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PART Vv ANALYSIS (O} ME’I‘EOROLOGICAL AND POLLUTANT
CONCENTRATION DATA '

To grasp condltlon -of meteorology and - enwronmental concentratmn of partlcuiate
.matter, analyses about observed data were performed. 'I‘he analyses are separated into
two parts. One is called ‘short term field SUrvey; wlnch was ca.rrxed out to.- measure_
‘particulate matters concentncally by many 1nstruments and was conducted four times in a '
year. And the other is called long term f1e1d survey, w"nch was carried out to obtam the :

annual trend of the data such as env:ronmental condatlon of partlculate matter.

In the analyfns of short term field survey, followmg analyses Were performed analysis
of TPM (’l'“otal Parttculate,.Matter) and SPM (Suspended Partlculai:e Matter) by high
volume ,sémpler_ or ‘Andersen sampler, _r_:hemu:dl _anal_ysxs.by XRF ,(X-—ray gfluore_scence

analysis) and so on.

. As for the d'ata measured in the. long. t'erm field. 'stu'vey', followlng analysee- were.
_performed such as .the analyms about: meteorolog:cal data and concentrat:on of SO2
(sulfur d1ox1de), analysxs of SPM concentratlon by Beta ray.dust analysers, and at the same
time, the analysis of the .relationship between SPM. concentratmns by Beta ray dust'

analysers and other insirument.
CHAPTER 1 ANALYSIS OF DATA IN THE LONG TERM FIELD SURVEY

In the long term field survey,' following hourly data were measured for a year, wind N
direction, wind velomty, tempevature, solar rachatmn, net radlatlon and concentratlon of '

SPM (measured by Beta ray dust andlysers)

Using these hourly data, meteorology, env1ronmenta1 concentratmn, _relatmnslup

between meteorologwal factor and environmental concentratlon and so on were analyzed,
V-1-1 Analysis ,:of Met_eorologi'c:al_'D_ ata,

Atmospheric:_ pollutants e_m_itted from artificial sources ‘such -as factory stacks,
ves_sels,.'automobiles etc. are tr_aneported' and _dispe_rsed l_)y wind. Thefefox‘e,"fthe
meteorological conditions siuch as wind direction, wind velocity, turbulence, solar

radiation et¢. are the controlling factors of diffusion phenomena.



~ So analyzing meteorological data in an objective area are indispensable not only to

obtain meteorological conditions but also to predict future environmental concentration.

In this project, wind direction, wind velocity, solar radiation, net flux radiation, air
temperature have been measured hourly, at several sités in the objective area for one
year, Those hourly data were analyzed statistically by computer and follawihg results

were obtained,
V-1-1-1 Categorizing of hourly condition by seasons and hours

The meteorological and source emission conditions vary by seascns and hours. For
instance, rather small number of factories are active in night time. Even the estimation
of pollutant concentration aims for long term averages, such as annual or seasonal, we
cannot mneglect the seasonal or hourly variations of sources and also diffusion

characteristics,

However it is not realistic to consider every hour to hour variation of sources in the
diffusion model, so the source conditions are categorized by seasons and hours, In the
previéus report¥, according to the statistical analysis of source conditions, meteorological
conditions and environmental condition of every hour are classified into four groups by

months and hours as in Table V-1-1,

In this report, the same classification was used for the analysis of meteoroclogical

data and so on.

Table V-1-1 Seasonal and hourly classification

Season Southerly monsoon Northe'rly monsoon
Hours —Aupril to October November to March |
Day time 7:00 to 17:59 7100 to 17159
Night time |  18:00 to 6:59 18:00 to 6:59

* "The Report on Environmental Effects of Coal Firing Power Stations and
Integrated Steel Mill in the Republic of Singapore Volume I = Air Quality" March

1983 Japan International Cooperation Agency
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Fig. V-1-2 Diurnal variation of meteorological and SO, concentration factors

V-1-1-2 Monthly and hourly variations of wind velocity

Seasonal, monthly and hourly averages of wind velocity give important informations -

and ideas about the meteorological conditions in the objective area, such as sea breeze,

topographic effect, diurnal variation etc, 'Fig. V-1-3 shows the monthly variations of wind

velocity. Fig. V-1-4 shows hourly variations of wind velocity., At the two monitoring
stations (MP1} J.T.C. Hall and (MP4) Boon Lay Apartment, previous data {(July 15 1981 to
July 14 1982) are also plotted by dotted line for comparison.



With respect to monthly variations, it is relatively high in wind velocity from
December to February and low from March to November in MP1l, MP2 and MPZ0. But in

other stations, such a clear tendency cannot be seen,

With respect to hourly variations of wind velocity, it is relatively high in the daytime

and low in nighftime. This tendenc.y can be seen commonly in each station.

Comparing the tendency of this investigation with that of the previous investigation,

both monthly and hourly variations show little difference at MP1 and MP4.
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V-1~1-3 Frequency distribution of wind velocity

Wind velocity is analogﬁe data .and varies continuously as shown in Fig. V-1-5, At the
station MP1, MP2, MP4 and MP14, there is-a gentle peak '_a:'-ound 2,0 m/s, and freguency
. distribution between 1.0 and 5.0 m'./s is highér. CAnd .a.t the. station MDP6, MP7 and MPZO,
. there is a sharp peak around 0.5 m/s, and '_frgaque’né? di.stribut'ion below 3.0 m/s is highe:r.
This téendency probably attributes to low measuring height, buildings and trees around the

stations.

Modeling meteorology, wind velocity is classified into several ranks. How to classify
the ranks depends on the 'freql}ency' 'disf,:ibu'tion of wind velocity and sensitivity of wind

velocity to the equations used in the diffusion model.

In the present diffusion model; wind velocity is classified into _fhe following seven

ranks,

(1) 0to 0.4 m/s

{2) - 0.5 to 0.9 m/s

(3) 1.0toc 1.9m/s

(4) 2.0to 2.9 m/s

{5) 3.0to3.9m/s

{(6) 4.0 to 5.9 m/s

{7) 6.0 m/s and over.

In using this categorizing, frequency distribution of wind velocity ranks are shown in

Table V-1-2,



Table V-1-2 Appe.arance frequency of each wind veld&:ity ranks

Height Average Appearance frequency (%)
Menttoriie stat of mearywind o " To.5- [1.0- 2.0~ [3.0- [4.0- [6.0-
Jaonttoring stations - sure= | VEOCT 1 g4 | 09 | 1.9 | 2.9 ] 3.9 | 59 |
: ment ity _

oL o] m) {m/s) | . S R T
(MP1) &.T.C.HALL | 30 | - 22 | 2.07| 9.9735.11|29.23 |17.17..6.21[0.23
(MP2) N.U.S. 30 2.7 | 0,94} 4.52]27.28{30.84|19.70}14.93} 1,79
(MP4) BOON LAY 46 2.2 | 2.05|11.04|35.44 |25.05 [ 15.53 { 10.34 { 0.55.

~ APART | | - L
(MP6) NANYANG.T.I. | 10 1.1 [11.3236.45|44.09| 7.56| 0.57] 0.01]0.0
(MP7) BUKIT PANJANG| 10 0.9 |34.58 |27.14[29.39| 8.67( 0.23| 0.0 |0.0
o Bp. A N T T
(MP14) KALLANG F.F.| 28 1.7 | 7.03 |18.76|37.03 | 25.48 | 9.72| 1.98{0.0
(MP20) SINGAPORE | 10 1.3 [20.6926.9429.57[15.17| 5.95] 1.68|0.01

0.P.S. |
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V-1-1-4 . —Wind rose

As a’ way of display of the appearance frequency of wind direction, wind rose is
commonly used. Fig. V-1-6 shows the wind rose classified by time of the day and also by

seasons,

In the figures, appearance frequency of each direction is shown in a soiid line,
average velocity in each direction is shown in a dotted line and appearanée frequency of

the velocity below 0.4 m/s is shown in a center circle.

Being seasonal c&tegoriiing corresponding to each monsoon, southerly winds are
prevailing in a dry season and northerly winds are prevailing in a wet season. And in both
seasons; effects of sea and land breeze are detectable and this tendency is clearer in a dry

season than in a wet season.

The characteristics of wind at MP1 and MP4 show the same tendency with the

previous investigation which was carried out from July 15 1981 to July 14 1982,
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V-1-1-5 erss correlation of wind vectors of different stations

Like the objective area - 60 km from east to west _an& 40 km from north to south, the
meteorological conditions seem not to be the same. So based on the hourly wind data
(wind direction, wind velocity), the resemblance of wind data betw_eefn two stations were
analyzed, One of the basic way is to take cross correlations ofIan'd vectors of every hour
for every stati_on. The cross correlations of wind vectors of every hour are calculated the

following procedures.

We consider stations A and B, and denote the wind vector of station A at time i by

-3 - .
Vi and for station B, V. as Fig. V-1-7. Next we calculate the angle of the two wind

3> >
vectors V Al and'VBi for each time series, and denocte it by ei. Then the cross correlation

of wind vectors for station A and B is given by following equation.

EVAl \7]31 cosfi

rA Bzt

B Equation V~1-1
2Vai VBi : :

Fig. V-1-7 Wind vectors between station A and station B

The calculated cross correlations for all stations are shown in Table V-1-3, From the
results, it is clear that the correlations are high except MP20, which locates north-east

part in the objective area.



Table V=1-3 Cross correlation of wind vectors for different st'at_ions

Monitoring stations __'MPl - wMpa| MP4 “MP6 | MP7 | MP14| MP20

(MP1) J.T.C. HALL _ 1,000 | 0.951°| 0.931 [0.940 | 0,891 | 0.888 |0.401
(MP2) N.U.S. 10,951+ 1.000 | 0.893 | 0.911' [ 0.850 | 0.887 | 0.326 -
(MP4) BOON LAY APART | 0,931 | 0,893 | 1.000 | 0.919 | 0.885 | 0.819 {0.636
(MP6) NANYANG.T.L 0.940 | 0,911 0.919 | 1.000 | 0.857 | 0.852 - '0.397

(MP7) BUKIT PANJANG P.P.| 0.891 | 0,850 | 0.885 | 0.857 | 1,000 | 0.822 |0.511

(MP14) KALLANG F.F, 10.888 | 0.887 | 0.819 | 0.852 | 0.822 | 1.000 |0.331
{(MP20) -SINGAPORE O.P.S. | 0.401 | 0.326 | 0.536 |.0.397 | 0.511 | 0.331 |1.000

V-1-1-6 Cluster analysis based on cross correlation of wind vectors -

The cluster analysis is an analytxcal method to class:fy a set of varlables 1nto several

clusters.

It is commonly used in bmlogy and natural history in order to c:lasmfy samples

In this study, observational stations are classified by Furthest Neighbour Method in which

cross correlations are used as the measure of the distance. The algorithm is as follows:

(1)

(2)

(3)

First we define dij as the measure of the neighbouring factor between stations i

and j as follows:

dij ={1- rij)

where rij is the cross correlation.

Using the initial measures of distance defined above, clustering is started and

the neighbouring two stations are grou.ped.' These groups are new clusters.

The ineasures of distanpe are again calculated between new clusters. And
clustering is again doné for the newly calculated measures. These procedures

are repeated until all samples are 'gathéréd into one cluster.

