ElAEHRAMRME 7657

Research Report from the National Institute for Environmental Stiudies No. 6, 1979,

R—&—'79

@*ﬁwmx%ﬁuﬁta
%JI) (o H: 9.-1;(]1)

ZrBePibsir—-

BBFISIFEE

Man Activity and Aquatic Environment
——with special references to Lake Kasumigaura .
Progress Report in 19771978

THE NATIONAL INSTITUTE FOR ENVIRONMENTAL STUDIES
- 0 0
giEr BIIONEWHRRM




.

52

cwtvﬁvﬁ%wﬁtut“@mﬁmﬁ%ﬁwm%¢%%3M%“@ézﬁétbiawr
T s e tizntz, 2hud, EafiRFisa@Esntwse, BRI oo 2y
bPeLTEYBTFTELT —vO—T, FHOZ L ONTEQHESN, EHILMESS, 4
e E LT $ 4072  AoOREFICET 2 0 AV A OHEMEY, 2henoFEs
THEEPAELTEBBELTEIZ8DTHE, 20T, CORERL ALND LD, EHD
COROUWFRICE~T & SRR, BEMCPESH, U &I 20 Th &R0l
HFF B an C L 3BT LU,

WD ARELZENANALEIEI LY, WANSLELF I —IWETHEOMS L), Bk
ErBEOEER ORI, ABPHRE - THEEL, HE2L T AR I THELCLEOT
SQVHEBLMETH 5. L b, PHCHMENZD—HOA 2/~ 10T TR E OHBELHE
RIS oo ic, BRI, by, YR, £UE, R, BiFdorkE, Ao
E, WBALGTHOMAEPRBICE IR, H20RELRY, ZUTERELEVIE
BROVBLANEIRLONT, ZORXFEL2MILTHLE2BAI, L, bhbhoifRisE

FRENEZOHBO T, Iz 4T VB3 IRT ERLNEOEEbR S,

™.

I OMERITTEEOIEME 2 E Hic B 1 £k T, EELTI978ERICITHh I
Zahf@E s LT bz s, SEOEBDIDO—20EBIC LI EEZEALLLDTHD,
BHEOHEMAEOT 2 ol 208, S 5iElBH2 O SO TIIE~OHKBEREL 120,

19798 1 B



™

-t e

IF (2 %)

1. FHIFEOH S E L & A OREL et e 1
BH it (Faovzs b —5-)

O 5y RO MEHITE & % DY HERSRFE 13 Ls Corereerssresssrressesssssessmressermsssssssssnesnsssessss 7
TR TR

3. B I AR O B LT v L ettt i e 23
OB BIEEE

F B0 = 1 1 S 33
FRE T E - AR

5‘ LUE“'?HL&BW?E% ﬁIﬁt:rﬁf%ﬁﬁ%ﬁ ...................................................................... 45
IO - MTENEE - R IEEA

6. FIRAKIEAOEZREOE A2 S OMATLIZ DU T 55
ARF O - FHOESFRL - RML S - BENGE - MARE

7. FEHFTE T M 1 BT RO KRE S AEE &30 ARG A ER e 65
MR - R o - HENEE - SH 2

. KRR THh S B DL T e e s T
LEE A - SRS - AL R

9. FERFHANI &L A8 o HOERIPREGH (7007 4 b a®ER) o 85
EMFEX - HIEEE

10, EBHFBEOEREN, S RAH » HOBERBILBBOFEY - 95
KB R - AL - TR

11, BEIEA 5 O T B AT O Q] sevvremromremrrrrmr s e e b e s e 105
FAUESFSL - KM 3 - TRk - REBRGE - MR - 3Rl

12, RO AR RIE-TICRO RIS BT —— JEIRO AGP e 115
FRLIE R - AR

13, B Bl BT BN Al eerreerorramr e e 123
FUASFRL - X

14, 70— AEFO ARG bt BT RO H B El e e 133
HUSFRL - FBEZ - A R - FHRAZ

15, F oA ET 3 KEFROFEMER & LRI EIT 3 HER o 139

BEERCR - AIETFTL



16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27

28.

29,

30.

3L

Hr BHBEABTEWINT T b OFEE L RP I cereeermrermees 155
HFIEE - KHFIEZ

B WEEAGELERY, HlA A2 FETHAY IR AN EHEH - 171
HIIFEZ - WA - B gk

o b AEEURAROERFAME 1. BMIREC L5 EEARMMO

FHF— - 5E & ENR— #BTEX - &% B - HHET -
REFR - DMUELL
WLy PR E— & AGP 12 L 3 BRBILD R -eeoereeereersrs st 203
MFHAE - [EAE - HiEkE—
GOESARERCE S 7007 4 L a DEHHEE & 2 OSBRI T 2 ~ER 213
#E - MmRIEN

TRV £ L O R I D) B TE 12D LA T rrrrresernsanrmrasnrernsssnnisssrsasinssnniennesinaessensarssness 293
RANES - MEYELE - HBERE—

B RN (a1 et AT R WS = 1 T R P PPy IOy URURRRRRIRPp 731
HEGE - BRERE

FLER | AR - ARE B — R £ RIBNIT D10 Tt iinscieaey o245
FHEER BB H . ML - AFEIE - ReRE

WENGAFHHIZE T 33 3 2 b 3 g Ve s e is e 257
FI)EE - RSFIER

AR orlmEAIIBT AMBBADY 2 2 — 2 g VIIBE BHFZE e 273
AU - FRSFRL - BH @

BRIOWRBIZ I &1 2 RBEOTENL & CICRBHIBET 3H A EET N 281
My ¥-4H &

Microcystis OFFIEIRIT & BRHEME 12 D00 Trererremme e 203
WIS IE « ZRikE—

B 1IZB T B AEENT 7 L = L T m e sintes sttt e b 303
thizis s - JLRRERE - [EREE - WIEEM

B WREROK E L E L 2RI T 5 BT —— R DR e 31
HABZ - ERRE

WY SEBRRIEE (201) —— % L EEBERE RO -reoevrrsrerremrereees 317
GRRE - ARG - hi2iEs - FNE LM

MR SRS RMIE (202) —— F2EHZEROBT s 327

HAAES - AR - BURSEER - B2 - AR L He

At




L

L. B3 o B RIHEITE T m Feveererrrerreoresme s b e 335

D UL A ETE T §veesrereesrenseiieene etk e et e 377

. 3. I FAKTHRE R oeeeveerranssnnesernrn s s b PRSP 391

,i‘ 4. FESIAEFER & ARTORBERHBRAB R (1977H7 A~1978F-8 H) wroveveeers 405

l 5. el (Fl) FMOGRREE (1977F 1 H~1978E 8 A} v, 409
i
i

i



10,

11.

12.

13.

14.

CONTENTS

Preface
M. SASA
Outline of Performed Researches and Future Prospects .o

T. GODA, Project Leader
Geomorphological Study of the Subaquatic Topographies in Lake
Kasumigaura and the Accumulation Rate
Y. UTSUNOMIYA
An Estimation of the Evaporation from Lake Kasumigaura
I. TSUCHIY A and K. SHIRAI
Flow and Mixing Characteristics in Lake Kasumigaura.--.
K. MURAOKA and T. FUKUSHIMA
A Study on Pollutant Load into the Sanno River e
H. TSUNO, K. MURAOKA and M. HOS0OMI
The Amount of Nutrient Infrow to Takahamairi Bay in Lake
Kasumigaura through Rivers -,
H. TSUNO, M, AIZAKI, A, OTSUKI, K. MURAGKA and
Y. NARATO
Field Studies on the Characterization of Ground Water Quality and
Flow Pattern in Miho Village Region oo, v
M. HOSOM!I, H. TSUNO, K. MURADOKA and T. GODA
Estlmatlon of the Amounts of Nutrients in the Fallout for Lake
Y. AMBE, Y, YOKOUCHI and A. OTSUKI
Quantitative Studies on Water Quahty in Lake Kgsumigaura by
Remote Sensing- v
Y. YASUOKA and T. MIYAZAKI
Characteristics of Eutrophication of Lake Kasumigaura in terms of
Seasonal Variations of Nutrient Concentrations in the Lake Water i,
A, OTSUKI, M. AIZAKI and T. KAWAI
Regeneration of Nutrients from the Mud of Takahamairi Bay in Lake
KASUIMHEALIA - evevenrmeverresnessemmnsvinens . e
M. AIZAKI, A, OTSUKI, T. KAWAIL, T. FUKUSHIMA
M. HOSOMI and K, MURAOKA
Studies on the Effects of Sediments on Algat Growth — Algal Growth
Potential of Sediments
M. HOSOMI and R. SUDO
Distribution of Bacteria in Lake Kasumigaura ..o
M. AIZAKT and T. KONDA
The Daily Change of Dissolved Oxygen Content in the Aquatic Plants
Zone in Microcystis Bloom e -
M. AIZAKI, T. FUKUSHIMA, A. OTSUKI and K. TEZUKA

23

33

45

65

Y

85

95

. 105

. 115

123

- 133




15.

16.

17.

20.

21.

22,

23,

24,

23.

26.

217.

28.

29.

30.

Primary Production at Takahamairi Bay in Lake Kasumigaura: Seasonal
and Summer Diurnal Changes
T.IWAKUMA and M. AIZAKI
Seasonal Change and Horizontal Distribution of Zooplankton at

Takahamairi Bay in Lake Kasumigaura e

M. MORISHITA and M, YASUNO
Distribution and Seasonal Trend of Benthos Population in Lake
Kasumigaura, with Special Reference to Chironomus plumosus and

Tokunagayusurika akamusi (Diptera: Chironomidag) -

M. YASUNO, Y. SUGAYA and T, IFAKUMA

Ecclogical Study on Fish in Lake Kasumigaura, an Eutrophicated Lake
S. KASUGA, S. ISHIL, S. YAMANE, Y. MATSUSHITA,
M. TAKANO, K. ARAI, Y. OHNUKI and T. OGAWA

Evaluation of Eutrophication Using Entropy of Discrete Information

and Algal Growth Potential -

S. TAl, M. OKADA and R. SUDO
Continuous Measurement of Chlorophyll-z by Spectro Fluorometry

and DIStribution in Lakewater oot e e

H. TSUNQ and M. HOSOMI

Cultivation of Microcystis and Red-tide-organisms oo,

0. YAGI, M. OKADA and R. SUDO

Experimental Study on Wind-Driven Current in a Shallow Lake -

K. MURAOKA and T. FUKUSHIMA
Water Quality and Hydraulic Properties in a Tidal River — The Case for
Lake Hinuma and its Tributaries -

K. MURAOKA, H. TSUNO, M. AIZAKI, K. OTSUBO and

T. FUKUSHIMA

Simulation of the Runoff for the Sanno RIVEr e v

K. MURAOKA and K. OTSUBO
Preliminary Model of Phytoplankton Growth at Takahamairi Bay
in Lake Kasumigaura
H. TSUNO, M. AIZAKI and T. GODA
Kinetic Model of Algal Growth Incorporating Intracellular Carbohydrate

and PROSPROTNS POOIS orr-tertrrmnmtomems sttt it it s et e s

H. TSUNO and T. GODA

Nutrient Absorption and Growth Characteristics of Microcystis aeruginosa

M. OKADA and R. SUDO

Integrative Model Framework for Prevention of Eutrophication o

0. NAKASUGI, Y. KITABATAKE, S. HARASHINA and M. NAITO
A Survey on the Residential Impression of the Lakeside Environment of
Kasumigaura -

Y. AOKI and §. HARASHINA
A Field Survey for Evaluating a Lakeside Environment (No, 1)

— Results of the First Survey of Lake Kasumigaura. o

139

155

171

185

203

213

223

231

245

273

281

293

303

31

317



S.HARASHINA, Y. AOKI, O. NAKASUGI and F. NIWA
31. A Field Survey for Evaluating a Lakeside Environment (No. 2) —

— Results of the Second Survey of Lake Kasumigaura --veeereiinennisimiscicinnenn 397
0. Nakasugi, Y. AOKI, H. HARASAWA, S. HARASHINA and
F. NIWA
Data
1. Limnological Data in Lake KASUIMIGAUIA «-rererermrermmemscemssissssiiossssssssisssss i 335
2 Limnological Data in Takahamairi By e s 3
3. Geophysical and Chemical Data on the Ground Water in Miho Village ---woeeeeer 391
4. Daily Evaporation Amount with Class A Pan at Yatabe (The Nationa! Institute for
Environmental Studies) and Tokyo (Japan Meteorological Agency) during the Period
from July 197? 0 AURUSE 1978 coomiror sttt st et e 405
5. Meteorological Data in the Lake Kasumigaura Area during the Period from January
1977 to August LD T8 et it b e e R 409

Vi

Itl

Ly

»




A FARAFAHE §6F (R—6-—"79)

Research Repert from the National Institute for Envirenmental Studies No. 6, 1979,

REMRDOH 5 L ESHORSD
SH B (Foyzsri-¥-)

Outline of Performed Researches and Future Prospects
Takeshi GODA, Project Leader’
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%1 Wyl COD 57

Table 1. COD in Lake Kasumigaura iR 0.5m
Sample Site
Date 1 2 3 4 5 6 7 8 9 10 11 12
1977 5/17 7.4 66 4.6 4.7 4.8 — 512 - — 4.4 5.4 -
6/29 50 57 67 69 57 48 60 59 4.9 — 52 9.9
7/25 14.4 89 99 385 49 99 7.8 7.6 83 7.8 1.7 77
9/ 8 23.4 1.0 13.4 7.4 6.2 11.5 161 4.% 4.0 4.5 3.1 3.7
10/ 5 332 45 74 7.2 85 53 94 T2 74 7.0 68 464
11/ 7 5.2 5.6 55 61 67 4.1 49 62 6§52 10.2 52 4.7
i 12/ 6 54 6.3 65 68 6.9 7.6 62 59 61 71 69 65
1978 1/20 4.1 4.2 41 3.8 4.6 4.6 22 33 42 3.4 35 4.3
2/ 7 4.6 4,9 61 3.7 41 39 36 4.1 4.8 33 3.1 4.2
3/ 7 83 51 3.4 26 27 41 1.4 1.4 26 24 19 2.0
Average 81 6.3 68 58 L7 62 63 51 53 56 53 50
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Geomorphological Study of the Subaquatic Topographies in Lake
Kasumigaura and the Accumulation Rate
Yojiro UTSUNOMIYA'

Abstract
Geomorphological investigation of the subaquatic topographies of Lake Kasumigaura

brought the following conclusions.

1) The subaquatic topographies in Lake Kasumigaura (north-eastern part of the Kanto
Plain, Central Japan) can be divided into 9 geomorphic types; littoral shelves, tidal
current ridges formed by sand accumulation or erosion, shallow troughs, spit-like
topographies, sublacustrine hills, sublacustrine gentle slopes, Sohle, sublacustrine
kettle holes, and artificial topographies. '

2) The above mentioned geomorphic types are developping in each place as shown in
figure 1.

3} Tidal current ridges, shallow troughs and spit-like topographies are mainly developping
on the littoral shelves and represent the directions of littoral, longshore and coastal
currents.

4) The directions of these currents estimated by micro-topographies are concordant with
data investgated in the fieid and have characteristic features in each Gliederung,.

5) Active erosion at the lake botiom of the sublacustrine kettle hole and accumulation on
the Sohle are presently taking place and likely to continue in the future, but the latter
is prevailing against the former, so that the accumulation rate (5.01mm/year) is
calculated in this area and compared with those for different sedimentary environ-
ments.

6)- If crustal movements and artificial deformations of the topographies are not taking
ptace in this area, accumulation will be completed in a short time (about 800 years
after) on the geological time scale and Lake Kasurigaura will be replaced by a swampy
lowland.
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Geomorphological map of Lake Kasumigaura

Legend

1 : plateau, 2 ; alluvial plain and littral shelves,3 shoreline and river,

4 I contourline, 5 ; deep, 6 ! sublacustrine hills, 7 : sublacustrine kedle holes,
8 . scarph line, ¢ ! sublacustrine gentle slope, 10: spit-like topographies,

11 I current ridges formed by sand accumulation or erosion, 12 troughs and sublacustrine
channels 13! Sohle, 14 ! Bed Rock, 15: gravel, 16 mud & mud line, 17 ! artiticial topographies
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Fig. 2 Map of the measured area and topographies of lake kasumigaura in 1948, 1960and 10000 YBP
Legend 1 ! contourline of the depth of alluvium {contour interval ! 10m)

2 : centourline of the map in 1948 (contour interval: 1m}

3 : contoutline of the map in 1960 (contour interval: 0.5m)
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Fig. 3 Direction of littoral, longshore, coastal current and sublacusirine channel deduced
from the micro-topographies of Lake Kasumigaura

Legend 1 ! Direction of current deduced from each jopography , 2 : Direction of general
current deduced from directions mentioned above. 3 I Direction of sublacustrine
channcl included in the shallow trough
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Table 1. Area, volume and annual accumnlation rate of each locality of Lake Kasumigaura

locality name Tsuchiurairi | Takahamairi Tabuse Koshin Kojiri 3 sections total

arca {1) 42.59% 23.82 8.9 78.12 14.12 129.62 167.56  (km"}

measured on the

contourline of the 1896 .46 {10"m*)
depth of alluvium {2}

measured on the
contourline of the 137.29 _— 34.31 381 .48 R — 563. 09
map in 1948 (3)

(10*m™)

measured on the

contourlines of the 145.78 74.31 36.01 363.49* 37.31 545.29 656. 91 (10*m?)
map in 1960 (4}

volume

volume of the

alluvium for 1532. 97 (10%m")
10, 000 years (5)

volume of the
alluvium f{or 12 —8.49 -_ —1.7 17.99 —_— 7.8
years (1948~60 ()

{10%m’}

average rate of the
accumulation for 1.96 (mm/y)
10,000 vyears (7)

average rate of the
accamulation for 12 —16.61

—15.92 19.19 _ 5.01 —  {mm/y)
years (1948~60) (8}

accumulation rate

annual
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Table 2. Annual accumulation rates in different sedimentary environments

EHEE A # B
H Bt Wi
{mm) [ B (m) | f£YBP i £ ] £ #
e B 1.02 [ 115 112090 AR IR BI0(1974) v
v (PRUTER | 1.14 3.5 30754180 BRI » {1974}
« (2 }11.10 0.95| 3.5 31954110 - » (1974)
R H 0.48 3.1 6500 110 5 I 2r i 75 - k(1971
” 1.03 1,15 112090 RROZAMIE AT (1971) .
R 3.57~3.60 43.95~-44.25 | 12300x230 HOIT HEELET FRr1(1974)
3.61~3.70 41.57~42.27 | 11500230 ” v ()
3.46~-3.49 40,65~40.95 [ 117504150 » v ([ #}
2.58~2 .65 40.40~41.50 | 15670+740 P v {2}
2.,49~2 .52 22, 23--22, 51 89304230 TR LA v (%}
3.51~3.54 | o | 33.17~33.47 9450350 » v (7))
4,18~4.20 'z 43,43~-43.73 | 10400140 - v e}
4,59 570 | 570 8060300 FREUR A B8 v {ow)
6.71~6.78 27.1 ~27.4 4040+ 180 +=# s {7 )
4.31 39.0 90504250 “ v #)
£.06~-9.21 112-128 139004200 iR R v {r)
1.58~1.50 22,9 ~23.20 | 145004600 & R T 1% 5y SR (1971)
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TEE 2.60 2.0 7704140 T AR i - BLER(1971)
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(4~8) — Katanuma Satake & Saijo(1978)
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An Estimation of the Evaporation from Lake Kasumigaura
Iwao TSUCHIYA! and Kunihiko SHIRAR

Abstract

The evaporation pan (class A pan) factor method based on the observation nearalake
is the most suitable method for estimation of evaporation from Lake Kasumigaura a typical
shallow lake.

The estimated evaporation amount during the period from July 1977 to August 1978
is lower than several estimations by ordinary empirical formulae for the normal year, and
the our result shows a very low evaporation in the cool and rainy 1977 summer and it
shows also a lower amount in the extremely hot and dry 1978 summer.

It is suggested that eutrophication of the lake which was accelerated in the summer
drought and decelerated in the cool and rainy summer was influenced by the evaporation
which depended on the seasonal climate.

As a countermeasure against lake eutrophication, it is first necessary to consider the
effect of the rather large year to year variation in the lake evaporation.

1. BUBIC

HMOBERBGRRORINIE, TR & 20K KDEEA, T4 b bk - &R - HA
WA CORENRVEERAVETSH S, TholIFHED I 5, BT O>VTRLFEL T
P, FBIEREETH -7,

BO LS B GAKE A2 S ORI, M AFTACHEYT IEEREEI L0, DHE
FIBBENT 2, 2OREL2LOELT, 1) AILEE (water balance method), 2} BIGIHK
(heat budget method), 3) ZERNFMMIREE (aerodynamic profile method), 4) #EBRR (empirical
evaporation formulae), 5) FtE3ERH) (evaporation pan observation) 4 EA'H 5,

Did “BAkR—BRR=FAR-FHEHEREL O&EAD Y 5, RRUSIOFRIES 5D
BELLTEHAE0T, ATHOLICEFN S ZEOMEMI TR LBEILLIERED LD H
WHETH D,
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Environmental Infermation Division, The National [nstitute for Envirenmental Studies,
P.O. Yatabe, lbaraki 300—21, Japan.



)BT A LAV F - HRRIIE LA 0T, BEMITFETRH-TE, F0OKE
CHHST AR A A VKIIZ DV TAFT A AEBIZITURETH S o, T AR O#EE
EE L IHBBRMNOFELFCHCEE IOV TERSRE L 20,

3NEHFEE L85 S R, Thornthwaite & & U'Holtzman (1942) @ HFR®, KEYPSIE&IREN 5
40 (Lumley and Panofsky, 1964) A0S M T W2 A, (MO H 2MGHRNER 552 2 H
WTh D,

DETL HOEBRE L TH,S v 5 1, “"E=f(u)(eu— Eu)”a).ﬁ:;’(\"ﬁiﬁ.é i, #ERHE(E)
HARE ENERE (ew) & —EGEDERANKERE (eg P OEIIEE (v) OMHELZRI-LOT,
Penman (1948, 1963) @ g#FIC I » TRy =2 viEdsd, L 7 (bulk aerodynamic method) &
SV B 458 (mass transfer method) & &MFER 2, wihts ¥y b o BORETZEIN
ICBCTEZ O FiE2llEbE O T, ARFHBAKHER BT 2EZERANZ LD TH-
T, BXHWOERB LG4, BOBEBRRIOBVIISVTORIEX 2+ 5TEu,

5)DIHEE BV 3 HEE, BMENO L CERLMBTH 52, EVIREIZ D0 TR R
BAELY, RETEWMO (ERARERE) ORBIIL 5T, class A pan&MHIN 3 ER4 74— b
NHLOHEMEER L L THWSRBLI AL, BOMIIHL TOMBEYS 2@EENEK (0.6—
0.8) HMEMIRA 3 2 £ 1L k> CEMEOHVWHEEA IS N3 E5108 2%, BETH, 19654
FCTRRDER20mD PRIFEFEHIEEE 3 h, REUHS CEZ120mBEO LD % class A pan
L UTHAIL T de WMOE BT Y, ohss A pan LLEOKKIERS 25 5 ORI, &
MR RIS IR A TR R T E LD 5 A (Hounam, 1973; WMO, 1976), % < & b
FBOBICOLTOEBREEEIZE class A pan OFEFEREERL LTHELRBOS LD ER
27, ‘ ’

B EEES S DERBOREEIZG, oL ) A BELEEL, 2O s lAEEARIn O BE]
ERRARMTH 2 7:0, FRES A AT2O class A pan &2 U Tl RN &8k L T 2458
BEGEE L, dhHTHOFHELEETI 2L LEEL X,

2. RESBRIOTALMERR

IR U A& 512, 1977 7 AICAEEREE & 0 COMMBRINZBGL, 1978FE 6 B 5103
VLR IE SRERS H L PP RO ER AL - T, FNFUOBRNICEEL 2, wTHEMAEZ O
DRBEBU A UHMNITOR TV BB TH 5, HRINIQETHRED AR (TTHITSW Tl
B class A pan DRABITETRELTH S5, URKBEERMNLERTI) 2R/BTOBRMEICEIET
BHALZ, 220, £FOKGLERBTHEETERME LT, AEGHHEL 3T LA FIIS
S TWAA, YO TR HICEEES L 2. 2, Sr#coSKERE EEA
Eh, EBHOAFOEKSOERRINEHER IV LD AL LD TH S,

197747 F 2 519781 8 A & TEIMNAS R, WRHRIZR L 24 (p. 405 ), HEBERKE LT,
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Fig. 1 Class A pan stations in the Lake Kasumigaura area

ARTHER (HRBTREEAFEE) &5 3EMEAORMGESRETL 2, £1EZEFRIHESHLH
BEUEGHTH 5,

3. MEARBRDHETE
KREVEHEFCLAHEH» 5RO ERBLEET 2 2D ORERME L, MEMCHL CO.6
~VBDFEHERS S L0 HA FV, &R IEH2IEWMORE (Hounam, 1973) s nr g
DO—THIH, BB L AEBOFIS>VTRIFRBECLL-TRE3EEHR S hh, B
DHERBEIZ OV TOEEEIREE NG RENETH L, ZHEENHIZ OV TORRIEET 2
HEDBHMNELLL > THHENREIRELRENFECIS5TH B, (h, EMMITHIE ST+
DFBRAZRTAFILHY, A —ARMUTENYHI—DBI LS EHKENEREFEHAZ LN
2m&320kf® 7 4 ¥ — KLl (Neusiedl) Tid, #itp#£12GG 1 —3000 (7%61.8cm, E560—68.5
em) VR EMA TEIALBEORBARESA TS (Neuwirth, 1973)0

I DEERETL 24, GG 1 — 300023831 RE AR O B Z 0 A L E AR &L 1 EF—& LT
VCADT, INERIDMEHE 2 LTMOMRKMEE A2 T L, class A pan O]l ~OREELKIL0.64
Eh B,
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Table 1. Evaporations(mm) from class A pan{observed} and Lake Kasumigaura {esiimated)

JMA, Tokyo NIES, Tsukuba | Lake Kasumigaura
(CLINO‘) (CLIND,Mito Daily mean
193160 1931—60
1977, 7 115.4  (131.9) 97.0  (133.9) 77.6 2.5
8 77.3  (141.5) 59.2  (144.6) 7.4 1.5
9 §9.0  (94.2) 67.6  (97.4) 54.1 1.8
10 64.4  (68.9) 40,0 (71,9 32.9 1.0
11 50.8  (53.6) B4 (53.7) 26.7 0.9
12 37.5 {16,8) 17.6 (49.4) 4.1 0.5
1978, 1 6.8  (51.3) 25.4  {(53.6) 203 0.7
2 4.1 (58.5) 30.0 (57.4) 24.0 0.9
3 45.5  (82.4) 59.2  {79.6) 47.4 1.5
4 74.4  (L04.1} 63.2  (105.2) 50.6 1.7
5 101.8  (120.7) 86.2 {121.7) 69.0 2.2
6 | 115.1 {108.9} 112.8  {112.6) %0.2 3.0
7 | 132.1 (131.9) 132.0  {133.9) 105.6 34
8 | 169.2 (141.5) 136.0  (144.6) 14.0 3.4
J“?;}Egz L8| 786.1 691.6 553.3
SeEfAJ§7ﬂ978 890.7 797.4 £37.9
CLINO, year | 1062.8 1081.0

# CLINO : Climatic Nermals 985C, BRI & L CI0EMOE 4 By £ 1 £ Rt
FFREELTHEY & <121931—60 # Standard Climatic Normals &
L, 0L 12H# T 5,

FBENDGOAN R L IERBREESTRIIE 22470 5OV 4 FUETHTESRD 7L F
(Flevo) #1TOME T, HAIZE A~ 5 (UrkEE50em, F220~25m) (4L T, 0.82
+0,060FH %5 2 Tv b (Keijman and Koopmans, 1973), 7 L Riid460kd TEEKIFEL 3 mT H
D, RBEAS WY& o T, K R ERIE RS £0.05mm/dDRE T 5 2 L A TELLDTH S,

A7 v FOUKEE 4 — A 2 ) 7TOGCE -3000& TiE, BIUMERAKEBTH-TL, MEDEIHE
BOHRMMKBA LELCTOOT, REOHEKERL) ED 1oL EDEV LS, HEDBE,
KEVEFEE O WK IE A RE BT A S VO T, FERORETTRMEIZS 24, WRMICAEHOHF
MES5252060T, 085HOWAMRAERLIIIRLA, T4bb, HOBBELDPOREDIIR
Hahnsz, imd2 fOBEE L5, EELERUORBOEMT 3 & & 12FH3ha {, [ED
Vb BRERROFHILEHEIKREC L30T, BrilioBal4-A )T/ { ¥V~ FLl)
ENLKEDNERIIZAEELANS,

s T TEKIR A m, TRUEF220kd (P67, Thef, JEIH38. Thet, SHESGNT 3kef, HBELE %1976)
TH), Kl OHHEREEEA AR AL, 197757 B~1978H 6 A 1 /T, G 2k T4




F2 & HEHEE (class A pan) OHEE (AR (Hounam, 19734 %)

Table 2. Monthly values of various lake to pan coefficients
Lake relative to class A pan: E./FE:

LCCATICN YEARS JAN. FEB. MAR. APRIL MAY JUNE JULY AUG. SEPT. GCT. NOV. DEC. REFERENCE
Lake Hefner 1950 0,35 0.60 0.71 0,82 0,93 0.90 1.32 1.06 Sellers{1965)
1951 0.76 0.13 0.51 0.3% 052 0,65 0.64 0,72
Lake Elsinore 3 year .82 0.63 0.68 0.66 0.68 0.77 0.74 0.78 0.87 0.93 0.97 0.95
means

Lake Okeechobee 7 year 0.77 0.69 0.73 0.84 0.82 .85 0.9 0,91 0.85 0.76 0.71 0.83 Kohler(1854)

means
Fort Collins 2 vear 060 063 0.69 D.68 0,71
maeans
Kempton Park 1959 0.53 0.53 0.65 0.% 0.64 0.70 0.68 0,93 0.80 Lapworth {1965)
1960 0,60 0.50 0.46 0,72 0.69 0.77 0.91 0.99 0,43
1961 0.54 0.46 0.63 0.49 0.71 0.66 0.90 1.42 1.15
1962 1.18 0.47 0.67 0.83 0.71 0.80 0.82 1.18 1.63
Silver Lake 1938 0600 0,59 0,52 0.58 0.59 0,73 0.A3 0.68
1939 0.66 0.76 0.8 0.60
Salion Sea™ 2 year 0.53 0.46 0.37 0.40 0.47 0,38 0.48 0.47 0.56 0.70 0.77 0.57
means
1961—62
Lake Fucumbene** 1961 0.68 SMHEA (unpub-
1962 0.73 0.81 0.8 1.17 2.04 1.49 1.15 1.20 0.61 0.69 0,48 0.72 lshed report)
1963 0.77 0,91 1.00 0.95 2.04 2.37 2.53 0.95 0.62 0.31 0.66 0.73
1964 .63 0.8
* Approximate calendar months

%% Average of two pans located at Evcumbene Dam and Wambrook were used to obtain Class A pan
evaporation {Eg)

#£3 WEO GG -3000HT &M E class A pan ZEFES O
(Neuwirth, 19734&£9)

Table 3. Evaporation totals (mm) from the GG -3000 pan and from the
class A pan during undisturbed days: their ratio;
midlake-station 1969

No. of
Month useful days GG1 -3000 Class A Raiio
May 5 25.1 33.3 0.75
June 13 50.2 493.6 (.53
July 17 79.3 119.7 0.66
August 13 61.5 88.3 0.69
September 18 46.3 77.3 0.59
QOctober 12 16.3 22.0 0.73
Totals 78 278.7 434.2 0.64

ViE2THE 2, 197789 H~1978 8 HOBAEW I {4 T H L »i25 0, uwFnditdsl 0 EER
ELTHLNEZLDENARE2E N Y (X 2, FiA, 1977) 12HNd 4 b h v, 19774
T~8HIE AR EMIKER, 19788 7 ~ 8 LM T RiE 2 PREBOTIEHETH 25, EROHE
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1. FA (1977), 2. g (R¥H), 3. 1977470 ~19784:8 A

Fig 2 Estimated monthly evaporation {nm/d) from Lake Kasumigaura
1. Univ. Ibaraki (1977), 2. Kondo {unpublished), 3. July 1977—August 1978

4, FERRPMEOHRH L SHEOEHE

F?E’J??E@_?ﬁﬂ%%& LTclass A pan A h 220121, I;E’,-'%I:%-E]T“@ﬁﬁ LTWwAEHOA
RIRRINE DHBREAVETH S5, £/, BRHOARIAES TR, BROBOBERE» L NIE
LT 20T, 20Ok BRMERNLOLESFTE TN, WHEXREOEEIARETH 5,
WMO (1976) (22D k) 2 HEHER & LT, USSR20nd # v 7 (HES5m, (R&2m, BOHET.S
emPZRTEhizBH 2) S GCI-3000 #E5E L class A pan & DA HISNEDER4BHRL TV A,
FRIZEDE, RADEI L H>THEY, L2 5 ¥ 7HBVRIERIE-BLAET S, Frill
DRfES S BT, USAODavis(38.3°N, 121.5°W, 18m) DEHO. M4IEVWLDEMET 32 & H
LTWwaIeHEZLENS,

7, FLEOEFLAL AL D RIOHER L 2BEENIYURABEREEINHEL T0d T 5L,
(#1208 A RV L2 3, COMBEARRNKEEEATED, XOBL L 3,

K

LE-’—“‘E- (K1 (1—a)—8Ty(0.56—0.078ve,) (O'I_H'?BKLL

—0.50cos¢) ] +0.35(1 —D)

(e,—0.75e4) (0,537u,40.5)
2T, LBOKOERMER, FIIERE, DRATREMBAL ARERYIIL->TA/(A+7) L &B
Eh, KLidbRCEyURE SRR SRS (Hi), o RMEH#E, S12Stefan-Bolzman
Nat, TJiTlE GEHEEK), ed Z2ORMTOKERRSN, KL EARERIIEIT 204, ¢
LA, et RENVKREFERN, w i LE 2 mTllE & 0P EE Cm/s TRILE W S, B
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Table 4 Mean evaporimeter ratios

200t =20 tank, GGI = GGI 3000 pan, Class A pan, EQ = Combination estimate
Evapor- Individual Stations All Stations
imeter . All Rainfall Conditions All Rain  Neglighle  Significam
Ratios 1 2 3 4 5 ‘ 6 7 8 9 10 11 12 13 [ Conditions  Rainfall Rainfall
Hil
EOGI — 077 1.07 0.71 0.96 0.80 0.83 0.8¢ — 0.9% 0.82 0.77 (.79 0.85 0.82 0.87
200t .
| 0.73 0.70 0.67 0.65 0,74 0.77 0.71 0.76 — 0.73 0.63 0.70 — 0.67 0.68 0.67
Class A
EQ
pr 0.89 0.94 1.33 0.75 1.05 1.11 0.8 1.16 — -1.13 0.9 0.98 1.20 0.99 0.89 1.13
EO '
GGl — 0.72 1.43 0.5¢ 1.00 0.89 0.76 0,97 0.97 1.08 0.77 0.76 0.95 0,84 0,73 0.99
EO .
————| 0.63 0.66 0.89 0.49 0,78 0.85 0.61 0.8 0.87 0.82 0.59 0.68 — 0.66 .61 0.76
Class A
Station No. of No. of months
months with negligible
No. Name Coordinates of data rain
1 GRIFFITH, M 2°S, 146" 2'E 32 15
AUSTRALIA 131m M.S.L.
2 NEW DELHI, 28 4'N, TT°1’E 24 17
INDIA 216m M.S. L.
3 STERLING, 386N, TT"3'W 27 9
U. S, A, 85m M.S.L.
4 LAKE MEAD, 36*0°N, 114°5°'W 40 35
U, 5. A. 52lm M.S.L.
5 DAVIS, 38°3°N, 121°5°W 32 20
U. S, A, 18m M.S.L.
6 ENTEBBE, 00°0'N, 32*3'E 15 0
UGANDA 1147m M.S.L.
7 TISICE, 50" 2°N, 14°3'E 35 3
CZECHOSLOVAKIA 163m M.S.L.
8 WARSZAWA, 52"2°N, 20°6°E 41 7
POLAND 98m M. S, L.
9 SZARVAS, 46°5°N, 20*3'E 56 . 22
HUNGARY 83m M.S.L.
10 VALDAI, 577 4’N, 33 2’'E 71l 40
USSR 146m M.S.L.
11 DUBOVKA, 47°2°N, 42" 4'E 27 22
USSR 91m M.S.L.
12 POONA, 18 3°N, 73 5'E 37 28
INDIA 559m M.S.L.
13 KEW, 51°3’N, 00" 2°W 48 11
ENGLAND Zm M.S. L.

