V; the sampling volume (m*)
The list of TSP concentrations is shown in Table 4-37. Flow (1) Flow (2) represent air
sampling volume obtained by Equation (4-20) and (4-24).

Table 4-37 TSP concentration measured by Low volume sampler
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4.2 Meteorological observations
4.2.1 Monitoring of wind direction and wind velogity

The meteorological conditions of the survey arca arc thought very importanf for estimation of
the smoke- diffusion behavidrs. Among many ot.'.'them, the wind pattern is onc most influcntial in
the calculation of atmaspheric concentration of pollutants.

In this study; two variables, wind dircction and its velocity were thought important and thus
were monitored at three'stations by using the instrunients of continuous and automatic moving
type. To maintain the desirable condition of such instruments, weekly inspection and scheduled

maintenance by once every three months were done throughout the whole one year survey period.

(1) Monitoring of wind dlrectlon its velocity 'md turbulency

The instruments 1o be uscd for monitoring both wind direction’ and veloc;ty h'we long been a
target of developments s:mply because they are such fundamental ones among meteorological vari-
ables. Today the following three types are commonly inusc. '

[©) Ancmometer with a’ cup- type wind velocity meter and an arrow- type d:rcctlon ‘monitor

: combined '

@ Propelier type anemometer

(@ Supersonic anemometer :

Among these three types, one most commonty employed for monitoring atmospheric poﬂiltants
is one of the type (1) which is improved in its windmill blade and in tail fin such that mecasurément
can cover a low velocity range. The type is sometimes called the windmill type anemometer and
detects the wind velocity in term of output of a DC generator which is dii‘ectly'cdlinected to the
propeller facing the wind. On the other hand; the wind d.ir(-_:ction is measured by the instrument
because it constitutes itself an arrow-typé direction monitor. The type (3) is a newly developed one,
very sensitive which utilizes a phenomenon that the propagation speed of an ultrasonic wave differs
between down- and up-strcam side of the wind and has_'no moving part in it. Thus the meter is
featured by a wind measurement at near-zero velocity, a good response, and a good pe.rformance

for air turbulency monitoring. The typé (1) is today no longer popular.

(2) Anemometer employed in this survey

The two dimensional ultrasonic ancmometer was used in the monitoring stations MS2 through
MS5 and one of three dimensional type in MSI for monitoring of wind velocity, direction and
turbulency. As stated, those ultrasonic types utilizes a principle that the sound propagates dif-
ferently depending upon the relative position of the meter and wind blowing direction. -

When two heads, one for ultrasonic pulse transmission and the other for receiving, are posi-
tioncd at a distance facing each other as shown in Figure 4- 27, and the pulse signal is sent from one
to the other alternately at a fixed timc interval, there are two pulse propagation times to be re-
corded, t; and t,. The relationship among ty, t, and wind velocity is then expressed by the following
equation.
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Figure 4-27 Propagation of pulse signal

t,=LI(C+Vx)]

t, = L/ (C — Vx)
where _

Vx;Wind velocity vector in the direction of the ultrasonic propagation

C; Sound velocity in the air

I.; the distance between heads (span) _

The equation (4-26) is then converted into Equation (4-27) which gives the wind velocity vector
as a function of t, t, and L.

L/t, — Vx = L/, + Vx _

2Vx = (LL — L)/t t, b P ST (4-27)

Vx =(L/2) ((t; — )/t t5)

To measure Vy vector, a wind velocity in the Y dircction, the same head arrangement is re-
quired in the direction at right angle against those stated above. '

Now combining Vx and Vy, the wind velocity will be calculated by the Equation (4:28).

V = (Vx2 + Vy?)2 '

® = tan™ (Vley))

As for three dimensional ultrasonic anemometer, W directional vector is added to Vx and Vy
vectors. Thus probe heads are arranged in the W direction as well, The instrument can monitor not
only horizontal vectors of blowing wind but its vertical vector.

The type of two dimensional anemometer used in this survey is one made by Koshin Denki
.Kogyo Co., Ltd. and the three dimensional one is manufactured by Kaijo Denki Co., Ltd. model
$-2003, specifications of which are listed in Table 4-38. This instrument is such that it detects not
only wind velocity vectors in three directions, X, Y, W but gives the standard deviations of them

ox, oy and ow.
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Table 4-38 (1) Specifications of the three dimensional ulirasonic ancmometer

Deseription

Spectlications

(Processing mode)
Mean value of horizontal wind
veloeity {U) )

Active low pass filter vector averaging

Mecan value of horizontal wind
direction (&)

Active low pass filter vector averuging

Mean value of vertical wind
velocity (W)

Active lo\»f pass filter

Standard deviation of g,
horizontal wind veloeity

Standard deviation of o,
horizontat wind direction

Arce sine processing of turbulent intensity

Square feedback rms detection

Standard deviation of o,
vertical wind velocity

Square feedback rms detection

(Recording range)

Mecan vitlue of horizontal wind -
velacity (U)

0-30 misce, or 0—60 misec

Mean value of horizontal wind
direction (©)

U-540°

Mean value of vertical wind
direction (W)

{—plus/minus 1 m/sce, (- plus.’lﬁinus 20mis

Standard deviation of horizontal
wind velocity (0,)

0-15 nilscc, or 0-30 mfsec

Standard deviation of horizontal
wind direction (o)

0-60°

Standard deviation of vertical
wind velocity

0-5 mfscc or 0 l(ﬁ m!sc‘é_

Wind velocity measuring mode

Ultrasonic puise transmission (lime sharing of
transmission/receiving)

Recorder

Electric

Chart

Folding type, 250 mumi width

Chart consumption

One month/chart based on 30 mm/hr

Power supply

30 Hzfo0 Hz, approx.- 100VA

Scrvice temp. range

AC IV (115, 220 ¥ OK) plus/minus 10%
Probe and junction box ~10°C — +50°C

Table 4-38 {2) Two dimens

ional ultrasonic anemometer specifications

0

System measurement
vperation

t-head time division transmittingfreceiving
switching system )
Frequency differential system through pulse
propagation time

Measuring range
wind velocity
wind direction

A=W mfsec
S40°1360° automiatic shifting

(3} Accuracy .
wind velocity within plus/minus 5%
wind dircction within plus/minus 5° { at wind speed of
_ 0.8 m isec)
(4} Resolution 1 plusfminus V10%
(3) Measuring cycle . 38 cycles/sec
(6) Kesponse voltage output=0.05 sec )

IT-72



(3) Measurcment and calibration
If the instrument is properly installed, the need for frequent additional calibrations does not
arise. In this servey, calibration was performed by transmitting a standard signal ( in term of

voltage ) to the meter. The detail of operation procedures and calibration is as described in

brochures.

(4) luspection _

Major inspection 'poiiifs associated with the metcorological observations are the confirmation of
whether or not the supporting pole being kept vertical, if data recorders are propesly run and time
correction. Those jobs were done by ONHB staff once every weck. In addition, calibration by
feeding a standard signal into the meter and probe/recorder position check (at N point) were

practiced once every three months by Japancse and ONEB staffs.

(5) Mecasurement

The summary of measurements made by each station (MS1, MS2, MS5) is shown in Tabie 4-39.
Whei those effective measuring hours being reviewed, all of monitoring stations satisfy the mini-
muim .required for an effective monitoring station in Japan. Also noted ts a comparatively lower

availability of MS1, being about 85%. This is mainly because of downtime for one month period

“caused by lightning.

Table 4-39 Effective measuring hours for wind velocity, direction
and air turbulency :

Variables Station Effective hours - Availability (%)H
MSI 7,530 85.7
Wind dircction Ms2 8,629 o 98.2 o
' MS5 T 8.569 97.6 B
. MSI - 7.524 TTesa |
Wind velocity Ms2 8.629 982 |
MSs 8,488 96.6
Vertical wind vel. MSI 7,540 85.8
Std. dev. wind vel. MSE | 7.542 £5.9
Std. dev. wind dir. MSl 7.542 85.9 B
Std. dev. vertical wind vel, " MSI 7527 | &7 |

Total hours for the period of Jan. 17,1988 through Jan.16,1989 is 8,784 hrs.

An example of hourly recorded data is shown in Table 4-40 and all others and discussion are to

be referred to Appendix and Chapter 111 respectively.
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Table 4-40 (1) An example of meteorologicnl measurements (wind direcli(;n)
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Table 4-40 (2) An example of meteorological measurements {wind velocity)
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4,2.2 Measurement of solar radiation and net radiation

In order to forecast the pollution status of any specified area, the diffusion cocfficient in turbu-
.lcnt state to be applicd to such area is thoughl utmost important and must be properly evaluated.
In other words, calculation of pollutant concentrations in the down-stream side of wind requires a
means to quanﬁfy the spread of smoke and the degree of air stability associated with that. The
atmospheric stabiiity is defined in term of the vertical distribution of air temperature but the moni-
toring of such distribution up to 1,000 m high level for a long period on continuous base is thought
practically prohibitive. Furthermore, the spread of smoke will be influcnced not only by the verti-
cal temperature profile but by such factors as wind velocity, solar radiation, cte. Accordingly,
Pasquill developed a method to classify the degree of atmospheric stability into groups A through F
depending upon such factors as wind velocity, solar radiation, cloud volume (or radiation balance)
and has been employed by the Meteorological Department of English Government.

In compliance with this method, measured at 7 (seven) stations were solar radiation, net radia-
tion of the survéy arca and wind velocities, which are then converted into hourly values to show
atmospheric stability. Monitoring continued from January 17, 1988 untit January 16, 1989 for one
year peried by antomatic and continuous instruments, which were subject to both weekly inspec-

tions and scheduled maintenance once every three months.

(1) Methods to measure solar radiation and net radiation balance

The major part of radiation encrgy from the sun is in the wave range of under 4 micron meter
and the instrument to be used measure such solar radiation is usually called pyrheliometer or
pyranometer. The former is designed to measure the energy of solar radiation directly reaching the
ground through atmosphere, and avoids the indirect radiation by scattering and reflection from the
ground. The instrument is also equipped with a tracer for sun movement. The pyranometer is
designed to monitor total solar radiation, both direct and indirect, whereas the diffuse radiation
meter is designed to measure the radiation by scattering excluding the direct solar radiation. Ac-
cordingly the pyranometer is usually used for the purpose of evaluating air stability. Some of typic-
al cxampics m this group are those developed by Robitzsch, Moll and Eppley, all of which arc
based on the pritxciplc to detect a temperature difference between white and black plates that
absorb the solar radiation by means of bimetal or thermocouple.

The use of bimetal and thermocouple gives readings’in terms of a mechanical displacement and
an electromotive force respectively. As for the net radiation meter, it measures the difference

between upward radiation from the ground and downward radiation from the sky.

(2) Instruments used to measure solar radiation and net radiation balance
1) Sofar radiation meter |
The type of mdmtlon meter applled for this survey is a pyranometer of Eppley type widely
in use in Japdn that was made by EKO Instruments Trading Co., Ltd. type MS-42. Speci-
fications of the instrument are shown in Table 4-41 and its probing head in Figure 4-28.
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Table 4-41 Specifications of pyranometer used in this study

(a)

“(b)
(e
{d)
(e)

(£)
{g)
{h)

As seen in Figure 4-28, white and black plates are arranged radially about the center and
the intensity of solar radiation is measured in term of a temperature differenccfbéf\vcen
them. The probing head is made of 39 copper/ constantan thermocouples and white plates
of barium sulphate highly reflective and moisture resistant and black plates coated by Par-
sons Opticals Black. In order to avoid the influences of a sudden temperature changé and
wind, the upper part of probing head is covered by a transparent glass made dome and is
maintained as sealed. The silicagel was put inside the dome cover to avoid the biur of the

dome glass.

The radiation mcasured is converted into both instantaneous value (cal-cm™ min~!) and

Sensitivity

Internal resistance :

Responce speed

Coefficient of Temp.:

Cosine e00xo

Aziumth error
Weight

Length of lead wire :

Gl dome

Conagctor
for output

Fixing
stand

abt. va/cal.cm"z-mm’L
Tmv/kY w2

abt, 500 Q

abt. 3.8 sec. (63,2%}

abt. -0.1%/°C

abt. 2% (angle 45° against
sensing plate)

Mo

2 Kg ’

10 m (additional lead cable
shall be prepared by user)

Installing hote

Level
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chemical

” W
/ Shunt cesistance

Levei adjustet

Figure 4-28 Probing part of the pyranometer

one hour cumulative value (cal-cm™>-hr ') and then recorded.
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Figure 4-29 Transmission characteristics of dome glass of the pyranometer

2} Net radiation meter ‘
A net radiation meter manufactured by EKO Instruments Trading Co., Ltd. type CN-11
was applied for this survey since it enable the observer to monitor radiation energy in the
wide range of from short to long wave length. Specifications of the instrument are listed in

Table 4-42 and its external appearance is shown in Figure 4-30.

Table 4-42 Specifications of the net radiation meter used

1} 1-1 éensitivity ;0 3nmv/kW.m”?
25mV/cal.cm” *.min™t
1-2 Iaternal resistance :  about 70Q
1-3 Response speed :  about 20'sec_
1-4 ‘Temperature range s —15° to 40°C
1-5 Accuracy . H 5%
1-6 Wave length region : 0.3 - 30um or more
Size of sensing piate : 38 x 38 {mm)

1-8 Painting of sensing plate: Parson Optical Black
1-9 Polyethylene dome : Special polyethylene dome

As to its transmissivity see attached Fig. 7

2) Main body

2-1 Size : Baol x 2209 x 220H (mum)
2~2 Weight :  about 7.6 kg

2-3 Ppower source  : AC l00v/220v 10% 50/60Hz
2-4 Power consumption: aboub 55W

2-5 Fuse : 2A

2~6 .Coating : Manssel N-6

basic unit

ejecting pipe

sensing part

Figure 4-30 The external appearance of net radiation meter
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The probing 'part of the instrument ( as shown in Figure 4-31 ) is covered by a polyethylenc
made dome with transmission characteristics to cover a wide ra:nge of wave length, consists
of 250 compensating l'ype ther'nmcouples which detect radiation coming downward and up-
ward. The dew on the surface of dome gives an appreciable impact on transmission charac-
teristic of radiation in long wave length range and thus a provision was made to blow onto
the outer surface of dome by a blower installed and also to supply a dry air stream inside
the dome ihrough a dehumidificr of thernmeleétric cooling type. The net radiation mea-
sured by the instrument is again converted into both instantaneous value ( cal-cm™%min ')
and one hour cumulative vatue (cal-cm™h~") and then is recorded together with pyrano-
meter rcadings.
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Figure 4-31 Transimission characteristics of polyethylene dome

(3) Measurement

Prior to the start of mcasurements, the recording péu‘t was set at one hour cumulative value by
the cumulative recording selector and recording pens were set at the Starting.timc. Thus both the
radiation and radiation balance value were continuously and automatically monitored as instan-

taneous as well as one hour cumulative values.

(4) Calibration _

The sensing parts of both pyranometer and net radiation meter had been calibrated at shop
before they were delivered to the monitoring sites such that additional calibrations were not re-
quired. The instruments are thought serviceable so long as they don’t show abnormal readings but

it is thought desirable that they receive once a year inspection by the maker to assure the sensitiv-

ity. ' .
(5) Inspections

Those listed in Table 4-43 arc inspections practiced to maintain the reliable performances of

pyranometer and net radiation meter for a fongterm period.
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Table 4-43 Inspections done on the pyranometer and nel rvadiation meter

ltems Frequency
. . . Whenever
Objective . Contents Daily | Weekly[Month necessary
Pyrano-{1) pole confirm vertical erection %
meter |2) glass dome blur or damage x
3) silicagel supply or replacement ' x
Net 1) pole confirm vertical erection x
radia- 2} polyethylene blur or damage x
tion dome tension of dome surface x
meter replacement of dome X
3) air pump confirm flow rate x
replacement of silicagel X
Re- 1) recorder confirm chart advance x
corder confirm time slip of chart X
check ink shade x
replacement of chart x
_supply of ink X
2) power supply confirm loose and discor- x
& connection nection

(6) Measurement results
Table 4-44 summarizes the effective measuring hours of MS1 monitoring station with respect to

both instruments, which shows the station satisfying a minimum required for an effective station in

Japan.

Table 4-44 Effective measuring hours of the pyranometer and net radiation meter

Measurcment Effective measuring hrs | Availability
Radiation ) _ - 8654 9.5
Net radiation flux §,558 97.4

Total hours for the period of fan. 17,1988 through
Jan. 16,1989 are 8,784,

The hourly means of radiation and met radiation observed are exemplified in Table 4-45 and

Table 4-46 but complete set of data are enclosed in Appendix and discussions are included in the

succeeding chapters.

£
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Table 4-45 An example of measurements of solar radiation
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5. Short term field survey

The short term ficld survey addressed that of particle distribution of suspended particulate
~ matter and was made in three t'imes, firstly during January 6, 1988 through February 2, 1988,
secondly during the period of March 3 1988 through March 27 1988 and thirdly (lastly) during the
period of July 4, 1988 through. July 28, 1988. During each period the atmospheric air was con-
tinuously aspirated by Andersen samplers for 13 da.ys and the trapped dust samples were subject to
size distribution analyses. In addition, the particulate sample trapped by filters was brought back in
Japan and was subject to chemical, clemental and ion analyses after the sample was screened into
“two parts, fine part (<2.1 micro_r’i m) and coarse part (52.1 micron my).
As for the chemical analysis, samples trapped by Low volume samplers during the same period
were also subject to analysis together with other soil samples representative in Samut Prakarn, a
road dust, two types of gasoline. Furthermore, the sulphur content of 10 fuels including gasolinc

and heavy oil in use in Thailand were measured by the chemical analysis.

5.1 Measurement of particle distribution ahout the dust sample coilected by Andersen samplers

5.1.1 QOutline of the survey

The Andersen samplers pre-calibrated and loaded with filters were installed at each monitoring
sta_tion. and were switched on at 11:00 AM of the starting day by members groﬁped in five teams.
Then the atmospheric air was aspirated by each sampler at the flow rate of 28.3 liter per minute.

- After the instruments commissioned in this way, they were kept under inspection of patrols, twicc a
day in morning and in afternoon. Table 5-1 shows the format of a recording chart used and Table
5-2 the work schedule of each survey period.

Weighing of filters loaded with Suspended particulate matter was practiced by precision chemi-
cal balances at Ishikawajima Inspection & Instrumentation Co., Ltd. after filters were desiccated in
the thermohygrostat. The recording chart used here is shown Table 5-3. The atmospheric concen-
tration was back-calculated by knowing the difference of weight between before and after measure-

ment and air volume aspirated.
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Table 5.1 Recording chart of Anderscn sampler
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Table 3-2 Work schedule of each field survey
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Table 53 Recording chari of Andersen spmplers
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Remarks:

5.1.2 Instrument and Handling Methods

(1) Andersen sampler

Andersen samplers employed in this study was a SIBATA Model AN-200 which was equipped
with multt-layer jet nozzles and is designed to monitor size distribution of suspended particulate

mattcr by impacter system. The samplers consist of size separating body, rotameter, pressure gage,

pump and shelter.