For the renewal of distance between new clusters, several methods are proposed. In

this study, the Furthest Ne:ghbour Method in which the furthest dlstance of the clusters

are used, is applied (Flg. V-1-8).°



Cluster a (Ca) _ Cluster f(CH -

Daf = max (dij s ieCa . jeCp)

Ixaf : Distance beiween clusters ¢ and f§

.Fig, V-1-8 Distance between cluster o and B.

The result of the cluster analysis is shown in Fig. V-1~9, From this figure, it is clear
that the monitoring stations are 'class'ified into two groups by correlation coefficients.
The first group is from MP1 to MP14. And another group is MP20. It 1mphes that the

wind field is different in west of Singapore from the east.

Correlation coefficients
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A [ 1
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(NP B NANYANG.T.1T.

(7 ) BUKLT PANJANG D.D.

(MPI4) KALLANG F.F.

(MP20) SINGAPORE O0.7.S.
Fig., V-1-9 Result of clustering correlation coeffir:ien"ts
V—-lél-—_’( Principal component analysis based on cross correlation analysis

The principal component analysis is a method in which _Qariables Xl’ X?, X3 e 'Xp are

summed up to mutually independent components.



In. the 'principal component analysis, principal components'zk .are represénted'by

_weighed averages of variables as follows:

Y SR
2] =Ry Xy HRaXp bt Rk :Elgl'ixi
: L . P
Zy =8y Xy +lgpXy +o HypXxp = _2192{}(1 ( ' : : L '
_ ) i= . . . . .
U | , o Equation V=1-2
g = Gy Xy H R Xp T +pXp =_212k;xi- '
i=
e : SR
Zn = Qmm +Qm2xz oo b impXp =2 ImiXi -
e .

where, -

N T . N ) ; p . N N . : . - i
ciaee = ) = = 1-, 2, e m o :
G2 + 2 oo Hlip? ;312]“ I ._ &=1,2,m) Equation V-1-3

Coefflcxents R’k are decided as to satlsfy following condxt:ons‘

(a} In the first prmc:lpa_l component 21, the coefflclents {R. } (1 =1, 2y one p) are

setiled as the variance of Zl takes the maxlmum.

(b) ‘The coetficients of { £y } in the second . component Z, are dec:ded as the
variance of ZZ takes maximum under the conchtlon of no’ correlatmn with 21
{c) - The coefficients of '{Eki'} in the k th comp_dnenté Zk are decided as the variance -
~of Zk takes maximum under the c’oﬁdi_tion' of no corre_ia'tio'n with Zl’ ZZ’ e Zk-__. 1
In this study, regardlng wind data of each momtormg statlon ‘as - the var1ab1es, the

prmcxpal components are derived from cross correlataon of wmd vectors.

 The results are shown in Table V-1-4 and V-1-5. Table.V—i-'-é shows the eigen vectors
(SL ) and eigen values. The eigen values A, represent the variances of the princi'pal
components 2y and the rate of the variance to the tofal variance (m this case seven) is
called contribution. The contribution of the first component Z1 is 0.81 (X /7) and it

means that 81 percent of informations included in variables is contained in Zl



The contribution of -sécbﬁd‘prihcipal component is 0.836/7 = 0,12 and the shmm_ed,
contribution of thé‘first and second principal components becomes 0.93. This means- that
93 percent of total informations is explained by the two components. Factor loading r{Zk,
X, ) 1s equal to the cross correlations of variables :-: and expressed by the equatlon

r {2y %) = x .g'ki Equation V-1-4

Fig. V-1-10 shows the distributions. of factor loading of the first and second
component for every station. At MP20, factor loadihg of first and second component are
different from that of bther monitoring stations; This indicates that monitoring stations
are divided into two groups - MP20 and other monitoring stations. The result of principal
component analysis agrees with the result of the cluster analysis, And also’ this result
agrees with the results of the previous investigation, which had been showed that the
characteristic of wind data had béen divided into two parfs - the west part of Singapore

and the east part of Singapore.

Table V-1-4 Ejgen vectors and eigen values

Monitoring stations Principal components
| 1 | 2 3 4 5

MP1 J.T.C. HALL - 0,410 | 0.125 | -0.126 | ~0.077 | -0.188
'MP2 N,ULS., 0.399 | 0.217 | -0.032: | ~0.199 | -0.691
MP4 BOON LAY APART 0.404 | -0.077 | -0.391 | 0,106 | 0.000 -
‘MP6 NANYANG.T.L. -~ - [ 0.401 | 0.113 | -0.339 | -0.251' | 0.658
MP7 BUKIT PANJANG P.P.| 0.393: [ ~0.073 | -0.021 | 0.906 | 0.042
MP14 KALLANG F.F. 0.383 | 0.201 | 0.833 | -0.162 | 0.222
MP20 SINGAPORE O.P.S. | 0.214 | -0.934 | 0.144 | -0.184 | -0.061

Eigen values . '} 5.658 | 0.836 | 0.179 | 0.146 | 0.082




“Table V-1-5 Lo'a'd'ing' factors. -

Mdn.itbfin.g'staittions » Pr_in_cipal\components-'- | . L :
e 1|2 3 o] 4| e ]
MP1 LT.C. HALL - | 0.976 | 0.114 | -0,053 | ~0.029 |-0.054] -
MP2 N.U.S. | 0.950 0 0,198 {=0.014 | -0.076"| =0.197.¢| -
MP4 BOON LAY APART | 0.962 [~0.070 | ~0.165 | -0.041 | 0.000
MP6 NANYANG:T.L -~ | 0955 | 0,104 | -0.143 |'=0.096 |- 0.188"
| MP7 BUKIT PANJANG P.P.| 0.935 |.~0.067 0.009 | 0.346 | 0,012 |-
MP14 KALLANG F.F. 0.912 | 0.184 | 0.352:| -0.062 | 0.064 .
MP20 SINGAPORE O.P.S. 0.510 | -0.854 | 0.061 | -0.070 | ~0.017

Loading factor

F th P : " N

e 0.2 | | o @@
| | 0
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Fig. V-1-10 Results of analyzing principal componeﬁts
V-1-1-8 Atmospheric 5tabi1ity

Atmospheric stability _.is ‘the index of thermal stability. of atmosphere, and it is

related to vertical temperature profiles as in Fig, V-1-11.



In unstable condition, the. lépée réte of the air temperature is larger-- than the dry
adiabatic lapse rate, and colder air mass in upper level descends and warmer air mass in
lower level ascends to upper layer., - Then thermally induced air mass inixing occurs, _This
is cal'letil‘u..nstable. “On the other ﬁand, when the lapse rate is smaller than the dry
adiabatic, lower air mass is heavy and light in upper level. The‘refore_, air mass ;nixing is

restrained, and this ccondition is called stable.
Plume _diffusion"of different stability conditions are. typically. illustratéd as in
Rig. V-1-12,
200

150

100

Allitude, m

50

Temperature change, °C

Fig. V-1-11 Atmospheric air-temperature lapse rates

Unstable (looping) Neutral {coning} Stable (fanning)

Fig. V-1-12 Characteristic forms of smoke plumes from chimneys
{Church 1949 and Slade 1968)



_ The best wap of classification of. .' thertnal stabilitjr 'is the. ‘method by t'emperetore
lapse rate. However, it is not easy technically and also fmanmally to take temperature
profile for a long period. Therefore, more convenient methods were proposed and’ used.
 One of the common methods of the stablhty clasmflcation is- the so-called Pasqulll'

stablhty, m which, class:.fxcatmns are done by low level wmd velocxty, solar radlatlon and
the rate. of cloud cover in nlght tlme, and this: method lS adopted in- Meteorolog:cal,

. Agency of England. _

In this report, Japanese MI’I‘I'S (Mlmstry of Internatlonal Trade and Industry)'
classification - w}nch is modlfled Pasqullls method as shown in 'I‘able V-l 6 is. adopted '
Ac:c:ordmg to  this method, we calculated the: appearance frequency of atmospherlc-

stablhty, as shown in Table V—1-7. The frequency distributions of atmOSpherlc stablhty at

MP1 and MP4 in the present survey show almost the same’ pattern as those of the prevmus

survey.
Table V-1-6 Stability classification systems by MITI's
Wind velocity (m/s) 1 Solar radiation - {. Netradiation
- about 10 m ab - % : - -

Zr(?::nd m above ~ Uppes: (cel/cm2 - hr}, lower? (_W/m .2')
‘Rank of Represent- | =50 | 49~25 | 24-13 | 12-0 |/ 0--2.9 | -3.0-
wind ative wind ' o RS e Y TR
velocity | velocity - 580 | 579 -290 | 289 - 151 | 150-0 | 0--34 .35
0.0-03 |} 00 | Ccal €B | cC | CC cCc | CPb
0.4-09.| 0.6 A B B D E .| F
1.0 - 2.9 2.0 B B c D B F
3.0-49 | 4.0 B | C c D D E

| 5.0-79 | b5 c D D D D D
8.0- 10.0 D D D D D D

* "The manual predlctmg envn-onmental concentration in the atmosphere at the prlor

mvest:gatlon of industrial po]lutlon



Table V-1-7 Frequency distributions of stability categories

{Unit %)
Monitoring stations _ Calm' - - -Wintiy'r;_ :
E . Jeaje |cc |ep | A | B | C "D | E|F
{(MP1) J.T.C.HALL 0,14 | 0.35 | 1.54 [ 0.01 [0.40 [19.29 |13.14'[23.02 [40.06 | 2.05
(MP2) N.U.S. : 0.06 [0.13 | 0,73 | 0.01 [0.33 [17.10 {14.23 |30.97 | 34.46 1.98
(MP4) BOON LAY  }0.11]0.25] 1.66|0.01|0.70 |18.07 [13.29 [23.97 |39.60]2.34
L JAPART o . - . R .
(MP6) NANYANG.T.L [0.54{0.99 9.46|0.26|2,53 |23.38 | 5.69 [15.56 |39.18 | 2.41
(MP7) BUKIT PANJANG|0.31 |1.13|31.47 1.3ﬂ 133 |24.19 | 4.84 |13.38 2056 1.42
| P.P. | - | | |
(MP14) KALLANG F.F. |0.13]0.28| 6.520.11]0.63 |22.37 |10.30 |17.57 Ef;.ﬁ_é_J 2.43
(MP20) SINGAPORE 0.64 1122 | 17.97 | 0,65 [3.02 |20.50 | 7.33 | 15.48 | 31,04 | 2.15
O.P.8.

V-1-1-9 Temperature .

As mentioned before, vertical temperature profile is closely related to atmospheric
stability and plume diffusion. In this study, the air temperature at two different levels

(1.5 m and 30 m above ground) were continuously measured at MP1,

Fig. V-1-13 shows the monthly variations. In every month, the temperature at 30 m

~ was higher than that of 1.5 m.

Fig. V-1-14 shows the hburly variations at two levels. The difference was very small
in daytime, 'l-mt in nighttime the temperaﬁure at 30 m level becomes 0.70_C higher than
1.5 m level, -'I‘his.tendency is adverse io general tendency. This is_prdbably due to the
difference of the conditions of measuring points. The lower measuring point is located
above lawn and higher one is located above concrete. So in the ridytime, the radiation
heat of upper point is higher than that of lower point, and the texﬁpefatufe of upper point

becomes higher.
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. Fig. V-1-13 Monthly variations . = Fig. V~1-14 "Hourly variations
‘of temperature ; _ of tempevrature

Table V-1-8 shows the daytime an.d'_ nighttime averages of temperature for two

seasons and one year. For the annual averages, the temperature of 30 m level was about

0.4°C higher than that of 1.5 m level.

