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Role of midge for water purification on pond with aquatic plants
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Abstract

The biota and characteristics of nitrogen / phosphorus removal had been investigated 5 years at water purification facilities using
aquatic plants. Aquatic plants supplied niches to many kinds of aquatic animals such as aquatic insects, amphibian, reptiles and
birds. These aquatic animals play important roles for nutrients removal through their life histories. Generally the contribution of
these aquatic animals appearing at water purification facilities using aquatic plants were considered with under estimation. We try to
estimate the roles and contribution of midges for nutrients removal at water purification facilities using aquatic plants.

The total yearly removal amounts of nitrogen and phosphorus from water purification facilities located at Kochi were analyzed as
22,600 g and 1,800 g, respectively. The ratios of physical precipitation were estimated as 28 % for nitrogen and 45% for phosphorus.
Stay in plant bodics as absorbed nutrients at facilitics estimated as 4 % for nitrogen and 15 % for phosphorus. Harvested nutrients
with plants or algae as maintenance also estimated as 16 % for nitrogen and 27 % for phosphorus. The contribution of midges such
as Chironomus kiiensis , Propsilocerus akamus, Chironomus plumosus through their life history such as emerge or preyed from
natural enemy evaluated as 1.6 % for nitrogen and 2.3 % for phosphorus.

Key words : midge, aquatic plant, purification, nitroger, phosphorus, removal, Chironomus, Propsilocerus
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Comparative study of groundwater use and preservation policy on the alluvial plains, in Monsoon Asia
- (Part 1) Basic Framework of the study on the Kanto Plain, Central Japan -
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Abstract

This paper comprises a comparative study of groundwater and its preservation policy on the alluvial plains in
monsoon Asia, such as Hanoi, Mekong Delta, Ho Chi Minh and Chao Praya. The Part 1 deals with the Kanto plain in
central Japan, which has undergone groundwater hazards in earlier stage due to excessive abstraction of groundwater.
Consequently the measures and policies to mitigate the hazards have been expedited for long term. Such procedure and
framework of the experiences are historically integrated from the viewpoints of geohydrology, groundwater use, hazards
and preservation. A final outcome of the paper aims to propose a sustainable management policy scenario of groundwater
resources applicable to the other Asian plains in future, though regional conditions are precisely contemplated later.

Key words : monsoon Asia, alluvial plain, Kanto plain, groundwater hazard, regulations, preservation policy
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Fig. 1 Abstraction of Natural Gas Contained Brackish
Groundwater in Tokyo
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Fig. 2 Accumulative Land Subsidence at Representative Areas in
Japanin 20" Century

AR T ERERRAERKRE LT, #IFKEFHETS
ORI ENRTE 7, BAIBENRLE, EEERICEDIT
REFE L L CEZHATE R, 20 HHRICA-> TEEOHF
FEICEKHERZEA L, HTFARZBEAICTIAL &I,
LA UM EEH TRk EOBARERHER RS, FELRL
HHEOGIHIZ - T - HRE T ED CIIg R\ IS
WicHEZ, FREIWCHR~ASD L5 e B % L,

BT CITHARIE FTARE Lz, TRBNEWEHEICE L H
bk, BIHRRES (1928 ) Db &IZHEHE S ik
Aok BB R & h, — iR ot TR IR T 4.5m
IZRATWS, KIROHBIET AU FHEHE (1927 )
D & DFRFERIT & o TIKEAICRER S iz, Lo Uik
TS i R R PRI o e, ZHILTHOHE
I L AT AR EIEORER E Bbh, M6 L BT
HHTFAMOETIC L SR OESIC L5 L4 5
WMOELSZAERA LS,

%, HiE, KR4 T RO RO TIiEE R

DR

LHRBBLEWKET, L5 HTFAEHOBE~L A
HAb Uiz, 1960 X, FEEOHF L LI H U TR OBk
BEEE D HUF ARG AME T 3 5 125t - CHU L Fidasdic i
L, ML eoTe, EORE. 1956 FE 0 THMAKE

