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Speciai Problem Title Air Pollution in 7 Areas of Bangkok Metropolis
Name Phakphum Bantarapakay

Rattichai  Tantaprasasrt

Vasin Yamchuenpong
Department Applied Statistics
Program Applied Statistics
Academic Year 2006
Special Problem Advisor Asst.Prof. Waraporn Lursinsup
ABSTRACT

The main purposes of this special problem ware twofeld: First, to compare the value of
particulate matter less than 10 micro PM10 of each Air Quality Monitoring stations(Khlongchan
National Housing Authority, Huai Khwang stadium National Housing Authority, Nonsi Withaya
School, Singharatpitayakom school, Thonburi Electric Substation, Chockchai Police Station,
Dindang National Housing Authority)} with the standard value; second, to compare the carbon
monoxide, sulfur dioxide, nitrogen dioxide, ozone and PM10 among each Air Quality Monitoring
stations and each seasons(winter, summer, rainy season}. This study uscd the secondary data from
the Air Quality and Noise Information Systenm, Pollution Control Department,Ministry of Natural
Resources and Environment, from January to December 2005, These data were analyzed using
Z-test and Kruskal-Wallis test.

The results indicated that each Air Quality Monitoring had not higher PM10 than the
standard valuc (p<0.05). High carbon monoxide, nitrogen dioxide values occurred in Dindang
National Housing Authority and high sulfer dioxide value occurred in Chockchai Police Station
and Huai Khwang stadium National Housing Authority. Furthermore, high ozone value appeared
on Chockchai Police Station and Khlongchan National Housing Authority. In addition, the
Chockehai Police Station and Dindang National Housing Authority had high PM10 value. For
seasoning, the winter had high carbon monoxide, nitrogen dioxide and PM10 values and the
summer had high ozone and sulfer dioxide values, Finally, the rainy season had high sulfer

dioxide value.
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ASANSYUBUAULA 328 1.6721 0.7336
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uunmINanIa s IaguA W IN A

anilns v IAguUNINeIN A n Mean SD
dninoumsanzgurunaesiy 352 6.7774 2.1093
AWM TN FUFUA WY 340 8.8449 5.2451
T5aGouuuniine 357 7.1323 2.6919
1595 oudansvineny 342 5.6546 25159
aoniing fhdousuys 358 7.1540 3.7823
amildsvuasuin lvasy 354 8.4715 3.5354
MSIANEYNYUAULAS 319 6.8310 3.0545
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—

ANHATIVIANUNINDINA n Mean SD
dninaumsianzguauaanesy 361 18.7551 7.1992
ﬁ‘l—l'IﬂJﬁW'Iﬂ'I'jlﬂﬂz‘]le‘]iuﬁ'JU'ﬂTN 358 28.7117 7.8638
IsaFouuunsing 345 25.3456 9.0643
Tsafeudanaanneiny 364 16.7012 10.9433
aiinis Iddhdousuys 364 24.3642 9.6708
anlaIIvuATING l3ndY 358 30.2700 8.1461
MIANTYUIUAUUAS 305 39.9592 20.2891
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amiifsnunivia lsnyy 350 20.3332 5.6599
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MmN 45 uaasAundonazduiisuunasguvesdfuitivinadnnd 10 luaseu (i

pg/m*) Puunmuanilaseiagunmeinia

A011ins 9 IAnUNWDIN A n Mean SD
dminnumMsInnzENsLATeITY 361 33.6978 14.3975
aumfnmaanz Lo 358 40.2726 13.9921
T5 95 UUUNT NN 333 45.4657 15.2899
TsaSsudanNsHNnnY 336 40.0108 15.2209
aondins Idhdoysuys 364 31.7612 12,6430
aoiidrraunsua Tsaye 333 49,2337 12.3179
MIANSYUBUAULAS 329 77.7093 48.9490
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4 ’ o ' | ¥ o 1
A1319N 4.6 g IRdeLaz @I ToUIUNIATIHYEIR A UouNeUDN lwd (MUY ppm)