The temperature difference between 30 m and 1.5m {T30 - T, 5) élassif_ied by wind |
velocity rank and the net radiation is shown in Table V-1-9. Tt shows that the greater the
differénce of temperature between 30 m' and 1.5 m, the more stable the atmospheric

stability is. So it means that temperéture gradient corresponds to atmosPherié stability._
Table V-1-8 “Average temperature classified by season and day/night

L (Unity °0)

. . Southerly Mo'h_sooh _Northerly Monsoon . | - Yearly Average
Height - Day ‘| Night | Through | Day - 'Night :Through' Day Nighf' 'Thr'c')'_ugh
time | time | day time | time | day time | time | day. =
30 m above | 28.0 | 26.5 212 | 22.3 | 25.0 26.0 |27.8 | 26,0 |26.8
ground _ N
1.5m above | 28.0 | 25.9 | - 26.8 |27.0 | 24.3 25.5 | 27.6 | 25.3 | 26,4
ground _ ' o
30m-1.5m 0.0 0.6 : 0.4 0.3 |- 0.7 R RN 0.2 | 0.7 0.4




Table V-1-9 Temperature difference (Tyq - Tq, 5) clasmfled by wind
-velocity and net radiation

Windy {u 2z 0.5 m/s) Calm (u 204 m/s}
Rm}ks. ofnet | Hours Average Standard | Hours | Average Standard
radlatm? flux _ temperature | deviation | - temperature | deviation
(cal/cm® hr) difference | (°C) difference (°C)
' (°C) : N (°c)
~3.0 and below | 198 0.98 - 0,59 3 1.87 0.19 -
=2,9 ~ 1.9 | 4832 0.50 : 0.53 - 107 0.85 0.60
8.0 and over 2168 | 0.09 0.57 48 0.37 _ 1.01

V-1-2 Analysis of SOZ Concentration

- To clarify the variations of SO, concentration in space and time, and also its

_ A
dependence on meteorological conditions, SOZ. data were analyzed. The data were the

SOZ. concentration, wind direction, wind velocity and etc,

v-1-2-1. Mon‘thly.variétions of SOZ concentration .

In Fig, V-1-15, m_dnthly_variations of SO, concentration are shown.. At MP1 and MP4,

the results of previous mveétigation {which 2Was conducted from Jﬁly 15 1981 to July 14
1982} ave also plotted by dotted line. At MP1, MP2, MP14 and MP20, there are two peaks,
one is between March and May and the other is between September and November. At
MP4, MP6 and MP7, S0,

concentrations between November and Februa.ry. ThlS is probably due to the relation

concentrations between March and October are higher than the

among the locations of emission sources, momtonng stations and also the direction of

prevailing wind,
V-1-2-2  Hourly variations of SO?. concentration

In Fig. V-1-16, hourly variations of SO, concentration are shown. At MP1 and MP4,
the results of previous investigation are also plotted. At every station, concentration in
daytime is higher than in nighttime. Especially, this tendency at MP4, MP6 and MP7 is
clear. This is due to the prevailing wind in daytime {southerly wind) and the locations of
monitoring stations. At MP1 and MP4, there are no cleayr difference between the previous

investigation and this investigation.
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V-1-2-3- Frequency distribution of SO, concentration

R. 1, Larsen {1969) has found out from statistical analysis of concentration data of
atmospheric pollutants that the frequency distribution of pollution follows a log normal

profile, and he has proposed following mathematical model:

( nC—Enmg)Z}

(o) = ——exp {— |
J2m Sg _ZSg? ‘Equation V-1-4

where the symbols are;
flchs. fréquency occurrence of ‘concentration level c

mg: Arithmetic mean of concentration and denoted by -

n
_ A Z epCiy
mg = exp = = _

Sg : Arithmetic standard deviation of concentration

z (2uCi—tqmg)
Sg = exp [i=1 "

Fig, V-1~17 shows cumulative frequency distributions of hb}irljﬁ and. daily averagéd
SO2 concentration plotted in log normal charts. * The cumulative freqﬁency distribution is
calculated by accumulating the frequency of concentration level C from lower level and

evaluate the frequency by C.

For the hourly data, lines are almost straight and clear, log normal profiles are
obtained for hourly averages. For daily averages, even some of the hnes show shght kinks -

at low and high level, the frequency distributions follow nearly log normal proflles.

The gradients of the lines are equal to Sg, the standard deviations of’ concentration,
~and Sg is larger for slower slope. And the concentration at t_:'uniu'la"ti've frequency of 50
percent is equal to the arithmetic mean mg. Assuming the log-normal profile, the value

of 8g is calculable from the curve by the following equation:



QII(Ca/Cb)} SR ©° . Bquation V-1-5
Sg = ex - _ : quation
= oxp { Za—Zb :
‘where, the symbols are as follows;

Ca, Cb: - Concentration level at cumulative frequency a and b, respectii_rel'y.

Za, Zbh1 Standard deviation number of concentration. at cumulative frequency a

and b, respectively.

R. I, Larsen adopted 99.9 perc‘ent and 50 percént as a and b, where the profiles follow
log-normals well, Then, Za and Zb are equal to 3.09 and 0.52, respectively, the avithmetic
standard deviation of hourly concentration, if SOz calculated by Equatidn V-1-5 for seven
stations, are shown in Table V-1-10. These values are slightly larger than-the values

commonly obtained in Japan.

Table V-1-10 Arithmetic standard deviation of hourly SOz concentration

Monitoring Stafioris dA;ir?;rtl;E;ic standard
(MP1) J.T.C. HALL , 2.03
(MP2) N.U.S. 2,30
{MP4) BOON LAY APART _ 2.81
(MP6) NANYANG.T.IL . 2.54
(MP7) BUKIT PANJANG P.P. 2.30
(MP14) KALLANG F.F. 1.96
(MP20) SINGAPORE O.P.S. 2.26

The relation of cumulative frequency distribution is effectively used to estimate the

concentration corresponding to cumulative frequency of a value and vice versa.

The values of daily average concentration at cumulative frequency ?S_perc_en{ (the
highest value of concentration data set in which highest 2 percent are excluded) are shown
in Table V-1-11, together with the highest values corresponding to 100 percent of the

hourly averages.



Table V-1-11 Values of 98% cum’ulaﬁve of daily average and the maximum
values of hourly data '

{unit; ppb)

| _ - Values of 98% | Maximum values Maxitoum values
Monitoring stations cumulative ofdaily |~ _ L

o L daily average average data of hourly data
(MP1)- IT.C. HALL 33 45 190
(MP2) N.U.S. - . _ 27 _ L4200 198
(MP4) BOON LAY APART 54 78 | 430
(MP6) NANYANG.T.L - 37 | 46 215
(MP7) BUKIT PANJANG P.P, 28 35 | 172
(MP14) KALLANG F.F. ' 29 36 S 164
(MP20) SINGAPORE O.P.S. 23 33 157
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V-1-Z2-4 -Dependence of SOZ concentration on wind direction.and wind velocity ranks

The wind direction and wind velocity is the nloét important cohtroiling factors for
environ_rhental concentration. | The 'SO2 concentration data were analyzed and a#erages as
for each wind direction together with wind velocity ranks were calculated. The results .
are shown in Fig. V-1-18. In each wind direction, average concentrations for six velocity

ranks are plotted.

From these results, the wind directions in appea.rmg relatively high Concentratmn can
be seen. At MPI, the dlrectmns are SW and WSW. At MP4, the direction is 5. At MP6,
the direction is SSE. At MP7, the directions are SSW and SW. These characte!s are
reasonable from thé view of the locations of emission sources and monitoring stations.
For MP14 and MP20, of wh!ch not any large emission sources exist around, dependences of

conc‘entratlon on wind direction and velocity are very small.
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: V—1-3 Analysis of SPM {Suspended Particﬁléﬁe Matters) Concentration by

Beta ray Dust Analysers

" To grasp the characteristicé of spatial and - time series variations of SPM
concentration and the fe.la.tion between the meteofql'og‘i”cal condition’s_.anc_l _énfr:i_ronmental
concentration of SPM, the fo_llow.i"ng data analysis were'performed - fh_e.analyéis of SPM
_cbﬁcentratid’n, the analysis of relation bé{we'en SPM concentration and nleteor_o'IOgiiéai"

factors and so on.
V-1-3-1 Monthly variations of SPM concentration by Beta ray dust analysers

Fig. V~-1-19 shows the 'month_ly'vziriatio'ns' of SPM concentration at each 'rric_mitorihg
station, At each monitoring stati_bn,rrelatively high concentration continues from' Maréh
through May and from October through Novemb_ef. The tendency is resemble closely with

that of SOZ'

V-1-3-2 Hourly variations of SPM concentration by Beta ray dust analysers

Fig. V-1-20 shows the hourly variations of SPMrc.oqt:ézifrat._ioh. At each station, there |
appears the relatively higher :co#centration in ﬁirghttimet than in daytime. The tendency of
SPM is adverse to that of SOZ.- The appearance of relatively high concentration at 9
o'clock is commonly seen at each station. ‘At each station, the hourly variations do not

show the seasonal different pattern.

<
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V-1-3-3 Weekly variations of SPM concentration by Beta ray dust analysers

Table V-1-12 and Fig. V-1-21 show weekly variations of $PM concentration. From

the result, the relatively low concentration appears on Sunday, which seems to be caused

by the decrease of traffic on Sunday. Then we consider the ratio {Ya), which is calculated

SPM concentration on Sunday divided by the average concentration of weekday.

1

40



At MP1, MPB and MP6, each value- (Ya) is 0. 796 0, 847 and 0,917. And also, on
. Monday and Saturday, SPM concentration is slightly lower. ' L

Table V-1-12 Weekly variations of SPM concentration by Beta ray dust analysers

' (Unit; ug/m)

. " : = '.Average concentratmn | Aver-
Monitoring stations : _ _ —— age - Ya.
: 3 Sun. | Mon. | Tue. | Wed. | Thu. | Fri. | Sat.- | °8% |
(MP1) J.T.C. HALL | 20.6 | 234 | 27.7 | 25.9 | 28.9 | 27.7 | 21.7 | 26.2 |0.796
{(MP2) N.U.S. | 25.2 | 26.7 30,2 {313 [ 31.9 | 31.6 | 26.8 [ 29.1 [0.847 |
" (MP6) NANYANG.T.L | 24.7 ] 23.2 | 28.1 | 27.3 | 30.1 | 27.4 | 25.6 | 26.6 [0.917 ]

* Ya = (SPM concentration of Suﬂday/ average concentration of weekday)

p—e—— (M P1) S, T. C. HALL
————— (MP2) N, U, §.
S eme—— (MPE} NANYANG. T, L.

ngsat : SPM
it _ _

30

PRI

19 T T * v T v ——T
Sun  Mon  Tue Hed Thu  Fri -Sab

Fig. V-1-21 Weekly variations of SPM concentration by Beta ray dust a.nalyseré
V-1-3-4 Frequency distribution of SPM concentration by Beta ray dust analysers

Cumulative frequency distribution of SPM concentrations hourly and daily averaged

are shown in Fig, V-1-22,

Geometrical standard deviations (S'g) of hourly data cal_c.:ul_a'ted-by'- Equat_ién V-1-5 are
29 S8 of SPM is lower than that _of-S_Oz.

