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Foreword

Needless to say, any effective measures for environmental preservation -
cannot be promoted without accumulated scientific knowledge. Such
environmental knowledge  covers various scientific fields, and concerted
efforts must be made not only to further research and study In these
individual fields but also to promote cooperation among research and study in
different fields. Therefore, in promoting these studies, it is necessary to
establish a comprehensive and unified research system with close cooperation
among research institutes.

The Environment Agency appropriates in a lump sum all the costs of
environmental preservation researches and studies to be undertaken by
‘national research institutes as well as all the costs of research and studies
commissioned by governmental ministries to promote environmental researches
and studies harmoniously. :

In F.Y.1991 the Environment Agency appropriated a total of 1,928 million
yen for 92 environmental researches and studies undertaken by 45 research
institutes of 13 ministries and agencles concerned.

This volume Is the compilation of the summarized reports of these
researches carried out in F.Y.1991.#

The Agency hopes that this volume will prove helpful to those who are
interested in environmental research in Japan.

September 1992

1

Hotsuma Miyakawa

Director

Environmental Research
and Technology Division

Environment Agency

#+ This volume does not contain researches undertaken by the Natlonal Institute
for Environmental Studies, and Universities and their laboratories.



1L Air Pollution Simulator for Practically Using

the Evaluation of Traffic Operational Countermeasures

(FY 1989~ 1992)

Takeshi SAITO and Kenji MORI
Traffic Regulation Section, Traffic Division
National Research Institute of Police Science

National Police Agency

In spite of the frequent revision of the regulation criteria of the
pollution materials in vehicle emission gas, enviromental situation is
not sufficiently improved in urban areas, which necessitates further
comprehensive countermeasures for the preservation of ‘urban environment
from all its aspects not only from the revision of regulation criteria of
emisson sources but also from the improvement of roads and traffic flows
there actually worked for social economical activities.

The countermeasure froh the standpoints of improving traffic flow is
the most useful ones for its practicality and promptness, but only limited
studies have been conducted and no‘ useful outcomes were obtained yet.
Therefore, thé studies from this aspect is promptly needed.

This study is regarding traffic flow management classified as a
traffic countermeasure for the preservation of urban environment, aiming
at developing a practical computer simulator that enables to assess
beforehand the air pollution reduction effect of various method of traffic
control precisely and easily.

In 19889, the tasks in the study carried out were; to transference
of a readily developed simulation model into a personal computer, to
collect and to sort literatureé to be refered to for development of
emission model to estimate the quantitiy of the pollution materials and
to develop the emission model.

In 1890, the tasks were; to make clear the relationships between
the emission levels and traffic flow by using the data taken in the
field study, and to examine the framework of a dispersion model to
estimate the pollutant levels at road edges.

In this year 1991, the tasks were; to newly develop the macfoscopic
simulator being able to deal urban network, based on the MACSTRAN-I model,
which is the traffic flow simulation model already developed, and to
validate the output of the simulator by comparing with field data taken

at the Ginza network in Tokyo.




2. A Study on Conservation of Coastal Environment in Cold Regions

(FY 1989 ~1993)

Tomoyuki Takeuchi, Takahiro Johnishi, Jun-ichi Maeda
Yasuhiro Ohmori and Jin Satoh
Civil Engineering Research Institute

Hokkaido Devélopment Bureau

In recent years, there are abnormal outbreaks of phytoplankton bloom in
eastefn coast of Hokkaido. However generative mechanism of the phenomenon is
not clarified. In order to conserve coastal environment off Tokachi, it is
necessary to fake properties of current, water quality, seabed material and
etc. into consideration.

The purpose of this study is to establish guidelines for environmental
evaluation, with investigation on physical and chemical conditions of
coastal areas and surrounding ones. Observations of current, vertical
temperature profile, water quality and seabed material at three areas
(Ohtsu, Hamataiki and Hiroo) off Tokachi were carried out at September, 1991.
Observations of water level, water quality and bottom material of Lake
Chobushi, Lake Oikamanai and Lake Yudo;along Tokachi coast were carried out

in autumn, - 1991.

1.Pollution load from Tokachi river
Pollution load from Tokachi river are evaluated by three factors of
discharge from Tokachi river, the rate of land utilization and quantity of

suspended solids.



2. Properties of hydraulics and water quality
(1) Currents

Predominant direction of surface current is along contour line. Hovéver
bottom current is irregular and locally distinct because of topography.
Evident changes of current and water temperature profiles are caused by
tidal changes. |
(2) Vertical distribution of water temperature

Difference of water temperature befween seé‘surface and bottom is ﬁp to
4-5°c when sea condition was calm, however, is little because of vertical
mixture when sea condition was rough.
(3) ¥ater quality and seabed materials

¥ater quality of Tokachi river have fhe greatest influeﬁce on water
quality off Ohtsu, in comparison with other coastal areas. Seébed off'
Tokachi is sandy with over 80% fine sand and about 10% silt. However, seabed
of many parts off Hiroo is high organic with about 50% clay.
(4) Discharge from Coastal lakes

Several sudden drawdowns from coastal lakes are occured every year.
Discharge from coastal lakes is as much as 100;200 n®/s to be similar to
Tokachi river. In order to estimate long term tendency of vater quality off
Tokachi, it is necessary to take poluttion load from coastal lakes into

consideration.




3. An Emission Reduction Research for a Small Stationary Gas Turbine
Engine: Emission Characteristics with a Methane-Fueled
Conventional Combustor and Preliminary Design of a Variable
Geometry Lean Premixed Combustor
(FY 1990 - 1993)

Hideshi Yamada, Kazuo Shimodaira, Shigeru Hayashi,
“Takashi Saito, and Shouji Horiuchi
National Aerospace Laboratory, Science Technology Agency

1. Preliminary design study of a variable geometry can combustor

In this research program the lean premixed low-NOx combustion concept is to be
evaluated by using a 250-kW gas turbine engine. In FY 1991 a combustor model (Fig. 1)
was dcsigned and fabricated to evaluate a variable geometry mechanism. Rotatable ring—
shaped air flow regulating valves were used to vary the opening areas of the primary air and
dilution air passages. Servo-motors were used to actuate the valves. The effective flow
coefficients of these air passages were determined as a function of the valve opening.

The main fuel is premixed with combustion air upstream of the combustion region and
the pilot fuel is injcctcd from a multi-hole nozzle placed coaxially with a swirler. The
equlvalence ratio in the combustion regxon is controlled in a narrow range for lower NOx
emissions and acceptable combustion efficiencies by regulating the combustion air and fuel
flow rates. Tests on flame stability, and combustion and emission characteristics of the
combustor and the operation tests of the controller are to be conducted in FY 1992.

2. Evaluation of the emission characteristics with a conventional combustor

Emission characteristics of the gas turbine engine have evaluated with a conventional
rich~primary zone combustor for natural gas (methane) and kerosine. The emission index for
NOx and combustion efficiency are plotted against load in Fig. 2. The emission index for
NOx at the full load condition with methane was about 7 gNO2/kg Fuel, being lower than the
level obtained with kerosine. This index was by 20% lower than the regulated standard
provided for in the Air'Quality Law in Japan (70 ppm at 16% oxygen concentration), but is
more than two times of the regulation standard for the Tokyo Metropolitan District (100 ppm
at 0% oxygen concentratmn)

The effect of an increase of the primary air ﬂow on NOx emissions and combustion
efficiency was also investigated by plugging four of the eight dilution air holes.” Emission
index for NOx was found to decrease by 15%~20% depending on the load. At the lower
load condition combustion efficiency was lower than that with the original combustor showing
combustion efficiency greater than 99%. Reduction was more significant with methane:
Combustion efficiency was less than 99% at loads less than the half load.

/
!

/
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4.,Resea}§h on Reduction of Afrframe
~ Broadband Noise

(FY 1980~1992)

¢ - 'Hideo Nishiwaki, Katsumi Takeda, Hiroshi Kobayashi
_Mit'suo Gomi and Minoru Watanabe
" Thermofluid Dynamics Div.
~‘National Aerospace Laboratory, Science and Technology Agency

Aireraft noise research and abatement technology has been mainly con-
cerned with narrowband :noise, for example, engine noise and some airframe
noise generated by the extended landing gear, well doors and wheels cavi-
ties. However, recently airframe broadband noise from the surfaces or the
edges of wings and fuselage is becoming a significant contributor to the
overall airframe noise, especially under landing conditions. .

'Ihe main objective of the current experimental study is to determine
the characteristics of the airf;ame broadband noise and to propose less
noisy fuselage configurations.

This year as a second step to the current research, an experiment con-
cerning the relationship between sound pressure levels of airframe broad-
band noise and flow speed were conducted. In this regard, 2 rotating drunm
test facility was utilized to experimentally determine the relationship
between airframe noise and flow speed. This method has the advantage of a
lower background noise level than typical wind tunnel experiments. Over-
all sound pressure levg! data from the surface of the rotating drum were
acquired between rotatijonal velocities of 40 and 164 m/s.

The test facility is shown in Figure 1. Sound pressure data were
measured at a distance of 2.0 m in front of the rotating drum, The results
are shown in Figure 2. 1In this case, the overall sound pressure level is
proporfiona} to the sixth pover of the ratational velocity when the veloci-
ty is between 116 and 164 m/s.. It is proportional to the fifth power for
velocities between 70 and 11§ m/s and the fourth power for velocities
between 40 and 70 n/s. B

A second wind tunnel experiment for airframe broadband noise abate-
ment was also éoﬁduéted'using a-'riblet surface. The surface Shape was
designed using information from several references concerning viscous drag
reduction {edhnique§. ~The réfqrences reported that a surface drag reduc-
tion of 1 to Blpefcent could be achievedusing a proper riblet shape. It



was hypothesized that in these cases the sound pressure might be reduced
also. However, accurate measurements using flush-mounted microphones on
the riblet surface, or using turbulent screen type microphones inserted
squarely to the surrounding four plates revealed that the data was not
significantly different than the same experiments with a smooth surface.

It was also hypothesized that the background noise level was high in
comparison with airframe broadband noise scattered from a riblet or smooth
surface. PFigure 3 presents some sample data.

A second wind tunnel experiment was also conducted using a riblet
surface, but the data was not §ignificantly different than the same experi-
ment with a smooth surface. Therefore, a significant decrease in the sound
pressure level could not be achieved by this method.

In the next year, the study of broadband noise will continue and be
expanded to consider edge noise by using the rotating drum test f%cility.

Reference : M.J.Walsh “Turbulent Boundaly Layer Drag Reduction Using
Riblets” AlAA-82-0169, 1982.
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5. Development of Analytical System for Monitoring of Organotin in Marine
Environmental Samples
(FY 1991-1996)

Haruno Okochi, Muneyuki Kohri, Koichi Sato and Kunikazu Ide
National Research Institute for Metals
Science and Technology Agency

"1. Determination of Tin (IV) and organotin species in sea water by inductively coupled
plasma mass spectrometry after hydride generation.
In order to monitor ultra-trace of organotin compounds in sea water, a hlgh sensitive
analytical method have been investigated. Inductively coupled plasma mass spectrometry
(ICP-MS) has been used as a high sensitive detector. Organotin compounds are volatilized
from sea water by hydride generation, trapped on a chromatographic packing material,
separated on the basis of differing boiling points, and introduced into the ICP plasma. The
species under investigation are triphenyltin (TPT), diphenyltin (DP'I'), monophenyltin
(MPT), tributyltin (TBT), dibutyltin (DBT), monobutyltin (MBT) ‘and morgamc tin. An
artificial sea water was used for the investigation. The optimum temperatures for
volatilization from solutions have been examined and all the organotin compounds hydrides
give the highest signals at 60-70°C. The sensitivities increase 3-5 times more than those at a
room temperature. The analytical procedure is as follows. 100m! of sea waters are placed
into a reaction flask and acidified to pH 2 with 2M HNO;. The bubble of He through the
sample for 3 min to strip O, from the solution. 2ml of 1% sodium tetrahydroborate are
injected over a period of 20s into the solution of 60-70°C. Generating hydrides are trapped
into a cold trap packed with chromosorb GAW-DMCS. The collected hydrides volatilize in

Table 1  Detection limits and sensitivity of Table 2 Operating parameters
tin and six species of organotin compounds _ Atomic absorption spectrophotometer
Tin species Detection limit®)_Sensitivity®) Light source HCL at 15mA
Tin 0.03 5.50X 104 avelength  286.3nm
MPT 0.21 1.09X 104 Spectral band-width 0.7nm
DPT 043 5.80X 102 Integration time _ 8
TPT 1.88 7.57X102 Graphite furnace®
MBT 0.13 1.55X10* Step Temp.(C) Ramp(s) Hold(s)
DBT 072 1.16X103 Drying 130 20 20
TBT 5.60 1.70X 102 Ashing 1050 20 20
a) unit : ng-1-! Atomizing 2400 . 8
b) unit : cps-ng-!+1 Cleaning 2650 ° 1 4
a) 20p1 sample injection by AS-60 autosampler
b) Purge gas stop

* ¢) Maximum power nwde(ZOOO'C s-l)

10




the order of their boiling points by elevating the temperature of the trap. The hydrides are

introduced into the ICP-MS. The detection limits and sensitivity of tin (IV) and six species

of organotin compounds are shown in Table 1.

2. Determination of total tin in marine sediments by graphite furnace atomic absorption
spectrometry. ‘

A method for the determination of "total" tin in sediments by graphite furnace atomic
absorption spectrometry have been developed. Samples are decomposed with HNO,, HF,

and HCIO,. The solutions are vaporized to dryness and the residues are dissolved with
HNO,. The stabilized temperature platform furnace technique is applied. The operating

parameters of atomic absorption spectrometry is shown in Table 2. Nickel is used for a
matrix modifier. There is no effect of diverse elements at least up to Fe (10% in a sample),
Ca (5%), Mg (3%) K (1%), Mn (1%) P (1%), and Ti (1%). Al is tolerated up to 10%, but
15% of Al gives -5% error. Accordingly, Al equivalent to 20% in a sample is added to the
standard solutions for preparation of calibration curves. Limit of detection (30) is 54pg, that
is, 0.27ppm in the case of 0. Sg sampling.

3.::X-ray fluorescence analy51s of marine sediments by glass bead technique.

X-ray fluorescence analysis of sediments has been investigated. Analytical elements are
Si, Ti, Al, Fe, Mn, Mg, Ca, K and P of main constituents. The sample preparation methods
are compared between a glass bead technique and bliquet one. Consequently, bead samples
are prepared in a small dilution rate of 1.17 using 3g of a sample. Preoxidation of organic
materials in sediments is required. The matrix effects are corrected by the theoretical alpha
coefficients method. TG-DTA curve of a sediment is shown in Fig. 1.

DTA , 16

(7] w
(=] o
I .

'
w
o
Thermal Gravity { mg)

Heat Flow (micro V)

) 200 400 600 800 1000

Terperature ( *C)

" Fig.1 TG-DTA curve for NIST 1646.
‘ Weight sample : 50mg, elevating temperature rate : 20°C *min-!,
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6 . Advanced Treatment Technology of Effluents from Food
Factories (Part llIf =

(FY 1989-1992)

Takaji Obata, Yuzuru limura, Haruyukl lefuji and Hltoshl Shimoi
National Research Institute of Brewing

National Tax Administration, Mmlstry of Flnance

The wastewater discharged from shochu distillery, ‘especially from imo-shochu (sweet potato-shochu)
distillery, contains a large amount of insoluble solid, which is composed of cellulose and hemicellulose. The
insoluble solid, which causes the v:sxcos:ty of the wastewater to be much higher, results in the dlffuculty of the
advanced treatment. Then the development of smple and mexpensnve method of solnd-fluld separatlon for the
wastewater was carried out. ;

In this paper, to develop new method of solid-liquid separation using the nﬁiér‘oorganis’m cell as'aggregation
reagent, we screened microorganisms having aggregation-accelerating ability of the insoluble solid using the
wastewater as medium, and then isolated a stram Mll, from soil. . After |ncubated in.YPD mediun, the cell of
MIll were added to the wastewater at final cell densnty of 1X107 cells/ml lmmedlately after gentle stymng,
strong aggregation occurred. The resulting flocculi were able to be removed easily by filtration using a cloth
of large meshes like gauze as filter. No other insoluble “solid than yeast cell was observed in the obtamed'
filtrate. } v ; ) ’ N
We determined morprological and physiological characteristics of Mill. From the resuits, Mill was identified
as a kind of Geotrichum yeast, Trichosporon sp.. This strain is able to grow at optimum temperature of 28
C., pH 5 and in vitamin-free medium, but not at 37°C, and aseimilate galactose, b:xylese. ribito!, D-mannitol and
succinic acid, but not sucrose, maltose, cellobiose, trehalose, lactose, raffinose, soluble starch, L-alabinose,
D-ribose, L-rthamnose, erythritol, citric acid and inositol as a sole carbon source. From these results, it is
suggested that Mill can be used for secondary teatment to remove COD in the filtrate.

The cells of Miit also had aggregatnon-acceleratmg ablllty of follownng msoluble solids : filter cellulose
tomato juice, pulp wastewater, talcum powder, active charcol Avncel cellulose powder and kaolinite. These
results suggested that Mill can be extenswely used in the treatment ‘of wastewater dlscharged from various food
industries. . :

In order to elucidate the mechanism of the aggregation:with the cell-of Mill. We treated the cell with
various detergents or proteinase K, and then estimated the aggregatlon-acceleratmg ability of te resultmg cells.
As results, no ability against the solid in the wastewater and filter cellulose was observed in the cell treated
with SDS or proteinase K. On the other hand, the treatment with some kinds ol‘ detergent CTAB, Tween 20 and
TritonX-100 causes the ability agaist talcum powder, active charcol and kaolinite to be much lower. These
results suggested that the aggregation-accelerating ability against the solid in wastewater or cellulose is
responsible to the protein on the surface of the cell.

This protein may be stable in high temperature above 90°C, because the ability is effective in the hot
wastewater discharged from shochu distillery immediately after distilation. Also, the ability was independent
on the cell age of Mill. This characteristics can make the treatment to be much easier.

In further studies, we will establish a advanced treatment system involving this system for wastewater from
food industries.
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7. Behaviours of Organotin Compounds in Marine Aquatic Environments
(FY 1991~1993)

Yukio Salto, Takashi SUZUkl, Makoto M|y1hara, Rieko Maisuda, and
Satoshi Takatsuki

National Institute of llygienic Sciences

Molecular species of -organotin compounds derived from tri-n-butyliin
compounds (BusSn*) were ihvestigated at the ppb level in marine products.
After being divided |nto flesh, egss and liver, the samples were homogeniz-
ed and extracted Aftcr purlflcation, the extracts vere alkylated by
methylmagnesium bromxde,' and the resulting tetrasubstituted tin compounds
were identified by gas-liquid chromatography/mass spectrometry/selective
ion monltroung (FC/NS/SIM),' and quantified by GC/MS/SIM, using authentic

specimens. Analy3|s of fish eamples purchased in several retail stores
showed the presence -of 13‘orsanot|n compounds, including triphenyltin com-
pounds. The products hydroxylated and carboxylated ai a buty! moiety of

BusSn* were found in liver, eggs and flesh. The products hydoryxlated at an
alkyl side chain of Bu2Sn?* were mainly found in liver. A carhoxylated

products was found in liver of only one species.

And also determination of BusSn* and Buz2Sn?* in yellowtails al various
growth stages was carried out. Results of analysis showed that BuzSn?* was
present at the highest levels in liver followed by red milscle and then
vhite muslcle. On the olher hand Bu2Sn* was present in liver and red
muscle in the similar levels and at the lowest levels in vhite muscie.
Wakashi and Inada contained more BusSn* than BuzSn®* in both ihe liver and
vhite muscles but the liver of llamachi contained Bu2Sn®* rather ihan BuzSn’

Little BuzSn?* wvas fonnd'in the white muiscle of Hamachi. The differ-
ence in BUzSnz‘/BU3Sn ratio between Vakashi or Inada and Hamachi might he
attributed to |nrreased metabollc ablllty of fish according {o the age of
fish. :
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8 Monitoring System of Pollutants from Solid Waste
Disposal Site

(FY 1990~1994)

The Institute of Public Health
Masaru TANAKA, Tohru FURUICHI, and Isamu lCHIKAWA

Kyoto University
Yoriteru INOUE, Shinsuke MORISAWA

Tsukuba University
Norio TASE

The solid waste disposal site has many issues to be solved in order to properly treat solid w’aq_’iqi“
which recently increase in volume and become to have various components. Especially we don't
necessarily have regular solution methods, for example, about, estimating the long term environméntal
effects from the site, and for consensus making with the recount res of idental pollution.

The purpose of this studies is to reasonably integrate momtormg systems related with the landfill
disposal site considering characteristics of solid waste, the structure and classification of the site, location
conditions of the site, the actual state of environmental pollution by accident clused from the site md :
others. . :

In the second year of scheduled five years, the following four items were studled .
(1) Investigation by using the disposal site mode! on the detection system for leakage from the anpa‘o

control work of the site,

(2) Planning of optimal location of sampling wells for environmental momtormg of ‘roundwaur
pollution, B o

(3) Application of TDR(Time Domain Reflectometry) method to the electromagnetxc deterniination of"‘
soil water content in order to predict the movement of hazardous substances through groundwnter
around the site, and [

(4) Field investigation on the actual state of vertical distribution of heavy metals in t.he dlsposal llte
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9ui.K'Study cn the Reduction of Toxic Substances from
~ Municipal Solid Vaste Incinerators
(FY 1990-1992)

Hasaru Tenéka, Masancbu Miyazaki and Ikuo Watanabe
"The Institute of Public Health

Introductlon :

R There are about 1,900 municipal solid waste incinerators in
Japan and most of them are mechanized batch type incinerators which
are operated intermittently as their start up and shut down in every
morning and evening, respectively. It is known that during such
unstabie"dperations{_they tend to emit unburnt organic compounds at
high level under lower furnace temperature. With the characteristics
of dioxins generation, they might emit a large quantity of dioxins
eﬁen in the start up, shut down and night time period except day time
steady operation. Therefore, reduction of emission of dioxins under
these unstable operations is also important and effective in order to
reduce a whole day emission of dioxins from the mechanized batch
incinerators. '

Experlment _ )

+ . In this respect we carr1ed out a series of investigations to
find vays to reduce the total daily emission of dioxins at a full-
scale MS¥ incinerator. This incineration plant has two furnaces with
capacity of 10 ton/8hrs, which consist of cooling water injection, dry
HC1 removal systems and dry electrostatic precipitators. To ensure
gcod combustion at the furnace, an additional secondary blower was
1nsta11ed The outlet of the electrostatic precipitator (EP) was
selected as sampllng point for gas analysis.

Results

“ Total dioxins concentration at the outlet of EP and total daily
emlss1on of dioxins are shown in Figure 1 and 2. It can be recognized
frqm these data that the quantity of dioxins emitted in the unstable
processes was 91% of those emitted in a whole day containing stock-
f1re operatlon It can be also found that generation of dioxins in
the unstable processes was suppressed by changing stock-fire
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operation for burn-out operation and then total da11y emxss1on of
dioxins at the plant was reduced to 34%. L

Total dioxins concentration, C0 concentratxon
chilorobenzenes(CBs). concentration, chlorophenols (CPs) concentrat1on
and 02 concentration at the outlet of EP in the stable processes are
shown in Table 1. By comparison of the data before installation of an
additional secondary blower with the data after installation of the
blower, concentration of total dioxins,- CO, CBs and CPs .decreased and
that of 02 increased. Decrease of CO concentration and increase of 02
concentration indicate better combustionh .was established by the
installation of the additional blower. Decrease of CBs and CPs
indicates that the combustion of the hydrotarbon proceeded and then
the generation of CBs and CPs, which are regarded as precursors of
dioxins, were suppressed.

Conclusions

¥e carried 1nvest1gatlons to find how to reduce the total daily
emission of dioxins. From our exper1menta1 results at the full-scale
mechanized batch incineration plant, we can conclude that the
quantity of dioxins enitted under unstable processes_such as shut
down and night time period can be reduced by changing stock-fire
operation for burn-out operation and the quantity of dioxins under
stable processes can be reduced by 1nsta11at10n of an add1t10nal
secondary blower.

Fig | Concentration of diexins in eoch process of Fig 2 &iulcn of dioxins In esch process of the plent
plont operation . mn\lm .,
~ 60000 ::g S
Esoooo T o o ,
g ;gggg W sroocee | || 4w . I STOCK-FIRE
- s 300 : . O sumi-out
< 20000 ) 2] sunw-out 5 200 . =
g 10000 o0 |
0 B ), o) R (BRI e 0 PN P
£y & 5 Y Es g4
5. § 38 36 &Y 5 § 30 3 8
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Table 1. Effect of installation of an additional secondary-blower on
the concentration of dioxins; CO, CBs and CPs in the stable process

Vith the

17

without the without the with the
additional additional additional additional
; blower blower blower blower
PCDDs+PCDEs | 6900 - 8600 - 1 1810 4500
| (ng/Nm3) ' N

CO0 (ppm) - 1560 1430 219 246

CBs (ug/Nm3) 196 - 100 43 25

CPs (ug/Nm3) {130 290 440 100

02 (%) ,014. C113.9 14.7 2.5




10. Development of Monitoring Methods for Personal Exposure to
Trace Toxic Chemicals in Air
(FY 1991~1994)

Kiyoshi Tanabe, Sumio Goto and Osamu Endo
National Institute of Public Health

Syun'ichiro Imamiya and Shigeru Tanaka
Kitasato University

Yukihiko Takagi
Azabu University

Health effects of long-term exposure to trace toxic chemicals in air is attracting attention.
Especially, in relation to increase of lung cancer, various efforts have been started for exposure
assessment of carcinogens/mutagens in air. It is well known that human exposure to air pollutants
cannot be evaluated only based on the results of ambient air momtonng Survey on personal
exposnre and indoor pollution, which is combined with questionnaire survey on indoor/outdoor
emission sources, activity records, etc., seefns to be effective for accurate/detailed evaluation of
human exposure including elucidation of pathway/primary factors of exposuré, analysis of exposure
- lifestyle relationship, characterization of high-risk group, etc. waeve,r, except for some gaseous
pollutants, e.g., NO,, it is not easy to carry out such survey because of difficulties in monitoring
methods such as personal sampling device, ultra-trace analysis, evaluation of complex mixture and
unknown toxic chemicals, etc. Therefore, for accuraté/detailed evaluation of human exposure toltraoe
toxic chemicals in air, following researches on the development of monitoring'methods for personal
exposure have been carried out:

Personal mini~pump (500g including battery, 1 ~ 1.5 I/mm constant flow over 24 hours) and
impactor - filter holder device (50% cut-off diameter = 3ym at 1 //min) have been tested in small-
scale personal exposure monitoring of PAHs and mutagens. They showed good performances and
were useful for the survey. Most of PAHs and direct mutagens (>90%) were found from fine
(respiratory) particulates.

Basic investigation has been performed for the development of personal exposure monitoring
method for volatile organic halogenated solvents. The method was constructed from a) sampling by
passive sampler containing Tenax TA, b) automatic thermal desorption, and c) GC/MS analysis. It
has been confirmed that the method is applicable to sub-ppb ~ ppb level measurement based on 24
hour sampling.

For accurate/detailed evaluation of air pollutxon/human exposurc of PAHs, a comprehensive
survey on indoor/outdoor pollution and personal exposure was planned All samples were collected
by personal mini-pumps, PAHs were analyzed by using column concentration HPLC/
spectrofluorometric detection, questionnaires were used to get information on activity pattern,
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indoor/outdoor emission sources, ventilation, etc. A small scale survey was carried out, and the
method was useful/effective to understand air pollution/human exposure of PAHs.

For accurate/detailed evaluation of air pollution/human exposure of nitro-PAHs, a
comprehensive suri'ey; which is similar to that on PAHs, was planned. A small scale survey was
carried out, and the method was useful/effective to understand air pollution/human exposure of nitro-
PAH:s.

Ultramicro forward-mutation method has been developed for the measurement of
mutagenicity of small amount of airborne particulates. The method was sensitive, and was
successfully applied to a) personal exposure samples collected by personal mini-pumps, and b) every
2 hour indoor samples for mutagenicity variation monitoring.

' Depositioh ratio of particulate PAHs and mutagens to respiratory organs has been
investigated. . Particulates in expiration were collected by a sampling train which was constructed
from Hans-Rudolph mask, filter holder and respirometer. PAH contents and mutagenicity of the
expiration samples were apparently reduced from those of corresponding indoor (inhaled air)
samples. .Deposition ratios calculated based on these values were about 60% for PAHs and were
about 50% for direct mutagens.
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11. Formation Mechanism of Mutagenic Compounds on Acidic Particles
(FY 1989 - 1991)

Hiroshi Hara and Yoshiharu Hisamatsu
The Institute of Public Health

In order to clarify the formation mechanism of mutagenic compounds on
acidic particles, two photochemical experiments with high-pressure mercury
arc were carried out: aqueous phase formation of sulfuric and nitric acid
and heterogeneous photonitroration of pyrene and fluoranthene with nitrogen
dioxide in the absence and presence of sulfur dioxide in these different

atmosphere, nitrogen, oxygen, and purified air.

The kinetics of sulfite photoxidation for two pH ranges were determined:
-d[SAV))/dt=k, " savy Fe(IID](H*]" for pH.1-3.2, and
-d[S(IV)]/dt=kp”’[S(IV)]”2[Fe(III)][H’]'”'° for pH3.2-5.5.

Experiments with actual solar radiation suggested that the oxidation prevailed
low concentrations of atmospheric sulfur dioxide. The kinetics of thermal
oxidation of nitrite by ozone was determined to show oxidation mechanism
including nucleophilic addition of ozone with either nitrite ion or nitrous acid.

Several mutagenic nitro derivatives of pyrene and fluoranthene, both of

which are typically contained in diesel engine exhaust gas, were identified as
major products of photonitration of the above two polycyclic aromatic

hydrocarbons in the presence of nitrogen dioxide: 1-, 2-, and 4-nitropyrene,
1,3-, 1,6-, and 1,8-dinitropyrene, and 2-, and 3-nitrofluoranthene. Among
these mutagens, neither 2-nitropyrene nor 2-nitrofluoranthene has been detected
in the diesel engine exhaust whereas both are commonly observed in airborne
particles. These nitropyrenes were found to be extremely high potent
mutagens, two orders of magnitude more mutagenic than benzo(a)pyrene. The
yield increased in the order to nitrogen, air, and oxygen for the reaction
atmosphere, and the formation of these mutagenic nitro compounds was

enhanced with addition of sulfur dioxide, which implied that ozone and/or

sulfuric acid would play important roles in the nitration,

Our experiments would explain the formation mechanism of highly mutagenic
compounds contained in particulate matter which experienced long-rang
transport: strong acids are first formed in the water film on the particle surface,
and nitrogen dioxides are dissolved into this acidic solution to react, in the
presence of solar radiation and pollutant gases of sulfur dioxide and ozone,
with organic compounds in the particle to yield high potent mutagens such as
2-nitropyrene nor 2-nitrofluoranthene. v
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12. Study on the Behaviors and Safety Assessment
of Environmental Pollutants Chemicals in Ambient Water
(FY1989~1991)

Norihito TAMBO, Jun KANAZAWA, Hiroshi TOKIWA, Shigeo KOIIMA,
Yasumoto MAGARA, Jyunnji TADA, Yasuhiro YAMANE,
Fumio NAKAMURA Masanori ANDO, Tasuku KAMEI, Hideo SASANO,
Yuichi OHKUBO, Hiroyuki KONDO, Takako AIZAWA Hiroo TAKAGI,
Masao SAITOH, Tsutomu OOKUBO, Akira SHYOII,
Akiko WAKABAYASHI Kazumoto NAKAMURA, Tadashi TAKAHASH],
Katsunobu TAKENAKA, Shigeo KIMURA

Study Group on the Behaviors and Safety Assessment of Environment Pollutants
Chemicals in Ambient Water,
Waster Supply Division, Department of Water Supply and Environmental
Sanitation, The Institute of Public Health and National Insdtute of Hygienic
Sciences, '

Ministry of Health and Welfare.

The amount of synthetic chemicals which are used not only in industry and
agriculture but also in domestic housing have been increasing year by year. The
consumption of newly developed chemicals causes environmental pollution such as the

~occurrence of synthetic chemicals in drinking water. Among them, pesticides should be

given a priority to assess and manage the health risks because of its hazardous potentials.

_ Therefore a comprehensive research project has been started in order to make clear the
behaviors of pesticides and their degenerates in ambient eswater and water purification

process since 1989. The results of this study are summarized as in follows.

- The amount of pesticides applied to agriculture in the selected nine area have been
surveyed. The kinds of pesticides used in were largely were different from area to area,
and also different from yearly to year even in a same area. Therefore we should implemeat
the areal survey on the application programme of pesticides in advance so as to set an
appropriate field monitoring programme.

A new analytical method of a simple pretreatment and quantitative analysis by a

single-ion monitoring method of GC/MS as well as HPLC have been developed to analyze
pesticides in water samples .
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Eleven kmds of pesticides, sixteen insecticides and seventeen herblcldes were
identified from river water which is used as a drmkmcr water source. ' The runoff rate of
pesticides applied into a paddy rice field was different from each other depending on the
kinds of pesticides. Itis found that the runoff mechamsm of pesticides can be simulated by
a survey in small test field or in a laboratory.

The degradation of stlected pesticides in an ambient water body and also in water
purification proc’cvsscs suchas chlorination and ozonation have been studied.. A number
of by-producrs such as oxon, chloro-oxon, chloro-toluen, halogenated carboxylic acid and
other organic substances were identified from organic phosphates and other kinds of
pesticides. Some of them Showed mutagcnecny in Salmonella thyphmum ;tra.ms.

The conventional water purification systcm composcd of coaculauon.
sedimeritation and sand filtration processes can not be anucxpated to have its potcnnal to
remove pesticides in raw water. ‘However, 50ppm of powdcrcd carbon application could
be a countermieasure to reduce ‘pesticides concentration of up to about 5 umes of tentative
drinking water quality standards . But DEP and other pesticides having a high solublluy
in water are difficultto be removed by that amount of powdered activated carbon.

The ‘advanced water purification system composed of the c¢onventional water
'puriﬁ(:aiio‘n system ‘plus ‘ozonation and granular activated -carbon filtration can be
antxc:patcd to have its potential to remove most of pesticides etcludmg those havm° a high
solubility such as simazine.
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18, Study on Genetic Mutation in Human Cells
by Using Shuttle Vector Plasmid

(FY 1987~1891)

‘The Institute of Public Health
Masahiko Fujita, Kaoru Morikawa,
Ayako Yahagi, Ikuko Nishide, and Hirokazu Noguchi

The Institute of Hygienic Sciences
- Hiroshi Mizusawa

‘Numerous mutagenic agents are known to interact with DNA, but the molecular mechanisms, by
-‘\nihich these agents may cause mutations in mammalian cells, are not well undestood. The analysis of
mutations in mammalian cells has been hampered by the lack of simple genetic systems. The purpose
of this study .is:to develop the simple method to analize genetic mutations by environmental pollutants in
.human cells. For this purpose, we have used shuttle vector plasmid that can replicate in both mammal-
ian cells and bacterial cells. The shuttle vector plasmid contains the supF suppressor tRNA gene from
Echerichia Coli to provide a selectable gene for mutation analysis.

In this study, we analyzed the mutational spectrum induced by three different alkylating agents by
DNA seqdencing.' The shuttle vector was treated in vitro with three kinds of alkylnitrosourea: methylnit
_rosourea (MNU);'gthylnitrpsourea (ENU) and propylnitrosourea (PNU), and three series of mutants
were analyzed by DNA sequencing. The mutational épectrum appears to be different among three
nitrosourea-induced mutations. In MNU-induced mutations, base substitutions were found to be about
75%, and deletions and insertions were 19% and 7%, respectively. 84% of the base substitutions were G-C
- AT tfanéitioris. In three alkylnitrosourea-induced mutations, the majority (60%) of the mutations
were G- C = A - T transition type base substitutions. PNU-induced mutations only showed base
substitutions and among them -36% were G- C - T:A transversion. As to the distribution of the
‘mutations, more than half of the base alterations were found in the stem region of the folded structure of
tRNA. ‘However, ‘single base substitution mutations have been identified at all the four arm regions of
‘the tRNA 'molecule; TWC region, D region, anticodon region, and acceptor region. These base
substitutions within four regions are likely to lead to inactivation of the supF tRNA gene function.
These alteration sites are seemed to be involved in specific interactions with the tRNA synthetase or
ribosomes or in codon recognition. -Although there is only one chain in a tRNA molecule, a majority of
" the bases. are hydrogen-bonded to each. other. Hairpin folds bring bases on the same chain into a

. double-helical arrangement where short stretches of nuclectides are complementary to one another. By

the.importance of tertiary interactions of tRNA molecule, the supF gene has proven to be a particularly
. good mutagenesis marker, and the shuttle vector plasmid with supF gene provides a very useful tool for
investigating the mutagenesis in the molecular level. An advantage of the supF gene as a selectable gene
- for mutation analysis is that all types of mutations can be identified and that the small size of the supF
‘ ‘gene permits rapid 'seq.uehcibng of the entire gene. Next, we assessed the genetic effects of environmental
.'boliutants’ and active oxygens"by ﬁsing the supF tRNA system. There is currently interest in the
biological effects of environmental pollutants: trichloroethylene, tetrachloroethylene, tributyltin, organic
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mercury compounds; methylmercury(Il) chloride, ethylmercury(Il) chloride, phenylmercuric acetate,
and active oxygens. As active oxygens, hydrogen peroxide and superoxide were examined and
superoxide was generated by hypoxanthine - xanthine oxidase. Among these substances, superoxide w
as relatively effective but the others showed negligible effects. In this study, we also constructed a
shuttle vector pZBPVneo which is designed as a shuttle vector for stable, extrachromosomal mutation
analysis in mammalian cells. pZBPVneo carries the genome of bovine papillomavirus (BPV), which
allows episomal replication of this vector in mammalian cells. pZBPVneo also carries the part of pZ189,
which contains supF tRNA gene, origin of replication from SV40 virus, the pBR327 origin of replication
in bacteria, the amp’ gene and a copy of the bacterial neomycin resistance gene (neo”) for a selectable
marker, which help to maintain episomal replication of the shuttle vector in mammalian cells. For these
_ reasons, pZBPVneo should be useful for characterizarion of mutations in mammalian cells. Further
analysis of the mutations in tRNA gene may lead to a better understanding not only of the molecular
mechanisms of genetic mutations in mammalian cells but also of the structure and functon of tRNA

molecules.
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1k, Studies in the Assessment of Putative Potential
Toxicity of Environmental Pollutants at Low Dos
Using Culture Systems (FY 1987-1991) -

Akira Takanska, Kannosuke Fujimori, Kunio
Kewashima and Yasuo Ohno National Institute of
Hygienic Sciences

Effects of dibenzofuran (DF), and 2- monochlorodibenzofuran (2-MCDF) detected
as pollutants on teratogenicity and drug metabolic enzyme inducing potency
were exasmined. Safety assessment of these chemicals was performed using the
dats obtained in these in vivo and in vitro experiments.

1. Effects of 2-MCDF on embryo-fetal development of rats were examined in an
in vivo experiment, and compared with those in the in vitro teratogenicity
test using the rat embryo culture system. 2MCDF (0, 250, 500, 1000 mg/kg/day)
was given by gavage to pregnant rats during gestation days (¢D) 9-11,
corresponding to the culture period in the in vitro test, and embryo-fetal
development was examined on GD 11.5 and 20. In the pregnant experiment,
unlike in the in vitro test, no effects of 2-MCDF on enbryo-fetal development
were observed. As for the evaluation of the teratogenicity of 2-MCDF, how-
ever the present results agreed with the in vitro ones. In the in vitro
experiment, DF, the putatively nonteratogenic parent chemical, caused embryo
toxicity similar to those by 2-MCDF, and therefore, it was inferred that
o_MCDF caused no increase in the incidence of malformations in the present
experiment. From these findings, the in vitro teratogenicity test using the
rat embryo culture system was considered to be useful for the safety evalua-
tion of environmental contaminants with putatively strong toxicity, if some
proper criterion, such as reference chemicsls, could be available.

In an in vivo experiment using mice, 2-MCDF was given by gavage to pregnants
during GD 6-15, and its teratogenicity was examined. As a result, 2-MCDF
caused hypertrophy of the maternal liver and an increased incidence of
skeltal varistion of the fetuses, but no teratogenicity was observed. The

no observeble effect level for fetuses was estimated to be 250 mg/kg/dey, and
for dams, less than 125 mg/kg/day.

D, 2-MCDF snd 3-MCDF induced rat liver microsomal drug metabolizing

activities dose dependently. The doses by which ethoxycoumarin deethylation
were induced to two times of control were 167 mg/kg for 3-MCDF and 187 mg/kg
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for 2-MCDF. These values were not so different from the values estimated by
in vivo experiments, suggesting that in vitro test system using primary
cultured rat hepatocytes can be applied to estimate the drug metabolism
indueing activities in vivo for methylcholanthrene type of drug metabolism
inducers.

From the present in vivo results and in vitro results reported in this study
so far, it can be evaluated no risk of 2-MCDF detected at the concentrations
(max 1.4 ng/l) in some tap water as a pollutant, in teratogenicity and

inducing potency of drug metabolizing enzymes.




15. Estimation of Risk to Humans by Extrapolation from Low Dose
Animal Data: Toxicokinetic Studies
(FY 1988~1892)

Akitada Nakamura and Toshie Tsuchiya
Division of Medical Devices, National Institute of Hygienic

Sciences

Atsushi Takahashi, Hiromi Ochiai, Ken-ichiro Kan and Miki Katano
Division of Xenobiotic Metabolism and Disposition, National

Institute of Hygienic Sciences

Naoki Miyata and Kiyoshi Fukuhara
Division of Organic Chemistry, National Institute of Hygienic
Sciences

Toshio Sofuni, Takehiko Nohmi and Masahiko Watanabe
Division of Genetics and Mutagenesis, Biological Safety Research

Center, National Institute of Hygienic Sciences

To generalize the biological significance of nitro reduction property
for the toxicity of nitroarenes, three new l-nitropyrenes substituted with
a cyano group at 3-, 6-, or 8-position, that amplifies the electrochemical
reduction of nitro group, were synthesized and their reduction property
and mutagenicity were compared with those of i-nitropyrene and dinitropyr-
enes. The half-wave potentials of the first and second electron reductions
indicated that these cyanated 1-nitropyremes were reduced easier than 1-

nitropyrene for the electoron-withdrawing effect of cyano substituent.

These cyanated 1-nitropyrenes showed higher mutagenic activity in Salmone-

1la typhimurium TA98 and TA98NR than l-nitropyrene, and in particular, the
nutagenic potencies in TA33 were almost similar to those of dinitropyrenes
. These results indicated that the electrochemical ease of nitro reduction
could be one of the fundamental factors responsible for the mutagenicity.
The plasmid carrying both acetyltransferase gene and nitroreductase gene
vas introduced into Salmonella typhimurium TA98 and TA100. The resulting
strains, YG1041 and YG1042 showed high levels of both enzyme activities
and vere more sensitive to the mutagenic action of 2-nitrofluorene,
i-nitropyrene and p-nitrophenetole than the sensitive strains previously

established. These results indicate that the new strains permit very
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efficient detection of mutagenic nitroarenes in the environment.

1-Nitropyrene (1-NP) and its derivatives were assayed using rat embryo-
nic cell differentiation systems. In the midbrain cell differentiation
assay, the inhibitory activities of the compounds were in the following
order: 1-nitropyrene-3, 6-quinone> 1-nitrosoquinone> 1-nitropyrene-3, 8-
quinoned 1-nitro-6-hydroxypyrene> l-nitro-8-hydroxypyrene> 1-NP> 1-amino-
pyrene> 1-acetamidopyrene> 1-nitro-3-hydroxypyrene. 1-Nitrosopyrene and 1-
acetamidopyrene showed the stimulative effects on the differentiation of
limb bud cells. The quinone and nitroso derivatives of 1-NP, therefore
showed greater teratogenic potential than 1-NP itself.

Five retinoids were tested by both rat whole embryo culture(¥EC) and
limb bud cell culture systems. The concentrations of the retinoids leading
to effects on conceptus dysmorphogenesis in vitro and to 50 ¥ inhibition
of limb bud cell differentiation in vitro correlated very well with the
lowest teratogenic doses in vivo. However, the limb bud cell culture
system was found to be more sensitive than the WEC in detection of the
activities of the fetinoids.

The disposition of 1, 6-dinitropyrene(DNP) in male F344 rats was invest-
igated over 7 days. In 7 days after iﬁtraperitoneal administration of
14c-1, 6-dinitropyrene(l xmole/kg), 64% of the dose was eliminated in
faeces and 10% in urine. The rate of biliary excretion of radioactivity
was 37% of the dose in 48 hr and the studies revealed involvement of
enterohepatic circulation in the disposition of DNP. The elimination of
DNP from plasma can be described by a two-compartment pharmacokinetic
mode! and the elimination half-life was estimated from blood data to be
147 hr. High radioactivity was present in the adipose tissue at 7 days
after an administration. The data from these studies suggest that DNP or
its metabolites persist in the body for long periods.

The metabolism of urethane by mouse and human liver preparations using
in vitro techniques was quantitatively compared. Isolated hepatocytes were
prepared from adult male B6C3F1 mice and human liver specimens by collage-
nase perfusion methods and were incubated in modified Waymouth's 752/1
culture medium at 37°C. Incubations were conducted with urethane [ethyl-
'4C] at final concentrations of 0.01 and 1.0 mM, and samples were taken at

0,1,2 and 4hr. Mouse hepatocytes in suspension culture converted 98 pmol/
10% cells of urethane to COz. DNA binding was detectable in mouse liver
cells, and demonstrated dependency on incubation time and urethane concen-
tration. DNA binding of 0.01 mM urethane increased linearly with time to

18 pmol/mg DNA by dhr. Protein binding of this concentration of urethane
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vas somevhat higher at 36 pmol/mg protein after 4 hr. Bindihg to protein
at 1 nM urethane was 226 pmol/mg protein suggesting that it became satura-
ted at the higher concentration. This effect was not observed in DNA
binding which was 2400 pmol/mg DNA at 1 mM urethane. Covalent binding
could not be determined in human hepatocytes because a high background
interfered and the data obtained were variable.
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16. Safety Assessment of Microorganisms Used for
Recombinant DNA Technology (FY 1989-1991)

Katsutoshi Mise, Kenichi Tanamoto, Michiko Miyahara,
Yuji Haishima, Michiko Fujiwara, Yumi Mizuno, Masakatsu
Ichinoe, Hirotaka Konuma, Sumie Takayama, Sachiko '
Matsutani

National Institutevof Hygienic Scieneces

Biological, genetical and biochemical characterization of

various strains of Bacillus thuringiensis and Pseudomonas spr has
been carried out which are expected as genetically engineered
microbial pesticides or controllers of environmental pollution'in
future. The studies described below were done for the éafety
assessment of these bacteria used for the pesticides or the contro-
llers. ' ‘ o

1). Quantitative method for detection of small amount of
lipopolysaccharide (= endotoxin) in Pseudomonas aeruginosé has been

devised using 3-hydroxymyristic acid as a chemical marker.

