylphenol) and bisphenols (bisphenol A, bisphenol F and bisphenol S). Thus, strain TIK1 has a wide
degradation spectra for phenolic EDCs. The strain TIK1 utilized common reed root compounds as a sole carbon source

and sustainably colonized common reed roots, where the strain degraded phenolic EDCs. In sequencing batch reactor

experiments using common reed-strain TIK1 association (strain TIK inoculated common reed) completely and sustainably
removed phenolic EDCs (bisphenol A, bisphenol S, 4-tert-butylphenol, 4-tert-octylphenol and 4-nonylphenol) from
polluted wastewater. The results suggest that hydroponic systems using common reed-strain TIKI association will be useful
for sustainable treatment of polluted waters containing various phenolic EDCs.

1. INTRODUCTION

4-Alkylphenols including 4-nonylphenol (4-NP), 4-fert-
octylphenol (4-tert-OP) and 4-tert-butylphenol (4-tert-BP)
and bisphenols including bisphenol A (BPA), bisphenol
F(BPF) and bisphenol S (BPS) are persistent and toxic
compounds classified as endocrine-disrupting chemicals
(EDCs) capable of interfering with the hormonal systems
of numerous organisms. The widespread and extensive use
of these phenolic EDCs has led to their release into aquatic
environments. Phenolic EDCs are often found in effluents
of sewage and wastewater treatment plants and in surface
waters and sediments. It is therefore necessary to establish
technologies to decontaminate waters polluted with
phenolic EDCs.

Rhizoremediation, the degradation and removal of
pollutants by microbial activity in the rhizosphere of plants,
environmentally  friendly
remediation technology . Recently, an emergent aquatic
plant, common reed (Phragmites australis) have been
shown to accelerate the biodegradation of BPA and 4-NP
in the rhizosphere > 31, In the rhizosphere, oxygen and
organic compounds released from plant roots are known to
support bacterial growth and accelerate biodegradation [,
However, rhizoremediation processes are often limited by
the presence of persistent and toxic pollutants. The
introduction of specific pollutant-degrading bacteria to the
rhizosphere, that is bioaugmentation into rhizosphere, will
enhance the efficacy of rhizoremediation.

is a cost-effective and

The aim of this study was to treat waters polluted with

phenolic EDCs by using common reed in association with
its rhizobacteria. Recently, Sphingobium fuliginis TIK1
was isolated from the common reed rhizosphere ™. First,
the biodegradation activity of strain TIK1 for alkylphenols
and bisphenols were assessed. Second, the survival and
biodegradation activities of strain TIK1 on the root
surfaces of common reed were examined. Third, common
reed-strain TIK1 association (strain TIK inoculated
common reed) hydroponic reactor was prepared. The
performance of this reactor to remove EDCs removal from
wastewater was examined.

2. METHODS
Sphingobium fuliginis strain TIK1 was used in this study.

To assess the ability of strain TIK1 to degrade various
phenolic EDCs, cells of TIK1 were incubated in liquid
medium with each phenolic EDC (0.5 mM) as sole carbon
source. Concentration of phenolic EDC was monitored
during 24-h experimental period.

To assess the ability of strain TIK1 to utilize common reed
root compounds for the cell growth, strain TIK1 was
inoculated into liquid medium with common reed root
compounds as sole carbon source. Cell density was
monitored during 36-h experimental period. In addition,
cells of TIK1 were inoculated on the root surface of
sterilized common reed. Colonized TIK1 cells on the root
surface were monitored.

To prepare common reed-strain TIK1 association, strain
TIK1 was inoculated on the root surface of common reed.
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The common reed-strain TIK1 was cultured in 1000 mL
bottle. The culture was defined as common reed-strain
TIK1 hydroponic reactor. The common reed-strain TIK1
and non-inoculated common reed reactors treated EDCs (5
mg/L BPA, 5 mg/L BPS, 5 mg/L 4-tert-BP, 2.5 mg/L 4-
tert-OP and 2.5 mg/L 4-NP)-polluted wastewater. The
reactors were operated in a fill-and-drain sequencing batch
mode (12 h reaction time/cycle). In every 12-h cycle, the
reactors were filled with 500 mL of EDCs-polluted
wastewater for 12 h. After 12h, the wastewater was
drained from the reactor. The fill-and-drain sequencing
batch was repeated for 10 cycles. During the sequencing
batch experiments, concentrations of the EDCs were
monitored.

3. RESULTS AND DISCUSSION

Strain TIK1 degraded various 4-alkylphenols (4-tert-BP,
4-tert-OP and 4-NP) and bisphenols (BPA, BPF and BPS).
Therefore, strain TIK1 has a wide degradation spectra for
phenolic EDCs and is potentially useful for the treatment
of various phenolic EDCs-polluted wasters.

Strain TIK1 grew using the root compound of common
reed as carbon source. The yield coefficients of the cell
mass was 0.74 mg dry-weight (mg carbon of root
compound)™!. After inoculation of the strain to root surface
of common reed, strain TIK1 colonized the roots at a
density of 9.1 + 2.3 x 10! CFU (g dry root)! and
maintained high cell density for long-term (Fig. 1). In
addition, the colonized strain TIK1 effectively degraded
phenolic EDCs on the root surface. The results suggest that
common reed root provide growth space for strain TIK1
and support its growth and phenolic EDCs-degradation for
long-term.

Fig. 1 Observation of colonizing TIK1 strain on the root
surface of sterilized common reed. The high intensity of
green fluorescent indicates strain TIK1.

Sequencing batch reactor experiments were conducted to
evaluate the potential for using common reed-TIK1
association to treat EDCs-polluted wastewater. Non-
inoculated common reed reactor removed small amounts
of EDCs (BPA, BPS, 4-tert-BP, 4-tert-OP and 4-NP) from

1296

wastewater (Fig. 2). In contrast, common reed—strain TIK1
association reactor completely and sustainably removal of
all phenolic EDCs from wastewater throughout all 10
cycles. The results suggest that strain TIK1 can thoroughly
colonize on the surface of common reed roots. Common
reed—strain TIK1 association hydroponic reactor will be
used for long-term simultaneous removal of phenolic
EDCs from polluted wastewater.
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Fig. 2. Changes in concentration of BPA and 4-NP of
EDCs-polluted wastewater in the common reed - strain
TIK1 association hydroponic reactor (A) and non-
inoculated common reed reactor (B).

4. CONCLUSION

This study showed that Sphingobium fuliginis strain TIK1,
which have been isolated from common reed rhizosphere,
can degrade various 4-alkylphenols and bisphenols. Strain
TIK1 was shown to have a wide degradation spectra for
phenolic EDCs. The strain sustainably colonized the roots
of common reed, with the support of organic compounds
exuded from the roots, and inoculated common reed was
able to simultaneously and sustainably remove various
phenolic EDCs from polluted water. We conclude that the
use of hydroponic system using common reed—strain TIK 1
association will be an effective strategy for the sustainable
treatment of various phenolic EDCs-polluted waters.
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ABSTRACT

Kelani River is one of the main rivers in Sri Lanka. Although not the largest in the country, this river is considered very
important for the water requirements of Colombo, the capital city of Sri Lanka and its suburbs. The water needs include
domestic, industrial, institutional, environmental and other needs. The water requirement from the Kelani River is
increasing continuously due to rapid urbanization. Deterioration of water quality in the river creates adverse impacts on
human health and to the socio economic development of the country. Due to the rapid development, most of these water
bodies are being continuously polluted at an alarmingly increasing rate. These pollution sources mainly include point
sources such as industrial discharges and uncontrolled sewage discharges and non-point sources of pollution which
primarily include the storm water runoff from residential, industrial, commercial and agricultural lands. The analysis of
the quality of river water revealed that it requires extensive purification before it is rendered suitable for drinking.
Therefore, the people living along the coasts of Kelani River should be made aware about the chemical contaminations
within the river basin resulting from anthropological activities, land use practices and industrial discharges. Harnessing
the potential of the local community to play a more proactive role in preserving their own environment, as well as to
communicate the overall message of preventing pollution in the Kelani River to other communities living in the vicinity,
is a critical step forward.

1. INTRODUCTION 2. METHODOLOGY/APPROACH

Majority of the population in Colombo and Gampaha
districts receive pipe borne water abstracted from
Kelani river by the National Water Supply and
Drainage Board (NWSDB). There are several major
water intakes located along the Kelani river viz., at
Avissawella, Kosgama, Kelani Right bank, Chico,
Pugoda and Ambathale. There are the other intakes on
the tributaries of Kelani river such as Seethawaka
Ganga (Penrithwatta) and Wakkoya. Further, there are
two impounding reservoirs located at Labugama and
Kalatuwawa in which two water intakes are located.

