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{0 The Progress of the_Stl.idy_ |

In August 1979, _the techmcal assxstance consultat:ve meetmg was held in Smgapore:
and Jurong Town Cooperatmn (JTC) who attended in the sald meetmg has requested_
J apanese Government' to extend 'it_s techmcal assxstance for - the study on the_
-envxronmental effects of coal flrmg power statlons and mtegrated steel n:ull Japanese
Govemment has a.351gned J apan Internatlone.l Cooperatxon Agency {JICA) to carry out the
' study proposed by JTC through the Govemment of the Repubhc of Smgapore. _’i R

JICA. has sent a prehmmary survey missxon of 7 memhers headed by Mr. Ichn-o '
Kikushima, deputy dn'ector of Pollutum Control Gmdance Dlvxsxon, Industrla.l Loeatlon :
and Pollutmn Control Bureau, Mmlstry of Internatmna! Trade and Industry (MITIJ for 13
days from December 8th to Z.Oth 1980 to the Repubhc of Smgapore. .The prehmmary
survey team has d1scussed the matter wrth JTC, counterpart of - Smgapore sxde, and
entered into agreement s1gn1ng on SCOPE OF WORK and the Mmutes of Meetmgs,

which the’ followmg matters were conflrmed.. ;

(1) Total tune schedule for the enwronmental study T S
(2) The descnptlon of the study (term, survey 1tems, survey areas & atc.) |

(3) - The: deserxptzon of s:mulatmn (term, s:lmulatlon Items & etc.). : i L |

(4) _Contnbutxon of Smgapore snie (cooperat:ton for fleld su.rvey, collectton of data

~and mformat:on matena_‘{s and soon)

JICA has conducted, accordmg to the SCOPE OF WORK and mutes of Meetmgs, the
field survey on ‘water quahty and sxmulatmn works on Chemlcal Oxygen Demand (COD)
and thermal efﬂuents durmg February to December of 1981._ F ollowmg to the survey on
water quahty, the f:eld survey on air quahty a:nd s1mu1at1on” related to’ Sulpher Dlomde
(SO ) have been ca.rned out dunng June 1981 to March 1982._ |

Through the progress of the above survey, the Govemment of Smgapore has requested
Japanese Government to conduct the additional study on partlculate miatter in order to.
make the study more ccmprehenmve in 1982 and the proposal has been approved m .Iune
1983. ' ' - o '

() Summary of Field Survey

The field survefi‘e eonSiSted of (1) short te:."'m 'fl;e'ld'snrney.-t.d m'oni'to:r the particulate
matter at as many pomts a.s p0551b1e for 1dent1fymg the concentratmn dxstnbutxon of the
partzculate matter.in the ob]eot area, and (2 Iong term field survey to monitor variation -

of the particulate conce_n_tratm_n in comparatwely lo_ng term.



In the short term field survey, monitoring has been conducted for 14 days each of 4
times a yéar (December 1983, March—June-Septem‘ber 1984) At 20 momtormg statxons
shown in Fig. (I)-1, total partleulate matter (TPM) and suspended particulate matter
(SPM) have been monitored by high volume sampler m terms of dally average values. And
at M‘P-l 2 and 6, the momtormg of size dlstnbutmn of the partleulate matter has been

_conducted by Andersen sampler (average value of 12, days)
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' Besides the above, chemlcal components (33 elements, anmn, elemental carbon and
organic carbon) have been analyzed in Japan b}r the samples (:ollected TPM for each one

day of each field survey. (20 points x 4 field survey)

In the long term f1eld survey, momtormg of SPM, SOZ’ ‘wind dn-ectlon & veloczty,'

