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Air Pollution Measurement by Laser Radars
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Abstract

Continuous measurement, both temporally and spatially, is important for the study
of air pollution, and for this purpose, the laser radar is a powerful remote méasuring
method. In this paper, the range of air pollution is categorized into scales, and each
scale’s relation to the capability of various laser radars is discussed. The large laser
radar at the National Institute for Environmental Studies, which was designed to
study wide-area pollution is introduced,
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Present Status of Spectroscopic-Type Laser Radars for
Air Pollution Measurement
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Abstract

Remote measurement is superior to conventional sampling measurement because
it has the advantage of measuring the spatial distribution of air pollutant concentra-
tion, and practical remote measurement methods are being sought. The laser radar
methods which utilize the spectroscopic characteristics of pollutant gases are denoted
as “spectroscopic-type laser radars”; these include (1) differential absorption lidar
(DIAL), (2) fluorescence laser radar, {3) Raman-scattering laser radar. Here, the

current state-of the-art for spectroscopic-type laser radars in the study of air pollu-
tion is discussed,
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Present Status of Water Quality Measurement by Remote Sensing
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Abstract
The increasing potential of remote sensing techniques and their application in a
variety of fields during the last decade, have demonstrated that they offer new ways

to solve many problems of the natural sciences,

The aim of the present chapter is to discuss recent methods of remote sensing and-
their. applicability to water quality measurement. Particular emphasis is put on an
introduction to space craft and airbome multispectral scanners as remote sensor
systems, as well as the review of the chlorophyll-a and suspended sediment mea-
surement in water bodies, such as lakes, bays, and ocean.
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Manufacturer

Hughes/Santa Barbara
Research Center

Santa Barbara
Research Center

Santa Barbara
Research Center

Scanner Model

Satellite
Method of Scanning

Scan Lines per Second

Swathwidth Degrees
Orbit

Resolution IFOV mrad
Type of Collecting Optics

Focal Length and no.
Diameter of Aperture
Effective Aperture Area
Calibration in Flight

Method of recording
Ground

Method of Spectral
Separation

Size
Weight Kilograms

Power Watts
Source of Specifications

Detector

Detector Cooling
Spectral Bands (um)

Multispectral Scanner

ERTS B
Pivoting Mirror
13.6 Scans{Sec
6 Lines/Scan
(refl. bands)
2 Lines/Scan
(thermal bands)

11.5

Sun Synchronous
(500 NM)

0.086 (reflective bands)
0.26 (thermal band)

Spherical + Corrector
Mirrors

825 mm /3.6
229 mm
32,900 mm?
Lamp, Sun

Computer Compatible
Magnetic Tape

Filters

15 x 24 x 35 in.
51{1121b)

42 Max

Mfg. Lit.
Photomultiplier
3i Photodiode
Yes (Hg:Cd:Te)

0.5-0.6
0.6-0.7
0.7-0.8
08-1.1
10.5-126

Temperature- Humidjty
IR Radiometer

Nimbus IV, E, F
Single 45° Mirror
0.8

180

Sun Synchronous
(600 nmi)

7(10.5-12.5 pym)
21 (6.7 um)

Cassegrain

430 mm £/3.38
127 mm

10,200 mm?
Blackbody, Space

Magnetic Tape
Dichroic

7% 7.5x15.6in,

9.03
(19.9 1b}

1.5
Mfg. Lit.

Bolometer

No

6.7
10.5-12.5

ITOS High Resolution
Scanning Radiometer

NOAAL ITOS B-E
Single 45° Mirror
0.8

180

Sun Synchronous
(790 nmi)

2.7(0.55-0.73 um)
5.6 (10.5-12.5 um)

Cassegrain

430 mm £/3.38
127 mm
10,200 mm?

Blackbody, Space,
Lamps

Magnetic Tape
and Facsimile

Dichroic

6.4 x84 x159in,

8.30
(18.31b)

6.5
Mfg. Lit.

Bolometer
Si Photodiode

No

0.55-0.73
10.5-12.5
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Scann‘er Model.