Fig. 1 Industries along the Kelani River
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The methodology of this research has been designed to
accomplish the aim of the present research which is to
explore the factors that cause water pollution, with the
primary focus on Kelani River.

The main purpose of this study is twofold. First, to
understand the impact of industrial water discharge on
Kelani River and to study the contaminants in the
industrial waste which may pose substantial health risk.
Second is to propose a strategy for minimizing the
impact of industrial pollution on human health.

For achieving these objectives, two methods of data
collection were adopted (primary and secondary) along
with questionnaires. Semi structured interviews were
also conducted at some of the sample collection sites.
The study revealed the direct relationship between
turbidity, E.coli, Electrical Conductivity, Cl- and BOD.

The flow of the river changes during the monsoon
period and the dry season. For instance, during
monsoon the river flow is 800-1500 m?/s and during the
dry season it is some 20-25 m?/s. The water quality data
for the selected sites were collected from the NWSDB,
Sri Lanka. All the samples collected were then tested
for a range of physical, chemical and biological water
quality parameters according to the specified Standard
Methods for Examination of Water and Wastewater.



3. ANALYSIS AND RESULTS

A total of 11 water quality parameters were measured to
identify the water pollution trend in the study area. The
data thus obtained were compiled and subjected to
statistical analysis. Descriptive statistics for every water
quality parameter were worked out. Mean values of
samples were analyzed using descriptive statistics for
all selected water quality parameters. It was observed
that pollution levels vary depending on the type and
quantity of waste generated and disposed; also by the
type of the industry and the type of raw material they
use. Eg. Textile, Rubber, Leather production, paint or
fertilizers. Industrial effluents mainly consist of heavy
metals, chemicals, enzymes, antibiotics, phthalates, etc.

The study also lead to the conclusion that highest value
of conductivity, TDS, hardness, heavy metals, COD,
BOD, nitrates and low level of DO values were
detected from the latter part (meandering part) of the
river basin and most of the parameters exceed the
World Health Organization guideline values. The
middle part of the river basin showed low pH values
and recorded as acidic and the head part of the river
contaminated with total and fecal coliform bacteria as
well.

4. DISCUSSION

The main sources of water pollution are the release of
industrial waste, dumping of solid waste, sewage,
human waste including fecal matter and sediment run
off due to soil erosion. As a result, concentration of
dissolved carbons, heavy metals, biohazards such as
bacteria and virus and other nutrients in water sources
have increased.

These wastes disposed to the environment, with partial
or without treatment, pollute the surface and ground
water bodies, directly or indirectly. Since the cost of
industrial waste treatment is high, in order to optimize
operational cost and to make a large profit margin,
industries tend to discharge wastes without even partial
treatment.

Although these issues have been continuously raised by
environmentalists and civil society activists, so far the
authorities have not been able to provide a permanent
solution.
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5. CONCLUSION AND RECOMMENDATION

Regulatory authorities have already paid increasing
attention to safeguard the water quality mainly by
implementing various mitigation actions such as
structural and non-structural best management practices
and water quality monitoring programs.

With the intention of controlling future disasters and
damages to the Kelani river water quality, real time
monitoring of water quality will be carried out, to
enable the concerned authorities to prevent damages
likely to be caused by industries as well as from other
sources to the Kelani River.

To strengthen water quality monitoring, development of
knowledge products to facilitate environment
management and conservation will be done and key
stakeholder groups will be identified at minor-
watershed level to initiate implementation of best
practices.
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Table 1. Waste water treatment facility conditions

Farm name Location Pretreatment method for solid-liquid separation Treatment method Aeration condition
A Ibaraki pref. Mechanical separation with flocculation agent Continuous reactor and settler Continuous
B Ibaraki pref. Gravity sedimentation Sequencing batch reactor Continuous
C Ibaraki pref. Mechanical separation with flocculation agent Continuous reactor and settler Continuous
D Ibaraki pref. Gravity sedimentation Continuous reactor and settler Continuous
E Ibaraki pref. Gravity sedimentation Sequencing batch reactor Intermittent
F Ibaraki pref. Mechanical separation with flocculation agent Continuous reactor and settler Continuous
G Ibaraki pref. Gravity sedimentation Continuous reactor and settler Continuous
H Ibaraki pref. Gravity sedimentation Sequencing batch reactor Intermittent
Three-stage continuous reactor
| Ibaraki pref. Mechanical separation with flocculation agent Continuous
and settler
Two-stage continuous reactor
J Shizuoka pref. Screen for solid-liquid separation and settler (Activated sludge Continuous
and Contact aeration)
Three-stage continuous Intermittent (the 1% tank),

K Saitama pref. Mechanical separation with flocculation agent

membrane reactor Continuous (the 27, and 3 tanks)
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ABSTRACT

The aeration process is widely applied to provide dissolved oxygen (DO) into the water for aquaculture to survive.
Generally, the mechanical aeration on the water surface is commonly used in large-scale pond due to providing sufficient
oxygen and mixing, however, it requires high energy. Liquid-Film-Forming Apparatus (LFFA) is a simple device which
does not consume any additional energy besides the air pump for the diffused aerator. The large-scale experiment was
conducted with the variety of installations to compare the oxygen transfer performance. It was found that the volumetric
mass transfer coefficient provided from the paddle equipment was higher than that from the LFFA due to the strong
turbulence for favorable mixing condition. However, in terms of power efficiency, the paddle equipment showed the lower
of oxygen transfer power efficiency compared with the LFFA. This can prove that the LFFA system has an ability for
energy-saving. Regarding the usage application in shrimp cultivation, even though the yield of shrimps in the LFFA pond

was lower than that in the paddle pond, the power required for aeration was lower while obtaining the same amount of
yield, indicating that the energy saving by using LFFA in the large pond was confirmed.

1. INTRODUCTION

Generally, the conventional aeration introduces oxygen
into liquid by either diffused or mechanical aerators. The
oxygen in gas can be dissolved into liquid by two primary
processes. The first process is bubble transfer which gas
containing oxygen is introduced into the liquid and forms
as bubbles dispersing inside the liquid. The second process
is surface transfer which allows oxygen in the atmosphere
to be dissolved due to the turbulence of water surface. The
dissolved oxygen (DO) is the important factor for aquatic
cultivation which farmers have to ensure that the DO in the
cultivation pond is sufficient for organism respiration for
their survival.

The common method to supply oxygen in the large-scale
aquatic cultivation pond is mechanical surface agitation
using paddle equipment to create turbulence on water
surface. It is reasonable that the more oxygen can be
dissolved, the larger yield of product can be obtained.
However, it is recognized that this method is not efficient
in terms of energy usage since the obtained yield can be
offset by the cost from power consumption. Thus, it comes
to another aspect to improve oxygen transfer by increasing
contact area between gas phase and liquid phase from
diffused aerator.

This study aimed to improve the oxygen transfer by
promoting the surface transfer while maintaining the

benefit from bubble transfer. There is evidence indicating
that about one-third of the total volumetric mass transfer
coefficient comes from surface transfer "2, The Liquid-
Film-Forming Apparatus (LFFA) was developed to enhance
surface transfer. It has simple design and can be directly
installed on water surface above the existing gas diffusers
without sophisticated modification P4l Thin liquid films
generated by this device can increase contact areas
between gas and liquid phases and promote oxygen
dissolution from the atmosphere by retaining on the water
surface in a long period of time. The experiments in
laboratory scale have confirmed that the LFFA could
improve the aeration performance 34, However, there is
no substantial research devoting in large scale. In this study,
the aeration methods by using LFFA and paddle equipment
were compared. Then, the application of LFFA was carried
out in shrimp culturing, aiming for the yield, and survival
rate of shrimps, and power consumption rate.

2. METHOD

2.1 Liquid-Film-Forming Apparatus (LFFA)
Schematic drawing of the LFFA is illustrated in Fig.1. The
LFFA consists of a cone-shaped part and an effluent part.
The cone-shaped part functions as bubbles collector from
gas diffuser to the effluent part where liquid foams are

released onto the water surface (Fig.2). The device was
placed on the water surface above the air diffuser. When
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the air is diffused into water in the form of bubbles, the
bubbles will pass through the device and emerge onto the
surface of the water. These bubbles will accumulate and
form as liquid foams on the top of the effluent part. Thin
liquid films of these foams allow oxygen to dissolve into
the water from the inner interface (between air bubble and
liquid film) and the outer interface (between atmosphere
and liquid film) of the film, increasing the available
interfacial area between oxygen and water, in turn,
promoting the oxygen transfer efficiency.

Fig.1 Liquid-film-forming apparatus.

