. wheres.
QGzi-I: :

OGyit

Further,

In the second place, the flow rate QR under designed conditions
of rotar meter was calculated by regreésiOn Equation IT-3-15 and

obtained corrected flow rate QGZi«l and QGobi.

‘corrected flow rate under designed condition after adjustment at
(i-1) patrol (}/min)

flow rate under designed condition before adjustment at (i} patrol.

corrected flow rate under designed conditions was corrected with

tem.'perature at mbnitc‘aring by the Equation I0~3-18.

273 + Temp % QGZi-l

QGai-l =5 1o
. ' Equation IIT-3-18
e 273 + Tem .
QGbi = "ot OGh
where;
QGai-1: flow rate after adjustment at (i-1) patrol under temperature at
monitoring (1/min) A
QGbi:  flow rate before adjustment at (i) patrol under temperature at
monitoring (I/min)
Tot temperature at designed condition (20°C)
Temp: = temperature at monitoring (°C)
Air sucking volume Ri during {(i-1) patrol and (i) patrol was obtained by
multiplying elapsing time t, with the average value of flow rate after
- adjustment at {(i-1) patrol and flow rate before adjustment at (i} patrol.
. _ QGai-1 + GQbi 1 ' . .
Ri= 3 X tz % 1000 Eqguation II-3~19
Whe;re; _
RI: air sucking volume during (i-1) patrol and {1) ﬁatrol (m3)
tyr time elapsed during (i-1) patrol to (i) patrol (min)

An example of calculation results of sucking air volume by this method is

shown in Table IlI-3-27 {all the results are shown in part of reference),
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Table: I]I-S-Z.? An example of calculatmn results of air suckmg \re\lume of
Aundersen sampler :

_ AMDERSEN SANPLER ALRLVOLURE CALCULATION
SITE NOw- £.7: 70 % o Tl ROTOR:NO. - FBO320.

bATE - TIME.  LAPSK' STOP  HOFOR mu;ssuns CORRECTED CAL[[]MIED Flow
: TUHE  TIME “ METER DIFVEREHCE FLOW RATE. FLOW RATE ~ yoly -

- © {MINY (RIND C(L/MINY  (MR=HG) (LJHIN) (L78td) (nasyy
12. 9 -9 44 n S P 5140 ° 21027 T Y T
12 9 164628 . 421 4] 2i.0 51,0 2048 2844 1243
12 9 1s 47 F b 0 2.4 5240 2.2 Pyet
12 10 12 2008 119 0 214 52.0° 21,2 S 2%k 34,5
12 1012 20 . D 0 2tk 5240 ARy S AT
12 10 16 57 §  27¢ o 21,2 5040 4 B RS- LY S T
i2 1016 57 F n D 214k 5040... - 2142 .. - 2944
12 11 12.26 8 116'? i) 22.0 5540 21v? O3 3u,.8
12 11 12 .26 F n 0 2144 5440 2lal, 2%k
12 52 11 43 0 1197 o 21.8 SO0 ALY 29¢t . 4
12 12 11 43 F n o 214 50,0 - 21,2 L :
12 12 14 48 8 305 U 2144 5640 21a1 2743 9.0
12°02. 16 48°F 0w 2Vh T sk, 4 E I L S
1213 11 .6 8 1n9a v 21.2 5%.0 - - 20.%.. - - 29l 3444
12 1311 6 F 0 0 214 5540 3 T KRS 1 P S
12 14.12 YR 1497 e 21,7 5540 216 SRRt G, 2
12 441253 F. . . 0 0. 2144 55500 L 2. 1”‘”._:_29.5 R
1214 16 308 267 0 2.4 7 55.0 ER PR BSR4 N S 7.8
12 416 16 30§ n 0 C2144 S5 T1 NS T SRS TS SO
12 15,12 2% '8 1191 0 21,4 5630 ATV 20 3649
12 15 12 21 F f 0 2144 8640 210100 2v.
1215 16 258 - 244 D 21.4 R Y7 RS I R R 1 T ST T4
1215 1625 ¢ 15 ¢ - 2144 56.0 . 2lal L 29a5 T
L1216 12 35 8 1190 0 21.9: 56,0 T2 Y RS Y AR b P |
1216 12 15.F ] o 2144 - 5640 2.1 293
12 16 16 35 8 24% 0. 2l 5640 ARy 2943 7.6
12 16 16 35 F noot 0 2.4 .. 56«0 213 2943 )
12 t7 11 30 B. §135, 0 214 570 29.t 2945 0 33,3
12 17 11 30 ¥ i ERN NS PN SRR | 41 B P CL2Wed o
12 47 16 24 8 174 0 2i.t 5740 21.1 2%.5 5.1
12-17 14 24 f R [} 2144 59.0 211 29427
12:18 11 58 B 1294 o 21,2 59,0 20,9 290 3.7
12 181158 F A, 0 2.4 . 3%.0 FATN O 3 T
12719 92 13 97 1445 0 2t.8 7 5840 215 2980 k2.6
t2. 1y 123 F ¥ 0. 214 CSRL0 214 273 o
12019 47 28 7 299 0 21e8 §Be0- 7 Z1NS 298 T8B.B
12 19 17 2 F n 0 2144 - 58.0 2141 293 o
12 20 1§ 52 @ 113n U 2144 580 21t 29.3 35.1
12 20 11 s2 F n 0 2tk 58.0 . 21.1 293
12 20 16 37. 0 . 2RS 0 2144 570 St - o 29438 %3
12 20 146 37 °F n - U FAE] Yy 21.1 2943
122113 8 12 0 21,3 58.0 21.0 29. b 30.0

The total air sucking volume is obtained as the sum of air sucking volume during

each patrolling time.

N ' .
v = ZRi ' Equation II-3-20 °
i=1 )
where;

V: Total air sucking volume (m )
N: Number of patrols (excludmg the time of commencement of monitoring, and

including the time of completmg of monitoring)
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(3) Calculation of particulate matter concentration by Andersen sampler

The concentrafion of particulate matter was calculated from the {1 weighed
values (before and after monitoring) of polyethylene sheets and back-up filters
‘placed in each stage of Andersen sampler and (2) total air sucking volume, using

Equation m-3-21.

C =E%w%§'x 103 ' Equation II-3-21

where; .

We: weight after collection (of particulate matter) of polyethylene sheet and
backup filter (Img) o

Ws: weight before collection (of particulate matter) of polyethylene sheet and
backup filter (mg) -

V: total air sucking volume {m 3

C: concentration of particdlate matter (ug/m:;)

M-3-3-3 Results of monitofing of particulate size distribution

The results of monitoring of particulate concentration by Andersen sampler based on

the calculation methods described in Il-3-3~2 are shown in Table IIi-3-28.
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‘Table NM~3-28-(1}): Results of fnonitbring'of_ parti_cuiate:ICOn'cén-ifatian by
Andersen sampler {1st Field Survey) "

SITE-NO. 1 ROTOR NO. FUO320 - 1983 .127.9 ~ 172/2¢
STAGE DIAMETER FILIER ~ PEFORE ™ - AFIER ~ DUST: Sousi ACGCsbust
. NG, WELGHT * WELGHT WEIGHT CONC, CORG,
c - {um) . 4ME) CLHGY . (HG) {UG/Hexdy (UG/RAREY
0 1. =~ Jo1m0 L 25Bel7 0 28005 . 238 0 hugl 40,8
12,0 == 11, =1 276450 2.7y taeu 2ed 0 35,3
2 4T <= 7.0 tm2 - 265286 267:92 0 T 2.06 kw0 0 33.0
33,3 me 6,7 =30 253,88 2354737 1485 S 3.6 2.0
f 2.4 =~ 3.1 14 254294 296,14 1420 2.4 2544
5 1,) == 2.1 -5 2734967 218:57 . 2.6% 5.1 S 23
6 465 == 1,1 16 276410 277,00 - 0.90 1.8 14,0
7- W43 = 8% 1=7. 271.03 277,53 .48 - VIS 16.2
8 - W43 1-8  425.25 433,1% 7.86 1543 15.3
TSANPLING TIME = 291,4 (n)
ALR VOLUME = 513,9 (Mae})
TOTAL CONC, 3 40,0 (UG/Ha#3)
SITE~NO, “2 ROTOR HO. FBO320A 1983 127 9 ~ 127214
“STAGE OIAMETER FILTER  DEFORE _ “AfTER. . pU§T S pDST CACC.BUST
S © WO, MEIGHT  REIGHT WEIGHT CoNC, CUNC,
(UMY C (MG T nd (MG (UGTH2 3} (UG/HasY)
0 1. == ~2-0 27582 . 274,59 0.97 1,9 29.4
1 7.0 == 117 21 279407 - 2719:64 0.57 Tel 27.5
2 4l o= Tl 22 206,920 277,85 0,93 1.8 © 2643
3 3e3 == Aa¥ 23 260.T3 262418 1.5 2.8 2445
b 2.1~ 3.3 ‘=4 266401 - 267211 . 110 T 2a2 et
5 1.1 == 2.1 255 . 273,22 27441 1.19 2.4 19.5
6 L85 == 1,1 -2me 0 278,94 2Bo0.4d 1.50 " 2.9 17.2
7 L4} == 8% -7 278,52 280.13 1461 3.2 1,2
8 - Wb} 2~8 422,03 627,69 3uhb 1141 11.1
SAMPLING TIHE = 238,2 (H)
AIR VOLUME s 51,3 (Mex3)
TOTAL COHC, # 20,4 (UG/Mat})
SITE=RO, & ROTOR Mo. FBOIZ20B 1983 12/ 9 = 12721
STAGE BIAMETER FILTER  DEFORE  AFTER  DUST DUST  ACC.DUST
: - NO. - WEIGHYT  WEIGHT YEIGHT CONC, CONC,
| (UM (MG} {MG) {(NG) (UG/Merly (UG/HARS)
0 §1. =< 6°0 266497 268,14 - 117 2.3 33.2
T 7.0 ==-14y" =% 273,97 274,55 G.58 S 14 0.9
[ TY LA 1] b~ 2 256478 . 258,16 1.38 2.7 28.7
3003:3 = ha? 6=3 . 277.62 279.9% 2.32 A 2.0
b 2,1 .= 3.3 ‘64 28064 281,96 “te32 ‘246 22,5
5 tel == 2.1 &=5 263,43 264,85 1.42 2.3 1.9
6 L85 == 1.1 =6 264406 265,42 1236 2.7 i7.1
7 W43 -- .85 6=7 255417 257.21 2,064 4.0 T 14,5
8 o Lh3 <8 430.99 436,33 Sedh 10,5 10.5

SAHPLING TINE = 78%,5 (M)
AIR VOLUNE a 10,6 (Hea3)
TOTAL CONC, = 33,2 (UG/Ma+3)
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. Table II-3-28-(2) Results of monitoring of particulate concentration by
Andersen sampler (2nd Field Survey)

SITE=NO, 1 : ROIOR No. FROI2D 1984 37 8 -~ 3720

STAGE DYABETER FILTER BEFORE AFTER DUsSY pus Y ACCDUST
“NO. WEIGHT WEIGHT WEIGHT GoNC, CONC,
(1113 N (nGY {M6) {HG) (UG/M*43) (UG/MAxD)
D 11, ~= 1=0°  259.04 261,34 2.30 [ 494
T 7.0 == 1. =1 2641 2.2t U.R0 1.7, 4hak
2 4l == 7.0 t-2 254448 255.92 Tebh 3.1 2.7
3 3.3 == 47 -3 263,46 268,17 2.71 5.8 39,6
h 2.1 == 3.3 =& ITT.40 279,42 2«02 TR ] 33.48
S 1a1 e 2,1 1~5 259412 260,75 1.63 3.5 2945
6 W65 == 11 i=6 272,60 273,65 1.05 23 24.0
T «43 == L85 1-7 269.29 271.78 2 09 5.3 25.7
8 == 43 1<B Lhb.6%  653.26 8.57 tRa4 1846
SAMPLING TIHE = 2R4,5 (W)
AIR YOLUME 2 LHKO (Hes3)
TaraL CqQNC, 2 49,4 (UG/HA*TD
" SITE=NU, 2 HOTOR Np, FROX20A 1984 3710 .- 3720
STAGE DIANRETER FILTER REFORE AFTER " pusTt puUST ACCa.DUST
. NO. WEIGHT WEIGHT wEIGHT CoNT, CONC,
{UH) {HG) {HG) (HG) (UG/HMs%3) (UG/HxeS)
0 101, == 2-0 276,97 278,01 ~ taD4 27 19,6
1 7.0 ~= 11, z2=1 276413 274,73 0.60 1.5 36.9
2 4T = 7.0 2~2 265,87 266.93 1.04 2.7 3544
3033 == 47 2=3 271,87 272,78 .71 243 $2.6
4 2,1 == 3.3 2=t 2764495 276,47 1.52 1.9 30,3
5 tel == 2.1 . 2%5 253a47 254,537 1.10 2.8 2644
6«65 -= 1,1 26 20Lo2T 204,17 050 1.5, 25.5
T 83 == .65 2-7 27t.98 278,70 .72 1.9 2e.2
8 0 om= W43 2=8 £22.96 430,87 7.91 2044 20.4
SAMPLING T1HE = 234.6 (M)
A)Aa VOLUME 3z 387,9 {Hax3)
TOTAL CeNC, = 39,6 lUG/Hax})
ANNERSEN ALlR SAMPLER DaATA
SITE~NO, 6. : ROTOR No,. FRN32D0 1984 3/ 6 - /20
STAGE DEAMETER FILTER AEFORE = AFTER PUST pUSY ACC.DYUST
NO, WEIGHT WEIGHT WEIGHT canc, CONC,
(UK} {M6) (M5} (HG) (UG/M+a3) (UG/HARE)
0 1t. =~ 6-0 27176 274.00 2.24 Geb . 52,0
1 7.0 =~ 11, 6-1 260,03 261,00 0.97 1% 48.3
2 4o == 7.0 6«2 271.65 273.37 1.72 3.3 464
3 3.3 e= 4.7 &3 2F2.92 276.%12 3.20 ba2 43,0
& 2.1 == 3.3 © b= P& TS 276.94 2.1% 4.3 36.8
S 1.1 == 2.1 6=5 279.77 282,28 2.51 - 4.9 32.6
& L85 == 1,1 &6 2?r.28 2vs. 7 143 2.8 2.7
T w43 -~ 8% 6=7 260,96 264,75 3,79 7ad 24,9
8 43 &6~8 450,39 459,42 .03 © 1745 175

SAMPLING TIME = 33¢,2 (1D
ATR VOLuME = 514,8 (Mea3)
TOTAL falc, ¥ 52,6 (UGFHr+Y)
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Table I-3-28-(3). Results of monitoring of particulate concentration by -
"Andersen sampler (3rd Field Survey)