(1962 &) L BEY AT ROEBROBHICET 28
f# GEFRENVRKEE, 1962 )DHIEIC L » T, Hik, 4
B, KBR7e & of oM FASAKIRI S -, 3¢
ICEMEHDB Bl h T, ZHIZH TARD LIk ~D T3
RKDAKFEEE L | AR EERERIHAT 5 £ a0
STele®Thd, 1965 F15 1973 MO TR AKDENR
FOMUNL, 36.3%75 62.0%& 257 R bbabgiL
7=, HAETL T A8k F Y SR S AR B O, EEE
76 10 4%, IREH 1 RF AN a v 7 O (1973 4)
LFETH, LinL, MBI TR, fEHi s sn =B o
BE I g~ bR 2 S S b om A T & 72, &
N O ORI CIIHL S B TR NSRBI E E ), i T RO
KBl bRz, L L Lb el Blililo BEIELT
WAR TR,

EHIZRECHHBIL T EA&ICNA L TWiRWnZ L3,
1984 4E, 1988 4£. 1994 4EDIB/KFBHT T A OF] A A0
TAHE ELHYIRLETHIEBER > TWSHZ EMB EL
435 (Fig. 3)7, 8 - BREFIZEICB AR BREHKR
BANCEIRSNIZBITH AN AEFEHRATLRIL Z & #3172
bhizbtBbhs,

ZhiE, WIS E AT AR EARR ORI S LTHYICE
RTWAZ L RIMEIF LTS, L TR L THEEL
TLBEORMBE TR BEOMBTHS Z L &, #HiTAA
EBAREOKERE LTEETHD LWV ) Hind 6 HHERE
HARETHD, 2004 £ D 2em/4ELL_EOTE T #UsIT KIS
NTIEERNTFOmMEL 149 kn* 2B 5, L+LEBEES LT
RIS TR 2 2S5 AL, b EREHEL
T Hh ET M HE & B 6 #MA KK E LTHKRENTE
D, ThBRELEZEZLLATVST,

-
—

e

AM
FRITST>4cm/sE
WITST7>2em/4E

14

]

\

\
nil
\
\

T ol
el Y VAT
S e

0 |—yr

A
_ A
o l— . \"'H-., - caan SV B . V: ..... " -va

FLPIFF S PSS LS PP IS PSSP S TS

i IR

Fig. 3  Annual Change of Land Subsidence Area in Japan
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Table 2 Prefecture Ordinances and Regulations for Groundwater
Preservation in Kanto District
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Impact of Emergent Aquatic Vegetation on the Water Quality
of Ishiduchi Reservoir in Kochi Prefecture, Japan

Abdoul Nasser IBRAHIM’, Yasushi MABUCHI" and Masahiro MURAKAMI'

* Kochi University of Technology, 185 Miyanokuchi Tosayamada-cho Kami-gun Kochi, 782-8502, Japan

Abstract

The environment of water quality and aquatic plant in the Ishiduchi flood retention reservoir, which is located in the
Tochi Newtown in Nangoku city at Kochi prefecture, were examined through March 2002 to December 2004 to
prevent the eutrophication problems of shallow semi-artificial lake. The nutrient (N, P) level of the Ishiduchi
reservoir is high, while the COD is kept at low level to compare with some typical lakes in Japan, owing to 1) the
dilution effect by surface run-off from high rainfall with 2,500 mm per annum with an average hydraulic retention
time of about 3 months and 2) the extensive vegetation coverage of aquatic plants on the reservoir’s surface. The
extensive aquatic plants in the reservoir, which covers a half of water surface, could prevent the eutrophication
problems by increasing the shadow effect and absorbing the nutrients. The aquatic plant is a key element to sustain
the eco-system and water quality environment of the Ishiduchi reservoir.

Key words: Chlorophyll, Turbidity, Nutrients, Eutrophication, Regulation standards.

BEE
MARAEET =2 — & 7 NI E T 55 Lt O B S LRI TR E Y it 7o i,
2002423 8 > H20044E 12 B (22 TREBRET - AR % 5286 L=, A i, REHLBEAR
OB & i U THMEE N, P BEREWV LI H H5—F T, EM2, 500mmil B S RKEOFRBHATHH
REFIT & D CODIEAANTEN L _AITHREZ B TWS, ALMOREMEOK 3% SO TWHAKAE
HE R LRI HDT 2 WY - AT 5, KEOHOBHRICL Y HEMET oy VEER S, T42%
DRLEETHTIHBERED 0, KENICITERENPIRIBICH Y 2080 bREEIE Lo B4R