Fig.2 The mechanism of LFFA and liquid film

2.2 Oxygen Transfer Performance Determination
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Fig.3 The setup and measuring point for DO
(a) 2 LFFAs (b) 1 Paddle (c) 1 Paddle and 2 LFFAs
(d) 2 Paddles (e) 2 Paddles and 2 LFFAs (f) 3 Paddles

The experiments were conducted in the pond (23m width,
25m length, and 1m depth) in Chanthaburi, Thailand. The
brackish water with 0.7% salinity was used to represent the
condition that is suitable for Litopenaeus vannamei shrimp
cultivation. The installations of the pond are shown in Fig.3.
One LFFA configuration consisted of four sets. Each set
included four LFFA units and one air diffuser connected to an
air pump (100 L/min). During the aeration process, DO
concentration was measured using DO meters (HOBIRA,
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OM-51). The probes were located at three positions as shown
in Fig.3 with two levels near bottom and the surface for each
position. The average value was calculated to represent the
average DO concentration for the whole volume in the pond.

The oxygen transfer was determined in terms of the
volumetric mass transfer coefficient by the standard
method of ASCE (1993) 31, Sodium sulfite was added in
the appropriate amount to reduce the DO concentration of
the water to approximately 0 to 4 mg/L. The change of DO
concentration was measured during the aeration. Then, the
volumetric mass transfer coefficient at the actual water
temperature T °C, kja; [hr!] was evaluated graphically
from the slopes of graphs of In(C* — C;) versus time t.

In(C* — C) = —kpayt + In(C* — Cp) (1)
where C* and C, are the saturated concentration of DO
in water [mg/L] and the concentration of DO measured at
time ¢t [mg/L], respectively. The obtained k aiy was
then calibrated to the standard temperature of 20 °C,
kpacoy [hr'].

kpaco) = kpacy x 1.02420-1) 2)
Another criterion to evaluate oxygen transfer performance
can be assessed in terms of energy efficiency [*.

E, = “A0X5e X 100 3)
where E, is oxygen transfer power efficiency [%], Cs(z0)
is saturated oxygen concentration in water at 20 °C [mg/L],
V is water volume [m?], P is power required [kW]. The

power requirement is approximately 2.2 kW per unit for
paddle aerator and 0.4 to 0.8 kW for the LFFA system.

2.3 Application in Shrimp Cultivation

The two-paddle-and-two-LFFA pond (in this section
referred to as the LFFA pond) and the three-paddle pond
(in this section referred to as the paddle pond) were used
for shrimp cultivation. The pond size was 20m length, 40m
width, and 1.5m depth. In each pond, 50 thousand of 15-
day-old shrimps were discharged and cultured for 85 days.
The measurement parameters were the average weight,
and survival rate of shrimps, and power consumption of
each pond. To determine the average values, 50 samples of
shrimps were harvested to measure their weight and
subsequently returned to the ponds.

3. RESULTS AND DISCUSSION
3.1 Oxygen Transfer Performance

The oxygen transfer performance is shown in Fig.4. The
pond which had only two LFFAs had the lowest volumetric
mass transfer coefficient, whereas the pond with three
paddles had the highest value, which was about 5 times
higher. It was noticeable that the more paddles were used,
the higher value could be obtained. This is because the



paddle caused strong turbulence contributing to the mixing
ability which allowed the oxygen to be dissolved into
water at a great rate. However, regarding the addition of
LFFA in the ponds with paddles, the LFFA could
effectively increase the mass transfer coefficient as well.

Regarding the oxygen transfer power efficiency. The
LFFA-only pond provided the highest power efficiency,
about 1.7 times higher than the paddle pond, even though
it provided low mass transfer coefficient. The main reason
is that the LFFA system requires less power than the paddle.
Therefore, it indicated that the LFFA system has an ability
for energy-saving.
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Fig.4 The oxygen transfer performance
3.2 Cultivation of shrimp in LFFA pond and paddle pond

Regarding the growth of shrimps, the shrimps in the LFFA
pond could grow larger those in the paddle pond (Fig.5).
This might be because the water flow in the LFFA was
relatively gentle and less stress. Therefore, it is conceivable
that this condition was suitable for aquatic creatures to grow
healthily, not only for the shrimps but also phytoplankton
which are also the nutritious food sources for shrimps.
25

OLFFA pond
Paddle pond
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Fig.5 The average weight of shrimps
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In Table 1, the survival rate of the shrimps was superior in
the paddle pond, accounting for 96%, whereas the shrimps
in the LFFA pond could survive only 70%. As the previous
section has mentioned that the LFFA pond could provide
oxygen dissolution lower than the paddle pond, the
shrimps in the LFFA pond might encounter suffocation due
to temporary oxygen shortage in some periods of the day,
especially in the early morning as the result of the
phytoplankton respiration during night-time.

The paddle pond could provide more yield than the LFFA
pond (Table 1). This might be due to the temporary shortage
of oxygen as explained earlier. However, regarding power
consumption, the LFFA pond could save the power required
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up to 36% from that the paddle pond needed. Furthermore,
the power consumption per kilogram of yield of the LFFA
pond was lower, indicating that the LFFA pond could save
the energy while obtaining the same amount of yield.

Table 1 The results from shrimp cultivation

LFFA pond | Paddle pond
No. of shrimps on Day 85 35,000 48,000
Survival rate [%] 70 96
Yield obtained [kg] 772.5 996.7
Overall power required [kWh] 3,030 4,740
Power consumption rate [k Wh'kg] 3.9 4.9

4. CONCLUSION

The LFFA can improve the oxygen transfer power
efficiency. However, it should be noted that it was difficult
to supply oxygen to the large-scale pond with the LFFA
system alone. It was found that the supplementary
mechanical aeration was required to collaborate with the
LFFA system to ensure the sufficient mixing condition.
Therefore, it should be taken into consideration to keep the
balance between maintaining the mixing condition and
utilizing the energy. Regarding the usage application,
although the yield in the LFFA pond was lower, the power
requirement for aeration was lower while obtaining the
same amount of yield, indicating that the energy saving by
using LFFA in the large-scale pond was confirmed.
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Economics of Non-point Source Pollution Control: An Overview and
A Proposal for A Relative Evaluation Approach
Eiji Sawada'
"Kyushu Sangyo University
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ABSTRACT

Many of the wetlands are in closed water areas or semi-closed water areas where water circulation is less
working and are suffered from Non-point source (NPS) pollution. It is well known that the traditional
environmental policies could not be applied to the NPS pollution and therefore wetlands pollution has not
been well improved for a long time. So far, a variety of NPS pollution control policies have been discussed
in the environmental economic theory studies, though applications are still few. There still exists a major
gap between environmental theory studies and the ongoing environmental programs for the NPS pollution
control. In this article, we firstly overview the NPS pollution control policy studies and examine which
NPS pollution control policies are relatively more realistic and show the better improvement for each type
of wetlands under the different practical or physical constraints. After that, we also propose a tournament
tax policy as the possible efficient NPS pollution control policy. By numerical calculations with the
specified model for two polluters, we show the proposed policy satisfies the major properties such as 1)

efficiency, 2) truth-telling, 3) budget-balancing, 4) collusion proofness.

1. INTRODUCTION

In the environmental economic theory studies, it has been
long considered that two difficulties make pollution
control in closed water areas difficult. One is its difficulty
to observe the individual pollution emissions and the other
is its difficulty to estimate the emissions amount due to
stochastic natural factors. Because the traditional
environmental policies (e.g. Pigovian tax) could not be
applied to
environmental policies have been discussed.

such  pollution, various alternative

Firstly, input taxes and output taxes have been
considered mainly in the agricultural economics studies.
Input taxes could attain the first-best outcome, though the
calculation of the optimal tax rates is complex. Outcome
taxes could not even attain the first-best outcome. So,
uniform tax rates among different economic agents,
different inputs and outputs have been adopted as a
second-best policy. After that, nonlinear taxes or damage
based taxes were proposed by Hansen (1998) and Horan et
al. (1998). This type of tax is simple and efficient, but it
must put too heavy burden on the economic agents.
Another representative policy, self-reported emissions
based policy, proposed by Hansen and Romstad (2007)
improved the problems of the former mechanisms, but
requires a large number of economic agents to efficiently
work. Thus, in the present circumstances, applying
different policies to the small and large scale NPS
pollution could be the relatively more realistic policy

implementation.

In the following sections, we therefore would like to
introduce a tournament tax policy which has the potential
to attain the first-best outcome independent of the scale of
NPS pollution and could be advantageous to any existing
NPS pollution control policies.