SITE=NO, 1 ;- ROTOR Mo, FNO32N 1984 6721 =~ - 7/ 4
STAGE DIAMETER FILTER  NEFORE. - AFTER:  DUST . pusT  ACC.BUST
. o HO. - wEIGHT  WELGHT ~ WEIGHY  ° TONC, . CONC,
L ' (M) " (MG (HG) (UGINa*3) (UG/MEXT)
0 1t - 170 248435 249,98  1.63 3.3 40.3
1 7.0 =< 11, 11 257,40 .°258,43.  1.0% S 2 37.0
2 4.2 =~ TN 172 272337 274422 . 7 1,3% 3.8 34,9
300343 v 447 1=3 250.84 252,58 CN,74. - 3.5 31,2
& 2.1 -~ 3.1 1m4 271468 2244200 2,82 - 541 2744
S 1.1 == 241 1=5 254,50 259418 - 1.60 3.2 2245
LS T T 16 264,75 7265028 0,53 141 193
7. .43 —= 185 Y57 20CTT2P1L89 1412 2.3 18.2
8 == W43 =B . 428,33 436,37 0 T.8% 1549 15.¢
SAMPLING TINE = 112,3 (M)
ALw VOLUME = 492,38 (M+ad)
TOTAL CONC, ® 49,3 (UG/Har})
S{TE-NO. 2 ' RUTOR Hn, FROIZ0A 1984 s/2t = 7/ &
STAGE DIAMETER FILTER nEFORE  AFTER ~ BUST pusT  Actsoust
e HO. - WEIGHT  WETGHT . UE1GHT COMC, . CONC.-
uny L {AG) L {MGY 0 (MG) (UG/HR*3Y (UG/H4+3)
0 11, == 20 267.80° 268.7% 0,94 1.8 32.3
1 7.0 ==, 2=%. 25423..256.91 . 0.68 1.3 30,5
2 4.7 ~= 7.0 227 (262,247 263.64 . 1340 7 2942
3 3.3 e=ho7 243 265453, 268,05 . 72,52 4.8 26,5
4 2.1 == 3.3 2e4 .0 252.6% 254357 0 1.88 S3.4 21,7
5 .1 == 2,1 2=5  262.12 263,44 . 1.32 T 2% 18.2
6 65 ~=.1,1 2-6 264,17 264,79 0,62 12 15.6
7 W43 == .85 27, 269,27 271,40 1,84 3.5 14,5
8 =- (43 2-8. 427.30 433.04 5,74 10,9 10.9
SAHPLING TIME = 31n,3 (H)
AIR VOLUME = 526,3 (Hexd)
Toral CoHC. a2 32,3 (UG/Has3)
SITE-NO, 6 s ROTOR 0. FOO3I2NB 1984 &42F = 71 4
STAGE  BIAMETER FILTER ALFORE AFTER nusy DUST ACC,DUST
Ho, LEIGHT "WELGRT WEIGHT . CONE, CONC.
(uM) i : (M6) (HG) {MG) (UG M43 (yG/Ha ed)
0 11, ~-- 670 261,08 263,48 . 2.40 4l 47.8
1 7.0 =~ 11, 6= 25%1.25 252442 1.17 243 . A5,
2 e == 7.0 =2 270,697 2F2.B3 . | 2.18 ta2 L0,%
3 3.3 .- 47 6-3 268,03 267,49 - 3.48 LY 36.6 .
Sh 241 7+ 3.3 B=4& 264,147 266,66 T 2.52 a9 29.9
5 1.1 == 2.1 =5 289u 24 20150 .91 37 2940
S W85 -~ 1,1 6=6 262,58 263,63 1.05 2.0 2143
7 .43 =~ .45 &7 261.88 284,71 7 2,83 - 19.2
8 ~- W43 &~8 1347 13.7

L2201 434,08 S r.07

SAHPLING TIMNF = Yin_g {H)
AlR voly#se u 514,5 {M+e3)
TOTaL CoMNC, a - 47,8 (UG/Hax})
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Table I1-3-28-(4). Results of .monitoring of pai-ti_culate conceéntiration by
Andersen sampler (4th Field Survey)

SITE=NO, | ) ROTOR HO,. FNO320 19847 9F13 - 9128
STAGE DIAMETER FILTER BEFORE AFTER  DUST pUST ACC.DUST
: NO. WELGHT ~ WELGHT ~ wELIGNT Coit, CONC,
[URY {MG) [HG) (MG)Y (UG/Makd) {UG/Ma*Y)
0 11, = 1=0 25945.0026125,00 1.80 3.8 45.3
1 7.0 == 1. 1=1 25398,0025473,00 0.7%° Tab 4145
2 4a? =~ 7.0 1=2 26041.0026184.00 1.43 3.0 39.9
300343 - 4,7 1=3 26360.0026602.00 2ak2 5.1 34,9
4 2.1 == 3,3 1=4 26217.0026394,00 .41 . 3.8 31,8
5 1.1 == 2.1 i=5 27128,0027311,00 1,53 3.8 28,0
& W65 == 1.1 i~4 26298.00248433.00 1435 2.8 24,2
T W43 == .45 1-7 25078.0025284.00 2,08 4ut 2144
8 R A | 1~B 42373.0043181,00 8,08 17.0 17.0
SAMPLING TIME = 2872.5 (i)
ATR VOLUME = A75.7 (Maxd)
TOGTAL COHC, = 45,3 (UGIMA*Y)
SETE-ND. 2 . ROTOR no, FUD3IZ0A 1984 9716 = 9i2s
STAGE DIAMETER FILTER BEFORE - AFTER puUST bUST ACC,DUST
NG . WELIGHT WETGHT = WEIGHT coHE, CONC,
(UH) {H6) (MG} (MG) (UG/Ma83) (UGIMASS)
8 11, -~ 2-0 26544,0026635.00 0.91 Zil 3.8
1 7.0 == 11, 2=1 27059,0027093,00 034 V.8 2947
2 gaT == 7.0 2-2 25958.0028056.00 0.98 2.3 28.9
3 3.3 == 4.7 2=3 27245.0027334,00 0,89 241 2646
4 2.1 == 3.3 2=4 26512.0026665.00° 1,53 3,6 24.5
S 1.1 == 2,1 2% 27555.00274669.00 114 C 247 21,0
& b5 =~ 1.1 2-6 25262.0025321.00 0.59 - 1e4 18,3
T 43 =~ .85 2-7 25818.0025872.,00 . 0.%¢ ta5 17.0
8 -~ W43 2~8 430Y2.0043767.00 6.75 15.7 15.7
SAMPLING TINE = 252,.6 {H)
ALR Voluhg 2 422,838 (Haa3)
TOTAL CONC, = %1 ,B (UG/Haed)
SITE-NO. & ROTOR HO, FNO3ZOND 1984 FF13 - 9725
' STAGE DIAMETER FILTER REFORE AFTER puUST pusT ACC,pUST
- NO. WEIGHT WELGHT WEIGHT CONC, CONC.
(M) (MG} (MG) - (HG) (UGIH*3) {UG/HErS)
0 11, == 6-0 25942.0026111.00 1.69 1.6 19.1
1 7.0 - 11, 6=1 26893.0026958,00 [V 1ok 35.5
2 Gat - 7.0 6-2 2657F02.0026821.00 1.19 245 34,1
3 3.3 - 4s7 6=3 25615.0025819.00 2.04 ek 31.%
4 2.1 == 3.3 6<% 26274.0026431.00 1.57 3.4 2t.2
S 1,1 == 2.1 6-5 27685.0027845,00 1.60 354 23.8
6 W65 == 1.1 &-6 27634.0027740,00 1.06é 2.3 20.4
7 w43 == 465 6-7 25805.0026054,00 2.49 5.3 18.1
8 - W43 6=8 41R74,0042475,00 6.01 2.8 12.8
SAHPLING TEME 284,0 (H}

L%, 4 (Hea3)
32,1 (UG/fHa23)

Alr VOLUNE
TOeTAL COHC,

Wowon
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CHAPTER 4 - LONG TERM FIELD 'SURV"EY'

The long term fleld survey has been conducted during from December 7th 1983 to
December 6th 1984, and the partlculate matter, sulfur oxide, wmd direction & velomty,
solar and net radiation and temperature have heen automatlcally and continuously

momtored through the year.

During the period of one year momtormg, the daily maintenance of the mstruments
have been undertaken by Smgapore s:de, and the calibration of mstruments and so on have

been carried out by Japanese team who stayed in Smgapore for short term field survey.

Table II-4-1 shows monitoring items by 's.tation.i'n_- long term field survey. Further the
details on measuring principles and handling methods for sulfur oxide, wind direction &
velocity and solar & net radiation and so on have already been described in the previous

report on air quality, In this report, therefore, only the particulate matter is taken up.

~Table lI-4-1 Monitoring items in long term _ﬁeld sur#ey by stations

 Station ‘Name of statioﬁ, ' M-o_nit.'p.redj item _ In's'trument' :
MP-1 Jurong Town Hall Suspended P.M. (SPM) Beta ray analyser
Sulfur Dioxide (SOp) SO, analyser
‘Wind direction and Propeller type--
velocity anemometer ..
_ _ " Temperature Therr’pometer
MP-2 | National University SPM ' _B'et"a'x-_ay analyser
: of Singapore | 850, R 503 analyser
Wind direction and Anemometer
velocity
MP-4 Boon Lay Apartment | SO; Beta ray analyser
_Wmd d1re_ct10n and Anemometer
‘ velocity )
MP-6 Nanyang SPM Beta ray analyser
Technological SO'Z SOZ analyser
Institute (NTD) Wind direction and Anemometer
e velocity . o
MP-7. . | Bukit Panjang 50, SO, analyser
" | Police Post Wmd direction and ‘Anemometer
Voo e velocity : -
‘MP-14 | Kallang Flatted SO, - © 80, analyser
Factory Wind, dlrectlon and Anemometer
' velocxty
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Table IfI-4~1 Monitoring items in long term field survey by stations (Cont'd)

Station Name of station Monitored item Instrument
MP-20 | Singapore offshore 50, . S0, analyser
Petroleum Services Wind direction and Anemometer
' velocity ]
Changi Airport Solar radiation’ EPRI so_la_r meter
Net radiation Differential net
radiation meter

III-4-1 Monitoring of SPM by Beta Ray Dust Analyser

Monitoring methods of particulate matter have been described in Chapter 3 of Part
II. In this study, Beta ray'analyéer has been employed as the instrument to monitor one

hour average values of SPM concentration through the year,

The reasons why Beta ray analyser was empioyed in this study are (a) filtration
method and particle separation method are only applicable for 24 hours monitoring and
they require man power to replace the filter and to check the flow rate ‘while operation,
and (b) they are not able to monitor short time concentration due to their sensibility.
Filter contamination method is (c) not able to indicate the concentration as the direct
weig-ht concentration. Further light scattering method, Beta ray analyzing method and
Piezo-ba_lahce method which are the methods for monitoring short time concentration are
considered and compared. The light scattering method is the relative concentration
monitbring_method, and Piezo-balance method is too complicated in its maintenance
although it is fhe direct method., Due to the above reaéons, fhe Beta ray analyser was

employed.
[I-4-1~-1 Beta ray dust analyser
(1) Measuring principle and its structure

The Beta ray analyser is the insirument based on the principle th_af the
absorption rate of Bata ray increases depending on quality and quantity of the..
substance when the Beta ra'y: of low eh,ergy is irradiatéd onto the substance.
From this principle, Beta ray is ifradiated on the particulate matter collected on
the filter and by measuring transmitted Beta ray, the quality and quantity of

particulate matter are identified.
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The relation between the transmitted _inténsity of Beta ray and quality &
quantity of the particulate matter is obtained by the following equation.

I=1Io exp (~um,Xm) - : Equation II~4-1

where; 7_ o

I: ' Beta ray intensity transmitted through filter and particulate matter
To: Beta ray intensity transmitted only through filter

um: Mass absorption coefficient (cmz/g)

Xm: Mass of particulate _matter (g/cmz_)

From the above equation, m'as_s of the particulate matter are;

Xm=—1.== . - o o :Equ_ationIII—tL-Z..

1 _ _ _ ‘Equation IIf-4-3

where;
C: concentration of particulate matter (mg/mg)
S: collecting area (cmz)

V: -air sucking volume (m3) -

In this study, DKK {Denki Kagaku KK) GRH-76 type Beta ray analyser was
employed. As shown in Fig. I-4-1 and Picture III-4-1, Beta ray analyser 'is
installed in SO, analyser which is also used in . this study. Through cyclon
separater, air is sucked at the constant flow rate of 18 liter per minute, and SPM
is collected_on the glass fibre fil_tér rolled on.reel, and mass .concentration of
SPM is vutput by automatic- CalcuiatiOn. The results of monitoring are recorded
on the chart together with SOZ' vélues_every one héur in terms of one hour

average concentration value.
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© Rocorder _HE:I r 50, analyser
[::_'-"{ | Main body of Beta ray
. anitlyser

s s

L1

Fig, Mll-4-1 Quiside view of Beta ray dust analyser

Pumpi

The detecting part of the instrument is designed as Beta ray route and sampled
air are crossed in acute angle and the filter is placed at the cross. The detecting
part is divided into two, and in the upper part of radiation cell, Beta ray source
(Promethium 147, 147Pm) is installed. In the lower part, semi conductor

detector (Silicon loaded particle detector) is installed. (Fig. -4-2)

Due to this mechanical structure, blank monitoring, collection and detection are
designed to be carried out at one point. Therefore, the error by misplacement of
filter is minimized and monitoring of low concentration area can be conducted in

high sensibility.

According to the instruction of programme time chart, processes (a) filter
forwarding, {b) blank monitoring and (¢} air flow monitoring are repeated which
make possible to monitor automatically, as shown in Fig. [lI-4-3. Table IlI-4-2
shows the specifications of the instrument, and Fig. [lI-4-4 shows flow chart of
monitoring processes. '

Air inlet
. Sealed Beta ray

ine source cell

# Filter
/

T

Semi conductor \

detecior Detecting cell

Fig. M-4-2 Structure of detecting part
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1.00

Time - 0.00

Fig, lll-4~3. Programme time chart
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Table HI~4-2 Specifications of Beta ray dust analyser

Type

DUB type (DKK)

Monitoring range

015 mg/m3

Precision 10 pug/mg or +10%
Ray source 147 Pm
Filter glass fibre |

Collection methaod

filteration

Air ﬂow rate

18 liter p‘ér minute (constant flow rate

regulated)
Detecter semi 'é'ondué:ting detecter
Calibration equivalent membrane
Indication time ( hr min)
readings corresponding sequence check at
manual operation
results of calibration
Recording DCO-1V

Qutput of telemeter

Pulse 0 - 5 x 103 C.P.H.
DCO-1V

Telemeter signal

input (reset, stop monitoring)

Power source

AC 100 V +10%, 50/60 Hz

Power consumption

about 150 VA

Size main body: 270W x 410D x 250H
pump units 225W x 285D x 270H
Weight main body: about 20 kg

pumpt about 10 kg

Temperature range

-10 to 40°C

Type combined with
50, analyser

GRH - 76 M type
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Electric circuit
—#——r- (328 circuit

Ray source cell ~ Ray source unit moving motor

_Filter forwarding motor .

Separator

Op;;ﬁtcllng e CPU board
Filter e
’ : I/O board
Rolling reex .
/ ‘Amplifier &
. _ power source
Semi " Detecting . {Detecting
conductor cell L P‘“t f
detector - ’ .
Rolling reel/ Flow rate
regulator

FRNCIFILNEY B S0 vy T L R
E f/P\ ! Thermometer
R 1 .
' 1
]
o R ~al
_ Air sucking pump - Pump
. i Motor for flow &
1ate regulator . Outlet

Fig. I-4-4 ‘_'.Flo(iv chart of Beta ray dust ahalys_er

Beta ray source is Promethium 147 of about 100 microcurie and designed that
the radioactive isotope may not permeate and leak. But it is not permitted to
take: out the sealed ray source. In Japan, no qu'alification, permit . and

registraﬁon are required for handling this radicactive substance.
The half life of Promethium 147 is about 2.6 years and as shown in Fig., Ill-4-5,

the gap of zero point by time elapse are found in small. So it can work more

than 7 years.
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{2) Handling

Average gap of zero {ug/m®)

1000Ci - 30 4Ci (7 vears) 10 uCi

(Primary stage) (ATter 4.5 years) {Aftor 8.5 years)

Fig. ll-4~5 Gap of zero point by different ray 'source.i'ntenéity

For operation, key panel installed in the front part of the instrument (shown in

Fig. II-4-6) is adjusted by operation mode shown in Table M-4-3, by which

automatic monitoring, calibration and time correction are carried out. The

detailed key operation is shown in attached catalogue.