PHUAMINGYND

fammn n Mean sD

naUUI 810 1.1709 0.6008
930 622 0.8056 | 03760
narY 1019 0.9022 0.4795




29

A 1 ot a = o 3 o =
INATTINN 4.6 WU ﬂﬂ‘ﬂu‘l'JiJﬂ'llﬂﬂﬂﬂ.lfNilﬁll’lmﬂ’]cﬁﬂ’ﬁﬂﬂuﬂﬂuﬂﬂqcﬁﬂqul

aa
) ¥ o o
THNAIUIND QQFI‘L! HASHAT0U ATNRIAY

q

A ] = ' - o [ o) o 1
M3 4.7 uanumdouazdanuiisnuumnasgiuvesmadaios lnoenlod (MY ppb)
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flan1a n Mean SD
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§anuUN 817 13.1796 | 33.009
fg3ou 625 12,9087 | 24.2407
AL 1013 102276 | 21.3686

= ' o a - 1] ¢ a
1AMNTIN 4.8 nud guundausdsvesdnuiialulasnulesenladgiiga
s090401A0 neFou uazaaru AdA



30

M31aN 4.9 uermadusdouazdudisannmnasgiueaniy 1o Tau (M1w ppb) Suna

ggma
faMmo n Mean SD

91U 809 17.2427 8.0400

faou 619 19.6605 | 9.1140

aru 949 13.5724 | 6.9763
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y 1 = 1 i ] = A o ]
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= 143.8561

= 149.8645

= 1425198

=148.5822

= 148.5822

) ﬂ-‘ d.
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mis1e 13 uaaimAdiuivoumas aaiilai faquametnis
mundsiduiveumazamiinsieaguameina
Tsaen | dinem | aoiiims | TsaSeu | auwAw | aod MIANY
dwaw | mwewz | Iwvhdos | wuniner | maang #1529 UBY
wnyIau FUBL NIE YU uaIWID | AuuAa
Dty wawvne | Tendy
R, R, R, R, R, R, R,
66141 | 77303 | 115016 1232.7 1497.12 | 1608.65 1767.6
R,-R,| = ]661.41-773.03) = 111.62
[R,-R,| = [661.41-1150.1¢] = 48375
[R,-R,| = [661.41-12327] = 57128
R,-R,| = |661.41-1497.12] - 8371
IR,-R,| = [661.41-1608.65] = 94724’
R,-R,| = [661.41-1767| = 1106.19'
R,-R,| = [173.03-1150.14] = 37743
IR,-R,| = 1{773.03-1232.7] = 45067
R,-R,|] = [773.03-1497.12] = 724.09'
IR,-R,| = [773.03-1608.65] = 83582




IR,~R,| = [773.03-1767.6]

Il
|
>
A

|1150.16-1232.7| -

R,-R = [1150.26-1497.12] _
R,-R| = [1150.16-1608.65 }
R,-R,| = [1150.16-1767.6] ;
R,-R,| = [1232.7-1497.12) }
R,-R,] = [1232.7-1608.65] _
R,-R,| - 1232717676 _
R-R,| = [1497.12-1608.65] :
R-R.| = [1497.12-1767] _
R, -R,] = [1608.65-1767.| _

ar

s InumdvddunuanasnuadialivedAghise

994 57°

82.54

346.96°

458.49°

617.44’

264.42°

375.95

534.9°

111.53

270.48°

158.95°

Qs

uBdIAny 0.15
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manfSouisnnunamisivenu (Multiple comparison) v23u3maiiulalsuly

UINAUADNIATITIANVAINOINATA 7 a0

1 I o w o =4 u‘c'l,
ﬂ'lmﬁﬂﬂ'lﬂ‘l]ﬂi]'lﬂﬂﬁﬂmuﬂﬂ 1

s )