After coversion to methylester, the marker was coupled with
anthracene-9-carboxyl chloride, a fluorescence probe. The reSult-
ing materlal showed maximum emission with excitation wavelength '
at 257 nm and emission wavelegth at 458 nm in dichloromethane.
Using the method, as little as 100pg endotoxin was ea51ly deteoted
in aqueous solution. - ‘

2). Rapid method for identification of Bacillus thurlnqlen-
sis has been developed by using specific anti H (flagella) sera ’
or DNA probes derived from insect toxin genes. Wlth these methods,
the occurrence of Bacillus thuringiensis has been investigated in
various kinds of foods.. As compared with the high incidence of
Bacillus cereus, a food-poisoning bacterium, Bacillus thuringiensis
were not detected at high frequencié§ in foods excépp for imported
corns. Bacillﬁs thuringiensis serovar kurstaki and aizawai used as
microbial pest1c1des were found at high frequencies in "the corns.

3) Both Bacillus thuringiensis kurstaki and aizawai contalned
Various sizes of plasm;ds. Analysis of the plasmld profile was
found to be useful for the epidemiology of these serovars; kurstaki
was divided into six groups, and aizawai two groups on the plasmid

profile.
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‘4). Vegetative cells of Bacillus thuringiensis kurstaki
and aizawai were found to be highly UV-sensitive. Spores of
these_straine were more resistant to UV ray than Escherichia coli
K-lZ}WAQZl, but were inactivated completely by long term irradia-
tion of UV. In the absence of UV ray, spores of Bacillus thurin-
giensis were highly stable and could not be inactivated at all in
soil at 25°C for at least seven monthes. Bacillus thuringiensis
could grow Well on cabbage leaves at 25°C or 32°C for three to
seven days in an incubator.

5) Diarrheal toxin similar to that in Bacillus cereus was

detected at relatlvely high frequencies 1n various strains of
Bacillus thur1ng1ens1s of food orlgln. The toxin was also

produced by Bacillus thuringiensis serovars kurstaki and aizawai
‘used for microbial pesticides. The amount of the toxin was higher
in kurstaki than in aizawai. Like Bacillus cereus toxin, the

toxln was unstable and was inactivated considerably during the
purlflcatlon procedure.

" 6). Type II restrlctlon endonucleases were detected at a
ffrequedcy 0of 10 % in Pseudomonas aeruginosa and of 2 % in Pseudo-
l monas cepatia of different origin. One of the restriction endo-
rucleases in Pseudomonas aeruginosa designated PaePs7I was shown

to be an 1soschlzomer of xhoI whose recognition sequence is
CTCGAG.

7). Large fragments (more than 100 bp) of repetitive sequen~
. ces which appeared as inverted repeats could not be detected in
’Bacillus thuplnglenSLS kurstaki using the method of Otsubo.
1S sequences (ISl, IS600, IS629, IS630 and IS640) frequently
detected in Escheric¢hia coli and Shigella spp. were not detected
- in any strains of Bacillus thuringiensis kurstaki, Bacillus cereus
 F4433/77 or Pseudomonas aeruginosa Bs9.
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17. Evaluation Methods for Blological Effects of Rare Earth

Metals
(FY 1989 - 1991)

Natlional Institute of llyglenic Sclences

Division of Food Additives

Mitsuharu Takeda

Division of Environmental Chemistry

Shigeo Kojima, Masanori Ando, Hiroshi Sekita,
lideto Jinno, Nobumitsu Hanloka

Blologlical Safety Research Center Division of Toxicology
Yuji Kurokawa, Toyozo Kaneko, Yukio Ogawa, Sachiko Suzuki,
Katsuji Naito, Minoru Saito, Akihiko liirose

Osaka Branch Division of Foods

Yoshio Ito, Yasuhide Tonogal, Yumiko Nakamura,

Yukari Tsumura

Juntendo University School of Medicine
Momoko Chiba, Junko Shinozaki
Kumamoto University Faculty of Pharmaceutical Sciences

Shojl Kojima

Recently, rare earth metals attract our attentions as new promising
materials in the ploneering technologlical Industries as basic matters for
superconductive substances, ceramics and amorphous substances. llowever,
very few were reported on the blological effects of rare earth metals.
The present studies were carried out to get basic data for safety evalua-
tion of these metals.

Eu' and Gd were administered orally to male and female rats at levels
of 40, 200 and 1,000 mg/kg as their chlorides for 28 days. The remarkable
decrease in body welght gain, accompanied with the decrease in food con-
sumption, was observed 4in the male and female rats of both high dose
groups. The female rats in the middle dose group of Eu also showed the
decrease in body wcight gain. The increase in adrenal welght and the
decrease in thymu§ welght were observed in the male and female rats of high
dose groups, respectively. The reduction of TP in serum was observed in

the male and female rats of both high dose groups, as well as in high dose
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groups of Y and La reported préviously. This suggests that the metabolism
of protein was affected with the administration of these metals. Changes
in stomach and lung due to the irritation effect by rare earth metals were
also observed. Both of Eu and Gd were accumulated in liver, kidney and
bone, compared that La was accumulated in liver and Y was in kidncy and
bone. The Effect on Fe concentrations in liver, kidney, spleen and
serum, and the reductlon of Ba and Sr concentrations in bone was observed.
Maximum non-effect levels were 40 mg/kg for thé male and female rats of Y
and La and for the female rats of Eu and Gd, and 200 mg/kg for the male
rats of Eu and Gd, respectively.

The metabollsm of Dy, Eu, Yb and Y, and the effects on the concentra-
tions of Ca, Mg, Fe and P in the organs were investigated in the male rats
by 1v administration of their chlorides at 10 and 50 mé/kg as metals.
These mctals disappeared from blood within 1 day after administratlion, and

were accumulated in livér;'spieen and femur in high concentrations after 8

days. The higher the dose was, the more ratio of accumulation of dosed
metals was found in splecn and the less in bone. '~ The differencec in dis-
tribution pattern among metals was observed. The half 1lives of dosed

metals 1in blood and liver was calculated as 0.37-6.06 hours and 12.9-18.0
days, respectively. Ca concentratlions in liver and spleen, where dosed
metals were accumulated, were found to be high.

The distributlon of Y, La, Ce, Sm, Nd, Eu, Tb, G4, Dy, llo, Er and Yb
in 1liver, kidhéy. spleen, pancreas, lung, heart, seminal vesicle, testis,
muscle, bone, ‘thymus, submaxillary gland and brain were examined in the
male mouse by iv administration of their chilorides at 25 mg/kg as metals.
Afﬁef 20 hr, these metals were accumulated in high concentrations in
spleen, lung and live;, wvhere Ca concentration also increased remarkably.
Good correlation (r = 0.905) was found between concentrations of dosed
metals and Ca in spleen. However, concentrations of Mg, Fe, Zn and P in
the OZgans were not affected with the administration of these metals.

Ca and P were administered orally to the male rats pretreated with

Tb orally for 4 weeks (100 mg/day/animal as metals), and excretion of them
gg urine and feces was measured daily for 10 days. The amount of 450& and
‘P excreted to feces increased remarkably in Tb-pretreated rats compared
to control Trats (15 -> 45% and 8 -> 65%, respectively), whereas those

excreted to urines reduced by Tb-pretrcatment (1 -> 0.2% and 12 -> 2%,

respectively). Tb-pretreatment showed the same inhibitory effect on the
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absorption of Ca and P from rat intestine as La-pretreatment reported
previously. The mechanlsm of inhibitory effect of rare carth mctals on
the Ca absorptign from lntestine was investigated in vitro using the mucous
membrane fraction of rat duodenum, and Ca binding capacity of the frnétlon
was féund to be completely inhibited in the presence of high concentration
of Tb.

The Intestinal absorption of L-histidine were examined in situ using
mouse intestine after pretreatment with La, Tb, Y, Be, V and Mo. The
results showed that intestinal absorption of L-histidine was inhibited at
levels of 0.5-2 mM of V, 2-4 mM of La and 4 mM of Tb and Be. However, Y

and Mo showed no inhibition up to 4 mM.
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18. ‘Effect of’Otganochlorine Compounds on the Lung Immunity
- to. Respiratory Pathogens
(FY 1990~1992)

Eumiaki Kura, Junko Amemura-Maekawa, and Haruo Watanabe .
Department of Bacteriology
 Nationgl Institute of Health

Yuko Sasaki and Tsuguo Sasaki
. Department of General Biologics Control
National Institute of Health

I. In Vitro Cellular Model II for Respiratory Infection

In order to estimate the effect of organochlorine compounds on
infection and immunity of respiratory pathogens, we developed an in
Vitro' celluiar model for infection with Legionella pneumophila and Myco-
blasma pnéumoniaé‘using mouse peritoneal macrophages and human peripheral
blood mononuclear cells (PBMC) respectively.
. :-The lung macrophages and thioglycolate (TGC)-elicited peritoneal
macrophages from A/J and MPS mice, but not in those from B10.A mice were
permissive for Legionella growth. The resident peritoneal macrophages from
all "strains of mice tested here were nonpermissive. Because the number of
lung macrophages recovered from mice was very small, we used TGC-macro-
phages rather than lung macrophages for legionella infection in vitro.
After interferon (IFN)-yr or lipopolysaccharide (LPS) pretreatment, even the
permissive macrophages from A/J and MPS mice became resistant to infection

- {Induced resistance). We found that both natural and induced resistance of

the macrqphéges to legionella infection attributed to a L-arginine inde-
pendent ﬁechanism. Using the in vitro model, we estimated the effect of
organochlorine miprobicides, chlorothalonil (TPN) and captan (CAP); and
organochlorine -solvents, ' trichloroethylene (EC13), tetrachloroethylene
(EC14), and carbon tetrachloride (CCl4) and found that the degree of the
organochlorine effects on the phagocytosis and the bacterial growth in

hacrophage cultures were different among the strains of mice (Fig.1).

The cell lysates of Mycoplasma induced the blastogenesis of human
PBMC and stimulated the PBMC to produce various kinds of cytokines. In the
cytokine assays, we found that tumor necrosis factor (TNF) production was
inhibited by TPN pretreatment (Table 1) and that the organochlorine sol-

)
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vents did not affect the TNF production so much.
These results showed that organochlorine pollutants  suppress the
antibacterial activity of macrophages against respiratory pathogens and may

éuggest that the pollutants make the human being more susceptible to respi-

ratory infection.

Fig.1 Effect of organochlorine compdunds on the growth of Legionella in the
macrophage cultures from B10.A and C3H/He mice (24-hr pretreatment followed

by 4-d cov’cultlire; numbers in columns: concentrations (ppm))
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Table 1 Effect of TPN on the TNF production by
kh'um’an PBMC y'stimulatéd with PHA and Mycoplasma cell lysate

TPN (ppm) TNF  (Units /ml) from PBMC stimulated with :

None PHA M. pneumoniae
0.000 <20 53.219.8 12.3£2.6
0.007 <20 18.1£1.5 18.812.1
0.030 : <20 2.5¢1.3 <20
0.125 <20 8.444.3 <20
0.500 <20 8.6£5.7 <20
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19. Studies on the Influences of Chemical Control on the Target and Non-
target Populations with Special Reference to Insecticide Resistant
Mechanisms
(FY 1990 ~ 1992)

Mitsuo Takahashi, Yoshiaki Kono, Hiromu Kurahashi, Noriaki Agui,
Minoru Mihara, Masakazu Takahashi, Takashi Tomita, thzuko Harada,
Kazuo Yasutomi, Chieko Shudo, and Emi Takahashi

Department of Medical Entomology, National Institute of Health :

Researches of following items were carried out in 1991

1. Insecticide resistance of the housefly at the landﬁll dlsposal s1te of the Bay to
Tokyo.

2.  Resistance to an IGR, dlﬂubenzuron, developed in a field populatlon of the
housefly.

3.  Insecticide susceptibility of a non-target insect species, Drosophila
melanogaster.

4. Role of carboxylesterases in organophosphate of Culex molestus.

5. Influence of a pyrethroid insecticide on the metabolism in the housefly.

1. The resistance to organophosphorus insecticides in the housefly of Tokyo bay
dumping site in 1991 remained a high level as in last several years but the mixture of
propetamphos and dichlorvos was showed to be effective. The resistance to
pyrethroids and IGR (diflubenzuron, pyriproxyfen) was at low level. However, the
frequency of kdr gene, a major factor of pyrethroid resistance, was found to be over
0.10 for the first time at the investigation in November. This value supposes that the
. possibility of spread of kdr gene throughout the population by the future frequent
and large-scaled use of pyrethroid insecticide sin the area.
2. In the horiticultural area in Shizuoka and Shimizu cities, resistant house flies to
a chitin synthesis inhibitor, diflubenzuron, outbroke in 1991 due to the several years
control using the insecticide against the housefly which reproduced in manure put in
the soil. The population of the housefly showed cross resistance to a JH mimic,
pyriproxyfen, which had not been used in the district. Another IGR, cyromazine,
had a high activity to the housefly population.
3. Levels of insecticide susceptibility of Drosophila melanogaster, a non-target
species, varied with their habituating locations which had specific histories of the
chemical control. Colony in Tokyo bay dumping site showed very high resistant
level against DDT, and colonies of all locations tested were found to reduce the
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susceptibility to permethrin and fenvalerate. ._Conéidéring that susceptiblé strain of
the fruit fly, Oregon-R, also showed a certain level of pyrethroid tolerance éompaﬁng
with the housefly, the species of Drosophila melanogaster itself seems to have some
resistant factors against pyrethroids. o o -

4 A resistant strain (Shinjuku) of Culex pipiens molestus against orgéhophosphoi'us
insecticides has 25 times more amount of B-type carboxylesterase comparing with a
susceptible strain Totsuka. Measurement of carboxylestrase and acetylcholinesterase
inhibition in the resistant larvae treated with organophosphates indicated the
sequestering role of caboxylesterase in the resistance. Another corboxylestrase found
in intestine of the larvae which had very high affinity to organophosphates was also
shown to hav ethe role. e

5. In the housefly, sublethal dose of permethrin elicited abnormality of sugar
metabolism. NMR analysis showed that sugars were metabolized through
anaerobic pathway at the time of paralysis by permethrin treat;neht, and especiilly
glycerol decomposition was disturbed. TR
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20. Study on Distribution of Metals in Soils in Japan for Evaluation
of Environmental Pollution and of Health Effects
by Their Utilization in Advanced Industry
with Technical Progress

(FY1990-1994)

Yoshiaki Kuzuhara, Isamu Ichikawa and Masao Kondo

The Institute of Public Health, Ministry of Health and Welfare
Tutomu Katsura '
Environmental Safety Center, Waseda University

‘Momoko Chiba and Atsuko Shinohara

School of Medicine, Juntendo University

Kensaku Okamoto '

Faculty of Phamaceutical Science, Tokushima University

Investigation qf the distribution of metal élements. of which amounts of utilization in advanced industry
with the technical progress are increasing, in soils in Japan is very important to evaluate their
enyironmental bollution a.hd health effects. ’

Based on the preliminary experimental conditions examined in sampling, sample preparation and ICP
emmision spectroscopy in the first year, in this year the concentration of the heavy metals in soils at some
spots of Hokkaido and Tohoku areas in Japan was measured. In addition, the improved analytical method
of gallium (Ga) by graphite furnace AAS was investigated. In order to make sure the vital infuluences and
safety evaluation of elements in the boron group, acute influence for the small experimental animals by
oral administration of the compoﬁnds and the effect of administrated coumpounds on metabolism of heme
and porphyrin in rat organs and human blood were examined. The results obtained are as follows.

1. The sutdy of the application of developed methods to the analysis of trace metals and Ga related the high
technology industry in the soil. '

i) The sample preparation by the acid decomposition with HNO,-HCI-HCIO,~HF and the geological and
regional sum up of analytical data by multitype ICP.

@ From the results of geological analysis, the concentration and composition ratio of Al, Pb, Mn, Ti and
P in soil are in fair agreement with the that of the rock in the same place. However, the composition ratio of
Ca. Mg, Na and K varies.

@ From the results of regional analysis, it seems that five elements such as Al might be useful to
speculate the average background values in the soil because of the good agreements with the date between
three prefectures. But, in the case of four elements such as Ca, it is necessary to determine the background
values depending on the regional are a because of variation among the prefectures.

ii) The'determination of Ga by graphite furnace atomic absorption spectrometry with matrix modifier.

With the aid of the treatment of carbon tube cuvette with tantalum and the addition of EDTA as matrix
moadifier, the positive interference by Al, Mg, etc. and negative interference by chloride ions were reduced.
It was suggesied that it might be possible to determine the trace gallium in biological materials like
calcium _phosphate as principal constitutents.
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2. Some experimental investigations on rats, mice and human blood for evaluation of health effects by

metal elements in the boron group were carried out as follows.

i) Acute toxicity in rats after oral administration of some metal compounds in the boron group.

@ Each ratio in getting their body weight on 7th day after oral administration of GaAs, Na,HAsO, or

Ga(NO,), was suppressed.

® In rats on Tth day after the administration of GaAs, a significant increase in relative ratio of some

organs’ wet weight against their body weight was dependent on the significant decrease in their body

weight. )

® Marked increase in content of lipid-peroxide in organs of rats after the administration of GaAs,

Na,HAsO, or Ga(NO,), was observed on 7th day. In the liver, particularly, there was a relationship

between the increase in content of lipid-peroxide and the decrease in contents of water-soluble reductive

substances like total thiol and vitamin C.

it) Change of tallium (T1) content in organs and excrement of mice after oral administration of T! acetate.

@ Most high content of Tl was detected in kidney of mice.

® Content of T in organs of mice was decreasing day after day. The content on 7th day about 10% of that

on 1st day. Main part of decreased T! was excreted into feces.

iti) Effects on metabolism of heme and porphyrin in vitro experiments.

@ Activity of ALA-D in the peripheral blood was deppressed by Ga(NO,),, InCl; and TI(NO,), in low

concentration. Activity of purified ALA-D of liver from rabbits was, also inhibited by nitrate compounds

of Ga and T1. Style of their inhibition was non-competitive one.

@ Inhibition of ALA-D by GaAs seemed to be caused by Ga, because arsenide compounds did not inhibit

it. This inhibition could not be recovered by addition of activators like DDT or Zn?**. The inhibition of

ALA-D activity in mixture with GaAs was increased during pre-incubation or freezing for long time.

@ Purified PBG-Dfrom bone marrow of rabbits and PBG-D in human peripheral blood weré significantly

inhibited.

iv) Effects on metabolism of heme and porphirin in vivo experiments.

@ Coproporphyrin content in erythrocytes of rats on 1st day after oral administration of GaAs, Ga(NO,),

of Na,HAsO, increased up to 5.9, 3.2 or 2.1 ~fold, respectively, in comparison to that of control group.

However, Zn-protoporphyrin content after the administration of Ga(NO, ), and free protoporphyrin content

after the administration of InCl, were shown 40% and 69%, respectively.

® InCl,, A(SO,), and TINO, inhibited the activity of PBG-D in bone marrow, but did not in liver.
From these results in vivo experiments, it seems that metal compounds in the boron group might have

marked influence on the metabolism of heme in erythropoietic tissues and kidney.




21, Studies on genetic damage and its’' biological effects by
organochlorine environmental . pollutants and on their
modification by nutritional conditions

(FY 1991-1993)

Tomio Ichikawa, Keizo Umegaki, Sachi lkegami

The National Institute of Health and Nutrition

Damaging effect of various organochlorine chemicals on DNA
was determinded by in vivo sister-chromatid exchange(SCE)
anaylsis of bone-marrow cells and an analysis of 8-hydroxy-
deoxyguanosine (8-OHdG) being an index of oxidative damage of
hepatic DNA.

The chemicals were daily administered to mice at one-fifth of
lefhal dose for 5 davys. Among the examined chemicals,
significant increase in SCE with heptachlorepoxide,
trichloroethylene and 3-chloro-2,4-dibromopropane were observed.
However, their inductions were weak compared with that by
cycloheximide using as positive control.

Although the contents of 8-OHdG in the hepatic DNA were
determined in mice administered sixteen organochloriﬁe chemicals,
no chemical tested did significantly increase in 8-0HdG.

Last year, trichloroethylene(TCE) was reported to have a weak
effect on DNA single strand breaks. Moreover, TCE was detected
slightly to induce SCE in bone-marrow cells. Considering the high
dose of TCE in both experiments, the effect of TCE on DNA damage
seemed to be weak.

In the next experiment, the difference in DNA damage by TCE
was determined by using three strains of mice. TCE was lethal
and easily induced SCE in bone-marrow cells in C3H strain, but

not in ICR and B6C3F1 mice.
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22. Effect of Environmental Substances on Defense
Function in Immuno-deficint Patients
(FY 1991 - 1993)

Kazuo Suzuki, Yasuyuki Wada, Satoshi Yamagoe and
Satoshi Mizuno

Laboratory of Biology

Department of Antibiotiecs

National Institute of Health

Effects of trichloroethylene and tetrachloroethylene on neutrophil
function and IL-8 production of mononuclear cells in immuno-

deficint patients.

Trichloroethylene and tetrachloroethylene did not affect on 02-

production, release of myeloperoxidase, beta-glucuronidase and'chemo-
taxis for IL-8 in neutrophils of adult healthy control. However, -
production of IL-8 from mononuclear cells in adult healthy control was
inhibited with trichloroethylene and tetrachloroethylene. In patients
with immuno-deficiency such as juvenile rheumatoid arthritis, systemic.
lupus erythematosus, glomerulonephritis,. neuiropenia, and Felty, these
functions were resulted as follows (Table '1). :

1.

02- production: In juvenile rheumatoid arthritis, tetrachloroeth-
ylene slightly inhibited the activity. However, trichloroethylene
strongly inhibited it in a dose-dependent fashion. In neutrope-
nia, tetrachloroethylene at a low concentration inhibited it, but
activated it at its higher concentration. In glomerulonephritis,
trichloroethylene inhibited it, but tetrachloroethylene activated
it at concentration of 30 ppm.

Myeloperoxidase release: In juvenile rheumatoid arthritis, tetra-
chloroethylene slightly inhibited the activity. trichloroethylene
strongly inhibited it. 1In systemic lupus erythematosus, glomeru-
lonephritis, neutropenia, Felty, both substances did no affected
it. ' '
beta-glucuronidase release: In juvenile rheumatoid arthritis and
systemic lupus erythematosus, tetrachloroethylene did not affected
the activity. However, trichloroethylene inhibited it in a dose-
denpendent fashion. 1In glomerulonephritis, both substances did no
affected it.
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Chemotaxis for IL-8: In most of neutrophils in patient tested, the
activity was inhibited with both substances.

IL-8 production from mononuclear cells: Production of IL-8 from
mononuclear cells in patients was slightly inhibited with tetra-
chloroethylene or trichloroethylene as well as in adult healthy
control. ’

Table 1. Effect of tetrachloroethylene or trichloroethylene on
Neutrophil Functions. )

02~ MPO BGL
TE TR TE TR TE TR
.JRA - + + ++ +/- O+
SLE (-) (=) - - - ++
GN - * - - + +
NP - - - - - -
Felty ) () - - (=) (=)

JRA: juvenile rheumatoid arthritis

SLE: systemic lupus erythematosus

GN: glomerulonephritis

NP: neutropenia.

MPO: myeioperoxidase, BGL: beta-glucuronidase.
TE: tetrachloroethylene, TR: trichloroethylene

++: inhibition, +: slight inhibition, *: increase, -: no effect
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23. Development of a Convenient In Vitro Assay to’ Screen
for Substances that ‘Inmitiiate or Enhance ' the Allergic
Reaction to Japanese Cedar Pollen i o
(FY 1991-1993) Lo T

Junichiro Mizuguchi, Shun-ichi Yamaya, Tetuya Uchida,
Dept. of Applied Immunology, Deépt: of General
Biologics Control, National Institute of Health

Hideo Nariuchi, Takuma Kato, Syn Igarashi, Sonte I,
Tetuya Yanagida

Dept. of Allergology, Institute of Medical Science,
University of Tokyo

The number of allergic patients, especially those with
allergies to Japanese cedar pollen, has recently increased
dramatically. From an etiologic point of view, there appears to
be a causal relationship between air pollution and the prevalence
of disease. ‘We have developed in part an in vitro experimental
system to analyze substances that enhance the IgE antibody to
Japanese <cedar pollen, since it has been shown that the IgE
antibody is highly associated with the induction and/or
aggravation of allergic diseases.

First, an allergen was extracted from Japanese cedar pollen.
Two liters of NaHCO4 (0. 15M, pH 8.0) was added to 100 g of pollen
and the mixture was incubated for 30 min on ice. The pollen was
separated from the supernatant by centrifugation, and hexadecyl-
trimetylammonium bromide (Sigma) was added to the pollen to a
final concentration of 0.1 %. After incubation for 60 min on ice,
the protein fraction was precipitated by 80 % saturated (NHy) 2SOy
and collected by centrifugation. The pellet was resuspended in
Tris-buffered saline (pH 7.8), dialyzed against the same buffer,
and treated with DEAE cellulose in a batch method. The treated
fraction was dialyzed against 0.01 M acetate buffer (pH 5.0) and
applied to a CM cellulose column. Elution was carried out in a
stepwise fashion, first using acetate buffer and then 0.1 M
phosphate buffer containing 0.3 M NaCl. The second fraction was

subjected to electrophoresis. Two bands were obtained around 40
KDa, and called sugi basic protein (SBP). These bands were
confirmed to be reactive with anti-SBP antibody by Western
blotting.

BALB/C mice were immunized with 10 wug SBP in alum,
challenged two weeks later, and finally boosted 3 days before
fusion. The SBP-primed spleen cells were fused with SP2/0 myeloma
cells and hybridomas were selected using HAT (hypoxanthine/amino-
pterin/thymidine) medium by a standard method. The hybridomas
reactive with SBP antigen were screened by «cell enzyme-linked
immunoassay. Four kinds of SBP-reactive hybridomas were obtained,
_all of which were positive in terms of «class Il molecule
expression. When spleen cells or lymph node cells primed with
SBP antigen in vivo were cultured with the same antigen in vitro,
proliferating cells were observed. These cells were stimulated
with an antigen and Con A-stimulated rat spleen cell culture
supernatant, alternatively. After limiting dilution using antigen
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presenting cells .and. antigen, three kinds of T <cell «clones
reactive with SBP were established. These cells expressed CD3 and
CD4 and proliferated by stimulation with antigen and antigen
presenting cells.. = . = L : ‘ , :

We purified 'a major allergen called SBP from pollen and
established several SBP-specific B cetl hybridomas and T cell
clones. Furthermore, macrophage hybridomas with the capacity to
present an antigen to T cells were also obtained. These kinds of
cell lines will be valuable for analyzing SBP-specific 1IgE
antibody production and IL4 production at the clonal level, and
will be useful for evaluating allergy-enhancing substances.
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24. Problems caused by nitrogenous pollutants in domestic
water use and their control
(FY 1991 - 1995)

Yasumoto Magara, Shoichi Kunikane, Yoshlnori Kurosawa,.'
Masaki Itoh, Masaya Takdyashiki and Toru Furuichi
The Institute of Public Health ' ‘

Kenji Fujita, Ryuichi Sudo} Fumio Nakamura,
Yasuyoshi Sayato, Noboru Shirozu, Osamu Tanaka,
Keisuke Fujiwara and Masahiro Fujiwara
Research Committee

This study was newly started for the purpose of elucidating " the
problems caused by nitrogenous pollutants such as ammonia and nitrate in
water and developing appropriate ways to contfol their ,conééntrations.
Some water purification plants taking surface water suffer from high
ammonia concentration in raw water because it is difficult to maintain
residual chlorine concentration after prechlorination at a desirable level.
In such a case, other problems related to prechlorination, e.g. formation
of hazardous chlorination by-products, also occur. Nevertheless, no
effective measures are taken for control of ammonia in surface waters. On
the other hand, a high nitrate/nitrite nitrogen conéentr;tion of more than
the drinking water quality standard is found in some groundwaters used for
water supply. -
The objectives of this study are:

1) To elaborate a rational control level of ammonia nitrogen concentra-
tion in public water bodies through investigation on the problems 1in
water purification caused by ammonia, ’ '

2) To identify the causes and significance of groundwater contamination

by nitrate, and B

3) To develop a new efficient removal method of nitrate in ground-water.

We laid emphasis on review of scientific papers and past data on this
topic in the first year of five-years' research period. Basic lnformétlon
on the followings was collected: '

1) Health effect of nitrogenous compounds in drinking'water,

2) The problems in surface water purification caused by ammonia,

3) Current control systems of prechlorination process,

4) Occurrence of halo-acetonitriles in purified waters,
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~ 5) Groundwater contamination by nitrate, and

'6) Current téchnologiés for nitrate removal from groundwater.
In’addition, a serigs of laboratory experiment started for development of a
néw efficient removal method of nitrate in groundwater applying biological
denitrification-membrane filtration.

The main findings of the study in this fiscal year are as folows:

1) Although river and ground water contamination by nitrogenous compounds
is a significant problem from a couple of decades ago, it has not been
improved so much yet. Groundwater contamination by nitrate seemed to
become more serious than before.

2) The higher is the ammonia concentration in river water or the more its
fluctuation, the more difficult is proper prechlorination in a water
purification plant taking the water as raw water.

3) _it has been found that halo-acetonitriles are formed by chlorination
of water. However, their precursors and the mechanism of their
formation are not yet clear.

";4); It is well known that nitrate in drinking water causes methae-

o hem&globiaemié. Further information should be collected about the
‘relationship between stomach cancer and N-nitroso compounds formed
"from nitrate in a stomach, and the .health effect of nitrogenous
i compoﬁnds including halogenated nitrogenous organic compounds.

S)IIThé result of a preliminary experiment on nitrate removal by
'Bioiogical denitrification-membrane filtration wusing hydrogen gas
exhibited a denitrification ratio of approx. 80 percent under the
condition of nitrate nitrogen load of lkg/ms/day.

- Based on these findings, it is planned to continue the study on
ammonia behavior in a water purification plant and improvement of
’ prechlorindtion control system in the next fiscal year. Regarding nitrate
- inr_sroundwater. the main points of next-year's study will be survey on

ksﬁdil-séale ‘_drinkihg ~water sources, the interrelationship between

_hgr0undwéter contamination and land use characteristics, and effects of the
‘ environmental conditions and other factors on nitrate removal in biological
‘denitrification-membrane filtration process.
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25. Technical Development for Ecological Control of Noxious Red Tides
(FY 1989~1993}

Yasushi Aizawa, lchiro Imai. Shigeru Itakura,’
Tsuneo Honjo, Mineo Yamaguchi. Yukihiko Matuyama.
Kyoichi Tamai, Takashi Kamiyama, and” Mutsumi ltaoka

Nansei National Fisheries Research Institute

Masao Yoshida., Hiroyuki Ohtsuka and Masaru Hagihira
Tokushima Prefectural Fisheries Experimental Station,

Naruto Branch

The objective of this study is to develop a technique to control
noxious red tides ecologically by taking advantage of growth-antagonistic
relationship between diatoms and harmful flageilates without using any
chemicals. The project is composed of elucidation of, 1. ecological
features and formation mechanisms of resting cells in diatoms., 2. success-
ion mechanisms of phytoplankton. and 3. nutrient'dynamics and technical
aspects for ecological control.

The third year's results are summarized as follows:

1. Resting cells of the centric diatom Skeletonema costatum were
produced in culture. The conditions of low light intensities ({or darkness)
were essential for the resting cell formation.

2. Total number of the diatom resting cells of Skeletonema costatum,
Chaetoceros spp. and Thalassiosira spp. in bottom sediments of Harima-Nada
were 2.09%x10°—2.89x10 /ecm wel sediment (mean, 1.14X%X10°) in May. and
1.03%x10-—3.23x 10 /cm wet sediment (mean., 6.54x10~) in July., 1990. In
northern Hiroshima Bay, the densities of diatom vegetative cells fluctuated
drastically in water columns, but that of resting cells did not so in
sediments. ‘ ,

3. Effects of light intensity on the germination (or rejuvenation) of
diatom resting cells were examined using sediments of northern Hiroshima
Bay. In general. diatom resting cells needed light (>5.8uE/mt/sec) for
germination (or rejuvenation). o

4. The cysts of the red tide flagellate Heterosigma akashiwo could
germinate at 10°C, and showed vigorous germination at 15°C or higher tempe-
rature. The cysts of H. akashiwo did not need light for germination.

5. Effects of abiolic factors such as light intensity. water tempera-
ture and salinity on growth of diatoms were examined and the growth parame-
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ters for each daitom were identified. Avairable amino acids for harmful
flagellate. Gymnodinium nagasakiense and diatoms were elucidated under
axenic culture experiments.

6. During early June to early September in 1991. dominating phytoplan-
kton in southern Harima-Nada was diatoms and harmful organisms was not
observed at high cgllhdensity. The dominant diatoms were Leptocylindrus
danicus., and Nitzschia spp. in June, Chaetoceros spp. in July, and Skeleto-
nema costatum in August. Relationships between annual changes of precipit-
ation (or specific gravity) and diatoms abundance in southern Harima-Nada
over 7-years (1985-1991)_we;e-analyzed statistically. As the results, no
significant correlation coeﬁficient between these was detected. However.
the correlation coefficient between silicate concentration and diatom
abundance alone was fairly significant.

7. Kinetics on the growth of four kinds of diatom were investigated
by means of axenic culture of diatoms under the limitations of phosphorous
and nitrogen concentrations and several growth parameters were identified.
Also, application of these parameters to an embayment were examined.

8. Polysaccharide-protein complex .extracted from Chaetoceros cells
inhibited the cell division of axenic Chattonella antigua. The protein
component was fractionated from the complex by means of DEAE-ion exchange
chromatography and the main components were found to be aspartic acid,
glycine and leucine. Macromolecular dissolved organic substances collected
from seawater samples of Harima-Nada also inhibited the growth of Skeleto-
nema costatum but not the growth of C. antiqua.

9. Nutrient liberation from bottom sediments was examined by hsing the
samples collected from Harima-Nada in summer. It became clear that various
nutrients were released actively from the samples under different conditi-
‘ons. namely under aerobic.condition for .nitrate-N. under oxygen-dificient
condition for anmonia-N and pliosphorus-P, and under both conditions for
silicate-Si. It was suggested thatzexistence of many benthos in sediments
had some influence on nutrient liberation from the sediments.

10. The diatom resting cells survived longer (at least 3 years) under
lower storage temperature (11°C or below) than higher storage temperature.

_11. .The cysts of H. akashiwo could also survive for long time under
lower storage temperature (11°C or below).

12. Annual change in cellgdensity-of Gymnodinium nagasakiense, showed
bimodal cycle according to interaction of replacement rate of the seawater
and growth rate of the organisms. On the other hand. cell density of
diatoms had several peaks through the year and the multiplication of
diatoms closely related to supply of nutrient salts. particularly silicate

from rivers.
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26. Study on the Optimal Allocation Method

of Green Resources by the Synthetic Assessment

(FY 1991-1993)

Takahide Kagawa, Kouichi Ichihara, Fumitoshi Takahashi,
Atsushi Torii, Shigeaki Hattori, Kouichi Kamo,

Iwao Noda, Toshiroh Iehara, Ken Sugimura,

Kazuya Tamura, and Maszhiro Amano

Forestry and Forest Products Research Institute

Yoshinori Tanaka

Forest Experiment Station of Hyogo Prasfecture

As urbanization and industrialization in Kansai area, the social nseds
for non-timber-uses of forests have been increasing. Wildlife, landscape,
recreation and environmental conservation are included in non-timber uses.
There is no establishad planning procedure to utilize forest to meset such 2
variety of needs for forests as '"green resources". Now Kansai has come to
recognize the importance of green resource, and the proper planning
procedure to optimize the allocation of gresen resourcas is now urgenily
required by all levels of the governments. This research program intends
to develop the procedure of the allocation of gresn resources by the

synthetic assessment.

1.Development of the procedure to assess social demands and environment

-

To assess the social needs for green resources, views and opinions of
the landowner themselves on gresn resources were investigatsd at first by
interviews. Also, to estimate the social demands for green ressources in
Kansai the number of the visitors in green ressources area was estinmated by

fuzzy programming method.

Investigations




which can facilitate As'geographical information system, based on natural
envirdnheﬁt, such as soil types, topogfaphy, vegetations, soil conservation
capacity, and water conservation capacity, have been started. For the
development of assessment procedure based on both natural and social
environmental informaticns of Hyogo Prefecture in Kansai area, a database
deécribing‘them snhould be assembled in the format works on a
microcomputer. More then 83 items have already been described in this
database, and offersd. This database will be used for the computerized
spatiél planning. Spatial planning will be carried out on the basis of
zoning and typing of green resources, and zoning (urban, rural, ﬁigh-
rountains) or typing (timber, environment, conservation) methods based on
social demands were investigated. In Kansai area soil and water
conservation activities of forests were given the highest priority, and then
wildlife, landséa é, timber production in order.
2.Deyelopment of green resources planning procedure

For the computerized spatial planning method, various mathematical
programming methods were compared, and the method of global criterion and
the goal-programming method are clarified to be most suitable to the
objective of this program. .

To provide a pilot green resources plan for Hyogo Prefecture using the
procédurés. déveloped on this project, preliminary research was conducted
according to the poiicies of forest and land-use in Hyogo Prefecture at
presant time. No conflicting problems betwesn these policies and our

planning procedure wers found.
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27. A New Methodology Using Marine Fish to Evaluate
Toxic Effects of Pollutants on Marine Organisms

(FY 1987 - 1991)

K. Tabata, H. Yamada, K. Takayanagi, T. Umezu

R. Kuroshima, A. Kakuno, J. Koyama and A. Shimizu
National Research Institute of Fisheries Science
T. Nagai

Nansei National Fisheries Research Institute

K. Hirose and H. Tanaka

National Research Institute of Aquaculture

A. Ishimatsu

Nagasaki University

In freshwater a standard mechod was published in 1960 with the carp
as a recommended test animal. However, no marine fish is accepted as a
test animal in seawater toxicity tests. We are aiming at setting up a

new method for toxicity tests in seawater. We have fulfilled Subtheme 1
Search and evaluation of a pollution-indicator marine fish in 1989, and-

Subtheme 2 Establishment of a standard feeding mechod in 1990.

3. Accumulation of pollutants and their metabolic pathways

Red sea breams were exposed in seawater containing various amounts
of organotins for 8 weeks and depurated for 4 weeks. Calculated BCF did
not fit with the usual BCF-Pow relationship, because of the fast uptake
and the slow excretion of organotins.

Carp, red sea bream and mummichog were exposed to Cd in freshwater,

100% seawater(SW) and =0 to 100% SW respectively. The accumulation of
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Cd in mummichog decreased suddenly in the liver, kidney and gills with
increasing salinicty from =0 to 25% SW, and more than 25%Z the Cd content
did not changed. In the only intestine the Cd content increased with
increasing salinity from =0 to 1007 SW.

After the exposure to TBTO and Cu for 8 weeks, we histologically
inspected various organs of red sea breams. Observed changes with TBTO
were hypertrophy and necrosis of the hepatic cells, thickning and hyper-
plasia of respiratory epithelium of the gill, and with Cu were hypertrophy
of the hepatic cells and atrophy of thymus. After 8 weeks of the exposure
to Cu, we determined GOT, Mg, cholesterol, phospholipid, inorganic P,
etc. in serum. GOT etc. increased and only glucose decreased in 4 weeks
later, however, after 8 weeks there was no difference between the Cu

exposed and control.

4, Establishment of Effect Evaluation Method and Haking a Manual

Water flux in gills determined with THO is affected by the surface
active agents. By the permeability change we can evaluate the effects of
surfactants on fish.

We can ‘usually observe a significant change of leukocytes one week
after the exposure, and the change of erythrocytes (e.g. anemia) several
weeks ‘later. The critical organs (e.g. liver) affected by pollutants can
be inferred By the change in serum components (e.g. GOT).

We recommend as histologically important organs; first the liver,
kidney and gills, secondly the spleen, stomach and thymus, lastly the
skin eye balls.

We must.evaluate the BCF carefully, because the BCFs differ greatly
(=10 folds) with experimental conditions. We have discussed comprehensively
the acute toxicity test with red sea breams, Japanese anchovy and flatfish,
and the bioaccumulation test with red sea breams in a static (8 days), a
semi-static (4 weeks) and a flow system (8 weeks). We have published a
MANUAL and distributed in March 1992.
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(FY 1991-1995)
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Groundwater by using Agricultural Eéosysteﬁs

28. Development of Nitrate Removal Techniques in the Shallow
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1) fr:.:'anrspo/zv-t'og-v_ polluted groundwater through subsurface layers.

(1) I-‘lowand éi.ff_u_s‘:;.djn itiéchanism in heteroéeneous porous media.

o In #he v_',-.f_i:“s'_t' year, a new ground probing radar systém which
,anléyéd .2 GHz Antenna,l was completed to .develop Ithe surveying
tg;:finiqﬁes "for the evaluation ‘of subsurface heterogeneous structure.
T_!_ie ‘resolt..\tiqn of thisv system was expérimentally proved to be high
_e_ngugh to detect and imége clay iaye_rs of more'_t_han S5cm in thickness,
exiéting. 4b cm from the surface. For modelling the infiltration
phenomena ' under unsatﬁrated conditions,_ experimental studies were
§arried out using the sloping beds made of fine quartz sand and glass
b;adls;‘ It t;:as éossibie _to géﬁerate fhe fingering phenomena, a typical
funneled f{l.ow in unsaturated» zone. Occuring and growing process of
fivng.ersA’f ;cere réé:ordgd in an 8 mm video tape‘. This resulf was the
firsf ‘observation in ’slbping beds, and was very significant i:o
ciarify the behavior 6f pollutants in sloping beds consisted of
éeve:él l'a.‘_"ye‘r's’ which ‘had ’ differer;t physical characteristics each
'c;therr. f’or fésearch work on the groundwater flow under saturated
con'ditions, an appar_afus witb three big sample “cylinders, 180 mm in
diameter and SOO mm - in length, was prepared for permeability and
tfacer- tes.ts.‘-.- A g;relimiharf tvest was - carried out using the standard
sand ifr"r’se so:.l .bloc::ks w.g:.e sampled from three different layers, i.e.,
x&lnto"IOM'.'?(i}olca'ﬁic; ash "soil‘), Kanuma tuchi (pumice), and an unnamed
volcam.cashclay -'1ie§l'benée‘a£h Kanuma ‘tluchi, 'at the test field in
ka'saﬁa city‘rhe he’te;.'o.geheity‘of each‘soil structure was ev_aluated
in _so‘il. a;;aiés:i.s ancl' X-ray CT ‘imaging' test. A fuﬁdamental technique
with . .-brec.:\isél‘obs‘ervva"ti'o-nl wasA developed to visdalize the boundary
l;yers : gr§wingv with flow on’ the surfac'e of discontinuity in porous

media. A microscope was -employed to observe the tracer movement and
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evaluate the veloqity distribution in a narrow pass of media. It was
found that the boundary layer was thicker than theoretical one, and
. the. velocity at the vicinity outside of the boundary layer was higher -
t;han the theoretically vcalculated values. Displacement thickness of
the boundary layer was measured in the test carried out under the
existence of films. These experiments wex;e expected to clarify the
influence of the boundary layers upon the flow and diffusion in

heterogeneous media.

2) Evaluation and development of utilization technology of nitrate
removal function from nitrate polluted groundwater in agricultural area.
(1) Analysis and evaluation of nitrate removal function of plained
forest in an agricultural area.

In the plained forest studied (average age, 30 year; tree hight,
13 m), thg concentrations of ammonium (NH,) and sulfate (SO,) were
higher in the upper soil layers, whereas electric conductivity (EC),
and concentrations of nitrate (NO,), sodium (Na), and chloride (Cl)
were highest at the 200 cm depth. The nitrogen mineralization was
observed only in the soil surface in an incubation experiment,
though the initial amount of inorganic nitrogen was higher in the
lower soil layers. .The number of microorganisms related to the.
nitrogen metabolism was largest in the soil surface layer, followed
by 150 cm depth, and relatively small on the 50 cm and 100 cm depth.
This suggests that the denitrification would take place at the 150
cm depth, as well as in the soil surface layer. The parent material
of the soil in this study area is a weathered volcanic ash, which’
consists of upper new Kanto loam, lower new Kanto loam, and dark brown

crack layers. The Joso clay bed (aquiclude) underlies the ash layer,
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and both the lower new Kanto loam and the dark brown crack layers
form the aquifer of unconfined groundwater. The concentrations of
NO,-, Na*, Cl°, and S0,?- were relatively higher in the upland fielé
and in the plained forest located near the upland field. This indicates
that  the water quality of groundwater is 'dependent on the field
utilization above.

(2) Evaluation of nitrate removal function in agricgltura; area.

In the study site located in a sandy soil area in Kujukuri Disj:;.-ictT
in Chiba Prefecture, the hydraulic gradient and variation in water
table of groundwater accompanied with rainfall were observed by using
13 piezometers set in grids in the study area. . The hydraulic
conductivity determined by a pumping test was 2 x 10°% - 4 x 10"% cm
sec™ - The water movement in the study site waé checked by a trace
experiment using Cl as a tracer.

In an upland-paddy £field area, the concentrations of inorganic
ions such as Cl-, S0,%", and NO,~ showed no difference with depth
within each well, which is located in the upland field near paddy
field, and at 50 and 450 m from the upland field margin in the paddy
field respectively. The Cl- concentration was not different among . the
wells, but the NO; concentration was extremely low in the well_
located at 450 m from the margin. The nitrate removal rate of paddy
field, which received groundwater containing NO;~ in high concentration,.
was estimated as 5.3 kg N /ha/day during 55 days in July and August.

An acetylene inhibition technique was used to estimate. the.
denitrification rates in submerged agricultural area. In the
measurement of nitrous oxide by using an ECD gas chromarograph, a
divergent flow path was set in the equipment in order‘ to prevent

acetylene reaching to the detector. Some measurements.were made in a
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reed wet land and in an irrigated pond.
(3) Developuent of utilization technology of nitrate removal
fun;tion of agricultural area

Four paddy miniatures consistiné of containers, irrigation pumps
and tanks, and measuring apparatus were constructed to conduct
fundamental experiments for improving the NO; removal efficiency in
paddy field. The saturated hydraulic conductivity was measured in a
gray lowland soil treated with wvarious soil conditioners. Addition of
rice straw (20% in weight), rice stray (5%) + charcoal (5%), or rice
straw (5%) + super-water absorbent polymer (0.3%) increased the
saturated hydraulic conductivity.