Pisplay

Asterisk
key

Clear key

o

BB

Right key
-Lelt key

Down key -

Fig. HI-4-6 Operation board of front part

cell

Detector cell
Display Radiation source /

Arm Pinch roller

i

L 7/ _

Qperation panel |

Guide roller —|—

Tension rolter -+—

Handte ’l'fl

r(’)‘l Power indicator
|

| __{— Power switch
Capsian

1
—+—Guide roller

—~— Tension roller

Rt
- {7 Frame lock screw

Take up reel
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Table Il-4-3 Operation mode

Indicater Mode : ; o - Objective

bio=0  Automatic monitor  Normally indieating time (flash 1 sec)-
: ' - . . alarm signal indicating at abnormal

In case of time mode
blinking at a second

inverval

RREE! Manual handling Moving ray source, filter forwarding,
ON/OFF of pump, flow rate regulation

Equivalent " Recording and indicating of membrane

membrane value value - R
EHEREN Calibration Blank monitoring, membrane monitor,
- . calibration

Span coefficient Recording and indicating of span
coefficient

Time : Time corréction and indication

Eriit) Month and Day Correction of month and day

AREN! Year o Correction of year

Station number Recording of station number

Judgement Confirmation of ROM, recording of
corrected number, printing data,
confirmation of installed watch

Corrected Value A _Rétording and indicating of numerical
values for zero point adjustment,
without changing membrane

BLili] Corrected Value B Recording and indicating of numerical
values for adjustment of sensibility
without changing membrane

Transmittance test Output selecting 10.divided

sensibility of 0-1000 pulse/hour

(3) Calibration
The calibration of Beta ray analyser is conducted as follows;

{a) place the equivalent membrane made by plastic ,film on the filter of

detecter previously measured blank value, as shown in Fig. IlI-4-1,
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{b} Beta ray is absorbed into membrane and output the weight concentration

corresponding to the thickness of the film,

(c) and confirmation of eguivalent membrane value or alteration of membrane

value is conducted by operating or adjusting key panel,

Fig. I1-4-8 shows the results of monitoring by several types of materials and

from the figure, the straight line character is found among substances. of
different density.

Ray source cell

Filter
Guide pin

. Detector cell
Equivalent membrane film

* Notch

Fig. IlI-4-7 Installation of equivalent membrane

Polyimido film

(into/ 1 Glass fiber filter paper
1.0
Polyfuron
i filsor
o> 081
o
=
o
o Polyimido film
2 —— Polyluron filter .
m ? : .
w | 0.4 Aluminum foil
N "L Titanium foil
= Polyimido film -
5 0z Mylar film~ ’
O —_ Polyimido film
Mylar film -
o ? H 5 8 lngiet)
Weight (ug/m?®)

Fig. IlI-4-8 Relation of output by various types of membrane and Beta ray analyser

oI-128



Maintenance

The mamtenanc:e works are to he carned out as shown in Table TH-4-4 in ovder to
operate the mstrument in order and to keep mamtammg the desxgned capacity

and function,

In this study, replacement of fﬂter (once a month), cahbratlon by eqmvalent
membrane and dmly check were conducted . by Smgapore counter pa.rt. Other
maintenance works have been carned out by J apanese team during thelr stay in

Singapore for the flelds survey (an to, 4th f1e1d eurvey) Picture I-4-1 shows

- calibration work of Beta ray analyser.

Table I~4-4 Maint'enence' work of Beta ray dust analyser

Mainteﬁ'ahee“item:‘, o I Mai_hfehance,cycle
R . e = Reference
Object Work contents - -~ =l 8 4 'g 'gﬁ !
: s]l8| Ei | 6|5 y
|| E|EB|EB|E|S
. Lo .o . e en]o
. | Filter Replace with new one- o | 7.3
2. | Separater Cleansing of inside s 4
3. | Air sucking | Diaphragm replace 0. 7.5
pump e ,
: _ ~Valve heat replace o] 7.8 -
4. | Internal Cleansing of tube A & .7
tubes .| Replace with new one |:|
connection o : _
5. | Ray cell Cleansing inside al ] e
6. | Air inlet ~ Cleansing inside A Y
tube Reol: — —
-'Replace with new one o
7. | Calibration | Calibration by equ:valent -. o 5.2
membrane: ) g

O t check normal operation, adjust at specified value

Az cleansmg of specified parts

replacement of specified parts for maintaining good conchtlon
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Picture Ml-4-1 Outside view of Beta ray dust analyser installed in SO, analyser
mM-4-1-2 Results of monitoring

The effective monitoring hours for suspended particulate matter at MP-1, 2 and 6 are
shown in Table IT[-4-5.

The effective monitoring hours mean the total monitoring hours excluding the time
for calibration, instrumental troubles and so on. In Japan, it is defined that annual
monitoring hours should exceed 6,000 hours for effective monitoring,

As shown in the table, all the stations have exceeded 6,000 hours.

Table III-4-5 Effective monitoring hours

Monitoring station Effective hours Monitoring rate
MP-~1 7,642 hours 87.0%
MP-2 8,166 93.0%
MP-6 7,618 86.7%

Remarks: December 7th 1983 to December 6th 1984 = 8,784 hours
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Data on one hour average values of S5PM at each monitoring stations are shown in
Table III-4-6. The concentration of annual, by monsoon and by day and night at each
monitoring station are shown in Table II-4~7. Further the analysis of these monitored

data is described in Part V of the report.
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Table ni-4-7 Concentration of PM by Beta ray analyser by a.miual, "s'ea'soh',"_. '

and day & mght

_ (ug/m )
Monitoring . . S, monsoon (4= 10) Na monsoon {11—3) L Annual
_statlon. | : -_.5~Day."' ‘*-N:ght "Total ‘-thr‘:_ '-'_Night ‘Total _-'D'aLy, Night _:?_Total
() L., HALL | 20.0 | 26,3 | 23.4 .| 26.1].29.0 | 217 | 22,6] 214, | 25.2_
(2) NuuLs, 23.8'[ 312 | 27.8 [ 29.1] 32,5 |30.9 |26,0[31.8°] 29.1
(3) NANYANG.T.X| 20.7 | 32.4 | 271 | 19.8| 30,8 |25.8 | 20,4 |31.8 | 26.6

h-4-~2 Monitoring of SO Wmd D:rectlon & Veloc1ty, Solar & Net

Rachatlon, and Temperature L

For one year from . December ?th 1983 to December 6th 1984, automatlc and

: contmuous momtormg of SOZ’ wmd dlrectxon & velocxty, solar & net radlatlon, and

temperature have been conducted in terms of o:ne hour average value at momtormg pomts
as shown in Table IH—4-1. ' R A S

TMI<4-2-1 Instruments

“In thls study, the same lnstruments Wthh Were used at the prevmus short term fleld g

survey on air quahty have been used, after overhauhng and cahbratlon., The spec:fmatlons

‘of the mstruments employed in this study are shown in 'I‘able I[I—4-8 to Table III—4—12. i

CTI- 133




{1} 50, a’nﬁlyéer

Table I1I-4-8 Specifications of SO?. analyser

Name 'Measuring iriétrurﬁeﬁt—of ‘ambient 50, concentration
“Manufacturer © _ Denleagaku ‘Ke:ik'i, KK
Type GRH-72 -

Obj ec_'ti:ve pbliu’tént

Ambient 'SOZ :

Principle

Solution conductmetry

Measurement range

0-0.05, 0.1, 0.2, 0.5, 1 ppm
& range automatic/manual ¢hange

Measurement cycle

60 minutés (switchable to 30 min.)_

Recordiﬁg

Saw-tooth dott_ed__rec_ordings Starting _-fi*om zero and end N
of cycle indicates one hour average value’ '

Sampling rate

1 liter/min.

Reagent quantity 20 ml
Reagent tank capacity | 20 liter
Recording unit :Output 5 . 0-1. vDC

Recording ; dotted saw-tooth recordmg, 25 mm/h
Chart; . folded strlp, 180 mm width = -

Ouﬁﬁuf voltage

DC 0-1'V

Power requirements

“AC 100 V +10%, 50 Hz or 60 Hz

Weight

about 110 kg (including 20 liter of reagent.)

Dimensicn

460 (W)} x 1580 (H) = 500 (D)

External colour

Munsell N4
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{(2) Aneﬁomete’r I

Table III_--4--9 Specificé.tions of ané'mometer.

Lo'w"-:thr'e'shold anemometez

Name ﬁ :
Manufacturer: ** -~ ' " KOSHIN DENKI KOGYO Co. Ltd.
Type. - Y MV—IIOB

Wind direction and veloc1ty sensor

Wind velomty sensor 3

Electﬁcal_sﬁghal _ Ry

Wind direction sensor -t

Electrical signal 2

Accuracy

PR LI

Maximum wind veloéity :

Cable for remote i

'4—b1ade propeller type s

D C Generator L 7

L1ght we1ght relnforceci plastxc taﬂfm type

Torque synchro transmltter '

Wind difection 3 within +3°° at wmd velomty 0.4 m/s _

Wind v_eloclty, within - +0.3 m/s at wind velocity from
: .04 to 2 m/s or within +3% at wind

veiomty from 2 to 20 m/s
60 ih/s

Up to 1,000 m, 0.75 mmz 8 cond. cable, between sensor/

transmission . tra,nsm1tter and recorder or averagmg device
-Weight : Approx. 5 kg. |

Rec.order
Type : Self—-balancmg,r i—pén :systet.n

Measurement range

Chart feeding velocity :

Chart

Power supply

Weight

. External casing g

Wmd du'ectlon H All a.mmuths, w1th 54;00/360o shxftmg
Wind veloc1ty, 0.4 to 20 m/s :

30 mm/H

Effective width-180 mm (épeéd—lOO mrma, direction=70 mm)
leéngth-23 m (correspond.lng to -1 month's recording at
speed of 30 mm/H)

AC 100 V +10%, both for 50 and 60 Hz

Approx. 28 kg.

For both flush mounting a.nd._ desk~top mounting
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Table T11-4-9 Speéifications of anemometer (Cont'd} ..

Averaging device

~ Electrical signal
. for recording

Output signal

Averaging method
Power supply
Weight

External casing

Manual switch between average and instantaneous values

Average 'direétibn.(Ou_S‘_é_Od) 0-1V impédénc_e 1009
Average velocity (0-10.m/s) 0~1 V impedance 100§

10 minutes sequential average bj' electrical integr'a'ti"on

: AC 100 V +10%, both for 50 and 60 Hz

Approx. 20 kg.

: For both flush mounting and desk-to;ﬁ mounting |

(3) Solar radiation meter

Tabie T1—4-10 Specifications of solar radiation meter

Sensitivity 7 mV/éal cm-z min.
Internal resistance | 1000 .
| Respon.s_e speed 3.8 5. (63.2%)
Error by temperature |- »Q.l%/'oC”
fluctuation | ' ' '
Cosin characteristics 2%
Directional function : all round
“Weight - 2.31 kg
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@

(5)

Net radiation meter

_.Tab:l_e m-4-11 Specifications of net fadi_ati.o'n_mefer _ |

Powet

25 mV/cal, Cm™% min, !

" Sensitivity difference -

: w1thm 3%

In-té'r.néi'll-éISirstén_éé‘ 809 o
20 5

Response speed

Wave range -

0.3 f_o’ 10011 'ovelf

Te mperature range

~150C to +400C

Sensor dimenswn

38 rﬁ.m x”38 m.r'n

: Polyetl_]ylen'_e do’me _

0.1 mm- thick .. =

. Thermometer

Table TI-4-12

-Specifications of-rthérmbmeier- -

Name

" Platinum resistance thermometer

Manufacturer ' KOSHIN DENKI KOGYO Co. Ltd.

Sensmg bc;i'dy
. Sensing device
- Measuring range
Currency - -

1 Platinum rés'istra.-nce 1009 at 0°C

‘_0°C to +60°C accuracy +0.5¢C
-5 mA : ’ :

Ventilating tube
Type
Flow speed
Materials"

Painrti'ﬁ'g'
Fan motor

: Double tube thh ventllatmn

56 mfs : :
anti-corrosion alummlum castmg
'antz—corrosmn alumma—alloy '
silver color melanin fuse painting

: Currency 0. 1 5/0:1 8 A
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I-4-2-2  Maintenance of instruments

Among works for maintenance of . instruments, Singapore side has conducted daily
maintenance works such as replacement of chart and so on, and Japanese team have
carried out the calibration, replacement of mechanical 'parts and so on during t}{eir_ stay in
Singapore for the short term field survey. The maintenance. items. and freﬁuency are
shown in Table Ill-4-13 to Y-4-16. Picture IlI-4-2 shows maintenance w_ork'by Japanese

team.
(1) SOZ analyser

Table HI-4-13 Maintenance items and frequency of SOZ ahalyser

Item for maintenance - : . . - Frequency

102 (12 (3 (4|6}

ftem . Contenfs. w.| w.| m.m. m. m. my.

1 | Air sampling tube 1) dirt, leakage, damage, X

disconnection ' _ _
2} rinsing of tube inside x
3) replacement of tube X

2 | Air passage except | 1} dirt, leakage, damage, : X

sampling tube disconnection
S 2) rinsing of connector & 4 BE
- inside tube _ _ :

3} replacement of tube x

4) test for gas leakage = _ X

-3 | Solution passage 1} dirt, leakage, damage, _ X
: disconnection ‘

2) rinsing of connector & A R X

. inside tube = . T
3) replacement of tube ' R I x

4 | Flow meter 1) dirt & dust of inside, . X

o pos:tmn of float:. :
2) adjustment to 1. 0 hter/mm. NES
3) rinsing of inside and float N X
4) check indication of flow rate . X

5 | Flow rate adjust- | 1) 'check of flow rate adjustment | x
ment valve- - Corange.
' AR rmsmg ‘of- needle and inside : ix

6 | Filter(1) Element 1) replacement of element X

Case 2} rinsing of inside and =
connector - .
3) replacement of filter case _ X

7 | Absorbing solution preparation of solution and x
' replacement '
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Table Ill-4-13 Maintenance items and frequency of 80, analyser (Cont'd) =

I - 139

~ Item for'-'rhaiﬁtenance JRERF .Fre'quei.lcyr g
No. T . B -
o Item Contents 1 2 11213 14 6.- 1.
o : e -We| Wil . m.] m,| m.| m.| .
8, .Gas absorbmg 1) dn-t, bubblmg | x : _ ‘
system - 2) - rinsing of mslde and . %
. : _ -+ electrode 7 :
9 | Air absorbing pump 1) 'abnormal noise a.nd v1brat10n, ol X
- . check of flow rate : - ' K
2) “rinsing of dlaphragm, valve & e X
' joint - : :
3) replacement of dlaphragm and X
_ _ _ valve . _ _
10 | Solenoid valve ' _check of ‘opening & closmg o ®
o _ operatlon '
11 | Solution chargmg 1) “abnormal noise and v1bratmn X
: pump 2). check of flow rate: =
12 | Solution in 1) check solution quantlty as X
- | impinger C2040.4 ml - -
o 2) "ad]ustment of electrode for o X
- T level detector - - _
13 .Calib_r_atibn'.by: _ calibration _o_f_;ea'qh rangeby X
equivalent solution - | equivalent solution
14 | Recorder| Chart 1) proper advance x
2) check of chart slip ° X
_ 3) replacement of chart x
Ink 4) shade of ink X
o 5). ‘supply of ink % -
Indicator 6) zero adjustment’ X
15 | Timer ' check of ti_me"'gap x|
16 | Power source, check loosing, disconnection, x
earth 7 brokage -
17 'Adju_st'x_nent'bf adjustment of shde, range, %
electronic circuit balance, D/A -
18 | Filter(2) by-path replacenjlent of element - X
filter
‘Note: w.: week, ~m.t month vy.: year




{2) Anemometer.