=e

=
I

1 A o v oA = dal
= ANRAUNAUNINNINIIUAN |

- R

J
fln NMTIANRSPUFUALIAS

2 fie AU IWAMIMSIANZYUTUR BN
Ao an1iims IWihdeesuys

4 fio TsaSuuuumsine

5 fln TsuSeudinswineiny

b=l = o G
6 flo AOIUMIINUATLIS IRty

I

7 fin ANIDNUNIIAYERUUAADITY

a A o =l o
UNINUUA 7 mﬂmuﬁ ﬂ‘l‘}‘iuﬂcl'}?i, a =0.15

VINGAY AInge = Z\/n(n+l)[—+—l—}
12 n, n

A% 142 Aanga = 2.69 2377(2378) L L 155.1295

v 237 352

‘4 ‘- 2

an 1+3 A1INGA = 2.69 2377( 378) | l = 154.4344

N 237 360

Ff 144 AVINGORA = 2.69 2377(2378) L = 154.953

¢ 237 354

1 e (= 2

9 1+5 AMINHA = 2.69 2377( 378 1 + ! = 154.0971
237 364

Al 146 AVINGH = 2.69 2377(2378) ! + ! = 155.3077

N 237 350

i 147 MIngn = 2.69 2377(2378) L L 544344
237 360

A 2+3 A1INgR = 2.69 2377(“378) L, ~ 138.3884
352 360



aInga = 2.69

A1I0GA = 2.69

f130ga = 2.69

A1INgA = 2.69

A1inge = 2.69

AInga = 2.69

MINGA = 2.69

[
5
%
P
g - 2.69 \/2377(2378)
5
%
5

f1IngA = 2.69

A1IngA = 2.69

A1INGe = 2.69

A1INGA = 2.69

5
A1INGA = 2.69 J
5
P

AINGR = 2.69\/

2377(2378)| 1 !
+ = 138,967
352 354 |
283772378)] 1 1 | iaao1eg
352 364 |
277378 1 T a5 ae03
352 350 |
_ -
23772378)) 1 . 1 | _.sa3884
1352 360 |
+ — 138.1906
1360 354 |
- 7
8772378)) 1 sy 50
360 364
2377378)) 1 1 | _i3a5881
1360 350 |
- _
23772378)) 1 1 s 6087
1360 360 |
2377(2378) L L) 1378136
354 364
23772378)) 1 1 | _ 4391680
354 350 |
2377C2378)) 1 1 | 4131908
354 360 |
277@378) 1 1 1 | _iag0123
364 350 |
BTIBT8) Y  1 4379301
364 360
23772378)| 1 . 1 | _.ss5s81
12 |350 360

= = | &1 = lldy|d. [ |dwqwd’u
f1a1 lRi —Rj| fie < aings wass gl lulinnuuandaduedslivdedfgyhssay

udng 0.15
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Aunded1nuNvewAazanIing 2 InguNeIMA

Maane | auwfim | aeidms | TseaGeu | Tsasou anil dninau
quyy | msang | Idhdes | uuniine | Fensss A1579 MsIAng
AULA YHBY U3 wnewmy | uAsINg YUBY
SRTILRRN Trnde AaBasy
R, R, R, R, R, R, R,
520.74 809.77 889.69 1211.46 1359.67 1601.35 1703.49
[R,-R,| = [520.74-809.77] - 28908
R, -R,| = ]520.74-889.69) - 36895
IR, -R,] = ]520.74-1211.4¢| = 890.72
IR,-R,| = [520.74-1359.67 - 83893
IR,-R,|] = [520.74-1601.35] - 1080.61°
R,-R,| = [520.74-1703.49) - 118275
R,-R,| = [809.77-889.69| = 79.92
R,-R,| = [809.77-1211.46] = 40169
IR,-R,| = [809.77-1359.67) - 5499
IR,-R,j = [809.77-1601.35| - 79158




IR,-R,| = [809.77-1703.49) - 89372
R,-R,| = [889.69-1211.4¢| = 2177
IR,-Ry| = [889.69-1359.67) = 469.98°
IR,-R,| = [889.69-1601.35 ~ 71166
[R,-R,| = [889.69-1703.49] - 8138
IR,-Ry| = [1211.46-1359.67| - 148 21°
R,-R,| = [1211.46-1601.35 - 389.89°
IR,-R,| = [1211.46-1703.49) = 49203
R.-R,| = [1359.67-1601.35 = 24168
R,-R,| = [1359.67-1703.49 - 34382
IR,-R,| = |1601.35-1703.49) - 102.14

@ o W

s iifumdsdruniuandnuedided A fssauivdde 0.15
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msnfSeuiguaundesadou (Multiple comparison) vaaifSanas|yazeasiidl

vinaannd 10 lunseuluuinuamiinilaTagamwernana 7 amil

b l - o @ { et

W R, =mmdsdwufinnminmuds i
fl | A o w A ~ o R
R; = ARagaaunanmnIinmuan j
i fln ﬁmﬁm‘s"lvlﬁwdatmuu?