_ ola: & net radxatmn and temperature have been conducted for one year from December
7th 1983 to December 6th 1984, each in terms of the hour average values. Table (m-1

shows mumtormg items in each momtormg station.
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0 10 km
MP1 .Ttmmg Town Hall ] MPll  Chong Pang Police Post
MPZ  Nationzl Univenlty of St‘ngapore MPIZ National Institute of Commerce
MP3  Bukit Merah Flatted Factory Block 1 - MPi3 Macritchie Rerarvoir Water Pumping Station
MF4  Boon Lay Apartment Block 200 . MPl4 Kallang Flatted Factory Block 3
MP5  Jureng Hill Top Restaurant MPl5 Esst Coast Swimming L;gocm
MP6  Nanyang TechnologicalInstitute ) MP16  Ang Mo Kio Flatted Factory Block 5001
MP?  Bukit Panjang Police Post MPI7 Paya Lebar Police Station -
MP8 Lim Chu Kang Marine Police Post MF18 Changi Community Centez, 16 km Changi Road
MP$-  Kranji Sewage Treatment Plant . MP13  JTC Bedok Flatted Fictory
MPIB Seletar Reservolr Water Pumpmg Stamm o © MP20 Singapore Oftahcrre Petroleum Services

Flg. (I[) -1 Momtormg statlons for TPM SPM at short term fleld survey
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Table (I)-1 ‘Mon_it_oring ité.ms' by stations

.Mnnitoring' Moni_tored' a Monitored e
point . ftem pariod . Mcmitarmg mathiod
MP-1 te'dd | TPM ' Each 14 days’;| Daﬂy average by high ..
) _la:-ith lleid =N volume samptur :
. SOM . Each —1; ‘d_iy: i Dady avenge h7 high
D :| 1st-4th feld - | _yolume sampler with
oo Lo | sureay o v clon 3 :
Metal - Each 1 day of | Newtron activation,
elament, laz=4th field . |. X-ray {liorescancs, .
negativa - qur * {on~chromitographys
fon, darbon |1 : differential tharmal
MP-l, 2& & | Size dis= Each 12 days - 12 days average by
o tribation - | 1at<4th teld Andqrsm sampler
af TEM . © | Survey T L
SPM 12/1'83 to ‘ an 4ho1.'!r_.‘a'v‘erag'e_ by
. - S 12/6 84 ‘Bata ray analyser
MP-1, 2, 4, . S0z - ditto ~ One hour average by
5,7 14 & ’ . 507 analyser
20. Wind . p-ditto- 19 min. trans. average -
‘direction IR _by'a.uembme'ier :
& velocity IR
MP-1 Tempsraturs | = ditka - : Thermometer at 2
L : heights
Changl Solar & net | = ditto - One houi average by -
airport radiation ) - solar % net radiation
abservratory : . - | meter .

(-1 Summary of Short Term Field Survey Rasults

.

| (1)

TPM and SPM éoncénh_-aiién by high volume sampler |

Table (11)-2 and Flg (II)—Z show seasonal average concentratlon of TPM and SPM
monitored by high volume sampler. From the survey results, concentratmn at |
'MP-? (Buklt Panjang Police Post) and MP=17 (Paya ‘Lebar Pohce Statmn) are
found hlgh compared w1th ‘other statmns. The results are suggestmg ‘that these
two stations are located near to main road side of heavy traffxc a.ncl they are
influenced by automobﬂe em1351on gas and partlculates wmded up by the traffic.

No remaxkable dlfference ca.n be seen in the concentratmn of other 18 statlons.

Table (II)-Z. Seasonal average concentratxon of TPM and SPM momtored by

“high volume sampler
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Remarks: concentration is averaga value of 12 days
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Fig. (-2 .Se.a'_son.al average concentration _p'fr TPM and SPM monitored by
high volume sampler

(2) Size distribution of TPM by Andersen sampler

Table (I)-3 and Fig. (ID-3 ;_ixow concentration of the paxticulét’e matter by size
monitored at MP-1, 2, and 6 (ave.rage'of 12 dé.ys) Ff&m- these ‘result.'s, particles
under. 2.1 mlcrons {fme pa.rt:cles) are 60%, partlcles between 2,1 to 11 microns
{coarse parncles) are 30%, and the remammg 10% is. pa:ttcles aver 11 microns.
The size dlstrxbutmn of the pa:tlcles shows in most cases the peaks at 0.4 micron
and 4 microns. And at around 1 mlcmn, the bottom 1s found. These 2 mountains
type dlstrxbut1§n of the partxclﬂs are- qulte sm:ular to the - remlts of momtormg

conducted in many countries including Japan.