V/H Max.

D'delti‘lé‘d of St:annjﬁg
Scan Lines/Second -
Swath Width Degrees-
Resolution [FOV mrad
Type of Collecting Optics
Focal Length and f/no.
Diameter of Aperture
Effective Aperture Area
Roll Compensation
Calibration in'Fl_'tght
Mothad of Recording

Method of Spectr:i[ Separation

Total Weight (less recorder)

Power

Source of Specification
Spectral Bands (um)

Daedalus Spectrometer
0.2 o
Single 45° Mirror
80
17
25
Paraboloidal Newtonian
152 mm f{2
127 mm
4,560 mm?
Signal # 10°
Q-H Lamp
"7 l{rack rMagnetic Tape
Prism
543 kg (120 1bs)
132 W28 VDC

Mfg. Lit,

0.38-0.42 -
0.42-0.45
0.45-0.50
0.50-0.55
0.55-0.60
0.60-0.65
0.65-0.70
0.70-0.80
0.80-0.90
0.90-1.10

. Modular Multispectral Scanner (M2 S)

0.25
Single 45° Mirror
100
100
2.5
Dall-Kitkham
400 mm f/4
100 mm
6,500 mm?
Signal + 10°
Blackbodies, Q-1 Lamp Sunlight
Magr'le.tic Tape ‘
Diffraction Grating Dichroic
118 kg (261 1bs)
7 AMP 115V 400 Hz
15 AMP 28 VDC
Mfg. Lit.

0.38-0.44
0.44-0.49%
0.49-0.54
0.54-0.58
0.58-0.62
0.62-0.66
0.66-0.70
0.70-0.74
0.76-0.86
0.97-1.05
8.0-12.0
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Utilization of Laser Radar for Measurement of Automebile Exhausts
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Abstract

Automobile exhausts diffuse in a highly complex manner in street canyons or near
roadways, It is very difficult to evaluate this phenomenon by ordinary measuremeant
methods e. g., point sampling. This paper reports on the practicality of using the
laser radar for the measurement of air quality, especially automobile exhaust pollu-
tants.
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Abstract

Emphasis is placed on the significance of assessing environmental pollution on

. a region-wide basis. The importance of detecting pollution, particularly atmospheric

pollution, as a two dimensional pattern is described based on some practical exam-

" ples. The method of treating and displaying such kind of information as regional
- patterns is also demonstrated.
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Design and Construction of a Large-Scale Laser Radar for Monitoring
Air Pollution Over a Wide Range*
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Abstract
A large-scale laser radar system, which measures Mie scatter from atmospheric
aerosols and Raman scatter from major atmospheric components, has been con-
structed to observe the pollution over a wide area. For the system design, a laser
wavelength should be selected carefully in order to observe the wide range, and from
numerical calculation, the Nd: YAG laser and its second harmonic were found best,
The major specifications of the system are: the laser output power is 30 W (at 1.06
um) and 10 W (at 532 nm) with a repetition rate of 25 pps and pulse duration of
about 20 nsec, and the effective diameter of the receiving telescope is 1.5 m. The

- —

o

R ARG ONEITERYEE, 60 (11 §5) (19812, 1154 — 1164, iTiEilk.

Eura®eas ATEESR T 305 SR EAE HAT
The National Institute for Environmental Studies, Atmospheric Environment Division, Yatabe,
Tsukuba, Ibaraki 305

m A

ibid, Engineering Division



S/N ratio was calculated and the observable range was found to be 50 to 60 km for
Mie scattering. This calculated range was verified by field observation.
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Performance Test of the Large-Scale Laser Radar
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Abstract

A large-scale laser radar system has been constructed for the purposes of under-
standing the pollution phenomena over a wide area and of measuring the spatial
distribution of meteorological factors in a short range. In order for this system to
work efficiently, it is necessary to carry out performance tests after construction and
to establish the methodology for routine testing, This paper describes the test
methods which were developed for the large-scale laser radar system at NIES and
some useful results. The performance tests were i) laser oscillator test, ii) signal
processing system test,iii} optical system test, etc.