2. METHOD

We consider a closed water area polluted by the two
economic agents, i = 1,2. Let the profit function of the
agent i be B;(z;), which is C? class concave function
and increasing in pollution emissions z;. And let the
environmental damage function be D(z; + z,, €), which
is C? class convex function, increasing in overall
pollution emissions z; + z, and increasing in stochastic
variable ¢ reflecting the natural factors. Then, social
optimal level of pollution emissions is determined by
solving

121;12((31(21) + By(2z,) — E[D(z; + 75, €)]) (D

and let the solutions of this problem be z; and z;. In
numerical calculations, we specify the profit function by
the logarithmic function and specify the damage function
by the quadratic function assuming that the expected value
of the stochastic variable is zero.

Next, we would like to introduce the relative
evaluation method we call “a tournament tax policy”.
Under the mechanism, the policy maker requires agents to
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Plot of the value of emissions in the tournament tax equilibrium
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Fig.1 Calculation results for (a) efficiency, (b) the policy target control, (c) budget-balancing, (d) collusion proofness.

inform their emissions amount. Let the reported emissions
by agent 1 and agent 2 be 7; and r,, respectively.
These r; and r, are not necessarily equal to z; and
z, .Then, the amount of tax payment for agent i is
expressed by

Ti(zi:ri; Zj:rj) =t;r; + (T = s5;Ty), 2)
where t; is the tax rate on the reported emissions, T is
the lump-sum tax and s;T; is the tax refund composed by
the two factors, the refund rate s; and the refund base T;.
This amount of tax payment takes the different forms
according to the magnitude relationship between self-
report based damage and the realized damage which is
stochastically determined due to the natural factors. Thus,
policy maker informs economic agents of the probability
where the self-report based damage becomes lower than
the realized damage given pollution emissions and
reported emissions:

p'(21+22) ( )
D (21 +25)+11+15)

Pr{D(r; + 1) < D(z, + z,,€)} =

1312

where p is the positive parameter reflecting the
characteristics of the natural factors. Then, the refund rate
could be characterized by
a; ifD(ry +1,) = D(z; + 25, €)
s; =1 Biif D(ry +15) < D(zy + 2y, ¢) for Q; , @
v if D(ry + 1) < D(zy + 25, ¢€) for 1 — Q;
where, a; = ; >Vv;, Q; is the probability where the
refund rate for agent i becomes f; and 1 —Q; is the
probability where the refund rate for agent i becomes ¥;.

This probability for two agents is expressed by

01

Ql = 0_1+0_29 (5)
Q=51 (6)

where o0; and o, are the target levels of reported
emissions explained later. There probabilities are also

informed to economic agents in advance.



To sum up the mechanism, if the observed damage is
less than or equal to the self-report based damage, then the
tax refund could take the maximum value. And if the
observed damage level is greater than the reported damage,
then the tax refund rate would become lower and
stochastically determined by the probability informed by
the policy maker.

Finally, private optimal level of pollution emissions
and reported emissions for agent i is determined by
solving

g}%x(Bi(zi) — E[Ti(zi,ri;zj,rj)]) for i =1,2 @)

and let the solutions of this problems be z{,r,z?, 1.

Based on the above understanding, we calculate the
solutions and examine whether the proposal policy satisfy
the four economically important properties, efficiency,
truth-telling, budget-balancing and collusion proofness.

3. RESULTS

Fig.1 (a) shows the private optimal level of pollution
emissions under the tournament tax policy for p =1,
p. = 0.1,0.2,0.3,0.4,0.5,06 and p,=0.5 .
pollution emissions are z; = z; = 0.5 in the calculations.

Optimal

Therefore, the tournament tax policy could attain the
efficiency independent of the selection of the policy targets.
On the other hand, Fig.1 (b) shows the private optimal
level of the reported emissions for p=1, p; =
0.1,0.2,0.3,0.4,0.5,0.6 and p, = 0.5. In the figure, the
reported emissions and the target level always take the
same value and that is the reason why we call o; and o,
target levels target level. Thus, truth-telling properties
could be satisfied by setting the target level at the social
optimal pollution emissions (in this case, p; = 0.5).

Fig.1 (c) shows the amount of tax payment and the
level of environmental damage in the private optimal
equilibrium. The amount of tax payment includes the
lump-sum part T. In the calculation, we preset T = 9.5
so that it satisfies the budget-balancing property if
economic agents efficiently emit pollutions and honestly
report their pollution emissions. In the figure, we could
find that the both values become equivalent when p; =
0.5. Thus, if efficiency and truth-telling are satisfied, then
budget-balancing is also satisfied.

Fig.1 (d) shows the net profit of economic agents in
the private optimal equilibrium with and w/o collusion.
When they collude, economic agents choose the pollution
emissions and reported emissions which maximize the
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sum of their net profit shown in (7). In the figure, the profit
of economic agents w/o collusion is always greater than
that with collusion. Therefore, as far as our setup in the
numerical calculations, economic agents do not have the
incentive to collude and deviate from the efficient
pollution emissions in the private optimal equilibrium.

4. DISCUSSION

In this article, although we limit our analysis to the two
economic agents, the proposed policy for paired up
economic agents could be easily expanded to the N
economic agents. If there exists an even number of
economic agents, we could directly apply the policy to the
N/2 number of paired up agents. And if there exists an
odd number of economic agents, we could attain the first-
best outcome by applying the policy to (N —1)/2
number of paired up economic agents while applying the
traditional emissions tax to the rest of one economic agent.

A truth-telling property and a budget-balancing
property are also easily examined by directly applying the
procedure for two economic agents. However, collusion-
proof property would become somewhat more complex,
because a wide variety of combination of the collusion
would become possible. Especially, we must carefully
examine the collusion which would newly appear between
one of the paired up economic agents and the non-paired
up single economic agent.

5. CONCLUSION

In this article, we show that the application of a tournament
tax policy to NPS pollution control could attain the first-
best outcome while satisfying truth-telling, budget-
balancing and collusion proofness by the numerical
calculations for the two economic agents. As we discussed
here, environmental policies could effectively incentivize
the economic agents whose pollution emissions are hardly
observed. We expect the increasing discussions about the
implementation of the environmental policies in the NPS
pollution improvement programs.
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ABSTRACT

Waste from end-of-life electrical and electronic equipment, known as e-waste, is a rapidly growing
environmental problem worldwide. There is considerable interest in recovery of valuable and reusable
materials from e-wastes for environmental and economic reasons. However, concerns were raised about
environmental and human health risks posed by harmful organic chemicals, such as polybrominated
diphenyl ethers (PBDEs) and their alternative flame retardants, associated with primitive recycling of
e-wastes in developing world. We investigated contamination of river ecosystems with PBDEs and their
alternative flame retardants released from processing of e-wastes in a village in northern Vietnam. On the
basis of the obtained results, we determined concentrations of PBDEs and their alternatives in river fish
and sediment samples and identified potential processes for contamination formation. Our findings
suggested that open-storage of e-wastes should be prohibited and that wastewater treatment should be
implemented at each workshop to reduce contamination of river ecosystems with harmful organic

chemicals from recycling of e-wastes in developing world.

1. INTRODUCTION

Waste from end-of-life
equipment, known as e-waste, is a rapidly growing

electrical and electronic
environmental problem worldwide. According to a press
release by the United Nations University, the world
generated 44.7 million metric tonnes of e-wastes by 2016
1 There is considerable interest in recovery of valuable
and reusable materials from e-wastes for environmental
and economic reasons. However, concerns were raised
about environmental and human health risks posed by
hazardous components, such as heavy metals, plastic
flame retardants, and dioxins. Primitive processing of
e-wastes in developing world have been recognized as
causing localized environmental contamination and
human exposure, as well as widespread contamination
due to subsequent hazardous component emissions into
indoor and outdoor environments.

A broad array of plastic flame retardants has been used
for several decades to reduce flammability of polymeric
materials in electronic products in order to pass fire safety
regulations. Polybrominated diphenyl ethers (PBDEs)
were extremely common flame retardants before 2004 2
In the last decade, commercial PBDE mixtures have been
globally banned as persistent organic pollutants under the
Stockholm Convention, because of their persistence,
bioaccumulation, and potentially toxic effects ®*. The
strict bans have been imposed on the worldwide use of

PBDEs during the past decade. Emerging halogenated
and organophosphorus flame retardants were introduced
as alternatives for PBDEs ..

Our earlier studies ™ reported that primitive processing
to recover valuable and reusable materials of e-wastes in
an informal e-waste-processing area in northern Vietnam
resulted in causing contamination of river sediments with
PBDEs and their alternatives. The occurrence of PBDEs
and their alternatives in river sediments suggested that
ecological exposure to PBDEs and their alternatives may
be caused from the processing of e-wastes.

To provide data on contamination of river ecosystems
with harmful organic chemicals released from recycling
of e-wastes in developing world, this study measured
PBDEs and their alternatives in fish samples collected
from a farming pond and the river that flows through the
e-waste-processing area in northern Vietnam.