FEAERHELRESH TS,

1. INTRODUCTION

In densely populated watersheds, the streams flowing into
lakes and reservoirs commonly act as pathways for nutrient-
rich effluents. The lakes and reservoirs are sinks of pollutants
in this context. The Ishiduchi reservoir is one of such water
bodies, which is located at the center of Tochi Newtown.
Ishiduchi reservoir is the major flood retention reservoir in
Kochi Prefecture with a surface area of 25ha, which occupies
about 10% of the catchment area. The reservoir was
principally designed to protect the surrounding residences
from the recurrent floods of the Tochi River during the rainy
season. The mean water depth of the reservoir is about 2.5m.
Land use of the Ishiduchi watershed consists of urban zone of
30%, forest zone of 30%, lake zone of 10%, and others.

The reservoir’s water quality has been deteriorating by steps
since carly 1990s owing to the pollutants and sediments from
the point and non-point pollution sources in the catchment.
During the summer season, the reservoir is widely covered
with Eichhornia crassipes, a floating type of aquatic plant
known as “water hyacinth”. During winter season a huge
biomass of the dead vegetation sinks to the bottom of the

reservoir and form a thick muddy organic-rich sludge mat,
depleting the dissolved oxygen, re-suspending the nutrients,
and reducing the reservoir’s storage capacity by steps.

Kochi prefecture’s government is investigating the counter
measures to protect and/or restore the water quality and
sustain the rich ecosystem in the Ishiduchi reservoir, taking
into account the natural purification capacity of aquatic
plants in the reservoir. As part of this effort, a sound water
quality monitoring, which is indispensable to understand the
seasonal dynamics of the reservoir, is carried out from March
2002 to December 2004. Water quality parameters are COD,
T-N, T-P, turbidity, chlorophyll, and aquatic vegetation cover,
which have been monitored at 8 sampling stations in the
reservoir. This field survey aims to identify the relationship
between the purification potential of the aquatic plants and
the water quality in the reservoir.

2. THE STUDY AREA
The Ishiduchi reservoir (Fig. 1) was originally a natural pond

with an area of 5 ha having its inlet from the neighboring
mountain springs. Therefore, the nature of the reservoir can
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Fig. 1 The study area and sampling location

be viewed as a semi-artificial water body. The Tochi River
drains a surface runoff with some suspended solids and
pollutants from the catchment (see Fig. 1).

A recent study (Kameda, 2005) shows that the amount of
nutrients measured at the inlet of Ishiduchi reservoir is as low
as lmg/L for total nitrogen (T-N) and 0.0lmg/l for
phosphorus (PO4-P). These results suggest that the
eutrophication process in the reservoir is principally owing to
the nutrients accumulated in the bottom sediments with
muddy sludge.

3. MATERIAL AND METHODS

3.1. Sampling

Water samples of 544 in total were collected from the
Ishiduchi reservoir since April 2002 up to December 2004,
All the samples were collected at the water surface at less
than 20 cm depth. In case of raining event, the sampling is
carried out after a few days to avoid the dilution effect from
direct precipitation and inflow from the catchment. The water
quality was analyzed both in the field and laboratory.
Sampling stations 1 to 8 (see Fig. 1) were regularly
monitored since April 2002. Water quality parameters, which
were measured at the monitoring stations, include water
temperature (Temp. in °C), pH, Specific Conductivity
(SpCond in mS/cm), water turbidity (Turbidity in NTU),
Dissolved Oxygen (DO in mg/l), Chemical Oxygen Demand
(COD in mg/1), Total Nitrogen (T-N in mg/l) and Phosphates
(PO4-P in mg/1), as well as Chlorophyll concentration (Chl. in
pg/l).

3.2. Monitored parameters
The following water quality parameters are monitored at the

8 sampling stations in the Ishizuchi reservoir. The parameters
variation ranges over one year monitoring are shown in Fig. 3,
and their monthly average values are shown in Figs. 4 and 5.

- Water temperature, is a basic important factor in water
quality analysis because it directly influences other
parameters such as DO and BOD, and controls the spatial and
temporal distribution of phytoplankton and other aquatic
species in the ecosystem. The water temperature was directly
measured in the field using the YSI-6600 water quality
logger.

- pH of the water samples was measured in the laboratory
within maximum 1 hour after the water sampling, using a
pH-meter. Aquatic life may not be sustainable off the pH
range between 5.0 and 95.