Fundamental survey was un&ertaken in an dirrigation pond and a
fallow paddy field; The inflow of groundwater containing higher
concentrations of NO; was confirmed in the both study sites. A
decline in nitrate concentrartion was npticed along the linked pond.

series.
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29. Studies of Simulation Models of Suspended Particulates

Concentration from Industrial Emissions
(FY 1987~1991)

Koji Kitabayashi, Tateki Mizuno, Susumu Yamamoto,

Masayasu

Hayashi, Shigeo Shimogata, Kiyoshi Sugawvara,

Hiroshi Yoshikado, Hiroaki Kondo, Naoki Kaneyasu,

Minoru Gamo, Shoichi Taguchi and Ryoichi Imasu

Environmental Assessment Department,

National

Institute for Resources and Environment,

Agency of Industrial Science and Technology

Ministry of International Trade and Industry

Environmental

pollution of suspended particulates (SPs) in Japan

is still over the environmental standards, and urgent improvement is

governmental concern. To satisfy these requirements, reliable simulation

models which can figure out the contribution of industrial emission

sources to environmental concentration is necessary.

This study has been performed to construct a physical simulation model

of SPs concentration applicable to industrial areas. The following

researches in both

field and the laboratory were included:

(1) clarification of production mechanism of secondary particulates

through field observations to construct a simulation model of secondary

particulates,

(2) development of

such as automobile

yard, etc., and

(3) development of

as marine aerosols
In this fiscal

sub-diffusion models for low level emission sources

exhaust particulates, road dust, dust from piling

sub-diffusion models for natural emission sources such
and resuspension dust.

year, the year of completion, field surveys of

environmental concentration of SPs and meteorological conditions were

carried out in the

southern Kanto Plain in early winter to obtain very

typical data available for the verification of the newly developed

simulation model. The configulation of the measurements followed those

of the previous year. Namely, particulates samplers and meteorological

instruments were located from a vessel on Tokyo Bay to Kumagaya, 70 knm

northwest of the bayshore, and at the top of Mt.Tsukuba, 70 km northeast

of the bayshore.

Intensified observation periods were held during 26 - 27 November and
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6 - 7 December 1991. Very high levels of NOx and SPs were ovserved during
the both periods under the expected weather conditions characteristic in
early winter in this district.

The field data obtained from the three~dimensional observations of
air pollution and meteorological factors in summer of the first and second
years and in early winter of the third through fifth years include a lot
of valuable information, and provide bases of further development of the
researches of local air pollution.

The most important finding in the summertime observation is that the
urban effect, especially its thermal effect, is significantly large on
the processes of inland penetration of the sea breeze and the enhancement
in the pollutant concentrations.

In the observations performed in three early winter seasons, -the high
concentrations of NOx and SPs were investigated in relation to the
characteristics of local front frequently lying over the south Kanto
district and the stagnant region on the north of the front. Through a
statistical analysis, it was elucidated that the local front and the
stagnant region are formed under the strong influence of the mountainous
region on the west of the Kanto Plain.

Data analysis of the diffusion experiment using real-scale buildings
to investigate their mechanical effect on air flows proceeded. It has been
found that the so-called roof vortex in the street canyon had more
complicated structure than was identified by visualization with smoke.

The simulation model for the environmental concentration of SPs has
been constructed after the inclusion of the secondary particulates from
$042~ and NO3~, influence of moisture and Cl~ in addition to the emission
of simple particulates.. In the past simulation study for SPs, calculated
concentrations were always smaller than the measured ambient data. In
addition, it was known that the measured concentrations tended to increase
when the relative humidity had large values. This does not indicate a
defect of the measuring techniques but a nature of SPs. Therefore. the
inclusion of the moisture effect gives a reasonable coincidence between
the calculated and measured concentration levels. Furthermore, the large
contribution of C1™ was an important result of the field observation,
although its emission source is still uncertain.

Concentration of SPs under various meteorological conditions can be
predicted when the present simulation model is connected with the meso-

scale weather and transport model already developed.
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30. Efficient Treatment of Offensive Odors by Using
Functional Polymeric Materials and Microorganisms
(I) Deodorization by Using Polymeric Materials
(FY 1988 - 1991) '

Okihiko Hirasa, Yukimichi Nakao, Masao Senuma
Shigeru Kuwabara, Masahiro Yano, Seishu Yamamoto,
Hisao Ichijo, Kensaku Mizoguchi and Toshio Masuoka
Research Institute for Polymers and Textiles,

Agency of Industrial Science and Technology,
Ministry of International Trade and Industry

The offensive odors consist of many kinds of component. The concentration of
the odorous materials is very rarefied in the air. Therefore, the treatment of offensive
odor is very difficult. For preserving the comfortable urban amenity, it should be urgent
to develop a novel, small-sized, efficient and economical system for offensive odor
treatments by using various functional polymeric materials and microorganisms.

In the fiscal year 1991, following subject matters were studied.

1) Preparation of fibrous polymeric adsorbents for deodorization.

For developing the fibrous polymeric adsorbents for deodorization, various fibers
were finished with chemicals having the deodorizing function. These fibrous adsorbents
have an excellent deodorizing ability for ammonia. The durability is fairly good.

2) Preparation of polymer catalyst for deodorization.

A new polymer catalyst prepared from colloidal gold fixed on fiber was
confirmed to be effective for light-induced oxidation of hydrogen sulfide in the air.

3) Preparation of porous hollow fiber for separating and concentrating the odorous
materials.

Wet spinning of poly(sulfone) hollow fiber was investigated by using the
fourfold coaxial spinning nozzle. The porous structure of the hollow fiber depended on
the coagulation speed of poly(sulfone) dope in the coagulation bath. The controlling
technique of the porous structure was developed.

4) Preparation of pervaporation membrane for separation of offensive odorous materials.

The membranes for the separation of offensive odors were prepared by using
plasma polymerization of fluorocarbon on porous poly(propylene) membrane. Separation
coefficient of the membrane for trimethylamine and methyl sulfide is 150 and 200,
respectively. We tried to produce mini-module with the separation membranes and
examined it by two kinds of separation modes from a practical point of view. Those
are the continuous and the periodical permeate-sampling modes. In both separation
modes, separation performance, particularly separation coefficient, was much improved
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than that in normal pervaporation modes.
5) Design of deodorizing system using the functional polymeric materials.

Deodorizing systems using the functional polymeric materials that were developed
in the study were designed. For biological deodorization, new support combining porous
hollow fiber with fiber for immobilizing microorganisms was applied. For chemical
deodorization, new fibrous polymer catalyst was applied. Miniaturization and energy
saving of deodorizing system will be expected by using these materials.
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30-11. Efficient Treatment of Offensive Odors by Using Functional
Polymeric Materials and Microorganisms
(I1) Biological Deodorization
(FY 1988-1991)

Kazunori Nakamura, Norio Futai, Takahiro Kanagawa
Mamoru Kawaharasaki and Eiichi Mikami

Microbial Population Dynamics Division

Microbe Application Department

Fermentation Research Institute

Agency of Industrial Science and Technology

Ministry of International Trade and Industry

Biologicdlvdeodorizing processes have drawn attention in view of their
lower operating costs as compared to physical or chemical processes such as
washing with chemicals, absorption with activated carbon and incineration:
and have been increasingly adopted in facilities for night soil and sewage
treatment. However, their removal efficiency for sulfur-containing
palodorous compounds is reported to be poor

The authors found that methyl mercaptan (MM)., dimethyl sulfide (DMS),
dimethyl disulfide, and hydrogen sulfide (HZS) were efficiently removed
from contaminated air by Thiobacillus thioparus TK-m. Hore than 99.99% of
DMS was removed by this bacterium when the DMS load to the cells was less
than 4.0 g/g (dry cell weight) per day. The maximum DMS load for
acclimated activated sludge to obtain a 99.9% removal has reported to be
9.0 mng/g of mixed liquor suspended solids (MLSS) per day. Therefore, the
cultures of T. thioparus TK-m removed DMS 440-fold more rapidly than did
the acclimated activated sludge

By the effective use of this bacterium, equipment capable of
efficiently treating sulfur-containing malodorous gas is expected to be
developed. .In designing an apparatus to treat a large quantity of
nmalodorous gas at a low concentration, a reduction in pressure loss in the
apparatus is important to economize operating costs. The authors used a
packed tower system that features a lower pressure loss and easier
maintenance.

Cells of Thiobacillus thioparus TK-m were immobilized on cylindrical
porous polypropylehe pellets (5 mmnd x 5 mm) which were packed in an acrylic
cylinder of 50 me inner diameter up to the height of 800 mm. When a
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sulfur-containing malodorous gas was charged to this packed tower at the
Superflclal veloclity of 0.1 m/s, maximum loading capacity (mmol/l/day) for
a malodorous gas to attain the removal rate of 95% or more was: 3.66 for
DKS, 8.75 for MM, and 17.37 for HZS' At this time, the inlet concentration
(ppn) of the malodorous compound was: 7.44 for DKS, 17.8 for MM, and 36.4

. for HZS' Next, a gas containing both DES (2-16 ppm) and HZS (60 ppm) was
charged and it was found that treatment of the malodorous gas containing
higher HZS and lower DMS concentrations posed no problem. The influence of
apmonia, which coexists with sulfur containing compounds in the nalodorous
gas from night soil treatment and others, was also examined. No inhibition
by ammonia on the decomposability of DHS was observed. Thus, significant
deodorizing effects were observed.

Then the authors constructed a pilot plant for treating the sulfur-
based malodorous gases generated in sewage treatment. The pilot plant had
two 20 cm diameter columns (packed towers), each about 4 m tall, which were
packed with about 0.13 m3 of porous ceramics having a particle diameter of
about 2 cm. The malodorous gas, induced froﬁ the upper part of the
dehydrator in the sewage treatment plant’s dehydration chamber, was fed at
about 0.75 malmln from the lower part of the columns. This gas contained
roughly(SO ppn of HZS and 5 ppm of MM. Measuring the concentrations of
these two gas components at the column inlets and outlets showed that more
than 98.5% of HZS and more than 95% of MM were removed when the column pH
was maintained between 6.0 and 7.5. The sulfur compounds in the malodorous
gas were oxidized to sulfuric acid, which lowered the pH value inside the
colusns. Therefore water was passed through the columns intermittently to
paintain the pH value. The treated sewage in this treatment plant was more
suitable for the water passed through the columns than tap water because
the treated sewage contained 20 mg/l of carbon dioxide and had the
buffering ability against the addition of sulfuric acid.




31. Emission Control of Volatile Organic Halides by
Adsorption
(FY 1988-1991)

Ikuo Tamori, Koichi Mizuno, Satoshi Kushiyama,
Yutaka Koinuma, Reiji Aizawa, Satoru Kobayashi, and
Isamu Uemasu

Atmospheric Environmental Protection Department

Hideo Ohuchi
Global Warming Control Department

National Institute for Resources and Environment
Agency of Industrial Science and Technology
Ministry of International Trade and Industry

The emission of organic halogenated compounds such as
chlorofluorocarbons (referred to as CFCs) and chlorocarbons results
in global and local environmental problems. Recent research of
earth science concluded that the atmospheric CFCs, halons, and
some chlorocarbons deplete the stratospheric ozone. In addition
CFCs are presumed to have a global warming potential with the
contribution of 24%, although CO2 gives that of 55%. Furthermore,
some chlorinated organics such as trichloroethylene,
tetrachloroethylene, and carbon tetrachloride are toxic to human.
Therefore, increased use of such halogenated | compounds affects our
environment directly and indirectly.

Technologies for protecting from those compounds are
classified into three categories; (1) input control, i.e. alternative
materials and process, (2) internal control, i.e. reduction of the use,
and (3) output control, i.e. emission control by recycling and
destruction. This classification is almost common to any other
environmental problems including NOx, SOz, waste.

This research starting since the fiscal year of 1988 is a four-
years program, aiming at establishment of recycling of the
halogenated compounds by adsorption technology. The program of
this research is divided into (1) development of new and effective
adsorbents for the halogenated compounds, (2) development of
desorption methods from adsorbed phase, and (3) proposal of
prototype system of adsorption-desorption cycle. In the final year
of 1991, results are summarized.

Regarding the development of adsorbents, adsorption of CFCs
. was investigated onto zeolites, an inorganic crystal. Zeolites
modified by alkaline and alkaline earth metal ions gave S-shaped
isotherms. All experimental isotherms of CFCs were satisfactorily
explained in terms of Hill's adsorption equation, which accounts for

65



not only surface-molecule interaction but also adsorbed molecules
interaction. Kinetic study on adsorption in continuous flow-type
experiments indicated that overall mass transfer coefficient
governing the adsorption varied as a function of CFC's molecular
size, metal ion in zeolite, particle size of zeolite, gas velocity, shape
of the adsorption curve (break-through curve).

Regarding desorption method, temperature-program
desorption of CFCs adsorbed on zeolites at atmospheric pressure
was influenced by CFC's molecular size, metal ion in zeolite, particle
size of zeolite, flow rate of expelling gas, rate of temperature
increase, etc. Pressurized desorption of trichlorcethylene on an
active carbon was also conducted using supercritical CO2 at low
temperature in the range of 40 to 80 °C. Both sufficient desorption
and regeneration of the active carbon attained at temperature
below 60 °C and at pressure below 200 kg/cm?2.

Regarding prototype system of adsorption-desorption cycle, we
proposed a single column adsorption system, in which adsorbed
molecules were desorbed by zone-heating method. The heater by
microwave power rapidly moved from one end of the column to
another end.
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32-1. Catalytic Combustion Technique for Reduction of
NOx from Small Scale Stationary Sources

(FY 1989 - 1992)

Kazuyuki Maeda, Tsuneji Sano, Shu-ichi Niwa, Fujio Mizukami and
- Shigemitsu Shin

Surface Chemistry Division

National Chemical Laboratory for Industry

Agency of Industrial Science and Technology

Ministry of International Trade and Industry

The air pollution caused by nitrogen oxides (NOy) is one of the most serious
environmental problems in large cities. NOx from big scale stationary sources such as
power plants is effectively removed by the ammonia catalytic reduction. On the other
hand, NOy from the small scale stationary sources such as small boilers and heaters is
not removed at the prcsent'time. Therefore, the development of the technology for the
reduction of NOy from the small stationary sources is extremely desired now, The
purpose of this study is to develop the high performance combustion catalyst. In order
to develop the combustion catalyst, the thermal resistance of the catalyst must be
improved.

We have already reported that an alumina synthesized from aluminium isopropoxide
using 2-methylpentane-2,4-diol as a solvent showed a high surface area even after
calcination at 1000°C and that the platinum catalyst using this alumina as the support
also showed higher catalytic activity for the CO or CH4 oxidation reaction. In the third
year of the four-year research program, the role of organic complexing agents on the
properties of alumina produced, especially specific surface areas and morphology, was
mainly investigated. The thermal behavior, the size and the morphology of the alumina
particles depended on the complexing abilities of the solvent used. The weaker
complexing agents such as ethers and monohydric alcohols yielded the aluminas
keeping a high surface ares in the higher temperature region. In contrast, the stronger
ones such as non-branched diols yielded aluminas crystallizing to a.-phase at lower
temperature. The medium complexing agents such as 2-methylpentane-2,4-diol gave
aluminas with high specific surface areas in a wide range of temperature. These facts
are elucidate by the difference in size and shape of precursor gel particles, which is due
to prevention of particle growth by the complexing agent.
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32. I Catalytic Combustion Technique for the Reduction
of NOx from Small Scale Stationary Sources
(FY 1989~ 1992)

Yoshihiro Ogisu, Masaaki Oya, Junko Sugiyama,

Nobuo Kido and Masao Takeuchi

Thermal Energy and Combustion Engineering Department,
National Institute for Resources and Environment,
Agency of Industrial Science and Technology,

Ministry of International Trade and Industry

Although the air pollution circumstances in Japan are greatly improved
recently, the NOx concentrations in the area of large cities keep still
serious level. Consequently, it has been occurred the necessity of NOx
regulation tightening for the small scale sources which had not regulated
hitherto. Since the small scale combustion facility requires both a high
economical efficiency and a small size, conventional NOx reduction
techniques such as the catalytic reduction with ammonia injection are
hardly applied. The use of catalytic combustors in place of conventional
burners in small scale stationary combustion systems has shown significant
advantages in the control of NOx emissions. The purpose of this project is
to develop a low NOx catalytic combustor for the small scale stationary
sources such as a boiler and a hot water supply system.

In order to analyze the catalytic combustion in a honeycomb monolith
catalyst for the purpose of developing a low NOx small scale combustor,
temperature measurements of wall surface in a working combustion catalyst
has been carried out using the optical-fiber radiation thermomefer. Instead
of a standard sapphire radiation probe, the quartz probe of 0.25mm OD was
developed. Measured temperature profiles indicate that the combustion
reaction was limited in the region of ubper stream side of catalyst at low
gas velocity condition, and the reaction zone was extended to i:he

downstream as the gas velocity was increased.
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Experimental and theoretical studies of the combustion of Callg in the
fluidized bed, using the platinum catalyst mixed with bed material, have
been conducted. The objective of the study was to confirm the possibility of
this combustion method, and to evaluate its combusthn characteristics.
Small fluidized bed combustor, in which the platinum catalysf mixed with
alumina in the range of 2~ 8%, was used for the experiment. The catalytic
combustion of CaHe was easily started by the flame combustion in freeboard,
and had over 90 % combustion efficiency at low temperature of 700K, at
which the ordinary fluidized bed combustion of gaseous fuel was impossible.
The combustion efficiency was easily improved up to 95% by the increase of
the bed temperature, the catalyst content, or the static bed height. The bed
temperature variation was negligible, therefore the catalyst for this method
could be developed for the narrow and specific temperature range.
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32 M Catalytic Combustion Technique for the Reduction of NOx: from
Small Scale Stationary Sources
(FY 1989-1992)

Jun-ichi Kawabata, Takeshl Okutani, Yoshinorl Nakata,

Masaak! Suzuk! and Munehiro Yamaguchi

Government Industrial Development Laboratory of Hokkaldo,
Agency of Industrial Science and Technology, '
Ministry of International Trade and Industry.

Global environmental pollutlon such as aclid rains caused by NOx is being
recognized as serious problem. The source of NOx is combustioh which is
utilized in automobiles, power plants, boilers and so on. There are two
types of NOx. One is fuel NOx formed In - the :-combustion of
nitrogen-contained fuels. Other is thermal NOx formed by the reactlon of Na
with Oz in-alr at the temperatures above 1500 °C. In the ordinary flame
combustion, the thermal NOx can not- be depressed ‘because’ the flame
temperature is above 1500°C. NOx from the big scale stationary source such
as power plants is removed by ammonia catalytic reduction method. However,.
NOx from the small scale stationary sources such as small boilers and water
heater s exhausted as it is.

Combustion, which fuel gases such as Hz and CHa contact with Oz on the
surface of catalysts, Is called catalytic combustion. In this combustlion,
combustion temperature can be controlled by the concentration of the fuel
gas and Oz below 1500 °C. However, the practical combustion catalyst which
can be used at the temperature above 1000°C 1s not developed. .

In this project, in order to reduce NOx from small scale sources, our
purpose is to develop the combustion catalyst containing of SIC as supports
or structural materials. SiC has high potentiality as -supports or
structural materials of combustion catalysts because it is stable up to
1850 °C physically and chemically in inert gases. We have developed SiC-Si
composite which is stable at 1300°C in oxidizing atmosphere in this proJect
SiC produced from rice hulls was porous and excellent component of the
SiC-S1 composite.- The SiC-S! composite s expected to use as supports or
structural materials of high-temperature combustion catalysts. Another
purpose of this project is to establish recovery and recycle method of the
waste combustion catalyst by chlorination in order to develop economical
combustion catalysts. SIC and SiI metal In the waste catalyst will be
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converted to SiCla by chlorination. SiCl. can be used as the raw materials
of fine ceramics and organic silicon compounds.

- In the fiscal year 1991, following subject matters were studied.
(1) Development of supports or structural materials of combustion catalysts
having thermal shock resistance property. The thermal shock resistance
property is Important for combustion catalysts of small scale combustor
because of repetition of ignition and extinguishing.
(2) Reaction rates of chlorination of SiC-SI composite supports or
structural materlals of catalysts.. ,

The results in 1991 are summarized as shown below: ,

(1) The crack was not observed on the surface of SiC-Si composite pellets
given thermal shock of 3400 °C / sec from 1300°C to 20°C in oxidizing
atmosphere. The SIC-Si composite pellets had high thermal shock resistance
property. : ]
(2) Sic-Si composite disks were produced from rice hull SiC powders and Si
metal powders by plasma activated sintering method. The composite disks
were able to be processed mechanically, but were easy to be oxidized at
1300°C in air.
(3) The SIC-Si composite disks processed to honeycomb shape mechanically
were treated at 1500°C in argon. The honeycomb composite disks were able to
suppress oxidation at 1300°C in alr. The coating layer of BaAl,z0,s, which
have a large surface area at elevated temperatures, on the surface of the
honeycomb disks was strong mechanically and did not fall off the disks at
1300°C in oxidizing atmosphere.
(4) From the results of the chlorination rate of rice hull SiC-Si composite
pellets, all Si component was chlorinated to SiCl. at 900°C for 1 hr.
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33. Evaluation and Control of SOF from Diesel Engines
(FY 1989-1991)

Kazuo Kontani, Akira Murakami, Yasuo Kawaguchi
Combustion Engineering Division,

Energy Engineering Department

Keizo Saito, Eiichi Shinoyama, Osamu Shinozaki
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Energy Engineering Department
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Energy Engineering Department
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Agency of Industrial Science and Technology
Ministry of International Trade and Industry

In regard to the problem of atmospheric pollution by diesel motored
vehicles, reduction of nitric oxides in the exhaust has been the main con-
cern. Along with this, the emission of particulate matter is becoming a
serious problem, because it contains Soluble Organic Fraction (SOF), which
is suspected to cause severe biological effects.

This study concentrates on the development of rapid and separative
measuring methods of dry soot and SOF, and on the analysis of combustion
conditions which relate to SOF formétion inside the combustion chamber.
The results obtained in the 3 years research prograh, FY 1989-1991, are

summarized as follows:

1) Development of a rapid measuring method of SOF in the diesel exhaust
Filter collection method using dilution tunnel is usually employed to
measure the mass concentration of particulate in the diesel exhaust gas.
In this subtheme, the accuracy of the method was improved by keeping the
filter temperature constant to reduce the effect of sampling gas tempera-
ture on the collected particulate mass, then it was employed as a stand-
ard method to examine the other methods developed and used in the re-

search.
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Accuracy and transient response of TEOM (Tapered Element Oscillating
Microbalance) was checked against both of the standard method and an
opacimeter. The tests showed that TEOM is a useful device for rapid and
contanenous measurement of particulate matter.

A multiple detection opacimeter was developed, and confirmed of its
performance. It-provides with improved sensitivity, reduced noise and ex-
panded limit for low density smoke compared to conventional opacimeters.

These investigations enabled continuous measurement of particulate
concentration which conventional intermittent measuring methods are not
capable of, and evaluation of transient particulate emission characteris-

tics of diesel engines and diesel particulate traps became practicable.

2)Analysis of combustion conditions for the reduction of SOF

A simple, non-dilution sampling system was employed in this subtheme
for the separative measurement of SOF and dry soot. This system extracts
diesel exhaust gas from the exhaust manifold and leads it directly to a
filter; After several improvements, the method was proved to be reliable
for SOF/dry soot measurement under steady-state engine operation. SOF
measurements and exhaust gas analyses were carried out with varied engine
speeds, loads, injection timings and intake port specifications. The
énalyses clarified influences of engine load, excess air ratio, exhaust
gas temperature and hydrocarbon emission on SOF emission. '
“" One of the experiments, in which the intake system was changed from
‘"dual (original) to single port; implied the effect of enhanced turbulence
on SOF reduction. Then, the potential of intake port and combustion cham-
" ber design to increase turbulence was investigated by in-cylinder LDV
'défa. It was proved, however, that minor modification of these specifica-~
" tions increases the turbulent intensity little. o

Also, CARS (Coherent Anti-Stokes Raman Spectroscopy) measurement of
gas temperature was planned to investigate the relationship between com-
bustion' gas temperature and SOF emission. It had not reached to the stage
of measurement in engines, but fﬁndamental experiments using high
- pressure/ high temperature vessel proved that favorable accuracy is ob-
“‘tainable in the témperature measurement of gases with the pressure from

‘the atmospheric to 3 MPa.
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34. Study on the treatment of toxlc gases
(FY 1991 - 1994)

Mitsutaka Kawamura, Kelichi Tanaka and Teruaki Hisanaga
National Chemical Laboratory for Industry

Agency of Industrial Science and Technology

Ministry of International Trade and Industry

Organic solvents used in various industries pollute not only the
atmosphere of factories but also the alr in the vicihity of the factorles.
The number of gases used for special purposes like those used In
semiconductor industry are increasing and most of -them are toxic. These
solvents and gases can be hardly treated by conventional méthods. In this
research we develop a new method for efficient degradation of toxic
solvents and' gases. Degradation Is conducted by the 1llumination with deep
UV light. Final and Intermediate degradation products are identified, and
the treatment of toxlc degradation products Is studled to complete this
method. The mechanism of the photolysis Is also studied on the basis of the
identification of degradation products.

Three halogenated organic gaseous ' compounds,
1,2,2-trichloro-1,1,2-trifluoroethane(R113), trichlorofluoromethane(R11) and
1,1,1-trichloroethane, were degraded by the {llumination with 43 W low
pressure mercury lamp whose light 'bulb is made from spracil. Three of ‘th’em
were degraded quite rapidly. Photolysis reaction follows the first order
kinetics. CO= was formed almost spontaneously with the degradatlon. As fihal
degradation products C~ and F~ were produced besides Cog. Sevéral small
amount of intermediate products were formed. Most of them are organic
acids. Acetlc acid was detected as an intermedate product for the
degradation of 1,1,1-trichloroethane. These intermediate products were
degraded completely by the continuation of illumination.
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35. study on Hybridized Catalytic System for Diesel NOx
RemoVal (1) '
(FY 1991-1995)

Ikﬁo Tamori, Koichi Mizunb, Akihiko Ohi, Akira Obuchi
and Atsushi Ogata,

Atmospheric Environmental Protection Department,
Hideo Ohuchi} '

Global Warming Control Department,

National Institute for Resources and Environment,
Agency of Industrial Science and Technology,

Mihistiy of International Trade and Industry

Atmospheric poilutibn by nitrogen oxides (NOx) emitted from
diesel vehicles is in a serious situation in Japan. This re-
search aims at the development of a practical NOx removal system
by combining advanced catalytic techniques to decompose or reduce
NOx with soot, CO andvhydrocarbons.

In the-beginning year of the five-year research program,
National Institute for Resources and Environment conducted fol-
lowing three major researches.

(1) Catalytic properties, especially O, adsorption and
desorption characteristics, of Pd/Mg oxide catalysts were inves-
tigated. Using Pd/Mg0 as the model catalyst, temperature pro-
g;amﬁed_bz desorption and temperature programmed oxidation exper-
iments were conducted. It was found that the reduced Pd support-
ed on’Mg containing oxides released adsorbed oxygen at relatively
low temperatures, was resistant to bulk oxidation at high temper-
atures. Such catalyts may be effective to NO decomposition.

(2) Mechanism of the selective catalytic reduction of NO by
hydrocarbons was inVestigated. Carbonaceous radicals and depos-
its were found to be formed on the catalyst surface during the
reaction on gamma-alumina. The deposits acted as selective
reducing agents on raising the temperature. The results indicate
that both the carbonaceous radical and the carbon deposits play a

(&



crucial role, perhaps as intermediates, in the selective reduc-
tion. The radical was likely to be produced from the carbon
deposits through partial oxidation with 05. The role of the
catalyst was considered to promote the formation of carbon depos-
its from the reactant organic compounds by cracking or partial
oxidation, to produce and stabilize earbonaceous radicals perhaps
on Lewis-acid sites. The selective reduction of NO seemed to
proceed through a radical reactlon ' ’ |

(3) Simultaneous reductlon of NOx and particulates was
attempted by using foam-type filter traps with transition metal
catalysts. The filter used had a particulate collection effi-
ciency of 70% and was able to collect soot repeatedly after
regeneration at 500°C. Decrease in the sulfur content in the
fuel had no effect on the collection efficiency or on‘regenera—
tion temperature. The filter trap with. the catalyst had a cer-
tain activity for NOx reductlon but the act1v1ty dropped in a
short period. Further study is needed on reduction of regenera-
tion temperature and promotion of NOx removal efficiency.
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35. Study on Hybfidi?ed C?talytic System for Diesel NOx Removal (2)
(FY 1991-1995)

Yoshiaki Kintaichi.'Hideaki Hamada, Takehiko Ito, and
Shigemitsu Shin | '

Surface Chemistry Division,

‘National Chem1ca1 Laboratory for Industry.

Agency of Industr1a1‘Scjence ‘and Technology,

Ministry of Intefnatidna1 Trade and Industry

The air po11ution by nitrogén oxides (NOx) is a serious environmental
problem in the urban areas of Japan. This is main1y because of the in-
crease in the amount of NOx emitted from diese1 vehicles. In addition, the
number of cogeneration systems using stationary diesel engines is increas-
ing, which also emit cons1derab1e amounts of NOx. However, no effective
measures have been deve1oped for the control of diesel NOx.

This project, which just started in this year, aims at developing
hybridized catalytic systems for removing NOx emitted from diesel engines.
The National Chemical Laboratory for Industry is in charge of R&D of cata-
1ytic methods ‘to reduce diesel NOx by using hydrocarbons. We have recently
found that the selective catalytic reduction of NO by hydrocarbons is the
most hopeful de-NOx reaction. R&D of NOx concentration with adsorbents or
absorbents is the other target of the study with the intention of improving
de-NOx efficiency.

In this fiscal year, as the first year of the project, improvement of
catalytic activities for the selective reduction of NO by hydrocarbon was
mainly attempted. Basic researches were also conducted to obtain fundamen-
tal information on the de-NOx reaction.

Since alumina is the highest active catalyst among metal oxides, var-
ious characteristics of'the'NO reduction over alumina were examined. Among
various alumina éatalysté’preﬁafed by different methods, pure alumina
including little impurities showed relatively high activity. A striking
feature of the selective NO reduct1on is that the reduction is promoted by
the presence of oxygen. The eff1c1ency of the reducing agent for NO reduc-
tion at low temperature increased in the following order, methane < propane
< propy]ené < alcohols, 1ndicatin§ that hydrocarbons and oxygen-containing
organic compounds liable to oxi@ét{oh are good Eeducing agents at low
temperatures. It was also found  that the reduction of NO occurred more



easily than that of NO.

Next, the effect of transition metals as catalyst component on-the
catalytic activities was investigated. In the case of ion-exchanged ZSM-5
zeolites, the activity of H-ZSM-5 was higher than that of Cu-ZSM-5 contain-
ing copper as a transition metal, under the conditions of low space,ve]oci-
ty, high temperature, Tow hydrocarbon concentration, and vice versa.

This effect of transition metals was also observed for alumina-based
catalysts, namely, the activity of alumina at low temperature and high
space velocity was enhanced by supporting transition metals éucﬁ as Co. Cu,
Fe, Ni, Mn, and noble metals. The performance of Co/alumina catalysts ‘
depended on the cobalt sources and calcination temperature. Co/a]uhjna
prepared from cobalt acetate and ca]cinedbat temperatures‘higher th;n 600°C
showed excellent NO reduction activities, while Co/alumina prepared from:
cobalt nitrate and calcined at 500°C promoted only the oxidation of hydro-
carbon, showing no activity for NO reduction. The supported cobalt species
was found to be responsible for the activity difference. : '

The selective NO reduction was considered to proceed via partial
oxidation of hydrocarbon or oxidation of NO to NO,. The effect of coexist-
ting oxygen and transition metals as the catalyst component is probably
related to these two reaction steps.

Finally, the catalytic activities of several sulfuric acid-treated -
metal oxides were investigated, since solid acidity seemed to be one of the'
major factors to determine the catalytic performance. When titania and- -
zirconia were treated with sulfuric acid in their preparation procedures;
increase in the catalytic activity and selectivity waé observed. This
improvement of ca£a1ytic performance was attributed not only to thevin—
crease in surface area but also to the change of‘catalytic acid{ty. In the
case of iron oxide, the treatment also promoted the activity for selective
NO reduction. However, the treatment of alumina with sulfuric acid result
-ed in the decrease of catalytic activity, although NO conversion to Nj

increased at a low temperature such as 300°C.
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_ {FY 1991 - 1995)
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Hiroaki Sakurai and Atsushi Ueda
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‘Agency of Ihdqurial Science and Technology
» M;histr& of International Trade and Industry

Nitrogen oxides (Nox; NO and NOy) is one df the serious problems in the
atmospheric pollution. = Especially, reducing NOx emission from diesel-powered
vehicles is very difficult and it is necessary to develop innovative
technologies. The aim of this research is the development of the catalytic
technologies forv‘removing NOx emitted from diesel engines, such as buses and
trucks. ‘° And® we research the catalyst for reduction of NO by CO at low
temperature;

In the first year of this research program, it was carried out that
preliminary exploitation experiments of reduction of NO by CO over supported
gold catalysts.-

(1) Pteparation of supported gold catalysts

Supported gold catalysts were prepared by coprecipitation method. These
catalysts have the structure which high dispersed gold particles are supported
over metal oxide. The diameter of these gold particles is about 4 nm.

(2) Reduction of NO by CO over supported gold catalyst

Catalytic tests were carried out in a fixed bed flow reactor and reaction
condition are as follows, reaction gas ; NO(0.1%) + C0(0.1%) / He, space
velocity ; 20,000 ml h~lg-cat~l.

Reaction ‘of NO by CO proceeds as follows,

NO + CO -~ 1/2 Ny + COp

2NO + CO - Na0 + COy
Au/a Te203 is most active in ‘the gold catalysts which supported on simple
metal oxides. The reduction of NO occurs even at room temperature and NO

converts to Ng0. The formation to Ny carried out at 150 °C and inlet NO
almost converts to No at 200 °C. The gold particles enhance the catalytic
activity of the reduction of NO to No.

" For the supports, a-Feg03 is good and when it was replaced by ferrites of
N or Cd (NiFeg04, CoFej04), the activity is so noticeably increased. The
abrupt'increase of selectivity to Nj takes place in the range from 50 to 80 °C
for these cata;ysts. Comparing with the supported noble metal catalysts such
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as Pt, Rh and Pd catalysts, supported gold catalysts are superior for the low
temperature CO + NO reaction.
(3) Effects of moisture

There are moisture and oxygen in the exhaust gas from diesel engines.
Non-supported metal oxides such as a-Fey03, NiFep04 and CoFex04, were
appreciably deactivated by moisture in our experiments. It is reported that
the suppression of No formation by moisture is also observed in the case of
supported Pt catalysts. On the other hand, when gold is supported on
ferrites, some of the gold catalysts, for example, Au/a-Fez03 and Au/CoFeg04,
maintain the conversion of NO and the selectivity to Np in the presence of
moisture. '
(4) Future tasks

This research showed that supported gold catalysts are active for the low
temperature reduction of NO by CO, and Au/CoFez04 has the tolerance to
moisture. Oxygen in the exhaust gas reacts with CO and it 'Is expected that
CO + 0y reaction completes CO +NO reaction. Our further research should be
focused on the selective reaction of CO with NO in the presence of excess

oxygen.
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36. Simultaneous Control Techniques of N20O and NOx from Coal Combustion (I)
(FY 1991 ~ 1994) )

Yoshihiro Ogisu, Masaaki Oya, Tatsuo Miyadera, Kentaro Tsuchiya, Hiroshi
Mishima, Nobuo Kido, Hiroyuki Hatano, Hiroshi Moritomi and Yoéhizo Suzuki

Thermal Enérgy and Cpmbuétion Engineering Départment,
National Institute for Resources and Environment,

Agency of Industrial Sciencé and Technology,

Ministry of International Trade:and_ Industry

Nitrous oxides(N20) is one kind of pollutants causing the global environmental
problem, because it is one kind of green house effect gases and it has destructive effects to the
stratspheric ozone layer as well as freongas. In order to control simultaneously the emission of
N20 and nitrogen oxides(NOx) from coal combustion, the following studies have been carried
out in this research program.

1. N20 formation and destruction mechanisms
2. The flowing conditions of solid particles in fluidized bed
3. Simultaneous control of N20 and NOx from pulverized coal combustion

1. N20 formation and destruction mechanisms

The reaction of nitric oxide(NO) and N20 formation in the nitrogen-oxygen system
was investigated behind incident shock wave over the temperature range 3200-4000K. The
experimental results could not be explained by Zeldovich mechanism. However, the
simulation was found to be fairly consistent with the experiment by adopting following
reaction.

N20+M=N2+0+M

To solve these problems more detailed experimental research is required.

In order to know mechanisms of N20 formation and destruction in circulating
fluidized bed combustion(CFBC) conditions, heterogeneous reactions between char, CaO
and gases were studied. To simulate the N2O formation in CFBCs, a batch combustion
reactor was used. The results show that N20O emission characteristics in CFBCs are well
explained in a batch reactor. In order to investigate the effects of the partial devolatilization,
the char prepared at various devolatilization temperatures was burnt. N20 emission is
strongly dependent on the devolatilization temperature. The char devolatilized at higher
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temperature showed the lower N20 formation. N2O formation starts at the early stage of the
combustion and continues in relatively long period. This formation reaction mostly takes
place in the gas phase. These results suggest that the contribution of the partially
devolatilized char on N20 formation is considerablely large in CFBC. Reduction activities of
the solid particles on N20 and NO were measured. CaO shows higher N20 reduction
activity. N20 reduction rate is always faster than that of NO for same particle.

2. The flowing conditions of solid particles in fluidized bed

Solid particles flowing in a circulating fluidized bed was visualized by using a
penetrative type particles image scope and a reflective type optical fiber probe. Local solid
holdup and its variation were measured. Dilute and denser phases were passing at the tip of
the probes alternately. Concentration of the denser phase increased with the increase of the
solid circulating rate or the decrease of the gas velocity. The reflective optical fiber probe
could be used to monitor  local mass flux or solid holdup. Also, optical fiber probe could
be applied pressurized fluidized bed at least up to 5.0 MPa.

3. Simultaneous control of N20 and NOx from pulverized coal combustion
The experiments of pulverized coal combustion have been carried out to estimate the
N20 and NOx emissions. A down-fired 40 cm ID tunnel furnace was used in this study. It

allows a firing rate of 10 kg-coal/hr. It the combustion of Taiheiyo coal(Japanese coal), the
flue gas N20 concentration was between 2 and 3 ppm at the conditions of high flue gas 02

concentration.
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-+ .36. Simultaneous Control Techniques of N,O and NOx from Coal Combustion (II)
' (FY 1991 ~ 1994)

: Yosuke Maekawa, Toshimasa Hirama, Hideo Hosoda and Tadashi Yoshida

"Resources and Energy Engineering Department,

- Government Industrial Development Laboratory, Hokkaido
Agency of Industrial Science and Technology,
Ministry of International Trade and Industry

The objective of this research project is to develop suitable combustion technology
for simultaneous abatement of nitrogen and nitrous oxides (NOx and N,0) emissions
from bubbling and circulating fluidized-bed coal combustors. For understanding
mechanism of NOx and N,O formation, combustion experiments under various operating
conditions are made with both types of experimental fluidized bed combustors.

1. Bubbling fluidized béd combustor

An experimental combustor having an inner diameter of 0.16 m and a height of3m
was designed and constructed for measurement of NOx and N,O emission levels. A
heat exchanger tube immersed in the.fluidized bed was used for controlling combustion
temperature. Continuous gas analyses were made by means of infrared rays for NO and
N,O and magnetic force for O,. Preliminary combustion experiments of sub-bituminous
Taiheyo coal were performed to confirm steady state operation and to measure NO and
N,O emission levels. Excellent performance for controlling bed temperature has been
confirmed through the experiments. In case of single-stage combustion scheme, both
emission levels of NO and N,O increased with stoichiometric air ratio and were
respectively ca. 300 and 30 ppm at 850 °C and the air ratio of 1.2.

2. Circulating fluidized bed combustor

An experimental circulating fluidized bed combustor was constructed. The
combustor had a riser reactor of 0.1 m inner diameter and 6 m high and moving bed
downcomer for solid recirculation into the riser. An L-valve system was designed for
controlling solid circulation rate. Although the L-valve system had a little difficulty to
keep a constant solid circulation rate, stable operation was successfully conducted by
changing air flow rate into the horizontal tube of the valve. N;O emission level at 850
- °C was ca. 100 ppm and was markedly higher than that from the bubbling fluidized bed
combustor as mentioned above.
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37. Air Pollution Control of Automobile Exhaust Gas
in Urban Road Tunnels
(FY 1991-1996)

Fumitake Chisaka and Nobuhiro Aya
Environmental Engineering Division

Energy Engineering Department

Mechanical Engineering Laboratory

Agency of Industrial Science and Technolosgy
Ministry of International Trade and Industry

In the metropolitan regions, the environmental concentrations of the
nitrogen oxides (NOx) and particulate materials (PH) rise considerably and
exceed the standard value in the maiority of the measurement stations near
the road way. Specially, the concentrations rise at near the outlets of
road tunnels and ventilation towers. Diesel engine vehicles emit more NOx
and PM than gasoline engine vehicles, and these substances at hish concent-
ration levels are an irritant and a health concern. Therefore, the air
quality confrol of road tunnels is very important. The removals of NOx and
PH are required to keep air quality within acceptable levels on urban area.
However, the removals of these contaminants are very difficult at low con-
centration levels in road tunnels.

Our research purposes are two of the following. One is to find an oxi-
dizing method to change gaseous species NOx into organic nitrates to remove
by the absorb filters easily. Another is to evaluate the impact of NOx and
PM removal device. |

1).Many experimental for simultaneous removal of NOx and PH have to
carry out by using different reactor devices. The test gas mixtures are
NO of 0.8 to 1.5 ppm diluted from high concentration gas of 4797 ppm nitric
oxide (NO) in cylinder by room air and NOx of 1 to 1.8 pp; from Diesel-
engine exhaust. For addition of ozone amounts 7.3 ppm, the convert ratio
of NO to NO, was about 99 % for cylinder NO and Diesel exhaust (Fig. ).
From the results depend on running of electric collector, in the both cases
of cylinder and exhaust gases, the removal efficiencies of PM have been
about 82 to 92 % of the PM amounts at inlet. The PM removal efficiencies
were sufficiently for Diesel exhaust particulates of 0.1 uzum diameter. The
fine particulates, as a soluble organic solvent in Diesel exhaust, may be
proposed to be used as an absorbent for NOx removal from tunnel gases.

2).For air quality management of road tunnels, one-dimensional
steady-state mass balance models have been performed. The concentrations of
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€0, NOx and PH are governed by the following tunnel characteristics, one
way traffic direction, length of tunnel 3000m, velocity of passing vehicles
60ke/hour, longitudinal air velocity 8.3m/sec, traffic volume 2653 vehicles
/hour and performance of the removal devices, 0.5 ppm (for NOx), 80% (for
PH), respectively. The simulator developed by personal computer programing
was very ‘useful for detailed evaluation of air quality in tunnels and
electric energy cost. For the performance 0.5 ppm of NOx removal devices
and in the case of forced condition of last device, the removal efficiency
of NOx is about 70% of exhaust amounts, then the average concentration of
NOx has to be controlled less than 0.8 ppm in the tunnel. The running cost
of removal devices is about thirty thousand yen/hour/km (Fig.2).

3lllllllllllllllllllllll
Temperature:25.5°C

2.5+ O NoOx Rerative Husidity:76% 4
Air Flow Rate:6.24/sin

E O No: .
Ozone:7.3
S 2} anNo z pee -
S
=
e 1.5
=
b3
g. i1F Ev;
°© |2ga |

Concentration of Oxides of MNitrogen

ABC ABC ABC ABc ABC ABC
Nitric Acid Gas’ Diesel Engine Exhaust
+Nitric Acid Gas

Fig.1. Effects of addition of ozone and running of electric particulates
collector
Aitest gas mixtures B:addition of ozone C:irunning of electric collector

1004 4 wr LI
2 CEY
- 801 | 8318 3
(-] g_ =
5 5| £
5860 B8r.6..%
SE PEEICE
ETeop Sir.e2:
3 Last Device 3p]r  Cost L1883 109
€ 201 if control =O— - - :2 2 E
L] -
= Forced —o— - Average of NOx —/:~ Te E

0 T T T T 0 2t o0

0.2 0.4 0.6 0.8 !
" Performance of NOx Removal Device Cr(ppm)

Fig.2. Removal efficiencies of NOx,running costs and average concentrations
of NOx correspond to performance of NOx removal devices

85



38. Effective Treatment of Hazardous Chemicals by
Ecological Control of Activated Sludge
(FY 1988 - 1992)

Masanao Hirai, Yoshikuni Urushigawa, Hideki Masunaga,
Yasutoshi Matsui, Fumio Yamaguci and Yuichi Suwa
National Institute for Resources and Environment
Agency of Industrial Science and Technology
'Ministry of Internatioﬁal Trade and Industry

In the field of pollution control in aquatic environment,
organic pollutants which can be detected as general indices of
water qualities such as biological oxygen demand (BOD), chemical .
oxygen demand (CODS and suspended solids (SS) have been reduced
from waste water by conventional biological treatments. On the
other hand, it has come out a new type of pollution by hazardous
chemicals which had been left behind the problems of BOD
reduction. .

It is not easy to decompose the hazardous chemicals by -
biological ’;reatment, because that has been developed for
reducing the ready decbmposable components such as BOD-
substances. To overcome such a limitation, a new technique to
enhance the ability of microorganisms to degrade hazardous
chemicals should be required.

To eliminate hazardous chemicals by a biological waste water
treatment process, microorganisms capable to decompose the
chemicals should be acclimated to it and retained suitably in the
reactor of the treatment system.. Several techniques have been

'applied to hold the adapted microbes in the reactor;
immobilization by chemicals means, b& carrier, or retaining by
membrane separation method.

The aim of this study is to find a proper method for
reduction of hazardous chemicals by physiological and ecological
way to enrichment and enhancement of microbes active for the
chemicals in the activated sludge.

In FY 1991, effect of continuous and batch operations in the
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activated sludgé process on its adaptability to para-nitrophenol
(PNP) was'istudied. Continuous and batch activated sludge were
applied"to' ﬁegfadatién of PNP. A seed activated .sludge
brelimiﬁafily acclimated to aniline was fed with synthetic waste
water containingAPNP of 50 mg/l for continuous activated sludge
teactor (CAS), connected to a membrane separation module, and 200
mg/l for batch activated sludge reactor (BAS), respectively.
After 3 months of acclimatien to PNP medium, PNP in the influent
was removed constantly in both CAS and BAS reactors. According to
'PNP degradation - rates estimated, maximum velocity of PNP
decomposition (Vmax) din CAS was 1/4 of that in BAS, and
saturatipn constant (Km) to PNP " in BAS was 6 times higher than
that in‘CAS. When PNP loaded was higher than that at Vmax, PNP
acted inhibitory to both CAS and BAS sludges, PNP degradation’
velocity declined sharply in CAS. It was suggested that different
‘operatioh of activated slﬁdge treatment made two types of
acclimated sludge based on PNP utilization of bacteria dominant

in each system.
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" 39. Treatment of Chemicals in Waste Water by Supercritical Fluid
© (FY 1988/" 1991)

Masanao Hirai, Yoshishige Katoh, Toshihiro Nakai,
Yoshio Satoh and Katsuo Murayama '

- Hydrosphere EnVironment Control Department
National Institute for Resources and Environment
Agency of Industrial Science and Technolgy

. Ministry of International Trade and Industry

The diffusion and the accumulatlon of chemicals in the environment has
been recognized as one of the most 1mportant environmental problems, so the
development of effective processes designated to remove priority pollutants
and othér non-biodegradable organics from industrial waste wvater is in
significant demand. '

Supercritical fluid offers excellent potential as process solvents in
chemical and environmental engineering applications, because of its.
particular properties. The objective of this study is to develop the
technique to remove chemicals by supercritical fluid. The following
articles are the substances of this study.