In general, coarse parficles larger than 2 m.ic'rons é.re drigi?ia_ted: from natural
background ‘(sbil"-windéd,ﬂ sea salt, volcano '.a‘.sh_, botanical seeds and so on) and
man-made spu;'cés (particulate from 'mechanical.processes, parfitu'late winded up
by traffic, combus_tipn' facilities). Fine particles smaller than 2 microns are
considered to be origiﬁatéd' from man-made sources (combustion facilities,
internal combustmn engmes a:nd S0 on) and secondary particles reacted
chemically from the gaseous substances in the am!nent.

Judging from these facts, the 'pa;r'ti_culat_e, 'mattér; .contributing to' the
concentration at each monitoring st_.atio_n' is mainly from natural background.



‘Table (-3 TPM concentration by particle size monitored by Andersen samplér

‘ fuhits ug]msl

(3)

Particulats siza : 1at survay : 2nd survey . . Irdsuevay - | . dthaurvey.
Classify | Stage | Rank {um) | Mp1 [ mpz [“mpé | mpt | mpz pumes] met | mpz ] upd | wm | wpz | med
& [ 4,63 [ 1,90 2,29 ] 404 ] 2,68 [ 435 | 331 [n719 [466 ] %8|z a6
Coarse [ -1 [ro-~11- ] Z3s | w2 {otaac]onradonss | iae 2oy | 1300 ] 227 fovss [ode | e
2 ]47-70 | 401 | 18z [270 | 300:0 273 | 2347) 275 {26t {420 | .01 §:228 | 2.54
3 |3.3-4.7 3.60 | 2.84 | 4.54 [ 5820235 6227 a.53 | 481 | 67270 500 207 436
4 (21=-33 7| 234 a6 | 259 433 392, 425 1 501 359 ] 490 180 | 3,56 | 335
Fina ¢ Jrui-20 | so0s | 233 {278 | 350 ] 284 | 488 | 338 ] 282 | ar | s |aes | a4z
6 jos-1y |18 | age | 2ee | 2es | ovee {ave | ores 148 | 204 | 28 | 137 | 2,26
7 |o43-0.85 | 093 | 316 | 400 | .534.] 1.6 | 738 |27 [ a8 ]850 | 437 |onzs | sa2
8 -0.43 { 1529 [1L09 J10.46 [18.39 [20.39 [17.54 ]15.91 ]10.95 [13.74 16,99 fis70 i12.83
Total - . | 40.0 - {29.4 (332 1494 l39.6 js2.6 ta83 {123 |are lasa - |28 394

Chemical compbnents contained in particulate :ﬁatter

Table ()4 shows the results of ahalyéis of 33 metal e_leme_hts, .anion; el_émental_

carbon and organic carbon by neutron ‘activation method, X-ray fluorescence .
analysis, ion chromatography analysis and differential thermal analysis from the
samples collected each one day of 4 times short term field survey by high volume

samplers.

From the results, sequence order of concentra_tmn of chemzcal components are
found as; C, Si, Cl, SO 4 2 Cl ‘Al - which means the concentratmn of soil, sea

salt particle, secondary particles are comparanvely found higher.

Table ()4 Avetfa'gé' conceh.t‘z'-a'tiroﬁ of chemical i:ﬁo'rnpoqents of parti‘r:ulé.te matter

{average values of MP-1 tQ.MPQZﬁ) .'