Table IiI—_4*-l4 Maintenance item and frequency. of _:m_émometer

_ Mainténance and Inspecﬁon

Freqtiéh cy

. Ttem

Cont_ents

Daily

Week

Month’

3 M.

Pole

Inspectlon HE
confirmaticon of vertlcal erection and
stretch of stay :

Sensor

Inspection :

Recorder

confn-matlon of rotatlon

Inspectlon H
confirmation of ¢hart advance, time
deviation and ink shade
Replacement ¢
" chart replacement
Supply:
ink supply

Adjustment

Adjustment:
adjustment of N of sensor and recorder
adjustment of wind velocity zero

Power cable
and its
connection

Inspection :
confirmation of loose and
disconnection
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{3). Solar and :_net radiation méter .-

Table I-4-15 Malntenfmcextem and frequencyof solarandnetrddlatm meter

Fre

quency

Week!y

“ onth Whenever

necessary

13

2): ‘glass dome |1
sxhcagel

Net - :1)'.

radia- | 2)
tion
meter

.Tpole S confirm:
. polyethylene “blur-or-
f'_-‘dome - tes

air pu_mpr--

Re- ":_l)f'::_ré(::'d'rder

corder ",

2)

power éﬁpply

B replacement of chart
supply of ink

confirm loose and d1scon— 7

" & connection | nection = -

(4) Thermometer

Table TMI-4-16 Maintenance item and freqiency of thermometer

- Items

Fr_eqtiency N

Items & conterits

Wegk Month'

Month’

Year

| Sensor -

{1
12

ébnorfnal noise of air pump 1
cleaning of shelter

Recorder-

{1)

3)

(2

chart advance, time slip of
chart, ink shade
replacement of chart

ink supply

Calibra-
tion

Adjustment after comparison by
Assmann thermometer

Power &
cable

loose and or disconnection of cable
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Calibration of anemometer (MP-1) Calibration of SO, analyser (MP-20)

Picture III-4-2 Maintenance work of instruments

I-4-2-3 Results of monitoring
(1) Effective monitoring time

The effective monitoring hours of 80,, wind direction & velocity, solar & net
radiation and temperature at each station are shown in Table II-4-17 to OI-4-20.

¥rom the tables, the monitoring hours are all exceeding that of effective

stations in Japan.
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Table II[-4-17 Effective monitoring hours of 50,

| Effective |
Station | monitoring | Monitored (%)
hours ]

MP-1 8011 hours 91.2
MP-2 7645 hours 87.0
MP-4 | 8229 hours’ 93.7
MP-6 | 7515 hours 85.6

MP-7 | 8302 hours 94.5
MP-14 | 8011 hours 91.2
MP-20 | 8445 hours 96,1

Table 1lI-4-18 Effective monitoring hours of anemometer

Effective monitoring hours - Monitored (%)
Station : : :

Wind direction Velocity | Direction | Velocity
MP-1 8,376 8,164 95.4 92.9
MP-2 8,195 8,080 93.3 92.0
MP—~4 8,400 8,327 95.6 - 94.8-
MP-6 8,006 _ 8,006 91.1 91.1
MP-7 . 8,447 8,316 96.2 94.7
"MP-14 8,180 8,128 93.1 92.5
MP-20 - 7,759 8,197 88.3 93.3

Table IT-4-19 Effective monitoring hours of solar & net radiation

Stati Effective monitoring hours ‘Monitored (%)
tation =

Solar radiation Net radiation Solar | Net radiation
Changi 8,737 8,431 99.5 96.0
airport

Table II-4-20 Effective monitoring hours of temperater

Station

Effective monitoring hours

Monitored (%)

1.5 m from ground

30 m from ground

1.5 m

30 m

MP-1

8,121

7,994

92.5

91.0
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(2) SO,

'1he average concentrahon of SOZ ‘by year, N monsoon, 5 monsoon and da‘y/mght'
are shown in Table I]I»4~2.1 '

Yearly av'e:‘rage .SOZ concentration is high in__éequence of
MP4 MP1 MP6 MP7 MP2 & MP14 MP20.

Further an example of the results of momtormg of respectwe station is shown in
Table IH-4-22, and all resuits are shown in the part of reference of this report.

The results of analysis of SQz_conce_ntratl_on_ are described in Part V of the report.

monitoring

Table M~4~21 Results of so2
: _ . . . {(ppb) '
Station u S. Monsoon (4- 10) N. Monsoon (11—3) Yearly average
~ | Day N1ght Through Day Night Through Day | Night | Through
(1) I T.C.HALL -} 2064 16,01 181 |23 16.0]" 184 (20,9 16.0] 182
(2) N.U.S, | 154 12,2 (0 137 (172 12,0 144 [16:2| 12.1] 14.0,
(4) Boon Lay 35.0| 16.0] 247 [22.3] 154 185 [30.1] 157| 223
Apartment _ . 1o - o
(6) Nanyang,T.I 211 12,7} (165|151 9.2} 119 118.9| 11.4| 14.8
(7) Bukit Panjang 21.6( 105§ 15.6 (18,71 8.6) 13.2 {20.4| 97| 14.6
P.P. . . . | B o
(14) Kallang.F.F. 16.7| 12.9) 14.6 |159| 11.0| 13.2 [16.4| 12.1| 14.0
{20) Singapore 14.7| 93| 117 |13.0} 8.5 10,56 {14.0| 9.0| 11.3
offshore P.S. ! : _ .

S. Monsoon:  April {o October

N. Monsoon: November tb March

Day: -+ - 07:00to 17:59
Night: - 18:00 to 06.59
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(3) * Wind direction and vélocity

Yearly appearance frequency of ‘wind direction at each monitéring, station is
shown i'n‘_Fig. N-4~9 as wind rose. The average wind velocity by season and time
is shown in Table HI-4-23. The results of a'na_lysis' of wind direction and velocity

are described in Part V of this report.

An example of monitoring results of wind ‘direction and velocity are shown in

Table II-4-24 and all the results are shown in the part of referehce of this re]ﬁort,

Fig. Ill-4-9 Results of monitoring of wind direction (appearance frequency
of wind direction) : .
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Table MI-4-23 Re_sults of monitoring of wind velocity '

(20) SINGAPORE O.P.S.

_ S " (mfsec)
Station S. _.Mons'dbifn‘ (4-10) .N-__qu_‘stjon:_(:i 1—3) . Yearly ﬁﬁ_re‘rx.-agér .'
: 7 Day | Night| Through| Day | Night | Through|Day | Night [ Through |
(1) LT.C. HALL 2.5| 17| 21 | 2.6] 21| 23 | 2.6 18| 2.2
@ NUS. 3.0/ 21| 25 | 31| 28] 29| 30| 24| 27
(4) BOON LAY -APART | 3.0{ 19| 2.4 {23| 17| 20 | 27| 18| 22"
(6) NANYANG.T.L 13| o8| 11| t2| 11f 1l 13] 09| u1
(7) BUKIT PANJANG 14| 06| 09 | 12| 05| o0& | 13} os| o9
P.P, | [ R S R I R
(14) KALLANG.F.F. | 23| 13| 18 | 20| 13| 16 | 22| 13| 17
12| 02| 09 | 22| 15[ 18| L6l 10| 13
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(4)

Solar and net radiation

Daily variation pattern of solar and net radiation monitored at Changi Airport
Observatory is shown in Fig. TH-4-10. (year}y'average value of same hour)

“The results of analysm are described in Part V of the report. Further all the
results of momtormg of one hour average values are processed ‘and shown in the

part of reference of the report.

TOTAL-RADIATION
NET-RADIATION

CHANGI AIRPORT

(MWH,/CM2)

‘*10 T T T T T T _III_

60 1

30
20 -

1[} .

11 HOUR

Fig. M-4-10 Results of monitoring of solar and net radiation
(Daily variation pattern)
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(5) Temperature

The results of- momtormg of temperature, momtored at 1.5 m and 30 m from the
ground of MP-1 (Town Hall) are shown in Fig, MI-4~ 11 The results of analysis of .

temperature are shown in the part of reference of the report and one. example is

- shown in Table M-4+26.

- MP1) J TG HALL

28
27T 9.

26

25 4

g4 Lt ' — — T

12 3 4 5 B 7T 8 8 10 11 12 gy

Fig. I-4-11 Results of monitoring of temperature (monthly variation pattern).
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ANALYSIS OoF- CHEMICAL COMPONENTS CONTAINED IN
PARTICULATE MATTER

CHAPTER 5

For 1dent1fymg chezmcal components contalned in the partlculate matter, TPM.-
sampled on polyphlone fllter by hlgh volume sampler for one day durlng the- short term '
field survey from each station have been brought back Japan for analysis of metal

elements and anion’ by neutron actlvatlon method, X ray fluorescence analyszs, a.nd ion

_ chromatography. :
Besides the above, the samples collected in another one day durmg the short term

fleld survey by quartz filter have also been brought hack Japan for analys:s of total

carbon and non-volatxle car‘oon by dlfferenual thermal method.

Further for estimation of 'conl:flbi.ttlo_n' rate 'bfneo:il, 3 'typ_ical tjrpee of soil  of

Singapore have also b_e:en analyzed.

Table IM-5-1 shows the date of sample collectmn in each f1e1d survey (samplmg day)

Table Hi-5-2 shows the chemical components analyzed in the study.

Table II-5-1 Sampling clate for che'm_ic’él analysis

‘1st sutvey . -‘Zrid:sor\:'ey ' 3rd survey "_4th"s=oi-xrey -

S {(MP1-20)- | (MP1-20)- | (MP1-20) - | (MP1-20)
‘Metal elements | Dec/19-20 | Mar/19-20 | Jul/3-4 Sept/25-26
& anion ' RN B . .
(Polyphlone) ' : _ _ AR
Total carbon - | Dec/14~15 | Mar/14-15 | Jun/26-27 ' | Sept/20-21
& nonvolatile . : , ST SR
carbon
(Quartz}:
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-Table III-5-2. Analjr_zed chemical components

gr;?g)zdmg Aﬁalyzéd ch’_e'mical. corﬁpohents
Neutron | Ag {Silver), Al (aluminum), As (Arsenic); Ba (Barium),
activation | Br (Bromine); Ca (Calenim); Cd (Cadmium), Ce (Cerium),
analysis - -Cl {Chlorine), Co. [Cobalt), Cr (Chromium), Cs (Cesium), .
' Cu (Copper), Fe (Iron), Hf (Hafnium); K (Potassium), Ny
La’ (Lanthanum), Lit {Lutetium), Mn (Manganése), Na (Sodmm), '
Ni (Nickel); Sb {(Antimony), Sc (Scandium), Se {Selenium), . -
Sm {Samarium), Th (Thorium), Ti (T1tan1um), A (Vanadmm),
W (Wolfram) Zn (Zinc)
© X ray Cd (Cadmium), Pb (Lead), S (Sulfur), Si {Silicon)
fluorescence 1 : ' ' : Cel o
. analysis L . o :
fon - CI” (Chloride), NO3 ~ (Nitrate), SO4 2~ (Sulfate)
chromatography _ . '
Differential Total Carhon, Non Volatile Carbon
: thel‘mal . R ) : ) B
analysis

I-5-1 Analysis of Metal Elém.ents bjr Neutron Activation Method |
II-5-1-1 Principle of analysis

When the sample is. placed in the reactor, thermal neutron generated by fission of
2':J'SU 1mpacts to atomlc nuc:lear contamed m the sample ‘and neutron fission is produced,
In the result, the formed nuclel is produced which'is qmte chfferent from the original one.
The formed nuclei is radioactive and after certain time, it radiates Beta __r_ay and Gamma
ray, and it is disintegrated tc daughter of nuclide. The.energy bf,G.am_ma réy' is measured,
and identification of metal elements contained in the original sample comes possible.
Also number of Gamma rafr energy is proportional to the nﬁmber of metal elements, and

so the quantity of elements is possible to be identified.
In actual neutron_acﬁvation analysis, many ty‘pes: of metal elements are coexisted in

the sample and their half life are also varied (sec, min, hiour, day order) or {more than one

month), So selecting cooling period pi.;opefly, nuclides of vai-i_ous half life are measured.
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As descrlbed m the above, neutron actwatmn method does not requlre comphcated
chcmmal pretreatment and 1t makes possxble to analyze many types of metal eiements; '
simultaneously even though the samples contam very fme quantlty of metal elements.

From these reasons, thls -."ethod lS hxghhghted recently as “the most: advanced and :

scientific analysis. -7

nr-5-1-2 Analyziﬁ_g m ethod g

The samplee ar pla' ed n

Research Laboratory, usa.shl- st1tute of Technology, and n'radlates thermal neutron.' '

Thus the various radloactwe lsotopes generated are measured by semi. conductor detector ’

and multlchannel analyser tt_’gether with mlm-compute ""'-_The 1rrad1at10n of thermal.

neutron on the sample xs conducted in two ways, s}mrt and long term.

Short term 1rrad1ated sample is measured by Gamma ray usmg semi conductor-'
detector. Long term lrradlated sample 1s cooled for several days to several weeks in the _
laboratory, and then Gamma ray is: measured by semx conductor ‘detector. F:g II-5-1

shows atomlc furnace and 1ts sectlonal vzew.. P1cture III«S 1 shows outvzew of mstrument

for neutron actwatmn analysm.

‘Thermal neutron flux is 5 X 1017~ 1.5 x 1012 n/fcm®-s.

Semi conductor detector is 8,100 type of Canberra Industnes Inc:., and it has the

capacity of detector efficiency, 10%, and detector resolutlon, 2. 0 KeV at’ 1333 KeV.

.. Irradiation
100mM

' Fig. 151_1—5—_1 O-x.tt'\rie\.mr and sectioh cn_t TRIGA .H'_type_furnec_e.
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Picture III-5-1 Instruments for neutron activation analysis

-Analyzing conditions by respective nuclides are as follows;

12n/cm2-sec),

(i) Short lived nuclides — At thermal neutron flux of (1.5 x 10
irradiation for 1 minute, and after cooling for about 3 - 4 minutes,

measurement or detection for 300 seconds.

" . . ' ' : ; : R ¥ A

(i} Long lived nuclides (a) — At thermal nuetron flux of (1.5 x 10 "nfcm -sec),
irradiation for 5 hours, and after cooling for several days, measurement or

detection for 1,000 secondé.

(iii) Long lived nuclides (b} -- After cooling long lived nuclides (a) for several

weeks, measurement or detection for 4,000 seconds.

Table IM-5-3 shows analyzing elements by nuclides and analyzing conditions.
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Table I-5~3 Elements by nuclides and analyzing ct_)nditio'ns

Target | lsotope Nuchia Half Gamma ray _Analyzing conditions
Classification Element | nuclear | ratio ne esd life energy Treadiati " Coolinz | M t
species | (7%) generate period (KeV) ti::;hahon , ti:)noemg ti:]a;su.remen
Short lived Al 27a1 | 100 28 2.31 1778.9 1 minute 3-4 300 seconds
muclides - minutes . minutes
Br 79p: 50.5 80pr | 176 617.0 1 minute | 324 300 seconds
: : minutes ' ' minutes
Ca 480, 0,185 ¥ca | 88 | 3083 1 minute 3-4 "300 seconds
: ’ minutes ) : minutes
Cl £ o} 4.5 38y 37.3 1642.0 1 minute | 3-4 300 seconds
: . minutes - : minutes .
Cu 650y 30,9 bberyy 5.1 1039.0 1 minute 3-4 300 seconds
minutes | - ’ I o minutes .
Mn 55Mn | 100 56Mn 2.58 846.9, 1 minute 3-4 300 seconds
. hours | 1810 minutes
Ti 50 i 5.34 51 5.79 320.0 1 minute 3-4 300 seconds
: o minutes ) minutes
v 51y 99.8 52y 3.76 1434.4 1 minute 3-4 300 seconds
. minutes |~ minutes
Long lived As 75 A5 100 T6as -26.3 559.2 5 hours - Several | 1000 seconds
nuclides {a) . hours . days .
- cd g | 28,9 Mscq | 2.32 528 5 hours "Several | 1000 seconds
days days o
4 4lg 6.88 42k 12.5 1524.7 5 hours Several | 1000 seconds
hours days -
La B9a | 999 140, 1 1.68 1595.4 5 hours Several | 1000 seconds
. days days
Na 235a | 100 24Na 15 1368.4 5 hours Several | 1000 seconds
o hours days -
Sb 121gy | 57,3 1225y | 2.75° 564.0 5 hours Several | 1000 seconds’
' days days
Sm 1526, 26,7 1535, 196 103.2 5 hours - Several | 1000 seconds
: days days
W 186w | 28.4 187y 24.0 685.7 5 hours Several | 1000 seconds
' howrs days
Long lived Ag 109Ag 48.7 Hone 253 657.8 5 hours Several | 4000 seconds
nuclides (b} . days weeks
Ba 130, 0.101 131gz | 11.5 496 5 hours Several | 4000 seconds
days . weeks
Ce 140¢e 84,5 141G, 32.5 145.4 5 hours Several | 4000 seconds
days weeks
Co 59co | 100 60co | 5.24 1332.4 % hours Several | 4000 seconds
years weeks
Cr 50cr 109 51cy 27.8 320.0 5 hours Several | 4000 seconds
days weeks
Cs 133¢s | 100 134¢4 2.07 795.8 5 hours Several | 4000 seconds
years weeks
Fe 58, 0.33 5% 45,1 1098.6 5 hours Several | 4000 seconds
days weeks
Hi 180hg | 35.2 8l | 44.6 482.2 5 hours Several | 4000 seconds
days weeks ’
Lu 1761y 2.59 17y | 6.7 208.4 5 hours Several | 4000 seconds
days : weeks :
Ni 58143 87,9 58co 71.3 810.3 5 hours Several | 4000 seconds
. days weeks .
Sc 48sc | 100 465¢ 83.9 889.4 5 hours Several | 4000 seconds
days weeks
Se T45e 0.87 735¢ 121 264.6 5 hours Several | 4000 seconds
' days weeks
Th 2327y | 100 233py | 210 311.8 5 hours Several | 4000 seconds
days . weeks
Zn 647y 48.9 6575 '} 245 1115.4 5 hours Several | 4000 seconds
days weeks




(a} Preparation of sample and proc!uCtion of standard sample

As shown in Fig, mM-5-2, 1/9 of the Polyphlone filter is cut, and 1/2 'o.f_ the
remaining filter is cut and contained in the polyethilene bag of double layers

which are used for short and long term irradiation.