- Dissolved Oxygen The dissolved oxygen in the reservoir is
supplied from the atmosphere, the submersible aquatic plants,
and algae through the process of photosynthesis during
daytime. The DO was measured using the YSI 5000/5100
DO meter.

- Chemical Oxygen Demand (COD) refers to the amount of
oxygen that is directly or indirectly consumed by both
organic and oxidizable inorganic compounds in the reservoir.
The COD is measured by titrimetric method with KMnO,.
The analytical method is described in standard methods in
ASTM (1981). The COD is a principal indicator of water
quality in the lake system.

- Biological Oxygen Demand (BOD) refers to the amount of
oxygen consumed by bacterial activity. The BOD is
measured by difference between the sample’s DO



concentration at the day of water sampling and the DO
concentration of the same sample after 5 days incubation at
25 C. The BOD is a principal indicator of water quality in the
rnver system.

- Total Nirtrogen and Total Phosphorus were measured by
colorimetric method using laboratory test kits. In this
procedure the sample is treated with reagents to produce a
color reaction, generally in proportion to the amount of the
measured substance (Total Nitrogen, or Total phosphorus...).
The sample’s color is then compared against color standards
representing known concentrations of the substance being
tested using a LASA 20 colorimeter.

- Total Chlorophyll is most commonly used to estimate the
phytoplankton biomass within an aquatic ecosystem. Most
reported chlorophyll-a concentrations of algac are in the
range between 1 and 2% of their dry weight (Reynolds, 1984).
The Chlorophyll measurement is usually performed by
spectrophotometry and fluorometry. The accuracy of both
methods depends on the sample solution matrix and the
equation used (Lorenzen et al., 1980; and Write et al., 1997).
An alternative method is simply to report the amount of total
chlorophyll pigments resident in a given water sample
(Golterman and Clymo, 1971). A similar approach is adopted
in this work using a water quality logger type YSI-6600 that
measures the in-situ total chlorophyll on the basis of
chlorophyll fluorescence property.

- Turbidity is an important factor that can affect the
productivity in aquatic environment (Schindler et al., 1972;
Tanner et al., 1993; Scheffer ct al., 1997). This parameter is
usually measured in the field using the secchi disk. However,
in shallow water body such as the Ishiduchi reservoir, the
bottom can be seen at a depth of less than 1 to 2m. The
secchi-depth under such condition cannot be measured at the
monitoring stations 1 to 8. The turbidity was measured
optically using the YSI-6600 water logger in this study. The
YSI-6600 turbidity sensor measures the average volume of
light scattering over a defined angular range. Both particle
size and concentration of suspended solids as well as
dissolved solids can affect the reading.

4. Results and Discussion
4.1 Water quality status of Ishiduchi reservoir

The analytical results are statistically averaged to obtain
annual mean values, which are shown in the whisker plots
(see Fig. 3) along with the maximum and minimum values
for each parameter. The water quality criteria, which are
defined by US Environmental Protection Agency (US EPA
1998; US EPA 2000), are applied for screening the data.
Water temperature, pH, and turbidity vary widely throughout
the sampling period (see Fig. 3), but generally their annual
mean values are rather homogenous. The pH parameter is
consistent with the EPA criteria for fair to good water quality,
except for monitoring stations ST1, ST6, and ST7 where the
values are higher than 8.6 (very alkaline water). Many studies
have argued that an increased algal productivity can lead to
increased pH, owing to the removal of carbon dioxide and the
production of carbonate in the water column during active
photosynthesis.

Mean water turbidity, chlorophyll concentration, and
dissolved oxygen concentration are rather low as shown in
Fig. 5. A negative correlation exists between the chlorophyll
concentration and the dissolved oxygen concentration except
for sampling station ST3.

Total Nitrogen (mg/l)

Except for STI1, the maximum values of the DO
concentration for all other stations is below 8 mg/l, the EPA
threshold value, suggesting that water in the Ishiduchi
reservoir has a fair quality.