The performance tests showed that the large-scale laser radar can measure the
aerosol distribution over an area 50 km in radius, thus meeting the theoretical
expectation.
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Software Progréms for the Large Atmospheric
Multi-purpose (LAMP) Lidar
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Abstract

The ‘LAMP’ lidar (Large Atmospheric Multi-purpose Lidar) was constructed for
the observation of air pollution phenomena and their relating meteorological phe-
nomena. The lidar system is capable of computer-controlled operation and high-
speed processing of lidar data, (1) The standard software programs for THI, (multi-)
RHI, (multi-) PPI measurements, (2) a program for the measurement of extinction
coefficient, and (3) a program for RHI measurement in observing the mixed layer
which enables real-time data processing of the display, have been developed.
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Abstract
Laser radar data obtained by scanning are usually treated as two-dimensional
images of the aerosol distribution pattern. This paper describes a new system with
software programs which has been developed at the National Institute for Environ-
~ mental Studies for efficient processing and display of the laser radar data. This
system utilizes a disc memory device and a TSS terminal (a video-terminal and a
printer), which enables interactive operation, including data quality judgement,
display area assignment, display mode selection, ete.
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Remote Measurement of Wind Direction and Velocity by
a Laser Radar Using the Spatial Correlation Technique*
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Abstract

Information on the wind profile in the upper atmosphere is important for a wide
range of meteorological and air pollution measurements. Remote sensing has fre-
quently been used for this purpose,

This paper describes a new, two-dimensional, spatial correlation method using
laser radar techniques in which sequentially-measured, planar aerosol patterns are
correlated. The advantage of this method over other remote sensing techniques is
that spatial wind information can be obtained and measurement can be made with-
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out special atmospheric tracers such as clouds, etc. Fundamental measurements
were made to demonstrate the feasibility of this method. A cloud was selected as
a tracer. The results show that the maximum correlation factor is more than 0.88,
which indicates that the correlation is very stable and that this method can be used.
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On the Temporal and Spatial Ranges of Validity of Wind
Data Obtained by Single-Theodlite Pibal Observations

Yasuhiro SASANO! , Nobuo TAKEUCHI' and Michio QKUDA!

E B
KRABRBAOROBREG L0, N4V L BT Edgh, UL,
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Abstract

Pilot balloon measurements are commonly used to obtain wind information
within the atmospheric boundary layer. However, it has been pointed out that the
average wind field can not be obtained by this single-release measurement. In order
to examine the temporal, as well as the spatial ranges of validity of pilot balloon
measurements in the atmospheric boundary layer, some field experiments were
carried out. In these experiments, six pilot balloons were released sequentially every
10 minutes at four observation sites over flat terrain (7.5 km x 7.5 k). After

_ torrection for various errors {buoyancy error, angle error, time error, ascent rate

error} in the wind data obtained, it was found that the wind speed fluctuation was
about 0.5 m/s for an average wind speed of 1 ~ 2 m/s and about 2 m/s for an average
wind speed of 6 m/s, The difference in the average wind speed, direction and espe-
cially wind speed fluctuation was also found between the four observation sites,
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#1 BBy 7oREEESH (m/s)

=
3 1
100 — 500m 600 — 1000m 1160 — 1400m
6h 0™ 0.25 (4) 0.44 (6) 0.61 (7)
7h50m 0.40 (62 0.16 (6) 0.97 (4)
100 05™ 0.75 (5) 0.43 (7) 0.47 {3)
12h 27m 0.73 (6) 0.69 (4> - (1)
14" 19m 1.08 (4) - (1 0.79 {3)