WTHET A&, KL LK Litcal/en-d, LElZmn/d, esld KREEOmm, eaidmbTh 3, 25, KL/KE L
(30.209cos¢+0.52(n/N) TR EHPZHZL{TEZ, ZOBRE, AIEROARBETH Y, NI
BEMTH 3,

RS ZOBOBRR TR, BRORELLELBBEONME L REI2E-> T, £ LOMEEAH
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Lo, HEEDMIEMNRAS SV E VI 300, RO S b o RRBRRCEORBEHNEL T
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TERERELAZRTAERZ2APT253MERTVAE VL B, #II, ¥V v BICLSE
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REISBVEL VR S,
H2&RIIRUAREROHRE T, S0k v BUIEZEA, 1978FE7~8HO LY 424 DR
Wi FEORRISVTY, BRINIESEEMES ERl-/, 2R, S VEOHERXFEL »
ShELTE, BUEE LT ARETREL 5 2 VA & MO REREANEEMIINERE S 5
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Flow and Mixing Chracteristics in Lake Kasumigaura
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Abstract

Two types of field surveys were carried out during the summer of 1977 by collecting
the lake current and water quality data at ten sampling stations at Takahahairi Bay in Lake
Kasumigaura. The effect of ordinary inflow from several rivers may be negligible in
comparison to the lake current which seems to be mainly governed by wind and seiche of
period 150 minutes. From the distribution of CI", the dispersion coefficient was calculated
to be 6.3-26.0 x 10°cm?/s. Furthermore, from the time-varied characteristics of the
vertical distribution of the water temperature, the vertical diffusion coefficient was
estimated to be 3-10cm?/s for the upper layers of water, and 0.2-2.0cm? /s for water near
the lake bottom. These values indicate that mixing due to the wind driven current may be
predominant in Lake Kasumigaura.

In another field survey which was concerned with float movements at four points
distributed on the same bay in October 1978, the current in the morning with little wind
was 1-2cmfs for any water depth, while a considerably fast current of 4-10cm/s was
observed in the upper sections in the afterncon when the mean wind velocity was 4m/s.
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A Study on Pollutant Load into the Sanno River

Hiroshi Tsuno' Kohji Muraoka' and Masaaki Hosomi'

Abstract

A computation on the load of pollutants such as nitrogen, phosphorus and COD
brought to the Sanno River was performed on the basis of discharge rate and water quality
survey. It was shown that the concentrations of nutrients are high enough to cause
eutrophication, and that the most of pollutant load came from the urban area of Ishicka
City.

It is planned to relate the water quality of the S8anno River to the amount of
pollutants occuring in the basin of the Sanno River.
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{source of pellutants} {process of pollutant run-off)

- faecal matter 9 B
. domestic sewage without

faecal matter . 10 L FRinig
. industrial wastewater ) - '
. livestock wastewater 1 LR 11 Bk 20
. fertilizelti e
. nitrogen fixation SEFsT R ofe a
. precipitation and fallout 2 e L2 Rt - 3238 23
. feed in cultivation of fish

[N BT RN

3 ek e LA
9. disposal in sea

10. treatment of faecal matter - " .
11. jhokasoh (small treatment ° BRI EEEAE [ L . 8
process of fascal matter) S 21
12. sewer system and treatment i 1 - 15 L
plant g ot TR
13. treatment of industrial
wastewater 3
14. treatment of livestock LESE

wastewater 1z 23

15. agricultural land s B izt 4
16. forest  17. wasteland FRCA i
18. road and street 18

19, housing land BED 4 A pi:E2)

20, river 21. ground water
22. denitrification L

23, lake 22

L H

EErgmitaiE (flow of ipollutants)
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Fig.1 Flow of Pollutant
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Table 1. Parameters of water gquality and analitical methods
item methed
discharge propeller-typed current meter
NH,-N Phenol-hypochlorite or modified
Nessler’ s reagent method
NO,-N N-1-Naphthylethylenediamine- Sulfanilamide method
NO,-N reduction with Hydrazine Sulfate and method for
NO,-N, or Phenoldisulfonic acid method
T-N Kjeldahl method, or nitrification by oxidation
with Potassiumperoxodisulfate and method for NO,-N
PO,-P Molybdate-blue method, or mixed reagent method
proposed by EPA
T-P decomposition to PO,-P with Perchloric acid or
Potassiumperoxodisulfate and method for PO,-P
DIP . decomposition with Sulfuric acid and method for PO,-P
[} (. Mercuric thiocyanate or Silver nitrate method
CcoD - Alkali-potassium-permanganate method
DoC DOC analyzer
CQ,-C CQ,; analyzer
TOD TOD analyzer
pH pH meter
whter

temperature

thermometer
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Table 2. Daily Mean and Load of Water Quality parmeters of the Sanno River

station Kanoko | Kokubu Takahama
date |77, Nov. |77, Aug. | 77, Aug. | 77, Nov. | 78, Feb.
item 20—30 | 11—12 | 11—12 | 29—30 | 22—23
flowrate(nt /day) 3630 8290 43400 28700 29400
mg/liter 0.55 1.06 1.15 .79 1.30
NH,-N
gr/d 2000 8790 49900 22700 38200
mg/liter 0.093 | 0.12 0.066 0.15 0.032
NO,-N
gr/d 338 995 2860 4310 941
mg/liter 1.17 0.68 0.20 0.56 0. 060
NO,-N
gr/d 4250 5640 8680 16100 1764
TN mg/liter 1.89 2 .66 2.30 2.31 .83
gr/d 6860 | 22100 | 99800 | 66300 | 113000
mg/liter 0.11 0.61 0.48 0.39 0.61
PO,-P
gr/d 399 5060 2080¢ 11200 17900
mg/liter 0.41 0.62 0.58 1.57 1.99
T—P
. gr/d 1490 5140 25200 45100 58500
mg/liter 1.2 6.2
DOC
er/d 15200 178000
TOD#* mg/liter 6.4 11.0% | 20.3% | 7.0 12.1
orCOD gr/d 23200 | 91200 % | 88100% | 201000 | 336000
cabonate-C ‘ 16.4 206
mg/liter
Cl- mg/liter 94,4 47.0 25.7 .7 37.3
water Temp. T 15.2 22.8 22.6 13.9
pH 7.1-7.316.9-7.317.0-7.4 | 7.1-7.3

i, MAELUIHONH-NSLUT-POMAEE s h 5, SiBE 0TS, BBO0rg. -N,
T-PH&LUCODDAHRMBEH LT TREEEOMMAER SN 3, 2 OB ITKRRARINT 505
TLHY, WTLTL 3FHKTEEN (Sphaerotirus %) DB L AEVE ELAND, £/, NH-N
B S LURMIIEC 2 3@ REn TV S,

3.2 MEmHPOSRATL5HYE

3HMAE (1977) 12, WENHRATIZEHEFLURAFBEOF 7Y v 7Lt L -8R EE
61T T, CORLD, WENPFELL S LABZATTORMHER K ) SBECRRIRALT
WAI LA bR S,
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Fig. 6 Concentration oi Pollutants in Drains intc the Sanno River

Station | Km from the river mouth )

factory ) . N 2.02 my/liter
Y 7 6 5.1954.73 4 3 2 1 O KM NN 3,60 rg/liter

. into DI-F L.20 no/liter .
P Lake 0O 10.2 my/liter

T

i, h 3 a c b a
Load section

tem | discharge Toad [ Kg7day 1 increaso in each section (Weddav)
statl nissee | 1°H TN DT T-F  COD (scction I-N %-N NhI-p T-F COD
1 0,444 80,5 126.6 23,1 - 391
[0.0B5 a 8.3 -38.7 3,7 - -6
z 0.359 B2.2 165.3 214 - 97
(0,040 b -9 128 -1.5 - -5G
3 0.31% B4.1 152.4 22,9 4.6 463
(0,062 c 44.4 28,1 4.8 15.1 157
4 0.257 39,7 1243 18.1 28.5 306
{0.030 4 12.0 337 .0 36 96
4.73 0.227 27.7 30,6 1l.1  25.9 210
{0.038 e -17.7 18.3 -l.6 6,5 EB
5 0.183 45,4 80,3 12,7 19.4 142
(0.038 £ -21.0 0.2 0.0 23 75
5.19 0.151 66.4 B0.1 127 171 67
{0.0623 g BT 4.2 38 44 -7
L] 0.088 27.7 B9 8.9 12.7 k]
[0.026) . h 18,3 237 6.3 9.4 47
1 0.062 9.4 1.2 2.3 3.3 27
(0.004 i 17 3.5 0.4 .03 -11
1.61 0,058 5.7 8.7 2.2 .0 38
c;:mry ared] 0.056 5.6 8.6 22 L0 3 )
hiwabara | 0.002 0.08 0.1 0.00. 3
1 0.009 0.6

{1 increase of discharge

B7 @A s0lENGRAGSDaER

Fig. 7 Load of Pollutanis into the Sanno River {rom its Basin
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Table 3. Pollutant Load from the Sanno River

item discharge load (kg/d}
- note
sta tion ot /sec I-N T-N DI-P T-P COD
Kancko daily mean
0.042 6.6 6.7 0.4* 1.5 23.2
{Nov. 29-30,1977) of hourly sample
Kanoko (June) 0.067 monthly mean
(1978} (July} 0.055 16.8 20.8 5.3 5.8 of weekly sample
(Aug.) 0.044 7.4 9.8 3.8 3.9 at 10:00-11:00
{Sept.) 0.059 13.4 19.3 4.7 5.2 on Wednesday
(Det. ) 0.034 9.2 14.7 1.2 1.5
Kokubu daily mean

(Aug. 11-12,1977) 0.096 15.4 22.1 5.1* 51 91.2**

Takahama, Hinode B. : monthly mean
(1978)  (June) 0.434 of weekly sampie
. {July) 0. 420 56.5 96.4 18.4 26.0 at 11:00-12:00

(Aug.) 0.291 39.5 64.9 11.0 13.4 on Wednesday
(Sept.) 0. 386 64.5 108.8 15.0 16.0
(Oct. ) 0. 320 33.7 71.7 19.5 Z1.8

Takahama, Tokore B. daily mean

(Aug. 11-12, 1977) 0.502 61.5 99.8 20.8 25.2 B88.1"* | of hourly sample
(Nov. 29-30,1977) 0.332 43.1 #6.3 11.2 45.1 201
] (Feb. 22-23,1978) 0. 340 40.9 113.0 17.9 58.5 336

* PO-P  ** TOD

T-PTit30kg/dF2RE, + & UCOD CIE200~—300kg/AfEE TH A Z LM ENTV 3. % /2, ARNE
HTOWLT A OFEA AT L, T-NT80kg/df2RE, T-P T20kg/dfERE, # & U'COD T200kg/dFENE
ThHZLryRanTw S,
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Table 4. Daily Mean and Load of Water Quality parameters of the Koise River and the Sonobe River

v Koise Sonobe
ver (kokudo) | (ogawa)
date 77, Aug. | 77, Aug.
item 11-12 11-12
flow rate ]
 /d 231000 96800
NH,-N mg/liter 0.58 2.72
gr/d 131000 | 263000
NO,-N mg/liter 0. 040 0.32
gr/d 9240 31000
lit 0.41 0.94
NN e/lter
gr/d 94700 91000
T-N ng/lier 1.31 4,03
gr/d 303000 390000
lity 0.08 0.49
PO, P mg/liter
gr/d 18500 47400
T_p mg/liter 0.13 0.56
gr/d 30000 54200
0D mg/liter 11.0 18 .4
gr/d 2540000 1780000
Cl- mg/liter 1.2 19.6

Sanne River . Sonobe River

Q; 97000 md/day
T-N; 4.03 mg/liter
T-P; 0.56 mg/liter

ifer
iker

R; Retention time

M8 B EBRAOKEAOTNOHE (KE ] bk U1 50 CRARE £
Fig. 8 Contribution of the nutrients from. the Rivers to the Water Qualit‘y of Takahamairi
Bay in Lake Kasumigaura assuming a complete mixing of materials each area
of the Bay, I and Il
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The Amount of Nutrient Inflow to Takahamairi Bay in Lake
Kasumigaura through Rivers
Hiroshi TSUNO, Morihiro AIZAKI, Akira OTSUKIE
Kohji MURAOKA' and Yoshio NARATO

Abstract

In order to obtain he loads of nutrients flowing into Takahamairi Bay in Lake
Kasumigaura from the tributaries, the discharge rate and water quality in the Koise, Sanno
and Sonobe River have been measured.

From the data measured in June 1977 to November 1978, the following results were
obtained.
1} 1n the Koise River, the discharge rate was about 3 m%/s, and the loads of nitrogen and
phosphorus were usually 200—600 kg/d and 20—40 kg/d, respectively. Both loads and
nitrogen concentration changed with discharge rate, but the phosphorus concentration was
relatively constant or changed conversely with discharge rate.
2) In the Sanno River, the discharge rate was about 0.5 m’fs. The nitrogen load was
usually 50—200 kg/d, and both the load and concentration changed with discharge rate.
The phosphorus load was mostly in the range from 15 to 30 kg/d, and its change with
discharge rate was comparatively small.
3) In the Sonobe River, the discharge rate was about 0.8—1 m?fs. The nitrogen load was
usually 300-600 kg/d, and changed with discharge rate. But the nitrogen concentration
changed conversely with discharge rate. The phosphorus laod was usually in the range from
15 to 70 kg/d. -
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BoMobhTh, BLERREAEL , EMITIE MicrocystisitZ 2 KDFEREAFE LTI E
BEAZMBIILT, SERLCETIHELOFRLIT> TS, BNTOERRLLHEBROBHAD -6

Lo [ESAKERZERT  RHCLERHES T300-21 RIS SIRT
Water and Soil Environment Division, The National Institute for Environmental Studies, P, 0. Yatabe,
Iharaki 300-21, Japan.
2. [EAESEEA G Y
Chemistry and Physics Division, The National Institute for Environmental Studies.
3. AUNCEBCKIE  BHBELRR TI01 BOSCAT R Mk IIRET
Applicd Science Division, Tokyo Denki University, Nishiki-cho, Ckivoda-ku, Tokyo 101, Japan,
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Koise River { June 1 in 1977 to Nov. 15 in 1978 )
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Sonoke River { June 7 to Mow., 15 in 1378 )
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#1 oBLUsNE (L=a@®)

Table 1. Values of constant @ and & in equation for the relation between pollutant
load and discharge rate (L= a @)

item a b
Koise T-N 135 1.28
River 1y 82.0 1.35

T-P 1.8 1.03
PO,-P 5. 40 0.78
Sanno T-N 345 1.29
River [y 203 1.33
T-P 35.8 0.44
PO,-P 23.0 0.42
Sonobe T-N 510 0.82
River .y 440 0.87
T-P — —
PO,-P — —

L: Load (kg/day}, Q: Discharge (m'/scc)
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Field Studies on the Characterization of Ground Water Quality
and Flow Pattern in Mihe Village Region
Masaaki HOSOMIL,' Hiroshi TSUNO," Kohji MURAQKA!
and Takeshi GODA'

Abstract
From the viewpoint of the effects of ground water on lake eutrophication, the

characterization of ground water quality and its flow pattern have been discussed on the

basis of a field survey in the Miho region on the shore of Lake Kasumigaura. The number
of objective wells was 115 which were randomly located in the model region of area
14km?.

The following results were obtained:

1) The mean values of Dissolved Total Nitrogen (2.60--3.30ppm) and Dissolved Total
Phosphorus (0.16--0.21ppm) from January to August in 1978 were high enough to
stimulate lake eutrophication.

2) The ground water quality in each shallow well varied widely, and it is difficult to
interpret the distribution solely on a geological classification.

3) The range for nutrient concentrations and COD values decreased with depth. NO;-N
and COD values were extremely low in the water below a depth of 10m, and they were
suitable for differentiating shallow from deep ground water.

4) Judging from the equipotential line of ground water level and the water level in the
lake, the ground water is considered to flow from the Johso Plateau into Lake
Kasumigaura,

1. 13U

FEARBOF TR T RO ED 3EGIEAE , KEHOBE» S bEETH 24, HTADhognE
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TARPLERK - £EAKE LTRA LTSN, FIBENLE, BRRELTHNHEATILD, =
SICHF KA EREMEEEL THAL BT 20 A EZ 5N 5, ATHE,

1. E A% AHIDEBS T300-21 FHULSUEIS MesAT
Water and Soil Environment Division, The National Institute for Environmental Studies, P. O. Yatabe,
[baraki 300-21, Japan. '



LE R LERE

1 HTkE#EOEER

Fig. 1 Schematic relationship of ground mater and lake
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Table 1. Mean values of chemical components in ground water

1978 Jan, Feb. Mar. May Aug.
Water Temp.(‘C) 10.7 11.2 11.6 13.3 18.3
P H 7.1 7.1 7.1 7.1 7.1
Turbidity {(ppm) 3.6 3.7 12.2
Alkalinity (ppm) — 130 127 130 137
NH:-N{ppm) 0.05 0.07 .0 0.05 0.24
NOz~N(ppm) 0. 003 0. 003 0.018 . 0.00% 0.024
NOs-N{ppm]) 1.98 - 2,16 2.77 2. 82 2.10
D-T-N{ppm) . 2.89 2.60 3.20 3.30 2.79
Total-N (ppm} _ 3. 40 —_—
PO.-P (ppm) 0.12 0.11 0.16 0. 14 0.20
D-T-P{ppm) 0.19 0.15 0.17 0.16 0.21
Total-P (ppm) _ 0.19
Chloride (ppm) 50 49 49 49 49
COD (ppm) 2.6 2.3 2.4 2.7 2.5

2 THEN, &1 - E2BHETESHIBOBIHTHY, FHAOKEERET 2LBOHAERY
BVEEAS, IO LR, BHFOKRKIIHLT, WAVWALZRFAMIIEEEZRIEL T A
RThsrELOND,
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bhad, FFLEIERAREY, 25097 F 1, OKEHEEIDWTLEELS, 22T,
HTFAOKBICHELRIEL TWADEDOERE LT, HEMEFELN, 22T, RiIRL
P ® TN OMETE LD, GHFFOM L - BMIZE 2FFH (A7L—7), S Al RmIZN
WIFFRE (B —7), i TR OMEMIC H 2 F AR (COV—F) L1253, BREE
BOPHES X CEERSE RO, 208X 2 CR+, SAGEHNE, B, SBERLED,
ClrizonTlt, BEFROZAWETS S, D-T-NIE, BHROFFRIHMELRL, 2010
i3, BHEOME AT Lo T3, RABERESCHTATVENRNE Y, 2OZ Lot
BREEZG T2, SHFORIBEREIZOVTH IS IENTVLENH S I,
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Table 2. Ground water quality in .shallow wells classified by geological features

(78,3 A Group (33) I B Group (12) C Group (40}
' MV | s.D™ MVS | s M. V.* A

W. Temp. (T) 1.0 1.7 1.6 | L7 0.9 1.6
P H 7.0 0.5 7.1 0.7 7.1 0.5
E. C. (u/cm) 540 160 360 190 620 220
Turb. (ppm} 3.7 11.7 1.9 3.6 6.6 17.7
Alkali. (ppm) 119 67 104 58 132 68
NHa-N (ppm) 0. 06 0.22 0.01 0,02 0,05 0.19
NOz -N (ppm) 0. 003 0. 004 0. 002 0. 005 0. 047 0,235
NOs -N (ppm) 5.73 6.67 2.27 3. 68 2,31 4,64
D-T-N (ppm) 6.54 7.23 2,58 4.11 2.71 4,90
POa- P (ppm} 0,18 0.28 0.17 0.14 0.13 0.17
D-T-P (ppm) 0.18 0.31 0.17 0.13 0.13 0.17
Cl™ (ppm) 49 25 21 16 64 46
COD{ppm) 2,8 1.7 3.2 4.5 2.8 2.1

* Mean Value
%% Standand Deviation

T, JEHIZNT Y F A AR, FERELTVY, 10m LURTE, 2RUELL, A7 vEbla
{hoTwhe #3~8IIN0s-N, NH.-N, NO:z-N, D-T-P, CI', COD O#FFEI & OFHA1HE
B R OERERSE (1978 1 A~ 8 H) %757, NOs-Ni, D-T-NOKES 2 LD TwEDT, D-T
N[0S TH 54, NHa-NlE, FEHETHILIEEASERL WY, HBiHEREEE2H 5 L,
0~10m OHFETIEEIIRE L, BR300 T, MELE2TwAZEN LA S, FNHi-
Nt s H2EE81E, 10m BRETAEL, 20m LIETHE k- T3, SHNERTHE, B0t
TROBAH, BWHLTWEZEHbr 3, NOo-NIE, -850 & LAMMAL v, — BN E2ERLE
WO B, B THLEEH, BB CEMERE S 5 VW IENH -NAOBTREA £ L 44, Lifo
FERIE, 2hs OEmEEMRIRIS L2608, 30 ERFKY £ NEOKRTHLEZ 1283
bosbELON. Sk BFEAYOEB L LRI THBENES I,

£ 7D-T-PREL R B3I 2NTETFGL A 2EAHIH 54, 10m LR L 30m LISROBYE i 2 47K
E{ ATV, NHoe-NETE, 8 HICIZEB T ROSFHIL T, CridiEd 4220 T,
B+ AMEA H B, CODIE, 10m LURTARBICEDLL, STy bha{ kb, £/1:CI°, COD&
L, FMENLE, 2FORSNEY,

F01E, BARHSATHZWRES (EAEZ10m ki) &, EHshTOARER, EHan
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DEEREFLTwd, S17M—TLE2 7L -7, FHETAE, BELCODLIMIAE



#3 AR EONO,-N&E (ppm)
Table 3. NOs-N concentration (ppm) in the wells with different depth
Well depth (1978) JAN. FEB. MAR. MAY AUG.
M. V. 2. 46 2.63 3.45 3.37 2 .67
(—~10m
S. D (3.85) {3.95) {5.31) (5.47) {4.64)
M. V. 0.40 0.41 0.48 0.30 0.34
10~20m
5. D. (0.94) (1.00) (1.18) (0.73) (0.78)
M. V. 0.63 0.60 0.46 0.60 0.23
20~30m
S, 0. (1.32) (1.25) £1.11) {147 {0.5%)
" M. V. 0.36 0.39 0.33 0.32 0.32
m
S. D 0.97 (0.97) (0.90) {0.88) (0.77)
#4  HFERTEDONH,-NEE (ppm)
Table 4. NHs-N concentration (ppm) in the wells with different depth
Weli Depth (1978) JAN. | FEB. { MAR. } MAY AUG.
M. 0.05 0.06 0.05 0.05 0.33
0~10m
S, D (0.24) {0.30) (0.20) (0.20) {0.90)
M. V. 0.07 0.08 0.05 0.07 0.06
10~20m
S. D. {0.12) {0.10) (0.09} (0.09) (0.10}
M. V. 0.01 0.4 0.01 0.02 0.02
20~30m
S. D {0.03) {0.05) (0.02) (0.03) {0.05)
M. V. 0.07 0.06 0.04 0.04 0.06
30m~
S. D {0.06) L {0.06) (0.05) (0.04) (0.05)
#5 HAFEIELDONO-NBE (ppm)
Table 5. NOz2-N concentration {ppm) in the wells with different depth
Well Depth (1978) JAN. FEB. MAR. MAY AUC.
010 M V. 0. 002 0. 003 0.024 0.011 0.041
~iJm
S. D. (0. 010) {0. 004) (0. 165) (0, 027) (0. 131)
M. V. trace 0. 002 0. 001 0. 002 0. 002
10~20m
S. D. (—) (0. 003) {0. 001) {0. 002) {0. 003)
M. V. 0. 006 0. 002 0. 001 0. 005 0. 002
S. D. {0.014) {0. 001) (0. 001) (0. 013) (0. 011)
M. V. 0. 004 0. 003 0. 004 0, 004 0.011
0 —
S0m | SD (0. 009) (0. 002) {0.011) {0.010) {0.030)




%6 HFEEZLOD-T-Pi/E (ppm)
Table 6. Dissolved-Total-Phosphorus concentration (ppm) in the wells with different depth

Well Depth (1978) JAN. FEB. MAR. MAY. AUG.
N M. V. 0.7 0.14 .16 0.16 0.22
0~10m S. D. (0.25) (0.20) (0.23) 0.27) (0.32)

M. V. 0.10 0.08 0.10 0.00 0.09
10~20m

s, D. {0.05) (0.06) (0.07) 0.07) (0.06)

M. V. 0.23 0.24 0.15 0.16 0.24
20~ Dm

S. D. {0.15) {0.31) {0.11) {013 {0.20)

M. V. 0.24 .20 0.21 0.19 0.22
30m= S, D. (0.32) (0.25) 027 0.2.) (0.31)

F#7 WHFEITELOCIEE (ppm)

Table 7. CI” concentration (ppm) in the wells with different depth

Well Depth {1978) JAN. FEB. MAR. MAY AUG.

M. V. 52 53 51 52

0 ~10m %
S. D. {37) (39) (38 (46) (32)
M. V. 55 4 51 49 53

10~20m
S. D {48) (26) {43} (39) {51)
M. V. 40 34 40 39

20~30m 38
S. D (33) (28) (35) (31) (29)
M. V. 1 37 39. 36 44

30m~
S. D, (38) (38) {38) (33) (55)

#£8 JFFIEZT L OCODIEE (ppm)
Table 8. COD concentration (ppm} in the wells with different depth

Well Depth (1978) JAN. FEB. MAR. MAY AUG.
. V. 3.3 2.9 2.9 3.3 34
0 ~10m
S. D (3.3) (2.9 (2. 4) (2.6 (3.5)
M. V. 0.9 0.9 1.0 1.3 0.7
10~2Z0m
S, D (0.2) 0.7 (0. 4) (0.6) (0.4)
M, V. 0.7 1.1 1.2 0.9 0.5
20~30m
S. D. {0.5) .7 (0.6) {0.4) {0.5)
M. V. 1.1 0.7 0.9 1.2 1.0
30m~ -
S, D (1.3) (1.3) (1.4) {1.2} {1.0)




F#9 HEIENh 33 70— TOMTRKE DT

Tadle 9. Mean values of chemical components in ground water of the

three groups for discriminant analysis

! 1 Group(63)* 2 Group(15)* 3 Group(27)* ‘
Shallow G. W. Shallow G. W, Shallow G.W.
Unused Used Used
Turb. {ppm) 6.1 1.1 0.1
Allkali, (ppm) 128 113 123 "
NH:-N (ppm) 0.05 0.02 0.04
NO:-N (ppm) 3.5 5.6 0.35
PO:-P (ppm) 0.16 0.13 0.14
CI” (ppm) 57 49 31
COD {ppm} 3.1 1.8 0.7

% sample number

:I‘able 10.

#10 P O

Results of discriminant analysis

Mahalanobis Distance

Significant factor
for discrimination

1 Group - 2 Group 0.4 —
1 G[‘Oup - 3 Gr()up 2.34% NO:&'N', coD* -
2 Group - 3 Group 5.57* NQs-N*. COD*

% significant 95%
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Fig. 7 Equipotential line of ground water level in May 1978
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Fig. 8 Equipotential line of ground water level in August 1978.
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Fig. 9 Variation of ground water level in the selected wells
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Estimation of the Amounts of Nutrients
in the Fallout for Lake Kasumigaura
Yoshinari AMBE', Yoko YOKQUCHI' and Akira OTSUK[

Abstract

To estimate the amounts of nutrients entering the lake water directly from the
atmosphere, the concentrations of total P, NH;-N,NO,-N and NO;-N were determined for
the fallout samples collected at NIES monthly in the period from June 1977 to June 1978.

The amounts of fallout nutrients per area per month were calculated as shown in Table
1 from the amount of monthly precipitation and the concentration of the nutrients.

Assuming that these values can be applied for the whole area of Lake Kasumigaura
(Nishiura), the amounts of total phosphate and total inorganic nitrogen were estimated as
Ttonfyear and 156ton/year respectively. These values are nearly comparable to those for
the major river which flows into the lake.
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Table 1. Concentration of fallout nutrients at NIES, Tsukuba
{mm) {mg/1)

Days Precip. Jotal POs-P RH-R hOz-N HO3-N

1977 June 1 - Jume 30 30 160 0.019 0.487 0.004 0.085
July 1 -duly 1 R 123 0,002 0.53% 0.009 0.220

Aug, 1 - Aug. 31 3 297 .01 0©.281 0.004 0.063

Sept. 1 - Sept. 30 30 238 0.002> 0.165 0.012 0.074

Oct. ¥ -Nov. 1 32 45 0.018 . 0.330 0.03C 0.165

Nov. 2 = Rov. 30 29 75 0,057 0.507 0.011 0.192

Dec. 1 -Dec. 28 28 18 ¢.077 1.25 0.009 0.571

1978 Dec, 29 - Jan. 31 34 45 0.050 C.682 0.025 0.314

Feb. 1 - March 1 p2g » 0,092 0.677 0.609 0.494

March 2 - Mareh 31 30 ns G.041 0.489 0,010 0.224

Apr, 1 - May 1T 3 141 0,049 0.432 0.006 0.188

May 2-May 31 13 100 0.043 0.65% 0.008 0.334

June T =Jduly 1 731 80 0,043 0.545 0.009 0.370

E1 BTSRRI O K

Seasonal variation of the concentration of fallout nutrients

Fig. 1
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Table 2. Monthly amounts of fallout nutrients at NIES, Tsukuba

(normalized value)

TotalPd,-P yﬁfg 0,8 ] Total-#
1977 June  3.04 {3.04) 77.9 (77.9) 0.64 (0.84) 13.6 {13.6) 92.1 (92.1) {ma/m’.month}
July 1.48 {1.43) 66.3 (54.2) 1.1 (1.07) 27.) {26.2) 94.5 [31.5)
Aug.  3.27 {3.16) 77.5 (75.0) .19 (1.05) 187 {1B.1) 7.4 194.3)
Sept. 0.8 (0.48) 39.3 (39,3) 2.8 ({2.86) 17.6 (I7.6) 9.8 (59.8)
Oct. 0.88 {0.83} 16.2 {15.2) 1.47 {1.38) 8.1 ( 7.6) 25.8 {24.2)
Nov. 4.33 (4.48) 38.5 (39.8) 0.84 {0.87) 14.6 (15,1} 53.9 (55.8)
Dec. 1.23 {1.32) 20.C (21.4) 9.14 (0.15) 9.1 ( 9.8) 29.2 (31.3)
1978 Jan.  2.25 {1.99) 30.7 {(27.1) 1.13 (1.10} 14.1 {12,4) 45.9 [40,5)
Feb, 3.40 (3.52) 25.0 {25.9) 22.53 (23.31) 8.3 {18.9) 65.8 (68.1)
March 4,72 (4.72) 56,2 (S6.2) 1.15 (1.15) 25.8 (25.8) 83.2 {83.2)
April 6.91 (6.69) 60.9 (58.9) ©0.85 {0.82) 26.5 (25.7) 88.3 {B85.5)
May 4,30 (4.30) 65.9 (65.9) 0.80 (0.80) 33.4 (33.4) 103.1{100.1)
June  3.44 (3.33} 43.6 [42.2) 0.72 (5.70) 29.6 {28.7} 73.% {71.5)}
Total 39.73 618.0 35.43 256.5 909.9 (mg/me.y = Kg/kr2.y)

EfES 2 DDBTRIZAICE - THAE Y DEMET T, Total POIBEKECHL(FEILSE LA
FTRmVYHIE &0, WHEE OREIZL T L EMETE v NH-NRKA SR 1Z2 I3 TS, B2S
Hiz@mve NO-NIZOWTHEHIEEMMTLWAE S XL PEGHRATFS Y, NOs-NIZE»S
HirB TE{ OFEHCGEy. BREONSFIZOVTRPLRBIIE, SE AT THUAED
SOEFE A L DB v, 2FEIIZIETotal P& Total NIHRFHTL A SbE T, FHON/ P IE
2THIIES, RUBEWHERETRT. , WINKICHITEIHEERNT, PHFLL NI L PEBERATS 5,

-

Tatal-P : mgp/nl.manth
-

Total-p
— = — Total-n

100

Total-N: mqN/me.menth

K2 BEEHS D AMRERERTROLE

Fig. 2 Seasonal variation of the amount of fallout nutrients
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Quantitative Studies on Water Quality in Lake
Kasumigaura by Remote Sensing
Yoshifumi YASUOKA' and Tadakuni MIYAZAKT

Abstract

A quantitative method is devised for measuring water quality distribution from
remotely sensed multi-spectral images. First, the water area is extracted from the images by
utilizing spatial and spectral characteristics in order to define strictly the water area. Next,
water quality is estimated quantitatively for the extracted area using a regression model
which correlates image densities of the multi-spectral data with the ground truth data The
proposed method was applied to the measurement of the chlorophyll- concentration of
Lake Kasumigaura where there has been serious water pollution caused by eutrophication
processes. Chlorophyll-g was shown to correlate highly with the image densities of the 7-th
channel in the multi-spectral data and the distribution pattern was estimated.
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Characteristics of Eutrophication of Lake Kasumigaura in terms of

Seasonal Variations of Nutrient Concentrations in the Lake Water
Akira OTSUKI', Morihiro AIZAKI® and Takayoshi KAWAI'

Abstract

The characteristics of the eutrophication of Lake Kasumigaura, which is well known as
a hyper-eutrophic lake, have been described in terms of seasonal variations of the nutrient
concentrations in the lake.