The instrument is madc of 8 layers stage corrosion resistant aluminum alloy and each stage has
800, .400 and 200 numbers of jet nozzles and, in the bottom of the stages, stainless stcel made round
collector plate is installed. The diameters of the jet nozzles arc designe:d such that they get smaller
from the top stage to the bottom one in descending order and so when the constant flow rate of air

is aspirated from the upper inlet, the jet air velocity increases as it goes into the lower stages. As

shown in Fig. 5-1, the size of particulates decreases as stage goes from top to bottom.
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3ge g{ ~rrienyanes
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Fig. 5-1 Structure of Andersen smupler

Generally the inertial impaction parameter of impacter is defined by a functioning of the ratio
of particulatc size, flow velocity of particulate and section arca of nozzle. According to Ranz and

Wong, such relation between them can be expressed by the following equation.

C-p-Ve-dp?
W= ——E%EE— ....... TN T Equation (5-1)
where, 0.16 -10 4
A6x107
- C; Conningham slip correction factor=1.00+ y
P

dp; size {cm) of particulate matter

; air viscosity (1.84x 107 g/em. sec)
p; density of particulatc matter (g/cm’)
Vc;air velocity passing through jet nozzies (cm/sec)
Dc;diameter of jet nozzle (cm)

y; non dimensional inertial impaction parameter

(when impaction efficiency 50%, s, = 0.14)

When air sampling volume Q (em*/min), number of jet nozzies of the stage N, Ve'is obtained

by the fdilowing equation:

9%
60 s(Def2)?N

..................................................................... Equation (5-2)

When the Equatiém (5-2) is substituted by Equation (5-1), 50% aemdyﬁamic partticle size dpsg
can be obtained from the following equation: -

...... oo, Bquation (5-3)

dpsy = / 18N X 60DC?
v 4CQ

Where, Q = 28317 cm™/min = 28.3 ¢/min. Geometrical particle size is obtained as Vdp%fp.
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By the Equation (5-3), the particle sizes of particulate matter collected at the respective stages
arc obtained and the ranges of the particles size are shown in Table 5-4. The collection efficiency
by the size is shown in Fig. 5-2.

Table 5-4 S0% cut-off values of cach stage

Stage Nozzle Number Jet 50% cut-  Catalogue
g diameter of nozzle velocity off value value
0 118 mm 800  0.54 ms | 10.0pm  11.0um
1 1.18 400 1.07 ) 1.0 7.0
2 0.91 400 1.8% 4.7 4.7
3 0.71 400 2.98 3.3 3.3
4 0.53 400 5.34 Z.1 z2.1
5 0.34 400 13.0 1.03 1.1
6 0.25 400  24.0 ' 0.62 0.65
7 0.25 200 48.0 0.42 0.43
o T T T 44
g .
g
%
K
o CrE— 15 Or ITY)

Dynamic particle siZe (um}

Fig. 5-2 Classification (sieving) characteristic of impactor

Table 5-5 shows the specifications of Andersen sampler and Fig. 5-3 shows externat view of
Andcrsen sampler.
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Table 5-5 Spet!if'icalioué of Andersen sampler

- Sampler main body: 8 layer stages, size élassi_ﬁcation sampler of suspended particu!até matter
Pump: Rotary compressor, HITACHI
200 W RC-208S type ‘
Max. pressure 0.5 kg/em?
Operation pressure: 0.4 kg/cm?®
~ Adr supply: 55 NUmin (at operating)
| Qutput: 200 W
Voltage: 100 V
Piping: - Fiow meter (float-type arca flow meter)
' " Tokyo Keiki KK
Scale: 440 [/min .
Elbow and Hitting: brass, hickel plated .
Connecting fube: Nylon 11 3/8” (inner diamcfer)_

() Inlet nozzle

{2 Collecting stages
(3) Stage sctting base
(@) Ring (small)

(& Ring (large)

(& Clamper

() Spring

Spring lixing screw
() Collecting plate
(i Connector (a)

@) Connector (b)

(2 Flow meter

| : i :
g mag
i -,_ﬁ"’ 4 T {3 Connector
£ 4 l {14 Stand
| ® R e @ Rubber stopper
- i

== 48 Cover fixer
3% Case
i3 Handle -

Fig. 5-3 Outside view of main body of Andersen sampler

The handling methods of Andersen sampler are as follows.

(1) Preparatory work A
The collection plates of the respective stages are all completely cleaned and dried. (In this
study, supersonic cleaning was employed as described later.)

Collection piates (Polyethylene sheets) and back-up filters are weighed prior to assembly.

(@ Procedure
(1} Remove the key of the bottom part of the case, and take out the main body from the

case. Then the flow meter is connected to the pump by tube.
(ii) The back-up filters are placed on the back-up holder.

(iii)Install colicction plates on the seiving stages.
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(iv) Remove the cover of air infet located in the upper part of sampler, and then switch on
the power. Adjust the flow rate by valve of the pump, and fix the rate at 28.3 ¢/min by
reading the previously calibrated rotameter and pressurc meter.

(v) Tlirough patrols 2 or 3 times a day, confirm that the flow rate is kept exactly at 28.3
¢/min. Tf not kept right, adjust the rate by the valve of the pump. '

(vi) After the measurcment is completed (in this study, for the period of about 13 days),
transfer the collection plates and back-up filters into the air-conditioned room for de-
siccation fof about 24 hours. Then they are weighed by the precision chemical balance
which has a sensitivity of weighing 0.01 mg.

(3) Maintenance
After the monitoring is completed, all the stages are cleaned by a supersonic cleaner by

using the neutral detergent, and are dried up. They are kept in the assembly case.

(2) Supersonic cleancr

A supersonic cleaner is used for cleansing of classified stages collection plates of Andersen
sampler. In this study, a SHARP UTB-152 supersonic cleaner was employed.

The supersonic cleaner was designed to generate pressure waves in cleaning tank, produced
countless number of fine bubbles, and removes all the dirts mechanicaily.

The Table 5-6 shows the specifications of the supecrsonic cleancr and Fig. 5-4 shows its outside

view.,

Table 5-6 Specifications of supersonie cleaner

Size of main body _ 3504255360 mm
Size of cleaning bath 2H0x220% 14) mm
Cutput 150 W

Bath (:u-|;;—1cily ) ) 6.0 liter
Weight | myxe |

Prior to starting the cleaner, pour detergent solution into the tub, and soak collecting plates of

Andersen sampler using an attached service rack. It takes about 10 to 15 minutes to complete

cleaning.

Detergent solution

Solid state print

e, A
circuit Baar Silicon rubber heater

Fine foams by saper
onic wave

- . 3 .
L1y Lead zirconate
titapate transducer

Eg El M&\ Earth cord
N

Stainless steel b

= ACLO00Y 50/60

L Heater switch Hz Power
Super sonic switch

Fig. 5-4 Outside view of supersonic cleaner
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(3) Filtcrs

In this study, polycthylene sheet and polyfrone filter were used to analyze clements of particu-

late matter. The polyethylene shects were placed on the 0~8 stage collecting plates of Andersen

samplers while the polyfrone filter was used as back-up holder.

5.1.3 Calcuiations of TSP Size Disfribution

(1) Calibration of Andersen sampler

The wet-type gas mcter, bypass, pressure gage, rotameter, and suction pump were connected in

series as shown in Fig. 5-5.

Pressure gage Valve 2
L &) °
~ > Pump
Valve 1 Rotameter

Wet-type gas meter

Fig. 5-5 Calibration of rotameter for Andersen sampler

(1) The flow ratc reading indicated in rotameter was fixed at about 30 ¢/min and also the

pressure loss was adjusted at about 55 mmig by controlling the valve of bypass 1.

(2) The pressure reading indicated in pressure gage were recorded when flow rate of rotameter

were adjusted at 30, 25, 20 and 15 ¢/min respectively, and the measurement time were

recorded when the air volumes aspirated into the wet-type gas meter were 20 or 30 £/min

respectively. An example of the results is shown in Table 5-7, and all results are shown in

the Appendix.

Table 5-7 An example of calculation results of rotameter
for Andersen sampler

No200522 MS1
(Pressure Flouw Total Sapmpling [ Vel Gas Flow Ave. Flow
AP © | Heter | Sampling Time Heter Val.Qg0 Gg0 Val.Qr0
<mmliig> ]| Scale | Volume<t> | <sec> | Temp<'C» | <L/min> <L/min>
15 15 10 37.175 29,4 15.6588 15.687 14.74
15 15 10 37.15 24.4 15,6589
- 15 15 10 37.65 24.4 15.7005
25 20 20 57.55 24.8 1 20,5291 20.52 i9.52
25 20 20 57.57 25.6 | 20.5220
25 20 20 57.57 24.8 1 20.5220 . :
38 25 20 16.60 24.5 7 25.361L6 25.38 24,18
38 25 20 46.46 24.5 1 25.4380 )
38 25 20 46.60 24.5 ) 25.3616
h5 30 20 39.30 24.4% 30.0828 30.08 28.68
$5 30 20 39.34 24.4 30.0520
55 30 20 30,27 24.4 30.1056
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®

The flow rate catculated from the required time for aspirating the prescribed amount was
corrected to that at the designed temperature (20°C) of rotameter by the Tquation (5-4}).

An exampic of the tesults is shown in Table 5-7.

2734+T,

= e VKT Equation (5-4)
273+ Temp. t

Qg

where, :
Qgy; flow rate of \vet-fypc gas metier at 20°C (£/min)

Tcmp.;tcmpcmtu're of wet-type gas meter during calibration (°C}

T,;  designed temperature of rotameter (20°C)

v, measured air volume of wet-type gas meter (€)

£ necessary time for sucking the volume V (S)
Flow rate Qr,, at the designed condition of ratameter was obtained by using the Equation
(5-5) by correcting the reading valuc of rotameter (Qr). An cxample of the results is shown
in Table 5-7.

Ory = Qrx | 2134Ty ! 0= AL Equation (5—5)

\,’ 273+ Temp. Vv Py

where,
Qr,; flow rate of rotameter at the designed condition (¢/min)
Qr; reading value of rotameter (£/min)
Po; designed pressure of rotameter (760 mmHg)
AP:  reading value of pressure gage (mmilg)
T,.  designed temperature of rotameter (20°C)

Temp.; temperature at calibration (°C)

The relationship between Qg [flow rate of wet-type gas meter calculated by the Equation

(5-4)] and Qr, [flow rate of rotameter calculated by the Equation (5-5)] can be expressed by
the Equation (5-6).

_ Qgg,.: a (Qrg) F D Equation (5-6)

In above cquation, a and b arc regression cocfficients. An example of caleulation by the

Equation (5-6) is shown in Fig. 5-6, and all other results arc shown in the Appendix.
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200022 1St

X v

©x 10 (Lemind
R ety ey Qo an

14,74 16,67
1o 52 P
2418 . a3
28.68 .05
-~

Y=aX+b

a= 1.02477

b= 377697

R= DROEH

3.

¥ 18 (Lming

Fig. 5-6 An example of relation between flow rate of
wet-type gas meter and rotamcter

(&) Flow rate of rotameter was calculated by Equation (5-6) when the Qg is 28.3 ¢/min; and
then Qr values were estimated by the Equation (5-7) when the pressurc losses were 40, 25
and 15 mmHg respectively. An example of the results is shown in Fig. 5-7, and all results
are shown in the Appendix.

Those figures were posted on the inside-door of the shelter at each monitoring station.

Qrsy ~
BT, o [ 760—- AP
273+ Temp. ¥ Py

Qr = === I e Equation {5-7)

where, :

Or;  reading value of rotameter (¢/min)

Qrs,; ftow rate of rotamcter calculated by Equation (5-6)
when the Qg is 10 ¢/min (£/min}

Py;  designed pressure of rotameter (760 mmHg)

AP; . reading value of pressure gage .(mmHg)

Ty;  designed temperature of rotameter (20°C)

‘Temp.; average estimation temperature (°C)
(average temperature which is estimated at actual-site survey)
Jan. to Feb.: 27.0°C
Mar. to Apr.: 29.8°C
May to Jun.: 29.4°C
Jul. to Aug.: 28.6°C
Sept. to Oct.: 28.1°C
Nov. to Dec.:26.6°C
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Fig. 5-7 The relation between reading value of rotameter and
pressure value indicated in pressure gage
when aspiration air velume is 28.3 ¢/min

(2) Air aspiration volume of Andersen sampler

The total air aspiration volume of Andersen sampler was calcutated by obtaining air sucking
volume R; between (i—1) patrol and (i) patrol, and by summing of them.

() Firstly, the flow rate of rotameter before and after the adjustment at patrols was corrected

into the flow rate of rotameter at the designed condition {20°C, 760 mmHg) by using Equa-
tion (5-8) and (5-9).

Qrag_, = 00— APa;_ . / 213+, XQI g oo Equation (5-8)
' Py J 273+ Temp.
Orby, = !760'_APbi X r 273+T‘L_ XOrby Equation (5-9)
/P J 273+ Temp.
where,

Qrayi_,; designed condition flow rate after adjustment at (i--1) patrol (¢/min)
Qrby;;  designed condition flow rate before adjustment (1) patrol (¢/min)
Qra;.,; rotameter reading value after adjustment at (i—1) patrol (¢/min)

Qrb;;  rotamcter reading value before adjustment at (i) patrol (¢#/min)

Tys désigned condition temperature of rotameter (20°C)

Temp.; average temperature which is estimated at monitoring (°C)

Py; designed pressure of rotameter (760 mmHg)

APa; ; reading value of pressure gage after adjustment at (i—1) patrol (mmHg)
APb;;  reading value of pressure gage before adjustment at (i) patrol (mmHg)
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) Secondly, the flow rate Qr, at designed condition of rotameter was corrected into wet-type
gas meter flow rate Qg at 20°C by using Equation (5-10).

Q:i—l

a (Q‘r]i~l)+b -
: e e e e Equation (5-10)
Qi =a(Qy +b |

where, N
Qpi-13 cdrr‘ecte_d flow rate at designed candition at (i—1) patrol (¢/min)
Qs corrected flow rate at designed condition at (i) patrol (¢/min)

(3) Airsucking volume Ri dl.lring.(i_—l) patrol and (i) patrol were obtained by muitiplying tapse
time t and the mean value of flow rate after adjustment at (i—1) patrol and that before
adjustment at (i) patrol.

0 (1] ’
ri— + Q i 1 M
R, = Q, 12 B %X 000 SO e Equation (5-11)

where, _
R;; air sucking volume during (i—1) patrol and (i) patrol (m?)
t;  lapse time during {(i—1) pétrol to (i) patrol (min)
@ The total air sucking volume at the designed temperature was obtained as the sum of air
sucking volume during each patrolling time, and then the corrected total air sucking volume

at ficld condition was estimated by the following Equation (5-12).

v, = SR D Equation (5-12)
i=1 273+T, _ _ .
where,
V,.  Total air sucking volume under the tempcréture at monitoring (m?)
n; number of patrols (excluding the time of commencement of monitoring, and
_ including the time of completing of montitoring)
To; designed temperature of rotameter (20°C)
Temp.; average estimation temperature (°C)
An example of calculation results of suc'king air volume by this method is shown in Table

5-8, and all results are shown in the Appendix.
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In case accidental power faiture occurs during monitoring, the estimated air sucking volume
by this method beecomes inaccurate. So, in this study, the power failure time was calcutated
by the charts of automatic and continuous instruments and the count vatues of intcgrated

flow meter installed in Low-volume sampler, Power failure times arc shown as follows.

Table 5-8 An example of calculation resulis of air sucking volume
of Andersen sampler

M54 ROTOR NO.200522 . TEHPCCY  27.0
LAPSE STOP ROTGR  PRESSURE CORRECTED CALIBRATED  FLOW

DATE  TIME TIME TEME . HETER DIFFERENCE FLOV RATE FLOV RATE YoL
oCiny (AR (L/sin) - (amHg) {L/min)  (Liwmin} {d)
T 75.1 3.0 18 29,

121711 20 -
1 787 45 144 8 284 0 28.0 413.0 8.1 29.5 8.9
1 /57 15 2944 F ¢ 28.1 13.0 .2 29.8
1 /718 9 50 8 1086 [3] 26.5 40.0 6.1 28.9 31.3
1 /718 950 F_ 0 28.2 15.0 28.3 29.6
T A8 11 45 8 2% [3] 23.3 415.0 28.4 29.7 8.8
1 /18 14 345 f © 28.3 15.0 28.4 29.7
I /19 9 155 B 1150 0 29.0 18.0 2%.0 30.3 356
1 /19 955 F 0o 28.2 47.0 8.2 5.6
L /1913 22y B 336 [} 2B.0 45.0 28.1 9.4 8.6
L /19 15 21 F O 28.3 46.0 8.8 29.17 N
1 720 10 54 B t173 [1] 28.2 47.0 28.2 29,6 34.8
1 /20 10 54 F_ O 28.2 47.0 28.2 29.6
1 72016 T 1 B 307 0 28.2 418.0 28.2 29.6 9.1
1 /2016 11 F @ 28.2 48.0 28.2 29.6 :
1 72y 10 11 B t0Se [1] 28.3 35.0 28.2 298.35 32.7
172110 18 F G 2B8.4 56.0 28.3 29.8
1 722710 0 B 14729 0 28.3 60.0 28.1 23.4 42.2
1 /33 10 0 F 0O I8.6 61.0 28.4 29.7
1 723 10 .28 B 1468 O ELE] &7.0 28.0 KEDEY 153
172310 (28 F O 28.6 B&.0 28.2 29.6 .
1724 8 :57 B 131% [i] 8.6 13.0 28.1 29.5 35.8
1724 8 3151 F£ O 387 74.0 28.1 29.8
T 72510 145 B 1348 [3] 28.2 78.0° 27.7 23.0 45.3
1 /2510 145 F 0 28.2 6.0 W7 9.0
| 726 10 40 B 1435 [& 28.7 82.0 2340 9.4 41.9
| #26 10 40 F O 8.7 82.0 22.0 23.4
L /72715 740 8 1740 Q 28.5 8¢.0 27.8 29.1 36.8
| /27 15 130 £ O 28.3 87.0 8.9 39.8
| 72819 :13 6 1353 © 2%.0 97.0 78.2 23.5 16.1
1 728-14 13 F 0 2%.0 80.0 23.2 23.5
1 729 J0 159 B E246 [i] .0 86.0 21.3 28.6 36.2
1 /72914 59 F 0O 2.2 95.0 8.2 29.6
T730 11 2 0§ 1940 (i 2573 9.0 78.8 30.1 43.0
TOTAL IB720 (ain) TOTAL™ 3534.8  (m3)
Ragression coefficients; a = 1.035
b= 0.378
Table 5-9 Power failure time
. Monitoring | Power failure N
Date station time (minute) Remarks
11:50 1771, 1988 MS3 1535 Accident of
13:25 1871, 1988 suction pump
16:40-16:50 MS2 Rt Power failure
201, 1988 N
12:45-13:05 MS5 20 Checking of
2111, 1988 suction pump
15:45-16:35 M55 50 Checking of
21/1, 1988 suction puap
9:10-1:10 MSS 120 Power failure
18/7, 1988

(3) Calculation of particulate matter on the each stage of Andersen sampler
The concentration of particulate mattcr on the each stage was calculated by weighing
polyethylene sheets placed on the each plates before and after samplings and that of polyfluoro-
carbon filter placed on the back-up holder. The ambient concentration of each stage was calculated
by the Equation (5-13). |
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G = BT XLO¥ Lo Lquation (5-13)

Ci;  concentrations of particulate matter on the cach stage (stage 0 to 7) and bhck—up
holder (ug/m™) _

We;;  weight '<-)f polyethylenc sheets and polﬁiuoroc‘arbon filter after sampling (mg)

Ws;  weight of polyethylene sheets and polyfluorocarbon filter before sampling (mg)

V;  sampling volume (m?)