#2 B RunikE B4 EREFOHHEHOHEEE

Run =T Ow Guty {w=25m7s)
1 7-—8h 0.30 0.12

2 g —1ph 0.50 0.20

3 11—12k 0.65 0.26

4 13— 14" (.80 0.32
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x4 sV R D% Run DRSS T 3 LREEOES o, 2 KD B L, K2 EUD, BBV~
FOLREEOET au 15, A ND LREFEOERICELVSADOLRET L&, 1 ~vdk
REEOHNES) 0w/ w HEORLGMOBLEL S,

— kR FREEOEHICOVTHE, XM kiEsh T, FEEE CEY2ms)
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500miz*f LT, Run 1 T54m RundT143mé&# 3, HHFiw >V T,
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MEOBERAEMEITEEVHE YT 53 & T A THEHNAX (, PATRun 10500~
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BLED (i)~ (V) OBREOFMELVEEHEERDL ST B,

(ou/ 8 = (8p/ w4+ (8o /ud+ (8 u P+ (8u/ 40+ (00 u
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1.4 )s( 1072 S >s< 107
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H@dmdw, Thbhofhdl i, MIERZEORRMI LR EFEOLES ICENT 2 605'6-3569
BIHEAS4BEETOMIZ, Run 1 T2.3 %1078, Run4T1L1 X 10" ofid &3,

e, IREESNABEOHNES (0w ) %2795 FLTW3, Runl T3, EE 900 m
PAETHlEEE OFME & FEEYS, Fhio/hEn, 800mBEFTE, HMEAKL->TEL-TH
A9, MEAZCHENT, WFhoETHRED, %%Qﬁﬁ%’é@@ﬁ&%%ﬁkb’q\%o BL,
FHEEED bDI/NE0DT, BEEBOEHNATAEsR/NEC, 05ms BETH S,

Run 4 TH, DARBRRLNEERL, FHInHMERE0HAE, L1 X 10 CHENT, fIE
BAEDLER (00w ) HBEHTNEV, ZDMOHETIE, (0o 2 @ HESEEE LE - THY,
EEOREFLEHOFEERLTO S, (0o /B OREXR 005~ 0.2 DBETHS, u= 6m/ s
THHLEEBRT DL, 00 DAFSR13~2Tm/ s &30, BARBOBMEG Mizuma® 0
fHiIZHE~NTRE D, g

b & &

FIGRE I T SIS RIERE L Run | TIS%, Run 4 THFICE LT &8, AR TR
Sht. BEGHRECEARATHERMICC AOOBEIRG SNILL, £T T4 A VBl
LEAEAESER L TROLBELHE, HERHUSA A0 JLH# 350 m OHYEICH 5 KRB RN
BE (FE213m) KB A7 o~— v OESEHRAERE (H10) KLoRbLEL S 0BT,

Run 1 (7" —8%) ichnCid, EMOEBER LA EE , RERET, BNOERIS 5.
TNEFEFBESENL T, BHOBMELHET B L, 00/ %~ 031570, BEXBO
AL 0.4 /s BEETH 5,
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Run 4 (13" —14%) OBREL{LAR 5L, HAMOEBRDMIC, 20~3028 ORBAE 5
BORIBWEHIEL > T d, ZOEBHRGEOMOFE (200, 150, 100, 50, 25, 10m)
Th, IRTAPILTRATEY, D E b, COREOANDEEENI EBRBLKICE - T
FTVWHEEALOND, COEBICLIREDREA « B/ MEIR, €0 €1 125m 5, 2.5m5 2
BTH5, CRE3 a0 lHFLOEHLETE, gom 3.3m/s E45 B, TS5 (Run 1, Run 4)
DR, FETRHIMEFE L,