At Station(St) 1 and 2 which were influenced by input of nutrients from polluted
streams, the major component of total inorganic nitrogen was nitrate-nitrogen during the
autumn to late spring, but during early summer to mid-autumn ammonium-nitrogen was
predominant. At St-3 and 4, ammonium-nitrogen was the major component during summer
to early winter whereas nitrate-nitrogen was the major one during late winter to mid-spring.
At St-9, the lake centre, nitrate-nitrogen was the major component during winter to spring,
but this changed to ammonium-nitrogen during summer to autumn.

Reactive phosphate was determined at each station throughout the year. During
August, the reactive phosphate concentration was from 0.1 to 0.25 mg P/1 in surface water
at St-1 to 4 where there was a massive growth of Microcystis, while nitrate-nitrogen was
absent in spite of the presence of ammonium-nitrogen. This fact suggested that the growth
of Microcystis might become nitrate-nitrogen limiting.

Since considerably high concentrations of total phosphorus (0.06—0.60 mg/l} and
total inorganic nitrogen (0.04—2.60 mg/l) were observed at St-1 to 4 thioughout the year,
it seems that the massive growth of Microcystis (Chlorophyll-2 200—800 mg/m?), leading
to the death of carp in culture nets in the lake, depends upon climatological conditions
such as the continuation of clear days for more than two weeks during the summer.
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Fig.3 Seasonal variations of concentrations of total inorganic nitrogen and reactive
phosphate-phosphorus in surface water at St-2 (A) and proportion of change
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Regeneration of Nutrients from the Mud of Takahamairi Bay in

Lake Kasumigaura
Morihiro AIZAKI', Akira OTSUKI?, Takayoshi KAWAL,
Takehiko FUKUSHIMA', Masaaki HOSOMI' and Koji MURAQKA!

Abstract

The regeneration of nutrients from the mud of Takahamairi Bay, Lake Kasumigaura
was studied and the results obtained from this study are as follows:

1. The oxidation-reduction potential (ORP) for water near the mud’s surface was
300—400mv vs NHE throughout the year. The minimum ORP was Omy in summer and
+100mv in winter in the deep part of the mud. The ORP values from the mud’s surface to a
depth of 3—-8cm were similar after strong winds. The effect of wind on agitation of the
mud seems to occur to at least a depth of 8cm.

2. The mud at st.1 at the bottom of the bay contained 4.4—4.6% carbon, 0.5%
nitrogen and 0.26—0.28% phosphorus. On the other hand, the mud at st.2’ near the center
of the bay contained $.2—5.4% carbon, 0.7% nitrogen and 0.18--0.19% phosphorus. These
values showed little seasonal change.

3. Considerable amounts of ammonium nitrogen were eluted from mud during the
summer period. The amounts were 80—85 g N/g dry mud at st.1 and 76--658 ug Nfg dry
mud at st.2". Nitrate nitrogen concentration for the lake water sometimes decreased after
treatment of the extraction, but the reason for this was not clear.

4. The agitation from trawlnets which were frequently used by fishermen, resulted in
a high regeneration rate of nutrients from the mud of Takahamairi Bay.

1. BUDIC
BrlioL ) TRCREMWTIAEIS L 3REORBEI,»ZIRELbDLEL SRS, B
5 (1977 By ial—YavHELLIVER» S22 VOROERREOERIEMIIRETSZ
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Water and Soil Enviromnental Division, The National Institute for Environmental Studies, P.O.Yatabe,
Ibaraki 300—21, Japan.

2. B AEHRRA  FHAENTE

Chemistry and Physics Division, The National Institute for Environmental Studies.
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32,5, &7

TAKAHAMAIRL

L. Kasur1GAURA

L. KASUMIGALRA

Hl TrlSEAIBTIEROBRDUA (St 1, S.2') & UES S@AETEHRS
B2 REN AR £I600mB v 7=,

Fig. 1 Sampling sites of muds in Takahamairi Bay (St. land St. 2') and experimental sites for the
trawlnettig, The net was drawn along the arrow.

LOT, TELTFHALY, " FHERZAEBTALHIIF2TYWE, 4 AORETIIEEFN 290
ST ImIZ e ORFEN R AN EHEERHRENONEXIT 7. £ 6HOBEETIZF &M
3048 ICERARL T, AAPOkBEHEBE SMEL ~o

3. BRBLUEE
|31 ERO—gER

3.1.1 B LR TENL

B ROBERIEOMBOBRIENTAPRES L > THENE A (S5AERT RO E
CENTBENZARAA Y FA—PLESVEEDLSEVDOVABETHISSAERTVED N %
MAZ LR LPEBETH I, RLYZBORCETEM A SES »OMEABENZLDLELNR
EEFT-Tal: EROBRETEMNS TMEEHRDOME, BEZOROBRILAIOMRRE, T4
ORI EER L THENIAAF - BTV AHMAROERII K> THIIHALEN TV S, R212
1977 10A30H A 5197810 H23 A ORIzSt. 1£St. 2" THRML A BROB{BERXTEV 277, XL
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S U H A TIE TR D e 123V KRG OBALIZER %38 U T300~400mVvs. NHEIZ 5 0, BEH Ot
RARZTHILiE% v (Kessel, 1978) Z & A hhot, 3 AEE IR REHEY, MFHEOE
MASXFURNTEMAEL 25, BICKEMEOREMZ L 22 (0~ 1em) TEMIERH
ﬁTLtoﬁ*ﬁ%mﬁﬁmﬁmﬁﬁﬁ?%0mVﬁ§i?LﬁTﬁ6?ﬁ%%Tu+mwﬁﬁﬁiﬁ

Eh(mv)
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UL mud surface
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(usoaq) 2 18 ‘(Puos) | }S (MTRWIRYERYRY ‘RINEGIUNSEY] ]
(wayyidap
-

K2 EROBRIEETLENMN
St. 1 (E$); A 1977.12. 6, B. 1977.12.22, C. 1978. 2.23, D. 1978. 3.23, E. 1978. 7.13,
F. 1978.10.23. -
St. 2’ (Bk48); G, 1977.10.30, H, 1978, 1.26, 1. 1978. 7.30, .J. 1978. 8.16, K. 1978. 9.20.

Fig. 2 ORP of the mud at Sts 1&2’ at Takahamairi Bay in Lake Kasumigaura ‘
S, 1 (solid}; A:'77,12, 6, B:°77,12,22, C.°78, 2,23, D:'78, 3,23, E:.'78, 7,13, F.'78,10,23
st. 2’(broken); G:'77,10,30, H:"78, 1,26, 1:'78, 7,30, J:°78, 8,16, K:°78, 9,20

LAEFLAA -k, BEODZOBMIIHAEETA LI TV AEMTHY, £F0+100mVIZE
DBEMIBEENTELL A VHEEOETAENBEEZEZ2ATHS (Kessel, 1978}, 20 & 5 L84
S B THEERFA L VERIIBETVWAZLARBRTILNDTH S, BIZLAERCELSYY
Z1977F12H 6 HE22HOSL 1 LB A A S Eh 3, T4 b 512H 6 HOHIE TIHED X
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PHTCBUOETHFAS N 2008 E CIEHN3mE CRARAEBUENL2E->THN, 2O
GHEPLLASNAZ L ETRBL TV, 21978 2 A23A & 3 ABADKR L ZHH £ Tk
AREFRN TV AAFBAIHEALS T ~8cng THE VEI R, BEDOHENZOL I 2IREE
TREHREFHZZEERL TV,

3.1.2 fb#aieIR

KRFORBSR, BFEGR, ) EREELIIRT, St 1 OERITAA~4.6%DRE, 0.5%D
BRBLU0.26~0.28%0Y) v 58S, TOHMIIERMNLZEHZIRILAERE G024, 512’0
FERIE5.2~5 4% NRE, 0 6~0.T%NEEH LU, 0.18~0.19%D Y v ¥ 8%, St 1 LEERIZITE
AYERBEIARE G5, SL1ESLZOERFEKT AL, SL2OHAREFSRTHL %,
HEGRTCO2BEESVELRL 2. ) EREERBLPEE L IS 1 DA H0.08~0.09% 50
HTH-or, ZO& I ZEVIESEL 1 ATEN O OIS GEATNDEEERT T VAT -
ZOIZE L T, St 2%EA % DEORRIGE  REEATMNOBEEZZHTIICLADIZETILD
LEZONZ D yOERANLGEVSL 1D AR 2 EGANNIT - THEIER A Y ¥ A0 L
THRRELPTOEELZRTLOLEbhb, $-REFIVEEESRISL 2 TRV I ERT4H2E
D777 b v HFSL 2" DFHCHRET 2B %<, Sul TIREIBROBERMH £ AREL TV
ANTEHGZuHLBRENS, BE FIISL I THEELBMLN T -LHEETELENIEL A LT,
MKOERZEDHIZ L » THLMSATLZ Y, BRIDFIELEALRBL 2V, 20X ) 12 HERERE

£ St)lELUSL 2B ZERDODRE, BHEHLIP) R

Tadle 1. Carbon, nitrogen and phosphorus contents it muds which were
collected at St.1 and Si. 2" in Takahamairi Bay

Date Sl St 27
Carbon  Nitrogen C/N  phosphorus Carbon  Nitrogen C/N  phosphorus
(%) (%) (%) (%) (%) (%)
1977
26, Oct. 4.5 0.5 8.5 2.7 5.4 0.7 8.3 1.9
24, Nov, 4.5 0.5 9.2 2.7 5.5 0.7 8.4 1.8
21, Dec. 4.6 0.5 9.2 2. 5.5 0.7 8 1.8
1978
26, lan. 4.6 0.5 9.2 2.8 5.4 0.7 8.2 1.8
22, Feb. 4.5 0.5 8.9 2.7 5.5 0.7 8.4 1.9
23, Mar. 4.6 0.5 8.8 2.6 5.5 0,7 8.2 1.9
19, Apr. 4.5 0.5 9.2 2.7 5.5 0.7 8.4 1.8
31, May 4.4 0.5 8.8 2.5 5.3 0.7 8.1 1.8
12, Jul, 4.3 0.5 8.9 2.6 5.3 0.7 8.0 1.8
14, Aeg. 4.4 0.5 9.3 2.7 5.2 0.6 8.3 —
20, Sep. 4.6 0.5 8.7 2.8 5.4 0.7 8.3 -
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BETHII b o TREDHRAALIRE-TVAZLBBREVI L TH 3,

313 RESH
AFECLIERENE LT 2EX 580, BERONENKRELZMBEL L3, St. 2 [ET 4 HIZIR
LEABEBEERESHZAEL TAL, 2OEREHE2IRT, £BRCAPVRTHFEVWHRIIE

#2 EWREOKNEST, REHESH 2°KHE TIRIRL 72,

Table 2. Particle size of mud collected near St 2°

> 2 mm 2 mm— 1 mm 1mm—500z  500u—250z  2504—110g  110u—40u 40>

cm % % % % %
0—1 % 0.4 5.3 3.0 22,5 68.9
1—3 % 0.5 2.0 5.2 3.2 16.6 68.6
3—5 0.9 2.0 3.3 12.0 2.0 30.9 48.8
5—9 0.7 3.1 2.6 5.2 5.4 35.6 47.8
9-13 . 0.5 0.7 6.4 2.5 17.2 72.7

R0~ 3emTid, H90% 1100l T ORTFTHD, FRI240uLL FOH A VBT 5 8970% & EH T Vs,
IOZEREBFIEVVAFTAILIN BATRTVWAEZILEBRIT AL EBhNA, BBO4OU
UFORFOREERIIM5 A% TH), RLEOREREE L ALBETH-%0 Jend DEVIED
ISR IE L B R A LB AS SR TA/HRAL 2 ARESR, SRARELIEEHAR
Bt 2HI110~ 250D RIEOSS CHMMAE AL R AEMASY, ZOMSOREER
(36.3~9.9% L h & T, 1~ —t v FEVEERL -,

3.2 ERPSORREOER

3.2.1 FEEAL

#3, ZAUISL I HFLUSL2UIHEITIERD SORBEMOMEBNERELERT. HBHICH
VZERIESL 1 AHIS gATIR, St 2743 ~dgbRICRAE A S 2emE TORESTLA L VERFEYL
STV, METHEBLTEFIAZI L, Ty EoTHBIEEOBEA»ENASNEZETHE,
BISL2ZUEWTIREH2BCTT7T v E7BBEEDB RS 5 h, BEHBICII658ug/g s v I IERIC
ELEEPBRElE A, S0 1 TESL 2N TERRIZ P2 <, BT Lo TEHEICRE L THA
DBEAETTEBELH5NAN, EBITESL 2 ERBCARNT » £ THEEOEL S 5
8 H, 921380~ 8oug /g BN ARIE S N, BMMEBEZIHTFRLVERRL LT VO THA
LHEIET 30, BMEBEEIHEREETI 2L Eo T, BIHAEL SO T 2BANEL 5,
BILZOEmIISL 1 IZEWTHETH -7, RBERIMEERPICRIIRET 3 L1322 T5 <,
FEELHHBERSLE TR BREEATVIO TR VWA LERENS, HHS (1978) O#
Fiokhd, BIEATOREERILLZNE, BUBRATHOEE BN TVE, Su 1 i2ET
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Table 3. Elstion amount of nutrients from muds of St. I

Date Dry wi, NH.—N NO.—N NO,—N PO, —P
(@ before after elution before alter elution before after elution before after elution

(mg/1) {me/1)  (ug/g) (mg/1) (mg/l) (wg/m) (mg/l) (me/l) (ug/g) (mg/l) (mg/l) (Mg/g)

1977
26,0c. 571 -  — - 0032 0.038 0.5 117 051 —58 - - -
25,Nov.  3.36 0,007 0.076 9 0031 0.01% -2 109 1.06 -~ 4  0.003 0021 3

21, Dec. 4.24 0 .032 0.028 — 0,5 0014 0.004 -1 0.67 0.51 —19 0.004 0.015
1978

—

20,Sep.  4.90
27,0ct.  5.38

074 0.875 82 0.460 0372 —9 0.68 0.578 —10 0.0606  0.030 2
L9305 0,267 39 0.063 0.048 1 0.014  0.060 — 4 0.013 0.002> 1

25, Jan. 5.00 0 .014 0.058 4 0.005 0.008 3 0.46 04 —5 0.006  0.011 9.5
22, Feb, 4.38 0 .257 0.464 24 0.007 0.003 —0.5 0.40 0.3 —1 0.003  0.031 3
24, Mar, 5.26 0 .342 0.235 -—10 0.014 0.015 0.1 0.572 0.69 12 0.013  0.039 2
20, Apr. 578 0 .214 0.3l4 9 ¢.024  0.029 0.4 200 1.14  —74 0.013  0.013 ]
31, May 4.88 0 .280 0.216 — 7 0.028 0,022 0.6 0.636 0.676 4 0.024  0.036 1
12, Jul. 5.00 0 .291 0.480 19 0.002 0.002 0 0.011  0.00¢ — 0.7 - - =
15, Aug. 7.20 0 .176 1.40 85 0.002 0.002 0 0.005 0.004 — 0.1 0218 0088 —10

0

0

¥4 St2IBUARESSDEEFREROBLEOTHEL

Table 4. Elution amount of nutrients from muds of St 27

Date Dry wt. NH,—N NO,—N NO,—N PO.—P

() before after elution before after elution before after elution before after elution
g

(mg/1) (mg/l) (ug/g) (mg/l) (mg/l) (ug/e) (me/l) (mg/l) (pe/g) (wg/ly {mg/l} (ue/gl

1877
26, Oct. 3.52 - - - 0.022 0.025 4 0.007 0.14 19 - - -
25, Nov. 3.8¢ 0.0l 0.420 53 0.005 0.006 1 0,03 0,02 —1 0.003  9.015 1.6
21, Dec. 3.37  0.017  0.081 9 0.002 0,006 0.6  0.003 0.16 23 0.004  0.008 0.6
1978
25, Jan, 3.40  0.028 0.070 6 0,005 0,920 2 0.20 0.24 6 0.004 0,007 0.4
22,Feh. 3.25  0.628 0.857 35 0.006 0.007 0.2 0,18 0.21 5 nd. 0.011 1
24, Mar. 2.65 0.044 0.075 6 0.007  0.009 0.4 0.086 0,127 8 0.005  0.020 3
20, Apr. 3.70 0.343  0.443 14 0.m3 0.027 2 1.4D .33 — 9 0.007  0.032 3
31, May 4.22 0,143 0.833 82 0,029 0.032 0.4 0399 0339 —7 0.009 0.015 0.7

12, Jul. 6.08 0.103 1.027 76 0.006 0.002 —0.3 0.023- 0003 — 2 - - -
15, Aug. 3.86 0.181 5.26 658 0.002  0.002 0 0.001  0.004 0.4 0245 0,055 —25
20, Sep. 3.8 0.0%¢ 1.08 135 0,167 0,119 —86 0.033 0.031 — 0.3 0017 o©.027 1
27, Qct. 3.68 0.028 1.053 140~ 0.018 0.015 0.4 0.00 0.04 — 0.5 0010 o.002> 1

BB EMII0TC TORE TH 5 42.8~104.3ug/g + dE VI RFIIFHOATH 2o LA LENS

—HGVIET OB L D CRE T 3L M ug/g he v I EICE D, SEEES h BT

pg/g - hiZH 3 EFEL Ry, LA TAHEDHEEEEROE DAL IHEEMI L3005,
LUCRMOBEEIZLBLDTHIPBE 20 Lav, SBFUIWET24ENH2L0E8h
ha,

FEEEROBHO S SRIRFEVOE AN V) Y BOEBET, BERESLVWHFEMEECTOILT
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BEVIZ i, EE2BVTY YABIRET L2222 22K CREELEREE 2L O LR
bbb, 5%, FRABEGTTOEE» SO » OEBBBOREE22CLEFH25DEELN 5,

3.2.2 EH| 248 & 2 REEMO MR

BB ARERENFEBICRATHY), BEBERE2ESE L L-Tw5, BrlTERENT
VARIREREL H SN, ZOIBEREEBRI(GAL, BERASOEBENEHRIIKRE2HELD
DbOE LTI EMEES S BEENP 3, TORTLTFALY, {457 3, NEums kil
BET 54 IO SR Bl LEEE bR ETANF, VI AT @RS EE
Thd, BrilCEHEMOERDMD &L LT, 7AFE, 377+ 0BEARY, Fheldsd
2, BEOTY, NE, 7 I ORESASBICHEINL Ty 3 GER - #H, 1976), BH46E~S0E D #
ETIE, AW T e RS & A IERET, 25508 L, 2MEENU S %ELD TV, By
TAREEBITERNC & 5 L IEMS1F 4 A THT & ABIET, HY 7o e SigE 25934, +
O = BREHNISEFE L 5T 0B, 205 HAEE, 4 70 v FREC £ 3R> 5 ORBRERD
BHRIZODVWTHET 3, {4 ¥ Tov s @Al EEs Aho s L 0ftsh, 128—# Tith
nd. 1EDOF M THOMDEEEA5| &, SEIATIE 1 BIZ20KBOF 2BET I BOEEH10
miEET, WOELELYFOVNTED, B SEOMILRIGs alRERIBY 258 N3,
HR S RARMIAT N TERICRET 52 R FELAS ALV, 2L ASEATREL T3
MR A 208 L E L Th, BRI QLM dORBEOER,F X EhEah 5T 81281,
FRTOEHEE L OEEAIHUOM I EMsn 3 HEEL 5,

AER ZOBEFHBEN LMD HBH EqBRHEEbN 36 HI2HO 2T, 4 X7
rREELE, SL2HEDATH A6 HOEBTRSL L TEIT 72, ATET - 250 27K
FOATALIBENTHNZABTH NAELOMAPBREFME L5V T0i, —FSt 1IN A
I EALBIEBS 23264, LBBMT LT AT VREEI LA o, £ IIHEERR
FRT. BEOTOATWE A2/ 4 A TR XABIZER» 5 EE~mit CEERFOFRBERIC
BHAELZ BB SR A SNy FRICHHE A DT v T TSR T 2N N TER TS
OEDBEICLE>Tuh, HBEEELAZIBNMLTEY, 2~3B0BEEA, A0V U Y
BB SRR CAELEEA NG Ao, 6 HILT-AHE TR SuL2HET4 HitgAlx A
rEarBmsBERRBlEh e oA, SL I HETT v E7TRER & MEBEEEN T & #@8kI
H2mIZHML TV, SL2MBETIE 6 ROWETIHIT L A SHEBIEOBRPBRBIE N E 2o 127,
CONBTEIEBIIOATACRENTHORTAZ LSS, KRICERL T ARBIEEET T
WELTLESRBTha DB bhA, 22 TCAHIZBNABIT— s o RESIFIIER
1g4nn7 v ETREEOELRAHEL Thh, HEIKRESmE,{5ATILOLMGEL, E
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F#5 EgEHEICLAERYSORBEBEORFR
kit 4 A26H1390757%, 6 ALZE L300 %1217 2,

Table 5. Changes in nutrients after a draw of trawl net
25 April, after 90 min. ; 12 June, after 30 min.

Date site Depth{m) NOs—N (mg/1) NO,—N (mg/l1) NH.—N {mg/1) o—PQO,—P{mg/1}

before after before  after before after before after

25, April St 2’ 0 0.068 (D.151)  0.009 0.010 0.041 0.046 0.013 0.015
1 0.059 (0.149)  0.009 0.012 (.043 0.041 0.014 0.013
2 — 0.164 — 0.013 — 0.163 — 0.009
3 - 0.114 0.279 0.009 0.021 0.078 0,448 0.003 0.005
3.5 .096 0.285 0.009 0.022 0.048 0.483 0.003 0.004

12, June Sl 0.5 0.038 0.065 0.012 0.014 0.016 0,027 0.002> 0.002>
1 0.035 0,062 | 0.012 0.014 0.024 (.030 0.002> 0.002>
1.5 0.055 0.078 0.012 0.014 0.026 0.042 0.004 0.002>

12. June Su2’ 0.5 0.014 0.006 0.014 0.014 0.021 0.015 0.017 0.013
2 0.064 0.021 0.016 0.014 0.033 0.023 0.006 0,009

2.5 0.064 0.082 0.016 0.017 (.068 0.064 0.004 0.004

BimOEERAATIIEL ZENEE,»50.20g- L BBl F— 725 I ¥V D7 » T THREED

EHREH0.8ge T AL, ERlgAhofbdugd 7T v T TMREEMNER LA EILE 2, ZOfI
Bl EEBR A SR 2 4 AOME, Mdugiltbsid, » 2 0muETH 225 HUEIZEBS 282~

658ug & Y I HEAUE, BRLUTEHEWETELZ Y, ChenHED S ES| s MREORERBA®
BIRICERL Ty 3RBERIE, TOXREIHPBRELZBL ORPARBLTL LD EMESN S,

4. SHROBA

Dbt &b, SrflETRA2EZVERSERMARPTbA, BRAOHMIIHNLHE
Wi L UERGREESKRCEEERENTO A HIRY S 2EEMS 212 -0 BERTEEER
EhAEEEEENE SICEABERO» S ARED SMEEDAMEN AL T, ZOERLAL
ARFAERL T 26D EEZLNDS, SRIOHE,SESIXHDERIC L SRR, S OFEEHO
FEUROBF I L2 DBslEansLd, BIILAI3EROP CSAHLIUZ NI RBEMOEGI
VTR ERLRE T - ABSAT OGO, MEEHIHEE LTI L RIFLRETIH LS, 4
BIOETOHEEBELFHhETCH-TuAZITAEE 62w E-bR S, KRS, S OFRBIEEDIE
ﬁﬁ%*métmn@,éuﬁativﬁﬂﬂﬁum+%ﬁbn,a%@ﬁﬁmx%ﬁﬁmiﬂﬁ&
FEHCHEL T RE S 34D EEZHN5, T4 hbERTHER S W ARBERIZ ¥ NTK
BPAEIRLTW L s REAELY 25 hud, BETOBRMBTROMBICL > TRESFEIE
UAaeetd A<, FREZEBROMETEEBELZL 515, 22 CIEMAEWRERERDHSLHITIE
BASPOHEL T, BRFCOFTEMPES L CFBEHOSIRAELFMEL TO LT
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B rESHEABROER, S ORBEREOBERIDWTVWAVSEEA SREEME -, 20E

LIFOZ EAHEEH»IZE ST,

1) B{CRICEMIGREEE < ONG TEMEE L T300~400mv 2. NHETH Y, BHELSCIEEE

TOmv, AFTHI00mvIEETH -7, FLBEAAFRERAAZBOJHIIHZETE, S 3~ 8mDIES
FTCREAERIIE->THD, Bl TRFZOEILFES T THL A SN THEMERRL
A

2) ERHOKRE BFH LU VERIABIIL - THE YRS ERL, BROSL L EBED
PREIEVSL 2 THSL 2 D AP REERTH 1%, BESZRTH02%BEESVELRL X
Dy ERIIWICSL1IDEN0.08~0.09%mP 12 ZHEDBEEBEIE b TLIZLAEEE
Lidak, $REREFECHICETATLELZ-TED, £BH»5 3cnflEE TOFE TR
ZDE90% P10 T ORFTH Y, §70% D 40ull FORFTH - 1,

3} FEKICLIER?» S ORBEHMOMEERTCIISL 1 OERLSL 2DEETHEBRIIAE DO
EXFELN, FAFOHMNETHLRE, -2, LALRASERECET A7 v 22 THREEOER S
SOEHISEETHN, #HEIESt. | T80~85ug - N/g dry mud, St. 2" T76~658ug - N/g dry
mud TH -7, EEEEZEHARELLISTEOTIZ 64214, ZOERIEHES »TIE
Ghole ANV VEETEBMAEBLTILSbTFATES 2 AEML T s,

4) EBIEHEEEICIEVERSNCSASN, FRICH, TEBEEATIRL T 32 & IS i
iz,

5 B X ®|

RAEE - REWQY76) - & rHOBRRBCCHT ZRL, ERNETII>0 T, KRR K ERMGHAETER
&, B35, 29~43.

T Erasf - FETTRE— (1977) | EROBCETEMOMEEOWEII 2V T, BxbRyHRAREEEE, 125

Kessel, J.F.van {1978} : The relation between redox potential and denitrification in a2 water-sediment
system, Water Research, 12, 285—290.

Standard Methods (1971) ! Standard Methods for the Examination of Water and Wasie Water, 13t
edition. 1-—874, New York,

EFRE - HIISYAL - RERE— - SEEQIT) . S o ESIEAOEEIIEY SR, £HTED—10 . B SEWRITEN
e gimeE, B1 5, 80~

=MER - FIESFL - R RES - FUBEH (1978) | @1+ @12 513 2 EmSREE & HE. B KA ELE R
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Studies on the Effects of Sediments on Algal Growth
——Algal Growth Potential of Sediments——
Masaaki HOSOMI' and Ryuichi SUDO*

Abstract

The effects of sediments on algal prowth were studied using the algal assay procedure.
For the alga assay, a sediment-lakewater mixture was incubated under aerobic or anaerobic
conditions for 7 days. In eutrophic lakes, the algal growth potential (AGP) of sediments
under anaerobic conditions was ten times as high as under aerobic conditions. This results
from the phosphorus released from sediments under anaerobic conditions. In oligotrophic
lakes, the AGP of sediments both under aerobic and anaerobic conditions were small. A
nutrient spike test showed that phosphorus was the limiting nutrient.

1. U
B B TEERL R ST T 207, BKBEORATHHAEIENAT VS, BIZADDE
SPHRBIIEREA SR L ARBEEAFES L TwaEEL R TS L, 1976) . ZERBIL
WIIEwTh, EROBEL+IMFL TEArLZ 0 E, diversion (GEHET) $#EML TLFHLAM
OREABL LV EAH D (Engene B, Welch, 1977). LI Lo k912, BERBILBHEOBIE S
BAY 3 ETL, $AEKELEMBAL TV LT, BEROMEELEHEL TO BEFSHd,
EBRBECESTRTHEEOO L DL LTHRERE LD AITE L, ERFAREANUIS L ZHEEDR
B, KRR SRE .
1) S A S [ME L 223 & D SO MMATH S N A0, BORQOEFMEAIERIIRE X
NTHWIEIHIL Y, S50 HEMEIEE, SELL THEHETIZLAFEL SRS,
CCOED MBEOBEES S B E LRk X OHE EHOFHE.
2) FEEHDOVESTH S Gonyanlaxld, R—IKRBERABHETLY A LTEELT, £HE&H

1. B AKWRR A ERES T300-21  RIRECSUM AN S T
Water and Soil Environment Division, The Naticnal Insiitute for Environmental Suwdies, P. O, Yatabe,

Ibaraki 300-21, Japan.
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A2 L Twv ¢ (Donald Mark Anderson, 1978)s T3 L1 A I & &t #3E (benthic

algae ) WKBEOEERMK CHE L E5 2 3 50 2EWMOLBIG» 5 & 2R IEOFHI,

A& BEIR & DS FERIE, AHE R RN, RS RR A EATEY, TOUEDUED
ERHELT, ThThOBEBE I owTFHEL T I EEBgX #2153, 22T, AT,
Liz2nTh s —gENEETIZEN 3KEEREDTEFACEEFBAMIFGsNT, REOH
FAILEET 2.8z, MARESERE 24P 3V IBARSTTREL T, Z0FKkE#KkE LT,
RIS E R (National Eutrophication Reseanch Program, EPA, 1971) 1Z##LL T, #¥ED
WAETL T, IWROEMARALLOTH 2 MRS, 1977,

2. EREZE

1) (B Selencstrum capricornutum ¥ £ U Microcystis aeruginasé R,

2) B ERBNTHIE W, B BEE sIUERBETS RN, FEMAYS5H
REBEREFRIL, Zho&&BE LA, &b, PRSEHE, SR TRS2ZmOH AT,
bz, F N THLL THIL 72,

3} AROUUR DS S T3000~4000mg/ 1124 A & 512, IEREMAIZME, Zh420C, 3~ 7 HR
BRmbEIREMBRFTHRIEL 2, ZITOIFRHFRMTEE, 270 —% a v 27w, &AM
FELild, BEFAGEALTVZREBTH 2, 20%, ZH2045uDINVET 7405 —TiF
MU A WADALZ VT ERAIZMIL, 3fHlE L/,

4) EIAOEEE D FERIDS. capricornutum, HBHWIE, M ceruginosa H{EFE L, WTFI220T, 4000
Ix, BHIX25C, 5001x TEEAEEENGET 25 THEL 2,

5) MAHRONE STy —H Y vy ko THIE L g i & MR A 5 ik
#i (mg/l) #8H7EL, AGP{Algal Growih Potential) & L TR L 2,

6) FEHEGNMA (spke test) I NaNO,;#N & LT 1mg/l, KH,PO, 2P &L T0.1mg/lic% 3 &

CDENIL 7o % B M. aerugivosaiZil, EHIIEDTAA Img/Ni% 5 & 5 IZIFHIL £,

3. RBRER

FamErTid, DO 0mg/1BIE, BANESETIE, 0.2~ 1mg/I TRREFZFEAL TARE
BIBRGIRABICIIES Ao/, G hpH L, 6.8~84THML A, BELEET 2EIIpH £7.512
el -,

H1ICE - #BOSRET T, BIkEEREFBALT, —ERXATTHREL, 20PRII2VTO
AGPAEROAGPEMRIEIZT A, BKIRODAGPE, T8 THUHELALOLD, B850
TR LELDOFFEIPILEVAGP #RL TV, & LAKKDEDAGPIZOVTHE
BOZLFE2 5, FARGTUEEROAGCPAHBMOAGP £V £@ <, KEERMRAK, SEE
FEPRERID, FAMBEOAGPBBARBERII > TV, LA > TIRASG T CIIEEDPS
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Fig.1 Algal Growth Potential of sediments in Lake Kasumigaura using S. capricornubum
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Fig.2 Algal Growth Potential of sediments in  Lake Yunoko using §. capricornuium
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PRCRIDRFEN 2D EEZ 6N 5,
X3 IR E M. aeruginosa & L7722 2O/ HOBRET T, FREGIIEWT S, capri-
cornutum DR L FRICHBOAGP L2 L DEVWEETRL Tw AL 22 b 5, EEODAGPI,
N, P&ART LHAARD 5 N+, EDTA% Lmg/li2% 3 £ 3 2HRITL 72 & DA AbF 4 12 b
AR LN, ZOZEE, M ceruginosa DEEFAAIHET 3B N, ERYSHRIPERAZEIIL

beEZLND,
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Fig.3 Algal Growth Potential ¢f sediments in Lake Yunoko using M. aeruginosa
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R4 CEEBOBREET T, WEHEFES P Imb &, REMDPFEEL THY, EHiot
ARRBTH B, B lOKBEER, EROAGP, #BOACPUHTRLBRSASHETHRL &
LODHFEL L -T0a, A - FREFEOVTUI S TLHBOAGP LN LEE-TV 3
A SERAEROMEEBINL TV 3L VR 5. IFRALTORROAC P, A 5IPUEHE &
LA, FRAEH#H CRERIHRER L2 - T3, 25, #HBOAGPE, EE, BEEmLTL
BREDOWMA DT PUIEDONEZTT, EF - BLAOWMEARRIZZ >Twah, &30S,
capricornutum DI R HE T 200 AP IFEL TVWA L L EL SR B,

5 ImEERMOUE 2 TREMEZEFERNTH IAEAOEREL R T, BROAGCP 12, AR
GOHPFRRETRE L2240 L DEFEL LT wE, TAMEOAGP AN LIEROAGPO
HHEFGD - FRARBEOVTRIIEVTLHNL TV AZ A5, BRAREOMBAIINT 222
5. BROAGPI, BA - HFRRMEVThLEISIRERIZE > Tw 3,

6 CARRFRTHL0RNDPHFHIOHEL T T, BIROAGPIE, b T ERSEg THNEL
HEAEL BT a2, MBOAGPLELIZASWETS S, LALTNTEAISRERIZS 5
Twd, ZOZEASHEROEREMICSAAHEIEILASEEVWEEZ 5,

71, #FMOERNOBEERE, FR - RARGTTCORROAGCP 270y FLALOTH
b, BERAOHEHRLERDAGP LY, 5ECHHEHILTWAEEEL S, 48 ToalP 0%
i, Fofe L 2 BSREE £550C ¢ 1 BERSAg#LL 229, LN HCITHIL T, PO-PE L TERYT S
FHikEHwA (J.M. Andersen, 1976)

MOTOSuUKD A, 30, 1977
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Fig.5 Algal Growth Potential of sedimenis in Lake Motosuko using S. copricornutum
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Fig.6 Algal Growth Potential of sediments in Lake Chuzenjike using S. capricornutum
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Fig.7 Arelation between total phosphorus in lake sediments and AGP of sediments
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Distribution of Bacteria in Lake Kasumigaura
Morihiro AIZAKI' and Toshifumi KONDA?