2 i ANINOUMIIANZFUTUADDINY

= = = =

Ao TsuSsudansmaneny

4 fio MNURINTANZFUTURWUNA
- = =l

5 Ao lsaTouuunime

6 A ADINAITIUATUA TBATY

A
fl
&
fl

7 9 MIANLBUBUAULAY

A o =1 o o 9
UNINUA 7 Nialua ﬂ’lﬂ‘lmal“ri a =0.15

NNEAT AMInga = Z potD) 1, 1

? 12 In; n
A 1+2 AMNga = 2.69 2414(2415) L L _ 1302687

264 361

AR 143 AINOA = 2.69 2414(2415) L = 141.8461
k 364 336
|=i 1T & 5 i i
an 1+4 A1INHA = 2.69 2414(241 )| 1 + 1 =139.5614
¥ | 364 358 |
' o [ 1 ]
an 1+5 A1INgA = 2.69 2414(2415) + ! =142.178
; 364 333 |
' "o [ 1]
AN 1+6 AN = 2.69 2414(2415) L =142.178
: 264 333
o 147 AN = 2.69 2414(2415) L, = 1426287
¢ | 364 329
A 243 A1INA = 2.69 2414(2415) L, =142.1288
: 1361 336




1A }R ﬁ’

HedAw 0.15

2414(2415)

AINGA = 2.69

| -

2414(2415)

MINOA = 2.69

| —

2414(2415)

AnnA = 2.69

2414(2415)

AINOA = 2.69

2414(2415)

AINQA = 2.69

2414(2415)

fNgH = 2.69

2414(2415)

MINga = 2.69

I

5

.
Afingn - 269 \/2414@415)

[

o

-

-

2414(2415)

1

ANNOA = 2.69

358

2414(2415)

AN = 2.69

2414(2415) i

AInga = 2.69

finge = 2.69 2414(2‘”5)

AINge = 2.69\/2414(2415)

2414(2415)

A0 = 2.69
12

W

QU

s

1 < ﬂnﬂf]ﬁ] Llﬁﬂﬂ'ﬂﬂuthﬂJﬂTlmmﬂﬁNﬂuBUN 1o

=139.8486

=142.9097

= 142.4156

=144.9807

= 1449807

=145.4227

:| =142.7461

=142.7461

= 1453054
= 145.7464

= 1457464
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U d' o o Ci 1 =4 W
AUDAEMAUNVIIAATTDIHATIVIANUN THDIMA

gendns | duinaw | TsaSeu | auwiwn | Tsisou Aol AIANg
Infheey | msiany | Ay | maeve | wunianer | @noe U
U3 YUY WNUIAY YUBY HATLA ALLA
AADITY Y RUATRRE Tasnds
R, R, R, R, R, R, R,
72448 816.37 1120.62 1165.01 1394.06 1623.68 1695.58
IR,-R,| = [724.48-816.37 - 9189
R -R)| = [724.48-1120.62] - 39814’
R,-R,| = [724.48-1165.01] - 440.53"
R,-R,| = [724.48-1394.04] - 669.58°
R,-R,| - |724.48-1623.68 = 899.2°
R -R,| = [724.48-1695.58] = 9gn1t
R,-R,| = [816.37-1120.62| - 30425
R,-R,} = [816.37-1165.01 = 348 64
IR,-R,| = [816.37-1394.06] = 577.69"
R,-R,| = [816.37-1623.68] = 807.31




I

[R,-R,| = [816.37-1695.58]

]
1
Al
I

[1120.62-1165.0]( =

R,-R,| = [1120.62-1394.06 )
R,-R = |1120.62-1623.68] _
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R,-R,| = [1623.68-1695.58 _
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44.39