.o ol orvey - . nd sy - | - Fedworrey sty . | Arsags of Tow pemys

Metbod of e
smalyrie Avireps %g“uuk Avenge gs“mm Aversge g;g“ml-ie Gcolnmie Averiga ﬁ,ﬂﬁ"m‘
AKX .65l L 483 L {0 |- . 0, |15 § {1y hdls 1 il I, ¢4
Al 1A5 803 § SAMNL | pieE 0 | AN T26 F ISTAGER [ GILIEN 134,
At LT Lye [ - LEs 1 L T LAY Tk 5
[ X 15, 18 -3t ', 1888 T, 384 qt, 363 3
nr - 154 6. 184 151504 $3. 413 192. 5358 L8
Ca HETRT) [HETTR RO R TR FEI AT K IR
c4 pasks | Latrs ]t S| L8 T
Ca 50 RN E 4 i ‘1L
cl AT G0 | dead. 420 ] 1330500 EF MR D) -ye 4 | 1S
Ce L 14 L1318 - 4405 18 .313 4
Cr Lt | - Lz L) 5.4 . 139 =4 1%
s . Ha 43l - 80 (N Xritls B
§ Cu . 1. 164 H13 (1IN .67 L4 1 s
fa npfat 31,588 LR HEE & ittt 1920, 15% .
5 ui : 187 e | aass bl - kgid ] e
4 X 13468« | I3 AS3e | O UTE 600 - 359 90fa £ 4)5. 508 L
i CUmane] Cenme] resst e b RSB
I N [ R LR TALE I 411« ;. e . 4832 w4
3 Ha 2% 18 19% 38 17 13,718 LR N
E - Ka F133. 404 TIT. 23T | 1ETR. 59| JRR 42 [ ) 1,
&l Mi Sike L {544 L0t | -3 25 i NSe] 2
1) 1] i EXREEE N X1 s
tc 1t NH A TR BT )
L ¥ [} H LA , 11§ N .
Sa 3 X - N NI N
Th n 3 . A L3 - 8. 358
T [} 14 14508 164,91 FL A
V. H R in AT . 1. 483
L] il H i Tk NI ERIN L
. Za 125 K825 138 554 H. ¥ $L815
Xaay cd 455 |- ;{0 Lue b L 3915 , .
Noware Pd agfs’ 130358 RSt 137158 145, 24 6T USROS 199,469 1 0L & 233,044 |
(ol N | . [ter. 530 | 1615751 AP SO0 | 1508804 | (285 000 | pi22.554 1680008} 665035 § T Iie rllll 4
Lo i THS 600 1 5106000 ] sede.od | TSR 83 STAL 500 | IR 020 | eaTsn.o0e | LRRRA. 493 - 8358 €23 (- TH. E1i)
foa - ci- Hli lll RN 113,433 AR 1T " 45,304 s.115 | nze s WL 5TH
shecmals. WOy - Fagsat| 5100 HIRIT] 14600 1503, 114 £i4. 050 [{IR]] ST 84 ilﬂ.!“ E975. 512 EH T
aghy 30, " . 1&!5 WD' mLan 1515.0H 51 115008 F LI ] M0 1507022 | 2 3M UM, 1Y
TFN TEM Agsat) WS AN e RNl 838 | om st | dLTi W.eas | 9
Diffscerdal [Elernentale] 12,345 XTI A [T 11313 i §15 l.m R X 15, m Conkant | it
H theeral  |Qaanie ¢ - i1 44 e A3 ]-onses ] cxmr o osad b4 Lt | im
snalysis Tolal g saet | 14363 R ER T A S 0 R I .00 § 4 iES .4 L ill .50 15151
TPH Ted T340 iy IS . 11 5.1 LNl 15578 7.1 BiAL

Hoatas . {1} Umoi‘nlum'urn uln'med far avtruging with data belaw detection Hmit,
{2} * marked wiven Fala over SD% aze found balow uelscilan it
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()~2 Summary of Results of Long Term Field Survey

The effective monitoring time by station and by item is shown in Table (-5, Every

station and every item are well exceeding the standard (6,000 hours).