For production of standard samples; appropriate r'e.agent dissolved solution for
each element is prodiced, and these standard solution is dropped on the filter,
Toyo N 54, in constant quantity which is used for analysis as

multi~element-standard.

Table HI-5-4 shows the reagent used for produc:t'ion of standard sample for
elements contained. In the table, Gamma ray counting rate of the standard
samples is shown in terms of CPS {counts per sec.)/ug. The standard samples

have been used repeatedly and an example is shown in table.
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Table HI-5-4 An example of standard sample and Gam ma ray. coun_ti_né rate

Standard - Gamma ray
_ _ counting
Classification Element Reagerit i“l(:::eonft. féifsl _)
o (ug) el
Short lived Al Al 99.7" 6.30 -
nuclides Br KBr 6.71 L97
Ca |CaCOjz 1423 0.00565
Cl KCl 238 0.0384
Cu [Cu : 100 0.588
" Mn | Mn' 1.86 651
Ti Ti . 48.9 0.321 -
v N 6.21 55,9
Long lived As AsyO3 2.78 39.7
nuclides {a) Cd Cd. - 210,00 0.293
K KRGl 502 ¢ 0.266
La La;03 0.734. | 10.7.
‘Na | Na3COs 220 | 12,9
Sb Sb ' 1 0,280 | 175
$Sm | Smy04 0.0404 | 524
W W . 0i704 ) 279
Long lived Ag  |'AgpSO4 0,695 1 0.341
nuclides (b} Ba . | BaClp:2H0 317 - -0.0258
Ce .| Ce(SOg)z2+ 0.724 | 0.871
L 304‘23}{_20 - I VR PP
Co | CoClz-6Hp0 0.484 |  0.626
Cr Cr ' 3.69 . 0.431
Cs Cs 0,394 149, .
" Fe Fe 800 0.00212
Hf HEf : 01157 2T
Lu LuClz-6H;0 0.0241| 115 ..
Ni Ni- 130 0.0150
Sc 80203 0.158 17.7.
Se H7SeO3 - 1.39 0.390
Th ThiNO3)4-4Hp0 | 0.0544 | = 6.03
Zn Zn 109 0.6271

- 161




(b)

X-ray fluorescence analysis (47 mmg)

Jon chromatography (1/12 of sampled area) 33.1 cm® .'

Neutron activation analysis {1/9 of sampled ares)

45.2 cmn® .

Fig. MM-5-2 Cutting of sampled filter for analysis
Sequence order of analysis

Pretreated sample and standard sample are placed in the irradiation capsule, and
under the an.alyzing conditions shb_wn in Fig, I-5-3, irradiation of thermal
neutron, cooling, and measurement of Gamma ray are conducted. The area of
Gamma ray peak of each element is calculated and compared with the area of

standard sample from which element volume contained in the samples is obtained.
Following to the above, and after deducting blank value of the filter previously

weighed, the ambient element concentration is obtained, dividing by air sucking

flow rate.

- 162



Pretreatment .
of sample

Inadiation of
thermal nentron

~“Standard sample -

Measurement
“of Gamma ray

Calculation of
area at peak

_.Comparison with
standard sample

Weighirig of : " Deduction of
blank value g blank value

Calculation of -
concentration -

Pig. M-5-3 Analyzing sequence of neutron activation analysis
[i-5-1-3 Analysis of ambient air standard sample

In order to evaluate the analyzing methods, standard sample AS-1 of concentration
known particulate matter was ana.lyzed.. The results of such analysis are shown in
Table II-5-5. Thé elements well correlated with analyzed values were Al, Mn, Ti, V, As,
La, Na, W, .Cr, Ni, Sc¢ and Zn. Other Velements are also within the deviation range of

literat_ure values.
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Table HI-5~5 Analyzing results of ambient air standard sample (AS-1)

Standard sample (AS-1) of particulate matter
Classification Element Analyzed value {(ppm) | Literature value (ppm)*
Short lived Al 57000 {3) 50000 +7000
nuclides Br 300 (5) 340 9
Ca 62000 (2) 56000 +5000
Cl 43000 (2) 31000 +4000
Cu 600 (10) 400 ¥140
Mn 1300 (2) 1200 +100
Ti 3800 (7) 4200 +1100
v 270 (3) 230 ¥70
Long lived As 36 (5) 43 +13
nuclides (a) Cd <100 19%%
K 12000 (10} 9700
La 18 (10) 18 +2
Na 15000 (1) 14000 31000
Sb 53 (3) 39 +6
Sm 3.0 (3) 3.4
w 23 (1) 21 +13
Long lived Ag <5 3
nuclides (b} Ba 590 (i7) 410
Ce 36 (D) 30
Co 19 (7) 26 +4
Cr 350 (2) - 240 730
Cs 2.5 (22) 4,0%*
Fe 41000 (2) 45000 +3000
HE 3.5 {12). 3.4%%
Lu 0.27 27) 0.3%%
Ni 210 (30) 200 +30
Sc 11 (1) 1171
Se <6 9 +6
Th 4.5 (7) 5.T#*
Zn 3000 (2) 3400 +500

Table in bracket is counting error.

I-5-1-4 Limit of determination and filter blank

Average limit of determination at analysis of particulate matter in the ambient and

filter blank values (PF-1 filter) are shown in Table IE-5-6.
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Table IM-5-6 Average limit of determin_at.ion'and filter blank value

' - Filter blank (ng/cmz}
Limit of ) — : T
Classification | Element | detérmination | 1st 2nd Jrd 4th
{ng) field fiela : field | field
P suryey | survey. | survey | survey
Short lived Al ' 1 : 60 60 70 80
nuclides Br o 0.2 1 0.9 | 0 0
"l ca 20 400 | 400 0 200
Cl 3 700 200 0 ~500
Cu 1 0 0 0 0
Mn 0.02 0.6 0.8 0 1
Ti o2 0 | 0 0 0
v 0.02 0 0 0 0.3
Long lived As 0.03 0 0 0 0
nuclides (a} Cd . 0.5 0 0 - 0 0
K ' 20 0 0 0 o -
La - 002 0 0 -0 0
Na 0.1 _ ] 5000 2000 2000 3000
5h 0.005 -0 0 .0 0
Sm ' 0.002 0 0 0 - 0
W 0.05 0 0 0 0
Long lived Ag . 0.04 2 0.7 0.7 1 -
nuclides (b) Ba - 2 0. 0 0 0
: Ce 0.02 0 0 0 0
‘CGo 0.005 0 0 0 0
Cr . 0,05 2 -1 0.9 1.
Cs 0.005 0 0 0 0
- Fe 20 0 0 0 0
~Hf . 0.02 0 0 -0 -0
Lu 0.005 o 0 0 0
Ni 1 : 0 0 0 - 0
Sc 0.002 0 0 0.01 ¢
Se 0.05 0 0 0 0
Th 0.01 0 0 0 0
Zn 0.5 10 10 6 4

nI-5-1-5 Calcula_tion method of metal elements and so on

The weight of metal elements on the filter is_ calculated from the peak area of

Gamma ray by the following Equation III-5-1." .

Stw

Ey = (§tY—a . SYa) ~ Fbw o . Equation Ili~5-1
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where; : : .

EW: Weight of element in analyzed sample (ug)
Stw: Weight of element in standard sample {:g)
StYa: Peak area of Gamma ray in standard sample
SYa: . Peak area of Gamma ray in analyzed sample

Fbw: Filter blank value (jtg)

The metal clement concentration in the ambient is obtained from the.f'olilowing
Equation I-5-2,

Ce =¥ £2x 1,000 Equation II-5-2
where;

Ce! Element concentration in the ambient (ng/m3)
Ew: Element weight in analyzed sample {ug)

V:  Air sucking flow rate (mg)

Fa: Total area of filter (406 sz)

Sa: Filter area of analyzed sample (22.6 sz)

.Further, peak area of Gamma ray is calculated as follows; the Gamma ray peak
peculiar to the element is analyzed by multichannel é.'nalyser which has detector
resolution of around 1 KeV and spectrum'da{a a-u-e indicated by channel number of mulii
channei analyser and count number of Gamma ray corresponding to each channel is
,indiéated. The spectrum data are the results of measuring number of dispersed Gamma

ray in the channel box corresponding to énergy;

=]
~ 2
g
g T
S
= e
= O &)
5

Number of dispersed Gamma ray

>

Count number

Fig. ITl-5-4 - Spectrum data (dispersion of Gamma particle)
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The spectrum data i'ridi'cate':the dispersion curve as shown in Fig, IiI-5-5, and so-called
- background portion and peak area of spectrum ‘data are overlapped. When total count
number around peak is T, background is B and net peak area is N, net peak area is

obtained by the foiloWing Equation I~5-3,

N=T-B - ' Equation II-5-3

.
r

"Net spectrum data

Calculated value

Background

* Channel number .

Fig. II-5-5 Spectrum data and background

Further, measured ﬁalﬁe by de’tecteré- in certain time period is the value with
statistical ,diéple_rs_ion,- and its dispersion beh_av;iour_ 1s a'ccérding ‘to poisson disp'ersion;
Calculated value C is the one near to precise value in the range of calculation error i\]a
Net peak area N calculated by Equation II-5-3 has calculation error GN{%)- .UN is -

obtained by following equation,
: 1
’ - Equation II-5-4
PARE LASCLED LT
N . .
where; n: number of channel
(in this study, each 3 channels before and after which makes 7 channels in total
are used. So it comes, n = 3)

I0-5-1-6 Gamina ray Spectrum

Fig. II-5-6 to II-5-8 show an example (Ist field survey at MP-1) of Gamma ray

spectrum.
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Sample name: No, 1, MP1

5 Neutron flux:. 1.5 x 10** nfem?/fs .
10+ Trradiation time: 1 min

Cooling time: ~ 3'min

Measuring time: 300 sec

0+ Ha-24 1558.;1\6« b A1-28 1778.9KeV

143‘1 4Kl
¥n-56" 844, 9]{0‘! (1 33 1642, 0KaV

Br~.‘.‘. 817, OB‘aVl
[N

lw ¢,\l‘\\vﬁw‘("ﬁ‘J ‘\\ AL
oy

Count number

g| Ti- 51 520, O5a7 a

ot - 205801 Ca-49 |
3083 KeV
l

I
gt

0 - ~ | i 1
IU L L L n i i i n " I P A

0 1000 2000 3000

Gamma ray energy (KeV)

Fig. IlI-5-6 An example of Gamma ray spectrum (short lived nuclides)
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Count number

Count number

S$-]53 103.2KeV

As-78 559.2%aV

" Sample nante: No. I, MP1 .

| Weutron flux: 1.5 x 10'?-nfem?fs
" Irreadiation time: S hr ' -
Cooling time: ~ 3 day

Measuring time: 1000 sec

Fe.24 1368, AKeV

B4y 1524, 7HoV - .

\- Lu-140 1555, 45357

500 ) Looe 1500 2000
Gamma ray energy (KeV) ) i
Fig, M-5-7 An example of Gamma ray spectrum (long lived nuclides (a))
Sample name: No. 1, MPL . .
Neutron flux: 1.5 x 10*? nfem?/s
Irradiation time: 5 hr )
Cooling time: = 2 week
Measuring time: 4000 sec
. Zn-65 1115.4Ke¥
Cr-51320.0Ke¥ So-d8 863.a%e¥ ¢
3 §b-124 602.6KeV
¥0-59 §093, KoY
Co-60 1352.4Kev
T T T T T T T L 1 ‘ : IR
500 1000 1500 2000

Fig. II-5~8 An example of Gamma ray spectrum (long lived nuclides (b))

Gamma ray energy (KeV)
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II-5-1-7 Resulis of me‘asuremeﬁt

The fesults of measurement of metal elements and so on are shown in Table II-5-7,
In the table, the results of measurement of Cd, Pb, S, and Si by X~ray fluorescence

analysis, and results of anion analysis by ion chromatography are also shown.

Table ITE-5-7-(1} Results of measurement of metal elements by neutron
activation a.nalysm {1st field survey)
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_Table I-§~7~(2) Results of measurement of- métal elements by neutron
activation analysis (2nd. fleld survey)
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Table III-5~ ? (3) Results of measurement of metal elements by neutron
actlvatlon .analysis (3rd field survey)’
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Table I{-5~7-(4) Results of measurement of metal ‘elements by neutron
activation analysis (4th field survey)
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M-5-2  Analysis of Metal Elements by X~ray Fluorescence Analysis

Elements (Pb, Si) which cannot be analyzed by neutron activation method and

elements {Cd, S) which is quite low in analyzing sensibility, have been analyzed by X-ray

fluorescence method.

II-5-2-1 Principle of measurement

When the sample is irradiated by primary X-ray produce_d from X-ray generator,

characteristic secondary X-ray is geherated from the. sample. The fluorescence of X-ray

has intensity distribution of energy correspdnding to the elements component, and so

X-ray ipteﬁsity of energy corre'sponding to the elements to be determined is measured by

dispersing X-ray. And it is compared with X-—raY intensity with the standard sample which

has

previously measured.

"determined.

Fig, I-5-% shows princi;ﬂe of X-ray fluorescence axi.alfzing instrument.
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Thus the containing quantity of the proposed - element  is



" Recorder - -

Xeray gensratar Draggrofloctor

Dotector .

Primary X-ray ~ Sample .X—i'ay fiorescence
Fig. UI-5-9 Pr"incipl'é of X-fay fluérescence analyzing instrument
Ii-5-2-2° -Analyzing methods

As shown in Fig. III-5-2, éamf)led filter for an.aly.rsis .(PF—I) 1s .c_'u_.t into round shape of
4_7' mm_  and l-it is pl_a,céd on the X-ray fluorescence analyzing instr'uméﬁt,'.Gi-géf‘fiex of
RIGAKU DENKI KX, (Picture II-5-2) for analysis. The instrument is set on sample stand
as shown in Fig, II-5~10.

Picture TI-5-2 Analyzing instrument of X-réy fluorescence

Sampled filter

f 7 4.0'mm.——~=-j.;i|

Teflon board (6 min thickness)

'Fig. M-5-10 Sample stand
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(a) Analyzing conditions

Table II-5-8 shows the classified items of X-ray tube, Bragy reflector, detector,

analyzing line, measuring time and so on which used in this study.