The list of particulate concentration classified by particle size is shown in Table 5-10.
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5.2 Analysis of chemical components contained in particulate matter

In order to analyze chemical components contained in the particulate matter, samples of par-
ticulate matter collected on filter papers by low-volume and Andersen sémplers during the short
term field survey from cach station have been brought back to Japan for analysis of elements and
anion & cation by instrumental neutron activation analyses (INAA), X-ray f!udresccnce (XRF),
ion chromatography (IC), atomic absorption spectrometry (AAS), flame photometry (FP) and
spectrophotometry (SP).

Samples on stage 0-7 and on a back up filter of Andersen sampler were divided into two
groups and analyzed. One is coarse particle (over 2.1 pm; stages 0-4 étages of Andersen sampler)
and the other is fine particle (under 2.1 um; stages 5-7 and of back up filter of Andersen sampler).

Beside the above stated, additional analysis for the samples collected by Low-volume sampler
with a quartz-fiber filter was conducted by pyrolysis of total carbon and non-volatile carbon (in-
organic carboh).

Table 5-11 shows the chemical components analyzed in this study.

Table 5-11 Chemical components analyzed in this study

Analyzing mcthod Analyzed chemical components

INAA Ag (Silver), Al (Alumirum), As (Arsenic). Ba (Barium),

Br (Bromine), Ca (Calcium), Ce (Cerium),

CI (Chiorine}, Co {Cobalt), Cr (Chromium), Cs (Cesium),

Cu (Copper), Fe (Iron), Hf (Hafnium), K (Potassum),

Mg (Magresium), La (Lanthanum), Lu (Lutetium),

Mn {(Manganese), Na (Sedium), Ni (Nickel), Sb (Antimony),
Sc (Scandiuvin), S¢ (Sclenium}, Sm {Samarium}, Th (Thorium),
Ti (T;hmum) V {(Vanadium), W (Tungsten), Zn (ch)

XRF _ Cd (Cadmium), Pb (Lead). § (Sulfur) Si (Silicon)
IC CI” (Chtoride), NO, ™ (Nitrate), $O,> (Sulfatc)
AAS . Mg*" (Magnesium ion), Ca®* (Calcium ion)
P TNt {Sodium ion), K* (Potassium ion) )

i SP o NH,* (Ammonium i(-)"n)
Py}(‘ﬂ;sis Totat catbon, Non-volatile carbon

5.2.1 Analysis of Elements by Instrumental Neutron Activation Analysis

(1) Principle of analysis _

When the szimple is placed in the reactor, the thermal neutron generated by fission of 235
collides with atomic nucleas in the sample materials and causes neutron fission. As the result, the
product nuclet is produccd which is different from the: originat one. The product nuclei is radio-
active and emits Beta ray and Gamma ray, and changes into daughter nuclide after a certam
pcnod The energy of Gamma ray is particular to the type of atomic nucteas. Thus measurement of
y-ray energy enables us to identify elements contained in the original sample. Also the number of
Gamma ray is proportionat to the number of clements, and thus determination of amount of ele-

ments become possible.
IT-98



~In actual neutron activation analysis, various types of clements cocxist in the sample and their
half lives vary in the range of from sccond to day order or even to more than onc month. So by

selecting cooling period propeily, nuclides with various half lives can be measured.

As described above, ncutron activation method does not require a complex chemical pretreat-
ment and makes it possible to analyze many types of clements simultaneously in non-destructive
way even though the sample contains a very small amount of elements. For these rcasons and

others, this method is highlighted recently as one of the most advanced and sensitive analyses.

(2) Analyzing method _

The samples are placed in'the TRIGA 11 type reactor of Atomic Energy Research Laboratory,
Musashi Institute of Tec_‘hndlogy, and are irradiated by thermal neutron beam. Then the various
radioactive isotopes generated are measured by a semiconductor detector and muitichanne! analyz-
er coupled with a mini-computer. The irradiation of thermal neutron on the samplc is conducted in

two ways; for a short-term and for a long-term.

‘The irradiated sam'ple for a short-term is measured in term of Gamma ray using a semiconduc-
tor detector. The irradiated sample for a long-term is cooled for varying time of several days to
several weeks in the laboratory, and then Gamma ray'is measured. Fig. 5-8 shows atomic furnace
and its sectional view.

Thermal neutron tlux is keep at 1.5x10" em ™25,

The semiconductor detector is 8,100 type of Canberra Industries Inc. and has the capacity of
detector cfficiency, 10% and detector resolution, 2.0 KeV at 1333 KeV.

Lead

Concicle

Toradiation
romn

Fig. 5-8 External view and section of TRIGA 1 type reactor
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(1 Analyzing conditions

(i) Short lived nuclides—At thermal neutron flux of (1.5% 10'? em™2.s7"), irradiation for

I minute, and after cooling for about 3~4 minutes, measurement or detection for 300

seconds,

(ii) Long lived nuclides (a)—At thermal neutron flux of (1.5x10% cm”

for 5 hours, and after cooling for several days, measurement or detection for 1,000

seconds.

(iii)Long lived nuclides (b)— After cooling long lived nuclides (a) for several weeks,

measurement or detection for 3,000 seconds.

Table 5-12 shows analysis conditions of elements by nuclides.

Table 5-12 Elements by nuclides and analyzing conditions

2

. Targer | baavope [ 0o 0 Hal{ | Guaza ray . Auslyciog coaditions
Clezsificacion| Elemunt ::::;:: r:;;o genecaced ;:::nd ey::g{ l:rlfillinn Cn?lfn‘ FOrPR—"
e tige tice
22 8 ]
Shure Vived AY Al 10 Al 2. 1278.9 1L minuga 3-4 10 seconds
aug Videa minuces ainuces
T3 &0 . - )
Br Be 50.5 LI 7.6 517.0 I winuce 3-4 100 szconds
minugea minutes
48 69 . .
Ca Ca 0.185 SCa ] Joad 1 minute 1-4 300 seconds
ninutes minutes
€l Mo | aaas Ba [ars fiezeo | nfute | 3-4 300 seconde
minuf ey minutes
&5 56, R
Cu Cu 3.9 Cu 5.1 10390 1 oinute -4 300 seconds
X minuies oinutes
Hn | 100 ¥on f2.se 6.9, | 1winuce |34 100 seconds
houre 1810 ninutes
Ti O | sas Mo |5 1206 bominute | 3-4 300 gecands
minoles minotes
v sy 55.8 52, 116 JCELNY 1 minute 3-4 100 aeconds
mioules miftules
Long lived As B Too B s 559.2 5 houss | Sevecsl | 1000 seconds
wexbidzs {a) houts dayn
|3 1 6.48 ‘2K 12.5 1524.2 3 hours Several | 1000 geccads
houes days
139 140
La La | $9.9 Ea | 1.45 15954 4 hours Sevaral ] 1000 seconds
daya . days
13 24
Ha Na | 509 Ha 15 1168.4 5 hours Sevaral | 1000 seconds
hours Jdays
121 122
5b U | 57.% s [2.75 556.0 3 hours Several | 1000 geconda
days daoys
£33 133
Sua Sm ] 26.7 Sa | 196 193.2 5 hours Several [ 1000 seconds
days deys
v oy | 286 187 2.0 685.7 5 hours | Savecak | 100D secands
. P hours days
Loug 1ives P 109, ] esar Vebuy 299 857.8 5 hours | sevecal | 1000 seconds
nuctiaes (L) days veeks
130 m .
Ba Ba a.19 e J11.3 436 5 hours Several | 3000 saconds
daye we dks
1o, (LY
Ce Ce | 88,5 ce |32.3 163.6 5 boucs Sevaral | 1000 sdecoads
days veeks | .
o ¥eo lioe s [s.2a {128 5 hours | Seversl | 3000 veconds
yeara veeks
. b} ’
<r ce | 100 G 1.8 320.0 3 houcs Sevecal | J00Q seconss
days
3, 136, . -
Ca Cs.{ 100 <s {2.07 793.8 5 houes several | 3000 seconds
years ! weeks
58 39
Fe re 4.3 Fa 4.1 1098.6 3 howes Sevecal | 3000 seconds
daye weeks
183, 181
13 HE ] 1%.2 Hi{ &4 6 481.2 3 houca Several | 3000 seconds
days veeks
17a (223
v Ly .59 Ly |&.7 708.% 5 howts Several | J0DU sxconds
days ueeks
st Bei | 679 Beo {110 610.3 3 baurs [ Several | 3000 seconds
days weaky
sc “3ge {100 “5c fasn 9.5 S hoere | Several] 1000 aeconds
days weeks
$e (AP Y B | 264.6 5 wours | several | 3000 seconds
days waeks
1 SR P ey {270 e S haure | sevecat | 3000 aeceads
days wagks
2u o | e B0 fus PhEs.4 3 hpara | sevecal [ 1000 seconds
Jayd ukekn

-

L0
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(@ Preparation of sample and production of standard sample

As shown in Fig. 5-9, the filter from low-volume and Andersen sampler were cut in two
parts, and 1/2 of the cach filter were again cut into two parts and contained in the
polyethylene;bﬁ'g of double layers which are then subject to short and long term irradiation.
To prepare standard samples, the solution with appropriate reagent dissolved for each ele-
ment is._produccd; and these standard solution is dropped .on the filter, TOYO-ROSHI

PF040, in constant quantity which is uscd in analysis as multi-element-standard.

Table 5-13 shows the reagent used for production of the standard sample for clements con-
tained. In the table, Gamma ray counting rate of the standard samples is shown in terms of

CPS (counts per sec.)/ug. The standard samples have been used repeatedly and an cxample

is shown in the table.

Low-vo lume sawpler
(Yolyfrone filter, 53 wund)

Neutcon X-ray
actijvarion , Fluoresénce

analysis analysis

Andersen sampler

(80 smd)

Lov-volume sampler
(Quartz Fiber filter 33 ey

Total carbon
{10 wnd x 2 pcs)

Ton analysiﬁ

1
1
]
1
i
1

Rop-volative carbon
(10 mmd x 2 pes)

Neutron activation snalysis

fluoresance

analysis

lon analysis

Fig. 5-9 Cutting of sampled filters for analysis
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Table 5-43 An example of standard sample and Gamma ray counting rate

‘Standard Gamna ray
Classification | Element T Load of | ;:::tin.g .
Reagent - | element
(ug) {cps/pg)
Short lived. Al Al 199 6,80 .
nuclides - Br KBr 7,69 1.97
Ca CaCo3 212 0.00609
ci KCl 179 - 0.0385
T 100 0.564
Mn Hn 4.4 6.31
Ti Ti | 48.9 . 0.289
v v 6.21 58.7
Long lived As Asy03 2.78 43.7
nuclides (a) .4 Kcl 197 0.271
La Lag03 0.734 11.2
Na NayCOy 201 11.5
5b Sb 0.134 21.0
Sm Smy0y 0.0404 | 576
w W 0.704 30.7
Long lived Ag Aga80, 0.695 0.307
nuclides (b) Ba BaCl,.2H,0 37.7 0.0231
Ce Ce(SOI‘)z- 0. 724 0.784
2(NH4)2.
.SOQ.ZHZD
Co CoCl,.6R,0 1.01 0.356
Cr Cr . 2.02 0.358
Cs Ca 0.394 1.34
Fe Fe 301 0.00141
Hf HE 0.115 2.40
Lu LuClj.ﬁ}izO 0.0241 | 103 .
Ni Ni 100 0.0178
Sc Sc203 - 0.158 13.6
Se H25=O3 1.39 0.353
Th - 'Ih(ND3)4.&H20 0.0544 6.93
Zn Zn 100 0.0185

(3 Sequence order of analysis _

- Pretreated sample and standard sample are placed in the irradiation capsule, and under the
analyzing conditions shown in Table 5-12, irradiation of thermal neutron, cooling, and
measurement of Gamma ray are conducted. The area of Gamma ray peak of each element
is calculated and compared with thé_ area of standard sample from which the amount of
element contained in the samples is evaluated.

Following the above, and after substracting blank value of the filter previously measured,
the ambient element concentration is obtained, by dividing with air sucking flow rate. Ana-

lyzing sequence of ncutron activation analyses are shown in Fig. 5-10.

(3) Analysis of ambient air standard sample

In order to evaluate the analyzing methods, standard sample AS-1 of known concentration of
particulate matter was analyzed. The results of such analysis are shown in Table 5-14. The elements
which showed a good agreement with analyzed values were Al, Ca, Cu, Mn, Ti, V, As, K, La, Na,
Sm, Co, Fe, Ni, Sc, Se and Zn.
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Pretieatment
of sample

Standard sample

)\

Irradiation of

thermal nautron

Measurement
of Gamma ray

Calculation of
area at peak

Comparison with
standard sample

|

Weighing of Deduction of

beank value blank value
Caiculation of
concantration

Fig. 5-10 Procedures of neutron activation analysis

Table 5-14 Aunalysis data of ambient air standard sample (AS-1)

- Standard sample (AS-1) of particulate watter
Classification | Element
Analyzed value {ppm){ Literature value (ppm)*
Short lived Al 48000 (2) 50000+7000
nuclides Br 250 (5) 36049
Ca 53000 (2) 56000%5000
Cl 37000 (1) 31000+4000
Cu 430 (18) 400+140
Hn 1200 (7) 12004100
Ti 4500 (5) 420041100
v 240 (2) 230470
Long lived As 40 (6) 43+13
nuclides (a) K 10000 (25) G700%
La 17 (13) 18+2
Ka 14000 (2) 1£000+1000
5b 62 (2) 39%6
-Sm 3.5 (3) 3. 4%
W 30 (11) 71413
Long lived Ag 9 (37 Fake
nuclides (b) Ba a70 (17) 410%%
Ce 40 (8) 30%
Co 29 (7) 26+4
cr 350 (2) 250+30
Cs 3.5 (20) & gein
Fe 48000 (3) . 45000+3000
Rf 3.9 (14) 3, 4k
Lu 0,06 (25) 0, 3%
i 200 €31) 200+30
sc 12 (2) 1131
Se 9 (44) 9+6
Th 3.7 (9) 5. 1%
Zn 3200 (%) 34004500

Table in bracket are counting crror.
+T. Otoshi and J. Omi, Butletin o

** Noncertified values

It
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(4) Limit of measurement and fitter blank

Average limit of determination at analysis of particulate matter in the ambient and filter blank
values are shown in Table 5-15.

Table 5-15 Average limit of measurement and filter blank value

— , .

Filter blank {ag/em?)

Limit of Poly—
Clasgification | Element| detarminatien | Poly- ethylene | Poly-
{pg)- ethylena | sheet + Erone
sheet Back-up fileer
filtar
=

Shorg lived Al 1 200 260 400
nuclides B 0.2 [\ 0 0
Ca 29 a 0 0

CcL ‘3 [¢] L] 1000

Cu 1 Q ] Q

Ha 0.02 0-4 Q 4

Ti 2 0 0 0

L4 .02 v Q.3 3

Long livad As 0.63 0 Q 1}

nuclides {a) K 20 Q 0 "]

La 0.02 0 0 [

Na a.1 190 100 300

5b 0.0035 0 o ¢

Sm . 0.002 b] EH ]

w 0.05 0 1] 3]

Long lived Ag 0.04 L4 0 0
nuclides {b) Ba . 2 o 0 0
Ce 0.02 1] 0 [H]

Go . 0.005 o 0 0

¢r . | . 0.05. 0 0.5 1

Cs 0.065 L] 0 [v]

Fe 20 D] 0 0

HE 0.02 0 0 L]

A1) 0.005% Q o ¢]

Ni i [+] aQ i

5S¢ 0.002 0 1} g

Se . 0.0% 1] o Q

Th 0.01 1] o [}

Zn 0.3 [} 2 2]

(5) Calculation method of clements and others

The weight of metal elements on the filter is calculated from the peak area of Gamma ray by
the following Equation (5-14). ' '

Stw
( Stva
t}’d

Ew = Sya)—Fbw Equation {5-14)
where;

Eyw:  Weight of element in analyzed sample (ug)

Stw:  Weight of element in standard sample (ug)

Stya: Peak arca of Gamnra ray in standard sample

Sya:  Peak area of Gamma ray in analyzed sample

Fbw: Filter blank value (ug)

The metal element concentration in the ambient air is obtained from the following Equation
(5-15).

a :
Ce = v T XLO00 Equation (5-15)
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where; .
Ce:  Element concentration in the ambient (ng/m”)
Ew:  Element weight in analyzed sample (ug)
V:  Air sucking flow rate (m?)
Fa:  Total area of filter (cm?)
Sa: Filter area of analyzed sample (cm?)

Peak arca of Gamina ray is calculated as follows; the Gamma ray peak specific to the element is
analyzed by multichannel analyser which has detcctor resolution of around | KeV and spectrum
data shown as Fig. 5-11 are indicated by channel number of multichannel analyser and count num-
ber of Gamma ray corresponding to each channel is indicated. The spectrum data are the results of

measuring number of dispersed Gamma ray in the channel box corresponding to energy.