Table (I)-5-(1) Effective monitoring hours of SPM

Monitoring station | Effective hours Monitoring rate

MP-l . 1,642 hours . 8TO%m
MP2 3,166 b 910%
MP4 - CoT818 ' B TR L

" Remarks: Deceﬁﬁe_r Tth 1983 to-Decefnher .6th 1984 = 8,784 hours

Table (I)-5~(2) . Ef_fe_ctﬁé hzbniforilng hour of SO_Z'

: Effective’ |- - . .
Station | monitoring | Monitored (%)
. hours (hr} o
MP-1 | 8011 hours | ° 9L2
. ‘MP-Z. .| T645 houss 87.0
MP4 | 8229 howrs 93.7
MP-6 . | 7515 hours 85.5
MP-? | 8302 hours 94.5
MP-14 | 8011 hours 91.2
MP-26 | 8445 hours 96.1

Table (II)-S-(_3) Effective monitoring hour of wind-di:ectiori and velocity

Etfective moniloﬁng hours " Monitored @)
Statlon - o | Wind T
Wind direction Velocity direction Velocity
. MP-1 8,376 8164 | 954 92.9
MP-2 8,195 8,080 93.3 | 920
MP< | 8,400 - 8,327 95.6 | 948
MP-6 8,006 8,006 .| - 911 9i.1
oMP-T | BT 8,316 96.2 | 947
" MP-14 3,180 . 8,128 - 93.1 | 92.8
MP-20 7,759 8,197 88.3 93.3

Table (II)-5-(4) Effective;mronitorir.lg hour of temperature 7

Station Effective monitoring hwf‘! 7 _Mc.m?tore_d (%}
) 1.5 m from ground | 30 m from ground { L3 m | 30 m .
MP-1 | 0 gul 7994 | 925 | 910

Table (IT)-5-(5) - Ef_fe_ﬁcfive mdnifo’rin'g'hou: of solar & net rz;.diation

Eftective monitoring hours | Monitored (79

Station L. .

Salar radiation’ Net radiation | Solar | Net radiation
Changi 8,731 T 8,431 99.51 960
ajrport oo




(1)

SPM concentration by Beta ray dust analyser

Table (ID-6 shows SPM concentration of each station by season and time, From

the table, the concentration of night time is found higher than daytime at each

station.

o

This adverse phenomenon will be dxscussed in the later part of the report, but it

is quite clear that the contnbutmg sources are different among SPM and SC)2

Table (I)-6 Average concentration of SPM 'by season and day/mght monitored

by Beta ray dust analyser

_ {unit: pg/m3)
‘Monitoring $ monsoon (4-10) 'i\l._mupao;ﬁn (11-3) . Annual
station Day | Night | Total | Day | Night | Total | Day | Night | Total | pac. 7400 - 17:59
() J.7.C. HALL | 200 | 263 | 23.4 | 26,1 | 29.0 | 201 | 22.81274 | 252 | yione: 18:00 - 6159
(2) N.U.S. 23.8 | 312 | 2.8 | 29.1 | 325 | 30,9 | 26.0(31.8 | 29.1
{6) NANYANG.T.L | 20.7 | 324 | 27.1 [19.8 | 308 -] 258 | 20.4|313 | 26.6
Monthly variation and hourly variation of SPM concentration at monitoring
stations are shown in Fig. (O)}-4.
TITIT Neriaeny e
vosq  MPD LT C HALL vore  OPD LTC m‘f.m‘“""'
50 50
40 4
B R
18 '
] — - - v 0 el g ey
S22 45 ET N 8012y IJSTi!llilSITISIIZSHQUR
e MPH N U S . MFZ N U S :
a0 10
40 - - a0
30 4 0.1
20 4 19 o
10 4 18 4
] e P e 0.‘:.; e vy
12345818 8101012,y 13 5 7 8§ 11131517182123 yqup
yesa MPE) NANYANG TL resu MPE) NANYANG T L
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Fig. (-4 Monthly and 1murl'y average of SPM cnncentratmn momtored by

Beta ray dust analyser



From the "figu.ire, the concentration of March/May and October/November period
is found higher at each station. This tendency is similar to that of 'S'Oz.ﬁ The
daily variation pattern is found almost similar among stations, having its peak at

9 o'clock.  And no difference between daily variation by season is found..