Table II-5-8 'Analy'z'ing conditions of ¥-ray fluorescence analysis

. Bragy C Anal&tical Measuring
Element | X-ray tube reflactor - Detector line time
Si | Chtomium tube | EDDT* Flow propor- | Kdline 1008
tional counter (7,126 A)
S Chromium tube | Ge Flow propor-~ Kaline ‘1008
tional counter (5.373 A) ]
Cd Chromium tube | EDDT* Flow propor- L aline 2005
: ’ tional counter (3.960 'A) :
Pb | Tungsten tube |LiF Scintillation L Bline 2008
. counter - (0.982 A)
Notes; * EDDT: Ethylenediamine ditartrate

&% Chro_mium tube! 40 KV -35 mA
Tungsten tube: 50 KV - 40 mA

Among X—rafy tubes, Chromium tube was used for a:_iailYéis of Si, S and Cd, and
Tingsten tube was used for Pb. This is due to the fact that the relative intensity
of Chromium tube at over 2.5 & is superior and below 2.5 .&, relative intensity of

Tungsten tube is superior, as shown in Fig. _IIf[*S-l'l.

B S v ) T '_q '
: Cr (i window)

3 T T
- _
3 [— Ag (thin window) ]
2l W or Pt (thin window) _|
.
B
wy
g 1 W or Pt (thick window)
2 09{< -
A og- .
o 071 _
2 053 _
=
o 05he _
o
o 04 R
D3k ]
o2 _
[ RN | L Lt b B33l |
0.5 1 2 3 4 5678910 20
Wave length (4)
Fig. Ili-5-11 Character of X-ray tubes
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For Bragy reflector used for X-ray reflection, EDDT for Si'and Cd, Ge for 8, and
LIF for Pb were employed. This is due to that applicable range of Bragy
reflector corresponding to the analytical line of each element has been limited

as shown in Fig, 1I-5-12, (Oblique line)

Wave length (A)
o1 02 - 0.5 1.0 20 50 10 20 50 100

LiF

Fig. II-5-12 Applicable range of Bragy reflectors

Further Fig. Il-5~13 shows the relative intensity of flow proportional counter

employed.

In this study, Argon has been employed.-

Mo Ka Culte CrKea
100 — o i
Krypt\on / '
) s ¥
£ -
7 .
g /
LI
g5 I
g . . . Argon
] .
o
A 7
s
a 0.5 Lo l.5_ 20 25
Wave length (3)

Fig. MI-5~13 Relative intensity of flow proportional counter

(b) Drawing of analytical line

(i} - Pb, Cd (Filtration rhethed of pre(':'ipitate by coprecipitation with iron)
‘Into tﬁe solution containing 300 }ig of Iron '(Fe3+), a certain fixed
‘quantity of Lead [Pb2‘+) and Céd'm.iu'm"('Cdz-F) are added. Adjusting Ph at
-9.3 by Sodium Borate solution and 0.1N Hydrogen'Chloride, precipitation
" is coagulated while heatmg, and the’ prec:pltates are collected on the .
- filter after filtration. The above procedures are repeated changmg
quantity of Lead and Cadmlum stage by stage for productlon of standard

samples for drawmg the analytical line.
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-Fig, II-5-14 shows the analytical line.

1500 I‘
~ 2000 |
7]
2N
L2 : .
8 (Pb concentration} (Count rate)
8 1.04 pglom? 110 CPS
§ 3.13 pgfem? 332 CPS
3 5.21 ug]cm: 520 CPS.
500 10.4 ugfem 998 CPS
: : -
fel:i)
Lead concentration (ugfecm?®) - a
_—
i kb
z 5
L
o 3 L‘ .
= (Cd concentration) (Count rate}
- © 0.010 pgfem®  0.72CPS
g2 | 0.021 pgfcm? 1.57 CPS
S o 0.042 pgfem® 301 CPS
0.054 pgiem?® 3.48 CPS
Lk
0 1 1 L i ' i

0.1 G.02 0,03  0.04 u.o? o o.{;a
. pe/ont
Cd concentration (ugfem?®)

Fig. MI-5-14 Analytical line.of Lead and Cadmium

i) Si, § {.filtration method of powder)
Silicon and Sulpher content-know-powder (fly ash} are fully grinded in
the agate .mortar, and the powder is dispersed by air. The dispersed
powder is collec_ted:on.the filter after filtration under reduced pressure.
From the weight of filter 'weighed before and after sampling, and
concentration of Silicon and Sulpher, the contents of 2 elements are
obtained. The filters contained dif_ferent volumes of powderr are
) produced as the standard samples for drawin_g the analytical lines.

Fig. M~5-15 shows the analytical line.
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10000

(Count 'r:ite)

s " (Si'concentration)
& soo0 | 171 pglem® 2150 CPS
< 448 pgfom? 5010 CPS
] 902 pgfem? 9240 CPS
=
=
(=]
O
0. I. 1
. 500 1000
Si concentration (zgfcm?)
so0 [ 5
~ 400 F
1]
&y
.% 200 B (S concentration)  {Count rate)
g -1:32 ugfem® T 95CPS
3 a0 | 3.45 pgfem?. 264 CPS
o 6.94 ugfem? " 485CPS
wo |
0 i

S concentration {ugfcm?)
Fig. OI-5-15 Analytical line of Silicon and Sulpher
HI-5-2-3 Determination limit

The average determination limit values of the samples of ambient particulate matter
are as follows which are obtained by X-ray fluorescence analysis. The blank values of

filters are not usually obtained quantitatively.

Cd: 0.02 ug/cmz
PB: 0.05 pg/cmz
Si: 0.2 ug/cmz
5: 0.2 ug/cmz

m-5-2-4 Calculation method of metal elements concentration

The weight of elements on the filter were calculated from X-ray's péak (CPS) by the

following eqguation.



Ew = ot Equation mi-5-5

= . 5
StCPS CPS
where; .
BEw: Element weight contained in sample at unit area {ng/ cmz)
. : : . 2
Stw: Element concentration in standard sample {ug/cm )

Stpgt  Count rate in standard sample'(CPS)
SCPS: Count rate of analyzed sample (CPS)
Elements concentration in the ambient are calculated by the folldwing

Equation III-5-6.

=Ew.Fa

Ce 7

% 1,000 Equation II-5-6
where;

Ce: Element concentration in the ambient (ng/ m3) _

Ew: Element weight in analyzed sample at unit area (ug/cmz)

Fa: Total area of filter (406 cmz)

V: Air flow rate {m3)

OI-5-2-5 Spectrum of X-ray fluorescence

Fig. M-5-16 shows an example of spectrum of X-ray fluorescence (1st Field Survey).
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soo - T Tstded | S .
. ' Speeimen Suwvey | 11C“ KL
~ Targer .- Crii ;. S
& Voltage - - |40 KV
G Cuvrent 35 . mA Al
;‘: Count Full Seale | fg00 " G| 1
B Time Copstant| 2. . sec}’ L o
g B Scamning Speed | 4 il i S
EJE‘: 600 . [Chavt Spced - |-, 20 mufoi, ! Co ke
I : . ps | - * S : o)
L St [RS[ -~ wm ot
® sy =" =@ R
Crystal ADP - : . Clv
| Detector _ ~ PC. | B 1
400}

St Ra

200

Cr kL Cotal

- ) - S : U Reflection angle
} 80% S B0 . | 60° . . S0° . 400 : -

'
'

_ Fig. III-5-16 Spectrum of x-ray fluorescence

I1-5-2-6 Results of measurement
_ 'I_’able II-5-7 shows the results of measurement of .metal elements in particulétte
mafte,r analyzed by X-ray fluorescence method. - .
II-5-3 Analysis of Anion by Ion Chromatography
II-5-3~1 Principle of analysis

Ion chromatography method is a kind of column ion chromatography using  ion

exchange resin as fixed phase.
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Sample solution containing ion is introduced into separation column together with
eluent, and ion is collected by ion exchange resin. By eluent development, ion is
separated selectively by the difference of separation constant between ion and resin. And
they are introduced to suppressor column and eluent from separation column is removed
or nuetralized. Thus the objective ion is flowing in electric conductivity cell from

separation column one by one, and respective types of ion are measured.

The instrument of ion chromatography is composed by eluent tank, solution
forwarding pump, sample injection pump, separation column, suppressor column and
electric conductivity detector. Fig. II-5-17 shows the outline of analysis by iomn

chromatography.

Sample injection

o
Sepasation column Electric conductivity cell
—Wﬁ“ WM @ > Eftluent
Eluent | ¢y Pump Suppressor column
—
Electric

conductivity
meter

Fig, HI-5~17 Outline of analysis of ion chromatography
In-5-3-2 Analyzing method
The filter (PF-1) is cut into 1/12 as shown in Fig. III-5-2, and adding 100 ml of eluent,
vibrated about 90 minutes which is used as standard sample. The analysis in this study has

been conducted by Chromatography Model 10 of Dionex Co. Ltd. Picture [I-5-3 shows the

instrument of ion chromatography.
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1)

(2)

Picture T-5-3 Instrument of ion chromatography
Analyzing conditions
The analysis has been carried out by the following conditions.

Separation column: 3 mm x 150 mm x 3 mm x 500 mm anjon exchange resin
Suppressor column: 6 mm. x 250 mm

Sample volume: 200 pg

Eluent: 0.0024M Na 003/0.0031\/1 NaHCO

2
Eluent flow rate: 138 m¥/hr

3

Drawing of analytical line

4 ml of 1000 mg/l chloride ion standard solution, 30 ml of 1000 mg/l nitric acid
standard solution and 50 ml of 1000 mg/1 sulfuric acid standard solution are kept
in the volume tric flask of 1 liter, and eluent is added upto- the marked line
{constant volume) which is used as standard stock solution. This standard stock
solution is diluted in sequence upto 100 magnifications which are used as
standard solution for analytical line. This solution is injected into ion
chromatography under same conditions with sample solution,' and analyticél lir_ae

is drawn,
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Fig, UI-5-18 shows analytical line and it'is an example of analytical lines drawn

once a day.

300
o ey
2 2000
H
a - ¢ {C{" concehiration) (Peak height)
K JLOpgmt 13 mm
o R, : 2.0 pg/ml 33 mm
Loop . . © 6.0 jigfnl 118 mm
R : ©10.0 pgfml 207 mm
4
1 . o] N
0 5 B £

-~ (CI” concentration (ugfml)

150
160 ’-
S 0f
b B
g S0t k-3
= N 7 e
! (NO, ~ concentration) (Peak height) 3
2 0.5 ugfmi - 183 mm sol TR
1.5 ug/ml ~ 52mm (SO, concentration) (Peak height)
2.5 pg/ml . 84 mm 1.0 yefmt 26 mm
i _ o . 3.0 pgfmi 79 mm
" 4 ¢ : ) S 5.0 pgfml 130 mm
0 1 2 3 4 5
NQ, ~ concentration (ug/ml) o
. ) P! : AL Lk T i
0 - 1 2 3 4 5

- 80, 7" concéntration (ug/ml)

Tig. T-5-18 Analytical line of C17, NO3 ~ and 50,4 2~
EI—S-3*-3. Detérmiﬁétidn _l:inﬁt.ahd._blank value o_fwfilfer
" Full scale of electric conductivity in this analysis is 30 ys/cm for C1, and 3 ps/cm for
NO; " and SO, " ‘

: conce_n:tr'ation in Table I-5-9, and blank value of Polyphlone filter (PF-—i} is also shown in

. The low marginal limit of determination is shown as solution

the table at the unit of hg/cmz.
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Table WI~5-9 Determination limit and bl_é.nk'_iialue of filter. e

Analyzed
item .

“Determination

Blank value of filter (ng/cm’)

Jimit ( g/ml)-..

er

NOj ™~

S04 7

| 2nd F.s.

RN 15 WACR IR TR R S BN
300 0 0

' 3-3'1;(1_,:_?.:.‘_3. B

e g '

ith Fus.

: _; 0 [RET VI
0

-5-3-4 Calculatidn'method_' of anion éqndeijtraiidh

" The anion concentration of sarr')ple- is calc;ula,féd as fb_liows;

(1} Ion concentration of analyzed solution

(2)

‘ SouII: .
where;
SoulI: :
CSti:
Hsoul:
Hsts

C5ti - Hsoul

Hst

I.'oﬁ' _¢0ncéﬁtratik_)n _bf émaiyzéd Sb_l_iition_ (].tg/ ml)

Ion concentration of standard solution (}g/ml)

' Pé'ak'height of analyzed solution (mm)

‘Peak height of standard sclution {mm)

Anion concentration in the ambient -

Soul.. V. . Sa

L
| Fa.V

C

whe‘re.;
Cyp
So 11:
VL: |
Sa:

Fa

L %1000

Anion concentration in the ambient (ug/m")
Ion concentration of analyzed solution (ng/ml)
'Ektradted solution 'volu_me_ (ml) o '

Total area of filter (406 cm®)

Fil Eer: ':'a‘reé-{ of a.nalyzed sample (17.3 c:mz)

Air sucking flow rate (m3) '

o mM-183

: Eﬁuatidﬁ Mi-5-7
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I-5-3-5 Io’n-Chr’oﬁ:atogram

Fig, 111—5—19 shows the typical example of jon chromatogram (1st Fielﬂ Survey).
Horizontal axis is the time after sample injection, and vertical axis represent-a peak
helght. I‘urther the peak helght used for calculation of concentration is the he:ght from

the base-line connected flat part around the peak. -

Eluent § 0.0024X 3,60,/ 0.003 HaHCO,
Separator Coluan: I X / 5 Qant 3 X_j' ¢ 0 un
Suppressar Column ! $ X 2§ Ty

In].eni'un '\'.n.luaet 2000

Conductivity Neter Settiag? J 0 p3/ ca

Flo¥ Rate: / ¥ &al/hr.

Recnr'dér Speed : ..S' s, gin. : .J
100 -
i L ar X__c::»
~
€ 80,
E -
+ N h Tt N .
g sop e
z I g
5 3
& | T
———— S E
NG,
_ 72 -y
RO LT L (NN | =
el - —
i Time {min)

Fig. IlI-5-19 Jon chromatogram
" IE-5-3-6 Results of measuremén't

‘The anion’ concentration in the partlculate matter by ion chromatography analys.ls is

shown in Table OI-5-7,
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Ill-5-4 Analysis of Total Carbon and Non-volatile Carbon by Differential .
Thermal Analyzing Method | [

II-5-4~1 Principle of Anelysis

Particulate matter Sampied ori' 'the .'iiuer‘fz' -fiifer .is treeted thermeily and 1s classified
.mto orgamc carbon and elemental ca.rbon. After ‘complete omdlzatzon to COZ’ they are
introduced into differential ‘thermal conducthty meter which has COz absorbing tube.‘
The heat generated by absorptmn of CO3 is output as dlsproportmnal mgnal for

determination.

Ftirther, in th’is study fhe 's;ample was treated in 'Nitrdgen' "cu'rrent-' at 400°C and
volatile carbon was removed for - detexmmmg non-volatile carben, and the sample not

thermally treated was used for ana1y51s of total carbon.

The outhne of the mstrument is shown in Flg, ]I[-S 20, and 1t is composed by the

decomposition furnace, flow rate regulatmg pump and detector. :

From the combustlon tube fully charged with He carrier. gas, the sample is mserted-
on Nickel board. The sample is decomposed by high temperature and then completely
oxidized w1th catalysis of oxide copper.‘ The gases generated from samples except COZ’
HZO’ and N
by co

2 “are removed by oxldatmn furnace and reduction furnace. 'I‘he gases mixed

59 H O and Nz are mtroduced mto dlfferentlal thermal c0nduct1v1ty meter whlch
“has the absorbmg tubes for H. O and C.O respectwel'y, and then concentratmn of C N _'

and H are obtained from the dlsproportlonal electrlc sxgnal (count number)
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B2 @YU

1. Decomposition furnace 17. Preheater
2. Ozidization furnace _ 18. Pump _
3. Réduction furnace 19. H30 absorbmg tube
* 4, Thermostat connecting tube - 20. COy absorbing tube
5. Combustion tube ' 21. Delay coil
6. Reduction tube ' ' 22-24. T.C.D.
7. Pressure regulator . 25, EXT.
8-10. Flow rate meter 26. Pump thermostat
11-16. Electromagnetic valve 27. Detector thermostat

Fig. M-5-20 Outline of carbon analyzing instrument
II-5-4-2 Analyzing methods

As shown in Fig. Io-5-21, t'he Quartz fﬂter was cut ‘to circle pieces of 1 cm dlameter
(2 pcs.) as samples for analysm. For the analysxs of total carbon, no pretreatment has
been given, but for the analysm of non—volatlle carbon, the sample pleces were thermally

pretreated 400°C in N1trogen current) as deSc:rlbed

For analysis of non-volatile carbon
2 .
(10 mm¢ x 2 pos) 1.57 cm For analysis of total carbon
\O o~
-~
O O

(10 mm¢ x 2 pes) 1.57 em?