Encrgy (KeV)
Channel number

O

o

Count number

Fig. 5-11 Spectrom data (dispersion of Gamma particle)

The spectrum data indicate the dispersion curve as shown in Fig. 5-12, in which the noise
poriion so-called background portion and peak area of spectrum data are overlapped. When total
count number around peak is T, background is B and nct peak area is N, net peak area is obtained
by the foilbwing Equation (5-16). '

N=T-B .......... O Equation (5-16)
A
:g Net spectruim data
3 // @
g
° L,

Background

Channel number

Fig. 5-12 Spectrum data and background '
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Furthermore, the measured value by detectors in certain time period has a statistical disper-

sion, and its dispersion behaviour conforms to poison distribution, Calculated value C is significant

value in the range of calculation crror +V/C. Net peak arca N calculated by Eqmtlon IT1-5-3 has
calculation error on(%). oy is obtained by following equation.

T
N+(n— ‘5) ‘B

On = N BXIOO .o Equation (5-17)

where; n: number of channcl

* (in this study, of the neighboring makes 7 channels in total were used. So n = 3)

(6) Gamma ray Spectrum-
Fig. 5-13 through 5-15 show some examples (3rd field survey at MSI1 on coarse particle) of

Gamma ray spectrum.

TS B S T T S S S S B R LU SEN A M S e SRR S SA S M A E BN A Mt quee s

Al-28 1773.5%a7

10°% Sasple oame  :35-1-T.Coarse Particls |
Yeutron flux ;1.5 x 10"% e
- Ircadiation tise: 1 min

4 Un~-355 8456.9Hs7¥ Cooling tim  : ~ 3 min
10 B b Beasuring tims 300 sec 1

- Ha-24 1568,4KeV.

V-52 1434.4Ea¥7
Br-EO $17.02aV Cl 381642027

L " n

¢ 1000 2000

Gamma ray energy (KeV)

Fig. 5-13 An example of Gamma ray spectrum (short lived nuclides)
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Sanpla nama <H3-1~7,Coarse Particle
Hautron [lus 4,5 x 1T eamigtt
s — Irradiation ties; 5 hr
1o Coaling tima 1 o~ 3 day )
" Measuring tima : 1000 sec Na-24 1368, 456V
'
107 da-7¢ 539,2Te¥
N £b-122 5£4.0KeV
§2-133 103,56V £
¢
- E-dit 1524, 7Ka¥
103 »J»Lx,.,...}-. Y J
" La-140 {1595. 4Ke¥
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(7) Results of measurement o _

The results of analysis of elements by Instrumental Neutron Activation Apalysis are shown in
Table 5-16. In this table also shown are the results of meas.uremcn't of Cd, Pb, §, and Si by X-ray
fluorescecnce analysis, results of anion & cation by Ion cln'omatography, atomic absorption spec-

trometry, flame photometry and spectrophotometry, and results of total and non-volatile carbon by
pyrolysis.
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5.2.2 Analysis of Elements by X-ray Fluorescence

Elements (Pb, _Si) which cannot be analyzed by ncutron activation mcthod and clements (Cd,

8) in low sensitivity, were been analyzed by X-ray fluorescence method.

(1) Principle of measurement

When the sample is irradiated by primary X-ray produced from X-ray generatot, secondary
X-ray characteristic of elements in such sample generates from the sample. The fluorescence of
X-ray has an'intensity distribution corresponding to the element components, and so X-ray intensi-
ty corresponding to the cEcm'c_nts is measurcd by spectro analysis of X-ray. The X-ray intensity
corresponding to the standard sample was first measured and then it was compared with that of
sample to be measured. Thus the amount of target element become known. Fig. 5-16 shows princi-
pie of X-ray fluorescence analyzing instrument.

Recorder

K-ray generator Draggreflector

Detectot
/
Primay X-ray  S3MPle ¢ 0 flugrescence

Fig. 5-16 Principle of X-ray fluorescence analyzing instrument

(2) Analyzing methods
As shown in Fig. 5-9, sampled filters for analysis are cut into a round shape of 47 mmg, which
is then placed on the X-ray fluorescence analyzing instrument, Gigerflex of RIGAKU DENKI KK.

The instrument is set on sample stand as shown in Fig. 5-17.

Sampled filter

Teflon board (§ mm lhjckne;)l

Fig. 5-17 Sample stand

(1) Analyzing conditions
Table 5-17 shows the type of X—rziy tube, Bragy reflector, detector, analyzing line, measur-
ing time applied to this study.
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Table 5-17 Analyzing conditions of X-ray fluorescence analysis

: ~ ' "{ Bragy . Anslytical | Measuridg
Element X-ray tube teflactor Betector line time
$i Chromium tube | EDDT* | Flow prop'o.r— Ka line 40 sec
’ tional counter | (7.126 A).
s Chromium tube Ge Flou propor- Ka line - 40 sec
tional counter | (5.373 A)
<d Chromium Cube Ge Flow propor- La line B0 sec
tienal counter | (3.960 A) o
Pb Tungsten tube LiF Scin_till:al:ion L8 line 40 sec
: counter (0.982 a)

Notes: * EDDT: Ethylenediamine ditartrate
** Chrowium tube: 40 XV ~ 35 mA
Tungsten tube: 50 KV = 40 mA

Among X-ray tubes, Chromium tube was used for analysis of Si, S and Cd, while Tungsten
tube was used for Pb. This is due to the fact that the relative intensity of Chromium tube at
over 2.5 A is superior and below 2.5 A, it is the other way around as shown in Fig. 5-18.

T T ¥ TVTTiT T
‘- Ce (i windaw)
- Ag {ihin nindowl—
é . W or PL{thin window) _|

W or Pt {thick windaw}

Lt1tl

Relative Intensity

13

o1 1 1

Wave length (A}
Fig. 5-18 Character of X-ray tubes
For Bragy reflector used for X-ray reflection, EDDT for Si and Cd, Ge for 5, and LIF for

Pb were employed. This is due to that applicable range of Bragy reflector corresponding to
the analytical line of each element being limited as shown in Fig. 5-19. (Shaded line)

Wave length (&)

al 0.2 % 1.0 10 5.0 16 a0 0 te0
¥ ¥ 0 1 i T 1 ¥
£90T l
Gs C
LiF - E

Fig. 5-19 Applicable range of Bragy reflectors
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Furthermore Fig. 5-20 shows the relative intensity of flow proportional counter employed.

In this study, Argon has been employed.

hlo Ke CuKae CriXw
109, L -
Kryptoy /r
~‘\
2
b
B
£ (__Argon
5
K]
[
8 %
o Py
[:X} 19 [ 0 25

Wave length (A)

Fig. 5-20 Relative intensity of flow proportional counter

@ Preparation of analytical line
(i) Pb, Cd (Filtration method of prec1p1tate coprecipitated wnth iron)
A predetermined quantity of lead (Pb**) and cadmium (Cd**) are added into the solu-
tion containingSOOpg of iron (Fe**). Adjusting pH at 9.3 by sodium borate solution
and 0.1N hydrogen chloride, precipitate is coagulated while heating, and was collected
on a filter. The above pfocedllrcs are repeated by changing quantity of lead and cad-
mium at each stage for production of standard samples to be used for developing the

analytical line. Fig. 5-21 shows the analytical line.
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Fig. 5-21 Amalytical line of lead and cadmium

(ii) Si, S (filtration method of powder)
Fly ash samples of known content of Si and S are fully ground in an agate mortar, and
the powder is dispersed by air. The dispersed powder is collected on the filter after
filtration under reduced pressure. From the weight of filier weighed before and after
sampl'ing, and concentration of silicon and sulpher, the contents of 2 elements are
obtained. The filters having varying amounts of powder arc produced as the standard

samples {or developing the analytical lines, Fig. 5-22 shows the analytical line.
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Fig. 5-22 Analy(iéal line of silicon and sulpher

(3) Determination limnit

The average detection limits of the elements in ambient particulate matter by X-ray fiuores-

cence analysis are as follows, The blank values of filters are not usually obtainable.

Cd:0.01 wglem?
Pb: 0.1 ,u,.g_f’cm2
Si: 1 ;Lgfcmz

S: 1 pg/em?®

(4) Calculation method of clements concentration

The weight of elements on the filter were calculated from X-ray’s peak (CPS) by the following
equation.

E, = S PG et e e Equation (5-18)
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where; .
E,:  Element weight contained in sample on unit arca (ug/cm?)
St Element concentration in standard sample (pgicm?)
Stepg: Count rate in standard sample {CPS)
Sces:  Count rate of analyzed sample (CPS)

Elements concentration in the ambient air are calculated by the following Equation (5-19).

Ew - Fa
C. = _V—XI,OGO ............................. e Equation (5-19)

where; _
Ce:  Elcment concentration in the ambicnt air (ng/m?) -
E,:  Element weight in analyzed sample on unit area (ng/em?)
Fa:  Total area of filter (cm?)
V: Air flow rate (m*)

(5) Spectrum of X-ray fluorescence

Fig. 5-23 shows an example spectrum of X-ray fluorescence about Road dust.

2400

2600 Specimen

- Targel
Vollags
* {Current
Count Full Seate
! - |'Fime Constant
*7 | Scamning Speed
Chart_Speed

1600

L200

X=ray lIntanslty ¢CPS}

BRE

800

4100

l 3 EI]
R T R DU O R 4 I+ L a0- 80" 70"

pdddodndadndaodadndodadndadndndndandadndadndadadnd

" Reflcclion angle

Fig. 5-23 An example of spectrum of X-ray fluorescence
(6) Results of measurement

Table 5-16 shows the results of clement analysis done on particulate matter by X-ray fluores-

CeIIce.
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5.2.3 Analysis of Anion by Ion Chromatography

(1) Principle of analysis

Ion chromatography is a kind of column chromatography that uses an ion exchange resin as
trapping phase.

A sampie solution containing ions is introduced into a scparation column together with an
eluent, and ions are collected by ion exchange resin in the column. Due to eluent effect, each ion is
separated selectively depending on its separation constant beiween ion and resin. Then they are ied
to a micro membrame suppressor where the elucnt from separation column is removed or is neu-
tralized. The target ions flows into an clectric conductivity cell from the separation column one
after another.

The instrument of ion chromatography consists of such components as eluent tank, sofution
transfer pump, sample injection valve, separation column, micro membrame suppressor and elec-

tric conductivity detector. Fig. 5-24 shows the outline of analysis by ion chromatography.

Sarple injeclisn

Yasle —3 Wil

Injection valve
Eluenl sel. Electsic conductivily
tell
l Y Etflvent
M ]
Posp Separalien colum Wicto methrane
“ suppressel
cgonsrant
sel.
{ Elsciric eonductivily

mtler

Fig. 5-24 Qutline of ion chromafography

(2) Analyzing method _
The filter was cut into 1/4 as shown in Fig. 5-9. A piece of the cut filter was dropped into the

beaker containing 50 m¢ of deionized water and the solution was shaked about 90 minutes for
extraction. The analysis was conducted by using Chromatography Model 10 of Dionex Co., Ltd.
@ Analyzing conditions
The analysis has been carried out under the following conditions.

Separation column: 4 mmX 50 mm + 4 mmX250 mm
Suppressor column: Micro membrame suppressor

Sample volume: 100 ut _
Eluent: 0.0025M Na,CO4/0.0022M NaHCO;

Eluent flow rate: 138 mé/hr
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(2) Development of analytical line

Standard stock solutions containing 1000 mg/¢ each of chloride ion, nitrate ion and sulfate
ion were preparcd, This standard stock solution was adequately diluted prior to application
for the preparation of analytical line. These solutions were flown into the separation column
under the same conditions as applied to the sample solution, and analytical line was de-
veloped. Fig. 5-25 shows analytical line of Ct™, NO,™ and SO

Peak halzht (wd}

1" coac,) (Peak heighl)
0.5 ba/at 2l »
1.0 53
LS L]

C1°  Conseatration {utf =)

0
=
L sab b
w
2 —
=
™ =
r =2
< - (5057 conc.)  (eak heipny
= 3.0up/a2 B
- 5.0 &
= 8.0 ]
o [ a fol
=
<
%0, eoec.y  (Faak height)
1dbesat 13m
2.3 3
40 3%
1 1 L L] Iy Ll
o . T & [ £ ° I3 ro

¥0:" Concentratica §t3/ of) 50,7 Corcantration i/ wd}

Fig. 5-25 Analytical lines of C1, NO;~ and S04~

(3) Determination limit and blank value of filter

The full scale of electric conductivity in this analysis is 30 uS/cm. The limits of determination
and tare value of the filters are shown in Table 3-18.
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‘Tahle 5-18 Determination limit and blank value of filter

Anatyzed | Determination L_ Tare value of filter (nglch_’)_ . -
tiem limit (ugfm#} Polyethylene E‘::E ;’T’:f:ﬁ Polyfluarocarbon
shect up filter filter
- 0.1 160 40 1000
NOy 0.1 4 0 0
50,*" 0.1 300 0 ]
(4) Calculation method of anion concentration
The anion concentration of sample is calculated as tollows;
H
(a) Ton concentration of analyzed solution
H&;ul ' -
it ™ Gl T e Equation (5-20)
Hstd
where;
Ceor: lon concentration of analyzed solution (ug/m#)
Cya: Ton concentration of standard solution (zg/m¢é)
H,.: Peak height of analyzed solution (mm)
H..: Peak height of standard solution (mm)
{b) Anion concentration in the ambient air
Csul ) VL' Sa . .
Gl = T T e Equation (5-21)

Fa-V

where;

- €y Anion concentration in the ambient air (ug/m®)
C.: lon concentration of analyzéd solution (ug/m¢)
VL; Exiracted solution volume (mé)
Sa:  Total area of filter (cm?)
‘Fa: Filter area of ana.lyzed sample (cm?)

V:  Air aspiration flow rate (m*)

(5} lon Chromatogrann

Fig. 526 shéws the fypical example of ion ch’romatogram {MS1, Coarse particle). Abscissa is
the time after sample injection, and ordinatc represents peak height. The peak height used for
calculation of concentration is the height from the base-line connected flat part around the peak.
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Fig. 5-26 An example of ion chromatogram

(6) Results of measurement
The anion concentration in the particulate matter measured by ion chromatography is shown in

Table 5-16.

5.2.4 Analysis of Cation (Ca’", Mg?*) by Atomic Absorption Spectrometry

(1) Principle of analysis _
When a light beam of a specific wave lengﬂ] passes through the vapor of element, the atom in
the ground state absorbs this light. Atomic absorption spectrophotometry is an analytical 1ﬁethod
based on this pbcnomenon. A sample solution containing a metal ion is introduced into flame,
where the solution vaporizes and the metal atom contained in the solution changes into atmoic
statc by heat of the flame. The light beam emitted from a hollow cathode lamp is made to pass this

vapor and its absorbance is measured. The concentration of the metal clement can be calculated

fromt decrease of the absorbance.

(2) Analyzing method
The solution sample which is described in (2) of 5.2.3 is used for analysis. The analysis. in this
study was carried out by HITACHI 170-50A atomic absdrption sectrometer.
(1) Analyzing conditions
The analyses were carried out under the following conditions’
Analysis line: Ca®*, 422.7 nm
Mg**, 285.2 nm
Flame: Acethylene-air
(2 Development of analytical line
Standard stock solutions containing cach 1000 pg/mé of calucium ton and Magnesium ion

were prepared. This standard stock solutions were properly diluted before it is used as
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standard solutions for the preparation of analytical lines. The solution was poured into
instrument of atomic absorption spectrometry under the same conditions as applicd to sam-
ple solution. Fig. 5-27 shows analytical line of Ca?* and Mg®".

F el
5
H . .
- -
et L]
- =
® = {6a" conc) {Peak waight)
. = ot 4!
: Og* eonc,)  (Fost helghi} - £ ; Hef Tg -
- Sef 0. 2ue/u 0 ma RS 2 2
4 -
b 0.3 i " p n
ol 1} N
0.5 %
L)
3 1 L t 1 R , . . .
o al (X% F ¥ s 8 . . . - y -+

. 't . ’
Yo' Comceniratios (pp/st) G Concealration (rp/ad)

Fig. 5-27 Analytical line of Ca®* and Mg?*

(3) Determination limit and tare value of filter

The limit of determination and tare value of the filters are shown in Table 5-19.

Table 5-19 Determination limit and blanks value of filters

Ann.lyzcd Dctermination Tare value of filter (ng/em?)
ftem limit (ug/mé) Polycthylene l;n_iycthyk‘:nc Polyfluarocarbon
sheet sheet + back filter
up filter
- Ca 0.03 900 500 6000
Mg** 0.01 300 100 80

(4) Calculation method of Ca®* and Mg”* concentration

The cation (Ca®*, Mg?") concentration of sample is calculated as follow;
g p _ ;

(1) Ion concentration of analyzed solution

Hs.nl

Ceot = Ca * BT OSSN Equation (5-22)
s1d

where;
C.orr lon concentration of analyzéd solution (ug/mé)
Cqa' lon concentration of standard solution (ug/mé)
H,,: Peak height of analyzed solution (mm)
H,: Peak height of standard solution (mm)

(@) Cation concentration in the ambient air

I - 121



Cen - V- Sa : ' - ' - ) -

C = B TR BRI RTINS e Bquation (5-23)
where;

C;: Cation concentration in the ambient air (ug/m”)

C,oir  Cation concentration of analyzed solution (ug/m?)

V,: Extracted solution volume (m{)

Sa:  ‘Total area of filter {cm?)

Fa: Filter area of analyzed sample (cm?)

V:  Air sucking flow rate (m”)

(5) Results of analysis
The cation {Ca®* and Mg?*) concentration in the particulate matter obtained by atomic absorp-
tion spectrometry is shown in Table 5-16.

5.2.5 Analysis of Cation (Na* and K*) by Flame Photometry

(1) Principle of analysis

The concentration of an element is determined by spraying the sample solution into flame and
by measuring the emission intensity of the element at specific wave length. This method is cffective
in case of the analysis of alkali and alkali earth elements.

(2) Analyzing method
The sample solution which is described in (2) of 5.2.3 is used for analysis. The analysis was
carried out by using HITACHI 170-50A flame photometer.
(1) Analysis conditions
The analysis were carried out under the following condition
Analysis line: Na™t, 589.3 nm’
K, 766.6 nm
Flame: Acethylene-air
(2) Development of analytical fine
Standard stock solutions containing each 1000 pg/m¢ of sodium ion and potassium ion were
preparcd. This standard stock solution was properly diluted before it is used for the prepa-
ration of analytical lines. The solution was poured into the flame photometer under the
same conditions as applied to s.ample solution and analytical line is drawn. Fig. 5-28 shows

analytical fine of Na* ,nd K*.
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(3) Determination limit and blank value of filter
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The limit of determination and tare value of the filters are shown in Table 5-20.

‘fable 5-20 Determination limit and blank value of filter

Analyzed | Determination Tarc value of filter (ng/em”)
ftem fimit (/¢ Polycthylere :;)I:);Z:t:}yli:“: Polyfluarocarbon
shect . ¢ filter
up filter
Na* 0.02 200 204 1500
K* 0.2 100 80 300

(4) Calcuation method of Na™ and K* concentration

The calculation method for ion concentration of the analyzed solution and cation concentration

in the ambient air are the same as those applied to cation by atomic absorption spectrometry.