2. METHOD

Fish samples were collected from an e-waste-processing
area in Bui Dau (Cam Xa, Hung Yen province), northern
Vietnam. Five samples of fish in a farming pond and
fifteen samples of fish in the river that flows through the
e-waste processing area were collected in December 2014.
The samples of fish muscles were stored in amber glass
bottles at —20 °C until chemical analysis.
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Thirteen PBDE congeners (BDE-28, 47, 49, 99, 100, 153,
154, 183, 196, 197, 206, 207, and 209), five alternative
halogenated flame retardants (AHFRs),
organophosphorus flame retardants (PFRs) were selected
for the target analysis of PBDEs and their alternatives
based on results of environmental occurrence in our

carlier studies ', current understanding of potential
[5] (5]

and eleven

replacements for PBDEs ', health concerns and

analytical capability. Following homogenization and
freeze-drying, approximately 5 g of each sample was
extracted using a rapid solvent extractor (SE-100;
Mitsubishi Chemical Analytech) with acetone:n-hexane
(1:1, v/v) mixture and toluene. The extract after the
purification was subjected to measurement using GC-MS
(Agilent Technologies) and LC-MSMS (Waters).

Table 1. Concentrations of PBDEs, AHFRs, and PFRs in pond fish, river fish, and river sediment samples collected in
Bui Dau in 2014. The data of river sediment samples were adopted from Matsukami et al. (2017) .

Pond fish (n=5) River fish (n =15) River sediment (n=8)
Min Median Max. Min. Median Max. Min. Median Max.
ng/g lipid weight ng/g lipid weight ng/g dry weight
Polybrominated diphenyl ethers (PBDEs)
BDE-28 0.25 0.64 4.8 0.68 13 59 0 0 0.56
BDE-47 2.2 3.8 18 7.9 71 370 0 0.14 2.2
BDE-49 0.95 1.2 4.6 1.3 17 77 0 0.14 3.3
BDE-99 <0.3 <0.3 0.52 0.52 5.4 79 0 0 0.44
BDE-100 <0.2 0.42 1.7 1.2 8.4 41 0.069 0.61 9.8
BDE-153 <0.3 <0.3 <0.3 2.6 15 110 0 0.09 1.8
BDE-154 1.0 1.9 7.3 7.8 54 410 0.56 3.4 55
BDE-183 <0.7 <0.7 <0.7 <0.7 2.0 75 0.36 1.4 25
BDE-196 <2 <2 <2 <2 <2 7.9 0.43 2 31
BDE-197 <2 <2 <2 <2 <2 18 0.077 0.2 2.4
BDE-206 <4 <4 <4 <4 <4 56 2.4 11 180
BDE-207 <4 <4 <4 <4 <4 25 1.4 7.1 81
BDE-209 <7 <7 <7 8.4 73 1400 46 170 1700
Alternative halogenated flame retardants (AHFRs)
TBBPA <15 <15 310 <15 19 190 41 110 710
HBB <2 2.2 4.1 <2 2.2 5.3 0.25 0.59 12
BTBPE <8 <8 <8 <8 <8 <8 0 0 4.6
DBDPE <40 <40 <40 <40 <40 2600 9 23 680
DP <0.2 0.67 24 4.6 270 880 0 2.02 24
2 5AHFRs <40 24 320 4.6 390 3700 50 140 1400
Organophosphorus flame retardants (PFRs)

TCEP 29 54 85 <20 46 160 0 0 0
TCIPP 68 170 290 63 130 300 0 5 140
TDCIPP <10 21 40 12 27 79 0 0 6.7
TPHP 9.2 28 94 43 92 230 0 36 200
MPDPP 6.1 12 31 11 24 68 0 1 14
EHDPP <5 <5 12 <5 <5 11 0 0 6.8
TMPP <5 12 61 11 37 94 0 0 20
TDMPP <5 <5 <5 <5 <5 7.9 0 0 14
PBDPP <5 8.0 9.5 <5 6.1 8.2 2.3 42 330
BPA-BDPP <5 <5 5.3 <5 <5 10 5.7 48 400
PBDMPP <5 <5 <5 <5 <5 9.3 0 9.5 51
2 11PFRs 140 310 580 180 410 730 9.7 180 1200
> 13PBDEs <7 7.8 36 43 250 2300 51 220 2100
2 16PBDE alternatives 160 310 790 210 790 4200 25 340 6800

3. RESULTS AND DISCUSSION

All 29 target compounds measured in this study were
detected in fish samples collected from a farming pond
and river in Bui Dau (Table 1). The concentrations of
PBDEs in pond and river fish samples ranged from
<7-36 and 43—2300 ng/g lipid weight (Iw), whereas those
of PBDE alternatives ranged from 160—-790 and
210-4200, respectively. The levels of PBDE alternatives
in fish samples were higher than those of PBDEs. Of the
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detected flame retardants, PBDESs, tetrabromobisphenol A
(TBBPA), decabromodiphenyl ethane (DBDPE),
dechlorane plus (DP), tris(2-chloro ethyl) phosphate
(TCEP), tris(2-chloroisopropyl) phosphate (TCIPP), and
triphenyl phosphate (TPHP) were dominant in fish
samples.

Commercial PBDE mixtures have been incorporated into
polymeric materials of Cathode Ray Tube monitors and
TVs, and household appliances for high temperature



applications. TBBPA is used mainly as a reactive agent in
PCBs and the housings of electronic products. TBBPA is
a high-production volume unregulated flame retardant
with applications similar to those of PBDEs. DBDPE,
which was introduced in the mid-1980s, is used as a
replacement for PBDEs. DP is used as an additive for
polymeric materials, such as electrical wire and cable
coatings, and computer connectors. TCEP, TCIPP, and
TPHP have been used as replacements for PBDEs in
polyurethane foam. These applications suggest that open
storage of large amounts of polymeric materials in
e-wastes along the riverside and e-waste-processing
associated wastewater might contribute to elevated
concentrations of these flame retardants in fish samples.

According to our earlier studies (8] the concentrations of
PBDEs and their alternatives in river sediments in 2014
ranged from 51-2100 and 25-6800 ng/g dry weight,
respectively (Table 1). The contamination of river
environments with PBDEs and their alternatives resulted
in accumulation of PBDEs and their alternatives in the
river ecosystems. These concentrations in fish samples
varied by more than about 2—3 orders of magnitude
between the farming pond and river. The difference
among sampling sites suggests that the concentrations of
PBDESs and their alternatives in fish samples might reflect
the contamination of their living environments.

It is noteworthy that concentrations of PBDPP and
BPA-BDPP in fish samples were 1—3 order of magnitude
lower than those of other flame retardants (Table 1), even
though the concentrations of PBDPP and BPA-BDPP in
river sediments were high side for those of target
compounds measured in this study. The results of this
study indicate lower bioaccumulation potential of PBDPP
and BPA-BDPP compared with other flame retardants.

4. CONCLUSION

Results of this study provided information on the
contamination of river ecosystems with harmful organic
chemicals released from the primitive recycling of
e-wastes in the developing world. On the basis of the
obtained results, open-storage of e-wastes should be
prohibited and that wastewater treatment should be
implemented at each workshop in order to reduce the
contamination by harmful organic chemicals in the river
ecosystems. This information would be useful for
planning appropriate measures for the environmentally
sound management of e-wastes in the developing world.
This is also expected to help address the Sustainable
Development Goals (SDGs) related to environmental
protection (Goals 6, 11, 12, and 14) and health (Goal 3).
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Our data suggests that the potential bioaccumulations of
PBDPP and BPA-BDPP in fish muscle tissues might be
lower than those of other flame retardants. This
information on their bioaccumulations obtained from this
study might give a hint to consider a design of flame
retardants with low bioaccumulative potential.
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Evaluation of partitioning potential and bioaccumulation of seven
SCCPs in lake ecosystem
Zhenyi Zhang, Hidetoshi Kuramochi, Takurou Kobayashi, Kaiqin Xu

'National Institute for Environmental Studies
Keywords: Short chain chlorinated paraffins, Phase partitioning, Bioaccumulation

ABSTRACT

Short chain chlorinated paraffins (SCCPs) have been listed in Stockholm convention as persistent organic
pollutants (POPs). SCCPs are of great concern due to recently increasing detection in the environment,
including lakes. Since the aquatic bioaccumulation is crucial in the food chain, there is potential risk of
SCCPs to human health. In this paper, we evaluated the potential influence of seven SCCPs in lake eco-
system, based on phase partitioning estimation between air, water and sediment, as well as the
bioaccumulation calculation. The results indicated that the water is the main compartment for SCCPs with
proportion of 51-71%. Multi-chlorinated SCCPs are favorable in sediment as well. The bioaccumulation
factor (BAF) results indicated that the potential risk is higher in multi-chlorinated SCCPs. The variety of

molecular structures of SCCPs would lead to different influence in lake ecosystem.