It is generally admitted that the dissolved oxygen problems

arisc within the water column of lakes through the

decomposition of organic matter (Carney, 1999). In the case
of Ishiduchi reservoir, the excessive growth of emergent type

aquatic vegetation creates dissolved oxygen problems in 3

different ways:

(1) The collapse of the aquatic vegetation, most obviously in
winter, which places dead biomass within the water
column, exerting an oxygen demand as the decomposition
process takes place;

(2) The shading effect the emergent aquatic vegetation has on
algae at lower depths. Effectively blocking sunlight from
reaching those lower depths shifts the biological process
of the deeper algae from oxygen production to oxygen
uptake through respiration,

(3) The growth stemming from primary productivity is driven
during daylight hours by sunlight, but the resulting
biomass reverts to oxygen demanding respiration during
the night.

Fig. 2 shows a correlation between the T-N and chlorophyll

concentrations at the 8 monitoring stations in the period from

May to August. The T-N concentrations range from 1.7 to

2.13 mg/ll at sampling stations ST1 to ST8, while the

chlorophyll concentration range from 9 to 25pg/l except for

ST2 and ST3 with respective concentrations of 62 and 75ug/l.

The phytoplankton peak in the period from May to August is

accompanied by a decrease in nutrients concentration. From

this correlation, it can be argued that the major amount of T-

N is absorbed in the phytoplankton in the period from May to

July. The mineralizable fraction of the T-N which is directly

assimilated by the phytoplankton is not measured in this

study. Compared to the T-N concentration the mineralizable
nitrogen could show stronger correlation with the chlorophyll
concentrations.
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Fig. 2 Correlation between chlorophyll and T-N averaged
concentrations for the period from May to July at the
monitoring stations.
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shows a decreasing pattern of the water chlorophyll

4.2 Impact of the aquatic vegetation on water quality concentration from summer to autumn due to the extensive
' . coverage of the aquatic plants in the reservoir (see Fig. 7).
Many studies have reported the effect of aquatic vegetation The turbidity also follows the same pattern.

on the water turbidity (Canfield et al., 1985; Carpenter et al.,
1986; Skubinna et al., 1995).

Previous studies (US EPA, 1988; Tripathi et al., 1991; Gale
et al., 1993; Cooke, 1994; Droste, 1997; have shown that
naturally growing aquatic plants can remove compounds of
nitrogen, phosphorus, and other pollutants by consuming
them in the form of plant nutrients.

The Ishiduchi reservoir is principally populated by water
hyacinth (Eichhornia crassipes), and lotus. A qualitative
observation in terms of the relative gross water surface
coverage with aquatic plants was carried out in May, August,
and October as shown in Figs. 6, 7, and 8 respectively.

Table 1 shows the quantitative estimation of plant coverage
on the surface of the Ishiduchi reservoir respectively in May,
August, and October.
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Table 1 Quantitative estimation of the coverage of aquatic
vegetation on the surface of Ishiduchi reservoir

Month May August October
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Fig. 6 Aquatic vegetation cover of the Ishizuchi reservoir
A negative correlation exists between the chlorophyll in spring (May 2003)
concentrations in the water column and the emergent aquatic
vegetation cover (see Figs, 5, 6, 7 and 8). In spring season
(May) the water surface is covered with vegetation at about
70%, the concentration of chlorophyll in the water column N
rises, however no algal bloom occurs. Inversely in the iy
summer season (August) to autumn season (October) the e
proliferation of emergent aquatic vegetation reaches its -
maximum 80 to 90%, the water chlorophyll concentration o £
drops. On : |
During winter season starting early December, the dead 1234567801011120 ]
Eichhornia crassipes sinks and starts to decay on the bottom /
of the reservoir. This process accompanies by a relatively
small increase in phytoplankton biomass, though not
observed in all the monitoring stations. For instance sampling
stations ST5 and ST7 have a weak vegetation cover,
therefore the relationship cannot hold; and ST6 is located at
the outlet point of the reservoir, therefore there is a complex:
mixing at this station.
During summer season (see Fig. 5), the chlorophyll
concentration tends to decrease from August to October, =X
while the water hyacinths still cover the surface of the )
reservoir. This contrasting pattern has been observed in - o 100m
natural ponds in England and Norway (Goulder, 1969 cited @ L —
by Scheffer 1998). In the English pond, chlorophyll-a : oy oy Sl
concentrations dropped dramatically when a dense vegetation
of Ceratophyllum demersum developed during the summer. &
Similarly Mjelde and Faafeng (1997) analyzing data from 24 'ﬁ Other aquatic
Norwegian lakes, and found that the lakes with low 12 3.4.8, 67800120, plants
vegetation cover have high phytoplankton biomass
throughout the summer, while in lakes with high vegetation
cover, the phytoplankton biomass sharply decreases in Fig. 7 Aquatic vegetation cover of the Ishizuchi reservoir in
summer, when the vegetation biomass increases. Fig. 5 summer (August 2003)
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Fig. 8 Aquatic vegetation cover of the Ishizuchi reservoir
autumn (October 2003)