(2) SOz.'concentration a.nd'o'_thers

_SQZ' 'concenfratio'n,' wind direction & veloéity_ and so on ar_e' .£Ouﬁd3c{ni‘te‘_'.simila.r to"
the results of pravious survey which was conducted diring July 15th'1981 to July

14th 1982. An example of these results are shown in Fig, (I0-5 to (I)-8.
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(I Summary of Simulation Results of Particulate Matter

The relation between' emission sources and ambieut concentration. of air pollutunts,
particularly in the cases of gaseous substances such as Sulpher Dioxide -and Nltrogen
Dioxide, have been determined by the ;ollowmg processes. '

(a) obtain the ermssmn sources - data of the present and reproduce ‘the present

concentrahon by air d1ffusmn model,
{b) compare the above with the results of field mqn:tormg,
(¢} when the correlation between them is- confirmed, proceed on for future
'predxctmn puttmg the necessary data, and then

(d) after diffusion calculation, assumption of future contribution by sources are
‘obtained for evaluation. )

However, the same processes camnot be applied to the sﬁmulation.of parﬁculate

matter by the folldwing reasons.

(a) the emission sources of the partlculate matter are widely dlstnbuted and
1mp0551b1e to determme the emission volume from each source. The sources of
the par_tlcula_t_g_ matter are soil, sea salt and other natural background besides the

particulate from the industrial activities, and other man-made sources.

(b) pi-oduting mechanism of sei:or_idary particles and removing mechanism are not
ye:t fully identified scientifically.
{c) the new diffusion models should be developed taking the falling by gravity into

consideration,

Under the circumstances, the monitored values obtained through the field survey in
this study are taken up as the basic data representing the present concentration and
diffusion concentra.tlon of the proposed coal firing power stations and mtegrated steel

mill are added on the basm data to predict the future concentration.

The concentration of the particulate matter at the mesh points except 20 stations
have been assumed by interpolation methods, and further particulate concentration of the

proposed new factories have been polymerised on all the mesh points.
As the particulate matter are fallen by gravity in balancing condition between air

resistance and gravity, the new diffusion model has been developed taking the fallout by

gravity into consideration in this study.
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" 'Further, _Millier' ‘ot al. have proposed the assumption method for determining
contribution rate by sources used "receptor model”, and $0 ‘ix'itiiis"sﬁixdy,'_tﬁe ‘assumption. of
contribution rate by sources has been carried out, using the data on 'é.na'l.y:sis:'df;che:rﬁiéal

éomponents of the particulate matter,

(aI)~-1 Emlssmn Volume of Partlculate Matter from Coal F:rmg Power Statlons
and Integrated Steel Mill S

Table (]I[)--l" shdwé the emission . volume from the coal firing power stations and
mtegrated steel mﬂl of whlch was agreed between two countries. As’ the particulate
matter is qulte dlfferent in chffuswn behavxour by the 'size of partlcles, the ‘emission

volume by the size is also calculated.

‘Table {m)-1 Emission"factbrs of coal Efi:i_ng power statxonsand integrated steel miI_I.

A I N P B e N o . P T Ewisedon rebime by e
. . Srach | Stacx | Gaal [ 0as . - X Comé . | Farticalate A .
Plmat & faciHiles Ha. ) ;r' ;:ﬁ helgat | dizmetar | rpedd | temp g;;}'y;;“. Treatment facilivy - {‘m,g:;;]h volume okctiad H -
. . R e 1) ] fnfﬂ [~ Dt . . R eg/n) vader |, 0 Lo aafover 1
B RN e N P - : . N R Eym pU7 10 Bym |
SERAYA POWER STATION | 41.] "' 2 T3y AL qy 25| o isef  zaseeme |- ER R S B k) Asl e lva lia
TEXONG POWER STATION | " 641 . 1 W3 | 136 | 28 |. 150| e4v0,400 [ ER T 008 . 320 . | 4z | BES |12D ) 13
TEKONG - |[Grite Kiln | &5 1 170 [ XY ED) 160 5,000,009 [ | E.F. [XI0 “900 0.1 | 2883 | 9367 {714
m‘tﬁ";&m Ruvaating {65 1 16 | 148 36 | 500 3,000 [ Hot inntailed . o S .1 44| 13| 0z loa
; Fumzce . C. L ) N R
Elactric Are] 5 3 128 6.0 [ 120 | 1,800,000 | Bag filter - 0.18 24 .} 100 (1700 [ 134 | @3