Abstract

The seasonal change and distribution of total and aerobic total heterotrophic bacteria
(viable bacteria) were studied in Lake Kasumigaura. The results obtained from this study
were as follows:

1. The number of viable bacteria decreased from the bay bottom to the lake center.
The average number of viable bacteria during May 1977 to April 1978 was095-1.7 x 103
cells/ml for the stations at the bay bottom and 4—6 x 10° cells/mi at the stations in the
central part of the lake.

2. The total number of bacteria was similar for each station, and average number
during the year was 3.7—5.3 x 10° cells/ml.

3. The vertical distribution of total and viable bacteria were relatively constant.

4. The number of total and viable bacteria decreased in early summer for the growth
of Microcystis sp., but the number increased in late summer and autumn when
decomposition of the algae occurred.

5. From the above data, the factors responsible for the number variation of viable
bacteria at the bay bottom and the central part of the lake seemed to be defferent.

1. @Lrsic

B MOEFRICEL TR T I 2L OMBAFEFTHhATETHS (LE - A, 1977).L &
LAEMS, EobhThRTEABNILrshe T, FRAMHTELZVECOMUES P T S,
EHEBE LML DEELEO—2Th 5, MEHIT, SHRMEOHBCHMNER S NATBO 7
BREL L THNEBRTARELYZ A bEEDT VA LMBEN 2, MIRMEIIE-> THM - EHESN
MR EEECMEOY Y L v OOME RO EIEL TR I LR ZLT
EThH5, LALEAFGHINCIETAZn o MEROBTRESWsAIIENTRE O, MWL
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TANE DTS~ THEDEL, F OFEE A 5k 2,

3.8 B

3.1 XESH

T FER2OEMMEHTAEEIAEENTH L0, SRR - TROFENPKEA
PRENEL 5T S, @ w3 A x 5T TEiieA, i%k,ﬂﬁMA,Mb%.b$UﬁHmm5
WIS 52 EATES (M1)e205 b, ik ASHOIS R L, BRI, LT, ]
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The Daily Change of Dissolved Oxygen Content in the
Aquatic Plants Zone in Microcystis Bloom
Morihiro AIZAKI', Takehiko FUKUSHIMA!,

Akira OTSUKI® and Kazuhiko TEZUKA®

Abstract

A daily change of dissolved oxygen was observed at two stations at Takahamairi Bay in
Lake Kasumigaura during the 27th to 31th July 1978. One of the stations was located at
the floating leaf plant (Trapa sp.) zone and the other was at the pelagic zone. Dissolved
oxygen concentration greatly fluctuated at both stations, especially at the floating leaf
plant zone. The maximum values of dissolved oxygen were 13 mg/1 at the station in the
pelagic zone and 15-21 mg/1 at the station in the floating leaf plant zone. The minimum
values were 6 mg/1 at the former and 0.3—2 mg/1 at the latter. Such large fluctuations of
dissolved oxygen at the station in the floating leaf plant zone seems to be caused by the
respiration and decomposition of accumulated Microcystis spp. in the area. The results
suggest that the ecosystem of the littoral zone having floating leaf plants might have been

destroyed by decomposition of Microcystis spp. which accumulated by wind during the
summer period.
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Table 1. Comparison of the concentrations of mineral nutrients at the stations of pelagic
and littoral floating leaf plants zone

Item 27, July 28, July 29, July 31, July

L Littoral Pelagic  Littoral Pelagic Littoral Pelagic Littoral Pelagic
(23:50) (22:300  (18:00) (18:25)  (7:000 (7:300  (12:30) {(11:00)

Epi.* .

T-P (mg/1) 0.556 0.337 0.720 0.373 - - 2.20 0. 606
TD-P (mg/1) 0.133 (.043 0,168 0.136 G. 182 0. 141 0. 102 -
orth-PO,-P (mg/1) 0.085 0,056 0.126 0.095 0.157 0.082 0.073 0.193
NH,-N (mg/1) 0.049 0.037 0.049 0.045 0. 460 0.032 0. 056 0.106
NO,+NO, (mg/1) 0.013 0.004 0.024 0.005 0.018 0.003 0.003 0.003
Hypo.**

T-P {mg/1) 0.636 0.337 0.932 0. 385 - - 1.46 . 466
TD-P {mg/1) 0.134 0,103 0.112 0,140 0,193 0.126 0. 281 -

orth- PO,- P {mg/1) 0.095  0.064 0.081 (. 096 0.174 0.097 0.188 0.188
NH,-N {mg/1) 0.054 0. 058 0.086  0.072 0.470  0.181 0.047 G. 308
NO,+NO, (mE/1) 0.024  0.003 0,026 0.004 0.026  0.003 0.003  0.009

L

**Littoral zone -1™, Pelagic zone -1.5,
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BRI - -0 - IR A - KEHT - RIEER (1973) KM, 8o HEWRERE X ERAT W LE
AT, 78~148.
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Primary Production at Takahamairi Bay in Lake Kasumigaura':
Seasonal and Summer Diurnal Changes
Toshio IWAKUMA' and Morihiro AIZAKI?'

Abstract

Primary production was observed in situ monthly at Stations I and 2" at Takahamairi
Bay in Lake Kasumigaura from October 1977 to October 1978. The average net produc-
tion rate for one year was 0.32 g0, /(m? +d) for Station 1 and 0.70 for Station 2' respec-
tively. The primary production rate changed from month to month, it was lowest in
February for both Stations 1 and 2’ and highest in July and August for Stations 1 and 2
respectively. Gross production at the surface layer was lower than that at one meter depth
from January to March at Station 1 and from December to March at Station 2°, although it
was highest at the surface layer in other months. These resuits seemed to be caused by light .
inhibition or photoinhibition. o o '

- Primary production was observed at Station 1' on the 28th and 29th July 1978. The
observation was made every two hours during the daytime, and every six hours at night,
The maximum gross production rate per unit weight of chlorophyll 2 observed during this
period, when blue-green algae, especially Anabaena sp. and Microcystis sp., were dominant,
was 14.5 mgO,/(mgChla-h) at the surface layer under an illumination of 75 klux,
suggesting that the light inhibition for phytoplankton did not occur, Also, photosynthesis
could be detected in the aphotic zone.

It was found from the observations made every two hours or every six hours, that the
oxygen consumption in the dark bottles changed significantly depending on whether it was
day or night. The remarkably high consumption in the daytime was considered to be
caused by the sudden change from light to dark during the dark bottle preparation stage.

Samples were taken monthly from Stations I, 2, 4, 6 and 9 from October 1977 to
October 1978 and transported to the institute and the primary productivity was measured.
The gross production rate per unit weight of chlorophyll a4 was not significantly different
among the stations ranging from 14 to 50 mgQO,/(mgChl.z-d) inwinter and from 50 to 100
mg0,/(mgChl.g-d) in other seasons.

1. EAFEMERS SRS T300-21  FEELT0SE A2 s
Environmental Biology Division, The National Institute for Environmental Studies, P.O. Yatabe, Ibaraki
300-21, Japan.
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Water and Soil Environment Division, The National Institute for Environmental Studies.
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Fig. 2 Seasonal change in net production, gross prodiction and respiration at St 2’
Asterisk shows the weather on the first day was rain
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FEAKRDBIBIZ B 23— REEN L ERKERRIMOMWIEY, 2 I CHEE —KRERENE O

. Comparison of primary productivity of sample taken from surface water measured in situ with that measured
at an outdoor pond in the institute afier transportation

Station 1 Staton 27
Takahama-iri Institute Takahama-iri Institute
Water Chloro- Gross Respi- Gross Respi- Water Chloro- Gross Respi- Gross Respi-
temper- phyll produc- ration produc- ration temper- phyll produc- ration produc- ration
Date ature® a tion tion ature a tion tién
() (mg/m')  (g0,/ (g0,/ g0,/ (g0./ {T) g/m')  (g0./ g0,/ g0,/ (g0./
(' -d)) (m*d)) (m-d)) (m'-d}) (m’ -+ d}} (m-d))y (m'-d)) (m'-d))
October  12-13 18.2 23 - — 3.3 1.1 18.9 148 5.0 0.9 4.4 0.8
October  26-27 17.2 62 3.7 2.1 6.4 2.0 18.6 61 1.4 L 0.5 3.9 1.1
November 24-25 13.4 81 3.3 1.4 3.0 0.7 13.2 86 2.9 1.1 ', 2.0 ¢.4
December 21-22 8.5 129 3.1 1.6 1.7 0.6 9.0 99 1.4 0.7 1.6 0.7
January 26-27 3.3 29 0.9 0.3 0.9 0.6 3.9 34 1.0 6.5 0.5 0.3
February 22-23 4.9 40 1.0 0.7 1.9 0.8 4.1 35 1.1 0.6 Lo 0.3
March 23-24 9.3 88 3.0 2.1 4.1 1.5 8.8 84 3.0 1.4 3.4 1.3
April 19- 20 15.8 87 4.8 2.0 7.4 2.0 15.1 130 3.5 2.6 6.7 2.3
May 30?31 20.0 17(0m) 1.5 1.4 1.2 1.2 22.0 29(0m) 6.0 2.2 5.0 1.8
22(1mj} 90( 1 m)}
83(2m)
75(3m)
July  — 12-13 29.8 193 9.9 3.2 7.2 3.7 29.3 111 6.2 2.0 6.8 3.2
* Water temperature was measured at 0.5m deep between 11 ;00 and 13 1 00.

* * The weather on the first day was rain.




Rl I HBE R & RIRDIEE 5 RBTAS L, St. 1 TR ENFNT.5g0,/(w® - d) & 7.4g0,/
(mf - d}, St. 2" CTlk 4N Fh70gl,/(m*-d) £6.0g0,/(m*-d) 1257,

7a97 40 e ESL 2T IHNT St L TEOKNESEML 2, Tab b EEROEMIIET
AHTHETAE, S1.27 T1LHIZ3Mmg/m®, 2HBi2535meg/m’ TH-24DF8FHIZ3EFT3HBTm
mg/m® ~OEIEGEB AT L AD KL, St 1 T 2 HiZ40mg/m’ 75 7 Bk B o £E T,
GWEUL%%QNW\&mENL%%W%EEﬁLTmtoit7UD74waﬂ@ﬁﬁﬁm5H®
MOMIES e SLT CIEER, 1mKETENZAITE L U2 mg/’, St2° T3 &8 T1129
mg/m* E DAV EOO I mFE T ST EL %,%h$§mmﬁéﬁtto:@&éékiﬁﬂuoh
TSt 1 TRADHIZHANTES - 24, SL2 TLEE S 3EMEAShE P -7

3.2 EMICHUS—REEBOBRTE

A.2.1 HiEHOFRE, themis

FREAER A & R T, KBIREHEIZEEPE <, P0HOWERIZLITHORTEER
BOATRT, 30.5C (298 TEE309F, KiFE2m) A 532.6C (28H158F, AKEOHS Im) OREEH
LADHThHol, BIZZBHOIGIEAL 521 E TR 3.4 25 4.2m/s, 20HD 08D 5 THEE Tik
0.7m/s # L T108FA» S 4RFE TE 3526 5.2m/s TH-7,

KB OB AN A 1R L 2o ATA T L T b A2 SRR MR (7 A2TE &9 8
BHG6HET) (s N AMENEE 7 745, HfﬁlOtﬁ“# 5148 E AWM TEE A 1 m/s LI LD

B okl TOMBEOMTELI6Y% BREREL%) ThHLI LA L O T, S 148G E TORR
TIME: ) 2Bth July 29th July
LI I s 2 L 1
I I A B
w0’ ‘—7‘—“, i
/
PR g
:_: IOJ /
5 | 7
10

B4 197847 H2B8H H 1 U290 0 St. 17 (2 #51% 3 ZRGTTO R AP OREZE (L

Fig. 4 Change in light intensity with time a1 various depth at St. 17 on 28th and 20th July 1978
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Fig. 9 Oxygen consumption in dark bottles measured at different times after suspending at various
depth. A series of bottles (day series) was suspended at 1 p.m. on 28th July and another
series (night series) was suspended at midnight on the same day.

Solid circle indicates 0 meter deep, open circle indicates 0.5 meters deep and triangle
indicates 1.5 meters deep. Asterisk shows the night series of the experiment.
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WTHRERAITD S5 i, ,

2REI T A 6B L OEEL S, BUY L NOBMEEERII—E TR 4L, BELms THE
ICRAEZIEABGELxh, HFOBY Y AOE L VEEOEEIL, MY MO E, S
Yt Tk L | ANB R WA (A5 A I
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Resarch Report from the Naithional Institute for Environmental Studies No.6, 1979,

BIAGRACEYBBNT T 7 b OBENE kTS
HFEE - FHILZ

Seasonal Change and Horizontal Distribution of Zooplankton
at Takahamairi Bay in Lake Kasumigaura
‘Masahiko MORISHITA' and Masayuki YASUNO'

Abstract

1) The following features regarding the zooplankton distribution were reviewed: the
horizontal distribution of zooplankton and its seasonal change were studied at Takahamairi
Bay in Lake Kasumigaura from May 1977 to April 1978, In general, zooplankton was most
abundant at the innermost part of the bay and decreased gradually toward the center of
the lake. This tendency was recognized more clearly for Rotifera. However, the highest
density area of zooplankton shifted from the innermost part of the bay to the outermost
areas in September in a manner similar to that found for phytoplankten,

2) There was a seasonal prevalence of Rotifera: Asplanchna spp. and Brachionus
calycifiorus exhibited two peaks, one in June and the other in October. Other species of
Rotifera, such as Filinia longiseta and Conochiloides coenobasis showed only one peak in
June or July.

3) Bosmina fatalis was predominant in August and September when the standing crop
of zooplankton reached a maximum. Almost all zooplankton tended to decreased from the
autumn and only Copepoda could be found at a low density lebel in winter.

4) The standing crop of Cladocera correlated with water temperature, chiorophyll-,
suspended solids, and total phosphorus. There were also significant positive correlations
between the standing crop of Copepoda and these factors except for total phosphorus,
whereas no significant correlations were found for the standing crop of Rotifera and these
factors.

5) The horizontal distribution of zooplankton was studied in detail by taking samples
from gridpoint areas separatedly 1km, There was a clear difference of density for almost all
species between the inner and outer areas of the bay. Keratellz valga and Bosmina fatalis
showed an identical mosaic pattern in the distribution, suggesting that specific environ-
mental factors control the formation of the mosaic pattern.

6) The ratio of the carbon content of the zooplankton to that of phytoplankton was
approximately 0.1 at St.1, but was exceptionally high (0.3-0.5) at St.3 in July 1977,

* RGOS E H AR E (1978F7 A, FR) 1TTRKEL 2.

1. B AERAT EMRES T300-21 RREIm 2 ey
Environmental Biology Division, The National Institute for Enviropmental Studies, P.O. Yatabe,
lbareki 300-21, Japan.
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7} The species of zooplankton in 1976 and 1977 were almost the same. One
exception was Conochiloides coenobasis, which was rare in 1976, but predominant in the
sum-mer of 1977.

1. U
MBDERBICHFECREBILDO 012, BRI LERE LTHRATE L Bk h, KOEHIE
LTROEMICEEIN S5, B4 2MEFECTVS, TRIZHAT 34010, BEBOERRL
LOBWTELOMEF L SR TELY, HFROBSITECERE LMD 77y 7 v 0MEZHY,
FLVilkRIE (Likensed 1971) 2 ¥ TERTWw3, Lal, KEVELLSHS TS 7+ » O
BLREMT I 7 by, 35RO LOEMEBEOETET S A WMBEIILBELE LT
5FTH 5,

o BV TIE, HitMicrocystis AKOBEHM L, HEZBBHEI L L TV A5, koo
BT 7 by OBFRIEAS ATV, KEOTET A TORBICL A5 77 v 4
FRAOEAES, BT T 7 b ORI E DL S ICEL TV AL, F, —REFEORN
AL, 3777 b ORERPREERIE, COBREMINT A -AREE LS,

7T 7 OERBERCIOLTEREOWERF L S ATV (Goulden, 1971, Elliott,
mﬁﬁa)ﬁ%79>7hvaﬁﬁﬁwfﬁ&tbmuSHMMwﬂw%)&E&ﬁmwﬁmgit
Hall et al (1970) *°Shindler. {1971) (X EEEMIZ EERNPWICRBIEAHBAL 75 2 7 F v REE
EMOFERETANN, S OERMLEATHEVESITH S, ‘
BHHIETI2E TS 7 by OEBIILFEL (1978) T, 22T, F T Microcys-
tis AOKEEE D ZATHA, BN, s AEH TS v 7 L v BRHA A0, FOFEEMES
B, OROTHI T v 7 b v EBT 7 0 0 v OBRGEROMZIIDVTERT 3,

R ORETHFRREOHAEE L, HAROREIENRAEREE LY y—0RPIERRICE
B L, BEIZH 5 T, B AEMEFCE HEREROMSSFME B ek, o
ZTRAICEALE L B A,

2. 7 &

SBERINTF 5 HA 51978 4 H & Tithbh, HEMATSEEALSMLOZA2HT, Sul, St.2,
S5t.3, St.4, St.5 St.9IDE6EFREHIFA(HL), St.4, St.55St.9FHA 1A, Stl, St.2&
St.3ITIHA4E Q977FINALRSHIZ2H) #EET 78750 7 b viz61 O3y F—
v BIEROK & % Bl kRO 5m T30 ) ok L, BMMCTNXX 13 (4um) D73 v 7 b v dq v FTHBL
Foo CHIZANT ) VIRHEESBIER LA L IISHRML, 1 RRLEEREE S ¢ 238 B0 K—
3O(BAEHIC L 73002 5600B ) AREEL 2 BURERORE @O -8 E 2 (1977) & v
AN
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St.1l _Takahama-iri

S5t.3

Tsuchiura

X1 Byl WA

Fig.1 Map of Lake Kasumigaura showing sampling stations

W75y 7 by OAKEAHORER, 19776 6 H28H 12, BRPRENSLIESLASZFLE LT
BRI S T 2 7, BESETLCIAELETH B,

3. HEBOFENHHE

1976 L1977 B 2K 720 74 Mo BROFEHELER 2 B3 10RT,

Conochiloides coenobasisid 7 FIZSt, 1 T209R{HF/m? St ATMBRAMIIEL Tw 545, £ 04
Wi b HIZ20HFBETH 5, [MIU 2 A2 Synchaeta stylata BT 2, SLAT—F L , Cono-
chiloidesDEWSLITHEL{ Ao 50 Hh -1,

Conachilus sp. MZLALWMWT 7 v 7 by Do vd FIZHBIL, SulCREEE/M 124 3
(K4),

1

M
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1 ¢ o
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2 S et *Q
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u 0 © o
g @ °
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& qp . o o
= .
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2 19765 L 1977412813 3 S 1O KB OEREH
Fig.2 Seasonal change of water temperature{TC)} at St.1 in 1976(®) and 1977(Q)
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4 MO0z 5 Conochiloides coenobasis, Synchaeta stylata,
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Fig.4 Seasonal change in the abundance of Conochiloides coenobasis,
Synchaeta stylate and Conochilus sp. at four stations

Asplanchnaid, BIZITA brightwelli. FTFEFRICA. priodonta B E VA, FIRFIZHB T 5845
HBHNDTAsplanchna spp. L L7z SLITEHEIOHIZE, HOMIE 4R EHEVET, Se.3
TIROEAIHET2Y, MOEY-713R6h% v, St4LSu9TIRHRMFEN, 7HICEL 2 5,
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Brachionus calyciflorus & Asplanchna ST, StITRFEELKICHERED Y- 7450, 8.3,
St.4, St.9E7HIZEW({Hs5),

Filinia longiseta 1$St.1T6 HIZ13F{EF/m® 1ZEL, FIIOWMEEE V3, hOBRIER
KIZZ VDKL, Keratella valga 3 EIZBEBEOY— 2744 2(K6),

4. HAROEHNE

EEDELRFA Bosminag fatalis TSt 1TE 8 AIC10097@1E/m®, 9 A1IE30A M/ m* 1283 3
(B7)e SL3THSLILEML LI IHEEL, TA»SIHOE -7 22,7 LOBH 77 7
Pry@ 777250 TES HTALAREARDT DAL N LN, ZThHEMARIBEENALS
SROKAFFEALEADHEDR bR S, Bosminag longiresiris IFERICPEBAEFR SN, Die-
phanosoma brachyurum 13St. 3T 6 AIZ £ ¢, HEBEMIE Bosmina 12T 2mA 5 3,

54
5t.9
[ i
5]
St.4
0 Y ad
5t.3
104
5 d
0
5t.1
- 154
e
2
-
@
=
a
= 104
Asplanchna spp.
weressee— Brach ionus
5 calyciflorus
a T

5 W-oOMsZsit 5 Asplanchna spp. & Brachionus calyciflorus HREHED
FHiEE
Fig.5 Seasonal change in the abundance of Asplanchna spp. and

Brachionus calyciflorus at four stations
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No.x1atm®

Filinia longiseta

~ee—Keratella valga

6 M-o0HEIZ 51t 5 Filinia longiseta, Keratella valga. DEKENESNE

Fig,6 Seascnal change in the abundance of Filinia lsngiseta and Kerateila valga ai four stations

5. IBHBOEHNR

neuplius (SR SN 527 B L, SLITRE-7460&0, SL3TIESE (7THOE--
PE2ODUAFEE s D EL LS &2, copepodid 3 nauplius O FEDIZIES D1
HHEET 2. HOCalanoida copepodid 13 Eodiapiomus japonicus @ copepodid & & 2 54, &Iz
&5 &, SLITHAR, SL3TIHY-rHRoNns, £4, M9 THEDHEA 4 EL S0,
Eodaptomus i3St 1'PS1.3THF 4 H{INERIEL T3, 6 ARS1LHO 6 pRENIC4 A% S &
Erzsk, —HIEFEYISHIIE B, [F8 DCyclopidae lEE 12 Mesocyclops leuckarti, Thermocy- &
clops hyalinus & T. taikokuensis Th %o ZDBEIMIE Cyclops vicinus T, MiZ Pseudodiapto-
mus inopinus AL HMEER S, AT 2o NG,

6. MW7 7 b oOFHHEREIRRERE QMR

BIR (1971) oftn, W77 v 7 by OF -kl AN OUERIIREL, chATREhA
BEFG L RE, 709074 Kol (Chl.a), FEMEWE (SS), WEEERE (NO,-N), &) i
(T-P) & OFERBEMR 2, #ERITF L IR, HHMERT, A TR=0.765HMHIR=0 66,
EENT I 07 b R=0.783 THRLZMEIRO s M/, &RHTIE, R=0.33B3THELMES
Dbohshole

IHEREATL, 700 T 4 Lo BRSSO WEII HANCCHEEMATIN Y 528 2 LT
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Bosmina fatalis

No.x10"/m?

~*= Diaphanosama
brachyurum

7 WonthElZ s 3 Bosmina fatalis & Diaphanosoma brachyurum &
@AM OFRFHE

Fig. 7. Seazonal change in the abundance of Bosmina fatalis and Diaphanesoma brachyurum at four stations

#1 AR, rouT74v ok, FEEEREWE, BRE &) v R,
A BE W75 o7 b o o BRBEE

Table 1. Correlation coefficients for water temperature(Temp., C),chlorephyll-a
(Chl .q, #&/1), suspended solids (SS, mg/1), nitrate nitrogen({NG;-N,mg/
1) and total phosphorus{T-P, mg/1} with Rotifera, Cladocera, Copepoda
and total zooplankion {mg/m*)

Chi.a 58 NO; -N T-P Rotifera  Cladocera Cepepoda Total Zooplankton

Temp. 0.333* 0.343* -0.030  0.401*" 0.059 0. 616** 0.616** 0. 678"
Chl.a 0.793**  -0.006  0.840%* 0.260 0.507** 0.391** 0.579**
S8 0.158 0.745** 0.168 0.567"* 0,282 Q.12
NQ; -N 0.0L0 0.090 -(.159 -0.151 -0.112
T-pP 0.169 0.582** 0.375 0.580%*
* % p<0.01
p<0.05
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nauplii
- Cyclopidae copepodid

- — — ~—- Calanoida cepepodid

No.x10%/n?

K8 Mool £t Snaupli & Cyclopidae copepodid » Calanoida copepodid
DEEH O T &

Fig.8. Seasonal change in the abundance of naupli, Cyclopidae copepodid and Calancida copepodid at
four stations

#£2 KR, ruuoTv4n B, FENEDE, BEE 29 v LHRIUE

HMEE, 2877 7 b v ORMENSER

Table 2. Partial correlation coeHicients for water temperature {Temp.,T), chlorophyll-o (Chl .a, xg/1),
suspended solids{SS, mg/1), nitrate nitrogen _(NO,-N, mg/1) and total phosphorus(T-P, mg/1)
with Rotifera, Cladocera, Copepoda and total zooplankton (mg/m®)

Rotifera Cladocera Copepoda To1al Zooplankton
Temp. -0.008 0.516™* 0.564** 0. 605%™
Chl.a 0.277 -0.119 0.212 0.210
58 -0.151 0.326* -0. 106 0. 051
NG, -N 0.15¢ -0. 300 -0. 140 -0.158
T-P -0 052 0. 202 -0.021 0. 076
* ¥ p<0.01
*p<0.05
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Cyclopidas
s Fadiaptomus japonicus

— — = —-Cyclops vicinus

No.x10" /a3

9 MoNeill &1t 5 Cyclopidae, Eodiaptomus, japonicus, Cyclops, vicinus @
B D FIEE

Fig.9. Seasonal change in the abundance Cyclopidae, Eodiaptomus inepinus and Cyclops vicinus
at four stations

W3, WitigRHEEKIEL, REFEV IR0 T L BAS RS TLEREL
ZVRBIIROEANZCOTHEA S, BB TASL L, 70074 LefE, SS, T-POMIZE W
MAS0, ZhoZorkBOMIIHHEMA S 0T, #5, 2875 7 b v LEAEKE,

70974 ek, SS, T-P&HMASHD, BEMIAR, 70074 Vo, T-P MBI S 5 72,
W77y vk raa 74 g i, ABROMEBBIERKL, 1SR, 7L TRMEME L 2 L,

HARETELZEFRCHEI0EARESS T, BMEBL 2875 v 7 F YI3KRE ST AHE LM
b (F2)

7. 87327 b OXKERT

Asplanchna spp. (I FRAPEEADR RS 1, BAPRETLEZLALROZH 20, Hi2-AD
SOUBRBIALDFROIEY AROTATHR LN ERZ L IR L 5. Brachionus calye-
iflorus ALRIZ PR W E 234 33 BRATH—HIIAHL Tna (H12-B)e Keratella valga &
Bosmina fatalis I$REH SILRIZATTE VY, RIZ-C,DIRT LIS EDANMAZ &
TE2ILE02bs T, 20—V IRE{—HLTWwWE, ZZ128BFEdh /8, Filinia longi-
setaKeratella cochlealis b TN ERIU K I B 346 %R L 2o Diaphanosoma brachyurumi$RRES
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Fig. 10. Relation of water temperature {C) to the standing crop of zoaplankton (dry wt. mg/m?)
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M1l 7o 74Vofe8H 75y 7 b v EERE OHEME

Fig. 11. Relation of chlorophyll-a(mg/m?) to the standing crop of zooplankton (dry wt mg/m®)

LI ZC, BATREBTY S (BB AR e A0 e Z A2 RERTIIATEA L TH 1,
%®%ﬂﬁ&5@ﬁ%ﬂh&bwnwﬂhﬂi:@%%ﬁ@%ﬁﬁéﬁiwﬁ{Emﬂﬁuﬁ&fé(m
12-F) ZheBU L) LamoitAdd 28I Brachionus diversicornis ¥ 7, L) EOEER
PHSMENEEEDTAHL L, GIEACEY S KNG THEMOHDT 2L 0T, EESHO
K EEENENICS DML, Asplanchna spp., Keratella cochlearis, K. valga, Filinia longis-
eta, Bosmina fatalis T, BEFMAEOLOEEICL TA S (&85 HHL Brachionus diversico-
rnis & nauplius Th oo THIZHL, MEAOED SHENIE A - THEROBINT 2HITED 5
Nkl
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[12 19774 6 H28H D ERA I &I 5877 » 7 b v vk P 5
A) Asplanchna spp. B) Brachionus calyciflorus C) Keratella valga
D} Bosmina fatalis E) Diaphanosoma brachyurum ¥) nauplius
Fig. 12, Distribution of zooplankton in Takshamairi Bay on 28th Jun. 1977 A) Asplanchna spp.

B) Brachionus calyciflorus C) Keratella vaiga U) Bosmine falalis E} Diaphanosoma
brachurum F) nauplins

8. BTSN ORFREAY TV ORFREONAR

W7 L 7 b, RIS LS TR BEAO BRI 5 BN E o TR AL
T34, 1976669 HiZ 3 BENE WSS hREICEY, 10H 10O T—&FEh ok, £ 219774
O H SR & PRI TEENE o ke 2007 4 e IZOH, WHIIPREPHOTE {,
W77y 7L OEBE &L & (F13).

FAREARIIRL Y, SLITHE T T v 7 b v ROBIEAREVHSLAPSLE Tl EEIE
WEANEV, 7007 4 Ve EHEICSL ] TIHEBA R E WY, StdLSus5TiRpal, EHDAS
LTIy b eT 7 L 2 by TT VR,

Microcystis (= L BAKDEORMIZ L - T, Wiy ~75 v 7 by RS- 24, 77070 >
OBEFERIICNICEDEI LSBT 2 2HETH 2, 8750 0 b ZHEEIZ0.5 22T TRE
48w (Waters 1977), W75 7 b v i3 7007 4 Na 1245, 3% 21T CREBRICRE L (M-
ori 1975), WERTEMTT v 7 by el T 5 v 7 b v OBGR &L 2 (R14) B8 75 ¥ 7
by e HT T 7 v OBEROELITFZ/PIE+5)12, SLlitEnTidssL20.1C, il
TI v by OBRIERIGES L TELL . 2R, 77y 7 b v s s emin 77 v 7
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Fig. 13. Change in standing crop of zooplankton and chlorophyll-a at five stations from the summer to the

autumn both in 1976 and 1977, Histogram shows standing crop of zooplankton(dry wt. mg/m?*)

Open circles indicate chlorophyll-a{mg/m*}

FoOBGFRIIMEBINTELT A2 E2RL T3,

SLITET A IORBLIGIO 7 Bi2Z/PHA0.374 50,49 BT L, TATOERT 5 7H
DD VG0N LFICRP LAY SL3TEHSAASVAEDIE- 29 LAERBAETH S5, Mori
(1975) WEEH IS0 TBERTRFRSHE L, Z/P HIX1970F 7 F120.333 T, 12F30. 7400
HEBTWa:, SAWPHHTIRERTEET 2 L Z2/PHI20.073 7, BEE T120.105 (Sakamot-
o etal,1975) T, BslitITw3,

9. # &
B EEEALML A S BERIC A CHREEOBENECEY, BT T o by RLMINT 3
BiiE A, 1977, 2O &7 CRCEMOFTERECORBIRE >TWEDT, T NThDBRIZ Y
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STNADING CROP OF PHYTOPLANKTON (ﬁC/m3 )

1o

RATIC OF ZOOPLANKTON TO PIIYTOPLANKTON AS QUANTITY OF CARBON

T
June July August September October November

Fl4 Stl&St3urstawm7 Iy 7 b vRERIOEM TSIV 2 0O
HEREOEHEL

Fig 14 Seasonal change in sianding crop of phymplankmn and ratio of zooplankton 1o phytoplankton as
quantity of carbon at St. 1 and St. 3

.