This shows that the gradient of cumulative frequency curve of SOZ ‘is geﬁﬂe and the

shown in Table V-1-13. Comparing with Sg of SO

variation of 80, concentration is greater than that of SPM concentration.



Table V-1-13 shows the values of 98 percent cumulative of daily average, maximum

of the hourly values and maximum of daily average values.

Table V-1-13 Values of 98% cumulative of daily average concentration the
maximum of daily average concentration, etc.

_ Geome t.rir.:a.ll 98% cumulative | Maximum value | Maximum
Monitoring Stations standard of daily ' of daily \_ralue Of.‘ i
: deviation | average average }1our1_y3data_1
\ S } (Lg/m”) (ng/m?} (ug/m=)
(MP1) J.T.C. HALL 1.76 _ .50 . 76 : 160 ..
{(MP2) N.U.S. 1.79 61 89 . : 185
{(MP6}) NANYANG.T.L | 1.80 52 68 190
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V-1-3-5 Dependence of SPM concentration by Beta ray dust analysers on wind

directions zmd wind velocity ranks
Fig, V-1-23 shows average concentration of SPM on wind direction and wind velocity.

At each station, relatively high conceniration appears in northerly wmd and
relatively low concentration in southerly wind. This tendency is opposed to the tendency
of SOZ But it does not always show that there is a main source to the north because
there are many kmds of source. And there is other tendency .that the greater wind

veloc1ty is, the lower the concentration of SPM is.
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Fig. V-1-23 SPM concentration on wind direction and wind velocity ranks



V-1-3-6 Dependence of SPM concentration by Beta ray dust analysers on wind

velocity ranks and atmospheric stability

¥ig. V-1-24 shows the average concentration of SPM for wind velocity and

atmospheric stability.

From this figure, it is clear that the greater the wind velocity is, the lower the
concentration of SPM become. But the relationship between the concentration and the

atmospheric stability is not clear.
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Fig. V-1-24 SPM concentration on wind velocity ranks and atmospheric stability



V-1-3-7 Correlation of SPM concentration between monitoring stations

Table V-1-14 shows correlation coefficients of SPM concentration {measured by Beta
ray dust analysers) between monitoring stations. The coefficient calculated by yeai'ly
averaged data between MP1 and MP2 is relatively high (0.616), other coefficients are

relatively low.
The reason seems that the distance between MP1 and MP2 is closer than that of
others and the variation patterns of average concentration for wind direction of MP1 and

MP2 are resemble. (See Fig., V~-1-23)

Fig. V-1-25 shows the relationship between concentrations of monitoring stations. In

these figures, numeral mean the number of data in each concentration rank.

Table V-1-14 Correlation coefficients of SPM concentration between monitoring stations

Southerly | Northerly
Monitoring stations Monsoon Monsoon Yearly
ng {April - (November - | average
QOctober) March)
{(MP1) ———— (MP2) 0.640 0.576 0.616
J.T.C, HALL N.U.5. -
{MP1} ——— (MP§) 0.488 0.406 0.451
J.T.C. HALL NANYANG.T.L
(MP2) —— (MP¥¢) 0.391 0.371 0.378
N.U.S. NANYANG.T.L
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Fig. V-1-25-(2) Frequency in each concentration rank of SPM
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Fig. V-1-25-(3) Frequency in each concentration rank of SPM

V-1-3-8 Analysis of high concentration of SPM by Beta ray dust analysers

To grasp the meteorological conditions and SOZ. concentration at high concentration

of particulate matter, analysis of high concentration of SPM was performed with hourly

data and daily averaged data.



{1)

{2)

Analysis of high concentration of hourly data

We put in 6rder the highest 50 hours of SPM concentration and metéorblOgical
conditions (wind direction, wind velocity, atmospheric stability, SO?.
concentration etc) in Table V-1-15. The conditions of appearance of high
concentration are following ~ for monthiy hi.gh concentration appear in May ahd
November, for. hoﬁr from 8 to -9 o'clock and from 21 to 4 o'clock, for wind
direction noz;therly wind and for wind velocity below 2 m/s. At MP1 and Mpz,
when the SPM concentration is high, SOZ concentration is apt to be high. But
MP6 does not show such tendency.

Analysis of high concentration of daily average data

We put in order the highest 20 days of SPM concentration and meteorological
conditions in Table V-1-16. And the frequency of highest concentrations in each
month are shown in Table V-1-17. For month, relati’ﬁe}y "high concentrations are
apt to appear in May and November. At every station, when the SPM

concentration is high, SOZ concentration is apt to be high.
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Table V-1-17 Frequency of h_ighést concentration of SPM by month

Month | MP1 |MP2 |MP6| Total

~Jan
Feb N _
Mar | 2| 2| 4| 8
Apr 14| 2|10
May | 6 | 4| 4| 14
Jun "3 3
Jul 1 1
Aug 11 1 2
Sep 1 1
Oct 3 4
Nov 7 2 15
Dec 2 _ 2
Total | 20 | 20 | 20 | 60

V-1-3-9 Correlatidn between SPM concentration and SOZ concentration

Tabie V—1—18 shows correlation between SPM concentration and SO, concentration

2
for seasonal and yearly averaged data. For yearly averaged data, correlation coefficients
are low, for example, the value at MP1 is 0.340. Fig. V-1-26 shows the-relationship
between SPM concentration and SO2 concentration. In these figures, numeral mean the

number of data in each concentration rank.



Table V-1-18 Correlation coefficients between SPM concentration and SO;
concentration at each station '

‘Southerly | Northerly
Monitoring stations Monsoon Monsoon Yearly
{April ~ (November - | average
B Oectober) | March)
(MP1) I.T.C, HALL 0.363 0.309 0.340
{(MPZ) N.U.S. 0.318 0.281 0.303
{MP6H) NANYANG.T.L 0.123 0.231. 0.157
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CHAPTER 2 DATA ANALYSI.S PURING SHORT TERM FIELD SURVEYS_

The short term surveys were performed in December 1983, in March 1684, from June.
to July 1984, and in September 1984. In these terms, the ambient concentration of
particulate matter were measured by high volume sampler and Andei-.sen sampler, U_sing
these data, analysis of ambient concentration of particulate matter were performed. At
the same time, using the data of SPM :(mea_sure_d By Beta ray dust analysers), analysis of

SPM concentration during each short term survey were performed.
V-2-1 Analysis of TPM, SPM Concentration of High Volume Sampler

At twenty monitoring stétioh::s,_-dail'y. average cbnc_ex_ltr:_ition'of TPM and SPM were
measured. In each short term survey, TPM was meaéured"for fourteen days ‘and SPM was
measureti for twelve days. Ambng these data,'fhere are a few data which are low
confidence because of shortness of measuring,,fime.. With respect to analysis of the
diurnal variations, such data are considered to ‘be effective. On the other hand, for

calculating the correlation édefficien’ts, _sﬁch. data are'consi_.de.z:ed not to be effective,
V-2-1-1 Seasonal variations of TPM and SPM concentration by high velume sampler

Table V-2-1 shows the average concentration of TPM and SPM in each short term
survey. The wvalues w’eré -averaged of twelve days.  Fig. V-2-1 shows the spatial

distributions of TPM and SPM concentration for each survey,

From these figures, the relatively high concentration of TPM appeared at MP7 and
MP17. This may be due to the reason that these monitoring stations are located near the

road of heavy traffic.

Except these two stations, differences of concentration between stations are little.
In the south or south-west part of the objective érea, the relatively high concentration

appear at the 2nd field survey, which was conducted in March 1984.
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V-2-1~2 The diurnal variations of TPM and SPM concentration 'hy high volume sampler

Fig, V-2-2 shows the diurnal variations of TPM and SPM concentration by high volume
samplers, In these figures', three lines show the time series of TPM, SPM concentration
and the ratio (SPM concentration/TPM cbncentratioln).' And at MP1, MP2 and MP6, SPM
concentration which are measured by Beta ray dust analysers are also plotted, From
these figures, SPM concentrations by high volume samplers show almost the same value as
measured by Reta ray dust analysers. And the ratios (SPM concentration/TPM

concentration) vary from 30% to 70%.
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V-2-1-3 Correlation among the stations on the concentration of particulate matters’

As described in PART T, the particulate matters in the ambient air are ériginated

from various sources and the spatial distributions of the sources are widespread.

The pa_fticulafe matters emitted from sources are transpoi'fed by wind and diffused.
So the variation patterns. of the concentration at different points show the contributing
emission source to some extent. Namely if the variation patterns are same, the

contributing emission source considered to be the same.

Then, in this section, using the cluster é._nalysis _an_d.the_'p=rincipa1:component analysis,

we analyzed the resemblance of concentration in different stations or different surveys.

Table V-2-2 shows the correlation coefficient matrix among the stations., From these
tables, we can see the tendency that the coefficients of SPM is higher than that bf TPM.
Using these correlation coefficients, cluster analysis (maximum algorithm) and principal
componenf_ analysis were per_forrﬁed. The results from these analysis are shown in

Figs. V-2-3, V-2-4, Table V~2-3.

From these results, there are no resembl_a’nce.' So the sources of TPM and SPM are

. considered to be different at each stations and each short term survey.



Table V-2-2-(1} Correlation coefficients of different stations (1st survey)

PM

SPM

SPM

TPM

~ {Unit 0,01) -

sl 273 4 0y

e 1 8

91U 11 12 13

14 15

16 17 18_19 20

14 53 15
o 537
83 15 10

&g 25759 g4 82
_85_
67 35 54 79 1>
56 55 712 13 64
48 25 15 32 a3l
T1 25 90 3 gl
75 37 86 12 72
1 14 617 0983 134

84 32 B8 82 §<

24_70. 82:87
6338 63 75 73 93 8 Y4 ™
| T0_24 T0_81. 89
Jdg 11 68 gu_8?-

L3142 48 a4 33

83 BT 757368
91 94 93 7%
§1L N BY B¥_T2
94 19 94780
7572 40 -84 .

13730 v e a7
88 _90_ 8o 82 78
65 7L %6 63 712
46 31 45 4l .48
75 88 16 82 79
67 66 _bB 5L bl

73 81 &> 64 6J

83

94
9t
48
93
§3

94 91 88 93 837>
é3

93
16
30
b5
1o

39 39 79 22 2% 12 33 LL1' 21 29 25
82 21 89 86 82 64 1T b2 63 69 b0

12

R
2
<
&
17

23

36
71

&U

B3 b

U

63

10

14 10_63 9y 69 85 6l 63 56 10 48 79
9 2h 26 3% 34 5% 24 25 1)
70 7L 59 70 54 &3 72 (0 1> 68

9? 84 B2 Ty 7Y 73 Ui 32 qu
4% 31 g7¥

E:T)
ad
46
85
T8

93]

36

53
L.

49
a4

3l
3o

79

17
25

31
42

90,48,

83 44

Ak

b5 By
71 3t
54 45
63 41
T2 uRr
T6 30
71 51
81 49
57
37
86 49

L1506

65 39
95 4k
90 67

"]b“7u

A Te 31

AT

'49 82-9%
37 6L 3% 21 32
ab 69 19 89 Y3
72 83 22 Ho 82,
) 72_75_ 2485 b2
75 67 12 64 13
a8 6b "33 77 81

16 6§ L1 62 65"

82 58 21 &3 o8

79 61 29: 69 b3

85 7025 80 12

60 63 90 68 (0

86 19 -
95 %0

48 07
47 86
82 87,
63 b8

63 N8BT
64 87

55
39
66
o2
42

82 _
87

Rt 15
49" &b
&6
Gb_
66

B&

St

1.2 3 4 05

6 T 8 Y 10

12

i3

1% -15

i6 17 18 19 20

AL CA el O B B

70 6G 65
40-10-15

42 50
42 95
50
34
50
46
49
44
11
89
82
91
61
39
76
90
82
73

23
23
70 40
60-10
63-15
%9 3
62 19
57 29
60 21
42 79
62 54
71 47
e 26
75 28
47 69
74 3%
55 19
&3 42
71 13
83 ~5

95
a8
81
81
38
40
53
32
81
61
-4
65
82
2
54
73

80
80
77
a3
31
55
50
79
70
-4
63
a4
30
61
78

60 42

.49 44
.88 =0
83 31

88 a7y

87 63

37 71

53

63 62
32 36
84 58
58 43
13 40
72 57
18 54
35 42
55 33
66 12

2 19 .