Fig, II-5-21 Divisicn of sampled f'_ilter for carbon analysis
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B: Flow rate meter for Nxtrogen ’

C: Change-over cock :
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E: " Témperature regulator for heatmg furnace
F1 . Inlet of sample - :

G: Heating furnace

H: CA

k- Quartz sample board

J:  Cooling fan

Fig. I-5~22 Outlihg of pretfeatm_ent facility for analysis of elemental carbon
{1 'Ahalyzing conditions

The analysié of carbon has been carried out under the following conditions.

Sample decomposition :fgmperature: 950°C

- Temperature of o;;_i_d__iz_a.tit.n.l-:furnace: SSOOC

'_ ‘Temperature of reduction furnacei . . 550°C

Temperature of pump thermostat: - 55°C
‘Temperature of detector thermostat. 100°C
Flow rate of Helium: - : 200 ml/min
Flow rate of Oxigen gast 20 ml/min
Brldge Current: : 65 mA
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{2) Drawing of a.nalYtic.al line

Para-Amino Demethyl Aniline was employed as a standard substance and

weighed by micro-scale for 0.1 to 2.5 mg. And the samples were also analyzed

by the same conditions and analytical line was drawn from the volume of carbon

‘contained: An example of analytical line is shown in Fig. T-5-23,

15000

g
5 10000
bl
S {Weight of carbon) (Count number)
. 0.045 mg -360 counts
0.105 mg . 850 counts
T 0,245 mg 1950 counts
0490mg 3850 counts
so0o 0.720mg . 5720 counts
0965mg 7750 counts
1.270 mg 10180 counts
1530 mg 12110 counts
2.260 mg’ 18150 counts
] 1 ' i
o 0.5 1.0 1.5 2.8 (a1}

Weight of carbon

' Fig. I-5-23 Analytical line of carbon

l-5-4-3 Limit of determination and blank value of filter

The limit of determination at analysis of ambient particulate matter by Differential

Thermal Analysis is shown in Table ITI-5-10, and the blank value of the filter is also shown

in the same table.
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Table 1-5-10 Limit of determination and blank, value of filter

g Limit of .. % . Filter .blahk_'_v_allue:
- Ttem: determmatlon ' T '
IR, _ st | 2nd | 3rd | 4th
Total |, Swug.. J1.| 9 1.6 |5
Carbon_ P I T :
Non- | 5pg 5 .3 L2 |2
" yolatile :

carbon

Remarkst pg for 2 pieces filter of 1 cm
I-5-4-4 Calculation methed_s of carbon cbneentration

Carbon weight on the filter'is calculated from’ count number of- dlfferentml thermal

conducthty meter by the followmg Equatmn III-S 9

St S S o

Cwe=lg—1S ) - Fbw . Equation II-5-9
count : : ' B : .

where; - .

Cw: _ Carbon weight in analyzed sample (pg)

Stw: Carbon content in standard sampie {pg)

St o] Count number of standard Samplt, :

count:
S, Qunt: _ Counﬂt nu_mber of a.na.ly.z:eld sample
Fbw: - . Blank value of filter (ug)

Further, concentration of carbon in the ambient is calculated’ by the following

Equation II-5-10.

Cc = % | _ . | quation m-5-10
where;}

Cc: Carbon concentratlon in the ambient (pg/mg)
Cw: Carbon weight m analyzed sample {ng)

Vi . Air ﬂow rate (m }

Fa: Total area of filter (406 sz)

Sa: Filter area of analyzed sample (1.57 cmz)
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i-5-4-5 Results of analysis

The results of a'nalys'i‘s of carbon concentration in the. ambient air by _differe’ntial.
thermal analysis are shown in Table -5-11, In the table, the volatile carbon is
represented bj,r-oi-ganic cafbon, and non-volatile 'carb'on is represented by elemental
carbon, "Also TPM concentl.:'ationj ahd the ratio of TPM to carhon afe enumerated in the

table.

Table MI-5~11-(1} -Results of analysis of carbon (1st survey)

Monitoring El; T‘fgﬁal 2;?;2: ;?lt)il n TPM
potnt pefm® (%)~ .} . pglmd (%) - ugfm® () g’
MP1| 1L4°(7.D 3.1 (4.6 145 (2L7) 66.7
MP 2 1 8.3 (5. 1) 3.0 (4.9 12.3 (20.0) 6.4

- MP 3 b 1008 {20.3) 3.2°06.8) 1 14.0-26.40 1 9301
MP 4 140 (14.8).F 5.0 (5.4 19.1.(20.2) 1 - 94. 4.
MP 5 14.6 (16.00] 3.4 (3.7 18.0 (19.8) 91.1
MP B 12.7 (14.6) 51 (6.8 1 17.8 (20.4) 87.2
WP 7 1 -26.9 (18:2) | 101 (7.5) | 38.0 (25.1) | 143.0
MP 8 | 1L3 (14.6) [ 4.0 (5.2).16.3 (19.7y} TS
MP G 13. 1 °(16. 6) .3 (6. 4)7) 174 (22.0y ] -.79.1
MPiQ [ 10.4 (16. 1) 3.7 (5.1 ] 14.1 (21.8) 64. 6
MP11 11.2 (15.1) 39053 1 151 (20, 4) 4.0
MPi2 10.9 (19.6) 3.9 (6:3) | 144 (25.9; 93. 9
HP13 11.9-(20.6) |- 3.9 (6.1 158 (271.3) 57.8
HPi4 10,2 (19.00 1 3.1 (58 13.3 247 53.8
KP1S 5.3 (0. 8y 2.1 C4 D | 1.4 (15.0) 49.2
MP16 11.5 (17.8) 3.6 (5.6)] 15.1 (23.3) |- 64,7
¥P17 27,9 (23,00 | 7.7 (6.4 35.6 (28.4) ) 1211
P18 | 7.3 (14 7) ET (3.4 9.0 (18.2) 49. 5
ueis 8.8 (12.8)7] - 2.4 (3.5} 11,2 (16.3) 68. 8
MP20 | 7.4 (13.7) 2.0 (4.6 9.9 (18 4) 33. 9
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Table MI~5-11-(2)

Results of analysis of carbon (2nd Sli'r*;"ey)

-~ {Monitoring Ef;gggl _ ggggf;_ _ égggg B\ Y S
R N B O . X M
MPO L[ 2002 (1700 803 (2.8 | 2305 (19.9) | 1182 ¢
WPo2 | 15,8 (24.2)- (7 2.6 (4.0) | 18.4°(28.2) |  65.2 -
MP-3 - 188 (23,20 1 380 47) [~2276.7.9) {0~ 810l
TN S LN I ¢ B O T T S G R VA zansptza,g) LA168
MP'5 [ 25.67(29.2) | 5.2 (-4.70) | 30,8 (26.°7) | 115.2
MP.6 | 2040 (19.9) | 5.6 (5.2) |0 27.0.25.1) | 107.6 .
MPOT | 43000 (24.4) | 107 (6D | 530T (30.5) 1 176.0 -
NP8 | 150070200 0 372 (C43) | 18,2 (244Y 1 TAT
WP |23,5 (25,04 8.4 (9.0) | 319 B4 2 [ 933
MP10 | 14:8.(22.3) | 5.2 0 1.8)]-20.0.(30.2) | 663
MP11 | 17.2.(22.8) | 6.1 (.6.8) ) 2203 (29:5)]  75.5
MP12 | 15.6-(17.0) | 200 (2.2) |- 17.67(19.3) | 910t
CMPIZ ] 17.0(22.2) {401 (6.3 211 QT.5) 6.7 -
WPi4 -l 13,8 (1.9} 3.4 (4|12 223 T
¥P15 | T QA [ L0 (LD | 8.7 (0631 53.3
MP16 | 16.0 (18.6)| 5.7 (6.6Y| 217 (25.3) | 85.8
MP1T | 33.1 (25.2) ) 9.7 (7.4)| 42.8°(32:6)|.-131.3
Wp1g | 1305 (216 3.1 (50| 16.6 (26.6).] 62.5
MP19 | 12,2 .(19.4) 1 2.5 (4.0) | 14.7.(23:4) | 62,8
MP20 7.6 1.2y L2 (2n | 8.8 (19.9] 442

Table -5-11-(3)

Results of _analyéis of carbon (3rd survey)

Monitoring B

point

Elemental .
.. ‘carbon -

. gjm?® (%)

Oiganic.
. arbon. -
pefm® {%)

Total

. earbon: o
ngfm?® (%),

TPM

wghm® o |

NP
up
M

Yp.

D OO T O LI e CaD D

6.2 (13.
4.1 8.
-8.0.(18.
12..2 “(16.
6.5 (8,
7.0 (10,
32.7 (18.
15,1 (i4.
23.7 (18
6.5 (13
15.8 (20,
10;6
13.3 (22.
7.8 (13.
2.8 (6
10. 8- (13.
1.6 (14,
8.6 (16.
4.4 (8.
5.6 (12.

(17.3) |

€05 D G €0 i ot BN e ek = 6D, 00 W bk DD ok bt bk € bk

[
et

DD OO D GO G0 IND 0D 1 &0 4D 60 3 80— S5 ST OO U v

1.6 (17,
4.6 -9,
- 9.6 (13;
14.0 (18,
8010100

= 0.6 (13,
44. 4" (25,
20,0 (19.
32, 4 (25,

< 904 (19.
23,7 QL
125 (20,
17.5 -(30.
10.0. (17,

; 009,
© 15,1 Q18
10,921,
11, 6 (22:
7.2 (14,
11,8 (r

A
46:
52,
1Y
80,
9.
173,
104,
128.
47,
8.
58.
57.
40
8.
Y
52,
50.
67.

m-191




_ _Tf}blé m—g;li;{4)_ Results of analysis of carbon {4th survey)

.4 Elemental T Organic . -] - STotal o o] gy
Monitoring| * “carbon . " earbon _ carbon - * CUTRM T
point. e @ | s @B | pimt @) Hgfm® (B).
WP 1 {155 (LD | 8.6 (5.0) ] 19.1.426.8) | 703"
cheo | 1L el 28 (5 | 13T 2) | a8
WP 3 | 156 (24.5) | 5.7 (8.9)| 213 (33.4)) 63.8
CMP 4 224 9) |34 (60) | 17.67(30.8) | BT ]
PS5 ol 12.1°018.9) 1 304 5.3y 18.5..(24.2) 64,0 ¢
UP 6 1.8 (18,4 | 49 (8.0 16.2 (26.3) 615
up 7 26,9 (18:8) | 12,4 (-8.6) | 39,3 (27.4) - _143;4‘ g
MP 8 16,1 €17, 0) | 5.2 (55| 21,3 (22.8) ) 946 .
MP9 22.3 (18.8) | 12.4 (10.4)) " 34.7(29.2) {. 118.9
HeP1o 11,9 .27.0) 3.2 (7.3 151 (34.3) 44,0
MPLL 1 2100 (24.1) 6.9 (7.9 | 27.9.4(32.1) 870
1 MP12 14.3-(18. 1) 4.3 (5.4 18,6.(23.5 | 19.2
w13 | .4 @O 44 (o oe0s ) | o608
"HPL4 16,3 (24.2) ¢ - 4.1 (6. 1)1 20.4-(30.3) 67,3
UP15 10,2 (20,3 1 2.5 (5.00 | 12,7 (25.3) | 90.2
HP16 19.9 (21.9) 6.9 € 7.0) 7. 26.4 (28.5) 1 92.%
MP1Y 20,1 (25.5) 50 (6.3 2513191 788
WP18 | I7.1 (1905 | 8.3 (9.5) | 25.4-(20.0) [ 876
HP19 14.2 (21.7) 3.7-¢5. 1| 17.9 (27.4) 65,4
MP20 15,4 (19.5 4.0 (5.1 19.4 (24.6) 78.9

OI-5-5 Analysis of Metal Element, Anion and Carbon in Soil by Neutron
Actlvatlon Analysxs, -ray Fluorescence Analysis and Differential

Thermal Analyms

3 typical types of surface soil of Smgapore have bee_n supplied by _Soil Investigation

Unit of JTC and their metal elements, anion and carbon content have been analyzed.

The methods of a.nalysm are almost’ same with the previously described for amblent
particulate matter, but some processes of pretreatment bemg different, the followings

are supplemented.

The sampie 5011 has been naturally dried and 1mpur1tles such as small stones are

eliminated. After gnnded by agate mortar, they were’ used as a.nalytlcal sample.

The we_i'ghingi_:of samplre hé.s:'b'een'c-al'-_ried out a_fier desication _fbr several days with.

Silicagel. The quantity of samples for various analyses are as follows; ,
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(a) |

(¢

(d)

Neutron activation analysis. -

About 15 mg for short term 1rrad1at10n and about 30 mg for long term 1rrad1atmn‘

are seaied in double Iayers Polyetbylene bags of 5 X 7 cm respectwely

-X?réy Fluorésceﬁce Analfé‘;ié .

_Aﬁout 100 mgi_t_)-:f- éoil"sampies';{ﬁ-e 'equé{l:l'y disﬁiblif'e’d_ rqn the filter for an’él_vs_;is_. '

Ion Chrom atb‘g‘raphy 'An'a'lgréis

_Addmg 100 rnl of eluent m 1 gram. of soll sample, and v1brat1ng about 90 mlnutes .

for extractmn, the sample solut}on are obtamed after fxlteratmn of lmpurltles. K

‘Carbon Aﬁ}iljfs_ri_s

-2 to 5 mg of 3011 sample are we1ghed on the nlckel board and they are used for'

,analysls of total carbon and nOn-volatlle ca.rbon.

"’_I‘able T-5~12 shows the results of anél"ysi't_s.
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Table MI-5-12 - Results of analysis of soil cbihpdnents e

Noo 1

"No,t

* Name of sample TNe3 T |- Average
Method - | Itemjunit -] - ppm° coppm s L pptas. ~ ppm
Neutron Ag <d (7 <3 <4
activation Al 120000 {1) 70000 {1) 170000 (1) o1 120000
analysis - As 17-{1 T1149) S1T0R) T f 0
: Ba 660 (9) 260 (20) <100 C . 310
Br <30 <30 <10 (34} - <30
Ca <2000 <2000 <3000 X <2000
T cd 0 R { R S0 R0
- Ce 81 (2) 120 ) 24 (6) 75
Cl - 2200 (13) <1000 . "<1000 : <1000
Co <0.1 1.5 (26} . 0.94(28) ) . 084
Cr 22 {11) s50(5) BTy 43 -
" Cs 3.9 {11} 2.5 (16) 2.8 {13} 3.1
Gu <400 . <300 ' <500 . . <400
Fe 250002}  -|. 430001{2) S31000 (2) - .33000
Hf 744 T 8914 : 144 | L1
K 37000 {8) 4300 (46) 11000 (15} 217000 -
La 54 {4} ‘56 {4) 20 (7} 43
Lu 0.68 {5)- 0.53 (7) 0.10 (29) - 0.44
Mn 34 (6 38.(5}- - 44.{5) ' 39
Na 2400 (6} 2000 (3) 790 (27) - 1700
Ni <80 <80 .. <70 <80
Bb 8.8 {5} 1.7 (19} 1.7 {8} 6.1
Sc 18 (1) 13 (1} - 10 (1) L
. Se o<l <4 . : 3.9 (45) <4
. 5m 6.5 (1) 11.(1) 2.0 (2) 6.5
- Th - w20y 14 (7) 35 (1} T3
Ti 3700 {5) - .3800 (7} 4700 (8} 4100
v 60 (4) 100 (3} 71°(5) Kk
w 7.4 (22) | <3 7.9 (16} B2
Zn 4327 L <30 ~ 28 (39) 25
X-ray Cd 1.3 0.b 0.7 0.9
fluorescence Fb 61 70 75 69
analysis ' s 190 170 270 At
Si 310000 300000 190000 270000
Ion _ LoYr 470 41 230 380
Chromatography NO3 12 <7 <7 <7
analysis . SO0y 45 100 18 55
Differential Elemental 850 710 530 697
thermal carbon
analysis
Organic 1310 140 740 730
carbon '
Total 2160 850 1270 1427
carbon :

Remarks: Numerlcal value in bracket is analytical error (%),

T - 194




EMISSION SOURCE .