273.44°

503.06°

574.96°

229.05°
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530.57°

229.82°

301.52°
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! 12 1019 810
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MAKUIN A,
= d 8 kY o o -, .
HamsinTzvdeyanlalsuasuduiagimeadd SPSS 14.0 For Windows

( Z-test 1Az Kruskal-Wallis test )



Khlongchan National Housing Authority 10T

One-Sample Statistics

101

Std. Error
N Mean Std. Deviation Mean
PM10 361 33.6978 14.39753 75776
One-Sample Test
Test Value = 120
95% Confidence
Interval of the
Mean Difference
| t df Sig. (2-tailed) | Difference Lower Upper
PM10 -113.891 360 .000 -86.30226 -87.7924 -84.8120




102

Huai Khwang 11T

One-Sample Statistics

Std. Error

N Mean Std. Deviation Mean
PM10 358 40.2726 13.99213 .73851
One-Sample Test
Test Value = 120
85% Confidence
Interval of the
Mean Diﬂerence
t df Sig. (2-tailed) | Difference Lower Upper
PM10 -107.812 357 000 -79.72738 -81.1817 -78.2730




None-tree Vitaya 12T

One-Sample Statistics

103

Std. Error
| N Mean Std. Deviation Mean
PM10 333 45,4657 15.28994 .B3788
One-Sample Test
Test Value = 120
95% Confidence
Interval of the
Mean Difference
t df Sig. (2-tailed) | Difference Lower Upper
PM10 -88.955 332 000 | -7453432 | -76.1826 | -72.8861




Singharatpitayakom 15T

One-Sample Statistics

104

Std. Error
- N Mean Std. Deviation Mean
PM10 336 40.0108 15.22093 .83037
One-Sampie Test
Test Value = 120
95% Confidence
Interval of the
Mean Difference
t df Sig. (2-tailed) | Difference Lower Upper
PM10 -96.330 335 .000 { -79.98923 | -B1.6226 | -78.3558




Thonburi Substation Intrapitak Rd. 52T

One-Sample Statistics

105

Std. Error
N Mean Std. Deviation Mean
PM10 364 31.7612 12.64299 66267
One-Sample Test
Test Value = 120
95% Confidence
Interval of the
Mean Difference
t df Sig. (2-tailed) | Difference Lower Upper
PM10 | -133.156 363 .000 | -88.23879 | -89.5420 | -86.9356




Traffic Police Residence 53T

One-Sample Statistics

106

Std. Error
- N Mean Std. Deviation Mean
PM10 333 48.2337 12.31791 67502
One-Sample Test
Test Value = 120
95% Canfidence
interval of the
Mean Difference
t df Sig. (2-tailed) | Difference Lower Upper
PM10 | -104.836 332 .000 | -70.76626 | -72.0941 | -69.4384




107

Dindang Housing Authority 54T

One-Sample Statistics

Std. Error

N Mean Std. Deviation Mean
PM10 329 77.7093 48.84898 2.69864
One-Sample Test
Test Value = 120
95% Confidence
Intecval of the
Mean Difference
i df Sig. (2-tailed) | Difference Lower Upper
PM10 -15.671 328 000 | -42298065 | -47.5995 ) -36.9818




NPar Tests

Kruskal-Wallis Test

Ranks

station N Mean Rank
cO National Housing

Authority 10T 356 644.68

Huai Khwang 11T 338 1432.17

None-tree Vitaya 12T 359 1059.63

Singharatpitayakom 15T 360 983.39

Thonburi Substation

Intrapitak Rd. 52T 361 1349.76

Traffic Police Residence 349 1238.44

53T

Dindang Housing

Authority 54T 328 | 194342

Total 2451

Test Statistics 2P

CO
Chi-Square 679.296
df 6
Asymp. Sig. .000

a. Kruskal Wallis Test

b. Grouping Variable: station

108



NPar Tests

Kruskal-Wallis Test

Ranks

station N Mean Rank
S0O2  National Housing

Authority 10T 352 1151.69

Huai Khwang 11T 340 1449.42

None-tree Vitaya 12T 357 1216.29

Singharatpitayakom 15T 342 839.80

Thonburi Substation

Intrapitak Rd. 52T 358 1176.40

Traffic Police Residence 354 1494 62

53T

Dindang Housing

Authority 54T 319 1142.25

Total 2422

Test Statistics P

SO2
Chi-Square 200.621
df 6
Asymp. Sig. .000

a. Kruskal Wallis Test
b. Grouping Variable: station
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NPar Tests