8T v 7 by PREEAORINC LT, BREMIMMTI Y 2 b ir0k ) apEES
LTV EPRNZOIEDTHELELLN S,

1976508 77 v 7 b v OFREE(LIFIE S, 1977) L1977 T — ¥ A L TH B LHE3 T
(219765 7 A1d Brachionus calyciflorus £ WVDIZA, 1977813 Conochiloides coenobasis &
Bosming fatalis %, 8 B Bosmina DEEIEIEDH U & vy, V96FI2HIZ Polyarthro trigla &
Asplanchna spp. Brachonus calyciflorus Z 0 EF N, 7107, 97, M6H#HMK/m* IZEL LA, 19
TTHAE108 (ZAsplanchna spp. P8.9F{E{E/m?*, 1132 Brachionus calyciflorus 7°8.6 F{H{K/m!
AL AR TRE AR IR Ao i, 19I6F LWTTHO 7 0w 7 4 Ve lk & R & BT
5E(H-2,3), THOZ7Ou 74 VoRIEH D &<, BB, 19765 7 BI9HLETOT— 213 5w
A, ZORLSIZI7TEDH S T HOBEEWE FETE 3, IO2B1977F Tldisno kiR 128
LTw3bwvwhi 3 Bosming fatalis T RA»SMIILASEZ SRS, 10A»S12H F TRk &
79074 NaBidE LICITTHREOH N E G, IO ERSITTEORBEREIMm TSI 2 D
ERIFEEZEZ ONEHF, L UABIZIOBEDNHHFimBIL £ h 57, Asplanchra spp. & Brachi-
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onus celyciflorus (F X R UBHICHRL Twad, THIRBEERIU WAL, HEE—
ERMRHOEEAIEETHELE LA THS I, £ DLOBAOERHEIL19768F » 1977F121TIE
BLTH-7,

EREMT T2 7 b DRPRHOFE TS 2l o2 & T, HBLTA I & EHEAOR
AoMmizEy - THEERPFREL L TwEZ L Thd, CORHLHL 56 HOBLIThRARET
B 3MASORBEREI TN EEY ThH o7,

SRR ABLE i M

AoEe) 23.4 22.2 21,9
HHFEE (ppm) 9.2 8.4 7.8

pH 7.9 8.1 8.0
&Y ¥ (mg/) 0.087 6. 063 0.059
FEREEESEE (ma/)) 0.355 0.013 0. 003>
7o okl (ug/l) 62 43 35
SRR (mg /1) 12.0 10.9 10.7

Ihhs 7007 4 L RPRIFERN SIRAOERE A SWImAy - TR T @R OHL 2 L
HEB SN B, COBEMEERN RIS 510k, EMEBLTH 60, MEEA (1977) 124
BWEENTWE, P77 /7 b2, beEALRAEIASOMBLEMEL CRA L T0a, L
PLERS, lenBIiOonTHLE, BILLRELEN, V37—V &RLTWA0OT, Mg
ENRBERLSHCEM T 7 > 7 Ly OGHCEREE A 3RRNFER S 05, HilKeratella v-
alga & Bosming fatalis RGN EIIHHO /8 - HA—F L TwaADE, “HAFES »OEE
L HRIFICHET 208, SL5VEREEARCEIOL IS EFA 788 -V HFRET IO ELS
ATHDEEILNE, ZOHE, BETHITRMEAKEC, FHMLZBOBEECOVTHSL 2T
B LA ROFETHS I,

WrWeEU L) L EFEBATH MWD T 7 » 7 b ORI & L THh 5. T
TldMicrocystisDF V8 H, 9 HIZlE Bosmina fatalis &S L, 6 H, 10813 Brachionus cal-
yciflorus & Asplanchna spp. W% < R 5N, 7 HiZlf Conochiloides coenobasis WA L 72,3
#TIE, 8, 9L Bosmina fatalis, Diaphanosoma brachyurvm 7FH L, o A (LR HAHE 5
TARMET i LT3, LrL, To@TIE, Keratella cochlearis *® Polyanthra fri-
rlo FBEMIZIE - T v, BREAL (1971) EEFHTERFEHRBL, 8, 9H £V TH
WEETEETZEHEL A, BUTE A Bosmina DEBEIE " SOETCHILEL 5w THEH, H
FBOH A RBIE Y 50,
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giselal3 6 B I Conochiloides coenobasisi3 7T AV Zh Fh—- 735571,
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Bo

A EAMOBGEIE, Al 7007 ¢ ve R, FEEEWE, &) LAY, M,
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otk hoiy,
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CIRFRELTOEWMT T > 7 b Y LW T 7+ > ORE B ZEOF— 7 23127 DFH
BT, SLITEDBEEZ20.1 2P OREHL, BEI0.18TH o/, SLITIR7THIL0.3—
0.5%m L, ROFEDFR 2N 2 8 B0 IUT Th s

DI1976F L HIBE L 2 RSN 4 & o /- Conochiloides coenobasis FI9TTENF IZEHE SN,
¥ 7219765812 A 12 Polyanthra trigla & Brachionus calyciflorus AARIGF L 224, 1977 O& 121,
Wigdoto UL, 20OBOFELHMEI O TRWETKELZBVIL o1,

#3 St 1IIBUANCELITIEOT LR T T v 7 b OB O

Table 3. Comparison of the density of the main spacies of zooplankton at St. 1 in 1976 and 1977

Jul. Aug. Sep, Oct. Nov. Dec.
Conachiloides coencbasis 1976 Q 0 ¢ ¢ 0 0
1977 166000 18300 L7800 2120 V] Q
Polyarthra trigra 1976 0 3540 0 1740 55100 1160000
1977 2860 1830 0 26500 3130 0
Asplanchna spp. 1576 85600 3540 1070 2900 23400 88500
1977 17200 1830 G B90O0 41500 0
Brachionus calyciflorus 1976 302000 156000 0 1] 73500 713000
1977 8600 Q . 2900 19100 86100 Q
Bosmina fatalis 1976 G 174000 19300 0 0 4]
1977 97200 223000 178000 99600 B6S00 0

Number per m?*
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Distribution and Seasonal Trend of benthos Population in Lake Kasumigaura,
with special reference to Chiroenomus plumosus and Tokunagayusurika
akamusi (Diptera: Chironomidae)

Masayuki YASUNQ‘, Yoshio SUGAYA® and Toshio IWAKUMA!

Abstract

The distribution pattern of benthos, particulary the vertical distribution and life
histories of Tokunagayusurika akamusi and Chironomus plumosus were studied at
Takahamairi Bay in Lake Kasumigaura from November 1976 to October 1978.

The survey based on sampling points of a grid pattern showed an uneven distribution
of C. plumosus. The density of larvae had a negative correlation with dissolved oxygen
content at the lake bottom and a high positive correlation with water depth. However, a
clearer relationship was recognized between the larval density and the topography; the
dense larval population of C. plumosus was found at channels of the bay. Ekman-grab
samplings at five stations in Takahamairi Bay over a period of one year also indicated that
the channels (St.2 and St.4) were a favorable habitat for almost all benthos, e.g., C
plumosus, Clinotanypus sp. and Limnodrilus sp. In general, the density of benthos was
relatively low at St.! and St.5, the innermost and the outermost of the bay respectively.
Branchiura sowerbyi was predominant at St.1.

C. plumosus showed a marked peak in the number of larvae in April and May at
Sts. 1,2,3 and 4 and a second peak in August only at Sts. 4 and 5. Clinotanypus sp.
which was an inhabitant of the surface layers of the bottom sediment, increased in July,
August and September. Limnodrilus sp. increased in the summer, while Tubifex sp. was
more numerous in the winter.

The emergence of adult Tokunagayusunka akamusi was restricted to a one month
period from late October to late November. The eggs hatched soon and immature stages

* developed quickly, reaching 3rd instar larvae in early December and 4th instar larvae at the
end of December. Thereafter they began to burrow inte deeper layers of the bottom
sediment. In March, four months later, all of the larvae became mature and moved below a
depth of 20cm.

1. Eaafmseim MRS T300-21  ZBHSEEEE AT
Environmental Biology Division, The Nationa{ [nstitute for Environmenta] Studies. P.O. Yatabe,
Ibaraki 300-21, Japan.

2. [EErafirgm Hili

Enginecering Division, The National Institute for Environmental Studies.
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1. BUBIC

B IMOEEHMI-O0 TS Miyadi (1932) L2 OBABTF G ShTEA, THREEEE TOHE
FIETKE (1978) CEHESN TV, HHEAICVAIE BERLLTARES 44227 (Chi-
ronomus plumosus) & T H LY 2R A (Tokunagayusurika akamusi) O FEO 2 17{tE
&S HTHEEH (Yamagishi and Fukuhara, 1971) 1CHML Tv3, ZOSEREHNOREN - &
Z5NAH, %I Yamagishi (1972) 2SI LA LD CEMIRMEC - THIRT 228 25
BENLZRBETCHESEh 3220, ZOFRCHOTHITERILBOMBATI AL A
BTyl A VBRI L > THENITANALD T HL L LAY AT AL piRIBE N T
W, 1978FEEOMEFINR ENZ A HESRICLVITHR, FhoOBEGZIZIOVTIEGNCEE
Fah s (FG - £, £ER, LALITFEREVREGRINTSETE AT HEIIvn g,

THha 2] #if Tokunaga (1938) 12& T Orthocladius JBIZANERTRE s 1A, -0
BIEAFREREN LWL S, BRERIASRTLE AN THASZE S Sasa (1978) 10k
THE Tokunagayusurika RS Ry HAEZRMIZWTERBLLOEAZMBIIEFETSLELLN
TWAH, B AIFERIE Yamagishi and Fukuhara (1971) LIshion <, FOSReEE» S, =
hASIIREShTLA2ENEThH B,

WELET 322 AU b3 AR FOHBFROAT LI ELSERTOERMO SR, K
hAOREEOERE IS E 2SR EECT 2 L L AMEEES 2 B RkEwEEL SR
TWwadY, FO&5 4 Bh s ORI LI E Dr v,

COMEE, BRSO —EE L TE riO—2 O A0S, SiRAIES TIEhi, FALD
WHRE AR L5 2 L 2 REEEE LTu 3, '

2. BEALLBUB A4V HDSH

EHEADEEEWS 6 A2 FEEHS 2127 2 BOYTIONTE S A 1247 Lkm ) IR TR O 3R & 17
2o BEDISmX 15em®D Ty 72 o3~ JEER T LR AR DO TR ER 4, HI27 Bz
RALD fe AR A s TR DRI AT 5 oo ZOMEICHKICA A LAY AOHNER L IR a h
5. REEDHSF I TRLLN S, BHLFFELZLOBALONOOE ZATHEL Lo 28512
HEoNb, BUERELS5OMO0E IATEREE L 2 CEVEEOHS AL M, ALOHLHS
DRI D & 2 A1 EEEL S 50 5, MBZEHET 208 A0BRIZ AR TVAE
HEBFT AP TE D, —HEHEOEWEMEBRIZRS AT w5, JhsDHEH0 5 TITHHE
Th s,

IONFAZANAOGTHLEZMOER E OB AN L, FROZEASS I AL B EIIIKE
EEoAIMA S A EHhh o (H2-a) EREDLSOEFBERSLAOHEBAED 5 3
(T2-b)e ZHZEASHBHOBRBRI LA OMBFEL5h 3, ZORORKEIZIoOVT
B EOMTHE VL ME BN E (H2-c), BRELOMRRE 2 40, AL
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Fig.2

By MR A BT B1977TE 6 HD 4 4 22 U 0 437,

Fig.1 Distribution of Chirenomus plumosus at Takahamairi Bay in Lake Kasumigzura in June 1877

Small dots indicate the sampling point
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SO EBEYOETEELIBAEOELAT VO TIITRHEL T T2 v, EROMBRET
(EHBS s L & CL Bl itmdEh b,

£l A4 AOERELSEER L OMERS

Table 1. Correlationship between the densities of
Chironomus plumosus and various factors

Coefficient of correlation (and partial correlation)

Dissolved Ignition Depth Transparency
oxygen loss
No. of =, 645" . 454* . 715** -.0013
C. plumosus - .446*) (. 049) {.573*%) (-.136)
0.0 -.456*  -.504** -.,037
i (-.237) (-.011) (-.071)
Ignition . 462* -.087
loss (.237) (-.160)
. 141
Deplh (' 230)

* P<0.05 %% P<0.0l

3. BRALSBUZAA2AYHDEHER

76 EUNAASR LIRS TV AATADL pREFOTCHLPETLy 7w o=Vl ko
STHRELEAA 22 24 OBDOEH A3 IR ENT VS, EEIEEL -7 F4 AL L
SRIZEDBMTLASNS, HHAIL3 AL 54 AITHLEN B ) 2O KM O h A SRR L
ol e hE®RT S, 6RE TR THAREYT 2,8 BI013St.4 2St5 0 2 S THEMAR D
5D, HIZSLS TIREMOE—7HRIET0E I LFAKFE Y, BWEEOAS5N31E5u2, 3,
4 THIRERO BRI E T 3EEERK L —FT 3, BRAOSL ] L UATOHNOSL S OB,
St.2 LSt 4 TH—F %@L TPEAKLZFSHEL TV 3,

4 . Clinotanypus sp. DEEME

OB LAY AREEG /5 A7 2 bR E RO DRIA S 55 £ < BT B0 17
HBxhaBEL—BDHy TMIZEBAZ I E 420, BRATEEIICGBVWEBIIORICRES A, o
BB T 2LI AL AT AR LHEI i3 L0, M4 TFRINA LML TEILA LS, &
HI7 A5 9 A2 THRBEMINT 2, BT £ 2HRIZE TERARRIEOSL 1 T 5w
BREICLZ540V, RUBVERIZSLL, KV TSt3 TS &SuL5 ROPIA LI BEN, 205
BZA AR ADHIE LCHTVEE 2505 B,

5. 4 b3 3XOERHR
A PI3ALTALY AR HBTLVFALEVRVEIZETHHLTOELOBENT Y IV
- VRBSTHTAEAE L & 54, LO0 station THHARMLU 4> Tk 5Bk b 3R
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AFELNTnE (J5), EOBATTY Limnodrilus sp. 7B RT 3, SOMMEESL2 £Sud 2%
WIZEZAFIANAOBELEUL T THERE G, HASHICAT THINT 2EEmA800 5 h 2,
Tubifex sp. EZ-OEIIZA 25 BB L, SOBHTLEEIRLMOERTH S, Zhi@B->TLT
I I A, Branchiura sowerbyi 3FRARBIRBEL, MTIHEH TOHMRASNEIITES Y,
Rhizodrilus sp. 13512 & St.4 IHEMIZHET 3, 2OLICL P13 X0H5fis 22 ADG
EERL & M TRIBEAROBBEOR 2T L Tvwa, #70 Limnodrilus sp. & Tubifex
sp. 2V TESLS, DF D ALOF CHOEE, 4422 A% Tanypodinae 125 5 1 55K
W E S 8w,
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Fig.5. Seasonal change in the number of four species of Oligocheatae per sampler {15cm>< 15em) at
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five different places at Takahamairi Bay in Lake Kasumigaura

Solid line and open circle : Limnedrilus sp.Solid line and solid circle : Rhlzodrilus sp.,Broken

ling ; Tubifexr sp., Dotted line: Brenchiura sowerbyi

#2

Table 2.

T LY AN G DR E A

Average fresh weight of larvae of male

and female of Tokunagayusurika akamusi

Date

Female

18 May
13 July

13 Sep.

9 Oct.
27 Oct.

Male
17. 7Amg 4 1.06
17.18 £ 1.20
18.59 L 0.40
18,44 =+ 0.62
18.76 =+ 0.69

26. d8mg + 0.97

25,77
27.89
26.45
26.60

*1.26
+1.07
+ 0.68
+0.73

6. AALRUHEFTHLYAZ AOERTHEETH

BEGHENDIT o 72y A= VRIBBIIEAETH AL AN A IEIE i TCIXI0A»5 38 Z T
L2+ A 2 A5 0, Yamagishi (1972) 278G L AL D IZIRPIZH 225 Th D, 1977EIZF A
5 X Wem DRI v 7w =%, BIZIVES HA S E40m O L0 F AU TR 1T - 7,

AEIE3 . 2em S L IZEANEL, BEESem T LIBT3 & TE B,
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Fig. 6 Seasonal change in the vertical distribution of Chirenomus plumoesus and Tokunagayusurika
akamusi in the bottom sediments of Takahamairi Bay, Lake Kasumigaura
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Wi, RLASZORKE S Mesh 60, 74 f0.20mm) D 1 Fihih & 2 SihdioREort
COEERASETTLESTVE, IZHSRIZETAHLA LAY HIREHIT ISR TE 444
MAMRL Tk, 1ZA22H RS2 4 S22 - THEN 3R LEE L 3, WADT
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AIZVAN, T HATHILETRABEDGED 2 FIZAS RGN LB s-TLEI, 3AIRA
BEICERGEBMNIETALYIAY AR AL AN IATFEIRL y rv v - VIRIERTIR
TN AERBRLED TIRETTREIZS 5, 5 AR A20em D IEOFHIGH L T 0740
all FECBIHELES, ZOHFHESHPmMETEDLS £ v I0AI3ANY Y Thrhd 2 2] A
BRCDE Dok IO 306 LFAOBITAFEGE D100 TR0k s 825 EGIZE D P
NEE B,

AALANVAET AL A AR It TR L ANULEE NN EE T 42
EMEROLRE, SHMLVHARO 34, 444 BEERCRCEOARTHAS 9 HIZAT Tlba i &
U20mDFERIIEEND, THALALZZUAEIOIFEBIALN T CTFORICWTHS Iz ETRFIZ
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4,500, 2% WHEG0T— 4 v FOREEMOBLT AR ES, 4510 BRI ETREZED
34 5%, Yamagishi (1972) A0 I3 LI LROWBAOBITCL-THRA2SRRTREAD LR
b s, M7 44h0REOELERS EOMENTER TV S, ZAZAKEAFLNEVH R
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Fig.7 Vertical distribution of 4th instar larvae of Tokunageyusurika
akamusi in the botiom sediments
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Fig.8 Change in the body weight of 4th instar larvae of Tokunagayusurika

akamusi. Open circle indicates the samples from upper layer of the
bottom sediment. Bar indicates the confidence limit of 95 percent.
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Fig. 9 Trequency distribution of fresh weight of 4th instar larvae
of Tokunagayusurike skamusi in varicus months
Chain line : May, Dotted line : September,
Solid line : Early October, Broken line : Late October
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Fig. 10 Relationship between fresh weight and dry weight of 4th instar larvae of T. gkamusi
collected frem the bettom sediment in October at Takahamairi Bay in Lake Kasumigaura
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1977 6 December 9279  (3rd instar larvae)

12 December 3640 {4th instar larvae)
6038 {4th instar larvae)

' 1978 11 January 3862 {4th instar larvae)}

26 January 2841 (4th instar larvae)
2131 {4th instar larvae)

26 February 3191 < {4th instar larvae)
2841 < {4 th instar larvae)
2708 < {(4th instar larvae)

27 October 2020 {4th instar larvae)
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of mud of plant debris
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Fig. 11 Vertical distribution of organic matter in the bottom sediment at Station 2 at Takahamairi
Bay in Lake Kasumigaura in October 1977, Bar indicates 95% confidence limit
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Rescarch Report from the National Institute for Environmental Studies No.6. 1979

BrACEY 2 ANAKKOEBFHORR
1. RBEEICIIEEAARHEORAEEEH
FBHHE— - BEE BB - BTEA
EEFEET - BT KRBTSR - R

Ecological Study on Fish in Lake Kasumigaura, an Eutrophicated Lake
Seiich KASUGA', Susumu [SHII,, Soichi YAMANE®, Yoshihisa MATSUSHITA?
Mamoru TAKANO?, Keiko ARAT’, Yoshiya OHNUKI® and Toshii OGAwA®

Abstract

For elucidating fauna in Takahamairi Bay, one of the most eutrophicated areas in Lake
Kasumigaura, collection of fish was carried out by the Hariami trapnet biweekly or
monthly over a period of one year from May 1977 to May 1978. The collection included
20 species of Pisces, three species of Crustacea and one species of Amphibia. Kol
(Cyprinus carpic), FuNa (Carassius auratus spp.), MoTuGco (Pseudorasbora parva), five
species of Gobiidae, tadpole of bullfrog and TENAGAEBl (Macroblachium nipponense)
accounted for about 93% of the haul. Seasonal chages in the haul and the size composition
of each species were studied. A large proportion of the fish had been caught by the Hariami
trapnet in the spring and the summer when the fish had migrated to the litoral zone of the
bay for spawning or when the larvae had grown to catch size in the area. It was found that
the TENAGAEBI population was damaged seriously by insecticide which had been sprayed
on rice fields around the bay in June 1977.
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EENTO S, KERHCHIV S MR SIRARRES AL O REIZ TR A 5 450mBE N 7 BT

M1 ErdmEACIET IEMIIL 2RSS (SL)

Fig.1 Location of thc Hariami trapnet set up at Takahamairi Bay in Lake Kasumigaura (St}
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Table 1. List of fishes caught at Takahamairi Bay in Lake Kasumigaura by the Hariami trapnot

Fish Name Species Name Number Weight  Percentage
(g)
WAKASAGI Hypomesus transpacificus nipponensis 24 87.1 0.10
KOl Cyprinus carpio 104 18,960 22.66
KINBUNA Carassius auratus subsp. 281 12,251 14.64
GINBUNA C. a. langsdorfi 55 2,018 2.41
GENGOROBUNA C. a. cuuieri 9 1,182 1.41
FUNA JUVENILE C. a. spp. 310 512.2 0.61
MOTUGO Pseudorasbora parve 2,910 4,063 4.86
OIKAWA Zacco platypus 7 11.7 0.01
TAMOROKO Gnathopogon elongatus b} 4.6 £.01
TANAGO Acheilognathus moriokae 06 180.2 0.22
AKAHIRETABIRA Acheilognathus tabire subsp. 121 229.2 (.27
TAIRIKUBARATANAGO  Rhodeus ocellatus ocellatus 196 286.2 0.35
DOJO Misgurunus angillicaudalus 291 1,720.7 2.06
UKIGORI Chaenogobius cnnularis 8,148 4,373 5.23
JUZUKAKEHAZE Rhodoniichthys laevis 9,446 5,148 6.20
TITIBU Trigentiger obscurus 1,680 1,416 1.69
ASISIROHAZE Aboma lactipes 203 274.2 0.33
YOSINOBORI Rhinogobius brunneus 139 46.8 0.06
BORA Mugil cephalus 1 229 0.27
RAIGYO Channa argus 48 0.06
KURUMESAYORI Hemiramphus kurumeys 7 90,2 0.11
BULLFROG TADPOLE  Rara catesbeiana 772 4 {15 4.80
TENAGAEBI Macroblachium nipponense 74,082 23,287 27.83
ISAZAAMI Neomysis intermedic 80,091 1,743.2 2,08
CRAYFISH Procambarus clarkii 68 1,450 1.73
TOTAL 83.,672.3 100.00
(Xg/da

8

7|

®

5F

4 b

3 b

2

1

0 T —— T

77
6 7 & 9 10 11 12 s 6
(month)

3 BEoll@EAIHITAEMILL I HE A0 DRESOEHER

Fig.3 Seasonsl change in the haul caught by the Hariami trapnet per day at Tekahamairi Bav
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Teble 2. Data of the haul of fishes caught by the Hariami trapnet at Takahamairi Bay from May 1977 to May 1978

Individual number of animals are indicated i parentheses.

S0 (B3RS 285 F ~ T4 HIS35E5 H )

unitl g
Fishing . GENGORO ~ FUNA o AKAHIRg | MRIKU
Date ! WAKASAGI  KOI  KINBUNA GINBUNA MOTUGO OIKAWA TAMOROKO TANAGO BARA DOJO
period i BUNA  JUVENILE TABIRA
TANAGO
77 V-27| 2 days 0 330030 25(1) 0 0 0 70 ( 32) 0 i 6 L7l 6.6{3 358
H-10! 2 0 1589¢11)  I8I( 9}  109(12) a 0 99 (40} 0 0 10.3( 5) 19.4011) 27.4(13) 8 ( 2)
VI-24| 3 0 60 1) 322(9  39(2) 0 0 69 (24) 1.4(5) 0 50.5( 7) 0 21(1) 64 (7
-5 2 Q 975(15) o o ) 0 47 {13 0 4.6(5) 70.1(17) 141y 27. 6(15) 120 (23)
-2z | 2 0 290( 6) 580(12) 575( 8) 0 8.9(12) 7 ( 73) 0 0 0 0 901 29 ( 4)
-5 2 25.7(8)  1710(17) 1280(48) 40( 1) 120(2) 80.0(64) 220 (152) 0 ] 9.4(13) 9.3( %) 1l4. 3(5 ) 93 (11)
VB-15 | 6 25.6(%  5480(22)  500( @ 188(10) 251(2) 54.0(38) 1225(1327) 0 0 13.1( 5) 0 23, 2(1 ) 1065(178)
K-2| 2 10.343)  2835( 9)  453(24)  247(11) 0 115.0(66) 175 {172) 0 0 3.8(2) 76.0(41) 208 0.7 (1)
X-16| 2 0 0 1240(41) 12( 1) 475(3) 27.0(25) 208 (240 il 0 g 53.0(37) 10.9(17) 40 ( 5)
K-30| 3 0 780 1) 0 0 0 22.2(13) 47 (39) 0 0 0 16{1  6.0{9 6 [ 3)
X-14]| 3 0 4301y 15( 1 2100 1) 0 7.5( 2) 31 (21} 0 0 0 6.2(86) 0 0
-1 110 O %D 3202 Wi ] 7.005 37 (18) 0 0 0 0 0.3{ 1) 0
-9 5 0 105( 1) 0 0 0 21.3(17) 71 ( 36) 0 0 0 a hl 11 (2)
78 1-13138 0 825( 1) 390( 6} 0 0 24.7(168) 612 (331) ] 0 0 1701} 66.0(64) 32(7
I-17 | 35 ) D217 4 0 I 0 28 { 15) I 0 ¢ o 2.4{3 15 (3
m-17 {28 3,241 2576( 7y 1570425) 26 1) 0 47.7012) 252 (126) 0 0 0 0 0 47 {11)
N-7| 7 0 17310 4} 76( 5) 85( 3) 0 15.0( 8) 293 (116) 0 0 )} 0 3.7(3) 88 (14)
N-20 1 22.3(3) 21( 2) 5165(82) S0( 4) 336(2) - 81.8(31) 420 (129) 0.9(1) 0 33.3( 7) 59.2(17) iy 7 am
V-20§ 2 0 331( 2) 115( 2) 0 0 0.1( 1) 32 (1 9.3( | o o 0 6 (1)
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Teble 2. (continue)}
Fishin JUZUKAKE ASISIRO  YOSI KURUME BULLF TENAGA 1SAZA

Date periodg UKIGORI HAZE TITIBY HAZE Nog(S)R: BORA  RAIGYO SAYORI T[iDPOF:.%G ERI AMI CRAYFISH
77 V-27 | 2 days | 1910(42%4) 5( 3 13( 16} 91(56) 2.6( 3) 0 0 0 8 (1) 200 ( 521) 0 0( 6)
Vi-10| 2 240( 463) 152( 604)  105( 66} 18(14) 0.7( 1) 0 0 22.5(2) 42 (2)  2450( 4250) 0 00( 8
Vi-24| 3 47 ( 59) 373(1107) 57( 22) 42(23) ] 0 ] 43.7(3) 0 1316( 1236) 0 320( 9)
M- 8) 2 88 ( 89} 120( 291} 46¢ 23} 5{ 4) 0.6{2) 0 0 14.3{(1) 0(2) 415 { 210) 0 215{15)
W-22 | 2 23 { 20) 65( 148) 75(233) 9{ 6)  15.5(73) 0 0 0 i} 155 ( 354) 0 145( 6}
-5 2 406( 298) 665(1220) 73(139) 3(3) 4.5(15) 0 ] 0 1176(397)  1105( 5163} ] 38( 2)
W-19] 6 88 ( 63)  1050(3171)  103(185) 0.9(1) 1.4( 5) 0 0 0 770(195)  5140(21320} 0 14{ 1)
K-2| 2 o { I3) 68( 115) 19( 42) 0 0.4( 3) 0 0 9,7(1) 250( 39} 769( 2720) i} 36( 1)
K-16| 2 8 { 34)  1130(1839) 13( 29) ) 0.1( 1) a 0 0 101( 10} 3065(11360) h 14( 13
X-30| 3 0 30 { 42) 3{9 0 0.10 1) 229(1) 0 ¢ 375( 30} 1623{ 4114) 0 132( 9
X-14| 3 0 14 ( 13} 8( 31) 0 0.4( 2) 0 ] 0 175( 14)  1565( 6738) 0 ]
XI-11 |10 25 (6 0 ( 47) 24( 76) 0 0.5(2) 0 0 0 (2 781( 1736)  1L.6( 106) 45( 1)
M- 9| 5 46 ( 10) 184( 108)  43( 73) Q 0.1( 1) 0 ] 0 122( 10) 517( 1687) 17.5(1098) 17( 1)
78 1-13 (35 90 ( 16) 328( 153) 118(138) 1.1(1) 1,3( 5) 0 ] 0 753( 58)  1320( 4400) 545(24700) 40( 1)
0-17 (35 %6 (7 46 (27) 42( 65) 0.4(1) 0.9( 3} 0 48(1) 0 24 (1) 325( 1128) 475(16325) 43( 1)
M-17 {28 8 (11 481( 281) 65( 82) 5.3(9) 0.4{ 2) 0 0 0 44 ( 5) 265 ( 925)  84( 5421) 143( 4)
N-7] 7 79 { 11) 260{ 142)-  135(148) 0.4(2) ¢ 0 0 0 60 { 4) 561( 1750} 607 (32000) 68( 2)
v-20| 1 19 ( 3) 128 { 93)  370{422) 1.1(2) 7.4( %) a 0 0 31 {2 465( 1750} 13 { 441) 0
v-29] 2 1056 {2791} 15 { 44) 104{ 61) 97(81) 9.9(15) ] 0 0 0 1160( 2620) 0 0
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EHANGELIREEFRBP L0 Thb, SARSIAIEE TR ALY YVOEIERIISE VK
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FIRAETO1 HY2)0iRMER0Skg/HE TR 2 &S0, 4 A20H 10131 HY 72 0 iEIL 7
ke/ B2 HMAEMTRLEEETR L 2, ZOBVEEENO B IIHEHE LA 7 FHARBRICRE S

N-bnT, CORMBERDTS 2% %7+ L, 197855 BII3ETENE L 2FRI SR &R/ L
Al

3. 2 AEVARBOFNER

SRl BRI AMER £ 1971~ 1975F.0 5 > RO TR » WM& E0BEERIEER (F0H!134,1978)
EHEL 2 A EBAIIET ABRABOEREN L HREE BN TA LV, AR IITERETH
A7, TydT, vERTY, VaAXasa¥, FFEY, FHATIED]L AL DOEEREOE
LB ERL e SHEHMS~9 1o RMOERE 23 REEAKOEFHNEL AR L 2
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Fig.8 Seasonal change in the size distribution of TITIBU, Trigentiger obscurus
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Evaluation of Eutrophication Using Entropy of Discrete Information
and Algal Growth Potential
Shingo TAI', Mitsumasa OKADA' and Ryuich SUDO!

Abstract

The propriety of using entropy of discrete information, that is, the diversity index
(DI) as a measure of eutrophication was examined. The DI for phytoplankton in some
lakes was calculated by Shannon’s equation. The results showed that the value of DI
decreases when there is 4 massive growth of specific phytoplankton such as Microcystis, a
blue green algae. The DI for phytoplankton was correlated with biomass which was
expected from the COD values. Mixed cultured algal growth potential (AGPM) and DI for
phytoplankton in the samples after culture were also observed to assure the effects of the
secondary effluent on the diversity. The maximum DI value occured for phosphorus and
nitrogen concentrations of 0.5mg/1 and 3mg/1 respectively, and for both lower and higher
concentrations of P and N the DI value was smaller. It is showed that the COD, AGP,
AGPM and DI values for phytoplankton are of significance as an index of the eutrophic
state and also for control of eutrophication.