71
&7,
. BG

32
40

.21

27
30
32
36

17,

88
34
16
34
B3
84
14

16
26
82
81
19
18
53
85
84
58
19
70

84
4z
26
92
T4
84
80

15 47
28 69
91 b1
6l -4
70 -4
56 11
59 14
56 17
38 13

43 40

83 17
848 84
88 42

57

28 56
84 21
80 74
93 39
81 40

T4

71 89
18 =5
§2 13
54 13
61 78
53 65
58 55
50 538
55 6&
33 12
13 68
84 74
8as 8O
93 81
59 #D
83 11
78 71
17 63

33
BL

63
42
50
28
30
26
39
37
35
42
TT
83
74
80"
74
88
65
65
78
71

35
lg
16
32
84
13
13
30
T8
54
16
54
92
84
21
36
86
0d
83
17

34
89
5
63
65
71
T4
72
57
a4
76
96
88
56

7
63

L 2 3 45 5

Y 1v

11

12 13 1% 15 16 17 18 19 20

85 60 86 76
79°93 91

83 68 70 50 71

45 90

71
61

79 76 35 81 75 &8 38 75 59
84 77 _92_82 84 8Y 76-81 TT

| 85 3_3:

60-79 7~ 65 16
0 86.93 65\ _87_
76 91 16 87
82 90 67 80 82

68 82 63 76 B8C
10 81 75 13 69

90 82 81

67 63 15 571 55

80_76_13 55 89

82 80 69 41 83

J8.78_35 71

53758 10
58 54

8
18 53

47

36

44 B8O 0 19
_76_69 83
43 10 65 80
4% 94 64 88,
=7 64 54 83
49 92 771 785

S0 45 571 55 41
71.90°55_89 83,
71761 47736 43

35 58 58
71 70 54 32
44 -7 49 938 30

32

79_84 84_76_10_94_64 92 79 _50_

76717 80 69 65 b4 54 17 67 58 &5 3b
85 _92_79 83 80 88 _85 78 67 12 62 89 85

56

48

61
R
57
52

230 50 .58 72 62 _62_79 64,
56 45 62 83 74 21 24
86 89 60 BT &3 17

B 69

56

87 79 80 75 17
69 83 6B 14 &6
71783 61 71 74
75 82 63 81 A0
66781 75 75 12

95 by ?2

81 82 48 56 61 71 57 52 17 62 83 60 69 15
75.86_81_69 J1 75 66 771 57._62 T4 _§7_95 90_Te~_1T
68 B7 79 83 83 82 81 86 &4 79 21 83 64 88 49 70
5376 B0 68 61 63 75 67 &1 64 24 77 72 80 52 84
75 81775 74 71 81 75 67 62 51 41785 75 88 56 19

76 ¢




_'l‘able V-2-2-(2) Correlation coefficients of diffsrent stations (2nd su_rvey)
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Table V-2-2-(3) Correlation _coefficients of different stations (3rd survey)
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Table V-2-2~-(4) Correiation coefficients of different stations (4th survey)
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Table V-2-3~(1) The results from the principal component analysis (1st survey)
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Py
[
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TPM _ba2ael o.e0rl-0s0b3l w170l o.u0al v, 9098 0v3291-0.0168~0,1551 0,003
121 0.143

Eigen [TS R N S
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Eigen valués and eigen veclors - Factor loading

e 4 5 i 2 3 |4 5
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el gV R W LD
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A'C
Eigenlya.307] 1.751] 1.013] 0.752) 0,577




. Table V-2-3-(2) The results from the principal component analysis (2nd survey)

TPM

SPM
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TPM

S Eigon values and eipen vectors Factor loading - _
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Eigen [ R
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6| 0.197} 0:.38Q 6] 0+164|-0+233 ["gu7a2| 0.624] 0+195) 0.169|-0.146
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Table V-2-3-(3) The results from the principal component analysis (3rd survey)
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Table V-2-3-{4) The results from the principal component analysis (4th survejr)

TPM

SPM

SPM

TPM

s

Eigen values and eigen vectors

{Factorlondiﬁg -

< .

1 p) 3 4 5 -1 2. 3 4 K
11 0.273] 0.063]. us0Tel ~u.093] <0.304] U, 888 ©+135] 0,089( 7009702267 |
2170264 0 ko3| U 0Ly ~u 222 ~0.v85]| UiB5E]| 03501 =0.uL1]=UV232 (-0, 075
3 00178 0.kea] =0 52l ~ui1a3] ~0, 281 U 5TF| U.276] ~0:608) =U,149[-Us247
s) "0Vasel 0" ¥oe] <0 030] ~6.213]° 0.u3p] 0. BI3[ -0 483 -0 034 w0 221 U026
5}, 012631 =0,073{.0.044 =0, 213] '0.%51] 0,852 =0 156 0,051 =0.221] 0,397
60770, 237 S0, 24| ~oh 2] =0 196 =0.u591 0. 7TU]=0:518] =0, i) -0y 204 <0, 052
| _0s128l=0i290) v w247 0,122] 044031 =0:0625] <0+ 205} 0.257).0:108
8] T07058) 0. 393l ~us 160l "0 191 e 124 vi3la) -0ve4a| -0 dae| 0. ea} Uvlgy
9t _0.,154]~0.3997 uﬁ;ob_ V.197) ~0.171] 0,500]-0.772|_0:194] 0,205 -U, 150
10| T0.244] 0.u44 J3eG S0 a0l ~0vvesl 0. 798 T 0 093] o e S0 VA2 =0 05
11| _0.089] ~0.%03 04225 0.012|=0.220] 0. 1611 =0:868{ 0,331} 0,012 -u.X93
1217707255 6. Teal u-130 G.220[<0 ie7]| v.B2T[ 0.381] 0.152] 0. 230[-0. 14T
13 0.202] 0.,189) 0.326 uv.261] 0.424] 0. 638| 0.407] 0.381] 0,251 0,373
14| Tu2e0f 0.071 ayites[=oeze] Co. 423] 0,900( 0153 =p 128 =0 0237 v 30
15| 0,244 o.0u7l-u.338] u.3sl] 0,054 UL 791] 0.208]=0.395{ 0.354} U, 047
16] ToVazsi<p.enol wited] Ld197] 0.u03) ULTI21-0+553]) 0:d4b] 0.205) v.i0ad
171 04288) =0,0851. 0043} =00 19%] <0,085) 0,93610.182] 0.050|~0.2011-0,07%
181 70.225) 0.len]-v.0l6| 0v396] <0.32a] 0 T30} DVI4s[=g.019] 0.F13]-u.285
19f 0.259| o.22a|~0.082] ~u.016] -0.ul7] UB42} 04482] -0.096|~0.019]-U.015
20| 0 res| o0.2vs| U.281) v.lssa|-0Ju2a{ U.536) 0-.642] 0.3281 U.l92|-U.022
Eigen| .. . ...l f. i D g :
values] 10:554[ 4.639] 1.304) . 1.082f 0:773
. Eigen values and eigen vectors | i Factor loading ] .
St. i 5 3 3 3 i 3 3T 3
1y 9.240|-0.102{ 0.010|=0.180{=-0-28%|"0.8%9}=0.172] 0.040{-0,156|-0,124
21 0.224|-0.187) 0.1%7| 0-153] 0.216] ¢:840(-0.32a{. 0-151| 0.128{ 0.144"
3| ¢.233{-0.223] 0.106{-0.025] 0.033] v.873|-0.375] 0-109(-0.023| 0,022
al ‘g.2361 0.194f w.200{ Q.121f-0.214] g.88+| 0.327] o-206l:0.101]-0.143
5| 0.252|-0.069] 0.l86| 0.128{~-0.18L] 0.947{<0.117| 0:192] 0.107|-0.121
] 0.225| 0.238] 0.296| 0.090]-0:097] 0.845| 0.397| 0-26%| 0.075|-0.063
71 0.205] 0.210| 0.171]-0.a67]~0:154] p.769| 0.353{ ¢+176)-0.290]-0.103.
8{ 0.163] 0.402] 0.126] 0.267] 0 861 p.610| 0.676] 0:130] 0.2237 0,309
9! p.158] 0.429} 0.1023{-0.274f 0.197| 9.59s] 0.721% 0:107{-0.229] 0.132
10l 0.235] o.022}~0.128| 0.297{-0.556] 0.884{ 0.038]{~0-132{ 0.248]-0.372
11] 0.147{ 0.395{=0.481] G.017{ 0-010| ¢.553{ 0.665{~0-%96] 0.015] 0.007
12| g.238{-0.212] o0.1u7| 0.029{ 0.182} g.g94|-0.357] 0.1lo| 0.024| 0,122
137 0.209{-0.135|~0.468] 0.233| 0.212] ¢.783|-0.227|-0.%83| 0.194) 0,142
14| g.240{-0.157] o0.168] 0.262) 0.310| p.901|.0.264| 0:173] 0.215| 0.208
151 g.284|-0.295] . 0.009] ~0.213]| 0.041| g.914}-0.327| 0:0l0{-0.178| 0.028
18] @.2360 0.2271-0.170] 0.112]-0.027] 0.886| 0.382|-0-175{ 0.094{-0.018
111 o.268] 0.031]-0.014] 0.097{~0.183] 1.,007{ 0.052{-0.014] 0.081}-0.124
18] p.222| -0.05%|=0.151} -0.5880( 0.187| ¢.832|-0.086{~0-156]|-0.402{ 0,125
19] 0.22%4] -0.237] . 0.098] =0.11%4] 0.008] 0.879]-0.399] 0.101]-0.096] 0.00%
20| @¢.219]|-0.155}§~0.451] -0, 121| 0.005| ¢.322]|.0.261|-0-465!/-0.10L] 0.004
Eigen|, )
values| ‘14 -068] -2.831] 1.003] 0.699; 0+449
st Eigen valuesand eigen vectors " Factor loading
1 2 3 4 5 1 2 3 4 5
1] 0.241]}-0.100[-0.243} 0.022] 0.263 | 0.866[-0.134[=0.310] 0,023} D.232
21 ©,2311-0.229|-0,218|-0.241] 0.206| 6.830{-0.039]|-0.2551-0.256] 0.182
3] 0.239] 0.315) 6.209{-0.017[ 0.165 | 0.858] 0.423] 0.266{~0,0L8]) 0,146
_a] a.2221-0,231| 0.030{ 0,381| 0.084|'0.798]-0.310] 0.038] 0,406} 0.07%4
5| 0,206 0.297]-0.048( 0.522|-0.041] 0.732]| 0.399{~0.061f 0.450|~0.03%
5] ©,215(-0.186] 0,197 0.371}-0,277{ 0.774)1-0.223] 0.251( 0,395[=0:.245
3o 228l 0.0eé 0,222 -0 1201 0,282 0.821) 0.0B881-0.282]-0.,128] 0.249
30 2.181| 0.087{-0.3581-0.100[-0.656| 0.650] 0.117]-0.%456}-0.106}-0.581
9] 0,140|-0.373{~0.419] 0.225] 0.160) 0.203{~0.502|-0.533] 0.23%( 0.la2
10| 9,262|-0.217] 0.034)|-0,160[~0,089} 0.869|-0.291] 0.044]|-0,171[~0,079
11} ¢.1a89)-0.025) 0,279|-0.500| 0.164 | 0.679|-0.024] 0,353|~0.426] 0.145
12] c.224! 0,259[{-0,231]-0.096! 0.089( 0,803} 0.348}-0.295}~0,102} 0,078
13]70, 264} 20,094 0.208{20.258]-0.277 | 0.875[=0.126[ 0.265{=0.275]~0.24%
A4 C.243} 0. 211J | '0.919] 0,055 0.169| 0,.873{ 0.292| 0.92%] 0.039].0.096
15]7¢,205] 0.455] 0.653| 0.228] 0.015] 0.7135] 0.611] 0.068] 0.243] .0.016
16] £.255{-0.016] 0.065]-0,140{=0.243] 0.917|-0.021] 0.083|~0.149(-0,21%
174 0.267| 0.154) 0.058[~0.0951-0,092{ 0,96C| 0,207} 0.074|-0.192|~0.082
18] ©,2371-0.276} 0.097] 0,176|-0.054{ 0,850(-0.371| 0.124] 0.188|~0.C48
1a] c.1890+0.176} -0.675) 6.071} 0.190 | 0.680[~0.236} 0.606] 0.076) D.168
23] 0.237)-0.247[~0.0531-0.159] ©.01C} 0.852|-0.332[-0.068]~0.169] 9.C09
ligen
b 1 z.900! 1.z0s! 1.6231 1.135) 0,780
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V-2-1-4 Cotrrelation between TPM concentration and SPM concentration measured