1. Measurement of phase equilibriunm
The apparatus to measure phase equilibrium is designed and produced. By
the use of this apparatus, the phase equilibria for chemicals in the
supercritical Carbon Dioxide are measured.

2. Development of the process combjned vith concentrator
Chemicals in waste vater are treated by two steps of the process. At
first, the chemicals are removed from the waste water by concentrator.
for example adsorbent.. Secondly the chemicals in the concentrator are
extracted by superqfitlcal fluid. and simultaneously the concentrator is
regenerated '

3. Development of countercurrenl process
Chemlcals in vaste water are dlrectly extracted by supercritical fluid
using countercurrent equipment.

In FY 1991, article 2 and 3 were studied. In article 2. the
regenerations of the ac(iyated carbons loaded with aromatic nilro compounds
and with Pdlyoiyethylenehonylphenylelher (POE, nonionic surface-active
agent), by supercrltlcal Carbon Dioxide were rescarched. In article 3,
the removals of Nitro Benzene (¥B), Ortho Nitro Toluene (ONT) and Ortho
Nitro Phenol>(QNP) from aqueous solutions directly by supercritical Carbon
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Dioxide were researched.

In the case of the regeneration of the activated carbon loaded with NB

the velocity of the regeneration of the pores of radius less than 10 A
was found to be smaller than those of radius of 10 ~ 30 A. The
regenerated fraction calculated with the specific surface area of
regenerated activated carbon measured by N, adsorption was smaller'than
that calculated with NB amount adsorbed from NB aqueous solution. - This was
considered to be caused by the fact that N, could enter into the pore of
activated carbon more easily than NB in aqueous solution. Above the
pressure of 200 kg/cm?, the regenerated fraction increased as temperature
increased, but below 150 kg/cm?, the fraction decreased reversely as
temperature increased. The reversal was considered to be caused by the
reversal of the effect of temperature on the solubility of NB in' '~ !
supercritical Carbon Dioxide. o
In the case of the regeneration of the activated carbon loaded with-

.POE. the regenerated fraction was smaller than that of NB loaded activated
carbon for the same condition of regeneration. The ultraviolet and visible
spectrum of POE in supercritical Carbon Dioxide was similar to that in
aqueous solution. The spectrum of aqueous solution of extracted POE
precipitated in glass trap was similar to that of'reagent POE which had
been used to make POE loaded activated carbon sample at the beginning. So,
POE extraction was known not to be accompanied with chemical change. At
the temperature of 35 °C, the regeneration proceeded remarkably above the
pressure of 100 kg/cm?, and at the temperature of 50 °C, the regeneration
proceeded remarkably above the pressure of 150 kg/cm?. )

As for the removal of aromatic nitro compound from aqueous solution
directly by the use of the countercurrent equipment, 100 ppm of NB, ONT -
and ONP aqueous solutions were rescarched and compared, at the temperature
of 35 °C and the pressure of 100 kg/cm®. NB and ONT were found to bé
removed analogusly. When the space velocity for the feeding of these
aqueous samples were 1.5 (SV 1.5 : contact Lime 40 minutes) , and the
feeding ratios of supercritical Carbon Dioxide to aqueous samples vere 0. 6.
almost NB or ONT were removed from the effluents: In‘the case of the ~
treatment of 100 ppm of ONP aqueous solution by SV 1.5, almost ONP was
removed. from the effluent when the feeding ratio of supercrﬁtical'Caibon
Dioxide to aqueous sarple was 1.0. Y T ’
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40. Study on the New Advanced Techniques for Treatment of Waste-
Waters Containing Hazardous Substances from High-Technology Industries
(FY 1990-1993) -

Akira Uchiumi, Shuzo Tokunaga and Masaaki Kubota
Chemical Analysis & Standard Division

and Safety Chemistry Division, N
Chemical Laboratory for Industry, Agency of Industrial Science
and Technology, Ministry of International Trade and Industry.

Waste-waters containing toxic substances such as arsenic-, antimony, and fluorine-
compounds, used in a large quantity in the high-technology industries, have been treated so
far by the aluminum sulfate method, the flocculation with polymer flocculants and
coprecipitation with lime. However, these methods show so low removal efficiencies that the
attainment to the emission standard for waste-waters is difficult by using them. Fu&hennore,
the above treatment methods have disadvantages including increase of the salt concentration in
treated water and formation of sludges with dehydration resistant properties. The present
work aims to develop the method for the effective removal of toxic substances in water by
giving the selectivity for toxic substances to materials which are stable in the water. -For that

- purpose, chelating resins and active metal oxides with high selectivity, large absorption
capacities, and high distribution coefficients for arsenic, antimony, or fluorine will be
developed. By establishing the treatment process of waste-water by use of these adsorbents,
it will be demonstrated that the toxic substances in waste-water from high-technology factories
are surely removed, and miniaturized treatment apparatuses will be developed. The following
was investigated in the 1991 FY.

1. Development of high performance chelating resins

Diphenylthiocarbazone resin (Dz-resin) containing nitrogeh and sulfur atoms as a
coordinating atom and 3-phenyl-5-mercapto-1,3,4-thiazole-2thion resin (Bismu-resin)
containing two sulfur atoms as a coordinating atom were synthesized and the adsorbabilities of -
various metal jons to these resins were examined. Both the resins were found to show a high
adsorbability and a high separation factor to antimony(III) and to hardly adsorb arsenic(III). v
Therefore we tried to prepare different resins to develop chelating resins capable of adso‘rvl')'i_ng
and recovering both arsenic(III) and antimony(III) simultaneously and selectively. '

The chelating resin (Thionalide-resin) was prepared by impregnating a porous resin
with an 2-mercapto-N-2-naphthyl-amidoacetate compound, which coordinates with sulfur and
oxygen atoms, as ligand and then the adsorbabilities of various kinds of metal ions
(copper(1l), cadmium(lII), zinc(1I), antimony(I1I), arsenic(III), lead(II), and irori(III)) to the
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resin obtained was investigated. The adsorbabilities of the metal ions tested to Thionalide-
resin were found to vary markedly with pH of the solution. Thus at pH more than 5 relatively
many metal ions such as copper(Il), cadmium(ll), zinc(II), antimony(III), arsenic(IIl), and
lead(II) were adsorbed almost 100% on Thionalide-resin. However, at pH 0 - 1.5, only
copper(1l), arsenic(I1l) and antimony(I1l) were adsorbed selectively and with 100%
efficiency, and the very high exchange capacity were found for these metal ions; 45.0 mmol/g
for arsenic(I1I), 15.0 for antimony(11I), and 50.0 for copper(ll). Because the pH of the raw
water (gallium-arsenic system) from the factories of High technology is strongly acidic (pH 1 -
2.5), the present resin can catch and recover directly arsenic(I1I) and antimony(IIl) from the
waste water above. Thionalide-resin is therefore considered an extremely ideal adsorbent.

2. Removal of fluoride ion.
2.1 Suppression of interference from metal ions in fluoride determination by ion
chromatography.

- The existence of aluminum(III), iron(Il), calcium(II), cerium(III), cerium(IV),
lanthanum(I1I), yttrium(III) ions interfered with determination of fluoride ion by ion
chromatography, the interference becoming significant at 0.001 mM or higher of metal
concentration. The metal interference was suppressed significantly by adjusting the pH of a
sample at 12 or higher. The pretreatment of alkalifying samples proved to be very effective
for determination of fluoride ion in the presence of metal ions.

2.2 Removal of fluoride ion wit active metal oxides and basic carbonates.

Hydrous metal oxides of lanthanum(III), cerium(1II), cerium(IV), yttrium(III),
titanium(IV), and aluminum(III) were prepared by hydrolysis with ammonia water. Basic
metal carbonates of the above metals were prepared by homogeneous precipitation with urea.
The adsorption and dissolution characteristics of those materials were studied with fluoride,
bromide, iodide, sulfate, phosphate, and nitrate ions. Namely, hydrous cerium(IV) hydroxide
and basic cerium(III) carbonates exhibited high selectivity and capacity for adsorption of
fluoride ion. The fluoride concentration decreased down to 0.02 mM or lower, showing
much higher efficiency than conventional lime precipitation process. Hydrous cerium(IV)
oxide has very high dissolution stability, the solubility being inappreciable at pH 2-13. Both
fluoride ion and phosphate ion were adsorbed on hydrous lanthanum(IIl) oxide and basic
yttrium(III) carbonate.
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41. Catalytic Oxidation of Refractory Organic Substances (1)
(FY 1990-1994)

Masanao Hirai, Shinji Wada, Nobuyuki Takahashi,
Kenji Tatsumi, Hiroyasu Ichikawa, and Mikio Kobayashi

Hydrospheric Environmental Protection Department
and Material Processing Department _
National Institute for Resources and Environment
Agency of Industrial Science and Technology
Ministry of International Trade and Industry

Various refractory organic substances such as aromatic chloro
and nitro compounds are present at significant concentrations in
waste water from organic chemical industries. These chemicals
are hardly removed by the activated sludge method and are dis-
charged into the environment where they remain since they are
hard to decompose by microorganisms and inhibit microorganism
activity. The accumulation of these chemicals in the environment
pollutes and destroys the ecosystem. To remove refractory sub-
stances in waste water from chemical industries, it is necessary
to establish chemical oxidation and biological treatment in
conjunction. For this purpose, the oxidative decomposition of
refractory chemicals and biodegradability of the reaction
products have been studied.

1) Ozonation of nitrophenols

The solutions of o- and p-nitrophenol, 2,4~-and 2,6-
dinitrophenol and 2,4, 6-trinitrophenol were placed in a reaction
vessel (volume:1.51) and ozonated in the ozone concentration
range, 24.7 to 26.069/1. Nitrophenols were rapidly reduced and
after 30-90min ozonation could no longer be detected. However,
TOC was only reduced to about 50% even after 120min ozonation.
The degradation of refractory organic compounds by ozonation is
thus not complete and subsequent treatment such as application of
a biological method is required. Ozonation of nitrophenols led
to the formation of oxalic and formic acids as major products and
small amounts of malonic and acetic acids. Formic acid increased
with ozonation time, reaching maximum after 30-90min, and then
decreased. Oxalic acid increased during the reaction, which

shows little reactivity toward ozone.
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2) Biodegradability of ozonation products

For evaluating the biodegradability of oxidation products,
the following method was conducted : To an ozonated solution of
nitrophenols is added a non-acclimatized sludge culture. This
mixture (MLSS:510- 550mg/l) is incubated for 4days at constant
temperature (25°C). At daily intervals, a supernatant is with-
drawn and analyzed for TOC. Based on variation in values, biode-
gradability is evaluated.

Biodegradability of oxidation products of nitrophenols after
0,30,60,90 and 120min ozonation was examined. TOC of nitrophe-
nols was hardly reduced even after 4days incubation, indicating
little biodegradability. For the 90min ozonation solution of
nitrophenols in which most of them was decomposéd, TOC removal
more than 80% was attained and TOC in the solution was less than
10ppm. Ozonation thus greatly improves the biodegradability of
refractory organic compounds and the result confirms that refrac-
tory organic compounds can be treated by chemical oxidation and
the biological method in conjunction.

3) Mutagenecity test (the umu-test)

The umu-test is one of the effective methods to detect poten-
tial mutagenic activity of chemicals. The principle of the umu-
test is baseg on the ability of the DNA-damaging agents to induce
the umu operon. A plasmid pSK1002 carrying a fused gene umuC' -
'lacz that produces a hybrid protein with P-galactosidase activi-
ty was introduced into §.tyrhimurium TA1535. Using this strain,
TA1535/pSK1002, the umu-test was developed for the screening of
environmental mutagens.

The mutagenecity of ozonation.products of nitrophenols was
examnined by this method. 100ul of the tester strain culture was
poured on the microplate, 10ul of the samples of the ozonated
solution was applied, then 100ul of S-9 Mix for metabolic activa-
tion was added. After 2h of incubation at 37°c, B-galactosidase
activity produced by the fusion gene was assayed. The effective-
ness of this method was previously confirmed by positive effect
of 2-aminoanthracene and furylfuramide. For solutions of nitro-
phenols after 0-120min ozonation, no mutagenic activity was
‘detected. ’
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41. Catalytic Oxidation of Refractory Organic Substances (2)

(FY 1990-1994)

Kunishige Higashi, Akinori Kawahara, Yukio Murakami, Shin-ichi
Wakida, Masataka Yamane, and Sahori Takeda

Government Industrial Research Institute,Osaka
Agency of Industrial Science and Technology
Ministry of Internmational Trade and Industry

The waste waters from organic synthesis factories containing aromatic-
nitro-compounds or aromatic-chloro-compounds are hard to be treated with
usual methods such as a coagulation method or biological technique. This
research is aimed at establishing a decomposition method of the refractéry
organic substances in the waste water with wet oxidation usiné solid
catalysts. As-model substances, nitrophenol and chlorophenol were selected
and decomposition properties of these substances were studied. Effect 6f
an addition of catalysts such as noble metals supported on carriers or
transition metal oxides was tested. 4 ‘

Batch wet oxidation experiments were conducted with a 330ml stirred
autoclave. The autoclave was charged with 200ml of 1000mg/l solution of
the substances, and pressurized with mixed gas of 80% of nitrcgen and 20%
of oxygen. Oxygen amount was set to be 1.5 times for a complete
stoichiometric oxidation. In the catalytic reaction,lg of solid catalyst
was added into the sample solution. At appropriate times, an aliquot of
reacted liquid sample was withdrawn through a cooling pipe,and analyzed.

Wet oxidation of p-nitrophenol without the catalyst was studied at
200°C. The pH value decreased with reaction time, and reached to the order
of three. A formation of organic acids was inferred from the result. The
value of TOC decreased with the reaction time and removal ratio of 'IOC
became 54% after 150 min at 200°C. Absorption maximums were obserbed at
225 nm and 317 nm, and absorbances at these maximums were decreased with
the reaction time. This result means a decomposition of benzene-ring of
phenol. From analysis by high performance liquid chromatography, a
decrease of p-nitrophenol peak and an increase of several peaks with
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décomposed p:oducts were observed. Absorption spectra of the peaks were
measured vvnzith ‘a photo-dicde array detector. Amounts of acetic acid and
fofm_ic acid were determined by ion chromatography.

Next, Wet oxidation of p-nitrophenol was carried out with catalyst of
5% single noble metal supported on alumina at 150 °C. The result was shown
in Table 1. Comparing of noble metals, the order of TOC removal was as
follows; Pt>>Pd>Rh Ag. With the platinum catalyst, TOC removal became 95%
after 150 min at 150°C. And a formation of formic acid and acetic acid was
negligible with the catalyst. In the case of catalyst where each 2.5% of
two kinds of noble metals was supported on alumina respectively, the value
of TOC removal became intermediate between two kinds of 5% catalysts.
Alumina, zirconia and titania were compared as supports for 5% platinum
catalyst. The highest TOC removal was obtained in the case of titania.

Then, a decomposition of p-chlorophenol was studied. TOC removal was
18% after 150 min at 200°C without catalyst. This TOC removal was small
cbmparin‘g with 58% of phenol. Intrcduction of chloro-radical into phenol
depressed the oxidation reaction because chloro-radical is an
electronegative radical. The oxidation reaction was much accelerated with
the 5% platin’dm on alumina, TOC removal became 95% after 150 min at 150°C.

Table 1 Comparison of catalysts for decomposition of p-nitrophenol
"TOC removal (%)
After 30min at 150°C After 150min at 150°C

Non catalyst 0 0

5 % Ag/alumina 0 ) 6

5 % Rh/alumina 0 8
'2.5% Rh, 2.5% Pt/alumina 5 13

5 % Pd/alumina 12 24

© 2.5% P4, 2.5% Pt/alumina 24 78
5 % Pt/alumina 31 | 95
S % Pt/zirconia 50 \ 93

5 % Pt/titania 70 .93
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42. Treatment Technology of Waste Water from Waste Paper Recycling
Process
(FY 1990 ~ 1992)

Isao Akamatsu, Hiroshi Kabeya, Satoshi Fukuoka
and Akihiro Utsumi

Government Industrial Research Institute, Shikoku
Agency of Industrial Science and Technology
Ministry of International Trade and Industry

The recycling process of the waste paper should be further extended for
savings of wood resources from the standpoint of global environmental
preservation.

To attain the object, there are several problems to be resolved; one is the-
treatment of the waste water from a variety of papers including high content
of inorganic additives such as calcium carbonate and talc, or organic additives
such as starch and alkyl ketene dimers for sheet strengthening and sizing,
respectively. These organic additives are not easily biodegraded. Furthermore,
they interfere with the coagulation of calcium carbonate and talc in waste
water treatment process.

This study aims at the development of an effective biological treatment
process for the waste water from regeneration processes of waste papers
including the above-mentioned organic additives. We planned to search
microorganisms which are effective in decomposition of the organic additives.
Final object is a development of the economical combination process of
coagulation and activated-sludge, wherein the microorganisms are
immobilized on oyster or Akoya shells with layered structure.

In this fiscal year, we prepared bioceramics from oyster shells and
investigated immobilization of activated sludge on the bioceramics for COD
removal. In addition, we examined the effective coagulation method for the
waste water from a paper mill regenerating waste paper, and degradability of
xylan with the activated sludge.

The results are as follows:

1. Oyster shells autoclaved with water at 140 or 160 °C compared with those |
at 100 or 180 °C were favorable for COD removal from the waste water with
immobilized activated-sludge.

2. An aluminium sulfate coagulant showed lower coagulation ability for the
waste water than polymeric aluminium chloride; nonionic poly(acrylamide)
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showed higher coagulation abitity than anionic poly(acrylamide) with regard
to 4 transparency and a TOC removal. In consideration of an economical
aspect, a combination of aluminium sulfate and nonionic poly(acrylamide) is
promising for treatment of waste water from waste-péper recycling processes.
3. Activated sludge used in this study contained some filamentous fungi
which secrete xylanase.
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43. An advanced technique for treatments of waste water
containing organic materials
(FY 1991 - 1995)

Hideaki Tanaka, Hiroshi Ogawa, Kazuki Terashima and Minoru Ueda
National Chemical Laboratory for Industry

Agency of Industrial Science and Technology,

Ministry of International Trade and Industry

Biologlcal waste water from fermentation, food and pulp mills contains
large quantities of BOD as decomposed organlc materlals from cellulose,
lignin, starch, saccharide, protein, fatty oil and others. Emulsion oil waste
water from machine factories is high emulsifid oil and separation of oil and
water s very difficult. In this research, we aimed at development of
efficlent treatment system which decomposed these organic materials in
waste water to COz and Hz0. - :

We have studied on two subjects. First part is mesurement of electric
oxidation potential of vanillyl alcohol, vanillic acid, vanillylsulfonic acid,
vanilline, veratryl alcohol, veratryl aldehyde, veratric acid as model
compounds of lignin in pulp waste water. Second part is acid hydrolysis of
cellulose as solid matter in blological waste water.

As a result, oxidation potential of model compounds distributed about O
to 1.2v then these oxidation potentials decrease with increase of pH. The
tendency on oxlidation potentials of veratryl compounds group more
remarkable than in case of vanillyl compounds group.

Hydrolysis of cellulose (sulfuric acid 1%, reaction temperature 190,
200, 210°C) was carried out.

Maximum yields of glucose at 190, 200, 210°C were 21, 23, 27 %,
respectively. On our research aim, total yield of glucose and decomposed
compounds(levulinic acid, formic acid and other low moleculer compounds) is
more important than yleld of glucose only. Total yleld of these materials
was about 50%.




44.  Behaviors of Synthetic Organic Compounds in Coastal
- Environment
(FY 1987-1991)

Masanao Hirai, Kimitoshi Ishikawa, Kisaburo Nakata,
Mikio Sayama, Fumio Horiguchi, Yoshikuni Urushigawa,
Yoshitaka Yonezawa, Shigeki Masunaga, and Manabu Fuki
National Institute for Resources and Environment,

- Agency of Industrial Science and Technology,
Ministry of International Trade and Industry

This study is designed to investigate the major processes in the fate and
behavior of potentially harmful chemicals in coastal environment and to develop a
numerical model that predicts the fate of these chemicals. Ise Bay was selected as
a model field on whose shore Nagoya, one of the larger cities"in Japan, and
Yokkaichi which houses large petrochemical complexes are located.

1. Horizontal Distribution of chemicals in Ise Bay Bottom Sediment

The concentrations of Cu and Zn decreased from the head to the entrance of
the bay, and from the west to the east coast. There were a good correlation between
Cu and Zn concentration, except for the head of the bay.

Concentrations of mono- to hexa-chlorobenzenes in sediment samples of Ise
Bay were analyzed. The sites with higher dichloro- and tri-chlorobenzenes
concentrations in the middle of the bay covered the area where the sediment particle
size was small. This was also the area where downward water flow was estimated
to exit. These findings indicated that these congeners were adsorbed by suspended
particulate and transported by water flow.

The concentration of TBT was related roughly to ignition loss of the sediment.
The area with high concentration of butyltin corresponded to the area with high
ignition loss and the simulated downwelling zone. Another area with high butyltin
concentration, near Yokkaichi Port, was also located in the downwelling zone. The
area near Nagoya Port, which situated in the simulated upwelling zone, had low
butyltin concentration. The main transportation process of TBT to sediment is thus
the transportation of TBT carried on organic particulate, and this process is affected
by not only horizontal surface flow but hydrodynamic down- and upwelling as well.

2. The Behavior of Chlorobenzene :

To estimate the transportation mechanism of chlorobenzene from water to
sediment, the detailed survey was done at selected sites on water, suspended solid,
and sediment in March and August in 1988. The survey indicated that chlorobenzene
in the suspended bottom solids and in bottom sediments were not equilibrated with
those in the bottom seawater. Based on these results, a hypothetical mechanism
which assumes that the chlorobenzene adsorbed by suspended solid at the surface
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water layer transport directly with little desorption during the sedimentation was
proposed. The'behavior of chlorobenzene suggested in this study showed that the use
of chemical fate models based on the assumption that the soluble fraction and the
fraction adsorbed by suspended particulate are always in equilibrium may yield
misleading results.

3. Vertical Distributions of Butyltins and Triphenyltin in the Sediments

Vertical distribution of the concentrations of butyltins, their methylated
derivatives and triphenyltin were determined for core sediment samples collected from
4 sites in September 1988 and from 2 sites in August 1991. Triphenyltin and
tributyltin concentrations decreased with depth, but the decreasing rate of the latter
was less. The vertical distribution pattern of the butyltin congeners showed that the
transformation reaction of butyltin depended on sediment conditions and that the
methylation reaction was an important process of tributyltin transformation in the
deep sediments. :

4. Behaviors of Suspended Particulate in Water Column o

The size, volume and chlorophyll concentration of the suspended particulate
were surveyed along the two crossed lines from the end to the middle of the bay in
September 1990. ' '

5. Microbial Activity in the Bay o ‘ B
The anaerobic transformation of trichlorobenzene in sediment, the effect of
chlorobenzene on dissimulating nitrate reduction and the activity of sulfate reducing
bacteria were studied. Extractable phospholipid fatty acids of benthic sediments
collected from Ise bay were analyzed to distinguish the sediment microbial community

structure in the bay.

6. Environmental Fate Model of Chemicals ' :

The fate model was developed based on the law of mass conservation and
hydrodynamic equation system and include transformation and transport mechanism
of chemicals in the coastal bay water, sediment and suspended solid. Reactions
included in the model were sorption-desorption and transformation. The simulation
was carried out with the conditions which gave good estimation of the distribution of
the organic carbon .content in the bottom sediment. The simulation result for
tributyltin gave the calculated concentration range about the same as the observed
range and the simulated higher concentration area was located near the observed high
area. The result for 1,3-dichlorobenzene showed the similar distribution pattern in
the bottom sediment. :
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45. Long Range Prediction Model for the Change of Shallow
Yater Environment for Optimum Industrial Development(l)
Numerical Modeling for Environmental Change with
Coastal Developsent in the Tokyo Bay
(FY 1988~1992)

Koji Kitabayashi, Kimitoshi Ishikawa,

Masaaki Tsuji, Kisaburo Nakata, Fumio Horiguchi,

Joji Ishisaka and Eiichi Sumi

Assessment Deptartment

National Institute fd} Resources and Environment
Agency of Industrial Science and Technology o
Ministry of International Trade and Industry S

. Coastal environment including the geometry and topogfaphy'is graduaily

changed over long range with the activity of human being such ‘as
reclamation, harbour construction, dam construction, industrial siting
and ete. It is neccessary to predict such long fante change of‘shallow
water region for optimum management of coastal environment.The purpose
of this research is to accomplish the assessment model for the effect
of such developments over long range change on coastal environment,
mainly coastal geometry and topography, incorporated the informations
fron the various kind of research field such as geology. geochemistry,
physical oceanography, marine biology and marine ecology into the
model. The field survey f{on these various aspects is conducted to
collect these informations for rodelling described as follovs :

‘structure of bottom sediment, sedimentation rate, organism succession,
pollutant accumulation like heavy metals and organic chemicals among

the sediment, historical change of geometry and topography in shallov
vater region. ' o ' v
The cross sectional profiles of vater biopertig:'has been‘fnvestizated

in the mouth of Tokyo bay at winter. In this result.va clear_tenperature:

front vas observed at narrov area off Takeoka port.'

This front shoved features of headland front in response to tidal past

offshore Takeoka port. At the both sides of the front, the characteristic
quality of biological and chemical properties exhibit. It was expected that

the existance in this front is an influence in the distribution of

materials in the mouth of Tokyo Bay at winter.

/
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2. Viscous and diffusive sublayers are important to reveal various interac-

tion phenomena betveen sea vwater and sediments. But, direct measurement .

of viscous sublayer in a coastal sea is very difficult. There is only one
case. On the contrary, direct measurement of diffusive sublayer is vidé-
spread, using oxygen microelectrode. ' ‘ )

In this report, a simple evaluation method of both sublayer heights is
introduced with the results of }hree-dimenéional current measurement at a
reference height above the sea bed. Laboratory formula have many problems’
in applying the field phenomena. But some ordérs of both sublayer heights’
are estimated. ' ‘

3. The change of bottom topography in the proximity of Huttu Penninsula in
Tokyo Bay is simulated by numerical model. The model consists of two
submodels ; one is the wave field model and the other is the circulation
model. These two submodels are mutually coupled. Firstly, the vave fields
in the area for analysis are simulated under the condition which . vaves
come from south resulting from the dominant southerl}_iind condition. Then
the circulation patterns in the shallov water region ;ssociated‘vith " the
vave field are simulated. Using this circulation pattern, ‘2 sand transport
flues computed and a sedimentation rate is also computed. The results shov
that the two.distinct sedimentation areas appear : oﬁe is the ﬁlacé vhere
shallowver bottom stretches out to the south in the southern part of
penninsula, the other is the area between the small island ( called as
DAI-ICHI-KAIHO) and the head 6f the penninsula. The similated result
suggests the area between the istand and the head of the penninsula may be

connected in future
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‘45-11 . Long range prediction model for the change of shallow water.
' environment for optimum industrial development '
- Sedimentary environment of Tokyo Harbor -
(FY 1988 - 1992)

Kazuo Ohshima, Yoshiki Saito, Hidenori Endo, Setsuys Yokota and
Kuniaki lkeds . .

Geological Survey of Japan, Agency of Industrial Science and
Technology, Ministry of International Trade and Industry.

Tokyo harbor is situated in the head of Tokyo Bay, which is one of
typical estuaries formed by marine flooding in inciced valleys in response
to Holocene sea-level rise. In an estuary, water is subjected to daily
tidal oscillations. There are physical, chemical and biologic processes,
which singly or in combination operate on promotion of the deposition and
accumulation of suspended sediments.

© The circulation pattern of Tokyo Harbor is dominated by river dis-
charges, and tidal effects play a negligible role in the circulation. This
study has examined estuarine sedimentary dynamics by historical coastal
evolution, particularly detailed analyses of texture, composition,
chemical, fabric and biotic communities for surface sediment samples and
bore-hole samples through the Holocene, and by direct measurements on
sediment and fluid dynamics.

To bring the water quality rating of Tokyo Bay up to Class B, which is
suitable for fishing, sewage disposal is required to able to support
marine life. The construction of sewerage plants to perform such a feat
would be prohibitively expensive, and moreover the cost of the sewerage
would be not only an one-time expenditure but also continuing liability.
In other words, though technology can keep death at bay, it alone cannot
restore coastal areas of Tokyo Bay to health. Tokyo Harbor, where human
activity has produced some of the world’'s worst environmental destruction,
should be an attainable goal anywhere. Restoration projects of Tokyo
Harbor must make good use of its natural ability to recover environmental
damage. This recovery is accomplished through three mechanisms: sea-water
exchange, sedimentation and biological production. ‘
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46. Development of New Removal Method of Polluted Sediment in
- Coastal Sea
(FY 1988-1992)

Kichiichiro Kawana, Akira Hoshika, Shizuko Hirata,
Tateki Fujiwara, Terumi Tanimoto and Yasufumi Mishima
Marine Environment Division, ‘
Marine Science and Technology Department,

Government Industrial Research Institute, Chugoku,
Agency of Industrial Science and Technology,

Ministry of International Trade and Industry

This study aims to understand the behavior of the fresh sediment on
the bottom of a semi-closed coastal sea that might arise to develop its
removal method in the future, because the fresh sediment often plays
important roles in the oxygen deficiency and the eutrophication in the
bottom water during summer stratification. )

The scientific survey is carried out with respect to the physical and
. chemical properties such as standing stock, distribution, chemical

component, density, the settling velocity kinetics of decomposition of the
fresh sediment, etc., and to the fluidity of the fresh sediment
corresponding to the tidal change. We choose Osaka Bay of the Seto Inland
Sea for study area, which is characterized by very week tidal current
velocity and, eutrophication and oxygen deficient of sea water during
summer in the inner part of the bay. The investigation has been completed
with respect to distribution, standing stock and decomposition rate of the
frésh sediment in the periods of the spring tide and the neap tide, during
_summer, 1991.

In 1991FY, the results are summarized as follows:

1) Strong bottom turbid layer which may depend on content of bottom
suspended particles was not found in the inner part of the Osaka Bay
during summer stratification in contrast with the strong and the thick
bottom turbid layer during the mixing season of sea water. On the other
hand, considerable amount of particulate materials caused by active
primary production during summer was observed in the surface water in the
inner part of the bay. Although slightly increase in organic carbon
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content of bottom particles in the inner part of the bay shows that
suspended particulate materials in the surface water arg‘transported_to
the bottom layer, a large part of the suspended pérticulaté materials in
the surface water in the inner part of the bay seems to be transported
horizontally to the outside area and to form fresh sediment.

2) Total amount of the fresh sediment (bottom layer suspended particles +
bottom particles which may resuspend or move‘on thé bottom surface) cduld
be estimated as 7.6 X 10%tons (6.3 x 10%+ 1.3 x 10“tons) during the spring
tide and 10.3 X 10%tons (9.1 x 10% 4+ 1.2 x 10*tons) dufing the “neap tide.
This value increased by 2~4 times that of mixing season, as a result of
sinking of suspended particulate materials produced by high primary
production in the surface water. The fresh sediment during‘ summer
corresponded to about 30~ 40% of total amount of the suépended particuiate
materials in the whole water volume of Osaka Bay, '

3) Decomposition rate constants of organic cérbon._ nitrogen and
particulate phosphorus in the suspended matter collected from the surface
and 10 m depths in Osaka Bay were ranged from 0.020 to 0.048 da_y"l
(ti2=11~ 21 days), from 0.032 to 0.050 day™* (ti1-2=10~ 16 days) and
from 0.030 to 0.066 day™* (ti z=8~ 17 days), respectively. While, the .
decomposition rate constants of those in the fresh sediment collected from
the bottom layer in Osaka Bay were ranged from 0.008 td. 0.027 day™
(t1-2=19 ~ 65 days) for organic carbon, from 0.010 to 0.034 day™*
(tir2=15 ~ 50 days) for organic nitrogen, and from 0.023 to 0.043 day™*
(ti2=12 ~ 22 days), for particulate phosphorus. The decomposition rate
constants of organic carbon and nitrogen, and particulate phosphorus in
the fresh sediment tend to decrease with the locations from the inner

part to the southern mouth of the bay.
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47. Removal Method of Polluted Lake Sediment
(FY 1990 - 1994)

Yoshiki Saito, Yoshio Inouchi, Hajime Katayama and
Takemi Ishihara

Marine Geology Department,

Yuichiro Miyata and Tomio Inazaki

Environmental Geology Department,

Shigeru Terashima

Geochemistry Department,

Minako Terashima

Fuel Resources Department,

Satoshi Yasuda, Eiji Saito, Kazuaki Watanabe and
Jun’ichi Mivazaki . :
Geological Information Center,

Saburou Takeuchi and Hideki Yoshikawa
"Geological Museum, ‘

Geological Survey of Japan

.Tokio Okino and Fujio Kumon
Faculty of Science, Shinshu University

Minoru Kawamura
Institute of Sanitation and Pollution, Nagano

Bottom sediments in shallow lakes, mean depths of which are less than
10 meters, can be reworked easily by currents and waves caused by wind. In
such areéé, nﬂirients are removed from the bottom sediments into the over-
lying watermass not only by chemical process (dissolution) but also by
physical process (reworking). Dredging method for polluted bottom sediments
is not necessarily effective to recover good properties of lake water,
because dredging of surface sediments also gives rise to outcrop of old
heavily polluted sediments and physical mixing between polluted sediments
and lake water.

This research aims to clarify the mechanisms of transportation and
settling of muddy sediments, and to propose more effective methods to re-
move polluted sediments in shallow lakes. Studies in Lake Suwa were carried
out in F.Y. 1991. High-resolution seismic survey was conducted and 51 core
samples were taken. Dredged area is recognizable as depressions about 40 cm
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deep in seismic records. Sedimentation rate of mud is estimated to be 10-30

pm per year based on 1) the comparison

concentration of core samples taken in
on subbottom depths of flood layers in

graphic changes between in. 1965 and 1985. - This rate .is about ten times

of vertical profiles of chemical
1991 with those taken in 1987,

2)

1961 and 1882-1983, and 3) on topo-

greater than in other shallow lakes; lakes Biwa, Kasumigaura, Hamana, Sui-
getsu and Nojiri. This exclusively high sedimentation rate is attributed to
the large drainage area with high reliefs compared with the area of Lake

Suwa itself.

Depth(cm) Depth(cm)

Depth(cm)

Cr,Cu, Zn, ppm

Water content, %

0 100 200 300 400 O 100 200 300 400
| ] ] | | L ]
Ol CrasCu Zn ‘I
20} <+
40
60} :
. st-22 St-22
80 " Nov. 1991 Nov. 1991
0= <+ <
20~ .
40+
601 St-14 st-14
Dec. 1987 Dec. 1987
o : :
<4
Fiood sediments
40~ <1982 & 1983
| ' : <1961
50 St-Y2: . i
Sep. 1961

108

Vertical variation of‘coﬁtents of Cr, Cu, Zn
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48, Appropriate Flow Control in the Seto Inland Sea by Topographical
Changing Measures for Environmental Enhancement
(FY 1990-1994)

K. Kawana, H Ueshima, H. Tanabe M. Takarada,
I. Yuasa, E. Hashimoto and M. Yamasaki

 _Marine Technology Division |

. Marine Science and Technology Department
Government Industrial Research Institute, Chugoku
Agency of Industrial Science and Technology
Ministry of International Trade and Industry

The diverse and active use of coastal waters is a major subject of
further coastal development and requires'extensive studies not only to
enhance environmental quality but also to expand environmental capacities
through active measures for the substance transport on'a large scale and
long term. Conventional site-by-site environmental assessments pay less
attention to active expansions of the environmental capacity and incline
more passively to regulations or countermeasures on waste and pollutant
discharges from land margins. Therefore we will investigate active flow
control to make - substance transports apprqpriate in relevant basins
applying  topography changing peasures. This 1s because residual
circulatidn§ are highly suscéptible to topography changing and thus
responsible for substance tfansport on a large scale and long term.

our study consists of hydraulic model studies using the world's
largest physical model of the Seto Inland Sea, basic tank-experiments for
circulation change mechanisns, and field surveys on actual transport
conditions in the areas developed by land reclamation and urbanization.
The study progress in FY 1991 is summarized as follows.

(1) Using the ‘physical model the effects of the largest land reclamation
of the Kansai airport. in Osaka Bay have been investigated experimentally
on long term water-mass transports and circulations in the bay. Models of
land reclamation for the middle part of the Seto Inland Sea after 1972
were also installed for such investigations. '

(2) Tank experiments with a simple enclosed bay model -were carried out to
find bay circulation change mechanisms and effective measures to improve
the water mass exchange of stagnant water in the bay. The bay bottom
slobe effects on the bay water circulation were also investigated.
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(3) Following the survey in the summer of 1990, a field survey was carried
out in February 1992 to investigate seasonal changés of' substance
transport and water quality in the developed parts of OSakg Bay. Fish -
damage accidents in the developed area in the past'we}e also examinéd‘aﬁd
have been highly attributed tb the intermittent upwelling of bdttom $ég"

water with poor oxygen in August and September.
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‘;49. Eyaiuation Meihod of structures and Purifications
| of Shoreline Environments
C(FY 1990-1993)

" Kouji Kitabayashi,Masayasu Hayashi,Eiichi Sumi,
'Shiﬁ Matsuo and Kengo Morimoto
'Environmentai Assessment Department
National Institute for Resources and Environment
’Aﬁency of Industrial Science and Technology
Ministry of International Trade and ,!ndustry

Shoreline environments are very important for various
narine lives and their purifying functions are re-evaluated
in today for improving sea water pollution. Some attempts
have been made in Tokyo Bay as an artificial seashore. But,
ve have not so much informatjons about the purifying func-
tions of sandy beach, tidal flat and artificial seashore. ¥e
should accurately reveal them and evaluate these effects on
the marine environments.

-In this year, the field experiments vere made at the tidal
flat of Ena Bay. Miura Peﬁninsula‘in the southern part of
Tokyo Bay on September and January.

1. The structure of tidal flat

Tidal flat has not the strict definition. ln this report,
we adopt the name of tidal flat having following characteri-
stics. .

(1) Slope of intertital zone is relatively small.

(2) Soil is almost composed with silt and fine sand.

(3) Distance of intertfdal»zone is relatively long.

2. Temperature condition in tha tidal flat

Tgmpe:ature in the tidal flat is one of important factors
in thét.purirying functions. Bottom sediment temperature
profiler has been developed for measuring short-period
fluc;uatioﬁ of bottom sediment tcmperature. [t is a 60cnm
length stick vith 21 thermistors for measuring bottonm
sediment tempcrature. Temperature data are stored in the
self-contained CMOS RAM memory reccorder.

~Vertical profiles of boltom sediment temperature in the

tidal flat have been obtained on September,. 1991 and January.

111



1992. Variation of temperature is maximum at one cm from the
ground surface and exponentially(decreﬁseé to 35-cm layer.
The ranges of thermal diffusivity in its vertical profiles
are 0.31 - 0.45 x10°°* a’/s on September and 0.18 - 0.36 x
10°* m?/s on January. These valuses are similar to ones
obtained in the muddy lavyer. _ ’ ‘
3.¥Water quality of inflow and outflovw seawatér in tidal flat

To eclarify thg'roles of tldal flat for material circu-
lation of coastal seawater. the observations were made .
at the tidal flat on September 1991 and January, 1992. The
front edge of seavater during the flood tide and the lasl
édge of seavater durlng the ebb tide were collected at flve
stations on the tidal flat,and the reference seavater was
also collected at the entrance of txdal flat respectnvely
in each tinme. S _ ;

The concentration of §S (suspended solids) of the refe-
rence seawater was relatively low. But, its concentration
increased up to 400 mg/l1 when the froni edge of seavater
" reached to the middle of tidal flat. At the ebb tide. its
concentrétign became under 90mg/l. It is mainly estimated
that the inflowing SS depésited on the tidal flat. From
comparing another water qualities of front edge seavater
with the last edge seawater, Chl-a, DOC and total number
of bacteria showed the same behaviors as §S. On the contrary.
the concentrations of DO, T-N. NOs-N and DIN vere almost
same in the front edge seavater and the las't edge”seaiatdn

The sulfate reducing’aétivf(y in the sediment of vidal
flat shoved lovw value. The obServed‘fanxeS of this activity
were 0 - 2.3 nmol $0," /cm® d in September and 0 - 6.4

nmol S$0.%* /cm?® d in January.
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50. Studies on the Anti-fouling Polymeric Materials
(FY 1991-1994)

Michihiko Asai, Yasushi Watanabe, Shoji Watanabe,
Shoji Ito, Toshihiro Hirotsu, Yasuzo Suzuki

and Masao Kunioka

Research Institute for Polymers and Textiles
Agency of Industrial Science and Technology
Ministry of International Trade and Industry

" Organotin compounds such as triphenyltin are effective for anti-
biofouling by releasing from the paint surface to sea water. However,
these compounds cause the pollution by depositing in fishes and shells. In
this. research, . the function of interfaces is considered as one of the
important causes of adhesion of marine bioorganisms, and the ‘material
surfaces which decrease such adhesion are designed and synthesized.
Following subject matters were studied.

1) Typical polymeric materials such as polymethylmethacrylate . ,(PMMA) ,
fluoric resin(PTFE), polycarbonate(PC), polyethylene(PE), polyvinylchloride
(PVC), silicon resin(Si) and polyamide resin(PA) were subjected to the test
of biofouling at Nakaminato, Ibaraki. At the initial stage of fouling,
attachment boards were mainly covered with slime. During attached period,
attaching organisms were invertebrates such as blue mussel, acron shells
and Osteridae and algae. The degree of fouling based - on dry organisms
weight -depend .considerably on the surface structure. of polymers. The
mechanism of blofouling of polymers was also discussed on hydrophobic and
. dipole interaction basis.

. 2) Some hydrophilic surface layers has been suggested to be effective
for anti-fouling, and therefore the hydrophilic layers were formed by
plasma graft polymerization onto polypropylene substrates. The surface was
evaluated by contact angle of water using Wilhelmy method. The changes of
 surface morphology of these grafted layers after dipping in sea water were
observed by SEM, and the effects on anti foullng were compared to that on
the untreated substrates.

3) For the purpose of developing the anti-fouling substances, acryl-
amide copolymers having copper chelate forming group were synthesized. The
solubility and phase transition mechanism of these copolymers in water and
sea water were studied.

4) Poly( v -glutamic acid)(PGA) production in Bacillus subtilis IF03335
was studied. When citric acid as a carbon source was added to a glutamic
acid medium containing L-gulitamic acid and ammonium sulfate, a large
amount of pure PGA was produced. Moreover, the mode of hydrolysis was
investigated with PGA in aqueous solution at 80, 100, and 120 °C by
monitoring the time-dependent changes in the molecular welghts. In
addition, the usage of PGA as anti-biofouling material in sea was studied.
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‘51, Nitrogen Cycling at Sediment-Water Interface in Coastal Marine
Environments
(FY 1991~1994)

Koji Kitabayashi, Kimitoshi Ish1kawa, Kisaburo Nakata, Mikio Sayama
and Fumio Horiguchi

Environmental Assessment Department

National Institute for Resources and Environment
Agency of Industrial Science and Technology
Ministry of International Trade and Industry

Nitrogen has been recognized as a primary limiting nutrient for eutrophication in
semiclosed basin in coastal marine environments. The discharge of nitrogen from
terrestrial sources has increased dramatically in recent years, however, and many
coastal environments have suffered from accelerated eutrophication. Another
significant source of nitrogen for eutrophication is release from the sediment to the
overlying water. Organic detritus precipitated onto the sediment is mineralized to
inorganic nitrogen through nitrogen cycling at sediment-water interface, and those
regenerated inorganic nitrogen recycle into the overlying water. The purpose of this
study is to develop a whole ecosystem model including these nitrogen processes
quantitatively, which can be highly predictable and may be useful in relation to
management practices.

Processes involved in nitrogen cycling at sediment-water interface considering in
this study are as follows: :
1. Precipitation, sedimentation and rcsuspcnsmn of orgamc detritus
2. Mineralization of organic nitrogen and ammomum production
3. Nitrification (ammonium oxidation and nitrite ox1dat10n)
4. Dissimilatory nitrate reduction, dissimilatory nitrite reduction and denitrification
5. Pool sizes (concentraions) of nitrogenous compounds in different chemical -

forms in sediment and in overlying water
6. Adsorption of inorganic nitrogen ions to sediment particles -
7. Diffusion of inorganic nitrogen along concentration gradients through sediment
-water interface

The main factors regulating the above processes are biological, and the model will be
developped with special attention to the role of microorganisms, though there may be
great influence of animal activities (biodeposition, bioturbation etc.) on mtrogcn
cycling.

At the beginning, the seasonal patterns of denitrification activity at sediment surface




were studied at two stations in the most inner part of Tokyo Bay. One station (Stn. B)
“‘/as:sh'allow average water depth was around 1 m, and sandy sediment with very high
density of benthic organisms. The other station (Stn. E 3) was 10 m water depth and
muddy sedlment and the density of benthic organisms was low. The acetylene
inhibition technique was used with undisturbed sediment cores. The denitrification
activities were always higher at sandy sediment station (Stn. B) than those at muddy
‘sed.imcnt station (Stn. E-3). The maximum of activity was observed in the early
summer for the sandy sediment, and in the late spring for the muddy sediment. The
annual activities of denitrification were 562 mmol N m2 yr'1 for the sandy station, and
97 mmol N m-2 yr-! for the muddy station.