1. INTRODUCTION

Short chain chlorinated paraffins (SCCPs) are highly
complex technical mixtures with general formula of
CoHontx—mCly,, where the value of n is between 10-13.
SCCPs are of great concern due to their high persistence,
bioaccumulation potential and toxicity. Currently, SCCPs
have been listed as persistent organic pollutants (POPs) for
global regulation under Stockholm Convention. The
environmental existence at various matrices (air, water,
soil and sediment) have been widely reported [/,

Lake, the typical aquatic ecosystem, could also encounter
the environmental challenge along with the intervention of
SCCPs, i.g. by effluent from sewage treatment plants [?), It
is still under great challenge for quantifying SCCPs in
environmental samples ), resulting in relatively weak
environmental management of SCCPs releasing. Recently,
the bioaccumulation of SCCPs in lake ecosystem has been
increasing investigated %!, The potential risk of SCCPs
has received great attention.

In this study, the potential influence of seven typical
SCCPs in lake ecosystem was evaluated by estimating
their environmental partitioning between air, water and
sediment, and assessing the potential of bioaccumulation.
The distinction between different SCCPs was also
discussed.

2. METHODS

Seven typical SCCPs with chain length of 10 and chlorine
number from 1 to 4, including 1-Chlordecan, 1,10-
Dichlordecan, 1,1,1-Trichlorodecane, 1,1,1,3-
Tetrachlorodecane, 1,1,10,10-Tetrachlorodecane, 5,5,6,6-
Tetrachlorodecane, and 1,5,6,10-Tetrachlorodecane, are
assumed as the target pollutants for phase partitioning and
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bioaccumulation calculation (See Table 1).

Table 1 Seven SCCPs used as the model compounds

CAS No. Name

1002-69-3 1-Chlordecan

2162-98-3 1,10-Dichlordecan
64554-71-8 1,1,1-Trichlorodecane
51755-60-3 1,1,1,3-Tetrachlorodecane
33025-70-6 1,1,10,10-Tetrachlorodecane
91087-09-1 5,5,6,6-Tetrachlorodecane
102880-00-2 1,5,6,10-Tetrachlorodecane

The modified fugacity model was applied to evaluate the
partitioning of SCCPs in the main compartments including
air, water and sediment (¢,

The partitioning parameters were generally calculated
using fragment contribution method. Briefly, the values of
octanol-water partitioning coefficient K,,,, Henry’s law
constant H, were obtained by multiple regression of
reliably measure data from a universal database with
correlation.

The conceptional equation is as follows.

log Ko = X(pdn; + a ©)
H=%(h)m; +b 2

Where p;,h; denote the contribution factor of certain

fragment; n;, m;denote the number of fragment in the
chemical; and a,b represent the correction constant.

The octanol-air partitioning coefficient K,, is then
calculated as follows.

logK,, = logK,,, —log(H/RT) 3)
where R and T represent ideal gas constant and absolute
temperature, respectively.



The sediment adsorption coefficient K, is estimated by
the following equation according to quantitative structure—
activity relationship model.

logK,. = 0.5213 xc + 0.60 @)
where c is the molecular connectivity index.

Subcooled liquid vapor pressure, S, is estimated using the
modified equation.

S =888 exp((—(4.4 + InTy)[1.803(T,/T — 1) —
0.803 In(T},/T)] — 5.8(T,/T — 1)) (5)

where T, and T, denote the boiling point and the
melting point, and T is the desired temperature.

Arnot-Gobas predication model is used to evaluate the
bioaccumulation factor (BAF) at general tropic levels and
representative environmental condition with input K,
of chemical normalized fish whole-body metabolic
biotransformation rate constantK,, [,

3. RESULTS

The simulated partitioning results are shown in Fig. 1.

Fig. 1 Partitioning of different SCCPs in air, water and

sediment

The calculated values of log BAF are shown in Fig. 2.

Fig. 2 log BAF values of different SCCPs
4. DISCUSSION

The results (Fig. 1) indicated that in lake ecosystem, water
is the main compartment for the seven selected SCCPs,
with proportion ranging from 51% to 71%. The SCCPs
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transporting phenomenon including emission to air and
absorption to sediment should be also taken serious
consideration since there are still rational distributions in
the air and sediment compartments. The results also
revealed the distinction for different SCCPs, implying the
chemical structure with more chlorines would be more
favorable in the compartment of sediment, which should
be ascribed to the strong absorption of SCCPs to sediment.

The calculated values of log BAF for the seven SCCPs
were ranging from 3.204 and 5.864, with maximal risk
potential for 5,5,6,6-Tetrachlorodecane and minimal risk
potential for 1-Chlordecan, respectively. For the chemical
structure with 4 chlorines, it is observed that SCCP with
chlorinated position in middle of the chain would be more
easily bioaccumulated than that with chlorinated position
in one end or both ends of the chain.

5. CONCLUSIONS

The potential influence of SCCPs in lake ecosystem was
evaluated in this study. The methodology by estimating the
partitioning and bioaccumulation behavior of SCCPs was
adopted. The variety for molecular structures of SCCPs
would lead to different influence in lake ecosystem.
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ABSTRACT

Lake Chad faces wars and terrorism, extreme poverty, loss of cultural heritage and other human-centric
problems. These problems have led to serious water pollution resulting in massive fish kills, extensive
habitat loss of wildlife including one for hippopotamus and large-scale riparian land degradation.
Combined, the resultant situation is severe deterioration of quantity and quality of water, of crop land and
forest land, and of most other riparian and upland ecosystems. This paper give a picturesque message on
the state of Lake Chad, while calling for a global initiative for its restoration that would contribute to
bringing peace and stability in the region.

the objective is to presented lake Chad and this conference for every person work for to reduce poverty and
in long the run to enhance the condition of living of the population living in the region of the lake Chad.

1. INTRODUCTION

Lake Chad water surface area occupies less than 1
percent of its draining basin, but remains the fourth biggest
Africa lake after Lake Victoria, Tanganyika and Nyassa.
It extends over the territories of four countries: Chad,
Niger, Nigeria and Cameroon. The main inflowing river
are Chari and Logone traversing the Central African
Republic, Cameroun and Chad. These two rivers account
for 95 percent of the total inflow, though extremely
seasonal. Apparently no river flows out from the lake,
though some water is said to percolate along the dry bed
of the Gazal River to feed the oases of the Bodele, It is very
shallow even in normal years, averaging 1.5 m in depth.
Traditionally, local inhabitants use the stems of papyrus as
material for canoe making. There are many small islands
formed by the invasion of moving sand dunes near the
northeastern coast; some of them are inhabited and utilized
as bases for fishing. Besides the products of agriculture,
livestock grazing and fishery, the drainage basin is known
for its yield of natural soda, an activity that contributes to
keeping the lake water fresh [!l. However, the seize of the
open water part shrank from 25000 km2 in 1973 to less
2.500 km2 in 1990, believed to have been cause in part to
the climate change, over drafting of river waters and the
subsidence of groundwater level for some unknown
reasons. At the same time, the regional political and
military conflicts surrounding the region have seriously
exasperated the ecosystem deterioration and the living
condition of the residents in the region.
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2. METHOD

Being a Lake Chad education expert, the method
adopted for this investigative reporting is one based on
making field observations and on assembling and
interpreting the visual materials on the problematic aspects
of Lake Chad. Attempts have been also to present some
potentially useful ways to address the problems that should
be supportable by the international community.

3. OBSERVATIONS
During the last decades, terrorism became the gravest

misfortune for Lake Chad that creates all the ills (Photos 1,
2 and 3).

Carte postale du peuple Kanembu- Kgpuri 4




-

e i o L s i .

Photo 3

Also dramatic is the fact that the seize of the open
water part of the lake has shrank from 25000 km? in 1973
to less 2.500 km? in 1990. The meager fish catch is
causing affecting the livelihood of local fishermen (Photo.
4). Actually, the climates of basin region have
dramatically changed from hot to desiccating (Photo 5-6),
causing fish kills and diseases to Kouri cattle of Lake Chad
(Photo. 7).

Photo 4
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Photo 5

Photo 6

Photo 7
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Nonetheless, there are ongoing restoration effort made
by the local community to restore lake’s biodiversity
Even in the wake of terrorism attack, efforts
to restoration and enhance lake water quality and quantity
continues, for example, by planting greenery from the
pirogue boats (Photo 8). Restoration of the shoreline
biodiversity will help the spinning gear fishery to support
the meager family livelihood (Photo 9).

resources.