by high volume sampler
Fig. V-2~5 shows the scatter grams of TPM and SPM for each short term survey.
From these figures, the correlations between TPM and SPM are relatively high and at the

same station, the correlation shows the seasonal variation.

Table V-2~4 Correlation coefficients of TPM and SPM concentrations at each station

ggﬁ;ﬁ:lng 1st survey | 2nd survey | 3rd survey | 4thsurvey | Average
MP1 0.616 0.376 0.950 0.958 - 0.835
MP2 0.544 0.545 0.847 0.939 0.686

MP3 0.698 0.732 0.671 0.680 0.722 .
MP4 0.840 0.820 0.937 0.982 0.857
MP5 0.872 0.612 0.773 - 0.837 0.742
MP6 0.908 0.918 0.839 0.905 0.862
MP7 0.844 0.861 0.789 0.712 0.652
MP8 - 0.880 0.825 0.905 0.914 0.860.
MP9 0.948 0.906 0.793 0.964 0.883

MP10 0.558 0.532 0.840 0.892 0.783
MP11 0.785 0.816 0.572 0.867 0.809
MP12 0.583 0.693 0.797 0.890 0.768
" MP13 0.780 0.833 0.894 0.897 0.884
MP14 0.685 0.823 0.752 0.972 0.860
MP15 0.211 0.716 0.643 6.875 0.750
MP16 0.895 0.926 0.749 0.917 0.868
MP17 0.407 0.481 0.812 0.987 0.682
MP18 0.845 0.804 0.912 0.917 0.855:
MP19 0.577 0.417 0.848 0.952 0.737
MP20 0.893 0.728 0.559 0.643 0.662
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V-2-1-5 Comparison hetween the concentrations measured by high volume sampler

and by Beta ray dust analysers

Table V-2-5 shows the comparison between the concentrations measured.by in.igh
volume sampler and by Beta ray dust analysers. In this table, average concentration is
calculated using the data for twelve days. The values of SPM By high volume sampler are
slightly higher than the values by Beta ray dust analysers.' Table V-2~6 shows the

comparison betwsen the daily averaged concentration measured by high volume sampler

and by Beta ray dust analysers.

Figs. V-2-6, V-2-7 show the scatter grams. Using the 24 hours data from eleven

o'clock (measured by Beta ray dust analysers), we calculated the daily averaged value.

Table V-2-5 Comparison between the concentrations measured by high volume
sampler and Beta ray dust analysers

Average concentration S:;F;;Sg?
TPM concen-{SPM concen~-{ SPM concen-
_ tration (A) [tration (B) |tration (C)
Monitoring Survey {high (high {Beta ray between|between
Stations volume volume dust Aand Ci{Band C
sampler) sampler) analysers)
(ug/m3) (ug/m3) (1g/m3) _
(MP 1) 1st survey 60.3 28.5 19.9 0.815 | 0.684
J.T.C. HALL 2nd survey 99.3 47.0 25.5 0.378 b.335
3rd survey 51.9 25.4 15.3 0.683 | 0.814
4th survey 62.9 34.6 26.6 0.848 | 0.892
Average 68.6 33.9 21.8 0.645 | 0.699
(MP2) 1st survey 54.9 34.9 25.6 0.645 | 0.550
N.U.5 2nd survey 64.4 31.3 34.0 0.823 | 0.665
3rd survey 51.0 25.8 2.2 | 0.550 | 0.278
.4th survey 42.4 26.1 28.2 0.808 | 0.780
Average 53.2 29.5 27.5 0.645 | 0.581
(MP6) 1st survey 54.1 33.2 19.1 0.807 | 0.815
NANYANGTL I 3 survey 86.9 44.8 38,8 0.823 | 0.851
3rd survey 67.7 28.9 27.9 0.802 | 0.821
4th survey 57.0 27.0 27.8 0.761 | 0.853
Average 66,4 33.5 28.4 0.711 | 0.689
V.= 90




Table V-2-6-{1} Comparison between the concentration measured by high volume
~ sampler and Beta ray dust analysers

{(MP1} J.T,C. HALL (unit; ug/m3)

1at survey

2nd survey

High volume sampler

Beta iay-_dust

Date High volume gamplef f:;;ly:_:zsdust
N TPM | SPM SPM.
12/7 64.8 - 36.7° 20,4
8 54,70 | 244 10.5
9 322 216 6.3
10 49.2 1 333 163
11 48.6 217 4.6
12 72.1 31.4 16,2
13 83.3 42.3 44,6
14 66,7 | 329 26,3
15 | 623 31:4 17.9
16 75.4 - | 27.6 29.7
17 59.8 16.1 15.9
18 s4.6 | 23.6 19.8
19 52,7 ° - 1937
20 49.0 - 17,5
Average 60.3 28.5 - 19.9
3zd survey
Date | High volume sgmpler _ ﬁ;fy:::’s_l.iuat
, TPM |  SPM SPM
6/21 41.9 18.3 15.7
22 45.0 20,1 14.6
.23 87.3 43.3 29.1
24 41.1 19.5 11.6
25 32,3 18.9 8.2
26 | 447 22.1 10.2
27 5.1 26.1 19.6
28 53.8 .| 219 8.5
29 | 521 - | 239 14.6
30 3.7 | 20 16.0
71| 2.2 37.1 19.4
2 57.4 32.0 16,2
3 37.9 - 7,0
4 59.6 S 5.5
Average 51.9- - 25.4 15.3

‘Date _ analysers =
] TPM ) sBM L sPMm
C3/6 | 129 | 219 25.4
7.| 1234 | 489 36,7
8 | . 834 | 346 17.3

1045 | 432 323
10 901 513 36
11 99.6 | . 62.1 25.8

12 | 978 | 62 226
©13.] 1026 - 50,1 ‘218
a4 | sz ] 594 23.5
15 | 1116 57.3 29.0
16 71.9 44.0 2
17 757 ) 29.6 17.5
18 44.9 - 20.5
19 4.9 - 36.6
Average | 99.3 47.0 25.5

4th sﬁrvey
' Dité High v-olume s?mp]ler E:Layzzzs.d#t

TPM sPM . 5PM
9/13 661 | 337 25.1.
14 74.6 | 35.6 20,0
15 75.2 40.9. 28.9
16 59.5 . 38.5 28.0
17 | w024 68.9 50.9
18 .| 45.0° 22.4 12.4
19 [ 695 | 372 36.2
20 7.3 | 4ll 44.7
21 455 | 20.7 14.8
22 55.5 3L6 23.3
23 44.6 - 23.2° 19.7

24 45.9 ) 2L - 15.0°
25 569 1 - 18.7
26 41.1 - 15.6°
Average 62.9 | 34.6 26.6




Table V-2-6-(2) Comparison between the concentration r_ne'asured by high volume .
sampler and Beta ray dust analysers

(MP2) N.U.S. (unit; pg/m>)

st survey
Date High volume sampler 2:;;:235(1““

_ TPM sSpPM ' SPM
1241 65.1 | 382 33.4
8.1 714 42.4 29.9

9 47.6 372 21,3

10 52.1 | 4Lé 22.0

1 53.9 . 37.0 20.5
12 44.3 28.4 13.9

13 59.0 36,1 39.9

14 61.4 41.0 36.6

15 51,7 33.4 20.5

16 49.2 20.8 191

17 57.9 27.7 20.7

18 45,8 - 29.2

19 25.3 - 17.0

20 31.3 ~ 18.7
Average 54,9 34,9 25.6

3rd survey
Date High volume sampler fﬁ;;;::zsduﬂ

TPM 5PM SPM -

6/21 49,1 o223 10,1
22 55,0° 23.7 22.5

23 7.7 40.9 28.8

24 41.7 22.2 10.4
25| 401 | 23.6 22.0

26 46.6 25.5 28.0
27-{ 53.5 23.6 37.9

28 60.2 25.7 21.3

29 54,9 | 30.6 16,4
30 | 425 24.6 24.5
71 51.0 24.9 24.8

z 40.1 216 19.5
3 24.1 - 17.3°

4 22.3 - 3.3
Average| 510 | 25.8 222

2nd sufvey

Beta ray dust

Date High volume, salnplejr analysers
' TPM _SPM SPM
36 { 733 19.8 29.1
77.6 - 24.7 45.7
73.3 . 27.1 ‘35,7
80.0. 29.5 40.7
10 93.0, 57.9 55.2
11 65.8 43.0 39.5
12 . 62.6 35.3. 21,6
13 56.0 29.2 33.3
14 65.2 40.0 39.3
15 44,9 23.9 21.9
16 42.5 24.4 24.7
17. 38.3 21.4 21.5
18 34.5 - 24.8
19 36.6 - 21.8
Average 64.4 3.3 34.0
4th survey
‘Date High volume éampler E:;?y;:zrsc_iust
“TPM SPM SPM
9/13 43.9 23.8 28.2
14 . 52.8 "29.3 32.9
15 56.8 29.1- 33.1
i6 55.3 42.2 26.6
17 66.2 44.5’ 69.3
18 27.1 15.6 6.9
19 45.9 27.5 30.8
20 48.5 | 29.6 35.7
21 31.5 15.0 24.1
22 25.0 13.9 15.7
23, 30.7 16,2 19.1
24 25.4 - 15.4
25 44.2 - 15.9
26 | 428 - 35.7
Averape 42.4 26,1 - 28,2