.In order to knbw the controlling mechnisms of denitrification at those sandy or
muddy sedlmcnts Wthh rmght cause the great differences in acnvxty between two
~ stations, mtrogen cyclmg at each station were estimated in July, at whlch denitrification
activity was the most active at sandy station, and in November (Fig. 1). There was a
high actmty in net ammomﬁcanon at sandy sediment in July and in November, but the
‘activity was vely little in both months at muddy sediment. The nitrification activity was
very high at sandy station in July, and close coupling of nitrification and denitrification
resulted in the highest activity of denitrification through the year. At sandy station,
most of oxidized nitrogen (nitrite and nitrate) produced at sediment surface (via
nitrification) and/or coming from overlying water was denitrified. This suggests that
denitrification activity is higher than the activity of dissimilatory nitrite reduction to
ammonia in the proéess of dfssimiiatory nitrate reduction at sandy sediment station. The
denitrification activity at muddy station was always lower than that at sandy station,
gnd_there were good co-relation between the denitrification activity in the sediment and
the .concentra'tions of oxidized nitrogen in the overlying water. This suggests that the
oxidized nitrogen denitrified at muddy station was mainly coming from the overlying
water, and nitrification activity might be very low at this station. At muddy station in

November, however, the nitrification activity was very high , and the concentrations of
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oxidized nitrogen was actually very high in the surface layer of the sediment. The
denitrification aétivity at the muddy station was still low even in this month, and this
might be due to higher activity of dissimilatory nitrite reduction to ammonia.- There
were many differences in the nitrogen cycling at two stations, and the effects of
physical, chemical and biological factors on the cycle and the regulating mechanisms of

the cycle should be clarified in the further investigations.
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52. Treatment of Industrial Wastes Containing Mixed Hazardous
Organic Compounds
(FY1988-1992)

M.Hirai, A.Miyazaki, T.Tanaka, T.Miyadera,
M.Takeuchi, T.Imagawa, H.Mishima

National Institute for Resources and Environment
Agency of Industrial Science and Technology
Ministry of International Trade and Industry

Hazardous wastes containing halogenated organic compounds should be
treated properly to avoid environmental pollution. Incineration is the
most feasible treatment for these wastes. However, it is important to
clarify the conditions of safe treatment because there is the possibility
of forming more toxic compounds during the incineration of some haloge--
nated compounds. . ' '

This year, in order to clarify the condit;ons of safe treatment of
certain halogenated compounds, computer simulation of thermal reaction,
thermal decomoosition experiment using stable isotope compounds ana flame
mode combust;on experiment were performed.

Numerical simulation of CH;Cl - 02 system was carried out to clarify
the decomposition mechanism of halogenated compounds. The effect of tem-
peraturé was large in CH3Cl + O, system and CH;Cl decomposed rapidly over -
1200°C. Reactions CH3C1 + OH = CHZCl + HZO and CH3C1 + Cl = HC1 + CHZCl :
dominate at 1100°C. » . '
Reactions CH3CI + 0 =0H + cazc1 and CH3C1 + H = HCls+ CH, also decompose
CH3C1 effectively at 1200°c. Addition of Hy to the CH3C1 - 0, systenm
caused the change of concentration distribution‘of OH, CO, CH, Cl1 ano'
resulted in the change of decomposxtlon rate of CH3C1 v o

The experiment with stable 1sotope(13C) was carried out to clarlfy
the reaction pathway for the formation of chlorinated benzenes and chlo-
rinated phenols, those are considered to be the precursors of
PCDDs/PCDFs. The model waste is the mixtnre of 13¢ 1abeled CHCl, ‘and
unlabeled n-CgHyy. A solution of 40wt% 13C—CHC13_in n-CgHy, was vapor-
ized in N2 stream and thermally decomposed in a quartz tube reac;or
heated by an electric furnace. .The 2/3 of this reactor from the en-
trance were pyrolytic (750°C) and air was supplied to the latter 1/3 of
the reactor(700°c).‘ Benzene, naphthalene, biphenyls and phenols were
formed together with their chlorinated derivatives. 13c contents of all'
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aromatic pfoducts were higher than the that of original mixture. The
average number of 13¢c in each aromatic compound became larger as the
number of chlorine atoms in the compounds increased. However, in the
case of polychlorophenols, 13C contents were relatively low in some
speéific isomers(2- and 2,4,6-). This phenomenon is explained that
significant parts of these isomers are formed by chlorination of phenol
or lower chlorinated phenol while other isomers were formed by oxidation
of chlorobenzenes. PCDDs were not detected in this experiment. Mono-
through tri-CDFs were detected and their 13¢ contents were similar to
those of PCBs of same level of chlorination. Isomeric patterns of di-
and tri-CDFs were compared with those found in MWI fly ash.

Degradability of chlorinated hydrocarbons were tested by flame mode
combustion experiment at the composition of H/Cl=2. n-Hexane was added
for the compounds those have lower H/C1l than 2. Trichloroethylene,
chloroform, carbon tetrachloride and 1,2-dichloroethane decomposed almost
completely when flame was stable. However, when the flow rate of air was
too high, the flame was lengthened and it became unstable. In such
condition, carbon tetrachloride and tetrachloroethylene were emitted as
incomplete deéomposition products. The upper limit of fuel/air ratio to
form stable,flame‘was_about 1.7. When fuel/air ratio for trichloroethyl-
ene/hexane mixture was 1.82, concentrations of emitted CCl, and C,Cl,
were 10ppm and 3.7ppm, respectively. Hexachlorobutadiene and hexachloro-
benzene wete,also formed at the order of 0.0ippm. The effect of other
éonditions such as fuel-rich condition or presence'of different hydrocar-
bon éhould be evaluated for more Qariety of halogenated compounds. -
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53. Treatment and Advanced Utilization of Asbestos Waste
by Transformation of the Fibrous Form
(FY 1990 ~1993)

" Hiroshi Sakamoto, Atsumu Tsunashima, Nobuyuki Kikukawa,
Katsunori Kosuge, Makoto Takemori, Masami Sugasawa,
Ikuo Tamori, Akihiko Ohi and Hidenori Yoshiyama,
Materials Processing Department and Atmospheric
Enviromental Protection Department,

National Institute for Resources and Environment,
Agency of Industrial Science and Technology,
Ministry of International Trade and Industry

Asbestos, which is a naturally occuring inorganic silicates, has been used in many
kinds of purposes because of the qualities of heat resistance,tensile strength,
resistance to chemical attack. And chrysotile is the most abundant asbestiform mineral
in industrial usage. But,it is well known that exposure to airbone fibres of asbestos
may results in diseases such as asbestosis, mesothelima and carcinoma of bronchus.
Appreciation of health hazards presented by asbestos has resulted in a reduction in the
demand for asbestos and an increase in asbestos waste arising. The largest volume of
asbestos waste are likely to result from the destraction, alteration and repair of
buildings. ‘

Asbestos fibres, paticularly chrysotile, are known to be attacked by acids and
acid treatment are likely to be capable of achieving a significant reduction in the
hazard of chrysotile ., The purpose of this research is to investigate the ability of
some chemical methods, for example HzSD} acid treatment, heating and acid dissolution
and wet grinding, to change the physico-chemical properties of chrysotile, and to
develop a new industrial usage of chrysotile in consideration of the removal or
reduction of its hazard.

In the second year of ‘the four-year research program, the bending and impact
strength of the fibrous amorphous silica prepared by H:S0. leaching of chrysotile was
measured to examine a ability as a filler. And, the structural damage (mechanochemical
effect) produced by wet grinding in water or HCl solution was investigated by XRD, SEM
and IR to convert the chrysotile fibers into fragments. '

Further, light scattering phenomena by small fiber was theoretxcally and
experimentally investigated. Scattered light intensity for stratified and unstratified
fiber was discussed and measured by'varying the reflactive index or radius of fiber. A
pultiwave laser dependent on scattering angle was used as light source. Sample Fiber

were made of silica glass and one stratified by polycarbonate. As the results,
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experfmental results agree with theoretical eslimation very well.

The results obtained are summarized as follows.

(1) Bending strength of the fibrous amorphous silica was comparable to that of
commercial glass fiber and pottasium titanate fiber. But the impact strength was
inferior to that of those materials because of bad dispersion of the silica in plastics.
(2) By grinding of the silicas in water with ball mill for 2~6 hours, the bundle made
up of many fibres was found dispersed into pieces of each fibre. Fibrous form was
maintained on this operation, so this silicas seemed to be relatively strong.

(3) The fibrous form was not varied by grinding of chrysotile and its heated materials
under 500°C in water and 0.12N-HCl solution for 24 hours. ‘ '

(4) Tt was possible to convert the fibers into fragments with heating chrysotile above
600°C by grinding in water and HCl solution over 15 hours. In case of water and HCl
solution with the concentration of less than 0.12N, the above variation of the form
occured, though dissolution of forsterite and amorphous material in the heated material
was scarcely found. On the other hand, the pronounced mechanochemical effect occurred

simultaneously with above variation and the dissolution of the components.
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54. Research on Waste Treatment of Aadvanced Technology Products (1)
(FY 1990~1993)

Hirosi Sakamoto, lsamu Saito, Takeo Tamagawa,
Naganori Rokukawa, Shigeru Kato, Mikiya Tanaka,
Tadao Moro and Yoshihisa Hamada

Materials Processing Department,

National Institute for Resources and Environment,
Agency of Industrial Science and Technélogy

Ministry of International Trade and Industry

Recent rapid development of electronic industry facilitates the use of
various electronic products in all aspects of our daily lives, resulting in
the year-by-year increase in the amount of scrapped electronic products
such as obsolete computers. From these waste, only valuable metals of Au
Ag and Cu are being recovered at present; however, small amounts of toxic
metals such as As., Sb, Pb and Cr etc. are contained in these vastes.
Although no countermeasure is taken to prevent the pollution from these
wastes, the rapid increase in the amount of these will be inevitable from
now on. Therefore, in order to establish a closed treatment cycle from
which no toxic material is discharged, this project consists of fundamental
studies on the incineration and the solution purification for the removal
of toxic materials and the recovery of valuable metals.

Several potential leaching agents were examined to evaluate the
feasibility of a wet process for treating some printed wiring boards (P¥B).
Leaching agents examined included dilute solutions of hydrochloric acid,
sulfuric acid, nitric acid, sodium hydroxide, ammonium hydroxide, ammonium
carbonate and ammonium thiocyanate. Leaching with various media was
applicable to certain selected items of PWB.

The results obtained in this fiscal year are summarized as follows.

(1) Cu, Pb, Sn, ZIn, Ni and Fe were readily dissolved at 50°C by dilute(0.5
N) HCl to yield metal chloride, but Al was not dissolved so much as well

as above metals.

(2) Results of the leaching of the -200 mesh fraction with 0.5¥ 1,30,
revealed that more than 90% of Cu, Zn and Ni in PWB was extracted at S0°C
excepl for Pb. It was presumed that Pb was transformed to insoluble PbSO..
(3) The incineration of P¥B at 400~600°C improved leaching of Ni. Zn and

Fe with acidic solution.




(4) Leaching of PWB with HNOs showed almost the same results as those with
H.S0, or HCI except for Sm. Sn was not detected in the leaching solution
because of the conversion to insoluble tin oxide. The extraction
percentage of metals in P¥B was over 95% under the best condition applied.
(5) The effect of thiocyanate(ammonium salt) was unambiguous because the
extractions of Cu, Zn and Ni were enhanced with increasing addition of
thiocyanate. More than 1M thiocyanate as well as the addition of Fe’" as
oxidizing agent would be necessary for extracting more than 90% of Cu. Au
and Ag were not dissolved with thiocyanate salt solution in the absence of
oxidizing agents. The extraction of Au was accelerated with the addition
of 1.0, as oxidizing agent, and the addition of Fe'" was effective for the

extraction of Ag.
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54, Research on Waste Treatment_of Advanced Technology Products (2)
(FY 1990~1933)

Akira‘Deguchi‘. Hiromi Takeuchi®, Hideo Hosoda®,

*a

Kazuhiko Niikawa®, Kensaku Haraguchi and thsuke Maekawa®
% Resources and Energy Engineering Department

**Applied Chemistry Department

Government Iindustrial Development Laboratory, Hokkaido,
Agency of Industrial Science and Technology,

Ministry of [nternational Trade and Industry

The electronic industry has developed rapidly and one of the
representative products is a computer, so that our daily life becomes
automatized and comfortable. Consequently, the amount of electronic
equipment for disposal is increasing. It contains toxic metals and there is
a danger of these metals diffusing to our living space.

To treat of advanced technology products without releasing the toxic
metals, this research involves the following mainly using printed wiring
board with some circuits (PWBC):

1) Combustion treatment to decrease their volume.
2) Solution treatment of the gas and residue from combustion process.
3) Design and evaluation of combustion process.

As a part of series of the program, the following studies were
conducted during the 1991 fiscal year.

1) The fate of metals in washed P¥BC, in a combustion process, are divided
between three streams: residual ash, captured ash and emitted ash. That of
pure metals, cadmium, copper, lead and chromium, was experimentally studied
using a small-scale experimental apparatus. Metals vere found primarily in
the residual ash. In some cases, the condensation of the vaporized metals
were observed in a part of the experimental apparatus where the temperature
vas relatively low comparing with another part. This incination was
distinguished in the case of cadmium under the atmosphere of nitrogen

2) The fate of PWBC and toxic metals were observed using a batch-type
electric furnace. Experiments were performed with the furnace temperature
being equal to 400, 600, 700 and 800 °C. The higher the temperature, the
faster the completion time of the combustion. The emission rate of NO. was
not affected by the furnace temperature and ranged from 9 to 488ppm. To
measure the ratio of weight loss of wasted P¥BC in a process of combustion,
four kinds of PWBC were used. As a result, the weight of wasted PWBC could
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be reduced from 26.6% to 45.5% These difference comes from the difference
of the company, the produced age, the type of machines and so on.
Furthermore, it was clear that the toxic metals were mainly split
betveen the residual ash and the captured ash by the quantitative analysis.
Concentration of metals in ash vere determined using an inductively coupled

‘plasma atomic emission spectrometer (1CP-AES).
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§6-1, Microbial Treatment of Natural
‘R u b ber and Plastic Waste
( FY 1991-1995 )

Kiyoshi Takeda, Yutaka Tokiwa, Akio Tsuchii and Eiichi Mikami

Chemical Ecology Division

Microbe Application Department

Fermentation Research Institute

Agency of Industrial Science and Technology

Ministry of International Trade and Industry

Conventional plastic and rubber materials are causing the serious
global environmental problems since the majority of them are non-biodeg-

radable and are not disposed by ecological systems. Recently various kinds

" ®of articles using natural rubber and biodegradable plasti;s are on the

market.

In order to establish the microbial treatment processes of rubber and
plastic wastes which contained biodegradable materials such as natural
rubber and aliphatic polyesters, natural rubber- and polycaprolactone .
(PCL)-degrading microorganisims were isolated, and effects of some factors
on bioderadability of plastics were studied.

Twenty-five strains of Actinomycetes and four strains of Bacteria ,
vhich ﬁere capable of utilizing natural rubber as sole carbon source
were isolated from soils and deteriorated rubber products. Baiting Method
was used to obtain orgdnisms which directly attack solid rubber. Among

‘them, 4 strains degraded more than 30 % of gloves rubber in pure cultures.
9 strains degraded 11 to 26% of the rubber after 4 weeks cultivatipn
period. All the other organisms were also able to degrade naturél rubbér»
slovly, though the weight losses were less than 10% ih the same,béfiod.

2 Actinomycete strains in our culture collection were found to be very
strong decomposer of solid rubber. They degraded glove rubbdber combletély
vithin 2 or 3 weeks. One of that two strains degraded the :ubber of tyre

“ tread, but at an extremely slov rate.
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Some polycaﬁrolactone(PCL)-Qegrading fungi and bacteria were isolated
from PCL-raw cornstarch(CS) blends and PCL-talc blends wvhich vere degrad-
ed in soil for six months. But their PCL-degrading activities vere not
strong.

In order to improve the physical properties of PCL and learn what
factors aside from chemical structure make conventional plastics non-
biodegradable, ve studied the biodegradation of blend plastics containing

from 10 to 90 wt¥% PCL by Rhizopus arrhizus lipase. PCL was readily decom-

posed by the lipase. The biodegradability of PCL changed when it was
blended with other kinds of plastics. The blends of PCL and polyethylene
(PE) (up to 70 wt% of PE) or polypropylene (PP) (up to 60 wt% of PP)
retained high biodegradability of PCL. In the case of the blends of PCL
and nylon-6 (NY)or polystyrene (PS) (up to 50 wt% of NY and PS), the bio-
degradability of PCL did not change so much. In contrast, thé susceptibi-
ity éf'blends of PCL and polyethylene terephthalate to hydrolysis by the
l1ipase dropped off markedly.

Bffect of phase structure of PCL-PE blend yarns on biodegradability
was examined. When PCL was in continuous phase in these PCL-PE blends,
these blends disintegrated after biodegradation of PCL. On the other hand,
vhen PCL is in dispersed phase, the PCL-PE blends could not be destroyed
even after biodegradation of PCL.

Effect of blend sample miscibility on biodegradability was examined.
The miscibilities of the blend samples containing 50 wt% PCL vwere observed
with a scanning electron microscope after removal of the PCL. The PE, PP
and NY resin particles were larger than the PS. In general, it seems that
the higher the miscibility of the PCL and conventional plastics, the more
difficult it is for lipase to degrade the PCL in the blend.

It vas found that the weight ratio, phase structure and miscibility

.of blend plastics cdntaining PCL affected their biodegradabilities.
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55-1. Microbial Treatment of Natural Rubber and Plastic Waste

(FY 1991~1995)
Noboru Yamamoto, Atsuyoshi Nakayama, Kazuko Hayashi,
Taichi-Ichihashi, Minoru Ukita and Jun Iyoda,
Organic Material Department,
Government Industrial Research Institute, Osaka,
Agency of Industrial Science and Technology,
Ministry of International Trade and Industry

This research aims to establish a technology for biological degradation of
rubber and plastic waste. To achieve ' this object, the following basic
investigations are essential, the clarification of factors affecting the
biodegradability, the preparations of standard biodegradable polymers, the
development of methods for the evaluation of the biodegradability and their
standardization. o ' . . o

In the present study, various biodegradable polymers have been prepared by
several chemical approaches. These contain aliphatic polyesters, copolyeste;s,
copolyesterethylenes, copolyesterethers and copolyesteramides. The new
polymers were characterized with IR, GPC, DSC, 'H and '3C NMR spectroscopy.

We have first prepared a new type of aliphatic polyesters, copoly-
esterethylenes(PEEs), having the mechanical properties similar to a low density
polyethylene. PEEs were synthesized by a polycondensation of a higher
dicarboxylic acid with poly(e-caprolactone)diols of the molecular weight of
1000, 4000, and 10000. The polymerizations were carried out in the presence
of dibutyltin oxide for 6 and 22 hours at 180~195C with stirring under 1~3 Torr
of nitrogen (84~88% yield). The produced polymers have the maximum tensile
strength of 20MPa and melt in the range of 50 to 57T. The molecular weight
(Mn) of PEEs was ranged 20000~30000. PEEs are soluble in chloroform and
dichloroethane.

The novel copolyesters containing j-methyl-§-valerolactone(NVL) unit were
preliminarily produced. The random copolymers from MVL and L-lactide showed
excellent mechanical properties. The properties can be changed from plastic
to elastomer, according to the composition ratio of both monomer units. The
studies on the copolymerization of MVL with other cyclic esters are mow in
progress. » '

A series of copolyesterethers were synthesized by a ring-opening copoly
merization of ethylene oxide or propylene oxide with cyclic esters, J-propio-
lactone, ﬂ-butyrolactone, pivalolactone, 7-butyrolactone, glycolide, L-lactide,
t-caprolactone and MVL, by using various organometallic compounds as initiators.
Copolyesterethers from MVL and ethylene oxide or propylene oxide were newly
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synthesized in this study. In general, block copolyethers were produced.
However, some selected initiators, which depend on the combination of both
monomers, gave random copolymers. ' ’

The copolyesteramides were produced by a ring-opening copolymerization of
t-caprolactone with ¢-caprolactam or with a- pyrrolldone :iﬁ the presence of
alkali metal catalysts. The NHR data suggested that the copolymers are
constructed by the short blocks of both monomer units. The copolymers were
soluble in usual organic solvents. The copolymers of e¢-caprolactone with
¢-caprolactan showed molecular weight (¥n) of maximum 20000 and good
processability to form into transparent film or'shéet
Y The films of blends of a copolyesterethylene with blopolyesters, poly
(s-hydroxybutyrate) and  copoly(3-hydroxybutyrate/3- hydroxyvalerate) were
‘piepafed;> The blends showed good compatibility in the range of 5~ 20 wtd
of the latter. The mechanical properties were measured for the films prepared
by a solution cast method. ‘ -

’ The biodegradability for these polymers was evaluated by enzymatic
hydrolyses and ' burial in soil method. Enzymatic hydrolyses were carried
out' in phosphate buffer solution (pH7.4) at 37C. The enzymes used were
lxpases (Candida cy]zndrzacea and Rhizopus arrhzzus) and 'hog liver esterase.

' The degradation was evaluated by measuring water soluble products using a

TOC ‘analyzer. ' Most of these copolymers were enzymatlcally degradated " The
soil burial tests were carried out for the film (100sm) samples in Apr11 for two
‘or four weeks. The copolymers were also degradated by mlcrobe in soil. ~ The

change of molecular welght and mechanlcal properties were measured before
) and after tests. ' : '

’ "“There are many “factors affecting the biodegradability. They are the
‘chemical structure of the main chain, presence of alkyl substituent, the content
“of ester bond, the melting point, the crystallinity, the randon dxstrxbut1on of
the constructed units and the hydrophilicity. The biodegradability of copoly-
“esterethylenes was increased with the increasevof the ester bond content. The
“rate of the enzymatic degradat1on also affected by the shape of the sample. the
surface areas. \

The effects of above factors on the enzymatic hydrolysis of the copolymers
containing aliphatic ester linkage mainly examined on the copolyesterether
series. The biodegradability of these polymers was accelated by the increase

“with the hydrophilicity and the irregularity in the main chain. On the other
"hand, this was depressed by the presence of methyl substituent and the high
meltlng point. - ‘ -

‘ * These copolymers and blend materials having different degradatiorn duration
-are considered to be useful as biodegradable standard polymer samples.
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55-m. Microbial Treatment of Natural Rubber and Plastic
Waste
(FY 1991-1996)

Takashi Masuda, Akio Matuda, and Shigemitu Shin

Surface Chemistry Division '
National Chemical Laboratory for Industry
Agency of Industry Science and Technology
Ministry of International Trade and Industry

Rubber and plastic articles are being widely used for various
purpose and their total amount has recently shown a marked
increase. As the majority of rubber and plastic articles are not
decomposed in natural environment, however, a problem of pollution
due to their wastes has now been regarded as important with
increase in the amount of the articles used. Therefore, development
of process for disposal of rubber and plastic wastes is extremely
desired now.

The purpose of our study is to establish analytical methods for
determining the biodegradability of synthetic polymers and to search
the methods to increase the degradability of synthetic polymers.

The results obtained in FY 1991, the first year of the 5 year
research program, are summarized as follows: ‘

1. Assessment of methods for determining the biodegradability of
synthetic polymers

The modified MITI methods utilizing decomposition by
activated sludges and the method testing the degradability by
burying the sample film under the ground were useful as the
analytical method for determining the biodegradability of synthetic
polymers.

2. Factors affecting the biodegradability of synthetic polymers

1) The following trend has been recognized with respect to the
degradation rate of poly(3-hydroxybutyric acid) in some soils.
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- Compost >> Leaf Mold > Copse Soil > Base Manule

2) Itis reported that polyglycolide is hydrolyzed nonenzymatically.
However, in this study, the modified MITI method showed that
polyglycolide was biodegradable.

3) It was found that the blend of polycaprolactone with
polyglycolide showed improved biodegradability in comparison with
polycaprolactone. Similar improvement was found in the cases of
poly(3-hydroxybutyric acid) , and a copolymer of 3-hydroxybutyric
acid and 3-hydroxyvaleric acid.
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56. Control of Structure-Borne Noise
(FY 1988-1991)

Yoshitaka Tatsue, Nobuo Tanaka,

Yoshihiro Kikushima and Masaharu Kuroda
Machine Dynamics Division, Machinery Department
Mechanical Engineering Laboratory

Agency of Industrial Science and Technology

Ministry of International Trade and Industry

This report deals with the active control of structure-borne noise
radiated from a vibrating plate. It is the purpose of this paper to
present a wave control method of a distributed parameter system such a
plate. This péper also aims to show the results of visualizing wave
propagation. Unlike a conventional modal based control method, this
method has the potential of suppressing all the vibration modes of a
structure. First, from an analytical point of view, this paper
presents three kinds of flow patterns in controlled vibration
intensity; that is,

(1) straight flow patterns from exciting point to control pbint.

(2) S shaped flow patterns, and »

(3) rotational flow patterns around the exciting point and control
point. v -

Then, the existence of these patterns are verified experimentally.
Next, relationshibs between vibrational and acoustical intensity are
discussed, and also the acoustic power, acoustic pressure in terms of
these patterns are clarified. Furthermore, the characceri§tics of the
rotational patterns are clarified, and a mean to generate the vortex of
vibration intensity at an arbitrary position of a plate is presented.
with a view to applying the active wave control method for suppression
of all vibration modes of & distributed parameter system, a new type of
moment-driven actuator ﬁsing a piezo-ceramic stack is presented.
Actuators for this purpose are required to be small and light, and
still have enough power to control low freguency vibration. So, the
fundamental characteristics of the actuators are shown in this paper.
Then utilizing the moment actuators, an experiment is carried out to
suppress the vibration of a thin plate from the viewpoint of active

wave control method, demonstrating three basic patterns of vibration
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the

(1,8)Mode,

(2,3)Mode, 175.0Hz

the distribution patterns of the acoustic
to each power flow are also shown,

(1,2)Mode,56.0Hz

Finally,

Straight type

(1,1)Mode,35.0Hz

effectiveness for suppressing the structure-borne noise being verified.
1.8

intensity corresponding

intensity flow.
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57. Psychological and Physiological Measurement
of Fluctuating Low Frequency Noise
(FY 1988 - 1991)

Neiichi Nagamura, Yukio Inukai, Hideto Taya, -
Akio Utugi, Hiroyuki Kodama and Tomoyuki Yoshida
Industrial Products Research Institute,

Agency of Industrial Science and Technology,

Ministry of International Trade and Industry

In order to obtain the basic data to establish the measurement and ‘eval-
uation method of fluctuating low frequency noise (FLFN) human responses to
FLFN were investigated in psychophysical and psychophysiological experiments
especially concerned with a typical impulsive FLFN i.e. sonic boom in the
present year. And also some measurement and evaluation systems were
proposed.

The psychophysical experiments were as follows. At first a stimulus
presentation system was constructed to generate impulse waves which were
simulated to aircraft sonic booms (N shaped pressure waves). And psycho
physical experiments were conducted to obtain subjective ratings of the
impulsive FLFN stimuli generated by the above constructed system. In the
experiment, the effects of impulsive peak SPL rising time and duration time
on human responses were examined. As the results, the obtained ratings
jnereased in accordance with the increment of peak SPL and the durafion ﬁime
from 100 milli-seconds to 120 milli-seconds. And the ratings decreased es
the rising time increased. H |

In an additional experiment, time-constants of human sense were examined
by analysis of the continuous ratings of a actual FLFN sample. As the
results, it was suggested that the time-constant was ebout 1.2 second for
subjective total intensity and there were great differences in time—
constants depending on rating items. For instance about 2 seconds for dis—
comfort and 4.5 seconds for pressure feeling were suggested'from‘the experi-
ment. . . ' o

A new measurement system was constructed for the total evaluation of
FLFN on the basis of the correlation analysis of overall data obtained conc-
erning relationship between human psychologicel responses and physical prop-
erties of FLFN. And the usefulness of the measurement system was examined
through its application to actual FLFN samples. A ; :
In the physiological study two experiments were performed to obJectively
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evaiﬁate the effect of fluctuating low frequency noises on the.cognitive‘or
emotional process in the central and autonomic nervous systems. .

In the first experiment, interference and motivation effects on the
cognitive process during the mental works in which subjects had to detect
the given serial number were physiologically compared betﬁeen the actual low
frequency noise and natural sound condition. The cortical evoked responses
to feedback tones which occurred when subjects detected the given number
were measured in all conditions. The result showed that the low frequency
noise decreased the working-ratio and amplitudes ofv evoked responses to
feedback sounds. Especially this effect was manifest in the low motivated
condition. |

In the second experiment, the effect of low frequency noise on emotional
states of subjects was examined under the same condition as -the first exper-
‘iment. The frequency fluctuation of alpha wave and variation of heart beat
were measured under both low frequency noise and natural sound condition. As
a result these measures were highly correlated to emotional states (Fig.1)
suggesting the measure were good indices to evaluate the phyéiologidal effe-
ct of low frequency noise on subject's emotional states (comfort or discomf-
ort). ' » -

On the basis of these findings the physiological measurement system for
low frequenecy noise evaluation was constructed. ‘ '
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Figure 1. Power spectrum of frequency
fluctuation of alpha waves.
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58. Outbreak and Propagation Mechanism and Measuring
Method of Impulsive Low Frequency Sound
(FY 1990-1993) ‘

Shinichiro Yamao, Takehiro Isei, Masayuki Sagisaka,
Sunao Kunimatsu, Atsuko Numao, Hiroyuki Imaizumi,

" Tateki Mizuno, Koji Kitabayashi, Susumu Yamamoto,
Hiroshi Yoshikado, Hiroaki Kondo, Norimitsu Shikada,
Makoto Tanaka, Tadashi Suzuki, Michiaki Kinoshita,
and Satsuki Uchida
Safety Engineering Department, Chief Senior Researcher,
Environmental Assessment Department and '

Coal Mine Safety research”Center}‘Kyushu}
National Institute fof‘Resources and Eﬁvirbnment,
'Agency of Industrial Science and Teéhnology,‘
Mihistry 6f'Interna£ional Trade and Induétry _ .
By the reason of uniqueness of impulsive low frequency sound for exampleb
due to blasting, many measurements and discussion have been conducted since
old time, however, there are many unsolved problems concern with such
impulsive low frequency sound. Such impulsive low frequency soﬁnd is detected
sometimes by human body based on some oppression feeling or secondary
clattering noise of some structural parts of building. There are many sources
of such impulsive low frequency sound in the daily life environment such as
blasting operation, traffic impulse against bridge beam, sudden release of
high pressure gas and others. In such situation, there is no standardized
measuring method, evaluation method and propagation estimation calculation
method up to date.
The purposes of the study are to establish'folloWing technique based on
both field measurements and theoretical discussion;
(1) Measuring and evaluation method for impﬁlsive low frequency sound
(2) propagation attenuation estimation method of impulsive low frequency
sound '
(3) Response of structural parts of building against impulsive low frequency
sound ‘ , ‘ j ) ' ‘
As the second year of.the_study, experiments at both laboratory and
fields have also been conducted as same as the firs; year and theoretical
discussion have also been carried out concerning with the eﬁtimation method

for propagation attenuation. Study results are briefly summarized as follows;
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(1) For the purpose of physical exact measuring, precise comparison of
measured wave form of blast souud by using severalltypes of measuring setup
including sound level meters on the market were carried out. The frequency
response of each measuring setup have also been examined. Through the
discussion, it was found that the measuring setup have to cover the frequency
range more than one Hz for the exact measurlng of blast sound and due to
frequency shift to lower side of blast sound during propagation, measuring
error of sound pressure_level become larger at measuring points located at
longer distance in case the measuring setup only cover the_higher‘ﬁrequency
range such like more than 20 Hz. Such errors sometimes exceed more than 10 4B
at distance around 500m from source. The position of interest of blast sound
usually locates at a distance more than several hundred meters away from
blasting face, and so, such errors may results in under estimation of the
blast sound at the location of interest. 1In case for measuring at near
position to blast sound source, setup with both wide frequency and wide
dynamic range have to be prepared. ‘

(2) A new wave form estimation method have peen developed for the purpose of
attenuation estimation and control of impulsive low frequency sound. As the
attenuation duriug propagation is calculated at each frequency component, the
original wave form of impulsive blast sound is transformed to frequency
spectrum by the Fourier transformation method. And the frequency spectrum‘at
a receiver after propagation is derived by subtraction remainder from the A
'Fourler spectrum of the original wave and the attenuation value of the same,
frequency calculated by the acoustical theory. The estlmated wave form at a
recelver can be derived by the inverse Fourier transformatlon of the estlmated
spectrum. Current calculatlon model of impulsive wave form at a receiver only
allow for the effect of ground surface, however, this model w1ll be modlfzed
to allow for the effects from meteorologlcal condition. General tendency of
the calculated results in both frequency shift to lower 51de_and attenuation
shows good agreement with measured results.

(3) From measured results at llmestone quarries, dlstance attenuatlon of blast
sound durlng propagatlon, effects of meteorological condltlon on propagatlon,
dlrect1v1ty index of the bench blasting and others have been dlscussed. Many
measured results show the effects from ground surface, meteorologlcal
condition, topography of propagation field, dlrect1v1ty of sound source and
others. Some effects of them are able to be explained through the new
calculation model mentioned above. The directivity index of blast sound from

a bench blastlng have been derived through several measurements.

137



59. Development of Air Monitoring for Individual Components
in Suspended Particles. '
(FY 1988-1992) ,
Masaaki Kubota, Masayasu Kurahasi, Kenji Kato
National Chemical Laboratory for Industry
Agency of Industry Science and Technology
Ministry of International Trade and Industry

Suspended particles in the atmosphere originate in natural and in
artificial phenomena such as sea spray, sand storm, diesel exhadst;
photochemical reactions and so on. Therefore, the particles céntain variety
of components. It is necessary to discriminate each components for
monitoring the air pollution. In addition the occurrence of these particleé
and composition of the particles vary with industriai activity and tréffic
volume as well as weather. This study is aimed to develop a';echnique'to
monitor the individual components of the particles and photoaébusfic
technique was applied for this purpose. This techniqﬁe will also enable an
on-line monitoring of air pollution by suspended particleé. ‘ A“

Photoacoustic apparatus, that was main part of the monitoring system,
was assembled and the performance was examined in the near infrared region
this year. Suspended particles in the laboratory air and soot from
- paraffin flame was detected with ample S/N ratio by the photoacoustic
apparatus using a semiconductor IR laser with a optical fiber output.
Figure 1 shows the schematic a schematic diagram of the apparatus.
The photoacoustic cell was double tube resonance type with outer .(ID=70mm,
L=500mm) and inner tubes (ID=15mm, L=400mm). Signal intensities for various
air samples are shown in Table 1. Soot concentration was measured by
weighing mass increase of filter exposed to the constant volume of the
sample air. Estimated sensitivity of the apparatus was about 1.1mV/mg/m'3.

Near infrared absorption spectra of various particle samples and
reagents such as kaolin, chrisotile, calcium sulfide, ammonium nitrate and
so on were measured with the use of FTIR spectrometer for examining a
feasibility of components discrimination by measuring‘IR spectra of
particles. Near infrared photoacoustic spectra of suspended particles of
kaolin was measured using the photoacoustic apparatus equipped with an
infrared pulse laser system with Nd:YAG, dye and nonliner optics. Suspended
kaolin particles were generated by a fluidized bed particle generator.
Figure 2a shows the photoacoustic spectra of suspended kaolin particles
between 2700 and 2710nm. Absorption peak of Kkaolin was observed at
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2705.5nm, and peaks at about 2701.2nm and 2709.4nm was assigned to
absorption band of water. Figure 2b shows the absorption peak of kaolin at
2705.5nm with integration of 256 time. The spectral resolution was about
0.2nm_(=0.280m'1). It may contribute a. components discrimination.
Absorption bands of kaolin overlapped with that of water in the atmosphere
and can not .be resolved each other in. the spectra measured by the
conventional FTIR spectrometer with a resolution of dcml, but those
measured with the use of the pulsed IR laser photoacoustic spectrometer can

easily resolved each other.

Table 1. PA-signal intensity for
various alr samples.

sample intensity/mV Soot/mgm™°
soot/air 12.3 9.5
soot/alr 7.2 6.7
soot/air - 4.7 3.7
soot/air 2.4 .. 2.4

~room air  0.011-13 -
" filtered air 0.007 -
pure nitrogen 0.001 -

Figufe 1. The schematic diagram of the photoacoustic apparatus.
DL:NIR diode laser(806nm), HS:heat sink, OF:optical fiber, PS:diode
power supply, CL:collimator lens, PC:photoacoustic cell, PA:pre-amp.,
PM:power meter, A/D:analog to digital converter, LA:lockin-amplifier,
I0:interface, RC:chart recorder, MC:micro-computer.
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Flé.z, NIR PA-spectra of suspended kaolin by pulsed laser excitation.
Integration is 16(left) and 256(right) times for each spectra.
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. 60. Evaluation and Measuring Method of Source Dust -
in Consideration of the Relation with SPM
(FY 1988-1991)

Ikuo Tamori, Akihiko Ohi, Shoji Ohishi, Hidenori Yoshiyama
Nobuyuki Kogure, Masaaki Shirahase, (Hideo Ohuchi)
Atmospheric Environment Protection Department,

National Institute for Resources and Environment,

Agency of Industrial Science and Technology, -..-

Ministry of International-Trade-and Industry

.Since environmental quality standard for suspended particulate matter
(SPM) was enacted in 1972, compliance rate with the standard has stnyed low
level (50-60%) in Japan, and it is a significant administrative problem to
improve the compliance rate. v o -

As one of the causes that the compliance rate could not be improved, it
is inferred that current public method for measuring source dust can not
accurately estimate the actual condition of substances emitted from sta-
tionary sources which might change to SPM in the ambient air. The sub-
stances emitted from the sources are cooled, condensed or oxidized in the
air, and then changed into particles so- called condensed dust.

This research aims to establish the new measuring methods in considera-
tion of the relation with SPM. ‘, - ' »

In the fiscal year 1991, following 1nvestigat10ns and experiments were
conducted. v ‘

(1) Characteristics of dusts emitted fromva stack of experimental
combustion furnace fueled with A-heavy oil were investigated by using a
flue gas dilution sampling system. The sampling system is designed to
measure condensed dusts which generate from condensation of gaseous matters
" during the process which the flue gas is emitted from the stack into atmos-
phere and mixed with air. The flue gas in the stack is sucked into the
sampling system and mixed with air in a dilution duct.

A large amount of the condensed dusts generated depending on the sam-
pling conditions, and the concentration increased with decrease of the gas
temperature and the dilution ratio. Dust concentration measured by the
sampling system agreed with one measured by a Type 1 dust sampler in the
plume near the exit of the stack; and it was found that the sampling
system could measure and estimate the condensed dusts from stationary

sources.
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~ Furthermore, the‘source contribution to SPM was calculated by chemical
.mass balance method in consideration of the effect of the condensed dust on
source data It was shown that stationary source contribution could in-
crease with increase of the condensed dust because the index elements of
source dust_were'dilnted with the condensed dusts.

(2) The inversion method to estimate the éize distribution of particles
with the extinction spectrum was_investiéated. A single value decomposition
was applied to this inversion method. When Junge and Log-normal types were
assumed as the functions of particle size distribution , those distribu-

" tions were generated from the extinction .spectra which were calculated by
given size distributions and kernel functions.

As shown in Fig.1, a good 1nversion solution was: obtained even when
the extinction intensity had only effective digit of two: It was found
that the accuracy of this method depended on the divisioninnmbers‘inithe
analysis range of the particle radius and the wave length. The singular
value decomposition to the light extinction is useful in size distribution
analysis
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61-1. Psychological and Physiological Measurements
of Fluctuating Offensive Odors.

(FY 1990-1993)

Neiichi Nagamura, Tsugutake Sedoyama, Sachiko Saito,n
Tomoyuki Yoshida and Kokoro Iio.

Human Factors Research Department.

Industrial Producto"Research Institute.

Agency of Industrial Science and Technology

Ministry of International Trade and Industry.

The number of reported complaint about offensive odors is the second
next to sound-noises among complaints of life-dependent pollution. However,
a countermeasure for odor regulations is not sufficient, because the ‘
1nfluence of fluctuating odor is not always considered to evaluate
offensive odors. Especially, there are few researches about the effectfof
intensity and time-pattern of fluctuating offensive odors on human. '
Accordingly, the purpose of this research is to establish the evaluatién
system for fluctuating offensive odors.

In this year, the degree of unpleasantness to offensive odo:s=wes.A

investigated from the point of occurrence-timing pattern of fluctuating

odors. First of all, psychological and physiological responses betwee,
intermittent and the lasting pattern of odors were compared. Tben, the
examined method to measure continuously the physical concentratxon of a
fluctuating odor was examined. i T _lﬂﬁ

Fluctuating odor was presented to a subject in the odorless small :
room, using the olfactometer system which was made specially to control the
timing (frequency of occurrence and duration of odors) (Fig.l), and the
subjective intensity or the degree of unpleasantness was measured in every
10 seconds or continuously. In addition, the final degree of unpleasantness
was measured after the finish of exposure of the fluctuating odor. '

In the experiment, six kinds of fluctuating odor which were consisted
of only triethylamine with different concentration were presented
individually to a subject, and the degrees of unpleasantness were compared
between the lasting and the intermittent pattern.

As the results, the degree of unpleasantness for the intermittent
odor, in which the combination of odor (20 s) and interval air(40 s) was

repeated for 10 minutes, was similar to that of the lasting odor, though
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the éxposing volume of intermittent odor was approximately 20% less than
‘that.of the lasting odor. '

In addition, the rhythm patterns in both intervals of heait-beat and
-frequency fluctuation of alpha wave in EEG which were measured
‘simultaneously changed according to the intermittent pattern of fluctuating
odor. In the further experiment, the degree of unpleasantness for the
_intermittent odor was significantly higher than that for the lasting odor
under the same exposing volume condition.

' These results show that the intermittent pattern is more unpleasant
than lasting pattern in the case of triethylamine which is mostly described
as'the‘offensive rotten or excretal odor.

‘ On the other hand, the concehtration of fluctuating odor applied in
the‘exﬁeriments was continuously measured using both the gas sensor-like
method and the gas chromatography hethod which were directory controlled by

the valve switch of the olfactometer.

DBy vave 000 eecee--- air F-1~3  mass flow controller
N electricvalve ‘ odor v odorant
A charcoal lilter M flowmeter D-1~2  exhaust hole
B  dehumidifying filter [o] control board l-1~2  air hole

-

Fig.1 Ollactometer and evaluation system for fluctuating odor stimuli
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61-2. Psychological and Physiological Measurements fof‘Flﬁctuating
Offensive Odors
(FY 1990-1893) ,
Mifsuo Tonoike, Mari Nakamura, Takashi Hamada and
Masamine Takebayashi .
Bioelectronic Interface Sectlon foe Electronlcs Research Center
Naoko kasai, Advanced Metrology Sectlon
Ryuzo Horiuchi, Acoustic Section
Metrology'Pundamentals Division
Electrotechnical Laborétery'
- Agency of Industrial Science and Technology
Ministry of International Trade and Industry

2. Physiological Measurements and Evaluation of Unpfeasantness for

Fluctuating Offensive Odors k

Fluctuating offensive odors give us the various psychological and
physiological effects and hurt our feeling. Therefore, objective
measurements and evaluation of “unpleasantness” for offensive odors are
earnestly demanded. B » '

" The purpose of this study is to establieh psychological and
physiological measufements and evaluate a measuring standard for
fluctuating odors. '

01factory evoked potentials(0EPs) and event felated potentials(ERPs)
have been measured using our odorant pulse-stimulation technique as the
objective method for the testing of human olfaction. Hovwever, as the
olfactory nervous center inner brain is estimated to locate in the deep
region, we try to detect the direct responses of these nervous activities
from the neuromagnetic field. B ‘

A new DC-SQUID sensor system was constructed with high sensitivity.
vhich was designed as a suitable dimension of the pick up coil vith 30ung,
60 mm baseline length to detect the olfactory'neurohagnetic field. A new
typed magnetically shielded room constructed last year was tested by flux
gate magnetometer and a nev olfactory stimulator was also used with
nonmagnetized materials. o

In the present stﬁdy, the folloving summaries are obtained.

1) We developed the OEP method by using the separation technlque vith
trigeminal responses and olfaetory responses.

2) ERP method including CNV and the analyses of topographical patterns were
also studied to apply the evaluation of unpleasantness of odors.
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3)

4)

§)

We tested the new magnetically shielded room with Scm thickness of
aluminum panels, and obtained the good shielding factor of 50 ~ 100 at
60 Hz and about 270 at 500 Hz frequencies. ' :

Ve succeéded to take the sharp odorant pulse with 100 msec duration
using a new vater-controlled olfactometer. However, sound noise and

vibration effects entranced to mix in the experimental data. Now, we

“are trying to reject these noises.

New fuzzy technique is applied to evaluate the unpleasantness of
offensive odors for our human sensation with the phenomenon of olfactory

fatigue.
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62. Rapid Determination Techniques of Pollutants
in Groundwater '
(FY 1887-1991)

Masanao Hirai, Kenji Bansho, Akira Miyazaki
Hiroaki Tao, and Takashi Imagawa

Hydrospheric Environmental Protection Department,
National Institute for Resources and Environment
Agency of Industrial Science and Technology,
Ministry of International Trade and Industry

Groundwater is regarded as one of the precious water resoutcest,
However, in recent years it has been found that groundwater is'widely
polluted by chemical substances. Since groundwater is difficult to clean
if it is once polluted, prevention of the pollution is important. Rapid
analytical methods for pollutants, therefore, is essential to sufficient-
ly monitor the quality of groundwater. )

The object of this investigation is to establish rapid and remote
measuring methods for pollutants in groundwater by using laser and
optical fiber. This investigation consists of two parts; 1) the develop-
ment of remote optical fiber fluorometry and chemiluminescehce for the
determination of organic pollutants such as toxic chlorinated organic
compounds, and 2) the development of laser enhanced ionization (LEI)
methods for the determination of trace inorganic pdllutants.

In this year, following results were obtained.
1)Organic pollutants ‘ o

For the determination of chloroorganics, fhe sénéor developed .in
last fiscal year was improved. The sensor is based on the reaction of
chlorine gas with luminol followed by chemiluminésdence detection. For
the oxidizing agents of chloroorganics to chlorine, HNO4 + H,80, and
NaNO3 + H,SO, were tested. The addition of nitric acid or sodium nitrate
enhanced the chemiluminescence, and sodium nitrate was more effective for
the enhancement. Therefore, NaNo3 + Hp80, was selected as the oxidizing
agent. Addition of toxic lead compounds, which was reported in the last
year report, was not necessary. Thus the sensor was made more easily and
rapidly. The optimum pH of lumninol was 8.5, which was the same as the
optimum value when Pbo2 + Pb(N03)2 + H,S0, was used. The optimum concen-
trations of luminol, Hy0, and sodium borate were 0.005, 0.02 and 0.05 M,

respectively. Stirring of the groundwater around a gas-permeable mem-
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brane was necessary to promote the diffusion of chloroorganics in the
§round§ater. The stirring led to enhance the chemiluminescence intensity
because of the increase of the amount of chloroorganics passing through
the membrane. Calibration curve for trichlorocethylene with the improved
sensor was linear at least from 0.05 to 0.6 mg/l and the relative stand-
afd deviation (n=6) for 0.5 mg/l was about 3 %. Detection limit was
better than 0.03 mg/l. Tetrachloroethylene was also measurable with the
sénsor although the sensitivity was about 1/4 compared with that for
trichloroethylene.ﬁThese results were obtained using a 1 m optical fiber
sensor. A 10 m optical fiber sensor with photoncounting detection also
showed the detection limit for trichloroethylene better than 0.03 mg/l.
In addition to the luminol method, pyrolysis of chloroorgacis by a plati-
num filament was tested. With this method, calibration curve for trichlo-
roethylene wéé linear at least from 0.1 to 1 mg/l. However, the sensor
wifh this méthod was stable around 2 hours in contrast to the sensor with
théloxidizing agent (around 15 min.).