Photo 8

Photo 9

Without such efforts, reinforcement of the socio-
economic base of the region, enhancement of the agro
pastoral and fishing production, and sustainable
management of the natural resources and preservation of
the ecosystem of Lake Chad won’t be possible. Without
ecosystem preservation of lake and its catchment area,
promotion of integration and preservation of peace and
security in the Lake Chad area won’t be achievable. Such
ecosystem restoration research together with restitution of
sustainable management efforts for Lake Chad, together
with halting of terrorism attacks around Lake Chad will
lead to restoration of its fisheries and wildlife habitat.

4. DISCUSSION

Through this international conference, I would like to
address the need for development of a plan toward 2015
for the restoration of Lake Chad by the years 2025. This
vision underpins all the development activities to be
implemented with the cooperation of every partners. The

framework of such a strategic action plan be for 2018-2025.

Development of such a vision will be the priority. By
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then, the lake’s common heritage and the wetland
resources need to be brought under preservavtion plan for
sustainable development. The economic security of the
fresh water ecosystem and sustained biodiversity and
aquatic resources of the basin should be equitablly pursued
to meet the need of the Lake Chad population.

5. CONCLUSION

The theme of this visual resource presentation is about
Lake Chad’s yesterday, today and tomorrow. Everyone
attending this conference should accept the responsibilities
for conservation of freshwater ecosystem and its
biodiversity, together with judicious implementation of
integrated river and lake basin management. It applies to
Lake Chad as well.  Achievement of sustainable
development of Lake Chad won’t possible without such
attitude. Without saving Lake Chad and without having
adequate water resources, meeting the needs of people and
exercising the rights for accessing the fresh water
resources won'’t be possible.
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ABSTRACT

We conduct cultivation of paramecium in the presence of polyaniline as an electroactive-conducting
polymer. The polyaniline employed in this study is in a form of half-doped state. The half-doped state
partly has acid as a dopant in the main-chain. Paramecium discharges ammonia because no Ornithine
cycle exists in their organs, resulting the discharged ammonia pollutes water environment. The half-doped
state of polyaniline absorbs ammonia as a neutral agent. This function of electroactive polymer can be
useful for purification of water. Furthermore, the conducting polymers have capturing function of heavy
metals. These characters of the conducting polymer can be expected to improve the water quality for
biological system. Cultivation of paramecium in the presence of the polyaniline depress the increase of
pH with time. However, film form of the polyaniline could not improve the increase of pH in the
cultivation system. Oxidation-reduction potential (ORP) value of the cultivation water in the presence of
polyaniline is also monitored.

1. INTRODUCTION prepared from polyaniline/N-methylpyrrolidone (NMP)

Plankton in the water system does not possess Ornithine
cycle, resulting discharge of ammonia as a poison
chemical. In the case of mass generation of plankton
occasionally, discharge of ammonia from the plankton
deteriorates the environment. We have studied on
conducting polymers for cultivation of microbes in the
water [1,2]. Half-doped state of the conducting polymers
as a characteristic electronic state can neutralize ammonia
without any negative effect against biological system in
the laboratory. In this
microorganism and measure change in pH and ORP. We
possibilities  for
environment system using this unique advantage of
conducting polymers.

research, we cultivate a

discuss improvement of water

2. MATERIALS AND METHOD

Polyaniline as a conducting polymer was prepared with
oxidative polymerization with ammonium persulfate
(APS). As prepared polyaniline was treated with
ammonia/water to remove excess amount of acid dopant.
The as prepared polyaniline (full doped state, emeraldine
salt) cannot be employed for cultivation of paramecium
due to strong acid. Polyaniline thus obtained is
half-doped state (reduced) as emeraldine base (PANI-EB)
form, remaining small parts of acid fractions in the
main-chain (Scheme 1). Polyaniline cast film was

solution. Fig. 1 shows an example of the polyaniline film.
Paramecium was provided by Fujishima lab. (Yamaguchi
Univ., Japan). Fig. 2 shows optical microscopy and
polarized microscopy images of the paramecium with
transmission and reflection light.

3. RESULTS

Cultivation of paramecium in the presence of polyaniline
was carried out. Fig. 3 shows change in pH of the
cultivation water in the presence of polyaniline (powder
form, normal PANI), camphor sulfonic acid (CSA),
polyaniline film (PANI film), or control (no polyaniline).

e

Figure 1. A polyaniline film.
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Figure 2. Optical microscopy images of a
paramecium. (a) Optical microscopy images of
paramecium with reflection light. (b) Optical
microscopy image of moving paramecium with
transmission light. (¢) Optical microscopy image of
moving paramecium with reflection light. (d) An
entire figure of paramecium with transmission light.
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Scheme 1. Synthetic route of polyaniline emeraldine
base (PANI-EB) and molecular structure of camphor
sulfonic acid (CSA). APS = ammonium persulfate.

The pH value increased with time because the
paramecium in the water discharged ammonia. The
polyaniline bulk (normal polyaniline, powder form) can
suppress increase of pH value. Small amount of acid parts
in the main-chain of the polyaniline (emeraldine base)
neutralizes ammonia in the water. This function can
provide a favor environment for cultivation of
paramecium in the water. While, the polyaniline film
could not effectively function for neutralization of the
water.
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Figure 3. Change in pH value vs. time (day) of the
water in the presence of paramecium, and polyaniline
(powder form, normal PANI), camphor sulfonic acid
(CSA), polyaniline film (PANI film), or control.



Fig. 4 shows oxidation-reduction potential (ORP) value
of the cultivation water in the presence of paramecium as
a function of time (days). Higher ORP value of the water
was observed in the presence of CSA and normal
polyaniline (powder form).
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Figure 4. Change in oxidation-reduction potential

(ORP) value vs. time (day) of the water in the
presence of paramecium, and polyaniline (powder
form, normal PANI), camphor sulfonic acid (CSA),
polyaniline film (PANI film), or control.

4. DISCUSSION

Polyaniline emeraldine base functions as a neutralizer for
the water in the presence of paramecium. The ammonium
element discharged from paramecium becomes biological
poison in the water environment. Polyaniline as a
conducting polymer can absorb ammonia or other
discharged materials from microbes in the water.

It may purify the water suitable for living organism in the
lake and improve the water environment. This research is
a new attempt for the water purification using conducting
polymers.

Figure 5. Scanning electron microscopy image of
polyaniline prepared with camphor sulfonic acid (CSA).
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5. FUTRUE ASPECT

Polyaniline forms several characteristic nano-structures.
For example, polyaniline prepared with camphor sulfonic
acid forms a nano-fiber structure (in this case small
amount of a platinum complex [Ph(CN),PtCl,] was added
in the polymerization reaction. Ph = phenyl) [3], Fig. 5.
Polymerization of aniline in the presence of
polyvinylalcohol (PVA) can produce polyaniline
microsphere [4]. Large surface area derived from the
nano-structure can provide good contact with water to
exhibit the water purification function. Materials with
unique micro- or nano-structures have possibilities to
show fine performance in environmental science.
Conducting polymers are one of the candidates as organic
functional material for it.
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Verification Experiment for the Improvement of an Anoxic Brackish Lake
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ABSTRACT
Lake Abashiri is abrackish lake in which there is a boundary between the underlying salt water layer and the overlying
fresh water layer. Vertical water circulation in the bottom salt water layer tends to be suppressed, the anoxic condition
of the bottom layer has become persistent, and hydrogen sulfide and nutrient salts have accumulated in high
concentrations. When strong winds disturb the salt water layer, the substances in that layer are carried into the fresh
water layer and cause the condition of the fresh water layer to deteriorate by causing water quality problems such as the
abnormal propagation of algae and the occurrence of blue tides. Fishery is thriving at Lake Abashiri. Local fishermen
have been suffering losses from the frequent water quality problems. To improve the water’s anoxic condition and
detoxify the toxicants, an oxygen supply experiment was done using an experimental plant constructed onsite with a
Water Environment Preservation (WEP) system. The experiment verified that it is possible to increase the dissolved
oxygen concentration to 40 mg/L and to oxygenate the hydrogen sulfide so that it becomes sulfur by supplying
dissolved oxygen to the salt water. It was further verified that the orthophosphoric acid in the water decreased when
water whose hydrogen sulfide had been completely oxidized was placed in contact with the bottom sediment. It was

found that supplying oxygen does not affect the ammonium nitrogen.