(Im)-2 Résults_ of _Simuiatio'n '

Table (IN)-2 shows the contr:butmg concentra.tmn (yearly a.verage) of TPM and 5PM
from coal firing power stations a.nd mtegrated steel mill w}uch ca.lculated by air diffusion
model. The largest ccmtn'butmg concentratxon is found at MP-—ll (Chong Pang Police
Post) both m ’I‘PM a.nd SPM Whlch -is located in- the north - of Smgapore. Those
concentrations are 0.40 g/m of TPM and 0. 30 g/m for SPM. But m any case, the
contnbutmg concentrahon is very small. T

Table (III)-B éhdﬁvs ‘.':th'é I'S'res'ent" ﬁioﬁitored :com‘.:ent-rat'iént and contributing
concentratmn of coal f1rmg power statlons and mtegrated steel mﬂl, calculated by air

diffusion modeI, and summed up concentratxon for the future.

From the table, the contributing concentration of the proposed new factories is not

more than 1% of the total sources.
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Fig. (I1}~1 shows the present mesh concentration eétimated by interpolation methods
and mesh concentration calculated by diffusion calculation are polymerised into isopleth
which represents future ccmcentratmn of TPM and SPM by mesh, Because of the
contrlbutmg concentratmn by the proposed new £actor1es are very small, the future

concentration is not much changed with the present.

Table (]II)-Z Contnbutmg concentration of coal firing power’ statmns and
integrated steel mill at momtormg statxons

] _ . (Unit; pg/m®) -
Monitonan s Sfl:'{ier Concenr.ranon formerank (Unit; pgfm?)
QRIOTING stations Allsize 10 zm 2~10 20

- ) s diameter 2 pm < um l?m'l 0 E#m
(6Pl LT.CNALL LR 9,10 S0 005 0.6 | - a0z
(A NN 1] o.08 .04 204 0.%2 0,02
(03} SBELT XERAE PP, 0. 8,10 0.03 0,08 0.02 4.0
(NP4) 290X LAY APART 9.19 0.15 8.407 g.01 0.0 8.02
(4P5) JEROMG B1LL TOP 0.13 2.08 0.04 0.0% 0.02 g.02
(XPE) BAATANG. T.1. 0.1 012 0.06 0.07 Q.02 0. 02
{XPT)  BOXIT PANJARG MNP, 01 014 0.07 0.07 0.02 0.02
(XPE}  LIM CEU XANG M B P, 817 013 0,08 0.07 2.42 6.02
(MP9) KRAAJE SENAGE T.F, %19 0.15 0,01 0.08 n.a2 0.02

(KF10) SELETAL. LW 2.8, .20 055 ¢ 0.07 o.02 0.42 8.03 -
(HP11) CEDAG FANG P.7. 0. 40 8,30 015 6.15 0.04 ¢. 26
(NP12) RATIONAL.D.C.. 0,15 611 0.05 0.05 0.02 0.43
(UP13) NACRITCEIZ RN, P.S.. 9.1% ol 0.405 0.05° 0.02 [N X
THPLLY EALLAAG.EF, 6.17 811 0. 06 0.05 0.02: 0.H
(IP15) EAST COAST S, LAGAOA 0.22 . 013 0.a7 0.47 NS 0.06.
(F16) AKG W0 LID KT, oun 0.16. 0.02 0.0t A H [N
(NF1Y) PATA LEBAR P. S, 0.18 0.12 0.06 0,05 200 (X1}
(%P13) CEANGI. C.CENTER 0,19 0.13 801 007 0.02 0.04
oo oo | Aee19)y JTC BEDOX PP, - 9 ¢ I % = 0.08 2.08 0,02 008
(SF20) SI4GAPORE 0.1.5. 026 8,21 0.11 L 0.02 0.42-