" PART IV EMISSION SOURCE

T thxs study, the momtored values of each momtormg station obtained through the
fleld survey are assumed to be the values of the future (1990) On"'the above conchtlon,.
the proposed dlspersmn concentratmn of’ partxculate matter from  coal’ fmng power

stations and integrated steel mill are ‘added, and such values are assumed to be the

ambient concentration of the particulate matter of the future (1990).

~The ‘monitored valiés mean or ‘are defined as the.ambient concentration of ‘all
" -ermission soirces such as natural background, sources from-human activities and secondary

particles,

In this PART IV, the assumption of emission volumes from coal firing power stations
and integrated steel mill are conducted which are necessary for future . diépersion

‘calculation.
CHAPTER 1 ASSUMPTION OF EMISSION VOLUME OF PARTICULATE MATTER

For setting up the assumption of emission volume from. the new -sources, the
-agreement between Singapore and Japanese Authorities has been obtained, and so the

basis of calculation or assumption is described in this part of the report.
v-1-1 Coal Firing Power Stations .
IV-1-1-1 Pulau Seraya power station

The proposed Australlian coal's ash content is assumed to be 15% Judgmg from its

h1gh caloric value (6 450 Kcal/ kg) a.nd all ash are introduced to electrostatlc prec:pltator.

Wet emlsswn gas volume is- Q 1 Nm> fkg~coal. When Hydrogen content of coal is: 5%,'
dry emission gas volume is 8.5 Nm /kg—coal (9 1- _Zﬁ x 0.05 = 8.5), As the ash content
of coal is 15%, ash per. 1 kg coal is 0.15 kg/kg-coal So ash concentration in dry gas is

0.15 kg/8. 5 Nm3 which is equal to- 18 g/Nm -dry gas.



When the efficiency of electrostatic prempltator is 99.7%, concentration at-the exit
is calculated as 0,05 g/Nm -dry gas. Therefore the partlcu]ate concentratlon discharged
into the ambient comes 124 kg/hr. (0.05 g[Nm ~dry gas x g %2 4650,000 Nm /hr-wet gas
- 1,000)-

. Taking the devia_ti'on of .efficiency of EP into consideration, particulate emission

volume is assumed to be 130 kg/hr.
IV-1-1-2 Pulau Tekong power station.

‘When concentration of EP exit is 0. 05 g/Nm3~dry gas, same as Pulau Seraya, the
particulate. emlssmn volume is calculated as 115 kg/lr from wet gas emlssmn volume
2,470,000 Nm /hr, '

Taking  the deviation of EP efficiency into calculation, the particulate emission

volume is assumed as 120 kg/hr.
IV-1-2 Integrated Steel Mill
IV-1-2-1 Grate Kiln

Referring to Japanese experiences of sintering procésses which is comparatively high
in concentration of particulate, the concentration at the inlet of EP is assumed to be
2 g/.Nm3. When the efficiency of EP is 91% {due to greater deviation of dust
concentration lower efﬁclency rate is apphed) the parhculate concentration at the exit of
EP is calculated to be 0.18 g/Nma. The particulate volume discharged mto the ambient .
from EP is obtained by multiplying emission volume of Grate Kiln {5 x 10° Nm ,’hr) which
is 900 kg/hr.

IV-1-2-2 Rehe ating furnace

Referriﬁg to | Japanese expeﬁences,_ the particulate concentration of reheating
furnace is assumed as 0.1 g/Nms. As EP is supposed to be not insfalled, the emission
volume to the ambient is obtained just. multlplymg 6.3 x 10 Nm /br, which makes 6.3 =
6 kg/ hr, '



IV-1-2-3 Electric’arc furnace

The steel makmg requlres a large volume of thermal power, ‘out 100 t/charge UHP
furnace. (Ultra ngh Power) of transformer capac:ty 60 MVA is employed which requires
short time for steel making processes. , When one cycle of steel makmg by UHP furnace is
2 hours, it comes 12 charges per day. ‘8o ofie day. productmn comes 100 %12 =
1,200 t/day. On the: OLher hand, annual productlon of' Molten steél s 1. 037 x 106 t and s0
the daily treatment of 3,457 t (1.037x% 10%/12 months x 25 days) is requn'ed. From: these
data, the required numbers o_f UHP furnace is 3,450 t/1,200=3 furnaces.

Referrmg to the standard emlssmn gas volume of 100 t furnace in Japan, one set of
100 t/charge is assumed to discharge 600,000 Nm /hr. Among gas volume, 80% 1s induced
from the ceiling and 20% is dlrectly induced from the furnace.‘ All volume of gases are
_'assumed to be introduced into EP. (Because of generatxon of CO bag house is usnally
.used ins'tead of EP. for safety) The partlculate concentratlon at the 1n1et of EP. is
5 g/Nm , and eff1c1enc5r of bag house is . 96.5%. On these condxtlons, partlculate
concentration at the exit of bag houSe is calculateo to be 0.18 g/NmB. The total gas
volume dlscharged into the ambient is Q. 18 g/Nm3 % 600 000 Nm /hr X 3 furnac:es 324

kg/hr,

Partlculate volume d:schargeo from the above mentmned faczlltxes are summed up as

shown in Table IV~1 l.

o 'Tabié v-1-1 :P'é'r'ticu.let_e: volumeby p'l_eﬁfs andfac111t1es o

Names of plant and faeilities E;E:)u ls.te volume
Pulau Seraya Power Station o T30
Pulau Tekong Power Station . o 120
Tekong Integrated Steel Mill - 1
Tekong Integrated Steel Grate Kiln’ 9060
Tekong Integrated Steel Reheating Furnace ' 6
Tekong Integrated Steel Electric Arc F. - 324




CHAPTER 2 - SIZE DISTRIBUTION OF PARTICULATE MATTER

The pafﬂculate matter .d.ischar'géd iﬁto the ambient is fallen down to the place near
to the sources when they are heavy in weight, and is d:spersed long far:away when they
are light., These phenomena-are put into dispersion model and it is scheduled to calculate
the amblent concentration of the particulate matter, but precxpltatmg velocxty of the

particulate is calculated by the following Stokes formula IV-2_,~1._ :

Zrzps : ' ' ' o
Vs = ——ﬁ-f- : _ o Formula IV-2-1
_ where,

'_ r: radlus of partmulate (m)

 Pst densxty of parnculate (g/m )

. Pat ilden51ty of air (g/m |

‘\):_ _coefficient of kmematlc v1scos:ty of alr (m /s)
g acceleration (m/s )

Vs: falhng velocity of pa.rtlculate (m/s}

In the Stokes formula, fmal veloc:ty of partlculate la.rgely depends on the sme of
partlculate and for calculatlon of partlculate dlspersmn by all smes and fallmg veloc:ty, 7
tremendous number of calculation are needed. So in this study, the partlcle size is
c1ass1f1ed into 4 categones as shown in Table IV-Z-I, taking into consideration the fact .—
that the size distribution in the ambient is drawn in two mounta_ms curve at 2 microns and

below 10 _mlcrons_ of SPM.

_Table IV-2-1 Classification of particulate size

0-1, 9 Um

2 9.9 um
10 - 19 9: um -

Over 20 um

Size distribution of partlculate by the fac:htles has been assumed, referrmg to the

monitored values in Japanm

In this chapter, size distribution by facxlzties and ratio’ of partlculate size by

classxfied ra.nk are described.:



IV-2~1 Boiler of Power Plant (Coal Firing Boiler)

For size dlstribution of partlculate em:tted from power statlons of Pulau Seraya and
Pulau Tekong, the average ‘of mo' t'ored values for 4 coal flring statlons in’ Japan were

adopted. The results are shown m Flg, IV—Z.—I of the next page. o

In the - fxgure, horlzontal axls represents sxze of particulate and vertlcal axis 1s'.'
eumulatwe frequency, and it is expressed by loganthmxc scale. And the slze distnbution:' _
_IIS drawn in stra:ght hne (Rosm—Ramler dlstrlbution) Rosm—Ramler dletrlbution 1s-"
.generally used’ for chstmbut:on exponent of the partlculate matter generated from

industrial act1v1t1es. Resxduai rate (R) is expressed by the followmg equatlon.
R = 100 x exp (-é-sd:)- B T S ST, Equation IV-2-2

where,- SRR
R: resadual rate (%)

dp'.' . particle size _(um)_- |
B:  distribution factor =

n: distribution exponent

Distribution factor and "distribution'exp_oneﬁ't_'; are constant determmedby particulate
character and these vahies ' are. 'shown in Table IV-2-2 -together with values of- other
facilities. In the table, size ratio by classified particulate sizes are shown which have

already enumerated in Table IV-2~1.

“Table IV-2-2- D1stmbut10n factor B d1str1but10n exponent n and P e

size ratio by class1f1ed size -

SRR - SRR Medlum ... Sizeratio (%) ... i

Facilities | 'n B | diameter Iy 10 12,0-9.9 | 10.0-19.9- |- Over 20°
Boiler for 1.029 -1 0.206 | 3.3 343 | 54.6 100 -1 11
generator ' - _ _ I ] R
Grate kiln 0.562 |0:454 | 2.1 | 489 | 321 104 | 86
Re'he’a't'ing"“ 'o 550' Jootr |0 ) 13| 224l 31| 08
furnace . ... e B SRl TR I P T SR I Sl
Electric ArcF: . .065_._0;2'ZO.= .24 | 432 | 525 |42 doo00 |
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Fig. IV<2-1 - Size distribution of particulate by facilities
Iv-2-2 Grate Kiln

For settmg up the size distribution of part1culate matter of Tekong lntegrated steel
mill, the average values referred to J apanese sintering furnaCe of 4 steel mills have been
applied, The resuIts of this assumptlon are shown in Fig. W-2-1. And distribution factor
B, distribution exponent n and size ratio by the classified particulate size are shown in .

Table w-z-2."
IV-2~3 Reheating Furnace

The integrated steel mill of Tekong is not installed with EP, and so referenc'e had to :
be applied to 32 facilities in J apan which are not equipped with EP.. Those f1gures are
shown in Fig. IV-2-1. And distribution fa.c:tor B, chstmbutmn exponent n, and size ratio by

the classified particulate size are shown in Table IV-2-2.



V-2-4 El_eétric Are Furnace.

S1ze dlstrlbutlon of the partlcuiate matter emltted from Tekong 1ntegrated steel mill -

~ are estimated from the momtored values of 6 electnc arc furnace operatmg m J apan.

“Those values are shown in Fig. IV-2-1, and 'dis'tr'ibutribn__:f‘at:t'ér S, '.ﬂi_stributidh éiponent'

n, and size ratio by the bl_éssified pal_‘.t_iculat_e"é&z'e:are shpﬁvﬁin '_I‘ablrer V-2-2.
IV-2-5 Particulate Emission Volume by Size

The particulate volume by size, factories and faéilitiés étfre._ sh@w’nl in Table N"Zf‘?’ .. '

together with other emission factors. '



I S _. T . avEuANg
€G- | 9°El 4 170211 0U0F1 ¥2¢ 0000081 o023 g2 0°¢ 021 € 59 STy DMIDBE |
- 1 . - @oemamg ,
o | zo e vy 9 00059 00 0 551 | oL 2 59, Buppeauey | I TSRS
AT B LR I -1 R ) 5 . 006 000°000°4 001 QE L6°8 0.1 1 59 Ty Sieds DNOMEL
1 S I o O ==L 2 b = ral DOD LT 051 82 9gL £81 1 %9 NOLLY LS JEM0OE DNONIL
L0 -0'El k 0 TLin} 9F% 0€1 000°055% 051 §2 29°L €81 Z €9 NOILVLIS WIMOI VAVHEIES
- T TTmn g —
02 320 | $Z-01 | 012 (@/8y) | {34/ ¢ TN) (Do) (/) (o) (=)
: k , . | #0139 swmos |- mﬁﬂom sed | smyeredway | Ajworsa | aeiswerp | jyddy nmp%mﬂﬁ nmpﬂMﬁn Aypioer x jweld
(E/83) | ssemonteg | uossimg seq) sen | jepmp | womg | TEIS | ¥WEM A

2218 AG WAL SIRTADIIIRS

2715 AQ SWIN[OA 2IB[NDIIIRF §-7-Al B4R




	PART III FIELD SURVEY
	CHAPTER 3 SHORT TERM FIELD SURVEY
	III-3-3 Monitoring of TPM Size Distribution by Andersen Sampler
	III-3-3-2 Calculation of TPM concentration by size
	III-3-3-3 Results of monitoring of particulate size distribution


	CHAPTER 4 LONG TERM FIELD SURVEY
	III-4-1 Monitoring of SPM by Beta Ray Dust Analyser
	III-4-1-1 Beta ray dust analyser
	III-4-1-2 Results of monitoring

	III-4-2 Monitoring of SO2, Wind Direction & Velocity, Solar & Net Radiation, and Temperature
	III-4-2-1 Instruments
	III-4-2-2 Maintenance of instruments
	III-4-2-3 Results of monitoring


	CHAPTER 5 ANALYSIS OF CHEMICAL COMPONENTS CONTAINED IN PARTICULATE MATTER
	III-5-1 Analysis of Metal Elements by Neutron Activation Method
	III-5-1-1 Principle of analysis
	III-5-1-2 Analyzing method
	III-5-1-3 Analysis of ambient air standard sample
	III-5-1-4 Limit of determination and filter blank
	III-5-1-5 Calculation method of metal elements and so on
	III-5-1-6 Gamma ray Spectrum
	III-5-1-7 Results of measurement

	III-5-2 Analysis of Metal Elements by X-ray Fluorescence Analysis
	III-5-2-1 Principle of measurement
	III-5-2-2 Analyzing methods
	III-5-2-3 Determination limit
	III-5-2-4 Calculation method of metal elements concentration
	III-5-2-5 Spectrum of X-ray fluorescence
	III-5-2-6 Results of measurement

	III-5-3 Analysis of Anion by Ion Chromatography
	III-5-3-1 Principle of analysis
	III-5-3-2 Analyzing method
	III-5-3-3 Determination limit and blank value of filter
	III-5-3-4 Calculation method of anion concentration
	III-5-3-5 Ion Chromatogram
	III-5-3-6 Results of measurement

	III-5-4 Analysis of Total Carbon and Non-volatile Carbon by Differential Thermal Analyzing Method
	III-5-4-1 Principle of Analysis
	III-5-4-2 Analyzing methods
	III-5-4-3 Limit of determination and blank value of filter
	III-5-4-4 Calculation methods of carbon concentration
	III-5-4-5 Results of analysis

	III-5-5 Analysis of Metal Element, Anion and Carbon in Soil by Neutron Activation Analysis, X-ray Fluorescence Analysis and Differential Thermal Analysis


	PART IV EMISSION SOURCE
	CHAPTER 1 ASSUMPTION OF EMISSION VOLUME OF PARTICULATE MATTER
	IV-1-1 Coal Firing Power Stations
	IV-1-1-1 Pulau Seraya power station
	IV-1-1-2 Pulau Tekong power station

	IV-1-2 Integrated Steel Mill
	IV-1-2-1 Grate Kiln
	IV-1-2-2 Reheating furnace
	IV-1-2-3 Electric arc furnace


	CHAPTER 2 SIZE DISTRIBUTION OF PARTICULATE MATTER
	IV-2-1 Boiler of Power Plant (Coal Firing Boiler)
	IV-2-2 Grate Kiln
	IV-2-3 Reheating Furnace
	IV-2-4 Electric Arc Furnace
	IV-2-5 Particulate Emission Volume by Size