Kruskal-Wallis Test

Ranks

station N Mean Rank
NO2  National Housing

Authority 10T 361 773.03

Huai Khwang 11T 358 1497 .12

None-tree Vitaya 12T 345 1232.70

Singharatpitayakom 15T 364 661.41

Thonburi Substation

Intrapitak Rd. 52T 364 1150.16

Traffic Police Residence 158 1608.65

53T

Dindang Housing

Authority 54T 305 1767.60

Total 2455

Test Statistics P

NO2
Chi-Square 717.273
df 6
Asymp. Sig. .000

a. Kruskal Wallis Test

b. Grouping Variable: station
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NPar Tests

Kruskal-Wallis Test

Ranks

station N Mean Rank
03 National Housing

Authority 10T 360 | 1703.49

Huai Khwang 11T 352 809.77

None-tree Vitaya 127 354 1211.46

Singharatpitayakom 15T 364 1359.67

Thonburi Substation

Intrapitak Rd. 52T 360 889.69

Traffic Police Residence 350 1601 35

53T

Dindang Housing

Authority 54T 237 520.74

Total 2377

Test Statistics 2P

03
Chi-Square 752.157
df 6
Asymp. Sig. 000

a. Kruskal Wallis Test
b. Grouping Variable: station
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NPar Tests

Kruskal-Wallis Test

Ranks

station N Mean Rank
PM National Housing

Authority 10T 361 816.37

Huai Khwang 11T 358 1165.01

None-tree Vitaya 12T 333 1394.06

Singharatpitayakom 15T 336 1120.62

Thonbun Substation

Intrapitak Rd. 52T 364 72448

Traffic Police Residence 333 1623.68

53T

Dindang Housing

Authority 54T 329 | 1695.98

Total 2414

Test Statistics @P

PMI10
Chi-Square 599.204
1 daf 6
Asymp. Sig. .000

a. Kruskal Wallis Test
b. Grouping Variable: station
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NPar Tests

Kruskal-Wallis Test

Ranks
season N Mean Rank
CO winter 810 1500.17
summer 622 1016.99
rainy 1019 1135.65
Total 2451

Test Statistics *P

CO
Chi-Square 192.439
df 2
Asymp. Sig. .000

a. Kruskal Wallis Test

b. Grouping Variable: season



NPar Tests

Kruskal-Wallis Test

Ranks
season N Mean Rank
S02 winter 806 1095.12
summer 607 1227.82
rainy 1009 1294.65
Total 2422

Test Statistics P

SO2
Chi-Square 36.917
df 2
Asymp. Sig. 000

a. Kruskal Wallis Test

b. Grouping Variable: season

114



115

NPar Tests

Kruskal-Wallis Test

Ranks
season N Mean Rank
NO2  winter 817 1652.93
summer 625 1134.99
rainy 1013 942.67
Total 2455

Test Statistics »P

NO2
Chi-Square 468.502
df 2
Asymp. Sig. 000

a. Kruskal Wallis Test

b. Grouping Variable: season
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NPar Tests

Kruskal-Wallis Test

Ranks
season N Mean Rank
03 winter 809 1269.19
summer 619 1436.75
rainy 949 959.04
Total 2377

Test Statistics P

03
Chi-Square 198.246
df 2
Asymp. Sig. .000

a. Kruskal Wallis Test

b. Grouping Variable: season
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NPar Tests

Kruskal-Wallis Test

Ranks
season N Mean Rank
PM10 winter 756 1616.62
summer 626 1151.04
rainy 1032 942.05
Total 2414

Test Statistics P

PM10
Chi-Square 414.258
df 2
Asymp. Sig. .000

a. Kruskal Wallis Test

b. Grouping Variable: season
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