(5) Results of analysis

The concentration of cation (Na® and K*) in the particulate matter measured by flame photo-

metry is shown in Table 5-16.

5.2.6 Analysis of Cation (NH4") by Spectrdphotometry {(Method of indephenol)

(1) Principle of analysis

Ammonium ion in a sample solution is made to react with phenol in' the presence of sodium

hypochlorite and the absorbance of developed color of indephenol is measured by spectropho-

tometry.

(2) Analyzing method

A 5-m¢ sample solution described in (2) of 4.3 was transferred into a stoppered test tube, and
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25 mf of phenol-sodium 'nitmpmsside' solution was added. After shaking, 2.5 mf¢ of sodium
hypochlorite solution was added, and the solution was gently mixed. The solution was kept at 0°C
for 2 hr to wait color development. This solution was used for analysis. The analysis was cairied
out Iiy using SHIMAZU UV-240 spectrophotometer. Analysis linc is 640 nm.
Prepafation method for reagents is as follows:
(1) Phenol-sodium nitroprusside solution
Dissolve 5 g phenol and 25 lﬁg sodium nitroprusside in distilled water and dulite up to
500 m¢.
(2 Sodium hypochloride solution
Dissolve 15 g NaOH in ammonia-free water, add 100 m¢ sodium hypochloride solution
containing 3 to 10% C1~ and dulite up to 1000 m¢'.

Developed analytical line is as follows:

Standard stock solution containing 100 p,g/m{’ of ammomum ion is prep'ued This standard
solution is properly diluted before it is used for the preparation of analytical line. Absorb-
ance of the solution is measured with spectrophotometer under the same conditions as
applied to those of sample solutien. Fig. 5-29 shows analytical line of NH,™. '

1.0

Abserbonce

NIy Concentratioa (ua'=i)

Fig. 5-29 Analytical Hne of NH,*

(3) Determination limit and blank value of filters
The limit of deiermination and blank value of the filters are shown in Table 521,

‘Fable 5-21 Determination limit and tare value of filters

Analyzed | Determination Tare value of filler (ng/cm’)
ilem limit (ug/mé) . Polyethylenc X
?olyeihylnnc sheet + back Polyflvarecarbon
shect filter
up filter
NH,* 0.02 0 0 0
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(4) Calculation method of NH,* concentration
Calcuation method for NH,* concentration in analyzed solutions and concentration of NH, in

the ambient air are the same as those for analysis of cation by atomic absorption spectrometry.

(5) Results of analysis
The concentration of NH,* in the particulate matter measured by spectrophotometry is shown

in Table 5-16.

5.2.7 Analysis of total carbon and non-volatile carbon contained in particulate mater by differential

thermal analysis

(1) Principle of analysis

Pai‘ticu_late matter sampled on the quartz-fiber filter is treated thermally and is classified into
organic carbon and elemental carbon. After such carbons completely oxidized to CO,, they are
inl'rdduced into differential therma! conductivity meter which has a CO, absorbing tube. The heat
generﬁted by absorption of CO, is detected as the output sigﬁal of a differential electronic signal.

In this study the sample was heat-treated in nitrogen stream at 400°C and the volatite carbon
was driven off to determine non-volatile carbon, and the sample not thermally treated was used for
| analysis of the total carbon. _

The schematic of the instrument is shown in Fig. 5-30. It consists of the decomposition furnace,
a constant flow pump to intake the combustion pas sample, and a detector.

Through the inlct part of the combustion tube filled with He carrier gas, the sample is inserted
on a plutinum board. The sample is decomposed in the high temperature atmosphere and then
completely oxidized in the presence of copper oxide catalyst.r The gascous components generated
from the sample excluding CO,, H,0, and N, are removed by the oxidation furnace and reduction
furnace. The gas mix of CO,, H,O, N, and He are then led to the differential thermal conductivity
meter which has the H,O and CO, absorbing tubes for. The: concentrations of C, N, and H are

evaluated in term of differential electric signal (count number).

1. Decomposition furnace 17. Preheater

2. Oxidization furnace 18. Pump

3. Reduction furnace 19. HyO absorbing tube
4. Thermostat connecting tube 20, CO; absorbing tube
5. Combustion tube 21. Delay coil’

-6. Reduction tube 22-24. T.C.D.

7. Pressure regulator Z5. EXT

8-10. Flow rate meter 26. Pump thermostat
11-16. Electromagretic valve %7, Detector thermostat

B2 BB 2AH

Fig. 5-30 Outline of carhon analyzing insfrument
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(2) An'llyzing methods

As shown in Fig. 5-9, the qualtz—flber filter was cut into cnclc pieces in [ cm diameter (2 pcs.)
as’ samples for analysis. For the analysis of total carbon, no prctrccltment was requued but for the
analysis of non-volatile carban, the sample pieces were pretreated (at 400°C in nitrogen stream) for

4 minutes as shown in Fig. 5-31, and the volatile carbon compounds were dnvcn off prior to
amlysns

aClogy

1o

=

:-F ] S LAL A Pressure gauge for nitrogen '
E i T B: Flow rate meter for nitrogen stream
i i ! C: Chunglz,c over cock _
2 - ' D: " Sample heating and cooling sequence timer
i i ) : E: Temperature regulator for heating furnace
7 = i r m ATRY - F:  Inlet of sample
noils . G: Heating furnace
rpoommm R b S S— H: CA :
N ] i ] I Quartz sample board
" H A . I Cooling fan
1 | e =
: : F = L:
I 1 I
A q — f
i (9 .
w

Fig. 5-3f Outline of pretreatment facility for analysis of
elemental carbon

(1) Analyzing conditions
The analysis of carbon has-been carried out under the following conditions.

Sample decomposition temperature:  950°C
Temperature of oxidization furnace: 850°C
Temperature of reduction furnace:  550°C
Temperature of pump thermostat: 55°C

Temperature of detector thermostat: 100°C

Flow rate of helium: 200 m¢/min
Flow rate of oxygen gas: - 20 mé/min
Bridge curresit: 65 mA

(2) Drawing of analytical hnc
o-Nitroaniline was cmployed as a standard substance and by a micro-balance 0.1 to 2.5 mg
was weighed as sample. And the sample was also analyzed under the same conditions and
analytical line was developed by measuring the volume of carbon contained. The analytical

line is shown in Fig. 5-32.
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Fig. 5-32 Analytical line of carbon

(3) Limit of determination and tare valuc of filter
The limit of determination applied to analysis of ambient particulate matter by DTA is shown

i Table 5-22, and the tare value of the filter is also shown in the same table.

‘Table 5-22 Limit of determination and blank value of filter

l.lern Limit of Fiiter blank value
determination | (quartz-fiber filter)
Total carbon 5ug 38
Non-volatile carbon 5 ug 9

* Remarks: ug for 2 pieces filter of | cmg
(4) Calculation methods of carbon concenitration
Weight of carbon on the filter is calculated from count number of differential thermal conduc-
tivity meter by the following Equation 5-24.

Stw
Cw=|—8um | = FbW L Equation (5-24)

! Stcmml l

where;
Cw:  Weight of carbon in analyzed sample (mg)
Stw:  Weight of carbon in standard sample (mg)
Stepune: Count number of standard sample

Scoun: Count number of analyzed sample
Fbw: Blank value of filter (mg)

Concentration of carbon in the ambient air is calculated by the following Equation 5-25.
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Cw - Tfa ' . ,
Cec = Ty LSa T ..... Equation (5-25)
where; _
Ce: Conccn_tr'ation of carbon in the ambient air (mg/m?*)
Cw:  Weight of carbon in analyzed sample (mg)
V: Air flow rate (m'}
Fa:  ‘lotal area of filter (cm?)

Sa: Filter area of analyzed sample (cm?)

(5) Results of analysis _
The results of analysis of carbon concentration in the ambient air by DTA arc shown in Table
5-16. In the table, the volatile carbon is represented by organic carbon, and non-volatiie carbon is

represented by elemental carbon.
5.3 Anaiysis of Chemical Components in Soil, Read Dust and Fue! Gasoline

Two typical types of pround soil and one type of road dust in Samut Prahém Industrial District
have been sampled by ONEB and clements, anion, cation and carbon content of the .sampies have
been analyzed by INAA, XRF, IC, AAS, FP, SP and DTA. The location of the sampling points
are shown in Fig. 5-33. _

As for gasoline, two types of fuel gasolines (Regular and Premium}) commonly used in Thailand
described in Chapter 5 weré sampled and their elements were analyzed by INAA and XRF.

The method of analysié for soil, road dust and fuel gasoline are almost identical to one pre-

viously applied to particulate matter in a ambient air, but some steps of pretteatment are different.

5.3.1 Seil and road dust

The sample of soil and road dust were weather dricd and impurities such as small stones were
eliminated. After ground with a gate mortar, the sample were used as sample for analysis. The
weighing of the samples was carried out after desiccation for several days with silicagel. The speci-

fied volume of the samples applied to the analysis are shown as follows.

(1) INAA
About 15 mg of the samples for short term irradiation and about 30 mg for long tcrm irradia-

tion were sealed in double layer polycthylene bags of 5X7 cm respectively.

(2) XRF _
About 100 mg of the samples were equally distributed over membrane filters.
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Fig. 3-33 Location of the sampliilg points for soil and road dust

(3) IC, AAS, FP and SP _
Adding 100 m¢ of eluent in 1 g of the samples and shaking about 90 minutes for cxtraction, the

sample solution are prepared after filteration of impurities.

(4) Differential Thermal Analysis
The samples (2~5 mg) were weighted on a platinum board and they were used for analysis of

total carbon and non-volative carbon.
5.3.2 Fuel gasoline

(1) INAA

About each 50 m¢ of sample for short term and long term irradiation was sealed in
polyethylene beakers. The sample for short term irradiation was irradiated by thermal neutron
beam for 5 minutes and the sample for long term irradiation was irradiated with thermal neutron

-1

for 5 hours. The thermal neutron flux was 5x10'! em2.s~!. After irradiation, the sample was

transferred into a new polyethylene beaker, and then Gamma ray was measured.
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(2) XRF _ _ .
A 0.6-m{ gasoline sample was titrated on a 47 mme¢ membrane filter made by nitrocellulose,

and was then dried up.
5.3.3 Results of analysis

The results of analysis of chemical components in soil, road dust and fuel gasoline are shown in
Table 5-23. '

Tabie 5-23 (1) Results of analysis of soil and road dust .compmlents

Unit: ppm
ame of sample
A B c
Tten
INAA :
Short lived nuclides . .
Al 45000(1) 66000{1) 50000¢2)
Br - <30 <40 “150(5)
Ca <2000 2500(22) | 26000(5)
cl . <1000 2000(16) | 7300(6)
Cu €200 <300 <300
Mg <4000 7600(28) 1200(18)
Mn 270(12) 460(2) 610(2)
Ti 3000(7) 2400(10) 2300(5)
v 41(5) 30(5) 46(4)
Long lived nuclides {a) | « = | )
As . 7.7(8) 19(5) 51(2)
K 21000(6) &2000(5) 21000({7)
La 22{5) 643} 22(5)
Na 4900(1) 3100(1) 7200(1)
sb : 2.8(10) <0.7 3.4(9)
Sm 5.0(1) 14(1) 4.7(1)
H 8.6(15) 3.2{42) 4.1(24)
Long lived nuclides (b)
Ag <3 . <3 <3
Ba 380(17) 410(19) 360(17)
Ce S4(4) 150(2) 47(3)
Co 6.9(13) 3.8(22) 6.3(12)
Cr 31(8) 24(13) 33(8)
Cs 3.6(12) 8.6(7) 3.8(10)
Fe 12000(5) 12600(5) | 18000(4)
HE 2.0(14) 14(3) 5.9(5)
Lu 0.21(20) 0.58(12) 0.6%(7})
Ni <60 <60 <50
Se 4.5(2) A.5(2) 4.5(2)
Se 6.4( 26 12{20) | . 6.1(28)
Th 12(2) 55(1) 11(2)
A <30 <40 - 130{15)
XRF
cd 1.2 1.8 ‘1.8
b : 60 80 © 130
8 180 480 4700
$1 390000 320000 310000
IG, AAS, FP and 5P :
Hat 600 780 1500
<t 410 790 360
calt 33 190 460
HgZ* 55 98 160
NH,* 400 ] 990 3400 : .
NO4” [ 26 30
50,2- 58 240 2000
Pyrolysis .
T-¢C © 1900 6600 17500
E - C 1400 5100 16900
0-C 500 ) 1500 600

Remarks: *Figures in parenthesis are analytical érror (%)
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‘Fable 5.23 (2) Results of analysis of fuel gasoline

Unit: pph

5.4 Analysis of sulfur content in fuels for normal uses in Thailand

Ten samples of fucls as shown in Table 5-24 were brought back to Japan and were subject to
analysis to determine sulfur content in fuels. Those fuels are commercially available and sold in
Thailand for normal commenrcial applications. The Japanese Industrial Standard, JIS K2541, was

applied to the analysis of sulfur content in the fuels. Results are shown in Table 5-24.

Details of analytical procedure are shown in the Appendix.

Item Prenium Regular G:metnc:l
sverage

Al €200 . <200 <200

Br 86000( ) 82000(7) B40OO(?)
Ca <4000 <3000 <4000

B | 180000(4) 130000(4) 19000004}

Cu <1040 <100 <BOD

Mg <10000 <10000 <10000

Hn <5 <3 <5

13 <5000 <5000 <5000

v <1¢ <10 <10

As : <40 <40 <40

X <10000 <10600 <10000

La <20 <20 <20

Ha <200 <200 <200

sb <20 <20 <20

Sm <2 <2 <2

L} <50 <50 <50
Ag <0.4 <.z <0.3

Be <h0 <40 <40

Ce <0.8 <0.9 <0.8

Co . <02 €0.2 <0.2

Cr <1 <1 <1

Cs <0.06 <0.05 <0.05

Fe <50 <40 <50

nf <0.09 <0.089 <D.0%

Lu <0.08 <0.09 <0.08

Hi <10 <7 <8

Sc <0.01 <0.01 <0.01

Se <0.7 <0.7 <0.7

Th <0,06 <0, 06 <0. 06

zn 39(20) B.0(47) 22{34)
cd <200 <200 <200

Pb 15000 :7000 11000

s 12000 40006 7600

si <20 <20 <20

Remarks: Figures in ﬁarenthesis are analytical error (%)
* Premium: Regular = 45.6 : 54.4 (%)

Table 5-24 Results of sulfur content in fuels

Sample - Sulfur content ‘Testin
Ny Kind of fucls (%) s

| Fuel oil No. 1 (Sheil) 1.98 1
2 Fucl oil No. 4 (Shetl) 2.58 1

3 Fuel oil No. 5 (PTT) 3.04 |
4. Fuel oil No. 6 (Shell) 1.88 1

5 Dicsel oil (Shell) 0.65 1
6 Diesel oil (Esso) 0.46 1
7 Gasoline Regular (Shell) 47 ppm 2
8 Gasoline Regular (Esso) <1 ppm 3
9 Gasolinc Premium (Shell) 316 ppm 2
1] Gasoline Premium (Esso) <1 ppm 3

I: Bomb-combustion, gravimetry
2: Micro-coulometry
3: H,—0, flame combustion, dimethylsutfonazo 113 - Volumetry
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PART Il ANALYTICAL STUDY ON CURRENT ATMOSPHERIC POLLUTANT
CONCENTRATIONS AND METEOROLOGICAL VARIABLES






The pollutant concentration ind méteorological data monitored were subject to analytical study
such that the reporter can develop a better picture about the pollution status of the Samut Prakarn
industrial district. The obtained data were grouped into two parts depending on the survey period
(short term and long tcrm). The former ficld survey was carricd out during the periods of January,
March and July in 1988 to measure the distribution and concentration of total particulatc matter,
while the latter continued for one year throughout 1988 to monitor ambient pollutant concentra-

tions and metcorological variables.
1. Analysis of Long-Terin Field Survey Data

In the long-term field survey, the hourly values of wind direction, wind velocity, atmospheric
turbulence, solar radiation, net radiation, SOZI, NO,, NO, and SPM by f-ray dust meter were
measured for a pétibd of one year. These hourly data were used to make metcorological analysis,
environmental concentration analysis, and analysis of the correlation between meteorological fac-
tors and the environmental concentrations. The measurement period was from January 17, 1988 to
January 16, 1989, and the monthly average value for January was calculated as the mean of the

same month in both 1988 and 1989.

1.1 Meteorological Analysis

Pollutants emitted fror factorics are transported and dispersed by wind. Accordingly, meteoro-
logical conditions, such as wind direction, wind velocity and atmospheric turbulence will have large
effects on the environmental concentration, together with the emitted volume of poliutants. There-
fore, analysis of meteorological data in the addressed area is essential not only for simply determin-
ing meteorological conditions but also for predicting the future environmcental concentration.
Accordingly, in this survey, analysis of meteorological factors' was made by using thc mcasured data
of wind direction, wind velocity, atmospheric turbulence, solar radiation and net radiation, which

were obtained in the survey of the target area.
1.1.1 Seasonal and Hourly Classification

The predictive simulation applicd to this survey was the “yearly average concentration predic-
tion model”, where predictions were made based on calculated hdurly concentration values corres-
ponding to each meteorological condition {combination of wind direction, wind velocity and atmos-
pheric st'abi.lity). Then, the yearly average concentrations calculated by taking the weight-averaging
of such hourly values while the occurence frequency of meteorological conditions were taken into
consideration. The approach thus cannot avoid some difficulty of reproducing the pollutant concen-
trations accurately for each meteorological condition because of restrictions existing in the diffusion
model itself and the available volume of sourcing and ﬁlBtéOl‘Ological data. To overcome such
ambiguity, the reporter first made the statistical analyscs on daily and seasonal changes of source

activities, meteorological conditions and ambient concentratious {as shown in Fig. 1-1 and Fig. 1-2)
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“and then two time scales, hourly and scasonal, were sclected to test the conformity of calculated
concentrations with measured ones as shown in Table 1-1. In accordance, the study on meteorolo-

pical variables has (o be made with respect Lo same time scales. _

ME OFEB MAR APR O MAY  JIM JL MG SEP KT Nnvl meci

| 1 1 i i ] Y IR IR, R NP R FRF

Wel or dry scason

Wind direction

Ciuster
analysis
of sonthly
and hourly
averages

: _Principal
{aclor

factor)

Class of seagon

Fig. 1-1 Monthly Variations of Meteorological Conditions
and Ambient Pollutant Concentration

B1.33455?8!‘J10!!1‘2191:11‘51;8[71819202122'23?/1
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Net radiation

¥ind velocily

Concent
-ration
g T
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Class of hours daylise :

Fig. 1-2 Hourly Variations of Meteorological Counditions and
Ambient Pollutant Concentration
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Table 1-1 Seasonal and Hourly Classification

Season { Rainy Dry Mid-term
Hours May to Oct, Nov, to Jan. Feb. to Agr.
Daytime 7:00~17:59 10017259 ¢ 7:0[]:!7:5‘-)
Nighttime 18:00~ 6:59 E3:00~ 5y [8:00~ 6:59

1.1.2 Monthly and Hourly Average Wind Velocity

The monthly average and hourly average of wind velocity are shown in Fig. 1-3 and Fig. 1-4,
respectively. Table 1-2 shows the daytime and nighttime averages of wind velocity for each obscrva-

tion site for three scasons.