~Table V-2-6-(3) Comparison between the concentration measured by high volume
sampler and Beta ray dust analysers

(MP§) NANYANG.T.L (unit; ug/m>)

Znd survey

High volume sampler

Beta'ray dust

1st survey
Date | High 'vol.ume SalnPlef f:;?y::{sdlm
TPM 'SPM SPM.
12/7 51.2 29.8 215
8 42.2 22,7 12.0
9 36.0 - 29.9 8.3
10 32 22.7 5.2
11 39.2 25.6 10.9
12 52.9 31.3 18.1
13 77.2 50.7 37.5
14 871.2 53.2 34.7
15 64,1 41,2 23.9
16 53,8 26,3 2.6
it 66.7 33.4 17.3
18 48.0 32.1 113
19 40.0 - 15,0
20 54.4 - 34.6
Average 54.1 33.2 19.1
3rd survey
Date High volume ;ampler f:;g::{sdu“
TPM SPM SPM
6/21 60.2 24.6 21.9
22 66.5 31.4 25,0
23 | 1062 . 46.1 43,3
24 34.9 19.8 13,8
25 78,5 27.2 37.4
26 69.1 21.0 19,8
27 82.5 38.4 38.4
28 T6.4 28.1 23.3
29 61.9 . 246 32.8
30 48.8 25.6 23.2
M 9.4 .| 40,5 35.2
2 48.5 19.2 14.1.
3 66.0 - 16,7
4 - - 254
Average 67.7 28.9 27.9

Date analysers
TPM SPM "SPM
376 7.7 27,5 2402
1.1 33.1 47.3
0.5 -33.2 38.7
107.2 50,4 45.3
10 | 854 55.2 40.2
11 | 109.2 0.2 55.9
12 | 1028 56.9 43.6
13 | 1110 60.2 440
14 | 107.6 62.4 47,7
15 91.1 43,8 33.3
16 641 3.7 3z.0-
17 35.5 1.5 13.7.
18 21.4 - 18.9
19 | 69.7 - 435 |
Average | 86.9 44.8 38.8
4th survey
Date High volgme sampler Sﬁ;fy;:_zsdust
TPM | SPM SPM
9/13 45.3 215 23.0
14 58.4 22.8 21,8
15 63.5 “22.1 24.4
16 62.5 28.2 374
17 78,5 45.8 39.8
— -
18 53.5 " 25.0 17.7
19 89.8 495 41,7
20 61.5 33.1 44.8
21 | 167 6.8 B2
22 49.3 25.8 24.8
l_ 23 42.0 21.2 273
24 63.0 22:6 25.1
25 64.2 - 264
26 45.5 - 29.8
Averagey 57.0 -27.0 27.8
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V-2-2  Analysis of TPM Concentration Measured by Andersen Sampler

At MP1, MP2 and MP6, we measured the size distribution of TPM using Andersen
sampler. And, we compared these data with the data measured by high volume sampler or

by Beta ray dust analysers.
V-2-2-1 TPM concentrations for the ranks of particle size

Table V-2-7 shows the size distribution of TPM measured by Andersen sampler. The
seasonal variations of size distribution were shown in Fig. V-2-8. TFine particles below
2.1 um dia occupy about 60%, coarse particles. between 2.1 ym and 11 ym dia occupy
about 30%, and gigantic particles above 11 um dia occupy about 10%. In the 3rd survey,
the density of gigantic particles become slightly higher.
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Fig. V-2-8 Seasonal variations of the concentration of particulate matier by
particulate size



V-2-2-2 Size distribution of TPM concentration measured by Andersen sampler

Fig. V-2-9 shows the size distribution of TPM con_céntfatio'n_ and cumulative
concentration. Thesé figures were made by following procedure; as shown in Table V-2-7,
we classify particle size in nine paﬂ;’s' (i.e., stage 0 - stage 8). The cumulative
concentration curve in each siage is closely resembled by the cubic polyndminal using .

discrete data.

The curve showing size distributions is calculated by differe'nﬁating the cumulative
concentration curve. In the figures of the sizé distribution of TPM concentration, there
are two peaks - one is in about 0.4 1m dia:aﬁd_ another is in about 4 Um dia. These results

are generally seen.
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V-2-2-3 Comparison of concentrations measured by different instruments

Table V-2-8 shows the concentrations which are measured by Andersaﬁ sainpler, high

volume sampler and Beta ray dust aﬁalysers.

The data measured by Andersen sampler are averaged values for abfﬁ)ut ten days. The
data measured by high volume sampler are déiiy averaged vaﬁlﬁe’, and the "data measured by
Beta ray dust analysers are hourly values, So in order to coordinate the me‘asxﬁement
duration, we used the dura..tit.)n when the measurements by Andersen sampler were
pefformed. And for the data measured by Andersen sampler, we used the data less than

11 yum dia.

From the results, the concentration measured by Andersen sampler are slightly higher

than the concentration measured by other instruments.
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Table V-2-8 Comparison of particulate m_atters concentrations measured by
several instruments - '

(MP1) LT.C.HALL L (ug/md)
Survey Duration : -Apdersen High volume sampler Beta ray dust
SRR sampler TPM SPM analysers
1st survey | 12/9-12/21 | 353 - | 588 282 | 20.4
2nd survey | 3/8~3/20.. -} 444 | 89.6 488 | 251
3rdsurvey | 6/21-7/4 | 370 | 50.8 . | 254 | 147
4th survey | 9/13 - 9/25° 41.5 - 62.9 34.6 26.6
Average 39.6 65.5 343 | . 217
(MP2) N.U.S | o lug/m?)
- Sﬁrvey- : Duration : ﬁe;ser_l ngh volume sampl.er- Bet?ray dust
. ] - . s p £r . . TPM SPM ana: ysers
1st survey | 1:2/:9 = 12/21 27.5 -48.3 o 337 | . 23.3
2nd survey |- 3/10 - 3/20 369 | 53.9 344 | 310
3rd survey | 6/21-7/4 [ 305 | 49.0 | 258 - 21.8
4thsarvey | 9/14-9/25 | 2907 | 423 | 263 28.1
Average - 31.2 . 48.4 30.1 26.1
(MP6) NANYANG.T.L . (ug/mY)
.Suwey f'Dt-J.ration : inrge;':fn ‘High volume sempler. Ene:li;l ;:stust
s . P TPM |  spM | Analysers.
1st survey | 12/9 - 12/21 30,9 | 54.2 34.6 ° 20.7
2nd survey | 3/6 - 3/20 483 81.0 44,8 37.7 .
3rd survey | 6/21-1/4 43.1 67.6 289 | . 270
4thsurvey | 9/13-9/25 | = 355 57.0 27.0 | 21.8
' Average . 39.5 65.0 33.8 28,3 .t
-'Notes:

1) The concentration measured by Beta-ray dust” analysers is averaged usmg 24
hours data from 11 A.M.

2) - The concentrations measured by Andersen sampler show the concentration below

- 11 pm.diameter SRR : '
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V-2-3  Analysis of SPM Concentration by Beta Ray Dust Analysers

We analyzed the relat10nsh1p between the meteorologlcal factors and *he SPM

concentratmn during each short term f1eld SUrvey.

V-Z.—B:-l Dependence of SPM concentratlons by Beta ray dust analysels durmg the |

short term fleld survey on wind directions

: Table V—Z-() and Fig., V-2-11 show the "avera'ge coneentration-dur_ing eac:h s_hbrt term
field survey bjr wind directions. Fig. V—~'2.-12 shows the SPM concenfration by wind
directions at three monitoring stations. And Fig. V-2-13 shows wind rose during the short

term field survey.

From Fig. _V-2—13, the dommant wind direction in each survey are followmg, the
du'ectmn is N in the Ist surve'y, the direction is NE in the 2nd survey and the threc:’ncm is S
both in the 3rd and 4th survey. But-at MP20, the characterlstlcs of wind. dn-ectmn are
dlfferent from other statmns. From theSE f1gures, relatwely high concentratlon of SPM

appeats in the north wind dxrectlon at the 3rd and 4th survey.

v ~107



V- 108

Trge k*Cz w:9T U6 Legy 6°6T RTT 6407 LT 58 qey’  LeOp LSz L1102 Seg? 18T E oIg ]

2'87 TT2Z-. ¢9T S'OT %rzT HY€T 2TV €12 CEmEg e Lrgp Ttsp brEy L'Se 1092 9'Cg f gAv sgesany

gzTr B9 ¢ ‘22 L LS 0L 101 R1s 4 .9 0¢ 867 9wT1 w0t pZl u

€'z SrEz Lesr 9'¢ Erpv 10T LtL 0 &'2TC hegz 070 Geg Orw TeRY W'LT 2T OTUYLY oI5 |-

8Lz Gr8¢. wegy 08 wrop L6 b'm 90¢Y 4'5¢ 0'6w 0+nDg. 0*%z 0+95 »°0§ SruG 0'9¢ B gay AoaIns iy

182 BT . & o i 9z €€ iz 8 1 T Z o1 14 12 44 u

¥7707 5.6z 00Ty D0 etzz SiL WL 908 &k 010 0rSc ercc 6761 9 nt 1191 DI$ _

51z *8¢. 0tgz S'gz LoT 9'LT w01 Lt9% €*lg 08z 0 *9p 8rz9 8'6C &r1¢ T'6E | TAV KanIhs pIg .