1. RLBIC

BRI BT 3RO 220 T Odum GREFER, 1974) i, HOES AEOEIH L ESTRE
LM, S, BEAFLECEESRETCEEES DL, EEETRETEIVI L L EARIE
OFREEORMTERER S LBATLS, “KiFTRIBETEI OXFBEINDE®RD L I, »
TOHESTHINIEEELAGRITELST 2L, HIZEL (FRFEA LB LRI CES O £
LT 2, FLT, SMREAERTH I Z L HTHOM L EMORE I T SBIFEARL 30,
TALF BRI L - TEFORED L AT LOEENRIZET S, T2 b5EERO SR,
FOYATLAOEE]EFB—AOLOTHYN, TEMEETHEE LTI, KR TIHERE, E5iR
B, SOHALZVIEERMEORAL EXFEL SN D, ZOREN L - THEEHA, Fikkk, &
Mg 2L En, FREOEE > TENS, 210, SO ERELFROREL LT

1. EyAEMRAR AHDBRES T300-21 ReZETURAR H T
Water and Soil Environment Division, The National Institute for Environmental Studies, P.0. Yatabe,
[baraki 300-21, Japan.
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B8 I PO —IC &5 ERELIREBOFE
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Fig.1 Variation of Diversity Index for Phytoplankton in Lake Kaske Kasumigaura
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LIZEMRMEEBIIRESC D, REPNWCEREL 23 12HICEWTHRAL D (1978F12HTHILS
WTIRREL0. 1T, ZMEI5E01. 068, A3, 420cells/ml, fH$29, & HfEL Cosinodiscus
lacusiris 1,200cells/ml, Microcysiis aeruginosa T820cells/ml) KB A kA L AE Iz £
fEE030.1 (19778108 3 BIo &V TidARiE22. 2T, FH4E50.095, #({EA$410,000cells/ml, &
#2, BEBELEHE Microcysiis aeruginesad0d, 000cells/ml) (Z{EF L Twv 3,
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3. AGP & S HMIEHOMER

AGP BRI RUK 2 B RMH L TEME H L URRAAMP IS n 2% BES LBl s, 2hi
V2uDfLBEDA Y TT7 vy 74N E=TEBL, ZOFRIZH L Chiorella sp. & 3 13 Selenastrum
capricornuium #HEME L THBERIZL - Tibh 3, L L#lk, ks & &L ~BoEsE s
X2 TAGP 23R 253 REORE LI UREOR - Bts e 3HL T 2GS E kD 2
IEHNTE B,

REREIZLDAGP (H#EH, 1978) (AGPM LR Rz LT 3) OB,

O BAKIEE L - AR A G R B A AR OB LY, KD IFEL AGP 24,

@ BEOBMIZIHE: OMEERE100 34, BAESCbOTHIALERELTHY,
& FHEL ACP %3+, ,

O HBRLAML2MEFOHHEE, TORERLARTHET 2 -0 HEHRBEL LToE
e EEN S,

@ HEHEOBKOBEOEE ARMEFNTI I L0L 5T, SHEERICHEREEL L ToX
RETEFIEFTES, 4k, JOBEO LSRRI AGPY LEHIC, BT EHEEHN
WERBLOTHY, K, &350 ITNEROFMAIZ L 3BIFEEONBEEOMENRE - @s o1t
ATillT 52 EREE 2 A,

BENEREN D,

31 AGP& AGPYORRE
B 4 (1976~1977), BB (1975~1977), BEACLERER O E K & LUK EIZ DT, AGP &
AGP"Z#HIEL, 2D#RE2R 65T LA, AGPY >AGP Th D, WHEOMIZIE

AGP* =1.65AGP** (r=0.8674) (mg/1) (2)

DEEAE B, TP, MBRERICHEOTHEERIZIE S capricornutum , BoAk & L ULHEARIZIZCAlo-
rella sp. % B, HERAOEMERENE, KEWE, B o OBIZE13 2 AGP L AGPYD
AEHEREBELISRL A, £TFAE 2ROHEAITIAGP IZHERTAGPY OHA REVBARL TV
%o

L2 AT, HHEOBEMEIICOD THRESN TV S, @k, Bk, 2K0AHEAL EIZo0TAGPY
RER ATV, BEEROBROERRIE (ng/1) & COD #WE L THEOMFELERD, H7IORL 2,
AGP™ L COD@RIIZIE

COD=0.493AGP"*** (r=0.9372) (3)

OMEFEAERL R,
x 512, RUCHIEIZ>WT, T-P, T-N #8#LAGP £ T-P, AGP L T-N, AGP £ NxXP®OB
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M6 AR, FEk, WEEAKOAGP & AGP" &7
Fig. 6 Relation between AGP and AGP" in Lake Water, Waste Water and 2nd Effluent

1 EIEEERE & ONIHRETREE, MEREE B L BEAO AGP, AGPM
Table 1. AGP and AGP® in Domestic Sewzge, 2nd Effluent and Some Tertiary Treatment

Effluent me/1

Tte Domestic 2nd Denitrification | Precipitation Sand Filter

m Sewage Effluent Effluent Effluent Effluent
Water Temp. (T} 23.0 26.0 26.0 26.5 25.5

pH 7.5 7.2 6.8 6.4 6.4

S8 185 8 22 g 0

BOD 92 16 9 2 2

- h7% 120 25 g 8

Tob (405) (1) a7 (4) (4)

70 15.5 7.0 3.5 2.5

ToC ( 49) {0.3) (3.2) (2.5) (1.5}

5% 10 9 2

oD ( 40) (2) (5) ) (0)

T-P 2.10 1.46 1.40 0.18 (.08
NHa-N 11.4 8.3 0.0 1.0, 0.4
NQz-N 0.01 0.03 0.00 0.00 ¢.00
NOa-N 2.6 3.6 2.4 2.2 2.3
AGP (8) 478 384 27 33 63
AGP 1272 440 11 15 28

Sample ; Sewage Treatment Plant in Hondagiken Co., Ltd. (Kumamoto) 1977, 7, 7
{ ) ; Particulate TOD, TOC, CCD

AGP (8); Selenasirum capricornutum AGP

AGP*  ; Mixed Culture AGP
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Fig. 7 Relation between COD and Biomass for Phytoplankton after AGP Test

BEskb . T-N 2 OfBEIE WA, T-P ozt
AGP =390 (T-P)™¥ (r=20.807) (4)

7L, AGP, T-Pllmg/t THRENDIBRETH 3,
NXP & DIz,

AGP =46{NXP)*"" (r=0.8551) " (5)
DEGEHBENL, 48, QREERAS
AGP" = 60(NX P)o7s (6)
#OERBRE, BRAS
COD = 27(NX P)* | (7)
DEEAIEENE, :
3.2 AGP* & SHtMigM
BRI L THEARSD 2 DR EAHAL, SRR A LR T 2 2 210 - THIAD LS A
WEERET 5. 2 TEROMBIC &V THEA, WEADFEAL L > THREO LHEEHEEAET T2 2

EEREMITIES 2HRU £, Mitchel 5 (1971) 12910 HF T AZEB 12k (71) SER (11)
EAR, SSICHERL Tok, 2KIABEKE & RIRAIL BEIGROBMEEER 2TV, FOROBFMT
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EMEERSRTT426 4R L TV S,

B WOk Lz 2 L TR FARRUERS O 2 RAME/K 234500 L, 500ml £20°C, 3,0001x 720 H fHE# L
AGPM 28 lET 3130, ML -» THHEOME BAREHAIL 2, 2ORBEEHE2 TR LA, &
DFERIT & BBERD 2 RIEADTRPNE H720%, FEHEFIIN=2.4mg/1, P=0.58mg/] &£ EFD
HMBLVLEBRETHVEREEERL T3,

*

F2  MRAD 2KMERFIC LS AGPY b £RMEIRE DTS

Table 2. AGP" and Diversity index in Water of Lake Kasumigaura added 2nd Effluenti
‘ (1978, 4/9)

Adding Rate of 2nd Effluent 0% 1% 3% 5% 10% 15% 20% 50% 100%
Inorg.-N (mg/1) 0.40 0.48 0.63 0.79 1.18 1.57 1.96 4.30 §.20
PO4-P  {mg/l) 0.14 0.16 0.19 0.22 0.30 0.38 (.49 0.93 1.72
AGP™ (mg/1) 10,0 20.2 30.7 40.5 69.4 88.9 111.5 140.2 168.1
COD(T) (mg/N) 5.0 11.0 20,2 22.8 26.5 33.3 39.4 74.8 84.3
COD{P) (mg/1) 1.1 7.3 15.1 15.9 18.3 26.8 31.0 51.5 61.0
Population 249 | 4.38 |10.97 | 6.17 | 5.41 | 9.62 | 12.07 | 8.82 | 9.0l

(x10%, 1/ml)
Species 3 4 4 6 6 6 3 3 2
DI (deeit) 0.010 | 0.067 | 0.038| 0.084 | 0.103 ] 0.11C 0.116 0.020 0.000
2nd Effiuent ; Obori Domestic Sewage Treatment Plant (Tsuchiura, Ibaraki)
Inoculam ; Water of Lake Kasumigaura

Volume 5 500ml
Culture Condition; 14 days, 20 T, 30001x

it.%%ﬁ%ﬁAﬁﬂTm(mngNommn,PorPOJ%mn)uﬁtr%mmzmﬂ@m
EAINU ~EREL ERBOERFRI R LAY, ZTOBSLEME 15 BEEN BAO EREER %

#3 HITARAD 2 ROERITINC L 2 AGPY & £EMEEROZT1L
Table 3. AGPY and Diversity Index in Ground Water added 2nd Effluent

(1978, 3/7) "

Adding Rate of 2nd Effluent 0% 5% 10% 20% 100%

NHa-N (mg/1) 0.00 0.30 0.60 1.20 6.00

NQO3-N (mg/1) 0.80 0,90 1.00 1.20 2.80 *

T-P {mg/1) 0.12 0.23 0.35 0.58 2.40

PO,-P (mg/l) 0.00 0.11 0,22 0.44 2.30

55 {mg/1) 10.2 9.7 9.6 8.2 0.0

AGP*  (mg/l1} 24.4 74.6 134.0 169.4 193.8

DI {decit) 0.133 0.200 0.270 0.457 0.056

Population (x10°, 1/m!} 46.8 225.4 439,2 616,3 1015.7

Species 4 10 13 9 3

2nd Effluent; Obori Domestic Sewage Treatment Plant
Inoculum ; Water of Lake Kasumigaura
Culture Condition; 20 days, 20 C. 30001x
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Fig.8 Relation between AGP" and Diversity Index for Phytoplankton after AGP Test

KAFEAERML 2BE5E, MO LRI TAGPY A 8L, RIRHC 2EERL R4 0 LR
LTAGPY" 1 20mg/ | BBECRA LS, 160mg/1T EHERHRHIZ0 T2 bt Chiorella sp. 1HEOHE
%o Fze BAKHNZ 2RMEEK ML 23R8 0 kAT T ARCEIL Wik &L 2550 2484
A PEODN, HEOREBEBIIA ALY 00 L Bhn 3, LREIEROBRAED SRS
BEIINFZmg/1 F2E, P20.5mg/1RETH-T, 3BT 3EFROHBORBESEE (P
N=0.08mg/1, P=0.013mg/1, #HM#H N=0.3mg/l, P=0.05mg/1, & »i# N=0.5mg/l, P=
0.05mg/1 F2RE) LN E@WAE L > T,

IO LRI EREIEEIC LA, RIS ICHRLAE T RS S (B, M 1tkx ¢
Efan, AGPYRERIZ &5 AGPY T4 b 5REEIBE & LML, FOBBEFEFNOLONT
HoT, B0 EHEIEMEBARORBERE L 28U 212150 L2 0BT REHEI S
%

4. D
&mwmmﬁn;5%mﬁﬁﬁmﬁ5$qTM%mﬁMmzﬁﬁﬁﬁémb,%mﬁﬁﬁTféw
tx-'Minocyszis BEOD—MOEEOREMMAERBLTVWAEZ &R L, $/, WB0 2HMETRE
CEHOCOD DT — 745, MEIOMAERSLVIGRERS: EHREERICEEOMEFRSNSZ
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EETRTLEHII, AGPHEEBAESHRIIL-TITv, AGP"REBCL2MEER (AGPY) CH8
%D SIS HOMIE A 5 EHEAD 2 KOIAOTRIE A 15~20% (N-3mg/1, P-0.5mg/1 F2i)
BETEZHMEARIRAL 252 &R L1,

AGPY & £RERE L ORI 20T, S5 7—sNERIVETH Y, FRMEHZESR
BB OLHORIIEE L UTORH G, SRR & MEOSER & OMEGEDERM 2R LI
FRATE3 LI BREET 5.

3 A X B

Odum, E.P., AEFMER (1974) | o+ &2 EBE EHBHME, 47

Mitchel, D., J.C. Buzzell Jr. (1971) : Estimating Eutrophic Potential of Pollution. ASCE, 97, No. SA4,453
~465,

Ealk - EEBT - EALE - Sk~ (1978)  Hodllc b AEMET 7 L 2 by OBRTFES. F2EAETE
PP 5 v v Y LERIE, 73~T7.

HIFFEE - $HEE - [BIH%IE - A (1978) 0 BB LoftfiL o U hliiEE o st
HiEa, 19(5), 2943,

CODMMiZoun T kL
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Research Report from the National Institute for Environmental Studies No. 6, 1979

HukarkEsticksa oo 71 a D@
BAEE 2O EMICEYT -2
AEF O EE - AR IEe!

Continuous Measurement of Chlorophyvll-a hy Spectro
Fluorometry and Distribution in Lakewater
Hiroshi TSUNO' and Masaaki HOSOMI*

Abstract

The applicability of fluorometor for continuous measurement of chiorophyll-a is
discussed. It is shown that this may be accomplished by comparison and calibration with
the acetone-extract spectrophotometric method.

By continuous measurement of chlorophyll-a with fluorometor, the horizontal and
veriical concentration distribution were determined in Lakes Kasumigaura, Yunoko, and
Hinuma. It was observed that the horizontal distribution was considerably affected by lake
currents as well as by inflow of nutrients from tributaries. For the vertical profile, the
maximum chlorophyll-a concentration was found at the thermocline and below the
eutrophic depth the concentration was very low during the stagnation period, and its

distribution during the circulation period become uniform in lakes of about 10 meters
depth.

1. ELHIZ

B, BEROZHOMEIZH O TEERBILMEIWELL, 20HEOES L UHHEEFLE
L TETVWS, BWREMRBEOLRTCHIMHNOBIEE L T 1273937 4 L ot TIRY
BbhEIeHFE0, 7007 4L aOAEHE LTE, 7ALF—ZE3P0MEET LRI
LOMLIL T, # OMBWEORAEE £ HlE UHE Y 2 4 (Strickland and Parsons (1965)) #%—
RICAGC SN T WS, ZORETE, RS ETEL, MATH 7207 4 b o OF B & UEER
TANFER ORI TH 5. AFRTIE, Gk 7 a7 4 b o OREED DG 4 HEAD
FORGEXEHOBEAEC DL TR KA S,

L. BN Afgemr AR RIEBRUEM T300-21  HULBUR AT THeT .
Water and Soil Environment Division, The National lnstitute for Environmental Studies, PP.O. Yatabe,
Iharaki 300-21, Japan.
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2. RRFE

EMERELUFIOT7O -V - FEHLCRE Y, HUEERETCORBOBETH), H1i

B ESBBTONEDHETH D, TS RREIIMB (7007 1V alEMF Y F ;70 .
— % ¥/, Excitation 7 4 v ¥ — (S¥¥EHRE420mmi1 %), Emission 7 4 & ¥ — (B 660mmal %),

6ml 70—t LDEDEMA W, RUDDBEORBORERE2M 2 RT, k), EREN
TOHE (F B ARG 56m]/minT 2 53 ICEVE L 2,

WSS b 3 WITHRTHEIER O 20O 7007 4 b a OIREE, T4 ol - BRREEO UN
ESCO/SCOR # (Strickland and Parsons (1965)) 12 & WillliE L -,

3. ERERSJUER
3.0 kSR FHO7O07 L o EGAEAOBEAM
B L& CH - ORKEFERIT ORSPRLEH THEL 2BRO 7007 (L a kit okH

It pane over— fluorometer battery dynamo
flow 1

Bl @ & # &

Fig.1 Apparatus for measurement of chlorophyll-a .
1) Apparatus in laboratory, (2} Apparatus for field survey

40 mi/min,

min.
30 ml/min.
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—

0 10 20 3 0 50 [
RESPONSE TIME OF FLUCRGMETER {SEC,}

B2 HE RO

Fig.2 Response characteristics of the apparatus for the measarement of chlorophyli-a (1)
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TRy P EETIREORSIARBEOMHEANKREL E S (TukBHANEERS) 2 &
FRENTVE, LEF-T, TOXGERENT, HERAEORKIHLTL 7007 4 L aDE
BOEBHEE ISR BV A I EATESN, TREGIIHAZ LT b v HRELHAL TR
ARIBIUIEES L BB AERT 32 EARETHS I,

3.2 7007 ¢ ) « DERFPTOEKAE &2t
12HGETEREB SAIHIAAT, 7007 4 L o OhFHLUCREFEAOZEFECOV
T?ﬁr}ﬁ L f:.o
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I Lake Kasumigaura (1977} .
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Fig.4 Linear Regression between
intensity of Fluarescence and
Chlorophyll-a concentration

#=1

Table 1.

o + lake Xasumgaura - -
S | - %30T Thay 18, 1977 £ E
x4l = E 4 2
- - . =
8 | o - 8
B,| % o.ost o H
uecd A S 3 -
w L+] o +2 8
d ) [+3 w
I 0 o g
Q + v} o
3 0 c M
%] 2 2| €
ol 0 §1o-
inner TAKAH, center v
part of the lake
X5 sty & RHDE

Fig. 5 Response of fluorometer
to turbid material

2T T4 Nhak it REAT & ORBIE

Correlaticn between chlorophyll~a concention and fluorescence

regression lindar curve

e

multiple standard error
sample slope constant | correlation | for estimate note
{chl. mg/1/fluo.) | {chl.mg/l) |coefficient (chl. mg/1) y
_ dominant;Chlarella sp,
fish ponds 1,340 0.1270 0. 987 0. 2332 chL:from 0.024 to 4.3
0. 961 0.0417 0.997 0.0273 chl;from 0.024 to (.86
Kasumigaura ! turbid after rain
may 18, 1977 0.673 0.0033 0.936 0. 0025 chl; from 0.0087 to 0.037
June 1,8,10 | 0.792 0. 0053 0. 563 0. 0072 chl.;from 0.028 o 0. 128
June 22,23, 0.933 0.0020 | 0.957 0.0044 ¢hl.; from 0,017 to 0.070
and July 6 -
Aug 20 2.070 —0. 0049 0.973 0. 0049 chl;from 0.004 1o 0.067
’S‘:gtzg" and 1.270 —0.0029 |  0.949 0.0110 chl.;from 0.015 10 0.103
. _ dominant; Microcystis sp.
" 4.100 0.027 0. 990 0.0230 chl.: from 0. 111 to 0.474
QOct, 5 2.473 —(0.0193 0.917 0. 0319 chl; from 0.026 to 0.131
except for the station with
» 1. 646 0.0014 0.925 0. 0057 much Microcystis floc
chlifrom 0,026 to {.06%
Yunoko{Aug, 6) and dominant; Asterionella sp.
T ) 0. 780 0. 0009 0.970 0.0030 R from U-TRU6 15 U 0313
Hinuma(Sept, 27,28 0.670 0. 0067 0,914 0. 0072 chl; from 0.057 to 0.105
YunokO(NOV.’ZU) 1. 023 0. 0006 0. 954 0. 0030 chl.;from 0.0008 to 0. 0279
and ChuzeaJiko
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Ty il A TR ESIE L 2RO~ 2K 6 1R T REHETHSEEAGKMRNS
WEZEO GEFE,(1968)) T7UT 74 b afEVIEARERTVE, ZOL EOHBANY T
U740 aDAFEHHEET IR T Shid, TORIEREHOELF 55~ 2AWEEE & CHE
FERLZLOTHEH, AOBEBLLT OB (KZH - HH(1977) O7 007 1L o DHEEHE
HFAFREN TV B,

EiRAAD (AR—EAR) CHUTATM (7H5H, 1977%) O/ Ea7 4 o DRE %3
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Fig.6 An example of horizontal variation of chlorophyll-a and at pH surface in Takahamairi Bay
at 12:00-13:00 on Sept. 6 in 1977
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Fig. 7 Horizontal distribution of chlorophyll-a at surface in Takasakiiri Bay on Sept 6, 1977
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Lake Yunoko (August 6, 1977}

W9 HEHOE Bz 007 4 La®RERMTOREFROFH

Fig. 9 Horizontal distribution of chlorophyli-e at surface in Lake Yunoko in summer
BRI LA HBEAARL R TVAZ LA ENS,

FUREOS Wz &3 7007 4 b o DEESHEFEEEMIDIT Y, EHOKENTE, 7o
0740 al3RBEBIIE CRABESLLN, FRALUETIEVSSHETL, ZORBIDER DR
XTHE3I~AmECRBMIEEC 222 eMmENT S, WRATHIKATIE, 7007 4
Lo DEEFHEEMOF LT, B ClE2 - T3, KBAEOEOKR S 1m RO
FTIRRENRHRIAT SR T,

4.8 o

RIIGRENBE I 7Ty 7 &ETFIREOBAE, TOREMNI IS ENIHMIZSZ, £
ST, WrilidiEA LVIRINL 270y 4R Microcystis sp. #F4 OBMBEFRET VFAL L (L
2, #4A5) LABSOREEMOELEZEI2IZR T, BEMEAE Y4 LT 310007, vk
BALZARELSAN, 300 WTLEEL S, LT, dEV 4 XML e FIIEREL, &
ADFBRARIIH - B ABEOE IR T2 LPHEFLVEELS NS,

BRRE L IZAN, ARBOT ORI EREFIZT, Excitation & & Uf Emission i & & X ¥
w2V L AR ARIBEET, AR TR AEES RO s 007 4 L cBIERY 5 b
DFAR7 4 L% —TiE, Emission il T2 660nm (DM BHM 4 H LRIZOE -7 & 8T 34,
Excitation fll T3 iR 420nm (1L TH 9 (H14) (Turner Designs (1976)) X130 — 7 & —F L
LT, hFAIZ340~350nm (HETHETIRETH S, BWHRPO 70w 7 4 VENYBT LT
i, AHRBIOF ORSEREIIZ LD A% v = v FHIE %1F - 72, Emission il TIIELHENTE & [
FEICIKE 660nm [HETE— 7 ATEE L 2245, ISIZRT & 912, Excitation (il TREI3IZR SN S K
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Fig. 10 Horizontal distribution of chlorophyll-a
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(e]

floculant Microcystis sp.

+

obtained in Laké Kasumigaura
(chlorophyll-a; 1792 mg/m3]

) 100

100 (Bec.)

Homogenized Time by Ultrasonic Wave

(12 MFE+T I+ A 2245
FAEY k)

Fig. 12 Effectiveness of ultrasonic treatment
agai the measurement of fluorescence
in the water sample containing large
colonies of Microcystis
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Fig. 13 Excitation and Emission spectra for direct measurement of water samples

20
£0

4n

20
10

WARCENT TRANSNITTANCE

14
2,10

300 240 380 420 460 SO0 %40
WAVELENSTH (nanometer)

14 Excitation7 4 Vv & — OO EBO ML E
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qei EXCITATION for aceton-extract
(EMISEION 655)
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=

20

.
@

Relative Fluorescence Intensity
-

00 350 400 L 500

Wave Length (nanomater})

15 7 RS v 7RO Excitation?d 27 RV EE

Fig. 15 Excitation spectra for aceton-extracted sample
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Lorenyen C.J, {1966} : A Method for the Continuous Measurement of in vivo Chlorophyll Concentration.
Deep-Sea Research, 13, 223-227.

Strickland J.D.H. (1968) : Continuous Measurement of in vive Chlorophyll, Deep-Sea Research, 15, 225
-227.

Strickland J.D.H. and Parsons T.R. (1965) | A Manual of Sea Water Analysis. 2nd Edition, Fish. Res.
Board Canada Bulletin, 125.

Turner Designs(1976) [ Operating and Service Manual, Model 10 Series Fluorometers.

FEMF S - e R E (1977) ¢ ERREHRIC K S AR O E R AHAEL FIEYE—bEy Py TR T L

Yentsh C.S, and Menyel D.W. (1973) : A Method for the Determination of Phytoplankton Chlorophyll and
Phaeophytin by Fluorestence. Deep-Sea Research, 10, 221-231.
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B AHMRAFiE#RE #H6H (R—6—79)
Research-Report from the National Institute for Environmentel Studies No. &, 1679,

KDEL LUFHEHOERIIHVT
AN BIMNE' FEMg—

Cultivation of Microcystis and Red-tide-organisms
Osami YAGI', Mitsumasa OKADA' and Ryuichi SUDQO!

Abstract

Three strains of Microcystis, KM-1, KM-2 and KM-3, were isolated from the algal
bloom in Lake Kasumigaura, Two strains, KM-1 and KM-2, were identified as M. aeruginosa
and the KM-3 strain was identified as M. flos-aquae. For the growth of M. aeruginosa,
KM-1, optical light intensity and temperature were 1000 Ix and 30°C, respectively. A | A
small amount of Fe-citrate and EDTA highly accelerated the growth of M. aeruginosa.

Moreover, two strains of red tide fragellates, Fxuviaella sp. and Heterosigma sp., were
isolated from Tokyo Bay and Skeletonema costatum was isolated from Seto Inland Sea.
The growth curves of the two fragellates were studied. The doubling times for Exuvigella
sp. and Heterosigma sp. were 0.86 and 1.2 days, respectively. The growth rate of the two
fragellates were appreciably accelerated by the addition of FeCf,.

1. RUsic

BB L UONEL EOMBUREIZEIT 2BRBICERE, SHEEL TWA3KkHEERORLREL,
FEED—2L 4> T3, IOERRRBEO—DOIROETHEH, LI “THI" LENS
Microcystis % K DEHRBII L 3AKDEIT + #H, HHESEHMOBRBELOEAZTATCAREE Y
BT T3, ZORKOEIBEOEB AL IR ELY, Baondkd, FAREOEIMEE LU
Tk RLERNEE:, BIOANOEREEL OEEL V6L TVid, LA L RS CORODIEDREEMHE S
LT, RBEMEUIUEEL) Y HFEEZRTTHE L 0vbATY 3 (B L, 1976, HIMW, 1976),
HTLAERE) AT TCREATCEITHOES L VDHNRRTH S, ZOMBELERT 24112
i, 7AW FHEES TS EERFCERENTROERRATFHLS LB 32 LAY ETHS, 2
TRy HIIREETIROFELD Microcystis DAFEER T ) LERRC 2 ORI >V TR 17
o720 ESZEROBE A S RMEHO L 1T - 2, '

1. EAEFER ATCEEREE T300-21 3RS0 7 F SEET
Water and Soil Environment Division, The National Institute for Environmental Studies, P.0. Yatabe,
Ibaraki 300-21, Japan.
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2. Microcystis D484 1%38

(1) srEh:

197729 H L 108, ROGEDFHEEL TV 38+ inkED Microcystis D55 1T~ 10 T4 bbb
ASRE I I0m DI R FZ, ZHhIZKROBEDREEL TR E+ 0K 0 Inl BENL, REWHL T
FEERUEE 17 - 720 HRI0A®K, Microcystis DIMFAORD 6 AL DI >0 THERKTHITL
HRMBENTCAE NS 2 ~10RFUED N E 5 MicrocystisDI0 = — 4, v 51— 4 LT
BT THsEL, HEATo/, HR2ZEMI LI, Microcystis VBB T % 3 TR ORR 4
CHEUZ, RUIIGBEHEEM AL 22, BRI, R 500~20001x & L, #EIE30C T -
7

F 1 I70F%FAF 4 AHSMERHE
Table 1. Media for Microcystis

NaNOQ, 0.50 g
K.HPO, 0.04
MgS0.-7H,0 0.08
CaCl;-2H.0 0.04
Fe-citrate 0. 006
Na.5i0, 0.06
Citrate 0. 006
Na:C0; 0.02
Na:-EDTA-2H.0 0. 001
Deionized water 1]

(2) TEEER

TOFHR KM-1, KM-2, KM-3, O 3HOBIEEBNT 5 Microcystis D rBEICRINL 72, Witk
BRI ORE, KM-1 BRIEHAIEOEE A 6 ~ 7 4, gas vacuole 4% L, FERBHE AN 4 =2 & A
5 M. aerugincse E[AIE L 2 KM-2BRIIE VDL AR T 2EDTH B, #IANEHED 6~ T u,
gas vacuole A HT A2 &AL hE M. aervginosa iZB T340 EE2 50 3, KM-38klt, Bk
A4 bR EL, gas vacuole EF L T WA, ERBEHRAS T VEMTL VI EH» 5 M.
flos-aquae & R L 72,

3. MicrocystisMFESN
('1 ) R _
KM-1kkD M. aeruginose & HlV THGEEE I DWW T2 MNZ 7, 8B HEE, S0mlD3/7
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Te

A 2 220mI AN 2, s OSRETF THBEE T 5 2o MEGORNER, —FE R B
Udsh &, 50W, 30RE, EluB 2Tt sifsicl 2, a- Ny —Sv 5y —%H
W, Ml PHRARRSRNEL, O SBREREMAEN L, 4R L 2R
HUTIRY L &80 TH 3, T42b%5, NaNO; 100mg, K.HPO, 10mg, MgSO.-7H:0 75mg, CaCl.
-2H.0 40mg, Na.COs 20mg, Fe-citrate 6mg, citrate 6mg, Na EDTA-2H:0 Img %4k 11 (Z
HRLAELOTHD, 2 SEBEHOENSRRBISV T, HELT3ERENOBEENH 2T
fbsefEHL -, BEERERTE L,

(2) HEpEQE R

M. aeruginosa OEFIIRIETHED MBIV THIT L ASE 21 IIFEL £, 500~40001x @
ST TS AT A, B4 HHE TEMEC L) 7 F SR TR 5 g ns,
6 HEIZ% 3 & 2000 TG A 1S L, 3000k DA EOB&dmiEc L alEE I o h, BEFED
SEEAED s, WEIZIZI000 ARETH - A, 00k TH A4 D HOEBMEE AR L 2 Dk
DFERTIE, IAIE £ 1000k HEMA T TIT- 720

(3) iR

A RIETRE DB E L2 IR L e 25C~3BTITHEWTHFAAERIIR L, hTL30THE
WTH- 7, 72200 TIREFAEEIEL, 0T TRIZLAVEBAMD NG DT, ZTOE
5 Microcystis O MEEINHE IC L0 L W28 20, RO 2 2 I ARIGAIZHE L
TVBI &AHBL 7,

(4) U vomR

B 3 EMasRIET T v OBBIIOVTHELAZVDTH S, ) v & LTKHPOEH VT LA,
KHPO A" 1 mg/1LL iR+ 2 & WRUEIER TR VO L, 1mg/1LUF TREFIA 2 4 0 &
Mo B H) yAEERNTY, LAMT, BEPP2mg\ERE sy, TAERERE» 50 v

DHELIHLLLZEDEFEILN S,

127

ot 14 DAYS

8t D/E 12 Days
M. aeruginos
/ 10 DAYS e
Al /MK
. oavs T,
2r ——— )
I
O 1 1L Il I A
300 000 2000 3000 4000
Lux

CELLS tmg/)
o

BE1 smafic RAE TR o gh R

Fig.1 Elfect of light intensity on the growth of Microcysiis aeruginosa
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161
ol 14 DAYS
12 M. aerug| incsa %20 M, geruginosa
T\ == £
"
= 1or =
@ ® 10}
o Bt 7 DAYS
- ¢ .
a . . -
o 8r g 5 10 1% 20
KHPO, tmgi1)
al
2k
3 WREIZRIET) 0RR
o 15 20 25 30 35 40 Fig.3 Effect of phosphate on the growth
TEMP. ("C ) of M. aeruginosa

2 #BHECIRETEEOGDHR
Fig.2 Effect of temperature on the
growth of M. aerugimosa

{(5) 7IVEEHOHR

K427 Lo BBDOHEBIIRETHRERL 2o Img/lFMTHIE, HRIZTSIIRD 5N, .
10mg/1 & £ RTITFIT 5 & MR HS & niz FAMTEMT 5 LRSI x N/, & 2 EBIRMDB
Ak, ROHIEE T Microcystis DIFHIZIE L, DB AEE 3HE A s hi,

(6) 7T ERDHR

FHSiz/ D REDHMIIRIT TR 2R 2, BRITREFSHMEAED o h, ZoSlzsnT
R EBRUETL AL A,

(Y
[a]

CELLS(mg/1)
[
G

=)

Fe-CITRATE (mg/1)

E4 BHCRIEYT 7 L EBEBOGR

Fig.4 Effect of Fe-citrate on the growth of M. aeruginosa
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(7) EDTAO#RE

EDTA ORFIZ BT BB 20 6 125 L 720 Microcystis DIBFAIZEDTA A Img/ILI b1FE+ 5
BEND LT &MWL 1,
Img/1EUF CIAMmA# L CHFEE N,

50\0/"\0___'—0 30F
14 DAYS 14 DAYS
E 20 M. Geruginosa E 201 R
o — ———— by M_.‘ afruginosg
- -
wd |
w w
Ot Qe
7 DAYS
p—0—r—uo—"o-o 5 . 0 ——0—
o 7 DAYS ~
Q I2 ‘;& l6 lB 1l0 0 05 1.0 15 20
CITRATE (mgi1} Naz EDTA2Hz0 {mg/1)
M5 HBEIcREIFs L -BOMR 6 HMEoRITEDTAMRE
Fig. 5 Effect of citrate on the growth Fig. 6 Effect of EDTA on the growth

of M. aerugincsa of M, aeruginosa

4. FREMOFBIEHE

(1) sregkis

19774103 O EEH DMK % 5 U2 19771 H ORI 0K & Hl o TRBEMD SRE AT - 72,
FEDOP TEERFEMEILNLREA LN NRATETH S L h 5, BIURABROSHSH
MIe L THEBREIT 220 NARHE MYy 3 0, ERSOMBEENT2ERT 28
S, FEEREHELTEY 30 2EMLAS-L, S202@eEVA, FOEKSE2IITLA, S

# 2 HREEHAET
Table 2. Media for Red Tide Organisms

COMPONENT S-1 S-2
NaNOs 0.1 g 0.1 g
K:HPO, 0.0 0.01
FeCl: 9. 001 0.001
Thiamine- HCY 0.001 0.001
Biotin lug lug
Vitamin Biz lug lug
Sea water 1000m] 500m]
Deionized water 500ml
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LM EAR R S DT AN S —TERL AL DI EMOESENT S UIIE Y 3 2 AL 4L
DTH 3, S-28H & IZHKEEROKA + YK THRL THEMLZLD T, whio LR HE
D045 D7 4 L5 —THERL, RAL LGB ML 2o HEHEEHERT 2 10mIO8 250
Z, MEEA10°, 20°, 30C &L, HAEEIES00, 2000, 4000k TiF- 7o FMEHHIE Microcysiis &[T
BohmsH v, ¥abh b BREERNMGEF CH v 5 ) — 2O THBR(EEER L 12

(2) SEHER

WEEDHK LY Exuviaella sp., Heterosigma sp. & 57#E L 72, 20C, 4000k, S-2 4™
LT, FAEEROEAREY Skeletonema costatum & BEL 7=

5. FRMEHOBMERMN

(1) KEsedik

L S RALERTH D Heterosigma sp. & Exuvizella sp. RO TR AT 4o T4 b
5100ml M3 M7 7 A TIIS0mIORMAMNZ, ZHICOmIMELERETwI Ay -T2 5 —
EROTHOMIEE A, BHEEHEEHEORKTHRNL A S-180 My, 2510S-1r5 K
&3y 3l X UHELER A BR W I T LS R 1T - oo BREREIZ20T & L, MR 24000 TiT -
b

(2) KRR

Exuviaelle sp. % 5 P12 Heterosigma sp, O 4X 7, K8 iIRL 2y Exuviaells sp. &
5 8N Heterosigma sp. OENEERIE N F40.86, 1.2day TH Y, Exuvicella sp. DIE I AEL
HHGERE & L . £/ Exuvicella sp., Heterosigma sp. WERLRFICELAER L, HILH 2 Bk
DFFEIC & D ERREE A L (R L 72

W0
)
S
=
~180
& -VITAMINS
<)
=
o}
2120
g
&0
0 1 2 3 & 5 & 7
DAY
X7 Exuviaella sp. OEHHER M8 Heterosigma sp. DIEFRANER
Fig. 7 Growth curve of Eruvisells sp. Fig. 8 Growth curve of Helerosigma sp.
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6. £LH

DE s lOARDIEL ), BELHHRT 2KM-1, KM-2, KM-30 3 ¥ Microcyslis OHMERE IR
MU, HEEMNBEDBERKM-1, KM-28k% M. aeruginosa &, KM-3kk% M. flos-aquaed [FIE L
7zo KM- 1 FROFER Iz D0 TRET R IIZ R, WHUCA - 5 BoE B 10000, H5EEEIE30
CThot, $/-7 2 vEMEEDTAZRMT 22 L IC L OBEMIE L EMTA3RASFAO 51,
2 BINEDER LV FRMEMTH S Exuviaella sp, & Helerosigma sp. # £ 2B HOWERK LY
Skeletomena costaium T BEL 2. Exuviaella spn., Heterosigma sp, DfEMEHIZ % 11210, 86,
L2day Th oy TR LB THOTFRIZL DVIHEEPFL (WML 2,

51 B X ®&

FRYS (1976) @ il & R Teit. SENEiIRAS. pp. 207,
HILEAHE (1976} © ki, K34, pp. 198,
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Ey AHHFRAAFRESE H6H R—6—T9)
Research Report from the National Institute for Environmental Studies No. 6, 1979,

ROMOBRRRICET 2RBROFR
MEEE - WERE

Experimental Study on Wind-Driven Current in a Shallow Lake
Kohji MURAOKA' and Takehiko FUKUSHIMA!