Zjlhorganic pdllutants ‘

Laser enhanced ionization spectrometry (LEIS) at 276.79 nm was
in#éstigated for the determination of Tl. At thisvwavelength, detection
liﬁiﬁ was 0.043 ng/ml at 200 fold concentration by the solvent extraction
with A?DC-HMAHHDC/DIBK. The value was about 2.5 times better compared
with that:at 291.83 nm. Only alkaline and alkali earth elements inter-
fered withéut_the solvent extraction. The effect of laser pulse repeti-
tién rate on defection limits and interferences from diverse elements
were studied forvnn anﬁ Tl. When the repetition rate was increased from
10 ﬁz to 20 Hz, the defection limits were improved about 20 % and the
tolerable concentrations of diverse elements were increased also about 20
*..‘Mn and Tl in Various groundwaters were analyzed by LEIS and compared
with the results obtained by ICP-AES and ICP-MS. The results were in good
agreemént with each other and the applicability of LEIS to real sample

analysis were verified.
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o 63.  Structure of Lower Trophic Ecosystem in a Eutrophicated Bay - Automated Measurement and

Prediction on Plankton Organisms Succession (I)

(FY 1988 ~ 1992)
'Hiroshi Nakano, Takashi Sasaki, Akio Nishimoto and Yoshimi Kakui

Environmental Sensing Section

Life Electronics Research Center
Electrotechnical Laboratory

Agency of Industrial Science and Technology

Ministry of Intemnational Trade and Industry

Recently, the progression of eutrophication in coastal bay area has been a social problem. To reveal
the mechanism of eutrophication in ecosystem, a great deal of observational and theoretical work has been
carried out. However, the plankton organisms succession has not been unknown. Because, temporal fluctuation
and spatial variation of of plankton species population are quantitatively unknown. An automatic system
which analyze of plankton quantitatively at many points is expected. The purpose of this study is to develop
this system.

We have developed the basic technique of image analysis for identification of plankton in the
preceding years. First, we have accumulated images of typical phytoplankton and zooplankton samples
collected in coastal bay area with a conventional microscope and investigated their shape and size with
computer. We derived patterns from images and extracted their features for classification from patterns. Then
we classified 163 samples to 14 taxonomic groups of planklon. using the sLaLiﬁu'cal method and error rate was
21%. To reduce misclassification, we have developed the method using the artificial neural network. Using this
method, error rate was decreased to be 10%. |

In this year, we have studied precisé identification of the plankton and improvement of classification.

For precise identification, pattern recognition of the fine structures of plankton for example legs and
feclers is nccessary. So far, the featurcs extracted from images simplificd structurewere used. In thick samples
of zooplankton, the in-focus images arc overlapped with out-of-focus images, if obtained by conventional
microscopy. Therefore we have developed the system that can take in-focus image slices by the laser scanning
confocal microscope (Fig. 1). It is able to get the image of extended depth of field in focus from upper side to
lower side of the sample by synthesizing the image slices. Binary images were derived from the images of
extended depth of field so as to preserve fine structure of plankton. These binary images allow us to extract
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features of plankton for their identification. Three-dimensional image can consist of the image slices.

To reduce errors in classification, we investigated the reason of crrors which use the neural network.
One of the cases that misclassification frequently occur when one sample classified into more than two
taxonomic groups simultaneously. Then we used the new neural network algorithm based on the concept of
possibility. It classifies samples that have possibility belonging a group into that group. We used the neural
network that decides that a sample which belongs to plural groups is "unknown" by threshold detector
layer(Fig. 2). We classified 62 samples into 6 taxonomic groups through this network. The error rate was 5%

and lower than that with the conventional nctwork.

Detector
Barrier Filter
== Pinhole

Scanni
Min'ors"g “

Dichroic Optical Fiber ArLaser

Prism

IO

o Condenser

e Detector

Fig.1 Laser scanning confocal microscope.

input Hidden OQutput Threshold
units  layer layer detector
Input Output
1 - 1
2 : -2
3 3
n > m
Unknown

Fig.2 Neural nctwork which can detect threshold value of output.
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63. Structure of Lower tfophic Ecosystem in a Eutrophicated Bay -
Automated Measurement and Prediction on Plankton Organisms
Succession (II) '

(FY 1988 ~ 1992)

Koji Kitabayashi, Kimitoshi Ishikawa, Kisaburo Nakata

and Fumio Horiguchi

Environmental Assessment Department
National Institute for Resources and Environment
Agency of Industrial Science and Technology

Ministry of International Trade and Industry

In order to develop a model for phytoplanktbn speciés succession in a
coastal area, 2 general, size- based simulation model is conside?ed ﬁc
%nyestigate the dynamics of carbon and nitroggn flow in plankton
communities. In the model, community structure and processes are all size-
dependgnt, and all model parameters are dete;mined by body size, using
empirically determined relationships calculated frém published data Major

,floﬁs include carbon fixation, extracellular release of p:oducéd dissolved
organic carbon (PDOC), nitrogen uptake, respiration, grazing and sinking,
etc.. '

The model plankton community consists of autotroph and heterotroph
continua (which are divided into a number of size classes; size specﬁra), a
detgital pool and dissolved nutrient pool. fhe model aims at the simulation
for the size spectral change in response to an envionmental stress or
trophic interaction. 1In tﬁis year, model program has just developed and
tested using,some’éxampies. Mpdel caribration and verification will be

conducted in the next fiscal year.
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. 64. Study on Tééhnlques of Predicting Environmental-related
Parameters for Advance Environmental Assessment of
Chemical Substances

T (FY 1990 ~ '1993) -

‘Shuichiro Ono, Kazutoshi Tanabe, Masaaki Sugle,
and Seijl Tsuzuki
National Chemical Laboratory for Industry

- Agency of Industrial Science and Technology,
Ministry of International Trade and Industry

Prediction of environmental-related parameters: Advance environmental
assessment of chemical substances.

Studies were carried out for predicting decomposltion properties of

chemical substances from their chemical structures in atmospheric, aquatic

and soil environments. ' _

1. Prediction of decomposition properties of chemical substances in
atmospheric environments '

Strictly speaking, various factors should be taken into consideration,
when molecules decompose in the atmosphere. Molecules are decomposed not
only by light such as visible radiation and ultraviolet ray, but also by
reaction with chemical specles existing in the atmosphere and especially in
the stratosphere. In this study, we decided to predict the general
decomposability and decomposition pattern of chemical substances without
restricting the origin of decomposition.

The "bond dissociation energy" was introduced as an Index to
decomposability. The bond dissoclation energy of a substance A-B Is defined
as the heat of formation of the following dissociation reaction

v - A-B(g) — A(g) + B(g),
where A and B represent the product atoms or radicals and g indicates gas
phase. ‘The semiempirical molecular orbital method was applied to calculate
the heat of formatlion, since it costs short calculation time and it has
comparatively high reliability. ‘

We started with hydrocarbons, halogenated hydrocarbons, ketones, and
ethers from the following points of view.

(1) It is well known that atomic parameters for such light atoms as carbon,
hydrogen, nitrogen and oxygen are comparatively reliable.
(2) A lot of experimental data are accumulated for such fundamental organic
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compounds. »
(3)Chlorofluorocarbons (CFC) have attracted much attention recently,

becuse they cause the destructlon of ozone layer and most of the

alternatives to CFC are also halogenated hydrocarbons.
For more than thirty chemical substances, the bond dissociatlon energy is
calculated by two typlcal semiempirical molecular orbital methods, MNDO and
PM3. It has turned out that the correlation between experimental and
calculated bond dissoclation energy s falrly good for both methods as
shown in Flg. 1. We are planning to extend calculation to other t:ypes of
substances lncludlng inorganic molecules.
2. prediction of decomposition properties of chemical substances in aquatic

environments

Chemical substances in aquatic environments are considered to be

decomposed by various factors such as water itself, light, metal lon and
existing chemical species. It is not easy to predict decomposition properties
of chemical substances, due to these varlous factors. Therefore, In this
study, In order to make the approach possible, we 1limited to estimate the
decomposition properties of chemical substances, only due to water itself,
that is, to predict the hydrolysls properties. In order to predict the
hydrolysis properties of chemical substances from their chemical
structures, it may be possible to collect as many experimental data on the
hydrolysis properties of chemical substances as possible and to analyse
those data by using parameters related to chemical structures.
For that purpose, references on the hydrolysis properties of chemical
substances were collected, from which rellable-experimental data on the
hydrolysis rates for 157 kinds of chemical substances were collected. Those
experimental data on the hydrolysels rates of chemical substances can be
classified into 12 chemical groups. Among those chemical groups, we decided
to study on predicting the hydrolysis rate of carbamates from thelr
chemical structures. The reason is that there are 18 carbamate compounds
the experimental data on the hydrolysis rate of which are collected, those
hydrolysis rates ranges from 10™ to 10~'“ per second, and that some of
carbamate compounds are main components of agricultural chenicals. The
structure of carbamate compound is shown as R;RzN-C(=0)-ORs, and the
carbamate compounds whose experimental data on the hydrolysis rate are
collected are the combination of molecules with various substltuents Ri, Ra
and Ra. Therefore, the experimental data of the hydrolyselis rates of 18
carbamate compounds were analysed with the multi-regression, where the
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electronic parameter ¢ I were selected as the substituent parameters. For
the substituent without ¢ I, it was estimated from the correlation between
o 1 and the electron density calculated from the semlempirical-molecular
orbital method. As a result of the analysis, it was found that the
experimental data of the hydrolysis rates of the 18 carbamate compounds can
be .explained in the accuracy of about 2 order of magnitude. Since the.
accuracy of this explanation is not considered to be satisfactorily high, we
studied to estimate the hydrolysis rate with higher accuracy.
3. Prediction of decomposition properties of chemical substances in soil

environments

~ The soil is the most complicated environment because there are many
factors affecting the decomposition properties of chemical substances in the
soll environment. Therefore we have to take some model to analyse and
estimate the decomposition properties of chemical substances in the soil
environment. In this study, we analysed the experimental data on:the
decomposltiion properties of chemical substances in the soil environment,
only by considering the remaining properties of chemical substances. In
order to take the same procedure as that of the hydrolysls mentioned above,
the references on the experimental data of the remaining properties of
chemical substances in the soil environment were collected. Among those
data, the experimental data on the remaining properties of agricultural
chenicals were analysed in this study with the same procedure as above.
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65. Study on the Reductive Degradation of Harmful Organic
Compounds.
(FY 1991-1995)

Tetsuo Senzaki, Yoshio Noda, Yoshikazu Suzuki and
Itsuma Sekiguchi

Government Industrial Development Laboratory, Hokkaido
Ministry of International Trade and Industry

The objective of this investigation was to develop the process to treat
organochlorine compounds in water.

The first phase of experiments was designed to investigate the effect
of reaction condition on the reduction of tetrachloroethane with
metallic iron by batch reactor. The second phase of experiments was to
investigate the reduction of trichloroethylene with reduced iron by
continuous flow system. The model compounds chosen for this work were
trichloroethylene and tetrachloroethane. '

1. Reduction of tetrachloroethane in the presence of reduced iron

The reductive degradation with Iron powdef was conducted in an
aqueous solutionv of tetrachloroethane. The starting concentration of
tetrachloroethane was 10mg/L, and the reaction conditions for all studies
were as follows: pH 5.5-10.5, 5-40°C and reaction times up to 240 min. The
concentration of tetrachloroethane and degradatién products were followed
over time. In the course of reaction, gaseous products were evolved, and
these were later identified as hydrocarbon, hydrogen gas and a extremely
small amount of parent organochlorine compound.

The chemical reduction was affected by the temperature, but even if
at 5°C degradation was occurred. It was observed that the reaction rate
increased with increasing temperature. But according to our experiments,
this was lead to the larger volume of hydrogen evolution. The most
effective results were obtained when oxygen was previously removed. Perhaps
by the presence of oxygen, the surface of reducing agent was partially
oxidized and then the reducing ability of metal iron was quickly lost. All
the oxygen need to be removed from the influent.

In the presence of electrolytes reduction rates were varied by the
species of anion. some electrolyte retarded the reaction rate but some
enhanced. The reaction rates were decreased when the concentration of
NOs~ ion was over 20mg/L. But these higher concentration of NOs~ was not
found in ordinary waste water. Redox potential was decfeased less than -
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300mV before reaction began to occur. The reductive destruction was best
accomplished by using an adequate amount of the reductant and contact time
up to 120 minutes at ambient (5-30°C) temperature.

2. Reduction of trichloroethylene by packed column

The reductive degradation with metal iron was tested to degrade
trichloroethylene by the flow reactor. The  concentration  of
trichloroethylene in the influent was about 100y g/L. The reactor used here
was packed column flowing upward and the size of reactor was 1lmm i.d. and
250mm h. with jacket.

In the batch reactor, The reduction rate was affected by the co-
existing anions. But in the flow system, almost the same reduction rates
were obtained irrespective of ion species. The feduction column operated
most satisfactorily at a pH near 7; too low a pH results in excess
reductant consumption. Too high a pH lead to deposition of Fe(OH)z on the
reductant surface, and resulted in shorter life of reductant.

The percentage of the disappearance of trichloroethylene was one of
the indicators for the reduction rate but it didn't show whether all the
chlorine was extracted from the carbon skeleton or not. We analyzed the
concentration of chlorine in the effluents. When enough contact time was
given, complete or nearly complete degradation was obtained, and analysis
of waters showed that the bulk of the chlorine was removed from the parent
compound even if at below 10°C.

The main component of evolved gas phase was hydrogen, which may be due
to the decomposition of water. The major reduction product of
trichloroethylene was the chlorine-free hydrocarbon: ethylene, and the
other components were ethane and acethylene. The composition of these
products was varied widely'by the reaction conditions i.e. concentration of
trichloroethylene, flow rate, reaction temperature and residence time. The
formation of ethane was shown to increase with increasing temperature or
with increasing residence time. Acethylene was only observed 1in
significant quantities when the concentration of trichloroethylene was
above 300mg/L.
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66. Efficiency Improvement Techniques for Evaluation Methods
on Exhaust Emission Control System
(FY 1988 ~1992)
Akira Noda, Takashi Sakamoto, Yoshio Sato, and Toshiro Yamamoto
Traffic Nuisance Division, Traffic Safety and Nuisance Research
Institute, Ministry of Transport

In an effort to minimize the problems on vehicle pollutions, emission rates
from new vehicles have been limited by the tightened regulation standards since
over a decade ago. However, even a most advanced vehicle, which has a computer
controlled engine and a three-way catalytic converter, possesses also
possibility to cause high emissions due to abnormal operations in emission
control system. Therefore, the inspection and maintenance techniques applicable
to in-use vehicles are required. . ‘ B :

The objective of this study is to obtain possible and effective technical
methods to keep lower emission levels of vehicles throughout their lifetimes.
The approaches to them have been carried out by following strategies:

(A) The procedure for short emission test to inspect in-use vehicles was
considered. The test is aimed at identifying the vehicles with high emissions

caused by faults in emission control system. '

(B) The advanced onboard diagnosis (0BD) methods for emission control systen
were discussed. The OBD should be designed to check the function of engine air-
fuel control and thé performance of three-way catalyst. If abnormal states
relating to high emissions are detected, the OBD may inform the driver of it to
take appropriate actions to repair the malfunction. ‘

(C) For the assistance of works in service shops to make a quick and proper

diagnosis of malfunctions occurring in in-use vehicles, a diagnostic expert

system that can operate on a personal computer should be constructed. -

As to the short inspection test mentioned above (A4), following points were
clarified. '

@ The emission test procedure is as follows; the test vehicle is driven to
trace MY mode pattern on the simple type chassis dynamometer (S-CHDY) which.
generates electrical inertia force as a load, and the tailpipe CO, HC and NO
concentrations should be measured simultaneocusly to evaluate those mean values.
® The necessity of NO, measurement as to evaluation of NOx emission has been
discussed here. As results of experiments with/without the converter device that
can changes NO, in sample gas to NO, it was found that a normal vehicle emits
little NO,, on the other hand, when air-fuel ratio is deviated to lean side due
to abnormal operations, NOx in exhaust gas contains NO, with a rate of
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approximately 10 to 20 % in it. However, in such a situation, increase in NO was
so remarkable, ‘that it may be unnecessary to measure NO: in the emission test
for identifying abnormal vehicles.

GD Experiments showed that simply averaged values ror co, HC and NO
concentration during the test period do not have sufficient correlation to each
ccmponent's mase ‘values. To solve this problem, the authors developed‘a new
caluculating method to evaluate mean concentrations ﬁeighted with each mode's
exhaust gas volume.

@ In this method, however, new problem arises. When the tailpipe gas
concentrations are continuously measured by a low response analyzer, modal
separation for gas concentration in M4 mode is apt to be obscure. The
conpensative calculating method to improve its response was then discussed.

For the second subject mentioned above (B), the 0BD method to monitor the
function of air-ruel ratio control system and the performance of catalytic
converter reaction was considered. To detect abnormal states concerning with
high emissions, a dual oxygen sensor (using pre- and post- catalyst oxygen
sensors) method was introduced. To examine the feasibility of this method, on
rcad experiments were conducted using the test vehicle equipped with three-way
catalyst systenm.

In this method, the OBD system works as following way: By monitoring the
signal oscillatory states from a pre-catalyst oxygen sensor, engine air-fuel
ratio condition can be checked whether it is stabilized near stoichiometric
point or not. By comparing the signal from the pre-catalyst oxygen sensor to
that from‘a post-catalyst sensor, the adsorption and reaction performance of a
three way catalyst can be identified.

For the third subject mentioned above (C), we developed a programme for the
prototype diagnostic expert system that assists the works to search the
malfﬁnctions relating high emissions. The knowledge base in this system
involves diagnostic rules and net-work framing procedure to select malfunction
area in emission control system. The large amount of information for vehicle
structure is accumulated on the external data-base, and the expert system can
draw and use the neceseary data in it for execuﬁion of -diagnosis. To verify
effectiveness of this diagnosis, imaginary defects in an EGR control system
were set up and diagnostic simulation was made on that expert system.
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67. New Technologies to Control NOx Emission from Diesel Engines and
their Applicability under Actual Driving Conditions
(FY 1990 ~1994)

Matsuo Odaka, Noriyuki Koike, Yujiro Tsukamoto
Traffic Safety and Nuisance Research Institute
Ministry of Transport

The objective of this study is to clarify basic concepts of NOx reduction techniques
from diesel engines and to search technical possibilities for drastlc NOx rcductlon under
actual driving conditions.

For above purposes, experimental studies on NOx reduction methods in the
combustion chamber are planned to be held with a single cylinder research enginé by
modifying combustion control elements concerning the fuel injection system, the mtakc
system and the combustion chamber.

On the other hand, NOx reduction effect and emission behavior of other exhaust
components under actual driving conditions by various NOx control techniques will be
experimentally studied with commercial automotive heavy-duty engines. Possibilities of
after—treatment of NOx at exhaust system is going to be studied also.

In this fiscal year, the following studies were carried out. For the study on low NOx
combustion method, effect of water emulsified fuel on NOx and smoke emissions was
experimentally analyzed by supplying water emulsified fuel with a specially prcpércd
water fuel mixing device at the inlet of fuel injection pump. .

As results, it is clarified that NOx and smoke can be deducted simultaneously with the
use of water emulsified fuel. This NOx and smoke reduction’effects are not affected by
EGR and thereby, effective NOx reduction can be possible with the use of emulsified fuel
under EGR conditions because of the additional NOx reduction effect by EGR besides that
of emulsified fuel.

On the other hand, the increase in smoke with the use of EGR can be suppressed with
this fuel. So the trade-off between NOx and smoke emissions can be improved drastlcally
with the combined use of EGR and emulsified fuel as shown in Fig.1.

To analyze the effect on simultaneous reduction of NOx and smoke'emissions, the
combustion behavior was experimentally investigated with the measurement and the data
processing of the cylinder pressure. According to the combustion analysis, the reason of
smoke reduction can be explained by the enhancement of diffusion combustion pcnod and
shortened total combustion duration time. ‘

Then, for realizing this kind of combustion, a high pressure in cylinder air injection
method which aims at enhancing the diffusion combustion was considered and the
experiment for trial was carried out. And then, the possibility was recognized for this kind
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of ‘combustion control with in-cylinder high pressure air injection at the diffusion
" combustion period.

" “In the next year, more detailed investigation will be carried out for clarifying the

influences of air injection timing, engine operating conditions etc. The possibility of

simultaneous reduction of NOx and smoke with the combined use of this method and EGR
- will be studied also.

On the other hand, exhaust gas mass emission behaviors under various engine test mode
operations such as Japanese diesel 13 mode, diesel 6 mode, EC 13 mode, U.S. heavy~duty
transient test cyéle(1199 mode) and M15 mode, which is modified test cycle from
Japanese 10 mode, were experimentally compared for analyzing the difference of EGR
effect on NOx reduction and emission characteristics of other components. The EGR
system used this experiment was abailable to control EGR rate depending on the engine
load and speed.

" As results, in the view of NOx mass emission characteristics, new Japanese diesel 13
mode test éycle is almost equivalent to U.S. 1199 mode and M15 mode test cycle. Thereby,
it seems to be reasonable to use diesel 13mode for the evaluation of NOx reduction
techniques. A combined system of EGR and a methanol fumigation, which was
experimentally studied under steady-state conditions last year, was applied for this test
mode 0pération and the effect on exhaust mass emissions were experimentally studied.
Then, it was found out that one half of NOx reduction could be possible without increase
. in particulate emissions with this method by controlling EGR rate and methanol mixing

ratio properly according to the engine load as shown in Fig.2.

- In the next year, several engine test modes will be constructed for trial based on actual
‘vehicle driving patterns on the road, and then, to clarify engine operating regions and NOx
reduction revel which should be covered by the new NOx reduction techniques, a series of
experimental analysis will be carried out under those test modes. Then, according to these
results, the representative method for evaluating NOx reduction techniques will' be

considered.
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68. Study on Reduction of Exhaust Gas Emissions
from Marine Diesel Engines

(FY 1991-1994)

" Keijiro.Shiodé.Yasuo Miyagi and Kazumi Nishikawéf
Ship Research Institute, Ministry of Transport

Abstract . : o B : _

The engine performance and emission characteristics of a
high speed adiabatic diesel engine operated on water emul-
sified fuel were experimentally investigated. The experiments
were carried out by using two types of diesel cngines: a conven=
tional metal diesel engine and an in-¢ylinder insulated diesel
engine. Water emulsified fuels containing water of up to 50
vol.% were evaluated by the two types of diesel engines.

Higher temperature of working gas and higher surface tempera-
ture of combustion chamber walls were obtained by the diesel
engine with in-cylinder insulated combustion chambers.

ENGINES USED FOR EXPERIMENTS

A small,high speed,air cooled,4 stroke cycle diesel
engine was used for the experiments as a base engine and its
principal particulars are shown in Table 1. This base engine(a
conventional metal diesel engine) was partly modified in order
to insulate thermally combustion chamber walls. Ceramic
materials such as silicon nitride and zirconia were used for in-
sulating the combustion chamber walls. Ceramified components are
shown by the shadowed portions in Fig.l. Combustion space is
surrounded by ceramified components when a piston is around top
dead center.

PROCEDURES AND RESULTS OF EXPERIMENT
INSULATING EFFECT
The effect of insulating the combustion.chamber walls on
working gas temperature was investigated by the experiment.
Typical examples of gas temperature differences between the con-

ventional engine and the insulated diesel engine are shown in
Fig.2. :
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EFFECT OF WATER ON COMBUSTION

By increasing water concentration of water emulsion fuel,
water emulsion fuel reduces not only its cetane number, but it
increases also fuel quantity injected,its viscosity, latent heat

of evaporation and air entrainment. ‘

These changes give much 1nf1uence on fuel air mixing and
combustion. Effect of water concentration of emulsion fuel on
combustion duration were investigated by the experiments.
Effect of water concentration of water emulsion fuel on ignition
timing and combustion duration is shown in Fig.3. Since the
beginning of combustion retarded and the end of combustion ad-
vanced with an increase of water concentration of water emulsion
fuel, consequently the combustion duration was significantly
shortened. In the case of 50% water emulsion fuel and an insu-
lated diesel engine,the beginning of combustion was retarded by
about 4 degrecs in crank angle, but the combustion duration was
shortened to about 87%, compared with that of gas oil.

_ EFFECT OF WATER CONCENTRATION ON EMISSION CHARACTERISTICS

Water concentration of emulsion fuel affected not only
combustion characteristics remarkably, but also exhaust emis-
sions. ,

Examples of effect of water. concentration on NOx,CO, smoke
emission rates and specific fuel consumption rate, when water
concentration in emulsion fuel was changed from 0 to 50 vol.%,
are shown in Figs.4-6. '

CONCLUDING REMARKS
The followings are found: »

Combustion at higher operating temperatures results in sig-
nificant changes in diesel combustion and emission characteris-
tics,compared with a conventional diesel engine. NOx and smoke
emission are greatly and simultaneously reduced without in-
creasing specific fuel consumption rate by the use of water
emulsified fuel and an insulated combustion chamber. But CO and
THC emissions increases at high water concentrations. .So it is
necessary to impove CO and THC emissions at high water con-
centrations.

\
\
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Table 1 Principal Paticulars of Test Engine

Manufacturer Kitsul Deutz Diesel
Engine Co.,Ltd.

Model F2L912

Cycle 4

Type of combustion chamber Direct

Atr Intaking method
Cool ing method

¥aturally aspirated
Forced air cooling

No. of cylinders 2
Cylinder bore 100 an
Stroke 120 an
Rotational specd max. 2, 300 rpn
Displaceacnt 1, 885 cc Si !g;gn-nitrid
Compression ratio 17 [0) Plston
Mean effective pressure 6. 37 tia d Zi P Z
Max. continuous rating 2 3k¥(3 1DPS/2,300rpm) ed Zirconia
Q Cyhnder sleeve
Q Intake valve seat
© Exhaust vaive seat
250
® Surche of cylinder head commshon
2200 e BIESEL FUCL « of intake valve
2080 Al — stamonmo @ »  of exhaustvalve Slde
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69. Study on Estimating the Change Process of Noxious Liquid
Substances in the Ocean
(FY1989-1992)

Y.Ishida, S.Aoki, T.Shiba and H.Matsuo
Maritime Safety Agency Rasearch Center

On the easilybdegradable substances which were selected in the last year,
biodegradation test and photoirradiation test were performed respectivery.
The degraded products were separated from reaction solution and identified.
(1) Biodegradation test.
Six substances (Cumen, Isobutyl Acetate, Allyl Alcohol, Ethylbenzene, Ethyl
Acetate, n-Butyl Methacrylate) were selected in the last year for this test.
The biodegradation tests were carried out according to the previous method
about their aqueous solution.
Two of the biodegradation products were identified from Ethylbenzene. From
all other substances one of the product was identified respectively.
(2) Photoirradiation test.
Four substances (Cumen, Ethylbenzene, -a-Methylstyrene, Cyclohexanone) were
selected in the last year for this test.
The photoirradiation tests were carried out according to the previous method
about their agqueous solution.
" One of the photoirradiation product was identified respectivery.
Next year, on the above substances, biodegradation test and photoirradiation
test will be performed simultaneously. The degraded products will be identified
and the results will be considered synthetically.
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70. Water Quality Improvement at Coastal Shore
of Waterfront Development Area

(FY 1990-1993)
Yasushl HOSOKAWA, Eiichi MIYOSHI, Yoshiyuki SEKINE

and Keita FURUKAWA
Port and Harbour Research Institute, Ministry of Transport

1.0verview of the Objects of This Research

Temporal stock and stabilization of nutrients at the coastal
shallow area is one of the important measures for coastal water quality
improvement. These measures are effective especially for shallow and
narrow water area in front of waterfront development. In shallow water
area and tidal-zone, there exist many kinds of flora and fauna that
contribute removing organic matter from water. It is beneficial, from
the energy utilization point of view, to utilize natural activity of
coastal biological or ecological systems as well as natural tidal motion
of water. .

2.Classification of Self-purification Capacity

There are two different principles to improve coastal water quali-
ty in enclosed area, those are (a).promotion of water exchange between
enclosed water and outer fresh sea water, and (b).enhancement of self
purification activities along coast. In the second category, bio-fil-
tration of shells, and organic uptake by attached biofilm are increasing
spatial capacity of pollutant removal.

Pollutant removal capacity by shell is estimated by the product of
following three parameters, (a) removal rate of the  individual shell,
(b) density of active shell per unit area, and (c) total area of the
densely attached surface or bottom sediment. First parameter is meas-
ured in the laboratory. The others can be observed at the surface of
various features along coastal field. ‘

3.Experiments

Cultivation experiments were conducted to measure the bio-filtra-
tion rate of individual shell. Mytilus edulis and short-necked clam (
Ruditapes Philippinarum ) were selected for their wide distribution in
eutrophic bays. Bottom sediment was added to the cultivation tanks.
Schematic figure of the experimental tank is shown in Fig.-1. Change
of particle concentration and diameter distribution was monitored with
time by an electric particle counter. Typical observation results of
particle volume in the tanks were shown in Fig.-2 for both shells at
22°C. Plotting the particle concentration data vs elapsed time on a
semi-log chart, we can obtain a stralt line. Slope of this line gives
the decrease rate per unit time. Considering the water volume and
the number of shell in the tank, we can calculate bio-filtration rate.
For Fig.-2, particle uptake rate and (filtration rate) is estimated as
160ug/ind/min (6.8ml/ind/min) for Mytilus. Winter(1973) shows
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8ml/ind/min for similar conditions.

Density of typical communities on several coastal revetments
wall-surface was observed in Tokyo Bay. At the depth -lm below LWL on
the straight wall in the bottom end of .the bay, 10x10 ind/m2 (S58kg
wet/mz) was observed for the density of Mytilus.

4.Discussion

. Using the above obtained data, we c n roughly estimate feedlng
capacity of straight wall there as 100m:(d per unit length (1m).
Horie(1987) presented the value of 15-750m°/m/d for straight wall in

inner Tokyo Bay, which is close to our results. These estimation

-values varies easily with temperature, size of shell, SS/DO concentra-
tion and other environmental conditions. We need more detailed observa-
tions and experiments before applying for the actual evaluation of '

-self-purification capacity.

references
) Horie,T.(1987):Nutrient cycle model and its application to the
prediction of seawater and sediment improvement, Report of Port and
Harbour Research Institute,(26)-4, 58-123 '
" Winter,J.E.(1973): The filtration rate of Mytilus edulis and lts
dependence on algal concentration, measured by a continuous automatic
recording apparatus, Mar. Biol., (22),317-328
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71. Development of Low Atmospheric Radar
for Studying the Pollutant Transport
(FY 1990 - 1992)

Yoshihisa Masuda!), Toshio Tharal)
Kenji Nakamura?), and Ken’ichi Okamoto®

1) Atmospheric Propagation Section, Radio Science Division . _
3) Earth Environment Section, Kashima Space Research Center.
3) Microwave Remote Sensing Research Sectlon,

Radio Applications Division

Communications Research Laboratory
Ministry of Posts and Telecommunications
Koganei-shi, Tokyo 184, Japan

Development of a pulse Doppler radar capable of measureing the wind profile from
100 m to 4 km heights above the ground was initiated by Commumca.txons Resea.rch
Laboratory in FY 1990 as a three year long program.

The purpose of the development is to provide an unattendedly and continuously op-
erational tool to observe wind profiles, which is useful for the reseach of the pollutants
transportation in the atmosphere. Targets of the radar are turbulences in the atmosphere
which move at the average wind velocity. The radar radiowave is backscattered by the
spacial component of turbulences which have a scale of half of the radar wavelength. The
wind speed is derived from the Doppler frequency shift of the radar echo signal.

The radar is operational at a frequency of 1357.5MHz and was designed as a trans-
portable one. The frequency of the radar is higher than the usual boundary layer radar

"of 900 MHz. This is because of the frequency allocation situation in Japan.

The antenna and RF equipment composed of a transmitter and a low noise receiver
were developed in FY 1990. In FY 1991, a controller, a demodulator and a signal proces-
sor, which form & part of radar receiver, were developed and the basic radar configuration
to measure the wind profiles has been completed in the end of FY 1991,

The whole radar system developed is composed of solide-state circuits including the
final stage power amplifiers of the transmitter which provides a peak power of 1.0 kW.
The direction of a parabolic antenna is stearable to measure the three dimensional wind
vector. '
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F:gur 1 shows an example of the measured Doppler lpectra from the air turbulences ’
r»when the’ a.ntenna was vertxca.lly pointed. The wind velc:txes are estimated from the pea.k‘_ “
of spectra The pea.ks of spectra were measured up'to 4 5 km wrth 2 reaolutzon of 300 m.
Fig. 1. shows that the deveIOped rada.r system can measure wmd profiles up to 4.5 km.
However,- it should be noted tha.t the ma.nmum hexght of the. radar observa.tlon depends‘ :
on the weather conditions. o S : T

The. functxon of mea.sunng the temperature proﬁles wﬂl be mtroduced mto the Low‘ :
Atmosphenc Ra.da.r in FY 1992 Thxs functxon is realized by using RASS conﬁgura.tlon, 4
which an acoustic a.ntenna a.nd an a.coustrc generator aré a.clded to the Low Atmosphenc '
Redar, :

Since the Low AtmOSphenc Ra.dar mth RASS conﬁgura.tion has 3 capa.bxhty of mea-
suring vettxca.l profiles of the wind velocxty and- the tempera.ture umulta.neously, it will
provide a power!ul tool for forecastmg ‘the transportatlon of polluta.nt in the lower tropo-, -
sphere ’ ‘ - : ’
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72. Asbestos Fiber Real-Timc Monitor Dectecting Polarized
Scattering Light ‘ .
(FY 1991-1995)

Norihisa Hiromoto, Toshikazu Itabe and Makoto Aklba
Communications Research [aboratory ‘ ‘
Ministry of Posts and Telecommunications

We have started to study a new method of monlitoring asbcstos
fiber aerosol. The method includes allghnment of aerosol by high
electric field and detection of two‘drthogodal pOlarized
scattering light of normal incldent laser by the acrosol.

The alighnment of fiber deroqol is adoptcd for making a
condition of normal incidence of a laser beam tg',a cylindr[cal
particle 1like asbestos fibers. Then, a scattered ~ light
propagates on a plane orthogonal to a Iength-dlrectldn of a
cylinder. Photon detectors on the plane can observe at right
angle the scattering light from the’bartiéle. Electric fleld of
1 kV/cm produces torque 8.8X10722Nsm to a cylindrical parfiéle of
0.05-micron radius and 10-micron length‘whlch has moment of
inertia  1.64X10"27kgsm2. The characteristic frequency of
movement becomes 734 Hz, which will = make alignment of " the
particles by enough speed. 7 S o

We constructed an equipment to generate alrborne-flbers and

(A3 s

‘E‘.B-‘Es'N E
*O-Ganan 4 - PRI
. . Fig.2. An lmage of;asbcstos
Fig.1. Airborne fiber‘generator fibers (Amosite)
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an instrument to take images of the fiber aerosol by a microscope
and a CCD camera. Figure 1 shows the airborne~fiber generator,
in which concentration of particles is controlled by motorized
valve using a signal from an optical dust mcnitor; A phase
differential microscope, . which 1is regularly used ‘in the PCM
method is not adequate to observation of airborne particles
because of ‘its short - length between .an objective - lens and
objects. e have applied a stereomicroscope which has a long
distance between a obJective lens and objects. Figure 2 shows
an inage _ of asbestos fibers (Amosite)’ ‘taken by  the
stereomicroscope and the'CCD camera e h
Through computation . using the Mie scattering theory, we
have examined experimental conditions for discriminating between
a cylindrical particle and a spherical particle by observation of
scattering _' Iight' including ' : '
polarization We found that _ 0 Radius oﬁ.Sphere(um)
measurements of polarization of I T
the light at a scattering angle | Cylinder
of 170 deg can strictly diseri- !
minate = between ' a cylindrical
particle and a spherical
particle. Figure 3 displays
polarization”degree at the 170-

E £
- '=§‘5f!7lu- .

deg scattering angle as a func-
tion of a radius of two type of_ ' 'Gil'fb‘
particles, where the radius of tm =1.55+10
the sphere is doubled in the  -1{pA=0-6
aﬁsciSsa; The polarization of - 0
the cylinder is always positive

and larger than that of the Fig.3. Polarization degree as a
sbhere 'Which’ is negative  as function of radii of a cylind{
1ong: as the'jradius of the rical particle and a spherical
cylinder is shorter than wave- particie at a scattring;anglef
length of the 1light. '~ - .-~ 170 degree: L

Polarization

N -
o
=
o
s ]
]

Radius of Cylinder(um)
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73. Development of Electrxcal Treatment System for 011 MlStS Dlspersed in Fa.ctones
(FY 1991 ~ 1993) = : :

Yasuyuki Tabata, Tsutomu Kodama and Shigezo Yamaguma’ PN
Research Institute of Industrial Safety,- '
Ministry of Labour

1. Background and Objective

In manufacturing plants, there are a vanety of mlst sources such a.s rolhng a.nd cuttmg '
processes in which lubrication oil can be vaponzed a.nd m.lst clouds are formed as it cools a.nd ‘
a painting process in which mists including volatile orgamc solvents are unavoxdably genera.ted

These mists or vapors are partly condensed and collected for recycle source in some large
plants, however, most are exhausted into environment and workplaces, often aggravatmg the
condition of workplaces, and sometimes becommg a cause of air pollutlon

The final objective of this study is to develop a comprehensxve ‘treatment system for mists
generated in factories as described above. .As a first step, we have tried to decompose vapor of
VOCs(volatile organic compounds) such as toluene,’ because VOCs are diﬁicu.it to be collected
and are also very hazardous when diffused in workpla.ces The means we employed to achieve this
purpose was that of utilizing the SPCP(Surface Dlscha,rge Induced Plasma Chemical Process)
electrode. Since an SPCP electrode can produce a plasma reglon having copious chemical species,
it was hopeful that VOCs would be effectively decomposed by those species.

2. Experimental Setup

The SPCP electrode is made up of a cylinder of a high purity alumina ceramic ‘w_ith'str.ipe
tungsten films sintered on the inner surface and a tungsten’ sheet inside the cylihder, as shown
in Fig.1. When a high-frequency/high—voltage is applied to the electrode, a surfa.ee ‘discharge
occurs on the stripe films, forming a plasma region near the inner surface. . o

The experimental setup consists of a SPCP electrode, an hxgh frequency/hxgh—voltage power
source, and a vapor generator with which liquid toluene can be va.ponzed_ ata preset concen-

tration. Concentrations of tolune vapors before and after treating were measured .with a total

hydrocarbon analyzer, and then decomposition rates were calculated.
3. Summary of Results
The results obtained are summarized as follows:

(1) When some 400 Watts of electric energy: was applied to the SPCP electrode, toluene vapors
of 300 ~ 2,000 ppm induced into the plasma region at the-flow rate of 1 ~ 4 £ /min were
decomposed at the rates of up to 96 ~ 98 % , as shown in Fig.2.

(2) After toluene vapors being treated by the plasma, tar-like substance was observed on the
stripe films of the electrode. Although analyses of the substance have not b‘een'} completed
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yet, polymers ma.de up of benzene nuclex and a few kinds of oxides have been observed.
This substance was successfully removed by keepnng the discharge in fresh air with no
toluene vapors. ’

(3) Thermal variation of the SPCP electrode hardly affected the decomposition rates. On
the other hand, the generation of ozone ‘decreased as the temperature rose. This means
that controlling of the working temperature may be useful when ozone generation is a
considerable factor.

(4) Even argon or nitrogen was used instead of fresh air as the carrier gas, sufficient decompo-
sition rates were obta.med Tlus may lmply that toluene molecules are decomposed mainly
by lugh-energy electrons in the dnscharge plasma.
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74. Prevention of Uncontrolled Discharge'into the

Atmosphere of High Concentration Harmful Gasesv
"Mainly Used in Semiconductor Industries
(FY 1991~ 1993) '

Toshihiro Hayashi and Haruhiko Itagaki
Research Institute of Industrial Safety,
Ministry of Labour

; The Present work aims to realize an 1ndustrial system which :
prevents the uncontrolled discharge of waste gases containing high
concentration of “semiconductor gasesf.” such as silane. into the
atmosrhere in the event of accidental release or unusual leakage.
Those gases newly introduced to industries are chemically reactlve
and afraid of causing air pollution. if they would be discharged
continually for a long term. because of fine powders of oxide or
acidic substances generated by oxidation with air or reactlon wlth
water in the air. In semiconductor industries, those gases are
handled or used in semi-sealed spaces such as ‘*clean rooms and
gas cylinder cabinets, and those spaces are usually ventilated or
exhausted so that the any leakage gases g0 eventually into the air
through exhaust lines. Waste gases from chemical reactors are sent
normally to such equipment as a toxic gas adsorber or a scrubber
which renders the gas harmless, and then discharged into the. air.
however, the effectiveness of such equipment depends largely on
good inspection and maintenance, ‘and several accidents prove that
semiconductor gas of high concentration may escape into the air
from such equipment. Waste gases, ~ either after intended ‘use or
generated by accidental leak, are thus forced to pass through the
exhaust lines of a factory before goinq out into the air. In the
proposed system, the compositions of waste gas moving through the
exhaust lines are watched continuously and, when any semiconductor
gas of high concentration is detected, a "valve" in the ‘line {s
switched and the waste gas is forcedly led to a gas. disposal unit
which is specifically provided for unusual’ release or leakage. The
valve for the system shall be developed in the cominq year. One of
the most important factors in the system is how to distinguish the
unusual increase of semiconductor gas content -in:the exhaust line.
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In the first fiscal year, small scale tests were carried out

to examine several factors which might affect the detection of low
content of siiane(SiH4) in air moving through a pipeline. For the
ease of test gas disposal by an adsorber,v a closed circulating
pipeline‘ 1-inch in diameter and 7.5m in length. was used, through
which a test gas mixture was driven to move by an electric blower.
Silane content in the mixture was detected by use of a commercial
silane detector,‘ then concentration-time curves were analyzed S0
that the effect of such factors on detecting silane was found as
the velocity of moving .gas mixture in the line, dimensions of gas
sampling tube and silane content in the mixture. Discussions were
also made on the characteristic features of electrical output from
the detector which could be used as a source. of triggering siqnal
for driving the . proposed system; referring the maximum rise rate
of’ silane concentration recorded on each concentration time curve.
Results obtained were.

1) Recorded output of silane concentration increased with time,
rather rapidly in earlier 'stage and extremely slowly as the output
approached to a plateau which corresponded to silane content in a
test mixture Whilé the relative value of concentration was before
attaining 609 of silane content in a test mixture, concentration-
time curve showed similar tendency irrespective of differences in
test conditions Thus the alarm siqnal which suggests an abnormal
increase of silane content in the line shall be picked uP within
earlier Stage of a concentration-time curve. ’
2) Delay time in detecting the existence of silane was independent
of silane content in a moving test mixture but affected by a gas
sampling system. Delay time would be estimated from that peculiar
to the detector used and that caused- by the sampling tube, and the
latter could be calculated from mass flow rate in a sampling ilne
and dimensions of a samplinq tube

3) Maximum rise rate of concentration appeared always in earlier
stage of each concentration-time curve. and was found dependent
only on silane content in a test mixture.- It was also possible to
predict silane content in the mixture from this rise rate. Then.
maximum rise rate would be the’ most promising alarm signal for
driving the' proposed system

4) The velocity of gas mixture movinq in the line gave no effect
on either delay time or features of concentration time curves.
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] 75 Development of Heasurlng Method for Concentration
' of Suspended Fine Partlculate Hatters under 2|n':“i”a
“in an Urban Atmosphere '
(FY 1891 -1983)

Katsunori HOMMA, Jun OJIXA and. HitSumasa:SUGIHOTO]}g;
National Institute of Industrlal Health.‘ ‘ '
-Ministry of Labor B L

‘It assumes that the air pollution on the suspended partieulate mstters
in the atmosphere has not.been improved at”the-present sltuatlonibeéiﬁse"
_the fine partlculate matters generated from a dlssel exhaust lay “beé 3;;3
gradually 1ncreased in the urban atmosphere . ' \
" In order. to 1nprove these problems it should controll the flne ‘
'partlculate matters under 2pm of partlcle dlameter The nesurenent for
_coneentratlon of fine partlculate matters is difficult usxng presehtly N
used measuring apparatus. So that,it should develop a new type of aerosol
monitor to measure concentration of fine partlculate ‘datters wlth hixh '
"sensxtxvxty,easy operation,real time measurément and so on.’