1. INTRODUCTION 2. SUBJECT WATER AREA

When the bottom weter layer of a stagnant water body such Lake Abashiri, the subject of this study, is in northeastern

as a dam reservoir, lake, pond, or sea area becomes anoxic,
many problems arise with respect to fishing industry and water
qudity. Researchers 11l have not gained sufficient
knowledge on how oxygen supply changes substances
in the water and the range of dissolved oxygen (DO)
recovery from oxygen supply in a brackish lake. For
brackish lakes, which have a boundary between the sdt water
layer and the fresh water layer, a different approach isrequired,
because it is edimated that conventiond oxygen supply
promotes the vertica mixing of water, the sdinization of the
freshweter layer, and eutrophication. Aiming a improving the
anoxic condition of the bottom sdt water layer, this sudy used
an underwater gas-liquid dissolving apparatus (a WEP system)
to verify the chemica changes that occurred during oxygen
supply. We constructed an experimental plant onsite
and used it to conduct a demonstration experiment for
oxygen supply. The results are summarized in this
paper.
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Hokkaido (Fig. 1). This lagoon lake with an area of 32.3 km?
has a maximum depth of 16.1 m, an average depth of 6.1 m,
and a pondage of about 230,000,000 m>. The mgjor rivers that
flow in are the Abashiri River and the Memanbetsu River. The
average water level is 0.39 m above sea level. The lowest
reaches of the Abashiri River connect the downstream-most
area of the lake to the Sea of Okhotsk. In Lake Abashiri, a

Seaof Okhotsk
LakeAbashiri
4km Ny

-
Yohito . Fishing

Abashiri River  Memianbetsu River
Fig. 1 Field of Observation



two-layer structure—a fresh weter layer overlying an anoxic
sdt water laye—continuoudy exists, with a boundary &t about
EL.-6 m. Lake Abashiri requires the improvement of the
anoxic condition of the sdt water layer without involving the
upper fresh water layer. Yajima and Masuki® demonstrated
that awater mass with ahigh concentration of oxygen fromthe
WEP sysem moves horizontaly. This horizontad movement
from the WEP system is thought to be advantageous in
improving the oxygen condition of only the sat water layer in
abrackishlake.

3. ONSITE EXPERIMENT

(2) Oxygen supply experiment

Fig. 2 shows the locations of the onsite experiment, the water
sampling locations, the location of the A-B cross-section, and
the verticd distribution of water quaity. Water sampling was
done & EL.-8m of Point A(river bottom EL. of -9m). We
circulated 90 L of experiment water in an open water tank to
dissolve oxygen gas (99.5 %) under 1 &m. The changesin DO,
turbidity, and ORP in the tank were monitored by a water
quaity meter. Hydrogen sulfide was quantified in zinc acetate
fixation by using the method of Sugawara et d.# The water
qudity items analyzed were tota organic carbon (TOC), totd
phosphorus (TP), orthophosphate (PO4-P), total nitrogen (TN),
ammonium nitrogen (NH4-N), nitrite nitrogen (NO,-N), and
nitrate nitrogen (NOs-N).

(2) Experiment results

Fig. 3 shows the results of the oxygen supply experiment on
the experiment water by using the WEP system. By 10 minutes
after the start of oxygen supply, DO increased to 40 mg/L, then
decreased once and became congtant at 41 mg/L in 50 minutes.
The temperature of the experiment water was 17 degrees
Cdsus. It was verified that the WEP system can saturate the
experiment water in about 50 minutes, because the DO
becomes about 42.9 mg/L at the maximum when gasintake is
doneat apartid pressure of oxygen of about 100 %.

The turbidity monotonicaly increased for 50 minutes and
became congant after that. The experiment water, which was
initidly dark and transparent, sarted to change color
immediatdy after the start of oxygen supply and became
completely turbid whitish in 120 minutes. Particulate matter
was found in the turbid whitish experiment water. The ORP,
which was nearly congtant a -290 mV from 5 minutes to 50
minutes after the start of oxygen supply, showed an increasing
trend after 50 minutes, and became-10 mV a 140 minutes.

Table 1 shows the results of qudity andyss for the raw
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Fig. 2 The experiment location and the surveyed water
quality (bottom left: cross-section of A-B; bottom right:
vertical distribution of water quality at Point A)

DO Turbidity — eeceee ORP
50 ——= 0

_ J——

D 40 rin -100
= [ V.~ -
10 g S
9 30 N -200 2
£ X s £
2 20t -300 &
fali] [ (o}

o o°)

E 10 A\ WAy it e e -400

0 . . -500
0 50 100 150

Duration(minutes)

Fig. 3 Results of circulating oxygen supply in the tank

Table 1 Water quality analysis results

Rawwater | Raw water After oxygen After 3-day contact
(mg/L) (fresh water)| (salt water) supply with bottom sediment
(salt water) (salt water)
TOC 9.7 10 10 8.8
TP 0.12 43 43 13
POs-P 0.086 4 38 11
TN 13 22 2 25
NHa-N 01 21 20 23
NO2-N 0.06 ND ND ND
NOs-N 0.91 ND ND ND

water (fresh water and sat water) and the experiment water &
120 minutes after the start of oxygen supply. “ND” in the table
indicates non-detection. Fird, the comparison of the qudities
of fresh water and sdt water for the current Lake Abashiri
showsthet the TOCs are Smilar between the two; however, the
concentrations of phosphorus and nitrogen differ grestly. In
light of the above, it is understiood that the organic metter
digtributes uniformly irrespective of sdt concentration and that
the nutrient salts accumulate in high concentration in the sdt
water layer. The vaues after oxygen supply were examined,
and PO,-P and NH4-N were found to have dightly decreased.
The other items showed no changes. Next, the sampled bottom
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mud was placed in an acrylic tube and the experiment water
after oxygen supply experiment was gently filled over the mud
such asto avoid disturbing the mud. The tube wasleft in adark
place a a temperature of 5 degrees Cdsus for 3 days. The
andyds of the experiment water after 3 days showed that the
TOC decreased, the TP and PO,-P markedly decreased, and
TN and the NH4-N increased. The above andlysis verifies that,
in the case of the experiment water only, the organic matter,
phosphorus and nitrogen showed no notable changes even &fter
oxygen supply but that the other matter reacted with the
supplied oxygen. When the oxygen-saturated experiment water
was placed in contact with the bottom mud, the phosphorusin
the water rapidly decreased. It is estimated that the PO4-P was
absorbed through the oxidation of the surface of the bottom
mud.
The time series changes of hydrogen sulfideisshown in Fig.

4. The concentration of hydrogen sulfide in the initid
experiment water was 130 mg /L-S, which linearly decreased
after the gart of oxygen supply to become O mg/L a 50
minutes. It can be edtimated from Fig. 4 that the supplied
oxygen was consumed in the oxidation of hydrogen sulfide
during the first 50 minutes, and that the next stage of reaction
started after the disagppearance of the hydrogen sulfide.
(3) Changes during oxygen supply

The above experiments clarified that the initid reaction that
occurred during the first severa minutes to severd days of
oxygen supply was the oxidation of hydrogen sulfidein which
the precipitation of solid sulfur prevailed. It was found that,
during thistime, hydrogen sulfide completely oxidized and that
organic matter and nutrient salts showed no clear changes.
Nitrification was found to have no influence, from
which it is suggested that the oxidation of NH4-N is
process, but a
micro-organism. The reaction that occurs in anoxic st
water when oxygen is supplied is ultimately estimated to be
described by Equetion (1), where the intermediate products are
ignored.

not a chemical reaction of

2H,S +0, <> 25\ +2H,0 1)

From Equation (1), it is understood that maeking the
right-hand sde of the equation heavy is advantageous with
respect to the detoxification of hydrogen sulfide. It is thought
that oxygen supply and the remova of sulfur are effective in
improving the water quality.

5. Conclusion

At Lake Abashiri, where the fishing industry is thriving,
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Fig. S Changes in the concentration of hydrogen
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serious losses have occurred from hazardous subgtances such
as hydrogen sulfide and ammonia in the anoxic water mass.
This study suggested that by using the WEP system, whichisa
high-concentration oxygen supply apparatus, it is posshble to
sectivdly improve the anoxic condition of the water and to
detoxify the hydrogen sulfide.

An oxygen supply experiment on anoxic st water in Lake
Abashiri was conducted using a WEP system. The hydrogen
allfidein the water mass was oxidized and precipitated as solid
sulfur. During theinitia period of oxygen supply, the hydrogen
aulfide reacted preferentidly, with phosphorus, nitrogen, and
organic carbon showing no notable changes.

It was found that, as long as the dissolved oxygen is
saturated, the precipitated sulfur can be removed by stling. In
contrast, it was observed that when the water became anoxic
after sulfur precipitation, the sulfur re-dissolved as hydrogen
allfide

When the water mass in which dissolved oxygen was
saturated was placed in contact with the bottom mud, the
concentration of PO,-P in the water mass decreased, but the
ammonium nitrogen showed no changes. In light of the results
of the ondte oxygen supply experiment, it is expected that the
water quality would be improved by the oxidation of the
hydrogen sulfide in the water mass, the oxidation of the bottom
surface mud, and the absorption of phosphorus by the bottom
surface mud.
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