Abstract

The flow characteristics and water quality in shallow lakes secem to be significantly
affected by the wind driven current. It is important to devise a model to simulate natural
phenomena occuring in lakes.

First, the similarity of the flow and the mixing process was discussed for the hydraulic
experiment and numerical simulation. Second, two basic flow patterns for typical
geometrical characteristics of a lake are proposed. One pattemn is the vertical circulation
when a vertical section normal to the wind direction has a constant water depth. The other
flow pattern is the horizontal circulation when a cross section normal to the wind direction
has a linear variation in water depth. Both were theoretically investigated and experi-
mentally confirmed in a wind tunnel using a rectangular lake model, 3m long and 2m wide.
The mixing length theory was applied to the former flow and was in good agreement with
the experiment data. For the latter one, downward flow of the wind direction in the
shallow region occurred and flow in the opposite direction was generated in the other
region. The Ekman type theory explained that the velocity of the horizontal circulation is
in proportion to the wind stress and the water depth gradient in laminar flow while it is in
proportion to the half power of those parameters for turbulent flow.
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Fig. 1 Schematic view of wind-driven vertical circulation
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Water Quality and Hydraulic Properties in a Tidal River
—— The Case for Lake Hinuma and its Tributaries——
Kohji MURAQKA', Hiroshi TSUNOQ', Merihire AIZAKI', Kunihiro OTSUBQO!
and Takehiko FUKUSHIMA!

Abstract
The Hinuma River is a medium size river (45km length) in Japan, and originates from

the mountaineous area of Ibaraki Prefecture. The tidal portion covers 22km from the river

mouth and the narrow lake, Lake Hinuma, 8km long and 4m in average depth, lies 9km
upsiream from the river mouth.

In order to gain fundamental data for the discussion about the mixing process of water
quality in the tidal river, a field survey of hydraulic properties and water quality
distribution was done at eight observation stations along the tidal portion of the Hinuma
River for a 48 hour period towards the end of September, 1978. The items observed were
water level, velocity, water temperature, conductivity, suspended solids, and nutrients such
as NH3-N, (NO,+NO3)-N, NO,-N, PO,-P and DIP; many of the iterns were measured at
0.5m intervals along the depth line.

The conclusions are as follows;

(1) The hydraulic properties and water quality are delicately distributed both in time and
in space under the effect of tidal oscillation. In general, strong mixing is observed in
downstreamn of the Hinuma River but on the contrary upstream the water is stratified.

(2) Water quality is uniform for most of Lake Hinuma and the full mixing process, except
near the discharge point, depends on wind strength and direction rather than on tidal
motion.

(3) The inflow concentration of nutrients from the upstream was relatively high. but
inorganic nitrogen could not be determined in the lake water. This fact suggests that
nitrogen limitation was occurring in the lake.

(4) The flow path due to the tidal cycle can cover the whole length of the lower section of
the Hinuma River. In this case, the Naka River, which joins the Hinuma River close to
the river mouth, contributes its fresh water to the upstream flow, so the lake receives
a supply of nutrients from this fresh water source as well as sea water during flooding.

1. EALAEFRE KECERES T300-21 FMIBIIEIE HSE] .
Water and Soil Environment Division, The Natienal Institute for Environmental Studies, P, 0. Yatabe,
[baraki 300-21, Japan.
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Simulation of the Runoff for the Sanno River
Kohji MURAOKA' and Kuninori OTSUBO!

Abstract

The Sanno River is one of the tributaries of the Koise River which flows into
Takahamairi Bay in Lake Kasumigaura.

Although the Sanno River is very small and its discharge is small, the water pollution
of this river is remarkable. When it rains heavily and the discharge is increased, loading
from the river bed occurrs, and the pollutants, which have been deposited, are carried in
bulk into Takahamairi Bay. As a result the water quality of Lake Kasumigaura is seriously
degraded year by year.

It is important to arrest the inflow of pollutants after a heavy rainfall, so that a
numerical simulation model for the Sanno River was made in order to estimate the time
variation of the discharge for any available rainfall pattern on the watershed.

From the results of the numerical simulation, it was found that the maximum flux is
mainly dependent on the rainfali pattern on the condition that the total amount of the
precipitation in the basin is equivalent.

For practical application of the runoff simulation model to the Sanno River it is
necessary to discuss more pricise characteristics of the hydrograph and the runoff
coefficients each tributary of the Sanno River.

t. QUHi

IWENEAHN O R TABOKATH D, FOMOMEE » BOHRAOLBID 5. WENED
MEDWN T, EEREBLIEFC T, LAL 2o aRmE &84, LRfEizEmEE
M & - TEHHANE L TOBEF S0 WWFINIZHAL Tv 330RICE, W2 5 O RFKD M
12, TR OMEEA, FESK, TH» o0 TRk, LB S OWEAE EAFHY, K,
TEELML TR L DOGEEMELEA TV A, 2O X I CIENE, 2% D THROEAZENTH
D, ErlOKRAER, BRELIRITHEILLEVEZELS NG, BRI TEERY
HIE—820EEFEr@ICMAL, ~BRMEOREICHEMT 5, HBICREE- 2 ROL T %,

U, B 5RO -AERiS  T300—21 BT AL s/ EET
Water and Soil Environment Division, The National Institute for Environmental Swudies,
P.O.Yatabe, Ibaraki, 300—21, Japan.

—257—



BRI B e, HROMME I, FEAMAL, BEHICHBL TOABRME S TRERE LS
4, FESSOFERWEL ELIIEAD L L KBOHEBMEF BT rli~RMAT A £00%2 3,
FN-0TFrEOAEERECERBLEEZAILE20, BRBILHAL T 258ME L ERMIC
EETIZLIHELRELZELONS, 20D BRI L L TRBIZBWA S - 256, E
NOFRPALA LSO E I CTEBAIIELL T E#HET 24012, ILENDORE R %
R EHEY 2L — Y a r EFVEMERLL,

HECBATIMER LT AUENOBEEIL DL THEILS AaomimmﬂLuﬁmhbWWMx
EB00mMITIED 2 AT CEAIEVAE TEHL Ty 3 LI RH 2 By s bHTH Y
HIC&EMWWWﬂ%meit,MEMKﬁaéthéﬂH%m%w%ﬁ&mﬁﬁmibf
VB, B BRI 5m~2,0m, BETHEOLEHHESL S TR T4.220.1mTH 5, @EOE
2 50.6km & ) EFCIE, ckiElrim s % ﬁrbn 0.6km# 54.0km X B Tl 2(a)0 & 9 G HAWE
AHELTWE, £# 40m#bimfulzﬁ®$7 v - VRBAMBETH 5. WHAIZE
ﬁ#ﬁt&%%#ﬁaéﬂruéoMEmuﬁAeraﬁﬁmﬁuk+5bﬁa&1m$mﬁm¢
0,%@%K*E#b@%*&&éﬁ?tbmﬂ4T%Kﬁﬁ£<%50L#L,MIMmﬁﬁmﬁ
DHBOEREEL2MRTT 285 IERBHEORE L FN» S 0REE2EETLIT S THE L E
ishsd,

2. RKEMOFE

ANOFHOBRMREFEL T, ThLSTHIGAII T 3FRMGEHET S 20103, 7
HAIRCHEEEs E2fHL € LRTOREBRE <Y, Zh 5 ORBHAATEKOEHE S L
E®$5KW?LTw<ﬁ%N ZINELZ STV, #EADERECHRMEOER £ RO TV
& EEAKBE LV,

HAGBHHEE AT EROBY TH 5,

1) TERIMET ZEBLERLERTERL VBERHET 3453
2) GHFHAERNCHEEREFBROMER S IDEVBRET 5

DOEHFBETHY, ML fEbh TV 3, EHOKRMEEI LY, FHE L FEROME
ReROLBENH 5. IWENIZML TR, HEETOEZAEMADRBREBROFN 7 — 5 H 2w
DT, DOFEIILE>TRKEBHET 22225, BAARIIREECHEFHEE RO S NS
ZENEG,

WENOFIR SN IR L 2L DA Thd, WRENERNNE LT, FNIZHAT SO
3RS 2. WMCENA S AL, EXNRROER, D&, FHEBR, HHENESELE®RL .
R - B8 — T, FINCHAARAL TL 3HITH 5, 1) DFHEILLE > THRNDFER
g s H#eE T 50, INASDRMAERNADERALERT, DEOOORBHEA RS
RS U AT IR IE L v,

—258—




&

I
* 1

B E &
wLE A

‘u._u‘

YP-20

MMNN H 4 wIBL

Hoooes

6 22 Hraiid

v8 ZZ Ho008!

€22 Hoodwe

44 12 Hoooze

1271 2 Ho0dDL

¥ D2 HaooEd

IE 02 #0009D

18 61 [{000FS

Z8 @i HooOZ®

®#Z @ HOwODS

09 L1 HoooRs

021 OO0

99 1 H 000w

9C¢ $#1 Hoo02S

&1 g1 HO000%

L9 v HoooG¥

zZe 9 H0909y

e5gl HOGONY

ZOE| M ODOZYF

&t ¢t HooQow

i6°¥1 { DOCSE

S0 11 HOQ098

&1'GHOOO®E

68’6 [HCOOZE

I & Hoooof

og'sa Hoousz

*5'L HOOCHS

01 i HOQDOWZ

£L 9 HoooZZ

923 HOp00Z

€09 [Hooos)

1+ & Hooos!

8 F M ooor

#i'v H gooT!

a9 ¥ [Ho-oool

§'r HOoOR

r€ & Hoony

18°2 HOOG

z2z°'¢ Hooo?

LN

[-3:1-x4

o'00Z

0002

0900z

o0z

o002

6002

oopz

oooaz

goo 2

090z

" oo

0002

ooz

0002

o'eo2

0 00T

000F

Q002

Voo

ovo2

(112

0002

oonz

(R rd

cooZ

0002 H

odaZ H

oooe

00T

000d

oot

[ogeli 24

aene

00T

=41 1-1 4

ﬂo

¥ 2N ¥y

Evzg Hee |
Hiz 22 Hazz
How 12 Her 22
Hesoz Hs 22
Hsi oz Hsz12
Hee 61 Hezi 2
H2t 61 Hse 02
Hee g1 H 68 D2
Hiz @1 Hed &)
Hze 21 {6081
HiioiHse e
Haz 9r o 21
Hez tr He8° 91
H18 v 3591
Hso »1 H 96 61
H¥a £t H 92€ §I
Heo 1 H #sS !
Hra 21 HSE &1
Hz1 ziH{es =+
Hiwst Hzeel
Heg ol HEG 21
Htaol H 26 #1
Hel 8 Hso1i
Heoe H99 ¢!
Hea £ Heo o4
Hes 9 H s
H oeo *.hu.n
Hoia Hei's
Hig'y Hiwed
Hew v 6L 9
Hs v Hers
Heows Hse s
Heze Hars
HE8 2 96
Hos 2 (es+
Hoo 2 HOS ¥
Hes ) Heo'w
Hots Ruews
Hsse Hia z
Hye 0 HeE |
Heira Hzz

~ |[eed

W aE |

..i

Kaman N R

—250—

1L F D RERTH

Longitudinal profile of the Sanno River

341
1

Fig.




I L M\

gt " ax ¢ =

. gk B2 |( L)+ L | o122 @
| |
| |

2 hENDEGEDOREE O R

Fig. 2 Schematic profiles of cross section of the Sanno River

AN
- /
Bcsle 1725000 N f‘/l\'
[ igg ;Eii da00 \‘ﬁ_‘/ ; ___:")
3 7 el [ 2
- h
ﬂ§%$§“
*
Jm
/ [T 1]

K3 WENFSOEE

Fig. 3 Schematic representation of the basin of the Sanno River

—261—



AKESBTERL QiR ¢ BEESS0OTRARE, o1 KOBE, g7 EHMBE, i; WK

OB, ol MERY, RIER PIFEICEBEOSEH

@RBO—- (L), 218, KB bE—FI R DO OTTHEST 5 &V ITKTH 5o RHTIR
IR 5O T, IR AEM L THEHE 2T I (DR, QROE LMY HER & BT
HTRCIZIE, WAWSLEHENRAH, SR (explict) B HiED 1 2TH S, two-steps-Lax-
Wendroofi# 2 & 2 ZH A% — L &FEL 2 (EAFES, 1974), JTOFFEEIZO2OAT v THbE % -
T3,

iy g1A79 7R

nrisy _ AT+ Al
Ajtl/2 2 +(Q111‘Q?) _Qg;

A IR S (9 STRIR) (3)
2

-GGk g (B — (D (D — ()
Al Ax
2

leJUJxIL | wtl/ al

=gA?  — A EINE -

gAJil/Z [ (R?i 1/2) V] (*i = [E]”E) (4)

(i) 227 v 7R

AT — AT ! " n

AL (@ @i =L 8
e (D ?*JZH(Q 12— (D)

At + Ax

2, n+1/2 At+1/2
:Q'A?*‘/’ P— njuj(RfJH' J;tzi) - | 6)
LU RIZECTuIMATEEETH 0, I8 Lud jAdhE, (1) AHFRIOEZTRL,

ORIV T VWA T4 w7 AL £ TH U.'E._ﬂ*’i"ﬁ’i‘o two-steps-Lax-WendroofBID A F — A
B4R TEILZAMOAFX - LTHE A, MMOEIHETE 2, ZOABESIIRT K

By T ABDAF - A THELZTREES RV, Hy 7ABOAF— L LTRAND LI B2
FREFHVE,

i) kimmoBe
Arlul_AJl'l AHH_An n+1 ;1.+1 n+1 Qn 2le
At T Ar + Ax + Ax T ax 7)

EFc s, BRAGELTQM 452 TAM $5tE T 5,

TFimmiz e Th, (e 1) ASFHDAL LCIRQA S s hhifmR LR E5RA» 5B 0%
HMHARE B, LAL, AL LS BQOE 2221l E > TIRATEREL 4D, REO KBRS T4
INARVEERLEAZEFD L, FOLHAAILTREE —2FHOMAIIENT, Hv 7 AFA

—262—



n+l

n+ by /,’
n &

3

-1 3 1 gl g

B4 =AEOCESAS— L4

Fig. 4 Difference scheme of triangle type

nsl —{
n

k~1 k

K5 HyvrABOERZ X — L

Fig. 5 DiHference scheme of box type
F-LTHBEOREEMHRROEFR LB LS, FIEMEL TR =Q) (k: T %25
2, ZOEETOORANKAL TR AROE Y, COMEBEUV 2O RNMEAL TR 25E T 5,
COFEECVELTQY OEE —FERICNEE ¢ 32 L k- T TNl &3k 7 (77§, 1974).
LBz i THEOREIT 2T ) biT Th 54, BIFILb L -TiE, H3EH Y- ¥ THEE-
e EZFINASEFINTHAL TL 2MBOBHMNELOEEFNELE S,

3. DR - B5Rdh IR

ZITIE, FNHSENATADRBERIIOVWTEL S, ZLEH6 DL T s &I
DI, &E, WHAMEERLALCDTH S, R 2FIETNNITED SN TENMTHAL T
WLbFTTHE, BoATETNTENEFRC TANIHTAT I TIZEL, —sidh3E
L, $hbs—midssg BT LrmohTva, M7 kOB EOBRE By 4 BT
T L, SEOREBIFTHRE T 2013, BEEALTEY, SRl LR THIENTH S,
BRI h - 2BA, £kD S L THEBRNE 2 3HEMENZ T A ERTIEESE U TR LR
HUPERENTY Bo XNOWEAME A (ha) & U, T y(om/h) OREFA AR - 2 & F
g, EEERE L THENINCEAT ARBOHR V() &
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Table 1. Characters of the tributaries of the Sanno River

o, | 13 B Om) | B = (m) i M .
XNER | o 0.0y [F RS T (ha) HELs (5 2
1 0.6 - 0.8 50 00 7.3z .57
2 0.8 — 1.0 600 1000 .31 0.67
3 1.0 — 1.2 525 1100 18.62 0.65
4 1.4 — 1.6 1000 2125 43.25 .64
5 1.6 — 1.8 600 815 16.38 062
6 1.8 — 2.0 500 700 14.40 o 65
7 1.8 — 2.0 550 800 44,55 0.63
8 2.2 — 2.4 1350 3300 73.03 0.63
9 2.2 — 2.4 400 400 13.43 0.65
10 2.6 — 2.8 600 800 23,38 . 0.60 .
11 2.8 — 3.0 1375 4050 81.50 0.67
12 3.0 — 3.2 550 800 18.05 .64
13 3.0 — 3.2 400 500 £1.38 .63
14 3.8 — 4.0 500 500 16.05 070
15 2.8 — 4.0 230 - 230 12.30 0.69 ]
16 4.0 — 4.2 775 1100 57.23 0.63
17 4.4 — 4.6 350 350 17.15 0.61
18 4.4 — 4.6 700 700 15.10 0.71
19 4.6 — 4.8 525 675 20,93 0.75
20 4.8 — 5.0 825 575 39,10 0,64
21 5.0 — 5.2 500 500 12.38 0.6
22 5.2 — 5.4 525 1100 14.65 .65
23 5.4 — 5.6 700 1025 28,65 0.59
24 5.4 — 5.6 375 ars 10.05 0.69
25 5.6 — 5.8 500 500 15,15 0.62
26 5.8 — 6.0 1200 2175 62,60 0.52
27 6.0 — 6.2 1000 1000 67,45 0.67
28 6.4 — 6.6 800 800 40.18 .62
29 6.6 — 6.8 525 525 32.55 .62
50 7.0 — 7.2 650 650 15.60 064
3l 7.2 — 7.4 425 425 32.18 (.65
az 7.6 — 7.8 1650 1650 36. 50 0.50
3 7.6 ~ 7.8 00 600 17.73 0.62
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Fig. 7 Schematic figure of the runoff processes and compornents of precipitation
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TODRFA—STRETE ST v HHBBEKEMWSZ LI,
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NELxd 30T 5,

RERaaIE 7 () (om/h) A5 3 5 AL r & X O - BERIMEIE KO0 £ > TH 2 5 ha bt T 5,
FORBHEEZND fin, 0, (k> TRE 5T 5o b SHAD /O EHD 5018, WE, HBO
RS, THAREBEOR 2 BEO LSRR VEETS 5 A SEEARARE (34
£, 1971) £BEIILT, TRANNCOEEE2O L Chdr RHAKE L TORBERE L

F 2 TR ORI R

Tadle 2. Coefficients of runoff in the areas of different land use

do b FIFRAR R witiRE f
gk 0.80
VIR (3 0.62
Hl b 0.55
A& H 0.75
TR (L) 0.50
FOF (Bt 0.52

LT A R MRORMO &b & B8 L ORATRS 2,
/=8 fe A A, it

SIS LA OF R, A SIHAFORE, %3 BT R BEORR 2 S,
PR, bk, (UAK, M, HME, CHERL S HMARNOBMERL LD TH S, K2, #3 %
BTy A 53K 22 BN OTRLFE OEERLIZT L

4, WENOHAKEHOHKB IaL—-a

BEHE IS THEHERI IR IEHEFEAS L30T S 2, ILENOFEIZE, B1I25HET
I UIEARCERELIMPHFEL TV A, WK HBiE LTI, R FhmomEoESE% s
RS TR L 22 2 BUE T—F Lo iDIEIX1/350TH 3. F M EEaNHE L ZWIE T
—l L, n e L TO0MERAL 2, '

ZOMIEKEENE2m, T 5 E1/3500 & & KE0.3m, TR . Zem/s FHE T ALV I RHGETY S
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Table 3. Areas of different land use in each tributary of the Sanno River

FINESG | iR (NI ; 3 F i * H TGt O # &
1 1.15 2.82 1.40 1.95 7.32
2 4.58 4.22 11,93 10.58 aL.31
3 3.50 8.32 4.65 2.15 £8.62
4 3.63 18.20 13.00 8.42 43.25
5 7.55 5.45 3.38 16.38
6 0,20 4.82 4.30 5.08 14.40
7 0.98 8.02 17.50 13.90 1.7% 2.4 44.55
8 7.23 27.57 21.15 12.13 5.85 73.93
9 0.58 0.65 6.70 5.50 13.43

10 1.00 17.65 4.73 23.38
11 22.03 24.27 18,75 13.35 3.10 81.50
12 1.05 3.65 7.80 5.55 18.05
13 2.55 2.48 11.35 5.00 21.38
14 7.15 1.50 5.00 2.40 16.05
15 2,80 4.13 5.37 12.30
16 15.93 2.02 35.75 2.25 1.28 57.23
17 4.28 0.10 6.42 1.00 5.35 17.15
18 9.93 3.25 1.92 15.10
15 16.78 0.63 3.52 20.93
20 12.76 14.65 2.50 9.20 39.11
21 9.03 ’ 1.50 1.85 12.38
22 5.30 8.22 1.13 14,65
23 0.35 22.15 5.20 0.95 28.65
24 5.05 0.05 1.53 2.52 1.35 10,05
25 3.85 5.50 0.4 5.3 15.15
26 11.35 42.60 8.42 0.23 62.60
27 28.90 1.30 20.05 5.85 5.03 6.32 67.45
28 7.23 27.15 5.75 40.18
29 1.78 12.7 12.62 5.45 32.55
30 2.33 9.37 3.90 15.60
31 8.25 4.25 14.95 4.73 32.18
32 36.50 36.50
33 2.63 2.32 10.73 2.05 17.73
B ha

v Y OFEE AR (hARFESR, T ALSBE L2480 TH S, HHEMEE L TIE, "8IHTIo
DA v oHUELERAVA, BLOA5 X -3 Didn=6, ¢=0.02T&H", 2D H ST
n=10, ¢=0.0083T& 5, JEMOBEMEALLESOERRMMRAIL AL & L7305, REEpmAxs LT
i, 200mZ AL 2, TREROMEIGILENG DA 5400m L e U2, % OB R OF RS b
WOKMRIH L TEL» 5B L, HEADERE 222 TFREA, e RE L ATER
BITEEBEWRE L3, 20L20RTHOXNOS A& Az TROMEZ Fime Lk,

BOHEHFERHREOGEZR T, K9 EEHBOMEMEARS OB THEL5h T w5 &L A
ISR Om/ WD AT 1 BRI - 2B OP— 1, P—2, P—3, @3 HAOME - IFRBmERL -
LDThH B,
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Fig. 9 Results of simulated Hydrographs
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Fig. 11 Results of simulated Hydrograph (the influences of difference of rainfall)
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Fig. 12 Results of simulated Hydrograph (the influences of difference of runoff functien)
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Research Report from the National Insititute for Environmental Studies No. 6, 1979.

By AERACETIIEEMENYIAL—-Y 3 ICElT 20
AEF OB - FHIRSFRL - AH f

Preliminary Model of Phytoplankton Growth at Takakamairi
Bay in Lake Kasumigaura
Hiroshi TSUNQ', Morihiro AlZAKI' and Takeshi GODA!

Abstract

In order to understand the essential factors which affect eutrophication at Takahama-
iri Bay in Lake Kasumigaura, a preliminary model of phytoplankton growth is developed.
Some of the model parameters are estimated on the basis of the results of a survey, whose
values are among those commonly used in simulation studies.

The model is demonstrated to be able to simulate the change of chlorophyll-a and
nutrients (dissolved phosphorus and nitrogen). The simulation results show that, in this
area, the release of nutrients from sediment is one of the most important factors, and that
the flow pattern in the lake is also important.

1. LI

WIRI BT MY L KEERO D 1L, BEAOBODLCODDARROMIZ, |HP VHED
REEORH M) RAROMMEEL TH Y, FRRARMWE T SHELRAMTOLHR LT
bTy, BB E AHRMARCHEESOTHBEE L I AL - L) SBAFEFARDERMAE
Fhb. RFED, &rli@meATOERE (BLaEWERA9TY) &b &0, JomBIIE
AHNIE EUEBEOTHEED Y I 2L — Y3 Y EFLORHE AR S,

2. YXalb—2arEFARX (EAR¥S, 1975; Larsen et al, ; Patten et al., 1975; &¥F{F
#, 1977)

BEOMBMCBERRIETEELART L LTHAR, AR LURBEENE LN 3, HERO
—REFEFEECRIFTHER SO TRV 220 ELA TV Y, REFARTRIHRI Z &
EFBEVTROREH 300~350 (cal/em?/day) fl#% ¥ T3 & BHERLC AT 22 THELEIL 5 5, &
RBABTRETZOT, FLECESLTWAKEZE TOAREIMVIRIBEILE ZE TOFERE

c EIAERHRM KEEBBREED T300-21  FMILNUSARES IHEEAT

Water and Soil Environment Division, The National Institute for Environmental Studies, P.0. Yatabe,
Ibaraki, 300-21, Japan.
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FHTF-DETHN R I VB H 55, 7 OHE, Kph TOROMEL Lambert-Been OIERNIZE Y & F

RARBTOROBEFERIRMEOREL 2, —RERIEERTITN A2 LEERICIAN
Do 7J<;«mc7)2$i,fsc"25§fcl:&£i"h:3¥3$t:ﬂLxT%7J<?u'?dil’¥]‘s”5ﬁtf§ﬂi‘t’6‘%n‘vréo ZLTERERED
P BT T RZE IS T Monod BITRIRT 4,

B AORBEOBB 20T, FANNSEORFRAOMIZ, HEAOL ) ITERBHLLKED
FOBIZEOTIHFIEREY o D EOREIIREVWILFEL LN S,

BHBGERA 2L 2 L HTOMMEE IR 5526 (Ax— 258 »MohTnwd, 22T

—REERIEIZ 2T 07 4 Lo a BN E & B UIEAHANED T 5 GRIFIE A, 1977, 1978) &L
THRT 5,

ORI OV T, KA T LB TORBREHEL T, dM/di=—(S./z.0 M, T ¥o

MEOME, FEHIUHEICLAELODRIIoNTS, EEAhLELTELLIES, U7
Fyr by ORI AMESDRENERAIRT A2 H 5N, A EE L0 TREGREICET
—RKATRENLEZIELE0, 22T, BLEHZEFLE L TERORNBuET 5, 2L
MR OB Sk, FEIEIIRIRE T AR EER B,

Pllo#EdEs 200, minA2HLISETEEZSEL, (CEOKE  TOHERIEDY » BLUE
FOWRE, A5 CUIMBIRE T 32 32 -3 3 v EFLORT2RASERDEIILE S, &
DG, EEEIRIFERALTVWAEEL, FRLPLSOAHEFITEEHR, R ATH @Ry
;UUz)mﬁ%m Lo UIIHAKRTH 3,

BREEIEF

Fu= Roll— expl— ¢, Z )}/ (R, 7))
Ze=minlZ,, Za), Za=4.6/¢
e,=mM,+n 1)
Fo=T/T,
Bi=exp{—yM,)
FROE
VAdM/di)=Z Qi M{ —(X Q{ + QeI M+ A+ A,Z,GM,
— VHCr+ Cdl o+ (S Z, M,
VIdN,/dt)= QulNei+ X Qf Ni —(Z Qi+ QuJN,
— A Z,G M+ ay V,.CrFoM o+ Sx A Fy
VddP,/dtl= QuiPrt £ &P—(Z Qi+ Q) P,
— ap A2 G M+ ap ViICrFr M+ SecA P
—(S;/Znd Py
= KFuFrd P/ Ko+ PN/ (K 4 NG,
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Fig. 1. Sampling point and areas divided for simulation in Takahamairi Bay

B, U BT ARER I HEO T, ) I EREOREE L LI L T O T, el

BEATOY T2 —2 3 OFEOMEE U CHEE 7T IR 2 L 7

{4 FHER
Fry & HGHRUYHIAT, Ro; RERTORHHE, e R ORPMESER 2, Ko H BkE,
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Fig. 2 Geographical factors and boundary conditiens of Takahamairi Bay for simulation
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3. YaL—-Y=z0HHHE

SHIBIRIEE U TOMIME SRR 2 10 GRIE, 1975; RWUR, 1973, 1974, 1975), ARAHE
EERLID CARIT, 1973, 1974, 1975, 1976; KL, 1973, 1974, 1975; MEFEA, 1977, HEIH
TURMT /54—y 3EAF - s ZOVEBLTR21Z GR¥EAS, 1977) 2RFhFET. &b, K
AL DREHOFHMEER, SIEARKE ] L0212 50 5197647 H~9 H TOREHE LD

#l RBREMEHE

Table 1, Environmental condition for simulation

1

simulation for summer in 1976 annual simulation
(timely expression by polynomial) (timely expression by harmonic series)
T, = —40. 7D* +200. 7" —209. 5I? +63. 6D+ 22. 6* T=16.17+12. 63sin{2 7t/360—2. 11}
T,=—112.5D* 4269, 41 —223. 51 +64. 4D4-22. 9* —+0. 77sin{d 71 /360) +sin(871/360- 6.30)***
T,=—157. 6D* +344. 30 —256. 9D* +67. 1D+23.0* Ty=T,=Ts=T
Ro=—21462. 3D* 4-36631. 0I¥ —20855. 1I? +4212. 4D Re=247.3+79. 3sin{27t/360— 1. 25) +27.2

+149.5** sin{4 7t/360—0. 64} +26. 25in{8 7t /360
M{ = 8. 22310 —10. 92630 +4. 81761 —0. 7261D-+0. 0628 —1.53)***
Q =604800 (from survey on lake current in summer in | Mi=0, Qi=0, N;y=0, P;=0

1977} t=0 on January 1

Nj =0.097 P: =0.045" D=t/100, t=0 on July 14 initial

condition; data at t=0

*OBEE S (1977), QBT (1976)
ORMIE (1973, 1974, 1975), YMYYRET (1973, 1974, 1979)

2 BEFEFIIETL/854A—%

Table 2. Values of Environ mental Parameters for simulation

parameter value parameter value

Rb I56cal/em® /day Fr, case 1; Fr,=Fn N
Thb 27¢C : case 2;
¥ 3.85Ch-a mg/liter aerobic: Fri=0 |
m 16.2m>' (Chl-a mg/liter} " anaerobic:** "
n 1.3m! =1

case 1* case 2° case 3;

Svi=0.024 0.147 Fr=0

Swi (gN/m"/day)

Sve=0.0 6.0 *calculated with the data from
Spa=0.0 0.0 July 14 1o September 20 for
case 1, and only in August for
pi=0.086 0.100 case 2 (1976}
Sey (gP/m?/day} | Se=0.055 0.055 **supposed that upper layer of
lake sediment becomes anaerobic
Sp:=0.029 when water temperature becomes

200 and more.
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HEL2A: EFLRICEFTNETA—FOBEEAFT— s LDEHELTE I IhmT,

#F3 ETADNTA—F -0l

Table 3. Values of Model Parameters for simulation

parameter value
K 1.20 1/day
Cr 005 or 0.11 V/day
Cd .01 I/day
S. 0 or 0.05m/day
St 0.5m/day
an 9.0mg N/mg Chl-a
ar 1.%mg P/mg Chi-a
Kx 0. 1mg/liter
Ks 0.02mg/liter

Lo ESEEOLETI a2 g VEIE L 8%, BWF—7 (7o, +b8) &8800H
3, 41iF T, H3id, 1976FHMIZ T 57 -2 UIMT A 3i2b—Ya vy ThaN, KEILGD
RBEOFERF LV E LB (case3) 121, WTFhOMAIIELTHLZ DT 7 4 813500
NS TR XN AEESFREN, SAZAIIEHA 200 7 4 La OBINIE L 3 2Lb— LA TV E
Vo ¥4 CDRMET T, SHEREHRL BRI ) o OBESETL, 0.005mg/ 1 LITFE %D, U H
FIRFEH S A 2 2 LR ahTw 3, KR SORBHEOFER S 5 & L THE 177258 (case
L, 2) 3 #AEMS 1020804 7THAL8A AU TOIORT 40 o OIS XURE
WOES, 8 RO A TAIAI TN 207 (Vo OBRERS L USRBIEORA, 2 LTI AL
Boraa7 4 b a®id, ERESEOMME L EREY c ORTEOEH /5y -, 25U
MENS 3 TORBEW GO 7 007 4L o DRI & & CRBEBEDEH Ay — v 22420 &
{23ab—FLTW3, LE, BE»ISORBEOEW Y-y OERIILDIHLBEO OO Y
AN e DD, BRMEEORINE S CEREEY L O Sy— v e ER D, ERIEO LB AERE
NE LIRBEEORILAFET D E LSS (case2) OFA, WA ML TREENEE TS L L
FIRS (casel) LVTMREANAES L, 7007 4V RRFBIEOFEIL, AEMS 2 TREEH
H1EDL@EPAERAPEEY 2l —FERTVEA, HEHE 1 bLU2 &8 UMK 5B
ELAABL, THOBMEAZEFCLEATUEL, JOHIEL T, SRAKOFERTTL L
ELEHEB OB ANETHS Y. LIl Thonyiab—bRETRENS LI, HHRzEN
LHMAOEBIEOEROMI, FIERDY S OEESOMRIREV I LN EISR S,

1O 207 4 b o B L URFEEBREDERO Y 2L — PHRER4ILRT, 2O 12l
— FEHECEO T, SHSBERT Y LT ORBITEES 2 (335 OIFH48E ~50F ORIEMR (K
IR, 1973, 1974, 1975) 123 U T DRERFIEEHTIC & 2 A 4 Hy, 2BHRBEHE CoRRLERTC
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Fig. 3 Simulation results for the phytoplankton growth and
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WLTORBOENOMB GO Tl ZASOY 3L —MHIBRICE D E, 2007 4 L ald
AHOWD &AM LAY, 6 HOMII—IRIlXEer e 254, WMHEHEO 7 M5
#BEU@MLSHmmmtﬁEm&&U,%mﬁﬁyé%b9ﬁ®Tﬁ$nﬁﬁuﬁTLsﬂnﬁ
M £RT, WA T 2SS 3IANEPEIT LA T, 70074 N a OXDEIEHDE <
% AtHE, SMOBRGERES L L AHH, FLUEMOELLIEL 2N d~6HIIATTOE
GBI CEEZN L E SHEMATREATO S, ERECEFE 7007 4 L a DRI
THEHLLUBBIIRELEY, 207007 40 e DA I THIT AHARENT V3, iF
D) d, EEECEAWSOEA{THL LD, 7007 4L g DBEROD 2 CETE
0.05~0.005mg/1 AR WE AR L, MERAS OFELCHF - THINL, 8 B~ 9 B i i i %
FL, FORETFTAHMAAARENTVWE, ChoDY 32— FOMBOEH Ny - 13, 700
T4 N o, FMESES L CHEREY VT 3BT — ¥ OFMIER s - v 2D LY 3
L-bLTwaEELILNE, 70T 74 L alZT33 320 — FEROERMTR ¥ — i3, K
%#Gmiﬁﬁmﬁﬁﬂy—ymﬁiux0%9@&0,mwlwﬁé&5~6ﬁuﬁﬁf®mmﬁ
case? DIFE LIV KEL{—HEWE I 2EA7H 3P, case2 TIXTH~8HIIAT TOHEINHFA
525[’6‘:5 D, £-9H~10A1CAT TRE P IZcase2 M A casel IZEEBGL TR TH SERmMAITRER
TWde FANMEEECHREESOBRERROMICLD, 7007 4 L DRFRIE LD ORE
BRITAHIELERENTL A,

4. F&B

et ATOERBLER ST 2RFOEIBAEME LT, REMMICET 30 L850
BEFNLEBMEL 2, ETLIIEENIE/3T A — O, WL L CHN RS, 20
REE, EFAMILEYD, 0O T7 40 BRI CRRE EFE Lo U0 ) OFEENEL» 2
NRCY:2Lb—FLHA2E, ZOHBIIEVTHRIIER Y, S DEEEORBOMEIKEVT
EEOMANERONS, £, FEC70T 740 o DHUSMAZER DI, HHEOBROKENT &
LTENK, ARE, CITOEFLOLIASENA%TL L LI, KBS OEEHOBRA LS

INSDETOY I 20— FEEAOEMRIZIOVWTEETZHESHA I,

gl B X #®
AL (1975) 1 FETEMI IR A TU I+ A T
FHEUL (1973, 1974, 1975) & 44k Hlkds o R T 45 1
WA 975) 1 B il WEERIHNSEMIE, 1/50, 000,
ST (1973, 1974, 1975) @ REUTHE (1973, 1 ~1975. 12) 2EAE%.
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[z A FEREHTRRE H6H (R—6—'79)
Research Report from the National Institute for Envirenmental Studies No. 6, 1974,

HEOEBRERCETIRBEEORRESVCICRBICBET 28HhRETN
120 SURE < S S 2

Kinetic Model of Algal Growth Incorporating Intracellular
Carbohydrate and Phosphorus Pools
Hiroshi TSUNO! and Takeshi GODA!