BRI L VS BAP 53, Run 1 ieE0 T, EETRARES QRO o 2813 3
ANTHEBECSITONRTLE - T, BOEFRDOEMERTTE I IobI, HERERE
ERTHLLETENY, Lol, DL bREREREOMMLEMLE, B—KREATLHL
TWhHEEZLS. Run | DFS, TRTHBENEO I, BREHOEHERRS VL, Bl
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Bont, REVERSBESTUNEBRLBL 3L LTY, EEORATO - b, B-—HEk
B THEMRE D5 A MEEEC L RBLL, |

EHREOMAROZEZRun 1 TR&HEE HOAX{ VA, Run 4 TiRA « Bitigis C - D ik
ETIIHF, FIEOAGAREG, Rn 4B} 2EAAERT SE, B, A, D, COMTEA
HGREWZ &0, MAROE—BHORBAZTY TR EL OIS,

Run 4 TREBBEOHSMOZEA L LILEET L LB 50, AEEN/BELETHO K &
&3, coAMoEE+aic bBl-Twa, 3, AFEREALEE L TEBRORFLENEEL T
b, HIERHOZELEREEORESTHY, B—HHRTHAMELRET A LRBLO,

Mz o0 T, Run | O FRBOSSRMS TROER, tAMESAE, 5553 RE E &R
EETHBL, HERZLAED, RO it L3RR F— 513, BEASTREN AN
WEEXTEL, '

FOMo L &, BIEsN-REZESR, 165U TRun 1 Tt ANLT, Rund T2 K
MR TTH D, FERRAOHEMZER Run | OFBRETAS Wltid, Run 4 OTFETEAKR 2 A4
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m O
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Horizontal Wind-Vector Determination from the Displacement of Aerosol
Distribution Patterns Observed by a Scanning Laser Radar

Yasuhiro SASANOQ', Hisahide HTROHARA?, Tetsuo YAMAZAKI?,
Hiroshi SHIMIZU', Nobuo TAKEUCHI' and Michio OKUDA!
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Abstract

In a previous paper, the authors proposed a new method for obtaining wind speed
and direction in the atmospheric boundary layer from the aerosol distribution
pattern displacement observed by a scanning laser radar. The principle is similar to
the pattern-matching method for the pictures of cloud distribution by satellite
measurements. The difference is that the aerosol distribution pattern is obtained by
a scanning laser radar with a scanning speed close to the wind speed. Because of the
difference in the speeds often not so high compared, the observed a¢rosol distribu-
tion pattern is distorted from the real distribution pattern leading to error in the
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The National Institute for Environmental Studies, Atmospheric Environment Division, Tsukuba,
Ibaraki 305
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wind vector estimation. The present paper proposes an iterative method to correct
for this distortion and shows the validity of the method by mode! calculaijons.

Measurements of aerosol distribution patterns for an area 4 km x 4 km were
carried out to derive wind vectors by iterative correction and pattern matching.
Comparison of the derived wind vectors with wind data obtained by aerovane mea-
sutement on a meteorological tower showed good agreement. This method can be
extented to obtain a wide-area wind field by subdividing the area into smaller regions.

1. LI
AT CAATL EORBAERD ST S A BEERE R, FHIEHICE O TEEMY
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MG C(€) 2R
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Remote Measurement of the NO, Profile in a Stack Plume by
a Differential Absorption Laser Radar

Notuo SUGIMOTO!', Nobuo TAKEUCHI' and Michio OKUDA!
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Abstract

A DIAL (differential absorption lidar) system for NO; monitoring using a flash-
lamp dye laser was developed. It wasused to measure NO, concentration in a stack
plume, Two wavelengths, resonant (463 nm) and off -resonant (466 nm) to the NO,
absorption, were switched every two seconds in the measurement; this gave an
accuracy of 0.03 ppm for NO, concentration with 120 m range resolution up to
500 m by integrating signals for 4 minutes, The sources of measurement error were
investigated and the main source of error was shown to be the fluctuation of atmo-
spheric aerosol concentration, [t was pointed out that simultaneous measurement
at two wavelengths should improve the accuracy of the measurement.
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A comparative study of adults and immature stages of nine Japanese species of the genus
Chironomus (Diptera, Chironomidae) (1978)
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Studies on chironomid midges of the Tama River. (1980)
Part 1. The distribution of chironomid species in a tributary in relation to the degree of pollu-
tion with sewage water.
Part 2 Description of 20 species of Chironominae recovered from a tributary.
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Studies on chironomid midges of the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summet survey and their
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Man activity and aquatic environment — with special references to Lake Kasumipgaura — Progress
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report in 1977, (1978)

Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and on their
effects on Cultured Cells — Research report in 1976—1977. (1978)

Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
report in 1977-1978. (1979

A morphological study of adults and immature stages of 20 Japanese species of the family Chironomi-
dae (Diptera). (1979)

Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1977-1978. (1979)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1978, (1979)

Studies on evaluation and amelioration of ait pollution by plants — Progress report in 19761978,
(1979)

Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing com-
puter-controlled instrumentation. (1980)

Studies on chironomid midges of the Tama River. (1980)

Part 1.  The distribution of chironomid species in a tributary in relation to the degree of pullution
with sewage water.

Part 2.  Description of 20 species of Chironominae recovered from a tributary.

Studies on the effect of organic wastes on the soil ecosystem — Progress report in 1978-1979. (1980)
Studies on the biological effects of single and cambined exposure of air pollutants — Research report
in 1979. (1980)

Remote measuremnent of air pollution by a mobile laser radar. (1980)

Influence of buloyancy on fluid motions and transport processes — Meteorological characteristics and
atmospheric diffusion phenomena in the coastal region. (1980)

Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980}
Comprehensive studies on the eutrophication of fresh-water areas — Lake current of Kasumigaura
(Nishiura) — 197821979, (1981)

Comprehensive studies on the eutrophication of ftesh-water areas — Geomorphological and hydro-
meteorological characteristics of Kasumigaura watershed as related to the lake environment — 1978—
1979. (1981)



NO0.21* Comprehensive studies on the eutrophication of fresh-water areas — Variation of pollutant load by
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No.22* Comprehensive studies on the eutrophication of fresh-water areas — Structure of ecosystem and
standing crops in Lake Kasumigaura — 1978-1979. (1981) .

No.23* Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trophic state
indices for lakes — 1978-1979, (1981) ]

No.24* Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of eutro-
phication effects on main utilization of lake water resources — 1978-1979. (1981)

No.25* Comprehensive studies on the eutrophication of fresh-water areas — Growth characteristics of Micro-
cystis — 1978-1979, (1981)

No.26* Comprehensive studies on the eutrophication of fresh-water areas — Determination of argal growth
potential by algal assay procedure — 1978-1979. {1981)

No.27* Comprehensive studies on the eutrophication of frresh-water areas — Summary of Researches —
1978-1979. (1981)

No.28* Studies on effects of air pollutant mixtures on plants — Progress report in 1979—1980. {1981)

No.29 Studies on chironomid midges of the Tama River. (1981)

Part 3.  Species of the subfamily Orthocladiinae recorded at the summer survey and their distribu-
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Part 4. Chironomidae recorded at a winter survey.

No.30* Eutrophication and Red Tides in the coastal marine environment — Progress report in 1979-1980.
(1982)

No.31* Studies on the biological effects of single and combined exposure of air pollutanis — Pesearch report
in 1980, (1981)

No.32* Smog chamber studies on photochemical reactions of hydorcarbonnitrogen oxides system — Progress
report in 1979 ~ Rescarch on the photoeﬁemical secondary poliutants formation mechanism in
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No0.33* Simulation of atmospheric motions and diffusion processes — meteorological characteristics and
atmosphetic diffusion phenomena in the coastal region — Progress report in 1980, (1982)

No.34* The development and evaluation of remote measurement methods for environmental pollution —
Research report in 1980. (1982)

* in Japanese
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