The annual mean concentrations of nutrients (T-N, T-P) and
chemical oxygen demand (COD) in some typical lakes and
reservoirs in Japan are shown in Table 2.

Table 2 Comparison between Ishiduchi reservoir and natural
lakes for nutrients (T-P, T-N) and COD levels

Lake/Reservoir T-P T-N COD
(mg/l) | (mg/l) | (mg/l)
Nojiri Lake 0.005 0.12 1.8
Kamafusa dam 0.015 0.63 1.9
Biwa North 0.008 0.3 2.4
Ishiduchi 0.102 3.08 2.89
Biwa South 0.019 0.4 3.1
Shinji Lake 0.047 0.56 45
Nakaumi Lake 0.063 0.61 5
Suwa Lake 0.051 0.95 6
Kasumigaura Lake 0.11 0.99 8.1
Kojima Lake 0.19 1.6 82
Inbanuma Lake 0.12 2:2 10
Teganuma Lake 0.26 3.2 14

It shows that the nutrient concentration level in the Ishiduchi
reservoir is similar to the Inbanuma and Kasumigaura, which
are typical eutrophicated lakes in Japan, However, the COD
concentration is comparable to the concentrations which are
found in oligotrophic to mesotrophic lakes such as Biwa.
The COD concentration in the Ishiduchi reservoir is kept at
low level of less than 3 mg/l, owing to the huge volume of
surface runoff from the catchment into the reservoir during
the rainy season from June to October.

I':

Other aquatic

in

5. Conclusion

Water quality status of the Ishiduchi reservoir was examined
by taking into account the influences of density and biomass
of the aquatic plants on the water quality environment. The
average physical parameters are generally found to be within
the threshold values defined by the US Environmental
Protection Agency (EPA), except for 3 sampling stations
which show a high water alkalinity exceeding the standard
criteria. Dissolved oxygen concentrations are below the
quality standards by EPA. The relative depletion of oxygen is
to be related to the intense bacterial activity for
decomposition of the dead vegetation biomass. It is found
that (1) the mean water turbidity and chlorophyll
concentrations are low, (2) the nutrients (N, P) level is high,
and (3) the COD is kept at low level to compare with some
typical lakes in Japan, owing to the dilution effect by surface
run-off from high rainfall with 2,500mm per annum, the
retention time of about 3 months, and the extensive
vegetation coverage of aquatic plants in the reservoir. The
extensive growth of emergent aquatic vegetation, which
covers more than half of the water surface, inhibits the algal
bloom in the case of the Ishiduchi storm water reservoir by
increasing the shadow effect, and absorbing the nutrients.
Therefore, the aquatic plant coverage is a key element to
sustain the eco-system and water quality environment of the
Ishiduchi reservoir. Continuous long-term water quality and
vegetation monitoring will give us more confident results in
the future. i
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A Simple Application of a Velocity Sensor based on the Doppler Effect of Ultrasonic Sound
Waves for Measurement of Discharge from Small-scale River
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2) cost spent on equipment and the settlement is low,
3) frequent and automatic measurement is available.

From above results, the hydrometry using the sensor is concluded to be worth utilizing for a long-term monitoring
system to evaluate discharge and pollution load from small-scale river located on agricultural watershed in hilly and
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[ FALX 138, opt ’\e Abstract <—| FALXHE—LF opt I
A hydrometry of small-scale river using a velocity sensor based on the Doppler effect of ultrasonic sound waves was
discussed. Cross-sectionally averaged stream velocity was estimated from velocity measured by the sensor. Then,
discharge data including storm runoff were obtained safely and accurately, by the way of multiplying the cross-sectionally
averaged stream velocity by cross-sectional area of flow estimated from water level.
In addition, the hydrometry using the sensor was revealed to have advantages as follows:
1) settlement of the sensor in a river is authorized easily,
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