L8z € T F4 T 97 57 &¢ ST ¢ 0 2z 6 71 9 ch u L wmﬂwz¢z

wrCE  TeTY  Meaz 0'HT Sr4 . ZtZT 2'0T 047 0. D' Ty CteT T0f2 3'TZ e'tl w'lZ2 Y olg s

Le8r Z07¢ - 9+Lg Otyy Lryr 9tbT ECET  fray 04 00 B+9¢. 8y Bely ¢*O04 Lroz A0 § AV Laans pug

Lz 9 < 2 £ €1 1T te T 0 5 1 ZL z§- 6T €t u

-67LT %07 . C°¢ [ 5K Ty 00 Lrg 7TgeL 00 00 TQreT 0D €rgZ. GtHT B¢l grbT ) OIS £oaIns 18

0°6T7 2°0t- £°8 ¥Te 0°¢ 00 0TI @'y 0*0 00 00 0r0g 8eRZ 2'WZ 6°CT 1'6Z § AV 08 35T

cgz  Ox LT 8- £ [4 Ly ’ T ¢ 0 T Ly j & 2 neg u

907 Wrlp  Trzz v'er ¥rLyoo8'5 lveT beng BT 5'6T  2e0r GtB8Y 2+TE %'ez €'z 7thz B oIs a

griz 2oTw Otgz LB S'gz  wrST €072 962 &*&T Z*'vZ vrop C-Lp Orvg Lrtép 8eig Aa'0z § gav 35BISAY

15T L€ Tz 61 0z B 20t B 60T LW 27z TOT  ere AL L 01 u

$*%z TR 9rTr By 6tzye T8 9ST T01Z SrEy 9+2Z  Tlrz €MLY SrTT 6thT BreT L'h oIS

z'87 Sv8g-0+0¢ b'pg $'97 49T S'9T 9107 997 ¢*92 9¢Gy. Lelg 8+w3 iYL 0009 2'f { gavy farrns \1f

g82 2 € & 0T 9z Cs 8z 0¢ %1 & L £z 3 2 4 u

BrET 000 - clvez Wlgy 0ty v lrtl 29T 008 FreT  wrRI Lew T 22T Q00T 'S 0r0 9% o8 P

Zrzz 0006 €rgg Wrrz 00w} Llv€r CrEz 21% 8v1z L'8T Lv9z £+LE 8ezc 0782 00 l'BZE N AV | AALNS PIE $AN
Cjeee T ¢ L z 87 0¢ $X4 oL 87 3 8 $ z 0 € u W
$6'Tz 1+f¢- 00 00 f7rey ¢'GT M°TIZ 6+0¢ §°T7 . 6'€EC 9+yT €+'8T O'LT 8'ZT C€rpE 0°0 § OIS

Ovwg Q<Lo Qr0p 0O'Q S g 94BT T°LT 0454 b1 G'EZ T'9¢ 9'Lg €£'¢¢ 0'Ce grqs 000 TAY Asarns pug

88z ¥ T 0 e 6 81 Zz 8 0T 47 1L Ll LT < 1 i

F 1Lt €eLy &79r 7iig 00 £'w  L'el G°uT 00  w'L Gl TUIT 04T SHT T'6T 0°0 018

9:¢z 6+0g €+l7 0'0¢ 070 w8  Dr0S Ce8g Oroz @'8€ gL 2riz Tr2z e'zz e-0i 099 0 gAv Loaans 2T

L9z g S € 0 < & ¥ 1 ¢ 2 27 6Ny T4 ¢ 1T u

§Te6T Bebz Grzz STCT Utgr 9UIT 90T 09T TECRT 6*CT U TrzT Q04T w97 9°'TZ 8'RZ . T'Ic f OIS

L'1z 9tze Orez T'lp €'9T 9'ET S'eT 067 TLT &*0Z ge0z éb'bg Lrzz 6'9z LrgE 1'€€ | FAV aBeiany

£€11 L¢ Ty iz Lz 1= 19 98 SL we 92 €L LT  0IT 16 6T u

167 Lreg Orizp Utwy CrgrocogrEr 90L 01T BT 6'%T Bery 0+8t 649y - AtLZ 6'YZ g6z ) OIS .

g9 TeZg L'ZE S'LT f'eT SUET L6 9+81 &*6T 0'ZT €r1r L*hT €2k 4'6S L'l 9'0c § AV RIS Uit

TLRZ WY et 91 01 TT- #¢€ 62, 8T €1 8 ka1 b §T 9t 4 u

g7CT £rlz 0*L 6%y Ltg .65 wrgl 944 L*0T T'2T 8+g  L'9T H'ZT L°L 8wl 9'%tc Y OIS

6t Otwy D2le Begy Brgr TUB., ' Lezy 24T €'8T LeCy €'€f w09z 9'Sz ¢euv otwe § gav | Aeamspig TIVH O Lt

g8z ¢ T &4 8 01 31 <c ) ¥Z L € L < ;] 4 u (TdIW)

Legy Ur9y £re &Ly Hrg o 7'E O'¢T Ze4E Loz 9'8  zrzr 2twT 9'€T 2'€T 1°64¢ 0°'0 § OIS

€16z 0e9z Brrz Lizg 8@t brar Srer L0l L*1z w*2T Orgz Y'gz €regr 8tlz 9+9f 0'C B gay | . Aeamspug

jeLz 2 # £ ¢ Tt zT 6T L g 01 Zy k) ze- 14 0 u :

28T 96T TrwT ¥'6  Echy QLT GeZC BeET 0r0 7 0'0T Cep 2 6e8  HelT grly gr1Z 900EW oig |

*6T Z°Tz Q'zTT T'TT LT Ltz O'0E 9rbZ Otgz 006 0+0g Oviy gr6y 2087 2:12 A9¢ Y gav Aaalns 187

85z 3 BT 5 ki g ¢ e T 4 1 T L gs S G u :

o . . SUOTLI

TYLIL RNN OMN Mim M MSHM.  WE Hss & 38§ 3§ 359" 2 ENT- TV NN N Wlvs § WAl _Aoarng BULOTUON

{ (W /37) uonEMap PIRPUEIS = 51 "SUOLIDSAID PUIM WO ASAINS PIOI] WIS JIOUS BUAND UOIIBIIUSIUOD WIS Jo souspuadsg 6-7-A SIQEL

(MI/BT) 28rIoAY = AAY
858 JO sToqUINU 2 = U




1ST~OBSERY

' . o—o
SPM MP1) I T C HALL Iep onsERY.
S S »—x 3RD-OBSERV
# g _ ' ' ¥%—¥% 4TH-OBSERV
80 -
§0 -
40 - 8
20 -
0 ':‘ T T T T [} [ T T T T T T T LS T 1
cC N NE E SE S SW W NW
' ' o ©-® 1ST-OBSERV
SPM MP2) N U S &—a 2ND-OBSERYV
. %—X 3RD-OBSERV
#g/u %% 4TH-OBSERV
840 -
m
60 -
40 -
X
20 -
*
0 A T T T T - .: T T T ¥ = T T 1
c N NE E SE 5 SW w Nw
_ 2 A ANV AN ®-@ 1ST-OBSERYV
SPM MP6) NANYANG T L Sy
N %—x 3RD-QBSERV
HeSu . %—% {TH-OBSERV
80 - =
60 -
40 -
¥
&
20 - _
S
A5
i} 13 T T T | — T & T T T T T T T T T
¢ N NE E SE- s W W

Fig., V-2-11 Dependence of SPM concentration durmg the short term field

survey on wind dlrectlons
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Fig. V-2-12-(1) Dependence of SPM concentration during the 1st short term
field survey on wind directions

7/25\ -
J

Fig. V-2-13-(1) Wind rose during the 1st short term field survey
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Fig. V-2-12-(2) Dependence of SPM concentration dt'n-ing:the 2nd short term
field survey on wind directions

Fig. V-2~13-(2) Wind rose during the 2nd short term field survey
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Fig. V-2-12-(3) Dependence of SPM concentration during the 3rd short term
field survey on wind directions '

Fig. V-2-13~(3) Wind rose during the 3rd short term field survey
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Fig. V-2~12-(4) Dependence of SPM c;oncéntra’tion during the 4th short term
field survey on wind directions _

Fig. V-2-13-(4) Wind rose during the 4th short terin f_iéld survey
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V-2-3-2 Dependence of SPM concentrations during the short term field survey

on wind velocity ranks

Table V=-2-10 and Fig. V-2-14 éhow the dependence of SPM concentra’cién during each
short term field survey on wind velomty ranks. The results show the tendency that the

greater the wind velot:ity is, the lower the SPM concentration is.

Table V-2-10 Dependence of SPM concentration during the shor_{ term field- '
survey on wind velocity ranks

. Wind velocity ranks

Monﬂoring . ' — ; ) '
L Survey Ttem | O 0.5 | Lo | &0 -[3.0 |40 |60 mfs
stations — - 0.4 | -0.9 | <19 { 2.9 | 2.9 | 5.9 |over | A7
(MP1) Ist survey n, | . &) 20 108 107 37 1| . 288
J.T.C. HALL AVE | 368} 28.6 ] 209 § 171 } 16.9 | 132 - f-19.%
| SIG | 30.6 | 28.0 | 20.2 | 13,0 [ 13.6 | 96 18.2
2ndsurvey | on |- | 12| 719 16| 52| 13 : 272
AVE | - |31.3( 285 (23.2 (248 | 209 - |53
SIG | . |15 ] 206133 116 99 16.7
3rd survey n 5 18 63 | 117 41 24 288
. AVE ( 34.0 | 29.8 | 19.1 | 141 9.2 [12.3 - 15.3
_ SIG | 33.8 234 135|107 | 74| 85 13.8
dthswvey | n | 9| a4 112] 74| 43| '3 287
: AVE | 30,6 | 33.7 |:35.9 | 166 [13.2 | 106 - 26.6
sIG | 29.5 | 28.4 | 285 | 13.6 | 101 | 8.1 25,1
Average n 19 94 | 362 [ 414 | 193 ) 53 1135
AVE | 331 | 315 | 27.2 - 1.9 | 15,8 | 14.4 - 21.7
_ sia [3taf26i|232 {130 (140} 98| | 195
MP2) Istsurvey | n |- 1| 15| 65| 106 | 64| 34 2 | 287
N.U.S. AVE | 66.0 | 34.2 [ 30.2 | 26.1 | 21,2 | 189 175 ] 256
SIG | 8.0 §19.2 )18 | 169 P4l (139 ] 15 | 1A
ndsurvey | n | 1| 13| 52| 108 | 85| 29 288
AVE| 0.0 | 26,9 | 365 (382|318 |24.6 - 34.0
sic | 0.0 266 | 24,4} 2001 | 20.1 [ 133 21.3
3rd survey n 3 9 551 116 53 .1 45 ki 288

AVE | 32.7 [ 24,2 | 23.8 ] 22.4 | 243 | 106 12.9 22.2
SIG | 26.6 | 13.1 | 15,0 ] 12.4 | 14.4 9.4 9.9 13.4

dthsurvey | .n 5| ] 13| s | 45| 30 288
: AVE | 8.8 | 55.7].32.3 | 205 | 19.5 | 14,7 - 28.2
SIG | 4.7 |39:5 | 26.8 | 274 | 183 | 1LY 26.5

Average n 10| 48| 285 414 | 247 | 138 -9 1151
AVE| 20,8 | 353 | 31.0] 28.9 [ 25.2 {187 | 13.9 | 275

SIG | 24.2 | 28.9 | 23.0| 202 | 17.9 125} 9.6 | 70.6

{MP6) Istsurvey | n 301 132 104] 177 - _ 283
NANYANG.T.L AVE |:29.1 [22.7 ] 123 14t | - - - 19.0
N sig | 19.5 | 18.8 | 143 | 101 | | 179

2nd survey n 13 71 172 15 : 271
AVE |-30:8 | 43.9 | 36,6 | 443 | - - - 38.7

SIG | 21.4 | 22.8 | 22.9 ] 28.5 | 23.4

3rd survey n 43 1 91 121 22 9 1 287
AVE | 351 | 32.9] 24.1 | 15,5 } 23.3 | 20.0 - 21.9

SIG { 1873237} 174 | 104 [ 13.7 | 0.0 20.2

4thsurvey | n 42 | w08 | 121] 16 287
AVE| 36.0 [31.9| 23.3 | 122 | - - - 278

SIG | 14.2 | 23.0 | 23.1| 9.3 22.3

Average .o 128 ) 402 518 0 -9 1 1128
' AVE|{ 33.6 | 31.2 [ 25.7 | 20.67| 23.3 | 20.0 - 8.2

S1G | 18.1 | 23.0 | 22.0 | 20.3 | 13.7 | 0.0 2z.1

n;  The numbers of cases
AVE; Average (pg/m }
SIG; Standard devlatlon (]Jg/m ]
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