We decided to manufacture a laser—llght-scatterlng type aerosol ionitor
whlch was consisted of a light source by laser diode havxng 780 nm. of wave
Glength and of a pin- photo -diode with same wave length And - we trled to get
effective data before its nanufacture. ' RSP

First of all, the laser- l1ght -scattering propertles on the proto-type
‘apparatus were researched by using nonodlsperse polystyrene latex
Lpartxcles generated from a ultrasonic nebulxzer type aerosol generator.
Three k1nds of polystyrene latex partlcles,wh1ch were 0.305sm;,0. 605;i and
1.09sm of particle size,were tested to measure. the relatlve laser-llxht

' -scatterlng 1ntensxt1es at the 5° step of each angle from 45' to}lAS‘}for
the surroundlngs of the light scattring detector. P B ';lt

The results of thls research for the’ laser- llght scatterlng properties -

...on the relate of new type aerosol nonltor were made clear that be able to
leasure the aerosol concentratxon of l:g/d without a xnfluence of

'fpartxcle sxze on: settlng ‘the detector at the light scatterlng angle of
145° .
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6. A Study on the"Amounts of Exposure':to fHalogenated ‘
I7Hydrocarb0ns by Different Routes .

e (n__ ,1-_989 - 1991)

"Hiroshi Tsuruta and Midori Sotoyama
National Institute of Industrial Health, o

:Ministry of.Labor

;.; The Quantitative evaluation of : dermal uptake and pulmonary uptake for
halogenated hydrocarbons was experimentally carried out by using nude mice.
The pollution in urban air and water by these substances was surveyed by
uging a new device of’ GC-MS-ECD equipped with a headspace sampler.: ‘From.
these data, a simulation model to assess the dermal uptake and pulmonary
uptake from air and water was investigated , ,

1) Distribution of halogenated hydrocarbons on dermal uptake‘and
pulmonary uptake' The distribution of these ‘substances - within the body is
an important factor for toxic effect and was investigated in mice. Most of
1 1 1~Trichloroethane (111—Tri) and Tetrachloroethylene (Tetra) was found
in thc 1iver ‘and kidneys, and'these metabolites was a little.
Trichloroethylene (Tri) was metabolized and most of its metabolite was
found in the liVer and kidneys . - »

~:> 2) Measurement of lll-Tri, Tri and Tetra in urban air and water; lhe
pollution in urban air and water by these substances was surveyed by using
& new device of GC-MS~ECD equipped with a headspace sampler. Concentration
of lll-Tri was 4ppb in urban air and 0. 1 2. Appb in water Concentration of
Tri was 0 3ppb in air and 0 1- 4ppb in water. Conoentration of Tetra was
0. prb in air and 0.1-2. Appb in water. k ‘ ‘. ‘ y

3) Simulation of 111-Tri, Tri and Tetra by pulmonary uptake and dermal

,uptaké' Pulmonary absorption through the - lungs ‘to concentration of
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haloéenated hydrocarbons in’urban air was eStimated by a following
eduatibn. The amount'of pulmonary uptake (ug/g) was calculated by
multiplying the - pulmonary absorption coefficient (ug/g/h/ppm), exoosure
concentration (ppm)_snd exposure time (h) The pulmonary absorption
coefficient (ug/g/h/ppmj of eachvhalogenated hydrocarbon was 0.174 for Tri,
0.216 for 111-Tri and 0.480 for Tetra. The calculated intake'yalues_for one
day in'human (60kg)'wereu261ug for lll-Tri, léug for Tri andl29ug forhTetra
and were comparedtuith the allowahle intake'values determined by WHO for
drinking water. Pollutant intake from air exceeded'the allogable_levels.
Therefore, surveillance on air pollution caused'by these‘comnounds is
necessary, ‘regulatory standards should hem discussed and techniques for
pollution control developed. |

Dermal uptakeAfrom partial body immersion.in water R°119?19? was
estimated. The.amount:of skin absorption (ug/cm?) of halogenated
hydrocarbons in- aqueous solution was calculated by multiplyine the skin
absorption coefficienL (cm/h), concentration of halogenated hydrocarbons in
aqueous solution (ug/cm3) and exposure time (h) lhe skin absorption,
coefficient (cm/h) of each halogenated hydrocarbon{in the aqueous solution
was 0.0235 for Tri, 0.0125 for lll—Tri and 0.00924 for Tetra;_The
calculated intake values for 1 hr immersion were 0. 4ug for lll—Tri, 1. 7ug‘
“for Tri and 0.06ug for Tetra. These values were less than one-tenths of-
the_allowable intake values:determined by HHQ for drinking water. However.
‘ in the case of that the valuesldfjoollutant)in water‘approaches the yalues
determined by WHG for drinking uater, the amount of dermal'uptakevvexceeds
" the” allowable levels. Therefore, dermal uptake of those substances in water
may be significant and deserves attention And also regulatory standards

should be discussed and techniques for pollution control developed. .
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77 On evalllation’ of biologicel effects' of_ 4chlorinet‘ed hyrdocarbons by an’

| electrophreiologicel _method; |
(Fy 1990 - 1092)

"'Hemacmro ARITO, Masaya'TAKAHAsui, Hiroshi TSURUTA and Midori

: »SOTOYAMA AR -

National Institute of Industrial Health, Ministry of Labor

VAInvthie 2nd. fiscel ‘year, the experime'nts rvere desig:n‘e'd at first to
look ”’fur‘ther'.,v into triohloroethyelene ;(’:I‘f{I:)—"irrd'vuoed" bradyarrhythmo-
‘g‘ene‘sie\:amd hy'pothermia observed . in the brevions year, and secondly
_ to .eramine chronic . effects of repeated exposdre to TRI vepor on

sleep-wakefulness and heart rate in freely movmg rats The rats had
‘heen 1mpla.nteld mth various kmds of electrodes and thermlstor and
’ impeda.'noe-pneu‘mographic sensors.v The resp1ra.tory pattern_s of chest
" wall movement were simultaneously ‘observed during the sleep stages
» with ECG, EEG'end EMG reoordings in' the rats exposed to clean air
and subsequently to 6000 ppm TRI vapor for 4 hrs. l)ur’ing the dark
:post—exposure period of 12 hrs, number of sleep-apne1c (SA) eplsodesx '
>(>2 sec) mcrea.sed together w1th the mcrea.sed number of bzadyar-
rhy’t-hmia (BA) :episodes Number of ‘BA accompamed wrth‘ ‘SA also:'
' mcreased ' However, ‘the 'niimb'er of the :eombined BA and SA "epi-‘;'
: t’_sodes were smaller than that of SA or BA, suggestmg that BA is not
caused by'posmble ‘hypoxemia resultmg from SA. Slmultaneous re-
_cordxngs of abdommal and taxl temperatures and heart rate. suggested'
that the TRI-mduced hypothermla was attrxbutable to possible lowered'
‘ Set point ‘of brain ’temperature rather than to imbalanced control of
‘perlphexal heat, gam and loss. Repeated exposure to 100 ‘and '1006'

'ppm TRI, 8 hzs/day x 5 days/wk for 6 weeks produced ' sig_nificant ‘
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changes in amounts of timé‘ speht in wakéfulness and sleep and HR.
Amounts of wakefulness, slow-wave sleep and paradoxical sle'ep were
changed only during the exposuré perioa. H’oﬁevef,.HR' wé.s déér'ea.sed '
not only duririg but also after the exp_o‘svu‘r"e péfiod. .;I;hé ‘significaﬁt
decrease in HR without any change in sleep-wakefulness during the
post-exposure period suggests that bradycardia _is the most gensitive
sign of cardiotoxicity occurring in exposure concentrations close to a

threshold limit value of TRI (50 ppm).




y,}\78uiAsses$mgh;wqf éffec;s of Electromagnetic Field by
| bﬁibloziqaliﬂonitoripg
(FY 1890 - 1993) |
;_Atl Téugthyquné}ﬂiroshi Jounai,Yoshihumi Nakanishi,
| Toyoﬁité Iwata and Akinori Yasuda '
tNationél Institute of Industrial Health,

Ministry of Labor

Development of:a system to expose cells to extremely low

- frequency magnetic field

Ihere\are'a'number of machines and appliances which deal with or
consume a large amount of electric power.They usually generate strong
nagnetic field,especially,extremely low frequency (ELF) nmagnetic field,
and ‘nearby people are-always exposed to it.It is necessary to clarify the
effects of ELF magnetic-field.

- We have started the proaect which will lead to the assessment of the
effects of ELF ‘magnetic field by biological monitoring.In this project we
are goxng to perform several exper1menta1 invesutigations of cellular
effects of ELF :agnet1c fxeld this year we developed a system to expose
1ncubated cells to ELF magnetxc “tield which is essential in conducting
these 1nvestlgatxons this system possesses three features: (a)strong
nagnetic field of up ‘to 169mT(RHSvalue) (b)long-term exposure,and (c)the
frequency of theé magnetic field variable in the range 10-100Hz.

A number of'inveétigatioﬂé have been made on the cellular effects of
ELF magnetic field,but most of them have not succeeded to obtain reliable
data.This 'is partly because exposure dose was insufficient in these
investigations.The exposure systenm developed in this work can realize long
-tern exbosuresibf celIS to sfronz magnetic field,that is,large-dose
exposures. Using this: systenm in experiments,we will be able to obtain
cléar data on the cellular effects of ELF magnetic field.

Furthermore,we can ‘examine the frequency dependency of the effects of
ELF magnetic fiéld;usihg_this-exposure-system.We may be able to draw from

it .valuable information on their mechanisms.
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7 9. Research on Utlhzatton ‘Technique of Melted Slag
and Incinerated Ash Sewage Sludge
(FY 1989~1991) -

K. Sato, K. Okazawa, T. Shiraishi
Ultimate Disposal Division, Water Quality Contro! Department
Public Works Reserch Institute, Ministry of Construction

Quality stabilization and improvetn‘e_nt of melted slag and incinerated ash are necessary for
promoting sewage sludge utilization as construction matelials. ,O;n.the- other hand, there is a problem to
treat and dispose a lot of construction wast which is génetated mainty in urban area. Especially,
excavated soil and concrete waste are generated in big mass lrom'public works, and development on

recycling and reuse technique of these wastes becomes pressing need.

The purpose of this study is to establish low' cost technique grading up the final.product of melted
slag and incinerated ash as construction materials to combine sewage sludge with. construction wastes
in sewage treatment system.

* Summary of the study in FY 1991 is as follows. ‘ o
(1 ) Change of thermal characteristics in the melting process of lime-conditioned sludge.
Concrate waste or excavated soil is added for basicity (CaO/SnO,) Adjustment in the meltmg
process of lime-conditioned sludge.
The differential thermal analysis (DTA) showed that the melting temprature falls about 100°C, in
case of the sludge basicity was adjusted from 2.9 to 1.0.

(Z)V The pilot test of sludge melting combined with construction ‘'wastes
The characristics of the generated melted slag was examined as aggtegate. The standard values
aggregated for specific gravity, water abéorption rate, and stability for Sodium sulfate wete achieved.
_ The resisting strength for abrasion of the melted slag with conéttuction wastes is almost the
same as the melted slag with silica sand. These results show that the slag with’ constructlon wastes'
can be used for under subbase.
It is observed that the viscosity of the melted slag with concrate waste tends to be higher than
that of the melted stag with silica sand.

(3) Study on melting system to combine sewage sludge wnth constructlon \wastes
In case of combining sewage sludge with concrete waste or excavated soil, it showed that the_
conditioning of water content and grinding of matenals needs before dosmg to melting furnace. And '
the analysis of components in concrete waste and excavated soil also needs to control the basthy of -
melting.
(4) Leaching characterxstxcs of metals from melted slags - e
It is observed that the metal concentrations in leachates by the test method of U. S. EPA are
higher than that of Japanese Envnronment Agoncy. But the metal concentrations in leachates are
much lower than the standards for metals in leachate i in Japan
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80 Study on Research Methods to Clarify Pollution in the
, ' Reef Flat Zone in Coral Reef Islands Using o
‘Aero-Survey and Space Image
(Final year)
‘research period 1988-1992
by Takekazu AKAGIRI, Tamotsu SAITO
Shinji TAKAZAWA, Kouichi MOTEGI-
Takashi HAYASHI :
Geographical Survey Institute

Introduction ‘ ‘

In Okinawa Islands. red soil flowed out into the shallow sea
area in the fringe of reef flat area. It has polluted the shallow
sea area facing the coast line and consequently live corals have
been damaged intensively since around 1972. It is social problems
in the present, because the red soil kill live corals, pollutes
sea water, disturbs to conserve natural ecology and fishery and
so on. If we leave the flowing-out of the red soll to the reef
flat and the sea as 1t continues, environments for coral reefs
will be damaged intensively ‘and continuously in future. ' For the
reason, to establish suitable ways to stop the flowing-out of red
soil and to monitor the phenomena are necessary as the most fun-
damental countermeasures to conserve the sea environments for
coral reefs and relating life with natural landscapes.

The purpose of the study is to establish new ways to
monitor polluted reef flat and surrounding sea area effectively
in cheap cost in an easy way using aerial photographing system
and other methods, and consequently to contribute  to clarify ac-
tual conditions of .polluted coral reefs. Research period is four
years from 1988 fiscal year to 1991 fiscal year. This report
deals with on the final part of the study. This study is spon-
sored by the budget for the fundamental study for the prevention
of environmental pollution for national institutes by the En-
vironment Agency.

2. Outline of the study ” .

It is to clarify actual conditions of polluted sea area by
red soll before any countermeasure to conserve the environments
of coral reefs. Through the study, we tried to clarify actual
conditions of deposition of red soil, marine landforms, bottom
quality and distribution of many forms of 1life using color: aerial
photographs at a large scale and remote sensing images. . ;

In 1991, color aerial photographs were taken to compare with
areas polluted. by red soil in Nago city in Okinawa main land
(résearched in 1990) and areas without pollution in Yoronjima is-
land in Kagoshima prefecture, and to clarify surface environmen-
tal conditions of coral reefs based on the comparison with his-
torical .data through years. :

.“The balloon photographing system was tested whether - or not
the system can be available for monitoring actual conditions of
the ‘distribution and change of the flow-out of red soil. Also the
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relationships between deposition of red soil and critical limit
conditions of existence for live coral were considered. ‘

3. Results in 1991 fiscal year

In 1991, we researched in the area without pollution. The
research consisted of" aerial color photographing of c¢lean coral
reef area, subsequent analysis by photointerpretation, fieldcheck
to verify the interpretation and the experimental compilation of
a topogrdaphic map and an actual condition map of nature in the
reef flat in the coral reefs. Based on the detailed distribution
bf coral reefs, a histéoric changes of the distribution of live
corals were clarified using the results.

‘Using the past aerial photographs, the distribution of live
corals was clarified in the area without pollution in 1946 1977,
1984 and 1991. Also on the polluted area by red soil in 19486,
1970 1972, 1977, 1880, 1984 and 1988. :

Datd of the aerial photographs were changed into digital
data and the image data ‘were analyzed and ‘compiled into computer
graphic images. Subsequently, the influence to the interpretation
of sea bottom depending .on the depth of seéa water was made clear
and absorption factor was decided As ‘one of results. a bird eye
view inap was compiled.’ '

Trial observation using a balloon system with a camera was
‘repeated and it was: clarified that these system were available
for periodical routine observations using balloon system to catch
actudl conditions of the distribution of 1live corals. in’ the reef
flat in coral reefs. As a result; the system is available. but
there is a problem to be solved that to keep the direction of the
catiera is still very difficult, and a new &§ystem to keep the
direction of the camera to . take aerial photographs in good
quality.

. As mentioned above. based on the study through three years,
we could clarify that any method is available to monitor the pol-
lution of reef flat of coral reefs by red soil among aerial
photographs, a balloon system with a camera, MSS research by
aeroplane and satellite image analysis. And consequently we com-
piled a new manual for monitoring tidal flat of coral reef using
aerial photointerpretation .

Conclusions . : '

We studied to establish new’ methods to observe and monitor
«actual conditions of 1ive and.dead corals for three years. We ex-
amined several methods and concluded that various ways are avail-
able to research the area, among them, the balloon system {is
available to observe actual conditions very easily, but at the
same time, still there is a problem to keep the direction of a
camera. .
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81. Conservatm Methods of Natural Environment in Urban Rivers
: (FY 1989-1992)

* Hirosi Shimizu, Okimichi Suzuki, Sachio Ogorl
_Harushi Kamba, Yuji Watanabe,

'4,Urbsn'River Division, Rever Department,
. Public Works Research Institute, °
Ministry of Construction

I urbanization of Japan, a natural river space is essentially and a conservation of it is needed.
River managers have tried to conserve a natural river area. However the way to conserve a river
envi‘ro’nmer’xt was not 'studied enough.

ln lhls research we should deflne the charactenslrc of a natural river envnronment and propose the
way to conserve a river environmet. The l’ollowmg investigations have been carned out.

1. "Inverstlgatlon of a natural river environment.

- We mvestxgate several types of nvers about a charactaristic of river channel, a from, a plant a
_ecosystem. ah .amount of discharge, a water quality and a structure in order to define the
charactefistic of a netorel nver_envrronment )

B. Proposmon and assessment of the way to conserve a river environment. ,
We' propose the way to conserve a river envuronment After these experiments and field
.- investigations, we assess it in view of a landscape, a water quality, a ecosystem and a flood"

control.
B. Conclusion of the way to conserve a river environment.

The followmg resulls were obtained this fiscal year.
1) We have been pursuemg a fleld investigation for fnsh at the Ta~river which has carried out river
. 1mprovement since 3 years ago. As a result of freld investigations, it has cleared that concrete
._’revetment fiver has less variety and smaller amounts of fish that normally inhabit rich aquatic
'1 plant ‘habitats, which'in turu, slow the river flow, in comparison with a river of natural river
bank(as time passed) And also fish inhabit densities of concrete revetment river may be
decreased about half m comparsion with un-lmproved/ natural river which have aquatic plants,
"wﬂlow trees, rip-rap cobbles so on.

.2) . rWe could prove the importance of "uki-ishi-river-bed” (2= F N E. unstable stream bed which ’
‘ _Als unsedlmenlary cobbles)for fish. Generally in the flood. lots of fish are flowed to down stream
by flood because most fish can not resist the flow velocity at"“shizumi-ishi- river-bed” (GEHRBM
"EE. stable stream bed whnch is sedimentary cobbles)which has not or cattail plants zone of fish
‘-.using a castmg cover net l'orm senter of river in in flood at the Ta-river which is many uki-ishi-~
nver-bed(because fish take refuge in to the uki-ishi-river-bed).
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3)

Present in Japan, river inprovement construction has promoted activity in construction of

concrete remetment on the river side(which has come into wide use)in order to protect scouring

caused by flood. However, on the other hand, river improvement produces an evil influence on

the habitat of fish, due to the decreasing of rapids, deep bools and aquatic plants associated with

these improvements for the above reason. We madean effort and carried out to _improi'e the
Naturally Diverse Construction Methods “% 8 28B)H)I| T3 " which is able to inhabit many kind
of fish according to rehabilitate inhabitable environment for fish.

Table-4

List of sampling pisces in Ta-river

FRsmE-—-%x @&l
1990 years 1991 years
Species name (Kinds of fish) : .
' /12 1728 8/ 8|11/ 5 L/21) 1/25] 8/31
AHE Lanpetra (Entosphenus) tridentata 1 20
£ Oncorhynchus masou masou 4 1 15 | yweva
71 - Plecoglossus altivelis 18 10 1 1 _ 1‘ (]
1 Cyprinus carpio 2 4 1 36 2 1
%77  Carassius carassius buirgeri 5 10 10 i 3 4
M Rhodeus (Acheilognathus) moriokae 2
94 Leuciscus hakonensis 28 50 66 238 84 170 807
77°3M  Phoxinus percnurus 2 1 3
) Zacco platypus 20 9 1 8 12 14 27
178y Zacco temmincki 1
¥ Pseudogobio (Pseudogobio) esocinus 3 23 35 1 1 42
3] Gnathopogon elongatus 3 54 15 405 80 2 121
1320 Pseudorasbora parva 3 5 12
Fy 39  Misgurnus fossilis anguillicaudatus 1 21 39 50 3 32
¥V ¥ 1) Cobitis (Cobitis) biwae biwae 10 29 100 22 4 1 43
$MF ¥ 29 Lefua costata 12 17 18 2
%% Silurus (Parasilurus) asotus 3 1] 2 1
3y/¥)  Rhinogobius brunneus 3 1 50 2 3 .
Total 18 species 18| 15| 158| 1@ n@| A 14
Sampling number 94PC | 241PCT| 4120C| 850PT| 213PC| 191PT | 1101fT !




Fig'—’l

Fig-2 Sampring of fish and flood velocity of the point in “Uki-ishikasyo”.
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82 Planning Technique for Residential Districts
with Full of Amenity and

Conserving Natural Environment
(FY 1991-1993)

Kazumasa Watanabe -

Kazuhisa Iki

Katsushi Satoh

Nobuhiro Yamahata

Masamiki Ohhashi

Building Research Institute, Ministry of Construction

Recently many housing districts are developed in hilly or even mountainous areas in or near cities.
Planners wish to conserve the natural environment and to create there a housing env’i'r,dnmsnt with
full ot amenity for residents at the same time. But in almost all cases, the districts are develbped
into the excavated and flattened land to make it easy to plan and executs, and to reduce fhe
construction cost. But if you see the fact that the trees planted after completion of buildings often
grow bad because of mismatch to the land conditions and cannot serve as ams'nity resources, you
can understand that the reduction of initial cost does not mean the reduction of cost for
maintenance of amenity level.

We have already developed two basic models: one for prediction of natural environment potential of
" land interpreting the suitability of land soil for plants and another for evaluation of landscape
composed of plants and buildings from viewpoint of amenity for residents. '

The natural environmental potential of land signifies the suitability of land f'or the tree. According
to the calculated potential of a land the trees planted there grows better and show a
stronger vitality. o '

The evaluation mode! is composed of two factors; one is a model to make a series of visual images
that the future residents will see on the pathways when they walk around in the plannéd residential
district and another is a mode! to evaluate the plan on the basis of the ir-nprés'sion's of residents.
This study Is to create a planning technique for residential :dlstrfcts wiAth full of amenity and
conserving natural environment; by joining these two models, by widenir{g the application region
and by giving the easiness of use in practice. S S o ,
In the fiscal year 1991, following subjects were studied;

1. Improvement of the prediction model for natural environmaent po!éntial of land
soll by applying fuzzy method

The introduction of fuzzy method seems very useful for extension of applicable region of this
model, because the component factors we can use for the model do not always show a perfect
independence and in practice there often arrives some lack of data. The fuzzy method
introduces statistically relative functions between factors and can give the results even when the
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given data are incomplste.
However, statistically significant number of complete data are necssséry to introduce the relative
funé}ions between factors used in the model, because the moditication of model based on the

incomplete data'provokesarisk to give acertain error even when the data is complete.

2. VerHication of applicability of the mode! to wider region

The master tree species serve as a scale for measurement of natural environment potential of the
concerned land. According to the regional conditions, the dominant tree species of the residential
district vary, and‘the natural environmental potantiél of a land should be converted according to
this differnce of dominant tree speciles.

To extend the applicable region of the prediction mode! of natural environment potential, we
chose "Sendai”, a city in north eastérn' region of Japan and "Kobe”, a city in south western region of
Japan. The extension of the applicable region of the model requires two works: one is to find out a
convert function between the two tree’ species and the other Is to introduce the factor of
ditference of climate and land soil conditions into.the model. Wa carried a series of surveys to find
out the residential districts In each region appropriate to verify the applicability of the model,
where we can find out two master tree species neighboring each other in a site, From the
comparison of the vitality of two tree species we will obtain the convert function between the
two specles.

The consideration on the difference of climate and land soil conditions asks to take into account
the si;uation of stock of these data In every region in Japan on which we are planning to
conduct a survey.

!mproveinent of landscape evaluation model

The basic model can compose a series of images in a range of about 10m from resldents We
improved it by adding the software to lay arear scens and a background scene under the
first image. With this integrated image, the planners can seize better the result of their
development plan. ,

To obtain the numerical evaluation of these images, we are plannlng a survey about the
impression of residents on the composed image and eventually the impression between the
image ' composed by computer and the real landscépe.

4. Collection of physical effacts of plants

The evaluation of development plan from viewpoint ‘of visual impression has a risk to permit tor
the planners to ignore the physical effects of plant on the resi.éential districts. To
dompensate tﬁis problem we wanted to give the planners the physical dataof the plant effect on
the district and we started to collect the numerical data of the physical effect.
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83. The Study on Technology to Reduce The Nonse
Generated by Construction Machine
(FY 1990~1993)‘

Atsushi Sugiyama, Hiroki Kajita, Hideyuki Takeda

and Yuki Yamanaka

Construction Equipment Division, Construction Method
and Equipment, public Works Research

Institute, Ministry of Construction

1. Introduction ‘
In surveys on the realities of complaints about construction noise, many more complamts pertam to’
work performed with rock drills than to any other type of specified construction work.

Under these circumstances, noise from hydraulic breakers must be reduced, thogh late, to decrease

complaints about noise in construction work. In FY 1991, we implemented measures to reduce" noise

from hydraulic breakers on the basis of test results of the previous fiscal year and examined their =

effects.

2. Purpose of Study S
The purpose of this study is to:clarify the noise generating mechanisms of hydrauhc breakers wuh o

mechanisms to generate impulsive noise by impact, and see how to reduce thls noise’ and estabhsh low-v

noise hydrauhc breakers. - S

3. Method of Study
3.1 Fabrication of Prototype Noise Reducing Components

v

When we investigated the state of noise generation by hydrauhc breakers in FY 1990 we found
that there was a tendency for sound to radiated from the vicinity of the chisel impact in the interior
of the breaker, and the vicinity of the window of the s:de bracket, and lhen the whole of the »
breaker itself with the chisel part as the center .

To reduce sound radiated from the breaker, it is necessary not only to mterrupt sound emnnated
from the surface of the breaker but also to suppress the vibration of the breaker 1tself. So, in FY
1991 we checked for the effect of noise reduction by surrounding the eurfnce of the breaker with &-
damping material and wrapping this with a 'sound proof steel sheet cover in expectatvon of its"sound
insulating effect. .

We used urethane rubber as dampmg material in consideration of its strength and workablhty
besides its damping effect and used SS400 for sheet steel.

3.2 Method of Noise Measurement

Ambient noise was measured at a height of 1.5m, and in all four directions Tm and 15m from -

the hydraulic breaker when breaking concrete slabs and granite on the assumption of actual Breeking
work and we analyzed noise levels and 1,/3 octave frequency.

4. Results of Study ‘ .
Table 1 shows the results of the ambient noise measurement in Case A-1 before initiating noise
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reducing. measures and Case G-1 after noise reducing measures by the souridproof cover and the
damping material. The average value ‘of noise at the 7-m point was reduced by about 7 dB in breaking
concrete slabs with a point chisel and about 7 dB in breaking granite with it.

The following became known from our survey results in FY 1991:
1) Noise reduction by about 3 dB is possible by using the prototype soundproof cover we fabricated.
2) Noise reduction by about 5-7 dB is possible by combined use of the soundproof cover and the

damping material.

5. Problem to Be Solved Hereafter
We believe that in the future, it will be necessary to study this in order to achieve structures that

can withstand actual use and make improvements so as to reduce noise even more without imparing

workability.

-« .4 o+ .- .- Tablell . Effect of Noise Reduction
mele b S - Ualt:dB(A)

Type of [lmpact

Caze A-1: Before nolse reducing measures
Case G-1: After nolse reducing measures
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84. Reseérches-on the Method to Evaluate Lotic Environments Béséd on
the B1olog1ca1 Condition of Macrobenthic Invertebrates in Japan
(FY 1989 ~ 1991) o

Masatoshi Yamasaki, Yasuaki Sugi, Takeshi Ogata and Akira Takada f
Fukuoka Institute of Health and Environmental Sc1enceq !

Takao Nozaki and Shin-ichi Ishiwata
Kanagawa Environmental Research Center

Keiichi Kitano, Akiko Fujisawa and Megumi Kosaka
Ishikawa Research Laboratory for Public Health and Environment

Tsuyoshi Ogawa _ \
Environmental Science Institute of Hyougo Prefecture .

Although macrobenthic invertebrates are regarded as a good indicato:jbt
the lotic environment, evaluative techniqués uéing thésel macrobénthic
1nvetebrates have . not yet been standardized because of methodologzcal
disunity, taxonom1ca1 difficulties involved. » ’ ;f

~ Then, in the present study, in- the light of the bioibgicSll water.
quality score system pow under way in England and in cunsidaratibn .of fhéf
present 51tuat1on of taxonomy and the biological cond1t1on of macrobenthxc
invertebrates in Japan, we have been examining possible standardxzatlon of
evaluative techniques for the lotic environment using macrobenth1c‘
invertebrates, which are practicable even on the part of env1ronmental,
institutes of local goverament which lack in biological -experts.

In the prev1ous report, we examined samp11ng methods and clarxfxed that
the one mxnute samp11ng method by k1ck-sweep using D—frame net was
practicable for the biological cond1t10n of macrobenthic 1nvertebrates_in,
Japan.

In the present report, from thebrelation betwveen data on llh'samﬁles
(48 spots) of macrobenthic invertebrates in 20 rivers of Kanagawa
Prefecture, Isikawa Prefecture, Hyougo Prefecture and Fukuoka Prefectare ’
which we sampled in the past 3 years and degrees of river water quality
organic pollution at the same spots, we set up scores for each family of
macrobenthic invertebrates and examined the validity of these scores in
comparison with the evaluative results with the surber sampler method in

conventional use.
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"The results can be summarized as follows:
i)'Pollufion indexf(PI) of Pantle & Buck (1955) at each'sampling spot
according to the surﬁer'sampler method was 3.6v(ps) and 1.0 (os) at maximum
and minimum, respectively. »

2) According to the water quality index (WQI) of Yoshimi et al.(1982), river
organic - pollution tended to be low and high at upper and lower reaches,
‘respectively and was lowest and highest in -1.88 and 4.52, respectively.

3) From WQI values and the biological condition of macrobenthic
invertebrates, pollution index by families was calculated on a total of 73
kinds of macrobenthic invertebrates (71 fam111es and 2 classes) and index
values calcnlated were ten-sected. Scores were set up on these 73 kinds of
macrobenthxc invertebrates in such a way as to give score 1~10 to kinds with
m1ninal~max1mal pollut1on index by families, respectively (Table 1).

4). ASPT (average score per taxon) values at each sampling spot determined
from. ‘scores tended  to ‘be high and low at upper -and . lower reaches,
respectxvely, be1ng highest and lowest in 7.41 and 2.00, respect1ve1y The
sbove values showed a small seasonal variation.

5)‘81m11ar correlation at a level of significance of 5% was noted between
ASPT values and PI valaues in every season.

“Thé above results suggested the practicability of the evaluation of
river water quality by ASPT values ns1ng scores on the bas1s of a rough
c18531f1cat10n at the levels of family. ’ '

‘ thg score system in th1s,report which was based on the data in 20
rivgcé of four prefectures, has need for more data of the various biological
ééﬁditiéﬁ of macrobenthic invertebrates to be avairable for all rivers in

Japén.'
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Table 1 Score sysytem

“Faeily - -~ Score

Order Family Scord Order
Epheseroptera | Siphlonuridae 8 ) lenoidae 10
Isonychiidae 1 Linnephilidae 1
Heptageniidae 7 Lepidostomatidae 9
Baetidae 6 Sericostomatidae |. -7
Leptophlebiidae 7 Odontoceridae 9
Ephemerellidue ' 7 ¥olannidae 9
Caenidae 6 _ Leptoceridae * 7
Potamanthidae 7|[Coleoptera | Gyrinidae | 8
Ephereridae 1 Hlydrophilidae = | . 7
Polymitarcidae 5] Psephenidae 6
“Odonata | Calopterygidae | 8 Dryopidae T
Epiophlebi idae 8 Elnidae 6
Gomphidae 1 Ptilodactylidae | 8.
Cordulegasteridae 6] }.alpy}'_idae ______ 8 '
. Corduliidee | § Diptera T;pulxdae .... 7:
“Plecoptera | Taeniopterygidae | 10 Blepharoceridae | 10
Nemouridae 8 Deuterophlebiidae} 10 X
Capniidae. 9 Psychodidae 8
Leuctridue 10 Dixidae 8
Peltoper!idae 9 Simuliidae ) 5
Perlodidae 9| Chironosidae '3
Perlidae 7 Tabanidae 9
Chloroperlidae 10 Athericidae 8-
ptera ....... 4Aphelochei.¥i“d;é 'S.'V.fr:'iclndida Dugesi idae 6
lega'_l_qpte;z.\":m Corydal idae 7 --Ifsogastrosodq Pleuroceridae 5
Trichoptera Stenopsychidae 8 Basonatophord Lytnaeidae ..... 3
: Phi lopotasidae 8 Physidae 1
Psychoryiidae 8 Ferrissidae 3
Polycentropodidae | 7 Unionoida Unionidae 6
Hydropsychidae ] Veneroida Corbiculidt;; ...... 6
Rhyacophil idae 8 'Eé.l'i;&‘ﬁ;eta) ..... 2
Glossosomatidae 7| (Hirudinea) : 172
Hydroptil idae 6 | Amphipoda “Gammaridae 7
Limnocentropodidae 9 lsopo&u Asellidae 2 ''''
Phryganopsychidae [ 6 Sphaeronidae 9
‘Phryganeidae 8 Decapoda Potamidae 8
Brachycentridae g [T .
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8 sl‘étudy on Preservation and Mechanism of the .
Stabilization of Coral Reef Ecosystem
(FY 1989 - 1991)

Takeshi Tatsukilwakayama Prefectural Nature
Huseum, Jiro Isa/Department of Agriculture,
Forestry and Fisheries, Okinawa Prefecture,

- Kazuhiko Sakai/University of Ryukyus, Hiroyuki
, Yokochi/Tokai University

‘Vshuichi Fujiwara, Masanao Kashiwara, Hiroshi
‘Hisaki, Tokunosuke Tsuchiya, Hiroomi:Uchida
,and Tasuku Uno/Marine Parks Center of Japan

In order to clarify the nature of recovery of coral community, and the
relationships between the recovery and environmental factors, experiments
and researches as follows were carried out at the Yaeyama Marine Park
Research Station on Kuroshima Island and its vicinity, in Yaeyama Group,
Ryukyu Islands, 1989 to 1991 fiscal years. : :

1. Region level survey
8 characters as follows were examined at 91 stations in the survey
area (the Sekisei Lagoon and its surroundings)
1. coverage of living corals,
;2 tiﬁe of extinction of coral community;
‘3. growth type of living coral community;
4, deusity of A. planci;
5. density of feeding scars of the starfish,
6. depth;
. 7. nature of bottom; :
'8, maximum diameter of table-type Acrogor a in each station.
, '5’There ‘are several stations with their coverage of living corals
increased during the several years, and the recovery of coral community has
advanced gently. However the stations of Acropora spp. as the dominant
species are still very few, and coral coverage are less than 202 in many
stations, just same as the results of the last several years. The
distriouted area of A. planci was observed from south area of Ishigaki
Island to South area of Taketomi Island, and east area of Ruroshima Island,
in 1975. In 1981, the population of A. planci occupied southern half of
the Sekisei Lagoon. ‘A, planci was distributed in Yonara Strait, east, west
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and south area of Kuroshima Island, and the area of between Taketomi and
Kohama Island, in 1984.

The populations of corals were distributed in northern reefs of Kayama
and Taketomi Islands. But the population density of A. planci decreased
from 20 individuals per'IOOm2 in 1985 to 10 individuals per 100m2 in 1986,
and 1-2 individuals per 100m2 in 1987. After that A. planci was observed
0-1 individual per 100m? from 1988, in constance. Outbreak of the starfish
in survey area therefore, seems to have been almost finished.  The recovery
of coral community in the survey area is still far from the normal
condition, and the degree of recovery is much different station by station,
as in condition of the last several yeats.

From the analysis of depth, substratum, wave actionm, and current
velocity at 91 stations mentioned above, it is clear that the ‘coral
recovery never correlated to those factors. 4

Survey of amount and component of drift sediments, and amount of silt
was taken place at 10 stations out of 91 stations mentioned above, chosen
by the consideration of coral recovery and condition of surrounding sea
water. Furthermore, survey of sedentary organisms was also taken place at
the 10 stations by using test panels made of skeletons of massive corals.

The analysis shows that there are no correlations between coral
recovery and each of the surveyed factors.

2. Community level survey

In order to research changes or developments of coral communities,
species and size of corals, and coral coverages were examined in each 100
permanent quadrats of Im X lm at every eight permanent survey points, for
two years, at intervals of six months. At every eight points, data of five
examinations (Jam., Jun., & Dec. in 1990, and Jun., & Nov. in 1991) are
similar each other. Therefore, there are no essential changes on coral
communities in all survey points, during the last two years.

From the analysis of changes of the number of colonies, growth scores,
and coverages of corals during last two years, it is clear that all survey
points except Pt. 5 have no essential changes, or almost so, and that coral
community at Pt. 5 has grown gradually.

Each of the surveyed coral communities looks like a rather stable
community, during a short period such as the intervals of this survey.
However, from the analysis of every corals in all quadrats, it is clear
that they change dynamically as time goes by. '

Great amounts of changes are seemed to be not due to the recruitment
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of coral larvae, but due to the fragmentations of every corals. The
fragmentations may take place by heavy wave actions or strong currents
while stormy weather.

~ On the genus level survey of small-sized colonies (d=2-Sem) in 20
permanent quardats in every eight points, number of the small-sized
colonies is not directly related to the amount of recruitment of corals.
However, the analysis of small-sized colonies of Acropora and Pocillopora
- shows the importance of upper surface of substrata for the recruitment of

corals.

3. Coibny level survey
Growth experiment of &4 species of corals (Seriatopora hystrix,

Montipora digitata, Acropora formosa and Anacropora spinosa) was carried
out for a year approximately, using coral plantation panels, at 3

experimental points, where envirommental conditions were different. Each
transplantéd_colony was photographed for measurement at intervals of 2
months. - Temperature, salinity and turbidity of sea water have been also
recorded by data loggers at each point for the analysis of correlations
between coral-gtowth and non-biological envirommental factors. A

Results are that coral growth indicated maximum quantity between
August and December. It was not appeared that turbidity prevented coral
‘growth. ’

It was supposed that intense daily range of water temperature

prevented growth more than turbidity.

Conclusion

Although almost all regions were damaged by outbreak of population of
Acanthaster planci, to no traces of corals in the survey area, there are
many moats or sub-areas with the recovery of coral communities of much
different degree.

The cause of very low or no recovery of coral communities may be due
td'the'folldwing three reasons, 1: Absence of recruitment of coral larvae,
:2: Absence of coral colonies based on the strategy of fragmentatiom, 3:
Absence of substrata where the coral larvae recruit.

" The rapid recovery of cordl communities on these sub-areas may be
induced by artificial plantation of coral fragments.
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86-1 Regenerable Filter Trap Oxidizer and Oxidation
Catalyst System for Diesel Particulate Control
( FY 1990 - 1993 )

Iwao Yamashita

Energy Engineering Department

Eiichi Shinoyama, Osamu Shinozaki and Keizo Saito
Environmental Engineering Division

Energy Engineering Department

Mechanical Engineering Laboratory

Agency of Industrial Science and Technology
Ministry of International Trade and Industry

Diesel exhaust particulate, which is one of the component of the.

contamination in the air, need an urgent’countermeasure, because it is
. causing suspended particulate contamination, photo-chemical smog and other
elements of air pollution, and it makes void a catalyst and EGR effects
for NOx. :
Filter trap oxidizer method is one of the most promising counter-
measure of diesel exhaust PM (particulate matter). This method uses DPF
(diesel particulate filter) placed in the exhaust section of the diesel
engine mounted in the car. PM is once collected in the DPF, and burned in
the suitable condition for recombustion. By the recombustion, collected
PM is changed to gas phase and emitted, and the DPF is regenerated simul-
taneously. ]

This study succeed the "Diesel Exhaust Particulate Control by Filter
Trap Method" which showed possibility of particulate control byvfilter
trap method and ended in FY 1987, and aimed to the method to practicalr
use. This study plan is composed of two parts, one is "study on preven-
tion technique of thermal stress destruction of DPF element! which aim to
recombustion in uniform temperature. And the other is "study on the tech-
nique to find out the optimum regeneration timing" which aim to show the
optimum recombustion timing with monitoring technique of the quantity of
trapping particulate on DPF.

In the "study on prevent technique of thermal stress destruction of
DPF element", the regeneration method by auxiliary heater and the engine
exhaust flow was selected by the result showed in the former report. . The
regeneration in the uniform temperature was sought after and temperature
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‘distributions in the filter in the recombustion process weré measured.
And effects of DPF property and adiabatic ﬁroperty of DPF holder on tem-
perature distribution were investigated. Then corclusions as follows
were made clear in this fiscal year. )

1. In the case of regeneration by the auxiliary heater and the engine
exhaust, the temperature in the filter largely depend on the exhaust flow
rate. Especially, highest temperature position move with the flow rate
along the axis direction. '

2. In the above mentioned case, using effective adiabator as the
" holder of filter is effective for uniformization of temperature in the
fllter.

3. In the regeneration of above mentioned, CH2 filter (por051ty 50 Z)
is favorable than MF filter (porosity 90 Z) about the temperature distri-
bution. It was considered that a filter having high thermal conductivity
and large heat capacity was effective for uniformization of temperature in
-the filter in regeneration. '

In the "study on the technique to find out the optimum regeneration
timing", monitoring technique of the collection quantity of particulate on’
DPF by measuring pressure drops of DPF and flow through element was pro-
posed. And fundamental property of SOOT SENSOR which was measurer of the
' ‘accumulated quantity of particulate on DPF was investigated. Then the
results of this theme in this fiscal year were as follows.

A 1. The relationships between pressure drop and flow through rate of

- wall flow filter and flow through element show the similar downward convex
curves. Those curves can be simulated by quadratic curves with good
precision. :

2, In the case of particulate accumulated filters, relationships be-
tween flow through rates and pressure drops can be simulated by quadratic
curves too. And, increase of accumulated particulate shows small decrease
of quadratic coefficient and increase of linear coefficient.

‘3. Using the results of above mentioned, particulate accumulated
quantity on filter can be monitored by means of continuous measutement of
pressure drops of filter and flow through element.

4. Fundamental ability of soot sensor (measurlng device of particu-
late on filters using microwave absorption of soot) were measured and made
clear. '

5. ‘It was found out that ‘exhaust temperature and particulate accumu-
lated quantity had a complicated effect on the soot sensor out put.
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86-II. Regenerable filter trap oxidizer and oxidation
catalyst system for diesel particulate control
(FY 1991 - 1993) B =

shigeru Mori, Tatusji Sato, Yuichi Goto, .:
Shigeo Hori, Morimasa Hayashida

Engine Section, Traffic Nuisance Diviéion,a
Traffic Safety and Nuisance Research Institute,

Ministry of Transport

It is thought that it is indispensable to adapt.exhaust
cleaning'devices in the exhaust system in order to achieve the
sharp reduction of both NOx and particulate emissions. The
importance of the study on fea31b111ty and resistance
performance of exhaust cleaning devices is furcher 1ncrea51ng
It is said that, in future diesel vehlcles,'tne rate of soots
in diesel particulate emissions will decrease and the rate of
soluble organic fraction (SOF) will incfease An oxidation
catalyst system can clean SOF and has a 1ot of merlus such as a
low flow resistance..Therefore, the ox1dat1on catalyst system
is one of the most feasible means of cleanlng exhaust gas in
diesel vehicles. : al_

The objective of this study is. to investigate the
feasibility of cleaning diesel particulate emissions by the
oxidation catalyst system, to establish the technical ground to
achieve the long range target of the particulate matter
regulation, to clarify the various problems for practical
oxidation catalyst systems and to find the couptérmeasures to
these problems. In this fiscal year, the statiétical behavior
of main factors which have the influence on the -catalyst
performance has been investigated in vehicle driving tests. The
influences of composition performance of oxidation catalyst
systems with different types of catalyst have besen analyzed.
The results as follows have been obtained.

1. Analysis of behaviors of engine speeds, loads and exhaust
gas temperatures in the real driving condition
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The relation between various real driving condltlons and
‘exhaust gas temperatures have been investigated. As ‘a resulce,
the characterlstlc of engine driving behaviors has been
statistically clarified about the diesel truck in 3 types of
road; a general highway, an ascending road and an expressway. |

2. Analysis of seots, SbFland sulfates'in particulate matters
by thermogravimetric analysis ’

" 'In order to analyze the cbnversion rate of SOF by
okidetiqn‘eatalysts, measurement methods of soots, SOF and
sulfates.in particylate matters have been developed., As a
result, the tendencies of contribution rates of the
compositions in particulate matters have been understood by
this method. This method is effective for the analysis of
conversioq perforﬁance of SOF by oxidation catalysts.

3. Study en the characterlstlcs oﬁ cleanlng partlculate matters
by 'a flow through - type ‘oxidation catalyst

When the sulfur concentration in light oil is zero, a
flow through type oxldatlon catalysts is an effeqtive device
for reducing particulate matters in all of driving conditions.
In order to put this catalyst to practical use, it is necessary
to reduce the sulfur concentratlon in light oil end to develop
the catalyst whlch has low oxidatien act1v1ty for 802 with
oxidation actzvxty far SOF kept hlgh
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87. Development of New Wastewater Treament Technologies
for Environmental Water Quality Control

- (FY 1988~1991)

Yasumoto Magara, Shigeru Ohno, Takamine Kitao, Tatsuya Nqike,vMitsuxﬁi )
Kaneko, Munetaka Ishikawa, Toshiro Sakurai, Yasuji Yamamoto, Yoshio
Tanaka, Isao Kobayashi, Hachiro Sato, Kousaku Yamashita, Koutei Sakaki and
Hideaki Ohmori

Advanced Domestic Wastewater Treatment Committee, ‘Departn;xent of Water

Supply and Environmental Sanitation, Ministry of Health and Well‘are
Yasumoto Magara and Kiyoshi Kawamura

The Institute of Public Health, Ministry of Health and Welfare
Masshiro Takahashi and Mizuhiko Minamiyama

Public Works Research Institute, Ministry of Construction

The pollution of hatural water bodies, especially lakes and reservoirs, in Japan is becoming more
serious mainly due to increased discharge of domestic wastewater, so that the water quality does not
meet the requirements of various water uses such as municipal water supply, irrigation, fis'hety‘andv
pollution control. This project consists of three sub-projects and one of them was completed last year.
The results of the other two sub-projects are summaraized.

. v -
Part 1:Development of advanced treatment processes and system for domestic wastewater control

The object of this study is to develop the new Johkasou systems with advanced treatment processes;
which can meet higher requirements for satisfactory domestic wastewater management in the unsewered
areas. A comprehensive study on advanced wastewater treatment anql excess sludge treatment/disposal
was performed. In addition, a feasibility study on domestic wastewater management system was done
in a model area with Johkasou systems to achieve non-discharge of treated wastewater and excess
sludge from the area.

Field surveys of 4 small scale Johkasous for individual household and a middle scale Johkasou for a
small community with 33 households showed that the use of disposers resulted in increase of wastewater
quantity and pollutant load by 102, 15gSS, 17gBOD, 13gCOD, 1.4gT-N and 0.14gT— —P per day. However,
insignificant change of effluent quality except increase of SS concentration was observed in the middle
scale Johkasou under freaquent excess sludge removals. Required volume for small scale Johkasous
and some riecessary improvements in structure and maintenance for middle scalé Jhokasous were’
proposed to accept wastewater from disposers. ) )

An improved type of small scale Joukasou with a peak-cut chamber and return of treated wastewater
was examined to remove BOD and T—-N, and proved to produce the effluent with BOD and T—N less than
20mg/f. However, further examination was required to obtain stable removal efficiencies of these
items. Several kinds of unit processes were evaluated to examine the feasibility of application in middle
and large scall Johkasous: Intermittent aeration of the activated sludge process under DO and ORP .
control produced higher removal of BOD, T=N, T—P and so on, and ultra memBrane filtration improved
very excellently removal efficiencies of BOD and SS. Water quality standards for emission and reuse of
treated wastewater were set and some advanced wastewater treatment systems to meet these standards
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" were proposed.

The quality and quantity of excess sludge generated in several kinds of Johkasous were evaluated to
obtain fundamental information for sludge treatment and dosposal. The advantageous effects of
saponin on oil removal and decrease of adverse effects by oil were confirmed through experimental
studies of the activated sludge process. Filtration units' with unweaved cloth were developed and
evaluated in semi-batch and continuous modes to thicken excess sludge with low energy consumption.

The feasibility study on a proposegi_ domestic wastewater management system in the model area led to
the conclusion that non-discharge sysiem of treated wastewater and excess sludge as well as rain water

" can be established using Joukasou systems which were proposed in this study.