When moniforing stations are comparcd, wind velocity changes in the descending order of
MS1, MS2 and MSS5, for both the monthly and hourly basis. With respect to monthly variations,
although large diffcrences are not scen throughout the year, the relatively strong wind in March is
‘noteworthy. ‘As'forlhom‘ly variations, winds are strong in daytime and weak in nighttime, The trend

is true for every monitoring station.

M51
—_— MS2
------- MS5
m/s
4
3 i
2 4
E 4
[1] T T T - ¥ . T T T T r r
1 2 3 4 5 6 T 8 8 10 11 12 yoyry
Fig. 1-3 Monthly Variations of Wind Velocity
m/s
4
3 R
2 g
]
f -+—m——a—"v—v— T+ ——r—yr————— v

Fig. 1-4 Hourly Yariations of Wind Velocity
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‘Table 1-2 Average Wind Velocity for Each Senson and Day and Night
) Unit; m/s

Scason Rainy Dry . Mid-term
May to Ot - Nav, ta Jan. Feb. to Apr. Annual
Hours MSI [ MS2 | MSS | MSI | MS2 [ MS5 [ MSI [ MS2 | MSS | MSI | Ms2 [ MSS
Daytime 3.2 | 28 |23 1 34 [ 25 [ 28 1 30 | 32 [ 29 | 32 | 28 | 25
Nighttime | 23 [ 19 |13 26 | L8 foud |27 127 | 17§25 |20 | 14
Allday 1727 {23 117 |30 |22 | 20 |29 |29 |23 [ as [T247[ 1o |

1.1.3 Occurance Frequency of Wind by Veloeity Rank

The frequency distribution of wind velocity for a one year period is shown in Fig, 1-5, which
shows that MS1 and MS2 have a gentlc peak in the neighborhood of a 2 m/s wind velocity range
white MSS5 has a peak around | m/s, and the frequency is the highest between 1 to 5 m/s.

~ In formulating a model for meteorological analysis, wind velocity is classificd into several wind
velocity ranks. In doing so, it is thought nccessary to take account of the appearance freqtiency
distribution of wind velocity as well as the sensitivity of the diffusion calculating equation with
respect 1o wind velocity. In this survey wind velocity has been classified into 6 ranks of 1) 0-0.4
m/s, 2} 0.5-0.9 m/s, 3) 1.0-1.9 w/s, 4) 2.0-2.9 m/s, 5) 3.0-4.9 m/s and 6) 5.0 m/s or more. The

occurrence frequency of wind by velocity rank, as classified above, is shown in Tablc 1-3.

@0 M3t o MS 2 =9 MS 5
10 - 10 10
Average wind = 2. 8 m/ s Average wind = 2. 4 m/'s Average wind = |, 9 m/s
g 1 velecity ' g 4 velocity g - velocity
6 6 6
4 4 4
2 2 - 2
0 - T T Y T G - [} T ¥ T —
0 2 4 3 8 10 0 2 4 6 8 10 0 2 4 ] 8 1o
m/ s m s m/ s

Fig. 1-5 Frequency Distribution of Wind Velocity

Table 1-3 Appearance I?i‘cquellcy of Wind by Velocity Rank

Wind Velacity Appearance Frequency of Wind Velocity (50)
Rank (m's) (MS1) [ (Ms2) (Mssy
ONEB POWER H.&L
STATION PLANT ESTATE
004 Y, 0.41 2.9
Cesh0y (49 s £7.38
C10-19 2139 R 36.50
T 20-29 3519 29.00 25.05
30249 3156 | 2973 1675
5.0- 4.3 160 1.34
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1.1.4 Wind Rosc

Annual wind rose and monthly wind rose at cach monitoring station arc shown in Fig. -6 and

Fig. 1-7. respectively. Fig. 1-8 shows the wind rose of daytime and nighttime for cach scason.

With respeet to annual wind rosc, the most frequent wind directions arc the S and SSE direc-
tions at MS1, the S direction at MS2 and the SSW direction at MS5, respectively, thereby indicating
that winds of the S dircction are dominant at every station. Furthermore, a difference in average

wind velocity by wind direction can be hardly seen.

With respect to monthly wind rose, winds of the S direction are frequent during a period from
January to August, and winds of the N to NE direction increase in velocity in November through

December. These trends arc scen at every station.

FREQUENCY OF WIND DIRECT I ON

————— MEAN WIND VELOCETY
(FOR EACH DIRECTION)

(MS1) ONEB STATION (4S5) H.R 1. ESTATE

YEARLY YEARLY YEARLY

ALL DAYS ALL DAYS : ALL DAYS

MEAN WIND VELOCETY= MEAN WIND VELOCITY= MEAN WIND YELOCITY=
2. 8 (m/s) 2.4 {m/s) 1. 9 (m/s)

Fig. 1-6 Wind Rose at Each Monitoring Station (Annual)
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FREQUENCY OF WIND DIRECTION

MEAN WIND VELOCITY
{(FOR BACH DIRECTION)

ALL DAY T ALL bay ALL DAY

MEAN WIND Vzﬁl.g)(Cl;Y';- MEAN WIND VELOCITY= MEAN WIND VELOCITY
. m/ s

NI2.’1'(m/.‘:) 2.6 (m/s)

. JUN ]

ALL DAY . ALL DAY ALL DAY .

MEAN WIND VELOCITY= MEAN WIND VELOG{TY=
. 2. 1 {m s} 2.1 (m/3)

JUL, NOV.

ALL DAY - ALL DAY ALL DAY

MEAN WIND VELOQCITY= MEAN WIND VYELQCITY= MEAM WIND VELOCITY=
. 3 B (mrss) "3. 1{m/3) 3 2/ 5}

5 5

AP, AUG - DEC.

ALL DAY ALL DAY ALL DAY

MEAN WIND VELOCITY= MEAN WIND VELOCI'{Y= MEAN WEIND VELOCITY=
2. 9{m/5) 2, 6 {im 5} 3. 1 {m/s)

Fig. I-7 (1) Monthly Wind Rese at Each Moniforing Station
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MS2) POWER PLANT

: FREQUENCY QF WIND DIRECTION

—————— MEAN WIND VELOCITY
(FOR EACH DIRECTION

JAN. . SEP.
ALL DAY ALL DAY ALL DAY
MEAN WIND VELOCITY= MEAN WIND VELOC!ITY=

y & s 23 (nss)

FEB. ’ OCT.
ALL DAY ALL DAY
Cl

MEAN WIND VELOCITY= MEAN WIND VEL
2. 6 (m/s} : )

[=}
-

TY=
/)

hd
Y
3

JUL. A

LLL ALL DAY ALL DAY

MEAN WIND VELOCITY= MEAN WIND VELOCITY= MEAN WIND VELOCITY=
" 3 4 {m/s) . 2. 6 (m/ss) . 2. § (m/s)

APIL AUG, DEC,

ALL DAY ALL DAY ALL DAY

MEAN WIND VELOCITY= MEAN WIND VELOCITY= MEAN WIND VELOCITY=
2. 7{m/s5) - 2. 2{mn s) i, % (n/s)

Fig. 1-7 (2) Monthly Wind Rose at Each Monitoring Station
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FREQUENCY OF WIND DIRECTION

emwe s MEAN WIND VELOCITY
(FOR EACH DIRECT}ON

MSH H & 1. ESTATE

MAY. SEP.

ALL DAY ALL DAY . ALL DAY

MEAN WIND VELOCITY= - MEAN WIND VELOCITY= MEAN WIND VELOCITY=
I. 8 {m5) 1. 8 (m/s5) I 4 ims5)

FEB,
ALL DAY

3
MAR. JUL. ) NOoVv,
ALL DAY . ALL DAY ALL DAY
MEAN WIND VELOCITY= MEAN WIND VELOCITY= MEAN WIND VELOCITY=
. [2.6(m/s) Hl.ﬂ(m/"s) N?.d(m/SJ

3
APR. AUG . . DEC.
ALL DAY ALL DAY ALL DAY
MEAN WIND VELOCITY= MEAN WIND VELOCITY= MEAN WIND VELOCITY==
2. L {m/ 5} LT im/ s} I. 8 {m/5s) ~

Fig. 1-7 (3) Monthly Wind Roese at Each Monitoring Station -
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FREQUENCY OF WIND DIRECTION

v e MEAN WIND VELOCITY

MS1) ONEB STATION

(FOR EACH DIRECTION)

NIGHT ALL DAY

DAYTIME

VNODET B

s
MEAN WIND VELOCITY=

F
MEAN WIND VELOCITY=

. 2. 7 (m/s)
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s
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H
MEAN WIND VELOCITY=

s
MEAN WIND VELOCITY=

MEAN WIND VELOCITY=

o 2. 7 (m/ s} 2. 9 {m/5)
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HMEAN WIND VELOCITY

H
MEAN WIND VELOCITY
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Fig. 1-8 (1) Wind Rose of Daytime and Nighttime for Each Season
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Fig. 1-8 (3) Wind Rosc of Daytime and Nightiime for Kach Season
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£.1.5 Correlation Coefficient of Wind Direction and Wind Velocity Vectors

Based on the measurement data of hourly wind direction and velocity at each monitoring sta-

tion, the degree of resemblance of wind among measurement points was examined.

As an index for the degree of resemblance of wind direction and velocity among measurement
points, an approximate correlation cocfficient, which is calculated by the following mcthod, is

frequently used.

The i, which is the angle between V,; and Vy;, at time i (i = 1, 2 ... N) is obtained from the
observed values V,;, Vaz, ... Van Of the wind vector at measurement point A and the wind
vectors Vg, Vi, ... Yy simultaneously measured at point B, From these, the corrclation coeffi-

cients of the wind between measurcment point A and B can be obtained by the following equation.

Z VAiVBi COS Oi

1A, B) =
ZVaVi,

Where, V,4; and Vy; are the wind velocity at time I at measurement point A and B, respectively,

0

Fig. 1-9 Wind Vectors between Point A and B

Correlation cocfficients of wind direction and wind velocity vectors between ecach measurement
point obtained in the above manner arc as shown in Table 1-4. In reviewing the table, correlation
coefficients of yearly wind direction and wind velocity vectors are 0.909 between MS1 and MS2,
0.838 between MS2 and MSS, and 0.853 between MSL and MSS, thereby indicating a significant
correlation. Also, when corrclation coefficients of monthly wind direction and wind velocity vee-
tors are reviewed, most of the values found are 0.8 or more. Therefore, it is understood that
meteorological conditions in the target area are nearly uniform. This may be due to a nearly fiat

configuration of the ground in the arca.
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Table 1-4 Correlation Coefficients of Wind Direction and Wind Velocity Veetors

MS1 M52 M55
-M52 | -MSb| -MSi

Jan. | 0.839| 0.824| 0.828
Feb, | 0.925] 0.826| 0.843]
Mar. | 0.960| 0.880| 0.843
Apr. | 0.950| 0.826| 0.846
May. | 0.924| 0.804| 0.836
Jun. | 0.953| 0.855| 0.924
Jul. | 0.929} 0.861| 0.909
Aug. | 0.904] 0.814 0.849
Sep. | 0.831| 0.747| 0.755
Oct. | 0.856[ 0.756| 0.812
Nov. | 0.923| 0.884| 0.929
Dec. | 0.818| 0.850| 0.865

Yearly| 0.909| 0.838} 0.853

1.1.6 Monthly and Hourly Solar Radiation and Net Radiation

Monthly solar radiation and net radiation flux are shown in Fig. [-10, and hourly solar radiation
and net radiation flux in Fig. 1-11. When hourly variations are reviewed, it is found that both solar
radiation and net radiation flux increase from around 07:00 hout, reache the peak value at around
13:00, and thereafter decline until around 19:00. Furthermore, monthly solar radiation and net

radiation ftux do not show any significant variation throughout the year.

~————  SOLAR RADIATION
e NET RADIATION
MS1
W/ m?2
300

-160

Fig. i-10 Monthly Variations of Sofar Radiation and Net
Radiation Flux
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Fig. 1-11 Hourly Variations of Solar Radiation and Net
Radiation Flux

1.1.7 Atmospheric Stability

Atmospheric stability is an index to show stability of the atmosphere, and is ciosely related to
the_vertical distribution of the air temperature. Under zin unstable condition, air femperaturc in the
upper level is lower than that approximated by the dry adiabatic decreasing rate (0.98°C/100 m),
thcreby generating a convection current duc to the difference of the density of air between the
upper and lower layers and thus resultmg in large air turbulence. On the other hand, under a stable
condition, the temperature increases with increasing levei, thereby resulting in a state where turbu-
lence is suppressed. These phenomcena are indicated in a graph as shown in Fig. 1-12.

Characteristics of plume diffusion corresponding to each of the above atmosphcric stabilities
are as shown in Fig. 1-13. Atmospheric stability also serves as an index for detcrmining smoke

plume diffusion width.
200

150

100

Altitude, m

50

. Temperatute change, °C

Fig, 1-12 Atmospheric Temperature Lapse Rates
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Unstable (looping) Neuteal (coning) Stable (fanning}

Fig. 1-13 Smoke Plume Ditfusion Conditions by Atmospheric
Stability

Atmospheric stability is classified by the vertical profile of atmospheric temperature as de-
scribed above. However, it is difficult to make continuous measurements (up to an altitude of 1000
m above the ground) of the verticai_distribution of atmospheric temperature. Also, smoke plume
diffusion is greatly influenced not only by the vertical distribution of atmospheric temperature but
‘also by wind velocity, and is related to other factors as well. Therefore, Pasquill" proposed a
method of classifying the atmospheric stability into A through F, from simple meteorological
observations, with respect to wind velocity, solar radiation and cloud amount, and this method had

been adopted by the Meteorological Agency of England. Pasquiil’s stability classification is shown

in Table 1-5.

Table 1-5 Pasquill’s Stability Classiftcation

Key to stability catlegories

Surface wind solation Night
d (mfsec) S Moderate Siight _ninly overcast < 3/8 cloud
speed (m/sec) trong oderate ig] or 24/8 low cloud = <
< 2 A A-B B - -
2-3 A-B B C E F
-5 B B-C C D E
56 c c-D D D D
>6 C D D D D

{for A-B take average of values for A and B etc)

Strong insolation corresponds t¢ sunny midday in midsummer in England, slight
insolation to similar conditions in midwinter. Night refers to the period from
1 hx before sunset to 1 hr after dawn. The neutral category D should also be
used, regardless of wind speed, for overcast conditions during day or night, and
for any sky conditions during the hour preceding or following night as defined

above.

In PaSquil.i’S stability classifications, solor radiation was not given quantitatively and nighttime
classifications were dependent on the cloud volume. But recently due to the rapid progress made in
measuring instruments, solar radiation and net radiation flux are easily obtainable, and Pasquill’s
stability classification was thereby preatly improved.

In this survey, based on Pasquill’s classification of atmospheric stability, the reporter calculated
the appearance frcquency of atmospheric stabi]ity, where hourly atmospheric stability was obtained
in comp}iance With the atmospheric stability classification (Table 1-6) of the Ministry of Interna-
tional Trade and Industry (MITI) which uscs net radiation in place of cloud amount. The results

are shown in Table 1-7 and Table 1-8.
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Table 1-6 Classification of Atmospheric Stability {(METs Method)

Wind Velocity {m?s) Solar Radiation ] Net Radiation
(About Lt meters above ground) Uppcr(-calicm“’-hr)‘ Lower: (W‘,mz‘)w""
© Rangeof "chrcsqnlallivc ~50 4925 13 12-0) 0~—2.9 . —30~
Wind Velocity Wind —— ot ———

Velocity ~580 579200 289~ 151 1500} 0~-34 ~35~
0.0~0.3 00 CA CcB CcC cC CcC CcDh
1.4--09 4.6 A B B D E ¥
1.0~2.9 2.4} B B C D E F
3.0~4.9 4.4 B C C D D E

L5018 6.5 C D D D D D
8.0~ 10.0 D D D D D D

From the Manuad for Predicting Environmental Concentration in Atmosphere in the comprehensive preliminary investigation of

industrial potiution.