Table (I})-3 Predicted concentration of TPM and SPM at monitoring stations
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e e el S o Ko
W L L (191 [} .1 s 0.10 0
{#p2) r o3, 5.2 an 3.3 .. 2.5 0.0 3.4
1#P3) ENEIT MELAE F.2, 66. T 1} 6.8 1 I 018 b1 N
(NP4} BEE LAT APARY - L{% .19 A4 3.5 0.15 a1
(823} 47003 TILL TOP .2 en T3 EI A ] 0.3 s
(NPE)  TARISAE. V.M. - £5.4 I &6.6 | .5 012 .6
(KPT)  BREIT PARJARE PP, CNLE- PR N | JE1% B 55.5 [ 1] 558
(NP3} LIX C20 LRKG X.P.P, 8.7 on 59,9 3.4 013 16.5
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(xPIdy SELZTAL L EPS, 5.0 R0 542 .0 [ H .2
(WF11) CHGEE PLIG TP, ‘1.9 [XTE % N 0.3 0.30 0.4
(RPI2) IATIONAL. LG £.0 0.15 §5.2 Y Y B I ILS
(HP§3) BACRITCEIE 2,9,P.S, 5LS [ ¥ T 1.7 L 30.3
(RPIL) TALLANG RF, 6.3 017 8.5 333 o 0.1 FEN
[¥P15} EAST COAST S. LAGGON "1 0.7 i3 pri¥] Bt na
(P15} ANG %2 XIO 1.1, 1 ] an S o 0,16 w2
(NF1T) PAYA LEBAR B3, .1 xR 1.1 a2t 0,12 12
(¥F13) CBANEY, C, CEXTEE 6.5 0.18 - LT 24 0.13 ws
{¥P19) JTC QEOOK 1. K. (7] 0.19 [ 18] 0.2 013 09
L OP0) STEGAPOEE 0P8, £3.4 2.26 8.7 25 L H %
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Fig. (M -1-{1} TPM future predicted concentration Fig. (I-1-(2) SPM future predicted concentration

(IM-3 Contribution Rate of Particulate Matter of the Present by Types of

Emission Sources

Table (UI)4 shows contribution rate of particulate méttér of the present by tfrpes of -
emission sources, estimated by Chemlcal Mass Balance method [CMB), a method of
receptor model, based on the average values monitored at 20 statzons and 4 times
(seasons) a year through- this envuonmental study. ((_'.‘,MB _method_ is equal to Chemijcal
Element Balance method) 7 |

Table (I~ Contribution rate of the present by types of emission sources

. Calculated | Monitored | - R
Ewission source walus : value Contribution
{ glmh) { g/md rate (%)
Soil - . 17.5 - 26.2%
Ses salt : 4.3 - 6.4
Automobile {Gasoline) 1.3 - 2.0
. Fuel combustion i.8 - 7
- Iron & Steel 1.0 - 1.5
Wastes [ncineration Be | - 0.8
Camented solids 4.0 - - 6,0 -
Total . 3.8 b6:6 45.8

From the table, it is 1dent1£1ed that contribution of, pas.-nculate matter is hxghest in
natural sources such as sozl, sea salt and s0 om, and sources of human actnnt:es are
contributing in low ratio. These results are very much similar to that of Japan. The
sources and their contnbutmn rate enumerated in the table are only limited to 45 8% of _'
the total concentration and remammo about 55% is not identified which is assumed to: be_
frorﬁ automobile (Daesel), secondary part:cu]ate and so on, a.nd at the present stage of

analyt‘lcal technology, it is unable to 1dent1£y.
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