Part 2:Development of advanced treatment technologies for secondary treated municipal wastewater

There are two main objectives in this part. One is the establishment of the qualitative and quantitative
analytical methods for the trace organic materials that cause the odor and color in the effluent of the
municipal wastewater treatment processes. - The other is removal of the odor and color from the
secondary effluent. '

Field survery at two sewage trealment plants were carned out to determine the seasonal variation of
odor, color and residual organic matters in raw wastewater and treated effluent. The flux of odor and
color from each unit process such as a sludge thickner at other two treatment plants was also
investigated. It was shown that the threshold odor numbers (TON) of the raw wastewater were about
1,000 in winter and above 3,000 in summer, and the TON of the effluent from the conventional activated
sludge process were from §0 to 130. The values of color were 40-80 units in the wastewater and 20-40
units in the effluent. The TOC values were 10-30 mg/L in the wastewater and 5-10 mg/L in the

- effluent. It was found that the flux of odor among the treatment processes was mainly associated with
the flux of solid. _The flux of color showed a little variation.
The combination of ozonation process and activated carbon adsoiption process was investigated for the
‘removal of .odor, color and organic compound from the secondary effluent. This process could reduce
- the TON from 50~200 in the influent to §~30 in the effluent, mainly at the packed activated carbon bed
process. It was suppoéed that the deodrization in the activated carbon bed were due to biological
removal. And the color units were reduced from 10-40 to 1-9, mainly by the ozonation process. The
high removal efficiency was kept up to the end of the experiment (20,000 times of the volume of the
activated carbon bed)and were shown to be sufficient in this combination process.
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88- I . Prediction of WindFdriuen Currents and MasS"Trenéport in an
Enclosed Sea - o
(FY 1988~ 1991)

Kichiichiro Kawana, Takehlko Higo, Hldeakl Noguchi
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Marine Resources D1v1sion,

Marine Science and Technology Department

Government Industr1a1 Research Institute, Chugoku,
Agency of Industrial Science and Technology, '
Ministry of International Trade and Industry

The main aim of this. study is to develop a srmulation model for an
accurate predlctlon of mass transport caused by the comblned actlon of
wind and tide in an enclosed sea. The hydraullc experlment using a
wind-tunnel basin and field experlments in the Harlma Sea were carried out»
in order to investigate the generatlon mechanism of the w1nd driven _
current with vertical structure and to understand the - fundamental nature
on the mass flux which is caused by the tidal and wind- driven currents

The following research were carried out in this study.

1. An one-dimensional tidal model of the Seto Inland Sea was’developed.
This model gives tide, tidal volume-transport, and wind-driven current
through the Seto Inland Sea; these results were verified from the field -
observations. ‘ » ' '
2. A two-layer tidal model of the Harima-sea was constructed in order to
study the three-dimensional structure of wind-driven  currents in the
Harima-sea. Boundary condition of this model were given from the V
one-dimensional model. The calculated results represent an existence of
the effect of the Earth's rotation. The waters in the sea flow to the
right-hand side in the upper layer, and.to the left-hand'side,in the”lpwer
layer facing the leeward. This flow structure was verified from the field
observations. o

3. Harima-sea ‘is composed of narrow straits and a wide euuuyment forming
a "strait-embayment system". In the system, tidal ‘currents through,the_
straits are much stronger than those witnin the embayment.. ,The
hydrodynamics” "in the system is strongly nonlinear and mass trénsport .
processes are advection rather diffusion. We conducted a drogue tracking
experiment in the Harima-sea and found a .new type of transport mechanism;
a tidal-jet from the strait transforms into a vortex and this vortex
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carries water mass effectively to the center of the embayment.

4. Wind induced drift current under water current condition are
investigated by using a wind-tunnel basin W60cm x D1.2m x L50m with a water
circulation pump system. Vertical wind profiles were measured under the
conditions with and without water current, by using a pitot ‘tube .and
pressure transducer. Further, wind induced d:{lft current profiles were
measured by using a fiber-optic laser velocimeter. Va_riatibns' of friction
velocity and roughness length at current water surface with increaseing
fetch were estimated from the wind. velocity profile'sr near the water
surface. .Although the wind waves generated in the basin grow with
increaseing fetch,  the .values of friction velocity and roughness length
gradually decrease . with fetch. The relation between the friction
veiocity, Usea, and the wind speed, Uio, under water current was found to
be smaller than that -under no water current. Influence of wind is
propagated under current water deeply, and wind induced drift current
occur. in the region more-than half of the depth of water.
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88-01 Prediction of Wind-Drive Currents and Mass' Transport ‘in an
Enclosed Sea . : : ,
(FY 1988-1991) " ~ o+ 7

Minoru Odamaki, Takanori Imanishi, Shigeki Fukushima,
Hiroshi Matsushima, Hiroshi Nishida, and Ei-ich Suzuki
Coastal Surveys and Cartography Division,

Hydrographic Department, Maritime Safety Agency,

Yasunao Shimohira and Tsunehiro Hiraiwa
Hydrographic Department, the 3rd Regiohél Maritime Safety

Headquarters

This study is aimed to research the influence of wind to the current
and mass transport, and to improve their prediction in enclosed seas.
Tokyo Bay was selected as model éea. As this year is the last yeéi of the
study, we tried to examine the prediction through the drifting
experiments. However the test-run of the humerical\hodel, which was made
in the former year, was not be able to finish according to the instability
of the computation. The sem-empirical model, which was based on the
current observation data, was adopted instead of the numerical model.

In the experiments, the floats which drift in the surface layer
sinking about 30cm to avoid the direct force of wind, were released at the
same time from 4 stations and traced from 9:00 to 15:00, on December 18th
and 19th. For the reference, the currents were observed at 4 layers in
each station and the wind at 30m in the Tiba-Light during 15 days from
December 9th to 24th.

For the directions, the trajectories of floats were agreed with the
progressive vector diagrams (PVD) of the surface currents shallower than
3.0m, but for the length their differences were large. The trajectories
disagreed both in direction and length with the PVDs of the deeper layers
than 3.0m because their currents are quietly different with the surface
current. Since the semi-empirical model is based on the current
observation around 5m layers, its predictions also disagreed with the
trajectories. .

In the condition of the wind blowing from the innermost to the
entrance of the bay, drifting speeds of the 2 stations in the central area
were larger than those in the inner area, so it is indicated that the
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-fetch of wind are concerned to the drifting speeds ‘

Concludingly, in.order to 1mprove the prediction, it is necessary
that the vertical resolution of the model should be raised to know the
-detail of the current profile, especially in the surface laygr. And the
modelling of the unsteady process of the drifting by the variable winds
considering the fetch will be necessary. ‘
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. 89, " A Study for the Conservation of the Wetland Ecosystem: Establishment of the Method
of Monitoring the Ecosystem and the Countermeasu_rés ‘to the Influence from the
Surrounding Agricultural Lands. »

' (FY 1988-1992) |
Fourth annnnl Report, Year of 1991. |

Nature Conservation Bureau, Environment Agency

Maeda Ippoen Foundation ‘

Membexfs of Study

 Chief  Tatsuichi TSUJII (Hokkaido University)
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l;lifomi TAWARA (Hokkaido College, Sensyu Uni\lrersit'y)
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Hideki TAKAHASHI (Hokkaido University)
Fusayukl KANDA (Kushiro College. Hokkaxdo Umversxty of Educatxon)
Yachxyo TAKASHIMA (Kushxro City Museum)-
Junichi YAMASHIRQ (KUSher Clty Museum) . -
Hiroko FUJITA (ankaido University) )
Hiroyuki MASATOMI (Hokkaido College, Senshu Unnersnty)
Masao HASHIMOTO (Kushiro City Museum)

' Tsutomu HARIU (Kushxro City Museum)
'_ , » Norihisa KONDO (Nemuro Mumcxpal Board oi Educatlon)
Masakazu ITOH (Axkoku Filtration Plant, Kushiro Cxty) '
Ryoichi KURANISHI (Natural History Museum and Institute, _Chiba)
Naotoshi KUHARA (Hokkaido University) | |
Junji SAKURADA (Hokkaido University)
Tetsuaki NAGASAWA (Hokkaido University)
Takashi INOUE (Hokkaido University)
Tomoakn NAKAMURA (Hokkaldo University) .
' Akxhnro KOBAYASHI (Hokkaldo College, Senshu Umversnty)

Hideo KATAOKA (Maeda Ippoen Foundation)

Ministry of Agriculture, Forestry and Fisheries
Hokkaido National Agricultural Experiment Statlon
Shlmchlro SEKIYA (Department of Agro- envxronment Management)
'Masahxro KATAYAMA {Laboratory of Soil Survey and Land Evaluatlon)
'Naomichi MIYAJI (Laboratory of Soil Survey and Land Eyaluatlon) )
4Kazvunori KOHYAMA {Laboratory of Soil Sur(rey and Land E\'aluatvion)‘ ‘
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Tatsuakl KASUBUCHI (Laboratory of Lowland Soils) . . '
* S'V : : Mlchlo KOMADA (Laboratory of Lowland Soiis)
o _Kenji KlMlWADA (Laboratory of Lowland Soils)
Kazuya MIYAMA (Laboratory of Agrxcultural Engmeermg)‘
Shlgeo OGAWA (Laboratory of Agncultural Engineering)
) ) Yoshnhlko HAYAKAWA (Laboratory of Grassland Sonls)
Natlonal lnstxtute of Agro- envnronmental Sciences
A Aklo INOKO (Laboratory of Soil Organic Chemxstry)
Hokkaldo Umversxty. Faculty of Agriculture .
' ‘ Yasuharu UMEDA (Laboratory of Land Improvement)
Takashi INOUE (Laboratory of Land Improvement)
Tatsulchl TSUJII (Laboratory of Agro-forestrial Ecology)
‘Hokkaldo Prefectural Konsen Agricultural Experiment Statlon
Masao NOSHIRO (Laboratory of Soil and Fertlllzer)
Masayuki HOJITO (Laboratory of Soil and Ferttllzer)

A new vegetatxon map was used for trials in order to momtor the vegetatxonal changes m the Kushlrlo mlle l

Developments of Alnus Jjaponica thlckets were typxcally observed in the lower part of ‘the main rivers, i.e. Kushiro

Rlver. Kuchoro vaer. Hororo River, and Setsuri River, on the vegetation map Also. the areas of the typically high

: moor commumtles were dominated by Sphagnum Carex mxddena’oﬂ' i or Oxycoccus quadnpetalus scattered on
between the rnvers ' ‘

Dmtized geographxc data, such as altltude. slope and dlrectlon of slope were overlayed on to these new vegetation
date maps$ w:th the aid of a computer. Through the use of this computer system, typlcal geographlc conditions and
vegetatxon could be presented graphlcally

Based on the floristic surveys datmg back to 1988, 630 specxes of vascular plants from the Kushlro mire and its
surroundmg areas were catalogued One thousand sheets of voucher specimens were gathered and are now in the
care of the Botanic Gardens, Hokkando University, and the Kushxro Cnty Museum There are est:mated to be over
700 vascular plant specxes in the area of the mxre -

A (roup of Ranunculus subgerius Batrachxum species are expected to be a good indicator of lotnc envnronment

ﬂeld survey in 1992 revealed 16 populatlons of these species among the 80 stations’ exammed A

FloWermg Alnus japonica was mvestlgated at the two monitoring pomts in'the Kushiro mire. ‘Theé male and
‘female flowers blossomed until September in the flrst year, and then flowered again in April of the second year.
Pollmatlon occurred between Apl‘ll and May, and then seed formatlon began The number ot‘ spnkes of male and

g .female flowers at each shoot was |nvest1gated among three dlfferent trees. '

Mammals were surveyed i in the Kushiro mire and in the surrounding areas as well. Apodemus qoeaosus. Mustela
tmst. Lepus timidus, and Cenms mppon were discovered along the outerserts ‘of the mnre amongst the alder
thickets : ' ' o B

A pair. of Whlte tailed Eagle in this area tried to breed in the sprmg of 1991, but dld not succeed The White- taxled
Eagle llave failed to reproduce here, since 1989. Conversely, the largest number (43) of breedmg pairs of the
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Japanese Crane was counted in the spring of 1991.

Fish fauna was investigated at 16 sites along rivers where Pungilius tymensis was a characteristic species.

Caddis flies were collected from 29 sites and 41 species were identified.

The history of the surrounding river tributaries in the Kushiro mire have also been reportea; At three stations
along the tributaries of Kushiro River, the water level and the current of the river were also observed at 4 points
within the mire. Depths of peat freeze were also measured throughout the winter season at se_veral' points with
varioius types of vegetation. |

A new numerical mode! of the heat balance near the ground was tested t6 monitor the environmen;al changes of
the Kushiro mire.. The data used in the model was mainly obtained from the routine meteorological observation
in the Kushiro mire. The vertical profiles of calculated air temperature in and above the vegetation at night were
approximatedly similar to the ones observed. The calculated heat balances near the ground show that the heat
transfer to the ground is decreased with the reduction of ‘water. content of the top layer of soil, but that the latent
and sensible heat transfers increase with it. .

A specific focus of this landscape analysis was to identify how qualitative variables in photographs of simulated
landscapes were significantly related to the evaluation of landscape of the Kushiro mire. This study was based on
the data obtained from 96 subjects and 56 photographs taken at 6 viewpoints. Some patterns of relationships
between landscape changes and evaluations of those were identified, and its conceptual and applied implication of
the perceptual classifications were discussed. Another purpose of this study was to grasp the distribution and the
movement of the eye fixations while inspecting sceneries. Eight scenes recorded on videotape from 5 viewpoints
periphery of the Kushiro mire and 3 other viewpoints were presented to 12 undergraduate and graduate students.
The distribution patterns of the eye fixations differed in respective scenes, but showed the tehden_cy to concentrate

to the edges of the landscape com‘bonent such as river, lake and hillside.
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" 90-1-(1)Prevention and Control of ¥ildlife Damage for crops
' (FY1990-1984)

S Kyoichi:Yoney;méi Eikiéhi‘ﬂozakin Tegsurﬂayashi, Yasuo Ueuna,
Kenji Ivata, Masaaki Koganezawa. and Hideo Higashiw

. Hakusan»Nature Conservation Center, 1shikawa Prefecture

1. Study on the Japanese monkey

' The Japanese monkey(Macaca fuscata fuscata) lives in Honshu, Shikoku;

and Kyushu. Damages of crops by monkeys have recently increased everywhere
they live, This project is being conducted in Hakusan in Ishikava prefecture,
and Nikko in'Tochigi prefecture, to study ecology and ﬁanaéeméﬁt ieéhniques
of the Japanese monkey for the purpose of prevention and control of the
damage to:crops. CE o ‘
(Hakusan region)

-.From July to-Sptember, the monkeys live in the sub-alpine zone above
1680 meters. Because the beech trees:did not bear any nuts at all in the
autumn of 1991, troopé»vent down to seek foods at lower areas tvo months

earlier than 1990. . . .

.. ¥e gathered .information from old residents, about damages caused crops

by the monkeys on dezukuri agriculture. Animals began to damage the crops, -
mainly Maize, soy, pumpkin and radish since the Taisho Era.

Monkey had been captured by hunters in Ishikawa and Gifu prefectures.
Yakihata(slash and burn agriculture with shifting cultivation) wvas suited
tor ihe ecology of monkeys. This method increased the number of plant
species because more vere able to grow in the abandoned fields left after
Yakihata. .Thereforef more species of plants, such as vines and tall stemaed
herbs, vere avail&ble,for the animal's consumption. Before Yakihata few
“species of plants were available. ’ '

The monkey's eating habits for fruits of Yitis and Actinidia vas estimated
by fecal analysis. Seeds of vine vere found from September to November.

Seeds of silver vine vere found from half of the samples examined.

"~ . Thrée troops of monkeys were tracked from October, 1991 to February, -
1992. The monkey' s movement was strongly related to food availablity,
especially .the presence of kaki fruits in near by villages. The total number
of kaki fruits were counted at a village vhich was a wintering range of
Taiko Al troop to help to calculate their consumption.

In 1991 damages of crops occured 3 months earlier than in 1990. The
number of species damaged by increased from 10 to 19 species.
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(Nikko region)

Five troops in three area were radio-tracked for the purpose of eatimating
home range of the troops. Home range vas calculated by two methods, minimum
convex polygon method and harmonic mean method. But the minimum convex
polygon methods was unsuitable tp accurately calculate the ranges, because
there are vacant areas which were not used by animals. Two troops along
"Iroha-zaka” road had seasonal movement. In summer they used the lower sub-
alpine zones. In winter they moved below 1300 meters: Winter core area in
the home range of troops were narrower than their summer core area.

Damages to aglicultural crops in Asio town was investigted by a
questionaire method. Damages to crops began in 1955. By 1975, 10 people
reported damages caused by monkeys, 10 years later in 1985, the number of
people repoting damages increased to 23. There was damage to 31 different
kinds of crops, which included fruits trees, beans, grains, and various

vegetables.
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90-1- (2) Prevention and COntrol of Wildlife Damage for Crops
L (FY 1990 ~ 1994) a

iKazuhiro‘Yamase. Kazuhiko Maita, Masaaki Yoneda, Masato Nagatsu,
Toshifnnilkurosaki. and Motohiro Hasegawa,

‘Japan ¥ildiife Research Center

1.Basic study

‘We conducted vegetation study with special reference to nut-production
trees'in-Mt Taihei study area (Akita prefecture) in 1991. Egggg crenata
forest produces a large amount of nut, but the yearly prodnctionbie not_
stable in this type ‘forest. Nut productirity of Quercus crispula is not
so high as Fagus crenata. but Quercus crispula forest consiste of more

varrous trees that provide nuts and berrys to the bears than Fagus crenata
forest. In western Chuugoku Mountaine study area (Hiroshima Prefecture),
ve. analyzed and made maps of change of man made forest area from aerial
photography ' fhe man made forest area in 1947 was very small but the '
forest area 1ncreased in 1960"s and 1970"s in western Chuugoku Mountaine
study area. The increase of the man made forest cause decrease of capacity
of forest for bears and shift of range from mountain area to lover area.
2.Study on nut-falling '

The black bears in vestern Chuugoku Mountaine study area depened on
Kaki(D 1osgxr10 kakl) and Kuri(Castanea crenata) ripend on trees abandoned
around v1llages in depopulated area as autumn food. We counted number of
trees and studied frurt production of Kakr and Kuri in the study area.

erty four. percentage of kaki trees (n=102) and forty three percentage (n-
136) of Kuri trees fruited in 1992 in the area. The production of the
fru1t related wrth chest hrght diameter and hight of trees. '

3. Radio tracking study ‘ '

" Three black bears were captured in 1992 added two bears studied from
1991. and attached with neck-transmitters for radio tracking study in
western Chuugbkn Mountains study area in Hiroshima Prefecture.. The bears
nainly use near village area and consume kaki fruits and kuri nuts in
autumn. :The bears ebent much times'in foot of mountain area in autumn,
however denning sites located higer mountain area. One yearling of No.13
bear was captured in Mt. Taihel study area in April 1991, and attached a
transmitter for study of mother-cub relationehlps. The yearling bear move
with mother in April and May then separated from mother bear in June 1991,
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90— 0 Prevention and Control of Wildlife Damage for Crops

(FY 1990-1994)

Shinji Chiba, Makoto Yano, Shinsuke Hagiwara, Nobuo Hisai,
and Toichi Sugawara

The Ministry of Education;Institute for;Nature Study,
National Science Museum

Results
1. Crane population in 1991-1992 winter.

In 1991-1992 winter, 4 species of cranes wintered in Izumi, Kagoshima: White-naped
Crane, Grus vipio, Hooded Crane, Grus momacha, Eurasian Crane, Grus s, and Sandhill
Crane, Grus canadensis,

The results of count December, 1991, and January, 1992, are shown in-Table 1.

Table 1. Number of wintering cranes

Species 16-18 December 1991 14-16 January 1992

White-naped Crane 1,516 1,585
Hooded Crane 6,574 o 7,013
Burasian Crane 2 ' S A

Sandhill Crane 3 3

Notes. (1) Several hybr1ds of Hooded and Eurasian Cranes are 1nc1uded in.
number of Hooded ‘Cranes.
(2) One Burasian Crane died on 3 January, 1992

About 70 White-naped and 440 Hooded Cranes arrived at Izum1 between the sensuses of
December and January, Wintering population in 1991- 1992 reached the largest nuuber on the
niddle of January, in like cases of the past years. 4 :

Furthermore, we could find at least 51 White- naped and 3’Hooded‘Crane$ érr{ving at roost
pond in Izumi during the morning of 19 January, 1992. It seemed that these cranes have
stayed somewhere in Korea and migrated to Izumi by hit prevailing cold wave.

' So the whole wintering population in 1991-1992 was 8,660: 1,640 White-naped Cranes and
7,020 Hooded Cranes. - '

2. Number of the cranes in the Outer area in the daytime.
Table 2 gives the number of cranes which lived in the Outer area in the daytime of the
middle of January, 1992.




‘, ‘Table 2. Number of cranes in the daytime in the Outer area on 12-13
January,1992

Species ~ Akune district  Izumi district  Total
Whi te-naped Crane -4 8 86

Hooded Crane 59 - : %

Only 59 White-naped Cranes, 785 Hooded Cranes, and total 871 cranes ( 10 percent of

8, 602, see Table 1) lived in the Outer area. The number of cranes in the Outer area
remarkably decreased, partly because an area of small crane-roost in Akune district has
been destroyed and most of Akune farmers began to chase the cranes under the policy of

- Akune City, and partly because environment of some areas in Izumi district made a change

‘to worse. -

3. Feeding behaviour of cranes.

All cranes wintering in Izumi and Akune district inhabit the cultivated lands. and it
is clear that numerous and most important area for wintering cranes are rice fieled
unused in this season, .

- Composition of cultivated land in the Central area was mapped. 14 syudy areas were set
in the Central and Outer areas. For the purpose of research of feeding behaviour of the
cranes in the field other than rice field, these study areas were selected in the field
of vegetables or beer wheat, and rice field adjacent to the field of vegetables. \

Research was made on 21-25 December, 1991, and 20 January to 16 February, 1992 ; a total
tine of the research was 112 hours and good data were produced from observations of 88
hours ; 6 hours for the Hooded cranes ( 5 adult males, 5 adult females, and 3 juveniles;
18 observations in 16 areas in the Central and 2 areas in the Quter areas ), and 12 hours
for the White- naped Cranes (1 adult mala, and 2 adult females ; 3 observations in the
Central and 1 area in the Outer -areas). ’

From these observations the following results were obtained.

) The cranes did not damage the vegetables in the least degree. In fact, there were no
cranes settled in the field of vegetables, and the crane seldon intruded into this
- field. :

(2) Some cranes were feedlng beer wheat, but it seemed that the cranes did not eat the
grass of beer wheat, and that beer wheat field was not damaged by the wintering cranes.

(3) Usually the cranes fed on very small articles, and the component of their natural food
was not analyzed through the field observations.

@ Thé?inquiry about the distribution of cranes in.western and central japan has been
made from 1985 annurally. v
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Fundamental and interest data were obtained. Most important fact is that Tushiué and
Iki Islands are the refuge on the way to northern breeding areas.
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90 l!I Preventlon and Control of Wlldhfe Damage for Crops
(FY 1991 - 1995)

VKazuo Nakamura and Masahiro Fujioka
National Agriculture Research Center

.MaSakazu Shiga Hiroshi Moriyama, Naokuni Harada
and Makoto Ide
. National Institute of Agro—Environmental Sciences

‘Masatoshi Yui. Yoshinori -Suzuki, Michihiro Nakamura,
~ Hiroshi Makihara, Toshio Yanbe, Naoto Kamata,
Yutaka Igarashi, Kazunori Takahashi, Wajiro Suzuki:
and Katushiro Oosumi
Tohoku Research Center, Forestry and Forest Prodict
Research Institute .

Masashi Yoshii, Shigemoto Komeda, Kiyoaki 0Ozaki

and Fumio Sato
Yamashina Institute for Ornithology

A. Population management of birds in crop lands

Some birds such as crows, gray starlings, turtle doves and
bulbuls cause damage to crops. At the same time, these birds
také insects as food, suppressing.the increase of insect pests.
Therefore, we need to manage the populations of these birds both
to reduce crop damage and to suppress the occurrence of insect
pests.” For this purpose it is crucial to estimate the crop
damage caused by these birds, the role of them as predators on
insect pests. and population densities and movements of the
birds as exactly as possible.

1. We ‘could estimate accurately the percentage of fruits
- damaged by birds by sampling fruits systematically from all parts
of' a tree. Because damaged plants were aggregated in edges of a
field in cases of sprouting soybeans and corns, it was necessary
to divide a field into two parts to obtain an acurate estimate.

2. Gray .starlings, Sturnus-‘'cineraceus, which were caught
around pear orchards, showed that they ate many insects including
pest species of pears. Especially, young birds preferred to prey
. on adult .cicadas, Graptopsaltria nigrofuscata. We found that
population density of the tent caterpillar, Malacosoma neustria
testacea, was stable in recent years, suggesting -that predation
by birds played some role. .

3. Marine radars were used for observing land bird movements
because of the low cost and ease of operation. To eliminate
ground or sea clutter obscuring the track of the bird on the
radar s$creen, the antenna was remodelled and topographic effects
were utilized by locating the radars behind a raised bank or in a
pit. This technique allowed us to remove between 20% and 100% of
the sea and ground clutter depending on conditions.

‘4. Numbers of four bird species typical in cultivated areas
were censused monthly along five routes, about 4 km long each,
from January 1991 to March 1992. The total number of birds fluc-
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tuated differently in each study area, perhaps because of habitat
differences. The density of the rufous turtle doves, Streptopelia
orientalis, remained stable. Gray starlings were plentiful in
_the summer but decreased quickly in the fall. Brown-eared bul-
buls, Hypsipetes amaurotis, increased in October but decreased in
the breeding season. With the.exception of gray starlingss, most *
birds spent the majority of their time in shelterbelts rather
than in cultivated land.. Starlings were often observed to eat
insécts.in cultivated areas.

" 5. Ural owls, Strix uralensis, caught more forest floor. ..
.animals when Sasa shrubs in the.secondary forests were cut. This
fact suggests the necessity of forest floor management to assist
in the setlement of Ural owl in rural forests.

B. Population management of the black woodpecker and other birds
in buna forest

The black woodpecker, Dryocopus martins, is an endangered
species in Japan. As part of an effort to prevent its extinc-.
tion, we censused the woodpeckers' density and distribution.
The avifauna in buna (Fagus crenata) forests and the effect of
avian predation on insects were also examined to collect data
necessary for conserving buna forests where black woodpeckers
live. Analysis of avian carrying capacities and the effects of
treatments on it will allow us to develop a more effective
strategy for managing the bird populations in these forests.

1. In 1991 wée observed the breeding of the black woodpeckers
in four regions of the Tohoku district, all of them from the buna
zone ‘'of Aomori Prefecture. The field signs of the bird were

recorded only in the northern part of Tohoku district.
: 2. Analysis of the droppings of 'black woodpeckers revealed
that their food in early spring consisted of Scolytid beetles,
Cerambycid beetles (Psephactus remigar), ants (Lasius niger), and
other arthropods. 'In early summer, food was mainly adult beetles
walking on the tree trunks.:
: 3. The composition of the breeding bird community in buna .
forest.at Mt. Hiuch varied depending on the altitude. The compo-
sition and the density of breeding bird community in the buna
forest of Mt. Hakkouda showed no difference between 1980 and
1991.

4. The population of buna caterpillars, Quadricalcarifera
puncutatella, were in a decreasing stage after a climax in Mt.
Hakkouda region. At the same. time the percentage share of the
catérpillar in the content of nestling food in July decreased
markedly compared with the previous year.

: S. '‘Dead trees are used as feeding sites by woodpeckers E
"Most of the dead trees at the study site were derived from broken
trees after decay caused by fungi infestation. The density of
dead trees on which feeding marks by black woodpeckers were
observed was 0.6 ‘per ha. .

6. The structure of the buna forest was investigated at the
upper stream region of the Isawa river. A buna forest on the
land slide area showed an even aged stand, and the distribution
pattern of DBH showed a normal curve. A spatial distribution -of
the population showed a random pattern of small contagious groups
of individual trees.
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Retently, it became clear that marine ecosystem started to be
affected by the soil loss of erodible soil and change of agricultural

environment in Ryukyu Islands. This situation made us haste to develop

effective management systenms.

The objective of this study was to develop a2 systematic technique to

conserve and maintain marin ecosystem on reasonable cost in cooperation

with reseach institutes under the Ministry of Agricultre, forestry and

Fisheries and the Ministry of Construction.

The first year s results are summarized as follows.

1. NWon-woven fabric as a covering material and Lolium multiflorum Lam

a5 a cover crop were effective for the prevention of the soil loss.

2. Three tropical leguminous species ,i.e. Cajanus cajan and Glycin
max were found as effective species for the prevention of soil loss.

3. The deep tillage treatment reduced surface runoff water through

increasing percolation water and consequently the soil loss was reducad.
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}.. The saturated water capacity of A layer of surface gleyed red and
yellow soil is small at the cutting forest area. Therefore, it is easy to
occur the-erosion by the.surface runoff water.

5. The surface charge characterjstics of typical soils in Ryukyu
Islands were investegated with surface chemical view of soil. The surface
charge value of Acid red-yellow soil showed to be minimum.

6. The subsoiling by the subsoiler with vibrating L type blades was
effective for the improvement of infiltration capacity of the soil which
reduced the soil loss in the sugar cane ( Saccharum officinarum L.)field.

7. The leaf mold treatment and the treatment using the residue from
the accumulated 2 cm FH layer of broad leaf forest were effective for the
prevention of soil loss under exprimental. condition .

8. Poly vinyl alcoho!l treatment and compost incorporation to 20 cm
depth treatment were effective for the promotion of soil aggregation. And
the hardpan breaking by power shovel improved the saturation permeability.

9. A model was developed to simulate the water barance in Acid
red-yellow soil. The model can simulate water movement which is closely
connected with the soil loss. The deviation of predicted values by model
from the measured one for water retention in the surface horizon were less
than 10%. .

10. The soil particle of Acid red-yellow soil in runoff water was
classifiedas fine textured soil and it occupied high percentage in the
turbidity and was destributed uniformly in the cross section of the
supercritical flow . V

© 11. The rainfall runoff model was devélbped for analysis of function
,of the reservoir for water recycling in the Acid red-yellow soil area.
.Apd the rﬁnoff percentage and the maximum time lag of runoff was estimate
~d using this model.

12. The trap efficency against turbidity by the filter method "was
found to 53,30%. And the gradation and sedimentation rate of the soil
particles were dertermined in the river at Acid red- yellow soil area.
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92. Diffusion Process and Monitoring Method of Pollutants
related to High Technology Industries

1. Studies on the pollutants in the atmosphere and
in the groundwater
(FY 1988-1992)

Koji Kitabayéshi, Tateki Mizuno, Susumu Yamamoto,

Hiroshi Yoshikado, Shigeo Shimogata, Kiyoshi Sugawara,

Hiroaki Kondo, Naoki Kaneyasu, Masayasu Hayashi,

Minotu Gamo, Eiichi Sumi, Shouichi Taguchi,

Ryou1ch1 Inasu, Takahisa Maeda

Environmental Assessment Department and Chief Senior Researcher.
National Institute for Resources and Environment,

Agency of Industrial Science and Technology,

Ministry of International Trade and Industry

1. Objectives of the study
Due to recent rapid increase of high technology industries, the

environmental inpact by new chemical substances has become of great social
concern. However, the behaviour of those chemicals in environment, such as
enission condition, diffusion process in atmosphere, in soil, in ground
water, etc. are still unknown. This project aims to clarify the transport
and diffusion of the chemicals released from high technology industries
through field and laboratory experiments, and to propose practical
simulation models of these chemicals in env1ronment Thls prOJect consists
of the following sub-themes: : o :

@ nodeling of the diffusion process for 1n1and area with conplex

terrain. :

@ improvement of the d1ffus1on model for.inland area with conplex
terrain. : : :

® modeling of the deposition of chen1cals on the ground and vater
surface.

@ nodeling of the diffusion of chemicals.in undersround water:
In this fiscal year, a field experiment for atmospheric environment
was executed in northern part of Kanto plain in July. The majour purposes
of the experiment were the airflow structure in a shallow valley and '
_ atmospheric environment. _ '
The field experiment of movement of chemicals in water phase was
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conductéd in a irrigation channel in the same area two fines on October
1991 and February 1992.

2. . Airflow structure and the atmospheric environment

_ In the atmospherlc studies, two kinds of observations were done. One
is the study of diffusion field, ie. the meteorologlcal components. The
other is the concentration distribution and the duxrnal change of chemical
components.

In the meteorologlcal experiment, vertical profiles of wind velocxty
and temperature were measured by pilot balloon dnd radio sonde soundings.
The chemical substances were sampled by micropumps to absobent and analysed
by gas-chromatography in laboratory. The gas sampling were done fourteen
‘times at ten points scattered in a area of about 20km x 20km.

- The meteorological observation showed that the objective area is quite
low wind area. The sea breeze from Tokyo Bay reaches the area not every day
-and ‘if arrives there it is late afternoon. Therefore the low wind or nearly
calm condition continues from morning to late afternoon, and diffusion of
airborn chemicals is not rapid in the area.

- The concentration distribution of chemicals in the area were
relatlvely wide. The differences of the concentration by points were not
large comparing to the observation in a industrial park last year. The
difference will be‘attributable to-the difference of the emission and also
diffusion f1e1d The area is wide shallow valley and many emission sources
+ are scattered in the area.

" The diurnal _change of concentrations were also typical as the low
‘level sources in low wind condition. The concentration was high in norning
hours, decreased to late morning to early afternoon and 1ncreased from
evening ‘to nlght

3. ‘Groundwater pollution caused by infiltration of polluted river water

‘One of the reasons of groundwater pollution is considered the
infiltration of polluted river water into the ground water. This effect is
. ‘igportant to contribute to the background concentration of groundwater even
if it is relatively low.

“Field studles ‘were made at the alluvial fan formed in the 1n1and basin
on October, 1991 and February, 1992. In this district, three factories
which use trichloroethylene and diSchapge those waste waters to the
irrigation water channel. Waste waters from two factories were discharged
to the upstream branch channel having the narrow width and then discharge

221




to the main irrigation channel. This main channel flows through a natural
river bed at the downstream of some hundred meters. oo

In the middle point, the third factory’s waste water d1scharses to the
main irrigation channel. This channel has the characteristics that there :
are many artificial fall having almost 50 cm height. In this area, the
polluted river water is seemed to infiltrate into the groundwater and cause
the groundwater pollution. To investigate the infiltration mechanlsm. it is
important to reveal the relation between river and groundwater. ‘
~ 0On October, this channel had large river discharge and so the polluted
water flew rapidly. For that reason, a little decay of trichloroethilene,“,
was‘ascertained. A relatively large decay of it occurred at .the artificial.
fall for the strong mixing. On February, this channel had small river
discharge and so the polluted water flew slowly. And also, the heixht df
the artificial fall became large and the strong decay of trlchloroethylene
occurred. There are strong relations between the height of the artif1c1a1
fall and the residual percentage of the downstream to the upstream at that,
point more than about 30 cmheight.




- .2. Clarification of Beha&ior of Pollutants and Prevention for
Extention of Then in Groundwater ln Deep Layers
(FY 1988- 1992)

leuhSeku;Tesutschi. Tekenasa Ishii, Masaya Yasuhara, Atsunso Marui,
Shiseru Nagai, Kiyoshi Kikkawa, Kohei Kazahays, Hidenori Endo,
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, Geological Survey of Japan (GSJ)
Agency. of Industrial Science and Technology
= . Ministry of International Trade and Industry
YUlchl Suzukl,,
UnlverSltv of Tsukuba

Kimihiko Tsukada,
Kagoshimé University

¥hen widespread groundwater pollution has to be considered; one of the
wost important factors controlling groundwater movement is to know whether
the geologic strata is continuous or not. In the study, four observation
weils have been drilled in Honjo, Saitama Prefecture. Based on those
borings, a 250-m-deep well was drilled at Kazo, Saitame Prefecture to exa-
mine the continuity of the geologic strata from the northwestern to the
central part of the Kanto Plain. The authors also tried to make clear the
geologic structure of the study area by physxcal prospectings next to the
Kazo boring site.

_ In the laboratory, the authors examined how groundwater moves under the
condition of occurrence of density flow, using a sand box model. The sand
box was combosed of five aquifer-aquiclude layers and was analysed by ther-
nography.

On the other hand, they examined whether groundwater flow exists froam
one squifer to others through the well casing itself or not at & multi- '
screened well. v

The followxns results were obtained through the surveys of the fiscal
year '1991. - . v ‘
1) Core samples wefevobtained at every depth from the 250m-deeb-well at
Kazo, Saitama Prefecture. - From the inspection of all the core samples, it
can be pointed out that a unit of gravel, mud, and sand deposits repeatedly
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from the lower layer to the ground surface.
2) Next to the boring site, seismic and VSP prospectings were made. A com-
bination of both methods is valid for prospection of geologic structure
related to groundwater flow. The result of the prospections shows that the
deposits having a good continuity are stratifiedly distributed, but some
possibility of existence of a fault occurs. - The boring site -is located near
the steep inclined lines of chloride'concentration,bf groundwater bearing
about 200 m below the ground surface as shown in Fig.. 2.8. There is some
possibility that the fault playing & role as barrierS*for,]itpral ground-
water movement mede, such a clear difference of water quality.
3) From analysis of the images by thermography st the sand box model ex-
periment, it is fouhd that newly introducing cold water into an unconfined
groundwater body laterally flows quickly and selectively near the ground-
water table in spite of its heavy specific gravity. The cold water does not
diffuse widely in upper squifers, and even if there exists some withdrawing
well, groundwater in upper aquifers do not go down into Iowér'aquifers. if
there is no movement of groundwater in lower aquifers. ' .
4) Continuous pumping from each screen at the multi-screened well was done
using packers to extract groundwater only from the aquifer that the scréén
was set.. After taking off the borehole pump, groundwater flow from one
screen to others was certified to exist passing through the well itself as a
by-pass through the inspection by borehole TV camera. The vertical ground-
water flow through the well was also confirmed both by the temperature and
the electric conductivity logsings. This vertical flow has an important
meaning when pumping is stopped for & long time. That is, when groundwater
having higher potential head (in general, shallower groundwater) has been
polluted, the vertical flow leads to deeper groundwater pollution. 'f
There are many abandoned wells because of bad water quality caused ‘by
pollutants. |If groundwater pollution in deeper aquifers is spredding '
" through the by-pass of the well itself, it is urgently necessary to take
countermessures; such as complete stopping up the well, injecting cement
milk to prevent the spreading of pollutants to deeper aquifers.

22L




3. Fates of Chlorinated Hydrocarbons and Rare Metals
in Agro-Environment
(FY 1988-1992)

¥ Minoru Morooka, Shin-ichi Yamasaki, Akito Tsumura,
Hiroyuki Kawashima, Takeo Masuda, Takayuki Suzuki,
Shigeyoshi Gotoh, Takayuki Saitoh, Shigemitsu Arai,
Kiyonori Haga and Akira Kawasaki
National Institute of Agro-Env1ronmental Sciences
Ministry of Agriculture, Forestry and Fisheries

Tatsuo Hamada
National Institute of Animal Industry
Ministry of Agriculture, Forestry and Fisheries

~Susumu Sugihera. Yoshikuni Masaoka and Makoto Kojima
National Grassland Research Institute
AfMinistry of Agriculture, Forestry and Fisheries

Behavior of volat1le chlorinated hydrocarbons and several rare metals in
agro-environment and - their effects on biological functions were studied.
Results obtained in 1991 were summarized as follows.

3 1.- Photodegradation, plant absorption and animal tissue transfer of
vqiatile”chlorinated hydrocarbons. v

Photodegradation of trichloroethylene (TCE) and tetrachloroethylene
(PCE) and 1,1,1-trichloroethane (MCF) in distilled water by irradiation with

"UV-light was PCE > TCE > MCF and it was accelerated by adding 0.2 % acetone as
photosensitizer, even at 305 nm. '

- The absorption and discharge of PCE from the plant leaf surface was
determined by using an equipment made on an experimental basis. After the
exposure to PCE in the equipment, the plants were taken out and analyzed

immediately. The maximum concentration of PCE in the plants was not higher
than the concentration in the air. The data obtained from the absorption
_process were evaluated according to the model of the two-compartment
first-order reaction. In the decline curve of the residue concentration in the
plants, the model of the first-order reaction gave the good fit.

- Survey on the contamination of agricultural environment with TCE, PCE
and MCF afound a chemical factory at three points and three times was made.
The maximumiconcentration of river water in ppb was 162 of TCE, 6.9 of PCE,
and 57 of MCF.
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Transfer of the three chlorinated compounds including the metabolites to
the blood and the internal organs at 3.5 hrs. after their oral administration
was TCE > PCE > MCF with nursing kids.

2. Behavior of rare metals in 501ls and waters and their effects on
biological functions.

Gallium did not have toxic effect on the growth of rice seedlings until
Ga concentration in culture solution reached at 10 ppm. However, there
appeared a drastic retardation of the plant growth in the Ga concentration
between 10 and 25 ppm. The Ga concentration in the rice seedlings increased
rapidly as Ga concentration increased in the culture solution. These results,
in combination with last year's study, indicate that Ga has rather mild toxic
effect on the rice plants as compared to Be.

The concentrations of toxic inorganic elements in the river water
samples collected from various parts of Japan were generally very low with the
values below ppb levels. Even Zn, commonly having the'highest concentrations
relative to other elements, showed quite low values below as low as 10 ppb.
The lowest concentration detected in the river water was found to be 0.X ppt
for Pb. The concentrations of the elements in the course of this study were
very wide in ranges and distributed at least over three orders of mégnitude;

The effect of added V with different valencies (IL,IV,V) on the top growth
of carrot was low and indicated statistically insignificant difference from
the control treatment with no added V, with the exception of V 10 treatment
(treated soil V content 10 times greater than natural background V level).
Similar trend was obserbed for root growth of the carrot related to V
treatments. When six elements (Be, V, Ga, La, Sb, Bi) were added to the soil,
concentrations of those elements in the plant top increased apparently for La,
slightly for Be, V, and Ga, and little for Sb and Bi. '

The decrease in grass yield due to V application was the greatest in the
1st harvest and then the trend lowered gradually in the subsequent harvests
from 2nd to 5th harvests. The V concentration ratios in the top to root were
considerably high and scatter from 20 to 300, and the ratio decreased with
increased V applications. These results suggest that the applied V apparently
inhibit the growth of the grass, especially in the early stage of the growth.
Accumulation of V from the applied V was more marked in the root parts than in
the top parts. There was an increased V accumulation in the grass top with
increased V application.

Using newly devised hen's egg embryo culture system. LDS0 of V(V) and
V(V) was found to be 0.55 and 0.8 umol, respectively. Deferroxamine was most
excellent detoxicant working as a V absorption inhibitor. Dose of V(V) to
hamster tested promoted a vitamine E deficiency, and V(IV) brought about lipid
peroxidation to be a hemolysis factor in vitro.
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4. Development of Monitoring Method of Biological Samples to
Assess Exposure to Pollutants from High Technology Industries
(FY 1988-1992)

Masahiko FUJITA and Hiroyuki NAKAZAWA
National Institute of Public Health
Yukio SAITOH and Masatake TOYOTA

National Institute of Hygienic Sciences

With a view to prevent environmental pollution by chemicals
discharged from high technology industry, the Environmental Agency
launched a study project in 1988 for studying the measurement methods of
pollutants discﬁarged from the high technology plants, their behavior in
the ambient air, soil and groundwater, their movements in agroenvironment
and methods of evaluation in human body, and developing a comprehensive
-environmental monitoring method. Our group was assigned to develop
- analytical method of human samples to monitor exposures to volatile
chlorinated hydrocarbons, (to observe their movements in humans, and to
study their behavior in foodstuff which are considered the primary source
for exposure and their analytical methods.

’ Many volatile chlorinated hydrocarbons are used in the high

technology industry, and groundwater contamination by these compounds is
‘being reported to pose grave problems in the society. There are many
. reports on the analyticalvmethods of'these_ compounds in the water and in
the air, and GC with ECD iwhic'h is usually employed for organic chloride
analys'es“is most frequently used. There are, however, very few reports on
the analysis of human samples. These compounds are estimated to be present
at low concentration in the human samples.

It has been considered that much of chlorinated hydrocarbons such as
trichloroethylene and 1,1,1-trichloroethane ingested into the human body is
metabolized and excreted in the urine mainly as trichloroethanol and
trichloroacetate.. In order to know the extent of the exposure of peoples to
{hesc compounds, the urinary concentration of trichloroacetate (TCA), one
of its 'main metabolites, has been suggested as an index of volatile
chlorinéted hydrocarbons exposure. The spectrophotometric method based
on the development of deep red color in a boiling mixture of pyridine and
strong alkali as Fujiwara reaction has widely used for monitoring the extent
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of exposure in industry hygiene. But this spectrophotometric method has not
sensitivity enough to determine TCA in the urine who lives in usual
environment. It has been required to determine the trace levels of TCA in
urine as total amount  of trichloro-compounds. The spectrophotometric
method based on the development of deep red color in a boiling mixture of
pyridine and strong alkali as Fujiwara reaction has widely used for
monitoring the extent of exposure in industry hygiene. But this
spectrophotometric method has not sensitivity enough to determine TCA in
the urine who lives in usual environment. So we researched and developed

the simple method with a high sensitivity using up-to-dated technology. In

the previous studies, attempts of flow injection analysis based on the
Fujiwara reaction, and ion chromatography using a conductivity detector
have applied for measurement of urinary TCA. However their sensitivity
and utilization was not enough in practical. v

In this year, two methods using gas chromatography with electron-
capture detector (ECD-GC) and capillary electrophoresis were investigated to
develop the furthermore improved quantitative trace analysis of TCA. TCA
after esterification with diazomethane or after conversion to the volatile
chloroform as the thermal decarboxylation product of TCA in the injection

port of GC was quantitated in urine by using capillary column. The clean-up

procedure. was studied by using Sep-Pak tC18 cartridge, that was combined .

with ether extraction method. The method with thermal decarboxylation of
TCA is attractive because the procedure is sim'ple. the column is less
contaminated and a rapid quantitation is possible. The sensitivity (0.3 pM)
makes it suitable to estimate normal exposure to trichloroethylene and other
chlorinated hydrocarbons in human samples.

A simple and rapid method for the determination of volatile chlorinated
organic compounds in foods was devclopcd by the use of head-space ‘method
with the addition of a standard solution. Ten grams of samples were mixed
with 90 ml pH7.0 phosphate buffer, transférred to 120 ml vial for head-space
analysis added with 0.2 g ascorbic acid and 10 pl standard solution or
methanol, stoppered the vial tightly, shaken for 5 min and kept for 2 hr. Two
hundred ul of head-space gas of the vial was subjected to analysis by ECD-GC.
The limits of determination were between 0.1 and 0.5 ppb- for 6 kinds of
volatile chlorinated organic compounds. It seems that there are two ways in
the contamination of foods by volatile chlorinated organic compounds, that
is, one by use of contaminated water and the other transferred to the foods

from polluted air.
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APPENDIX List of the Research Institutes Concerned

The ministries and agencies concerned are:

NAP +e¢evvoev National Police Agency

’ HDA eeeeeee.. Hokkaido Development Agency o

STA  ereevenes Science and

EA teseecess Bpvironment

MF AREEEREER Ministry
"_ﬁér seessenen Miﬁistr}
» MHﬁ s ceee Ministry

. MAFF eceveevee Ministry
MiT[ ‘f““"; Ministry
Mf °~--#--~;,Ministfy
MPT ~ ereceenes Ministry
ML eevceee-. Ministry

‘MC g---?j-ﬂ- Ministry

of
of
of
of
of
of
of
of

of

Technology Agency
Agéncy
Finance

Education

Health énd Wé]fare

Agriculfure; Forestry and Fi;hgries
International Trade and Industry
tranSpbrt
Posts,and.fe;eéoﬁmunicatioqs

Labor.

Cons£;uctioﬁ'

- END ~
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