Table 1-7 Appearance Frequency of Atmospheric Stability

G]m

Windy

(Unit : %)

Tuble 1-8 Appearance Time of Atmospheric Stability by Wind
Velocity Rank and Solar Radiation and Met Radiation Flux Rank

(451)_CNEB STATION

Honitoring stations o T TTH T AT R C D E F
1) OVEB STATION  J0.03 ] 0.0110.0010.03| 0.08]_18.211 16.82| 15.11]. 2.62] 5.4
(652) POWER PLANT 10,00 0.001 0.04[0.3310.04] 2.13] 13.65| 12.571 22.601 28.60
(455) H.8 LESTATE 10.00 | 0.011 1.04] L8831 0.13] .36 | 12,741 10.451 16.26| 34.13

Wind Solar radiation (W/nl) - Net radiation (W/idi)
velocity | .. 580 >T {290 >T {16l >T ~ N Total
ws) | =90 | Toog | s | 2 |9 | >A
0.0-04 JA: - 21B:  11CC: D CC:: 0 CCEr 0icD: 2 [
05-09 1 A7 Tl B: 13] 8: 10| Di 10] Ei 16| Fi 56 112
0-1.91 8B: 7] B: 1570 C: 13} b: 146] E: 48] Fi T3 1612.
2.0-29 |1 B 193] B: 35| C: 1841 D! 244] E: 501 Fi1218 2645
3.0-4.9 | Bi 617| € 501] Ci 22| D 25| D o2| E. 812] 2800
5.0 - C: 1121 D: 94v D: 281 D: 30( D: 19l D: 37 Rret]
Total 1002 1161 567 T4 1181 2868 7503
2} POWER PLANT
Yind Solar radiation tw/ni) Nel radiation (W/my
velocity B0 >T {290 >T 151 >T P Total
we | T30 |Too |Tam | 20 |92 M >Q
0.0-04 ICA: 0l QB olec: 11cCCi - 23¢CE - .3 Cﬂ 22 3
0.6-038 [ A+ . 3} B: 19} B: 37| D: 46| E: 201] Fi 3% 642
1.0-1.8 | B! 93 B: 265] C:. 1871 Di 268| E: 6261 F; 1243 2682
20-291 B! 33| B: 440] C: 205! Bt 219] E! 528) Fi: 886 2425
3.0-49 ] B: 600] C; 16| C; 28] D: 211 D 216] Ei 5] 2490
5.0 - c: ®lp: 4] p: 1jbd B{Di Tl Dbt I5 135
Total 1132 1297 644 6 1331 3193 8408
) .8 1. ESTAIE
Wind Solar radiation  (W/ni) et radiation (W/mi)
velocity [ 580 >T 290 >T | 161 >T - - - Total .
@) [T 1 "Som | T2im | =g | 93U 1-U>Q
0.0-04 |G, OfcB; 1[CC: I[CCi 7|CC. B0 16| 98
(06-09 1 A 11l B 86| B 51 D B E; | Fi &8 1461
’_l'.O-LQ Bi 1M1 B! 306! C: 2421 U: 3% Ei 641 Fii1309 3037
|12.0-29 | B! 38| B: 468 C: 226| D: 200) E: 207 F: 5938 20719
3.0-49 1 B: BOO| C: 418{ C: 110] D: 1221 D: 72| E! 146 1368
5.0 - C: 60 bp: sl p: 2 b 71D 2] Dl 3 113
Total 1127 1268 632 165 1354 3135 8291
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1.1.8 Analysis of Horizontal Wind Fluctuation ¢, and Vertical Wind Fluctuation o

(1) The relationship between air turbulency and diffusion width
The dispersion of emission substances in the atmosphere is closely associated with the randam
movement of ambient air and air turbulence as the driver. Countless numbers of eddy currents
existing in the air are grouped into two, onc mechanically driven by buildings and trees and the
other caused by the temperature difference in air layers along the vertical direction. The degree of
air turbulence is called “atmospheric stability.” Parameters used to express such atmospheric stabil-
it'y' include the Richardson number, Stability-length by Monin-Obukhov, and Barad’s stability ratio,
in which a factor commonly required for their approximation is the mcasurement of wind and
temperature profiles in air tayers of high level above ground. In other words, it is thought not
appropriate to introduce these parameters in any practical method to be applicd for estimation of
diffusion width.
| I} Horizontal diffusion width o,
The estimation of horizontal diffusion width a, is subject to cither of the following two
methods.
(i) Empirical equation or diagram developed by using experimental data
(ii) Modeling equation obtainable based on Taylot’s statistical theory with parameters to be
empiricaily set
According to Taylor’s statistical theory,” the horizontal diffusion width o, can be estimated
by knowing the wind velocity fluctuation ¢, when diffusion time is small (bciug close to the
emission source) and air turbulence is kept consistent and thus in the vicinity of the emission

source, 0, incrcases in proportion to diffusion time T.
O Y = 0.5 T i (1-2)

In Figure 1-14, the horizontal diffusion width g, divided by the wind velocity fluctuation o,
(horizonfal wind velocity standard deviation}, 0,/0,, is plotted against diffusion period T in the
Log-Log scale diagram. From the graph, it is known that the diffusion width increases for up to
2-3 hours proportionally to the 1st order of the time lapsc.. Accordingly, by applying wind
fluctuation o, in place of o, ((;ﬂ,/u‘:.tzin o) and the downflow distance x (x=u.T)} instead of
diffusion time.T, the horizontal diffusion width g, can be expressed as Equation (1-3). Accord-
ing to Yokoyama- Yamamoto® the constant which is 0,/0, x was estimated to be 0.018 whereas
Draxler® gave the value as a funct_ion.of diffusion time T and Lagrangian time scale T, , and

Pasquilt™ as a function of downflow distance x.

Oy = COMSL A X oitiiiiiiiaii ittt TS (1-3)
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Fig. 1-14 The Relationship Between Horizontal Diffusion
Width and Diffusion Time

2) Ditfusion width in the vertical direction

There arc a few methods for estimation of the vertical diffusion width as shown below.

(i) a method to estimate ¢, by using wind velocity fluctuation o,, which is cfos'cl'y associ-
ated with the former or vertical fluctuation of wind direction OE‘=.(U“.IQ) through field
observation _ _ ' 7

{it) a method to estimate from meteorological data such as the temperature profile of the
high altitude levcl |

(iij) a mcthod which uses ground level observation data such as wind velocity, solar radia-
tion, cloud volume, etc.

Among methods shown above, the method 6)] was found most reliable and has'options such -
as one proposed by Yamamoto-Yokoyama” and the other by Draxler”). The method (ii). has
TVA diagram® and the method (iii} has such options as the P-G diagram” and Turner
diagram®. .

The rclation between o, and o can be expressed as Equation (1-4), w_herc' the constant k
varies according to the degree of atmospheric stability as such treated by Yamamoto-Yokoyama

or Draxler gave the value, k, as a function of diffusion time ' and Lagrangian time scale T).

(2) Calculation of oA, oy
Based on the hourly measurement data of air turbulence by means of the three dimensional
ultrasonic anemometer, hourly average of fiuctuation of horizontal wind direction o, and vertical

fluctuation of wind direction o were calculated by the following equations.
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— 1 6 | & . , .
a T Z SAi(m)z + "a‘ igl (\NDi(u])ﬁ\ND)~ ........................................ IR (1-5)

6 =l
where
SAiy ~ Reading value of oft at an interval of 10 minutes (degrece)
@, 10 minutes running average value of standard deviation of horizontal
| & wind direction ' _
n ESA*U“’; 1 hour value of standard deviation of horizontal wind direction (degrec)
=
WD " Reading vatue of @ at an interval of 10 minutes (degree)
8; 10 minutes running average value of horizontal wind direction
‘WD; 1 hour average vatue 'of horizontal wind dircction (degree)
I [s]
WD = Z El WDi(m)
80 TS sWem P18 Wiy W |2
Op =7 [ ¥ tan O Sy O _ (1-6)
A= Ji(l(l) 6 =1 S
where

SWi0); Reading value of o, at an interval of 10 minutes (m/s)
g,,; 10 minutes running average value of standard deviation of vertical wind
velocity (m/s) '
Uiany; Reading value of U at an intcrval of 10 minutes (m/s)
U; 10 minutes running average value of horizontal wind velocity
Wiany; Reading value of W it an interval of 10 minutes (m/s)

W 10 minutes running average value of vertical wind velocity

W; 1 hour average value of vertical wind velocity (m/s)
1 &
= “6_ EI Wi(m)
U; 1 hour average value of horizontal wind velocity (in/s)
1 6

U = Z Ui
6 = (i

=l

The calculated hourly values of g, and oy are exemplified in Table 1-9 and the complete sct of

duta is enclosed in the Data File.
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Table 1-9 (1) Example of Alr Turbulence Measurement Result {e,)

IEETTRIR T

KONFHLY REPORY

[SRTIRY Y Y]

1968YEAR 2 HONTH IVEW ¢ 9y SIGasn ST. L i3 (H51) OHEB SEATEON
.GOUR 1 F 3 4 574 T a 9 10 11 Y2 13 t4 15 16 37 16 4¥ 20 24 2 23 % HEK  HAX
DAY,
1 316 433 108 305 103 99 189 177 231 135 143 190 153 20y 135 V8L 183 128 127 130 122 130 136 1} 97 231
Z 124 120 133 111 150 111 286 102 226 381 194 259 241 700 209 2147 209 38¢ 173 123 94 97 111 97 #4351
3 127 $2% 11 121 10F $2 B4 130 148 148 133esse 165 La1 179 158 114 120 108. BOeser 112 102 1% a0 161
4 112 115 100 97 91 151 172 120 430 156 {36 156 17y 137 156 170 184 144 153 124.123 12 319 124 21 171
5 127 119 134 1157138130 148 147 128 169 198 213 139 215 170 192 184 128 330 117 113 131 120 126 133 215
& V07 99 206 143 277 293 31T 134srsanreryavs 425 203 247 19T 178167 142 127 118 109 181 135 119 % 423
7 114 109 153 190 243 356 105 123 575 245assaaversesr 320 157 140 145 B34 113 109 140 129 124 124 <105 3&0
3 123473 112 104 13% 119 126 145 288 184 213 192 214 193 172 101 153 144 133 131 140 128 128 119 10t 258
9 120 417 118 128 192 111 247 243 349 170 153 15¢ 144 155 152 241 123 138°130 10 150 235 E&s 155 111 3
10 140 BT 1US 130 S9P1640ee0e 143 454 127 35 178 125 153 FA9 161 195 150 125 782 &47¢ 3¥3 22 130 125 1840
TE | 247.110 121 13s 00 199 124 280 233 239 220 173 235 212 118 103 118 127 33 222 1) 106G M
12 394 305 295 549 239 213 2k 293even 104ssaa 201 189 149 177 172 147 142.130 128 114 114 549
13 147 151 122 237 149 220 553 280 210 223 18 §49 155 152.4F3 117 113 118 128 124 108 108 553
T14 119 101 78 84 139 134 148 143 195 207 178 184 172 135 137 132 103 208 114 133 123 76 32
13 123 128 113 94 108 1484 158 15¢ 147 1647 120 157 155 145 208 214 190 3179 38i 226rene P4 36L&
16 251 197 392 14k 146301 230 15%awns 252 293 317 1811327 174 120 127 136 121 136 - 90 136 9B 115 96 1322
1r 1046 5% A% 108 - 85 132 170 1891597 &44essa FEI 3BS1357 200 352 213 194 175 &d7asas 744 150 164 sS4 1597
B8 267 $10 220 287 159 1B2 159 125 153 1%¢ 178 20¢ 235 248 228 246 220 186 134 185 93 241 t¢2. 91 91 510
19 15% 139 &25 129 134 138 132 137 135 160 157 165 136 1M0 208 226 186 154 92 73 505 19¢ 186 434 73 425
20 137 123 132 179 124 102 116133 208 21& 241 271 242 2967302 314 485 155 102 1403172 183 125 198 102 1172
21 88 47 255 93 137 136 174 133 228 183 208 187 229 285 295 371 219 1861184 134 120 78) 240 @B 67 1188
22 132 79.108 100 102 90 51 100 250 181 226 218 175 200 301 225 199 175 487 &7% 94 96vess 113 51 47%
23 8t 93 118 140 277 632 231 81 201 284 204 188 215 193 294 326 $57 925 183 187 325 125 180 492 81 925
24 146 185 106 71 188 93 130 144 152 158 131 168 144 235 168 14T 17¢ 1457162 136 142 129 123 147 #1233
25. 122 111 124 180 239 271 207 234 421 185 181 149 1917217 103 147 156 124 143 126 12 142 128 158 111 421
26 163 1adwess 147 210 130 122 §21 423 133 199 198 212 232 196 151 163 153 126 138 146 118 119 123 118 23
F14 135 155 122 373 345 133 £15 273 480 22% 187 25C 158 216 181 171 136 133 125 134 121 1227121 129 121 s80
28 139 115 110 115 88 88 §pZ 175 245 139 148 168 179 14y 191 157 326 136 128 131 it2 141 131 130 &a LS
2% 137 13L 139 129 312 109 $&1 149 190 172 18B 221 193 143 15& 152 150 137 136 128 123 109 105 122 105 221
HIN 81 ¢ 6% 7+ B5 B& 51 81 122 127 131 147 125 137 152 12F 114 118 §2 73 90 97 98 88 51
MAX 394 510 425 549 APFI640 555 L211597 46 293 753 3851357 302 552 557 9251188 7621172 Uik 202 &92 1640
AVE 149 141 155 136 172 220 187 169 291 195 193 23) 197 286 194 202 189 177 183 175 192 210 143 139
HOUR 39 29 28 39 2 29 28 29 24 2B 26 246 2B @4 29 P 29 I9 29 2% 27 29 28 26
TOTAL L0748 4522 8369 4594 5458 aobs 2019 sa80 5130 067,  &09L 3686
307 L350 5001 5238 7554 501t 5523 5875 5482 5348 5188 otL
Table 1-9 (2) Example of Air Turbulence Measurement Result {o};}
asdabzand MANTHLY REPORE EELREENEZ Y]
1234YEAR 2 MONTH EIEX € 103 SIGE ST, ¢ 1} {HS1) 0NEB STATION
‘HDER T2z 3 4 3 &6 7 8 9 10 11 12 13 10 15 186 17 18 19 20 21 22 2. 24 HIH HAK
DAT.
1 &8 S 57 &¢ 57 &0 3k 32 184 475 76 B3 93109 71 80 7% 72 43 5% 55 54 59 57 3z 18¢
2 350 58 54 32 w2 Q 9 10 B0 110 186 234 190 277 194 132 73 94 T1 &B 25 'Y 10 &4 0 284
3 46 69 38 J4 Bl 37 27 19 &8 76 9Deass 123 219 159 AT 155 48 24 23ssseesss 24 4d 19 219
4 8 3% 12 26 18 22 A7swsavwas 169 149 178 148 228 277 264 258 234 243 287 27 5Y &9 5 12 281
5 S& 0 34 37 o4& R4 &) 53 42 80 Bt §7 ¢4 BY BB 114 130 108 105 51 37 93 F7 &5 4k 3¢ 130
[ 3B 25 %6 27 17 13 30 - 2% 32 45 &7 &1 93 B0 99 BA 8173 TF 72 93 5% 117 231 13 231
7 153 §2 71 29 A& 97 &4 A3 &3 &7 83 7% 72 41 9% 0og 83 35 23 37 5% S& %0 #2 25 143
8 EO7 122 167 97 B0 A% 55 49 133 236 267 28k 295 117 90 74 &) 97 132 131 129 B2 B4 &S 45 295
¢ $2 5% 55 28 32 22 21 43 101 E6L 205 174 108 92 ¥ 101 142 103 &3 51 32 18 27 5D 18 205
10 5¢ 3 19 2z 50 107 51 52 70 523 213 1¥B 180 2&& 285 372 B3 51 &0 15 15 26 %7 21 15 3¥e
1 Bl 14 22 20 32 35 75 153 7L 55 48 118 203 187 195 190 € 193 37 kL. &2 63 BS &0 11 203
12 15 29 51 32 23 36 33 30 3PP 353 94 317 227 154 264 210 137 154 101 134 185 115 79 73 15 399
13 g9 S8 29 52 &8 29 1% 246 A4 04 7S a37 135 135 150 24 64 82 245 227 10) 193 213 138 15 245
14 152 118 71 77 A 26 2% 23 SI 143 140 110 138 1a% 158 179 108 75 75 7Z 7} 4% 152 3¢ 23 1ax
15 146 136 75 &9 112 237 63 53 167 188 163 476 120 101 $0 93 107109 152 7& 30 M 22 ¢ 19 237
16 310 23 0 S5 6% 3% Ak 97 B3 02 1FB AT 132 PS5 P FE 6B S® xy 4D 35 23 2% ¥ 1 477
17 24 25 19 26 14 20 1F 32 58 7V 73 44 TI 25¢ 203 47 97 45 3¢ 41 B ¥ 20 21 B 254
18 25 23 12 20 38 56 50, 72 135 202 359 n1% 294 328 133 141 163 87 26 39 73 52 73 A4 12 359
19 30 28 23 16 39 30 37 A9 120 149 148 231 211 198 158 119 129 87 41 50 8¢ 142 Lt7 114 16 231
20 14z 5B I&2 179 KB 34 24 128 94 59 111 186 337 528 3327 397 Z10 %2 53 29 22 &% 139 114 22 5i8
21 R1% 35 7R 33 &5 23 3z 55 BO MB 126 123 122 137 161 132 245 102 43 &8 77 37 21 % 7y 215
22 85 &1 29 &3 41 &3 47 57 &y &B 56 72 AS 8L 84 #1 F3 K2 25 2B 7a 4L 20 3% ¢ 91
23 40 52 31 43 42 15 27 ¥4 53 401 135 153 421 120 104 102 89 52 94 77 45 53 &% 30 15 343
2% 98 212 218 «¢ 33 54 1 9% $36 118 5B 183 215 258 203 1467 147 85 FT 46 94 95 95 92 33 256
25 76 63 75 BO A 1t 25 55 102 11& 153 130 190 191 194 174 175 172 149 183 149 120 95 LB 1L 194
20 7178 &1 26 59 T T& F6 303 150 1) 374 270 173 174 329 122 154 133 16) 240 53 138 12% 78 374
27370 433 3L 1% 18 30 41 45 559 235 308 131 331 140 1235 155 218 293 185 130 119 123 118 W07 14 308
28 67 80 A1 36 17 12 22 37 4¢ B2 79 @0 75 B3 BP 102 104 101 7& 45 75 BAY 102 # 12106
29 90 152 205 283 130 91 X5 7¥ 92 B& 9A A1 97 ®7 F1 &3 41 &9 44 54 &0 3P 37 %1 37 283
LIL] .10 14 | -2 11 12 ) G MF 32 A% 47 &4 F2 B8O T1 63 &0 42 24 11 a ° 10 1¢ 1]
HAX 170 212 218 243 130 237 61 153 399 353 A5 477 337 528 3D2 397 256 293 245 287 200 25% 211 231 528
AVE T4 &7 4L 35 16 456 38 5T 108 §33 142 149 158 173 153 4% 117 103 8% B¢ 7B IS 74 4B
HauR 2% 29 2% 2% 29 2% 2y 28 28 29 29 24 29 Ty 29 29 29 2% 29 29 28 W 29 29
TOTAL 1934 1599 1332 1594 84 4735 5060 L1390 2976 2450 2094 1985
2151 1759 1322 1105 3034 4118 4565 4548 3364 2526 a7 2136
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(3) Study result of o, and o

Table 1-10 shows values of a4 and ap: investigated with respect o su(,h parameters as wind
velocity range, solar radiation and net radiation flux. It is seen from the graph that both g, and a;:
decrease with incréasing wind velocity or increase proportionally to solar radiation intensity when
the wind velocity maintains constant. On the other hand,
consolidated in accordance with the same categories of air stability as mentioned in Table 1-6.

From Table 1-11, onc can notice that both o, and o increase as the atmosphere becomes unstable

or decrcase as stability of the atmosphere improves.