Abstract

A series of studies on a kinetic model for photosynthesis, nutrients ingestion, and
metabolism for algal growth were conducted. Coefficients included in the proposed model
were examined by considering experimental data on the growth of Chlorella sp. 1t was
shown that the proposed model can simulate the mechanism of algal growth, the change of
intracellular phosphorus content, the change of intracellular carbohydrate content, the
change of concentrations of dissolved nutrients and chlorophyll-a and the effects of
nutrients on algat growth.

1. iRLSHIC

UL £ OWPURRL sy TR O Y v HHBlarh L, MRS 2 EER L By ERO
Wk OMETE, FOFMREIRLLEROBBCETIZEAMS ATV S (Kuenzler and
Ketchum, 1962; Keenan and Auer, 1974; Fogg, 1975), £/, 2 HOEHIIERENEELE
MY 32LAmMs T3 (Fogg, 1975} $EHA™ 712 5 D REUMAMIC & 2L, WHRERO
%L LS v 7BEEHL, 7007 4L o fEESZLZ{EHL TWBN, —F, BERZENFT
DERHTE Y Y T HOSHRIXIOBLUT & 20, BELRKEFZRCEEREALIZEHME N
THD, £ Y REFETCLRAKRIRE £ T2 L 50T w3 (Fogg, 1975), LAA T,
HHRGOARICET 3N DBBRABRANIIZET AL LLIIZRORELLERL ) A8 hF
EFAORERY, BEOEEHEYE, 2R 000 v OEREHEL S CIIER R LU viBEO MRS
EERT S LTHEETH L EELSN S,

BeARih & R EEIBE L ORBFE L TR T A FEE TR L LT, Monod DRAA—RHIKIV s AT
W3 (Fogg, 1975: Middlebrooks, et al; Pauten, 19753), LA L&A S, ZTOETRAGFEOL

1. BESrAHHEEm KESEESeE T300-21  FRERULBUR RS Mt
Water and Soil Environment Division, The National Instilute for Environmental Studies, P.O. Yatabe,
Ibaraki 300-21, Japan.
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Y EMEANFERDEAROFHMHESE L HRL 2 L v, HE, MR ORBEROENMEERL 5 280H
FEF A Caperon (1969), Bierman, Grenney (1974) S ks T 2R a N Tw 54, KE
FER DRI D CEIEEEN, AlRNEROZME L UEEMMEEIEL TORANLEET L
DRt EATUA,

FEfFELE, Chlorellasp. 48 & LT, BEOWMEHE, ChilEImBS LT » OFBEHE,
BEUSEMOMBIESE CRIETERL LN VIBEORE 2 L L KT OLERRI RO T
HEHLTIHREY 3 B8 T1T - 2 EEAHET (Tsuno and Geda, 1978) 1230\, Zho R
MaRTL 5 SRBEOBIR, LAMRE 5 CCRBIIMET 3 €7 LORMERS 5 L0 TH 5,

2. ¥EBEOBRESULEEOMEICET 2BHYETVOER

2.1 EFLOBE

BEOMHGARCHET 28 hFETVORAHAE ] (R T, FEFLVIELIIAGHRIAERE, Vb
K UEFEOEIGER, &L UHBARERBIILIEN s S,

WHIERRIIFT LS RO DAV F— 128 » TRIFO TELRFE XV if AL 2 5 L illapyiz
TR S (i1, REROERE).

C02+H20_’(CH20) +02

FLT, oK ARERIEE L L THBAH (BBe) &h, BHODALF-BEOLHD
MR T (BREE 7)), — MBS AT A X —EMVTOANIER (BE6) fbh 3,

FEIEO Y Y HLUBEIOCTIE, EERESE (Tsuno and Goda, 1978) (Z3-Jwg, Uiz
WTIHIAN TOEM A F L, SR OVTIIMEE (52 /78) GRICE>TEREh 3 EER S,
Thbb, BEFOEEEDY IMMI—EEREA @E2), FLTI0EHEsheY Ik
DUEBERIGII M s h 34, B L TRAUME R TOFMAEERE (Bls5) cgbhah,

jmcﬁr
"
¥
5]
% 1 4 ﬁgF CELE.!ES
2 Blm 7 R W
_ & :cs)5 g " Ts
% ;s B4 / 2] Creseiramiony
- » 1%
g . )
3 2 s
l—+Z 1e
5 OTHERS
INTERMEDIATE AND END PRODUCTS

Yy

Fl #hxEE7TroeR

Fig.1 Schematic diagram of the kinetic model
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WKL T 5 3 S LEAEIIAO 2 DO T 4 0 ¥ — i E LT ORI b ¥ — it 1T 5 2 ATP 5
DEWRDHZHOER TV (#1856),

FoEEhoEEEOE TSGR B 6) L a8 7 HOGROERE LTy
HoOZENE RS #E3).

RO —ME BRPIRIC LD A aE T 5 (B 8 )0 MENR I L0 R L 2 h A s o A B,
FEARRH, Ho0 & 30k COp 4 KITHIS OB kp LI s 1 (BER9), N T 7TORMES &£
THUERMICENE 3,

Gl MBI ZECTE, BRPECT CLBMORKEE (CO 2#80) 3150 fEn L, £3¥G
CTHNEh 3 LD EEL D,

2.2 EFIDERAIEL

() SEasOBrE (FHk1)

FEBOERE LR, B, pH S SRIEREIR- iz A AR CHEBE L2 2, [2(Tsunoe and Goda,
1978) (CAREN B L IZEMHPO Y v EHERICLBEIMEN IO TR TA L, KA TET,

P,/M-+ Po/M

PordM+ Boiit M7 # )

Ron=fon (e, WBEE, ) X
ZIZT, Reny JTOWERE (R mg/1/d)
Son ¢ K, BEFICEDMRE R A NANGEEME (ng BN /g 702 74 L g /d)
Py 3 FOWVCTFET 2 SHBh DR BE (mg/])
Por i FOHIEET 24850 OFR > O BCKTTREBRZS GRRIER) i85 (mg/1)
Py 3 FOMUITETRT 2 &IOS & L TOHEIEY VB (mg/])
Mo ENAEMESE (709710 a) (mg/1)

N

=
.

ACCUMILATION RATE OF CARBOHYDRATE
(mg carbohydrate/mg chiorophy1l-a/day)
=]
-
[ ]

(=]

e
01 2 3 45

INTRACELLULAR PHOSPHORLIS CORTI
img F/mg chlorophyll-a)

bt
1] 0.5 L
(Re/m + PD/M)!(PST/M * Py

B2 AR Y AT s SR DL & 0B

Fig. 2 Reletionship between accumulation rate of carbohydrate and intracellular phosphorus content
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B HHIAAY 3 ONTHENATL B AR 248, £0EBH & LU pH B0 L5 M0
TR

B, CORTRU Y AHEERK) v EHETHEE L TRATLET 5L 2o ART, Py 0
U Py ZEEHUL (M) OFRIMF - TENTIEHTH 34, Pso/M LU P/M LV I BCHERT 2
&, B o s v it s K CRIAER ORI Ll 20, FUBRARBC LTI —E
MTHzEEILAZENTED,

20V r OEIGEE (Bl 2)

ARFROEF N HOTUE, MEEAI) » AERE A 3 LERC, ZOERY » /S
HTHbhED S L EL, MNTO) » OEREARSREFEO LIBY S 3 & L THRHIER) »
EHE (Po/M) BEL, 2L THREDD ) OBIEETEHY » OTHANE kR shs L&
ZBERANRSENS {Goda et al, 1973; Tsuno et al, 1978), % &, S ERGHARLE O
REHOBEIZET 2 Monod I THEEN L& H %< (Fogg, 1975; Patten, 1975; Middle brooks
etal), FEFILTLFDRTORE LTI,

R, p (PH_PS

— s (2
iy M)XM

ZZT, Rp i V) YEEGERE (V) ¥ mg/l/d)

P #ikpa) LigE (ng/))

ka5 V) ERUEREEH (1/d4)

Ko 5 8D ) 1B+ 2 080l $ (mg/1)
(3) HENEAHFE (i85 3)

AETN T, BRCHL TR TO@BBERITE L 4 TRBSEBTOLERIIET T
FMEN2LEZTHY, RIFPOERBIGHEEILRA TR EN S,

Ry= Ga,\'ac'Rm' (3)

ZIZT, Ry s EEFEDGEE (51# mg/1/d)
Ry 5 BPRINEDE R (BRI mg/1/d)
e ; MEERRBORIEO 5 SHFREMO Il Eh R 2 E1E
av ; BREFE (mgBHFE/mg 70074 L q)
ac ; BEGH (mg 7097 4 b a/mg BRI
(4) FBEBHARE (BFs4)
HAEP R A IO BRI L 3 A M F B L UHIEAROEETH 34, 2 OERO—1
ELTHEOLNAMIENER T v b L ERPOEECBRECLMEL Ty d, LAd-T, MBS
WA FMIERR A DEBH & & URIRANERY v OGHE GTMEMY » EHH TR L TEXT
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L+ 2) O—KOE, 46 VCEEPOERRE AT A8 Monod B) 1Zh-THTE, AREZ
b

. Cs Ps/M N (4)
Ba=kayr oM Kot iM% R

SOT, ke HREMHBEERd 1/
Cs 3 MREAB AR (mg/1)
N BHERmERE (ng/l)
Ky 3 BARPEREEICET 2 880EH (mg/)
(5) #iAzfaimiE (FiR56)
HIRE- B BOEFE Ro ik, FMABEE IRV T 28O LI CRT 24 TE 3,

Re.=oaac Rn {5)

6} HACHFERE (BKk8)
B O AR B (3 — Ak A et 1B 2 — KR TE a3 B (Greney, 1974; Wiegert, 1975; Bicr-
man), T4 bk,

SIT, ks s HOHHEEER (1/d4)

LT, MRS T 2 v ELUEEF I OB IR L 2R e AT 2,

(7 AR—-ZHBHERTHET, B

RO PE- TEU TS 2EEDR, XOZB#E, pHOREELTTHEERTHY, A7
NTREAMOHEE L UFRRBEOHEHIIES TALELT V5, FAITEOEERI 7 a7 4 L
200ug/| BiRICE 5 L BARIZFTHEEIZHED T3 (Tominaga and Ichimura, 1966) &9 & 3142,
HLBEBELU LIS 3L ERFELTL 5L 05 Wiegert (1975) OF LA LRAICROXEH 3,

M— <
A=1- [mechl @

L

[}

D= {3 (1 20
ZZT, Muaxs FeKTTHEREGRAE (mg/))

M 3 A/ ZZERB 0 Edh 3 & & OWBURE (mg/1)
(8) HINFEE HOLE ,
PLEOMERERNCT, SRBEHIRNE S CTEh 2,
RGHEm e LT OMEsMIkL
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dCs P_;/M+sz/M Cs P.s/M N

= x j—
at P BN P M B TR g Ko M8 (8
Wikthayy o
—_ EIE fr— P PST Ps "
TRl Loyl Gvad v) A 9]
HiEh O E
_d_N_ Cs Ps/’M N -
di Oa‘\'ackrﬁ' Po/M Kot N XMXB—avkeM (10
HIUBINFERTD) » b o &) &
dp, P (Psy P Cs Ps/M N
=2 k% ir . IMs _ X Ls s |
dt 2 K1'+P( M M )M aaracks X M Pi/M Kx-i-NX Mg {1
Pceu= P4 P, 12
BN (roa 7 g Lg)
aM _ Cs Pi/M N
dt R P KN MY B M 13

IIT e i BB (mg ) Y mg FUT T4 L )
Pee ; #liseize ) > it

3. EFNRICL SRR JUEEEERNOY 32l -3 5

MEETIRR L B 2 7 2600 TR T L, B4 DB F L RO G4 ENMRY
FEEUL (Tsuno and Goda, 1978) &3 1 127+, |

IR TGO fon =53 (mg HOk{bM/mg 700 740 o) HFiEohd, O pRER
Bk CHERSM 2 0 1B &, 0.88 (mg C/mg 7R 74 o /h) &%V, Aruga (1973) A Chiorella
ellipsoidea ®#FIVTREREOEE & EUMBEOSRMET CH243 mg C/mg 70T 74 b a/h) &
LTHEWETH B, ZHEEIFETD fon OIS HEEICHEA S A 9 (Tsuno and Goda, 1978) N

FUT 74l g liET 2EEL LG LT ABREG v, o I2VTH, TERASAILENT
W AIEOFETH 3 (Thoman et al, 1973: Patten, 1975; Fogg, 1975; Middlebrooks etal)s

RIFR T, SHRFHZOMPGEFE L VG2 FFAEHR Ky LUKy 020 T, BEOHMIZER
5 RIETAETEEBEOB LA SR LD AV S ATV S (Thoman et al, 1973; Patten, 1975; Mi-
ddlebrooks ctal) & 010'@ 4 — FFUFR S WA T H - 2o TR DO THERE L BT E
THBY,

BT EN TV AEMOMEESN.2, 3(1), 4D HELV42OMMEE (Tsune and Goda,
1978 28 AT, EFALRBI~WIILL->TEEINTVE M, P, Pe/MBEU C/MOEAL
5747 5 LEHEM (HITACS00) THELALOPEI LA THS, ZhoDRITHREN 5T
Oy bfilds 3ol — bIBIZHBT 2B T — ¥ Th 3, [3 1203, Y »HIBRSEAT TOHERIZM
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#1 WHFEFLEETNAEEO

Table 1. Values of cecfficients in the kinetic model

coelficient valie nate
.~ mg carbohvdrate
> b3y ———
Jon ’ (mgchl.-axd
5 gr
ke 2.95 1/d rale constant
[ 1.02 1/d ‘
ks 0.084 1/d
K 0.80 mg/! saturation
K» 0,45 mg/l constant
ax 7.2 mg N/mg chl.-a
ar 0.7 mg P/mg chl-e conversion
v oAbl - coclficiont
o 0.066 —mEchl=2
mg carhohydrate
PaiM 3.8 mg P/mg chl-a saturation storage
content ¢of phosphorus
/M 0.7 mg P/mg chi-a absolute necessary
content of phospherus
Me 0.2 mg/l coelficients concerning
Maar 1.2 mg/ space effect

TALIalb—F&ERLTHILA, TTIHEBL AL ITEENHEER fn PBIEFEL 22D
BRHP R AL E TR Co/MPIEBM IV E L 2T a, FLTINABIIERVINIET S
TOOT 4 g QRSN SERENGEE L) VERGEENA RSN ECE2 T, LAL
LAG. BHEROY y OEEHE Pea/ M 5 EURKILIEN T Co/M ELEOTHEMMEL R &
Tal—bPLTOLEHRTTE LI, A3, HHEAREFET TCOERCHT SIS 3 21— &nd
To HENO) L EHHE, pH LT LA 0 OEIENL LIS > TERBRIEO T — ¥ TRETFE T
REL 22w KD » B3 4.5mg ) »/mg 700740 a) LLEOFERTHGLHS, LALE
Ah, BRhOGEESEL LY, 700740 o ORFAEIEL A RO R CHOETBA O F R
B OBBOMMERC Y320 —bPLTWALEWTEL I,

400 foot-candle £ £ U20TC TOHRMTETO Phaeodactylum tricornuium &V TO Kuenzler 8
(1962) 1Tk AFEBF— ¥ &HIWT, Pou/M— Py/MIZH LT YEBIGEES 709 F LA LOHHE
bThH D, TIT, Po/MER, )y EHHEFATERE L -8 &) » FBEGEIE A B
L BFIHMB STl W EEDOER v EHHETH 3, ROIHIURIDLY, ZOIIHFT IHE X
CyBUNEETNEFN K 5 LU Po/M= P /MD L ED cavac ks (Cs/M) (Pso/M) (Psr/M} DT
% (Goda etal 1973; Tsuno et al, 1978)s L2 >, k2=3.9(1/d),H & PRI a0 & ac(Cs/
M} HAGHECTD Chiorella sp. DR ET S E ke =2.3(1/d) #3503, ZALOFIEELIZ
TMENIHEEFBETHS, 6121k, Kuenzler 35 (1962) OFER T — v 124fH 53 3 2L — F R
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Fig. 4 Simulation for algal growth and nutrient ingestion under nitrogen limitation
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Nutrient Absorption and Growth Characteristics
of Microcystis aeruginosa
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Abstract

Unialgal cultivation of Microcystis aeruginosa were conducted under phosphate(P} and
Nitrate(N) limiting conditions. Intracellular P or N concentration changed during batch
culture, and especially large variations were observed in the case of P. The growth rate of
this alga depended on the P concentration in the cells and not on the P concentration in
the medium,

P-starved cells absorbed large amounts of P, up to 2%, within 2 to 3 hours. The P
absorption rate depended only on the intracellular P concentration for those cases where
the concentration in the medium was greater than 0.05mg/1, and the absorption rate was
greater than 10ug/(mgh) if the intracellular P concentration was less than 1%. The P’
absorption rate also depended on cell conditions, and in the case of exponentially growing
cells, the rate was less than 0.5ug/(mgh). The N absorption rate was less than that of P and
less dependent on cell conditions.

1. BUSHIC

5 ABREO—FEMicrocystis £ 74 T & H VLN, Foifl, HPMELDEERLL B E
WTKEDAKDELER T 2HED—2TH 5 (Okino, 1973) Microcysiis & ik & F 2k D1,
FWIDSREIIEBRT 32 8, ARLCERL THEAORAAR DL LD S OB & 24D
L THEAOHELLZ5LPTV, LA > TERBLOMBEERETZ IS T
AL s 2w &, MicrocystisD L) hBEREOREBE L LLEZEND

{Skapiro, 1973}, .

Baoks iy y, SREEREL, TobsREOMMARTMEL LIRLEETH S, L

AoTIDE ) ZRBERARROMMAICS 2 2B+ ERBMISHET 22213, KERGBIZL & &
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N, ADEHMEERFA TSI ATTUROLOTH S, T E L THREOHMICHFHL THR
HEEOMM AR T A2MEN/EIThRTEED, 2038 A VIIEERD Chbrella, Scenedesmus,
Chlamydomonas &L E L TEER-> TW A MicrocystisD L 9 5 5 ABEHOKROEZISWT
Ben T A IZIEEES D 2 T Microcystis GO BMBIERII L3 2O RBEREOBENL T T2
9505 L N iTh TRy (Gerloff et al, 1952;Gerloff and Skoog, 1954, 1957a, 1957b) Z#1
S5OMFRIERMADEHMZIIEAEMNE T34 D TlE L Vv, T FReynolds (1972, 1973} DFFFEIC
Lo TMicrocystis OERBEMN A IFEANRE ML 21020, BICHBERZT T4 <, HWHERE,
SEEBGERE, RINRFEOERN SHFHRY, KOEREREORNC ) A THEETH 5 LN
-3 N M A

FHO I Microcystis DEBERIZL Y, ZORBEHMINT 284 DIEE & ERLL, ROEHE
LR, £ TFHODDL 1 2L -3 s v ETLOMBERE TV S, 2 Tid T oGS
ETEY v ELXUSEORING S D%, /20 8 L {RER T AHBHRED Micro-
eyslisDERTEBIFEIZ DWW THEIT L 224851 5,

2. EBAE

R L K ERIER T (U, S. Environmental Protection Agency, 1971) {R7E Microcystis
aeruginose TH S, S00mO = 7 7 A 2ITHEHI00ml & Adr, BEBE D BT W CET THEREL o T —
g)—Lxh— wwmm)?%%&ﬁatﬂﬁﬁugﬁﬁﬁﬁmﬁﬁ?7ﬁzjm%M?mEL,ﬁ
B50ft-cd (5401x) & U oo BEEIXEFRIMM 24T £ 2T U o 2o HHUIEHR LISRLALIICEDT
AEBOTIEGorham DX DMRE a4k & L7, 274, Yy, SFII50 T KHPOHKHCO:,
NaNQ:+NaHCO: & #F vz, ZhidNad # VB % 30ng/l, KA 4 v BF453.5mg/l & —F gD
T, Uy, BREBELEETLEON, KA+ ViBEOTOPEREIIEL £, F250E428%
SEIGEC T 32D RIBRFRELRE # RS OE CEEL, U v HETIZ P=0.1—0.5mg/1 & L,
%?%W?HN=&kﬁﬂmﬂtLtoﬁméﬁ6§Wﬁ®%$tL<uU7%&@N=wﬂmﬂ
P=12m/1E L, ZOREZMSEDELIEERHEE L, FHEFCLERLL,
HHIIHERSD I IRT 74 08— (0.450) 2L PFBEREL -, HEESOKEEA -7
L—7 (121C, 15min) & H, -5 100202 L 2%, BREGEOIEFEEMICIB L» 2 =, BT 5
Microcystisl3d 6 U —ERMHTHEBLALOEEEII L VHEEEED, 15mg/l NaHCO, ETE
THEL, MUBHIMEDBELILZAL S IIBBESALO VA, FAEERO—TY) &~
HEOSNIHEL, BEBOMRLAERLTVEY Y, BIUERRLFRL 2,

HENS DR L A TR X 02—y —h v v 5 T, 0. Sml P OMIaE & L 0% OFHOM

FEBEHEHE LK, 520 0KbABERBILINVGEREER (mg/l) 1ZHBEL &, mgRbho) v,

HMEAEIIIVHET 7408~ (0454) 2HAVAERICLVMAEEFREL 8, 20 FEDO PO, —
P, NO-Ni&A—F T+ F4HF—IENRELE, COBEOH L FLEE2~3mITh 325,100
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#£1 S BGorham YEHL O B
Table 1. Modified 4 Gorham’s Medium

NaNO;+NaHCO, E—
K;HPO,+KHCO, —
MgS0,-7H,0 7.8
CaCl,-2H,0 7.2
Na, 510, -9H;0 11.6
NaCO, 4.0
Fe citrate 1.2
Citric 1.2
Na,EDTA-2H,0 1.0

(mg/V)

mewILEEOESERICILPAHLT, 7 0 FIILAEERROBNITE L L30%EETH
Al FEAPREILRUTEY v, FHERGMEL

%%ﬂmmﬂﬁgu,Mnmw&méﬁﬁttﬁﬁim%#ﬁﬁtﬁLOO%W%E%%ﬁwﬁw
P—ERFE L ICHEIEL 2 SOBEEZOREAHL W AH30S~ 28I LIy T v S EIT
ote —HHERIIEVTIN0S~20 T & IIEEE, HRERSOREET - .

A O B EERE L TN TRN S TP LAFERERE O/ T v 2D SHE SN, L
DT H B8Rt 1k SHRRNEEERC (1) (%) AR TE5 L5605,
W(0)XCc{0)+S{0)—5(1

W () x4

AL, W DR LB AUWREE, S (B e AEERTOFHRBIERETH
B, Fo, HEEORIGERE Ulug-P/ (mg-cell.h )&, L {12 ug-N/ (mg-cell . h)IZRD L 3 IZHEL
s ' ’

Ce ()= 00 ' (1)

S(t*éka)—-s(r+éla)‘1000
ont+og Wi

U=

(2)

3. BEBLIUEE

3.1 EREFORIN & 85

BI1, 2384 OFM) R OB % FW T Microeystis DRGSR %11 - L A O#IfeER
DEAL, MRANO) VEROBELFMEL 2L 00—HTH S, 1 SEESH T8 HRSEL &
M2 & v, ¥HEIE ) Y ERNL & 2o ZBEOHBRTH S, ZONE, MEOMIEK Y ~ i,
061%TH-1d, Thilu2{ LTR RIS THMEEIT A, K23 13HMOEEIILN,
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0.31%% T viBEL FIF ML EL T34, ZITRY ¥ £0.1mg/l FHRINL T DR
BEGHEL T3, ZOBE, BP0 VB4 A Y OBLEA»EVR, 4 BEEMEE 8 T
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Bole LEHoTINES %Y v OUIGEREDTE il 4 (HEARENM 4 #55 L TR ITRET
birLEIGNR S,

X 3 1 IFIANO,-NIRE & 2 mg/IIEHE & L LHROREISGEEE 151 5, Mo O HRBE, MHloRE
REMELELEOO—HTHZ, BEIZOWTELY vy oM Em AR SR 2345, $0MIBRASERD
AL D Ve LA - TS OREN O & 2 - 2288, TH0» M AEET 2 @mAA&s N
oo % ¥, Microcystis DIEFEAEIET SMIENG ) v, ESRBET FLTNE0.8~1.2%, 2.0~
32%ThY, 2Ll ko) v, BRESHT MMM NP H 5L EZ 5N B,

3.2 Microcysatisi £ 3PO,-P ORI

PO-POBAR © [ 4 &L U5 3Y) v REIZL = Microcystis® V) IRITEHED HThH %, 1) v
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Fig.1 The changes of intracellalar - Fig.2 Growth of M. ceruginosa in the
phosphate concentration during medium with 0.1mg-P/] and the
growth of M. ageruginose in changes of phosphorus concentration
phosphate free medium in the medium and the cells
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REDMRAUL, Microcystis DMBAEBIEL 25 2 52 < AT 50, T bFra bl BL
A, BEERITLLLDTHE, LEN->THS 50) v ORBAIEE AL S0 EbMElhD Y
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Fig.3 Growth of M. aeruginosa in the medium with 2mg-N/1 as nitrate and the changes of nitrogen
concentration in the medium and the cells
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Fig.4 Phosphate absorption by P-starved cells
under excess P concentration in the medium
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on the phosphate absorption rate of P-starved cells
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Fig.10 The nitrogen absorption rate by differently conditioned cells

—300—




mg/tONO,-N 4 ST - s 2 4 3 MRS R L 2 BROBERICEE > HBL 4D TH 5, HA
SHL AL L) ILERBEI VAN CPRIGEE S HEC & AEmATA SN F/42, HBRNOEE
BEGISESIEI IBFZRINBOL VL5 ZNETN2.4%, 3.3%, 6.1%TH-1d, 2.4%
BECE TEESARAETSHAEQRTLAZOERBMGREAF BT L 2. 2hi2Y v OHBEC
B URZEENELGZELCLARIEESF LR LADL B THELVWERTH 5, B
BE®iE o 5 TIOR RIS S L 2 MR OB ORIGRE 21 d, ZOBFREORE LT
Lise 2 DEERY VOB ITEREE TIRCPREEMET L ZO&HTH 24, NO,-NTIE, 0.1
g/ (mg-h) & REAET BB s h -, -BRXOHREG, 208 ) L BUEERBOMIRIC b » 4
b, EERZsHAMREZOBRPHEE IR LZF T VIO L E 1,
NH,-NGIBIY © B 22612, NH-NIZ2WT % ORI E 2 8E L 2, NH-NIZ-2w»THENO,
SNENDPROHE YL ~T gg/(mg-h) LV IREFBHEEN, ELHEMHFTL AMTHEE VI
RHW 5 N1,

HIGH
1.0pf ®

‘pj:;;ﬂ LOW

\

DARK

0.1 0.25 0.5
MG-N/L

NOz-N ABSORPTION RATE (pG-N/MG-CELL/HR)

11 RO Ma OB RRIEE & XDHRE
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Integrative Model Framework for Prevention of Eutrophication
Osami NAKASUGI, Yoshifusa KITABATAKE!,
Sachihiko HARASHINA' and Masaaki NAITO!

Abstract

This paper summarizes the conceptual framework of a model which is to be developed
during the fiscal year of 1979, and which regards Lake Kasumigaura as a system of
interrelated components: human, biological, chemical, and physical,

The model consists of two submodels. One is an ecosystem model which simulates the
biological, chemical, and physical interrelations taking place in Lake Kasumigaura. The
other is model of social systems which is composed of a micro-part submodel and
macro-part submodel. The micro-part explores the behavior of micro-social units
(consuming households and productive firms) when the production and the consumption
of commodities are subjected to environmental quality levels of Lake Kasumigaura where
commodities consist of private goods such as fish products and drinking water. and public
goods such as various amenity resources. The macro-part describes the economic, social,
and demographic variations resulting from the causal effects of interracting social units
residing in the surrounding regions of Lake Kasumigaura.

Design goals for the model are 1) to predict the secondary effects and reactions which
might result from the impact of various human activities on the ecosystem of Lake
Kasumigaura, and 2} to investigate the different combinations of control instruments in
search for effective and integrated measures for the conservation of Lake Kasumigaura,
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Table 1. INustrative example of variables used in the Lake Utilization Model
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and Passive Commereial municipal of new land Resources Recreation
Uses Fish Catches (industriaf ) agricultural gravel swimming
(common carp) agricultural residential and beach
shrimp municipal sand pickning
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;
tl})[_;!"e tMa" s Fuel Energy Energy Energy Energy Energy
ilization i
Processes Fishing gear (pov\er) Drege Workboat Party Boat
and boat fuel
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ent Chemicals
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liquid
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Environmental Disiribution of | Storage of Area of Resource Area of Area of Open
Conditions of fish populations | Water Shallow Water | Reserves Floodplains Shore
the ]_,.ake Distribution of | Depth Depth Condition of Depth Vegetation Map
bottom deposits [ woror 1 ovel Water Level !B‘[udgt? Water Level Searification
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Bxsd\r\bmmn of ) Water Quality of the Yand
nderwater Water Quality
Grass
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A Survey on the Residential Impressions of the Lakeside
Environment of Kasumigaura
Yoji AOKI' and Sachihiko HARASHINA'

Abstract

A method whereby residents point out places on a map, is an approach for evaluating
the environment. This method enables us to find locations of particular places which are
considered by residents to be pleasant or undesirable. This type of information is useful for
environmental planning purpose.

A survey, which employed 1000 residents was executed at 50 areas on May 1977. The
result showed that about a half of the residents recognized the presence of undesirable
places within each area. These places included dirty watersides, which are mainly located
on coves and creeks, and those with offensive odor, most of which are located on inland
canals and near piggeries. On the other hand, a few areas for swimming which are located
on the south part of the lake and quite a few places where carp and cruian fishing takes
place were considered to be favourable to most residents. Beside the recreational values,
residents pointed out scenic areas, which are located on the lakeside banks, and hills from
where Mt. Tsukuba can be seen in the distance through Lake Kasumigaura.

This method has, however, two problems. First, most of the places pointed out by
residents were located near their residences. This suggests that the results are prone to the
bias of the living conditions of the residents. Second, in some areas people did not
satisfactorily respond to the method. It is suspected that is mainly due to the method’s
inability to take into consideration the personality differences of the residents.

In summary, the current method seems to be useful to indicate the locations of
particular places but is inadequate for inter-region environmental evaluations.
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