Table 1-10 (1) Average Standard Peviation of Horizental Wind Bircetion {a,) at Each Wind

Table 1-11 shows valucs of o, and g

Velocity Rank, Solar Radiation Rank and_th Radiation Flux Rank

South Wet % i : (deg)
Wind - Solar__radiation  (W/nl) Nel _radiation (W/nf)
velocity 580 > 20 >T | BL>T ~ . Average
X Tz520 =20 2151 | 20 Q= M >Q
0 -0.4 L () ) - (@ -l - ] - Ot - 0
3.5 - 0.9 - Mml4as Q) — !0 @146 ({488 GBII52.1
L-19 {42 G5 I3 i (6561 ]31.2 (1D [28.2 (20 §30.2 (13D
2.0-2.9 .2 () [311 (130 | 2,5 (89) [25.4 (1013 1 21.7 (359) [ 16.1 {423) | 31.7(1116)
3.0~ 4.9 [92.5 (20) [22.4 (283) | 20.8 (129 [ 20.4 (142) [ 2.8 (180) | 15.9 (152} | 21.2(1150)
5.0~ 1113 Ql%_ 6.5 (32 115.0 (18 167 (15 [18.1 (11} i23.6 ()] 16.6 (33)
Average  {24.4 (30 | 75.5 (481) | 22.8 (200) | 24.6 (316) | 25.4 (850 | 20.3 (BI1) | 23.6(3110)
North Bry : . (deg)_
Wind Solar radiation  (W/ni) Net radiation (W/nf)
velocity 580 >T |200>T [151 >T . . Average
we | 101 0 |Toim | = | QM| H>Q
0.0~ 0.4 - WO — @i — @ — @@ — @ — @] — @
05-091 - W[ . — @145 (|28 @|%s ® 45 O |H7 U8
1.0-19 4613 @ [A4 Q21247 (12) [26.6 (24) | 34.0 {19) | 22.8 (143) | 76.5 (223}
2.0-~29 13.3 (4_92 2.2 BNind H121.0 &1l 68 | 14.9 (570) | 18.6 (919
3.0 -4.9 [24.6 (160) |-21.4 (1B {19.3 (51 ]18.8 (&) 156 (Z) ] 14.1 (283) | 19.0 (182)
50~ 1185 BRI @GOlss M]s5 @160 (1150 (01175 (115
Average 1 26.0 (Z79) [ 23.7 (316) ] 22.3 (131} [ 20.6 (204 1 19.7 (127) | 16.1(1000) | 19.7(205T7)
South Pry . (deg)
Wind Solar  radiation (/i) Net radiabion (W/m)
velecily : B0 >T 20 >T 161 >T - N ~ Average
@ | TE | o0 [Tzm | 20 Q=3 | %>Q
0.0-04130.6 ]34 () - @ - (0 — s @187 B
0.5-00 232 @©@]206 ®{279 G167 133 @DIB.1 @242 &)
1.0~-1.9 |23 ) (2.3 6 {219 (38 [23.2 (48 [23.9 (44} §21.0 (259) | 23.0 (508)
2029 1211 (49 [24.0 (60) |-27.4 (30 [19.7 (45 122.6 (58) | 14.6 (218 | 19.6 (472)
3.0-49 119208 [ 17.8 (016) [ 16.0 44 [14.6 (54) | 9.6 (29 ] 14.1 (425 | 15.0 (850
5.0 156_(40) | 150 (ZD[14.8 (D138 () [13.6_ (D113.5 ()| 14.7 (108 ]
Average 120.5 (320} 1 21.5 (233) [23.3 (120) | 8.6 (162) | 22.1 (134) 116.5 (567) { 18.92005)
Annual . . {deg)
Wind Solar  radiation (W/nf) Net radiakion (W/rd)
velocity S >T j20>T (161 >T F B - Average
we | TE "o [Tz | 20 Qa3 Hu>d)
0.0-0.4 [30.6 (]34 (1) - O] - & — s _@1BT &
0.5-09 (232 (6 {23.1 (9){31.2 (6)[33.2 (81323 (3315 B[0TI (X
LO-1.9 1207 (66} 3.4 (118 129.6 (94) | 28.6 (129) ) 30.5 (370) | 2d.4 (69D | 27.4(1463)
2.0-2.9 1303 (172) 1 28.9 (284) | 24.4 (180} | 22.8 (235) | 21.2 (485) | 15.2(1211) | 20.2(2567)
3.0-4.3 122.1 (610) § 21.2 (58%) | 19.5 (230) | 18.8 (281 | 21.6 (236) | #4.4 (840) [ 15.0(2782)
5.0 - T3 116.5 O3] 15,0 @ 115.5 G111l (9 1.2 @063 G
Average | 23.6 (956) 123.9(1090) 1 22.8 (538) | 22.0 (682} [ 24 400128 | i7,6(28%) ] 21.2(7232)
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Table 1-£0 (2) Average Standard Deviation of Vertical Wind Direetion (o) at Each Wind
Velocity Rank, Solar Radiation Rank and Net Radiation Flux Rank

South ¥et . {deg}
Wind Solar  radlation {W/m) Net radiation (&/rd) R
velocity - 580 >T [20>T: |15l >T A verage
afs) | oo ooy | =is | =0 Q23| ~H>ai -
G0-0A | = (O] — @] ~ | — @] — @[ - @] - (@
.5 - 0.9 - @]19.2 (131192 @116 @ 81 N] 1.9 M[I106 @1
D-191165 (a2{14.1 (62105 GD] 8.3 (691 5.9 (48| 5.5 @97 | 6.9 65
20-29 120 BN [10.4 042 | 8.8 (6| 7.5 (10N ] 6.8 (372 6.3 (42) ] 7.6(1215
3.0-45 | 94 (50| 8.6 ()] 8.0 0 [ 7.4 Q4 | 7.6 (18N | 7.1 (1521 | 8.2(1156
5.0 - 8.3 (8| 1.8 (3 1.5(3_1,8{ 76 (5 T8 QD[ 83 (DF 1.8 (@]
Average | 10.2 (361) | 0,6 (515} | 8,8 (300) [ 1,108 | 6.6 1% | 6.2 @9 1 11621
North Dry : : (deg)
Wind .. Solar _radiation WM} Hel radiation (&/nl)
velecity 50 >T (200 >T 151 >T . Average
9 1 T2 "o [Tmmt | 20 Q=3 | -4>Q
00-041 — @} — @] - ®@F ~ O] . — @ — @] - @
0.5-09 |H2 1 ®1. @134 (@I58 (| 56 6 6.2 0N l12s 05
LO-15 |20 OD 6.7 Q5 1112 0| 7.2 (25| 6.1 (9 [ 4.9 04D | 7.1 (231)
2.0-29 1128 1.1 GO 94 D] 1.7 ()| 7.0 &) 6.0 (569 7.4 (910)
3.0-49 198063 o.TU™M]| 8.3 (O] 1.7 GO 7.8 &DI 1.1 (62 | 8.3 (169
50~ 8.1 (O] 79 G T6 I T @] 806 (D] 7.5 Q0 1.9 (O
Average | 10.6 (279) [10.D 30V | 9.3 032 | 1.8 (0D | 7.0 (123 | 6.2 (290 | _1.8(2045)
South Doy ] . . L : {deg)
Wind Solar  radiation  {W/mi)" Nel radiation (8/nf) | -
velocily ; 880 >T |20 >T. [151 >T . ~ . { Average
@ | T o [Tem Lz Q=38 | -3>Q :
00-04 [80.3 (307 M| — W[ — O] — @ii3e O[B4 )
05-09 |22 ®[NE Q0 [2.0 ®IBRT @106 @121 @D[18.2 &)
0-1.9118.4 (nli6.3 G127 @] 0.2 @1 6.9 @8] 7.1 (B2 ]10.2 632
20-29 1123 GD110.2 661 8.9 (0| 79 4n] 7.0 60| 6.0 2N)1 7.8 (481)
3.0-48 F 1B} 83 MDT 1.9 (48] 7.3 (G4 [ 5.8 (0] 6.9 (4% 1 1.6 (&55)
5.0 - 8.0 ([ 7.6 G175 @] 74 ()| 44 ] 7.8 @l 1.7.(09
Average | 115 (8%0) [ 11,7 (310) | 10.2 (129) | 8.4 (165) | 6.8 (140) | 7.0 (912} | B.7(2ME}
Annual - : ) (dag)
Wind Solar _ radiation  (W/rf) Nel radiation (¥/nf) )
velocity - 580 >T (20>T 3151 >T e | Average
e 1 T 1o Telm {20 Q=3 i U>d
00-04[80.3 @[38T O - @] - ] — O34 B4 &
0.5-00 [326 (D[208 0374 Q017 6] 7.6 (6) [ 10.3 6) 1154 (11D
1.0 - 19 8.3 0 [i5.5 (156) i 1.4 {Li0) | 8.4 (143 | 6.0 (13 6.0 (1061 | 8.01598)
2.0 2.9 112.4 (18) | 10.6 (S0 1 8.9 (182 | 1.6 (2X) | 6.8 (4%) | 6.1{i200) | 7.6(606
3.0-49{ 94| 878 8.1 @D 1.5 51 1.4 @ | 7.0 &9 | B
5.0 - 81 (00| 7.8 OD[ 7.5 @1 76 @O 7.4 Q91 7.7 (301 1.8 (312}
Average | 10.7 (976) | 10.3C1145) | 9.2 GRU T 1.8 o4y [ 6. 7(1185) | 6.4(2p41) | B.0(4t9)

Table 1-11 (1} Average Standard Dev:ahon of Horizontal Wind Direction (o,
by Atmospheric Stability

(deg)

Stability South Wet North Dry South Dry AVE
CA i ()] i ()] 30,6 ([ 3048
B - 0) — 3i.4 (1) 3.4 (1
Cala | €C {Day) - (0] - )] R ()] — .
CC_(Night) ()] i (¢ — @[ — (0
- — (0] - 0 50.5 (2 0.5 (2)
A S (1)) = () 23.2 (6§ 23,7 (6

B 21.4 (499} 28,5 (328) 22.7 (428) 25, 1{1255
C 22.7 (567 21.4 {387) 19:9 21571 -21.6(1189
Windy |_D_(Day) 23.4 (366) 20.1_(245) 18.0 (192} 21,1 (803
D (Night} 22.5_(192) 15.5 (44) 16.6  (56) 20.3 (292)
4.4 (828) 6.0 {356 5.8 (529 20.0(1713)
F 21.2 (T18) 6.8 (727 18.6 (514 18.9(1959)
AVE 23.6(3170) 9.7(2057 18.9(2005 21,2(7232)

Note) Standard deviation {number of hours)
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Table 1-11 (2) Average Standard Deviation of Vertical Wind Dirvection {og)
by Atmospheric Stability

(dew)
Stability South Wet North Dry South Dry AVE
CA S (1)) R (1)} 50.3__(2) 50.3 _ (2)
CB : R (1)} e (1)) 39.7 (1 38,7 (1)
Caln [ CC (Day} - (0 ()] R ()] — {0
CC (Night) - _ (0} ()] - Ol - O
D -~ 0} T (1) 13.4 (D) 13.4___(2)
A - 0) .2 (D] 322 (B V)]
B 107 (547) 11.5 (342) 12,6 (452) 11.6(1341)
C 8.6 {585) 8.9 (349) | _ 8.9 (218 g.8(1212)
Windy [_D_{Day) 7.7 _(388) 1.8 (240) 8.3 (195) 7.9 (823)
D {Night) 7.6 (196) 1.7 (44) 6.7. (67 1.5 (297)
E 6.5 {819) 7.0 (351} 6.9 (534) 5. 1(1764)
F 5.0 (726) 5.8 (718) 1.0 (519) 5.2(1963)
AVE 7.7¢3321) 1.862045) 8.7(2046) B.0(7412)

Note) Standard deviation (nuaber of hours)

1.2 Aualysis of Ambient Pollutant Concentration (SO,, NO,, NO, and SPM)
1.2.1 Monthly and Piurnal Variations of Concentration

Variations of SO, concentration are shown in Fig. 1-15, variations of NO, concentration in Fig.
1-16, variations of NO, in Fig. I-17 and variations of SPM in Fig. 1-18, respectively.

With respect to SO,, high concentrations are seen in both monthly and hourly variations at
MS2 and MS3. High concentrations are particularly seen in January through April at MS3, and in
November through December at MS2. When hourly SO, concentration is reviewed, high values are
seen from night through morning (around 19:00 to 09:00 hours) at every monitoring station, and
peaks are at around 08:00 hour and 21:00 to 22:00 hours, and low concentrations are recorded in
daytime. '

As for monthly radiations of NO, and NO, concentrations, high concentrations are scen at MSH
and MS4- along the trunk highways. Especially, high concentrations were recorded in August
through October at MS1 and in November through December at MS4. No significant trends arc
seen in monthly variations of NO, and NO, concentration at other monitoring stations. When
diurnal variations of NO, and NO, arc reviewed, there are 2 peaks at every station, onc in (7:00-
08:00 and the other in 19:00-21:00.
 With respect fo SPM, 'significzmt differences in concentration cannot be scen between stations.
As for monthly variations, high concentrations are recorded in October through March, which
correspond to the dry season, and SPM concentrations ‘are low al cvery station in May through
August, which correspond to the wet season. In reviewing hourly variations, there can be seen a
trend for 2 peaks, in the same manner as the cases of SO,, NO, and NO,. Seasonal, daytime and

nighttime ambicent pollutant concentration are shown in Table 1-12.
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Table 1-12 Average Concentvation of Al Pollutants Classified Seasonal and Day/Night

B sta-| Southerly et Northerly Dry Southecly Dry | Anaual
ftea tioa| Day | Night | Ave. | Doy |[Might | Ave. | Day Might | ave. | Doy |Might | dve.
- w1l 64l T4 s8] selua| otl a6| 53l a9l s8] 781} 69
w2l o9 | 28 | | 85| 07 [ 7| 97 [ 28] a| 92| M6 | 122

SOz Pl T [ m5 | @6 | 5.9 | 2.6 | 186 | 2.9 | 493 [ B1 | 107 B3| 285

@) T38| 51| 44| 53| 81 7.1} 88| 41| 40| 40] 57| 50
w5l 351 441 q0] 18| 30| 25| 16| 7| 17| 24| 32| 29
mil el o | a4l ws 21| 165 100 | 10| Mi| 167] 156
wa| 13 81| 17| 12| a1 ] 76| 05] 86| 13| 98| 87
w3l 691 97| 84| 16| 248 | 2 04| 61| 135] 0.1 157} 132
wal s bt | 0d [z [ stz | 9z | wof 97| 135 167 17
wol 34l 57 a7 | 41| 83| 64 35| 52| 44| 36] 61] 50
w1l 07 [ %4 | B8 | 03| 17| B3] 12| 199] 87| 22] 41| 59
Wl B2l 67| 65| 50| 44 ] 01 7ol wol ns] we]| BT s
NOx Pt g | 2.0 | 1.4 ] 5.6 | 4.4 [ 58 | 190 | %0 ] 28| 18.8 | 8.5 | 241

NQ2
{ppb)

(eet) wal 204 | 36| 7| 08| 11| 1.7 |'BS5 | B[ B3| B8 | BT BE
w5l 83 §-12.0 | 103 6.8 | 115 8.4 1] 55 7.1 6.3 T2 W05 9.0
51| 8.0 | 597 | 8.3 | MI | 929 5.3 | 55.0 | 0.5 | 58.0 | 5.2 | 67.9 | €0.3

SPM %2l 403 46.8 1_13..8 51.0 Sﬁ.? 6.0 | 4.5 | 6.5 | 53.9 45.4 63.3 | %6
w3l Mg sgafsez]no] we| BA[ NS 00 0.2 821 16| &3

n{ L
Cua/ml) w4l 452 | 8.8 ] 526 { 3.3 {129.2 [18.1 | 55.6 | 0.3 | 51.6 | §51.3 | 6.2 | 6.6
whl w1l zs | ata| 53] 87| 62 ) 24 418] 53| W5 | 68| 429

1.2.2 Resemblance among Monitoring Stations by Cluster Analysis and Principal Component

Analysis

(1) Cluster analysis _

This analysis is appliéd to a number of measurements that represent a plurai number of group
units and classifies such units based on mutual resemblance. The method is often called as Numer-
ical Classification or Numerical Taxonomy and in this study measurement data and group unit
correspbnd to pollutant concentrations and station respectively. The analytical method has been
developed as advancement of computer technology and has versatile application fields such as
medical science, biology and economics. The method was found effective for sorting of diseascs
based on diagnostic and medical data or in biological study for classification of bacteria by knowing
their geometrical and behavioral data. The cconomics addresses its application to characterization
of enterprises based on financial data.

Among many proposed options of cluster analysis, application to this study is one that depends
on correlation coefficients of atmospheric pollutant éoncentrations as measure to represent similar-
ity betweun monitoring stations. The clustering distance is calculated by group average method.

The Llustermg of group units (stations) starts such that the clustering distance first calculated
directs which group units to be combincd first (bctwccn near-most two) and then- distance caleula-
tion is repeated for a new cluster system and second stage clustering takes place again about two

units having the shortest distance. The repetive calculations and clusterings proceed until the all
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group units are combined in one.

The correlation coefficients among stations were calculated with respect to monthly average
concentrations of SO,, NO, and SPM and are shown in Table 1-i3. Those coefficient data were
uscd for cluster analysis, the result of which is as shown by a hicrarchical structure or dendrogram
in Fig. 1-19. | | |

Fig. 1-19 shows the clustering of MS! and MS4 about SO,, that of MS4 and MSS about NO,,
and that of MS1 and MS5 about NO, as indicated by similarity value being larger than 0.8 in each
case. Other clustering was not observed among stations but as for SPM the similarity vahie ex-
ceeded 0.8 about all combinations among stations. This may be probably due to the fact that the
secondary particulate borne by the air and broadly existing across the area deprived stations of

regional characteristics.

Table 1-13 Correlation Coefficients among Stations with respect to Almoépheric Pollutant Concentrations

‘ (502) ' . (NOx)
st [ M2 M3 W54 WSS W51 | ¥sz | M3 | 54 ] ¥55
W51} GMER STATIOR : K51} ONEB STATION
32} POWER PLANT 082 _ . HS2),POHER PLANT -0.62
¥53) KIN.DEP.OFFICE | 0.37 | 0.01 ' ¥53) NIN.DEP.OFFICE | 0.22 | -0.11
| ¥54) S.P.PRO.OFFICE | 0,95 | -0.68 | 0.3y MS4) S.P.PRODFFICE | 0.52 | -0.68 | 0.60 | ~_]
H55) H.& [.ESTAIE 0.60 { 0.31 {-0.94 | 0.59 ¥S5) H.& L.ESTATE 0.93 {072 [-0.18 | 0.43 |
- (NO1) (SPM)
WS 1| %52 | M53 ] M4 uss 51| NS2 | NS3 | HS4[-M55
451) ONEB STATION ¥S1) ONEB STATION '
H52) POWER PLANT -0.00 ¥S2) POWER PLANT 0.87
¥S3) MIN.DEP.OFFICE | G.44 | 0.80 ¥$3) MIN.DEP.OFFICE | 0.86 | 1.00
%S4} 5.P.PRO.OFFICE | -0.34 | 0.30 | 0.70 ¥s4) S_P.PRO.GFFICE | 0.93 | 0.85 | 0.84
M55) .8 LESIATE | -0.38 | -0.30 | 0.24 | 0.82 W55} H.& I.ESTATE 6.97 | 0.92 | 0.91 | 0.9 -
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