21

(Suspended Particulate

( , 2550)

211

(Photochemical reaction)

2111

Matter)

(

(Smoke),

(Natural sources)

, 2543)

(Mist), (Fume)

, 2544)

(Photochemical

gas



reactions)
0.2 ( , 2543)
2.1.1.2 (Anthropogenic sources)
2
1) (Mobile sources)
2) (Stationary sources)
( ' , 2549)
(Aerosol)
' 0.02 500
3 21
2121 (Total Suspended Particulate, TSP)
0.005 100 1

2-3



2.1.2.2 10 (Particulate Matter, PM1)

10

2.1.2.3 2.5 (Particulate Matter, PM25

(Semi-Volatile)
(Primary fine particulate)
(Secondary fine particulate)
( 02, ( 02

(Volatile Organic Compound, VOC)

2.5

2551)



Total particulate matter (TPM)
(diameter <100 micrometres)

PM,,
{diameter €10 micrometres)

PM;
(diameter 2.5 micromelres)

21

. Environment Canada (2010)

2.13

(Agglomerates) (Flakelike)
(Chainlike)

(Floes)

2551) 21



21 4 5

q
0.0 - 20.0
10.0-90.0
0.0-10.0
0.0-40.0
3.0-35.0
1 (2528)

214 3

2.2



2.2

Emission Sources
Sail
Sea salt
Road dust
Coal burning
Qil burning
Straw burning
Glass industry
Cement industry
Iron and steel industry
Non-ferrous metal industry
Automobile gasoline
Automobile diesel
Secondary aerosols

Refuse incineration

. Hatairatana (1999)

215

Markers Elements
Ai, Si, Ti, Sc, Sm, Fe, Ca
Cl, CI', Na, Naf, Br, I, Mg, Mg2+
Al, Si, Sc, Ti, Ca, Sm, Fe
Sc, Co, Se, Ti, , Th, Al, As
Ni, Fe, As, , Cr, V, Mn, S0&
Br. K, ¢ es Cay
As, Pb, Sb
Ca
Cr, Mn, Zn, Fe, Rb,
Cu, As, Zn, Pb, Al, Sb
Ce, P, La, Ce, Cd8 So&, No3'
. c e Ca9, S04 1No3
So&, No3, NH4

Sh, Pb, Zn, K

, 2549)



2544) 2.2

Huarens

WHAINIHAATHANY e A

(EMISSION SOURCE)

2.2

2151

, (Boubel

UITYINIA

(ATMOSPHERE)

(2544)

NITUWINGEANE

Y

EFunan

(RECEPTORS)

(Wind speed and Wind direction)

, 1994)

2.15.2 (Temperature)

, 2543)



2544)

2153

(Arya, 1999)
(Eddy)

( , 2543)

2.16

2161

( , 2540)

33-90

14-24

(Turbulence)

, 2549)

140

90

10

(Fluctuating)

(Visibility)



70
(Smog)
+hZo
S02 + 1/202 ------mmemee- b 03 e y H2S04

(2541)

H2 + 03 e )y 02
(2541)

2.1.6.2

, 2543)

11

( , 2543)

------- b (HS09n........ 21

O 2.2



10

16

2.1.6.3

2164

27

) 15

2.3

.2538

, 2540)

) 18

, 2543)

12



3. Particles lodge deep
in lung’s air sacs

1. Particle pollution inhaled

2. Microscopic particles
evade body’s natural

4. Particles damage
the lungs

defenses

Particle diameter 0.03 pro <0 < 3 pm 3 pm <0 < 10 pm 0 *10 pm

2.3

: GASP group (2012)

2.1.7

100 24 150-230



1 60-90 (World
Health Organization, 1979)
, 24
150 50
(United States Environment Protection Agency, 1990)
. .2538
Gravimetric High Volume 25 1
2 2.3
1) (TSP) 24
, 0.33
0.10
2) 10 (PM10
24 0.12
1 , 0.05
2.3
24 1
(mg/m3 (mg/m3
(TSP) 0.33 0.10
10 (PMJ 0.12 0.05

(2549)



I

2.1.8

24

0.18
0.16
0.14
0.12

01
0.08
0.06
0.04
0.02

2.4

2.5

. 2549

0.1

(TSP)

2550

(2552)

1

[ Y AN rkkkkkrrs

.. 2551

15

. .2549-2552

.. 2552

. .2549-2552
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«"fu« HSH

01
0.09
0.08
0.07
e 0.06 v ' e er ey
300 prmammme o il r————— e —
004 [ cemnemmrmmemmmeesa= i - ——
° .03 1 005 ./
0.02
0.01
0
! . 2549 .. 2550 . . 2551 .. 2552
2.5 10 (PM,0 1 . .2549-2552
(2552)

2.2

(Polycyclic Aromatic Hydrocarbons, PAHS)
(Aromatic  ring) 2

PAHs

( , 2551)
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PAHSs
PAHs

PAHs

2211

2212

, 2546)

2.2.2

PAHs

PAHSs

PAHs

(Natural sources)

(Anthropogenic sources)

24

particulate PAHs

, 2551)
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ToiAN Tetia | QAsLAl Win anslATIasa
Tuana
Naphthalene Nap G H; 128
Acenaphthylene Acy GuHs 152 =
Acenaphthene Ace CHy 154 I
Fluorene Flu ZH 166
Phenanthrene Phen (A= T 178 ‘
Anthracene Anth g 178
Fluoranthene Fluo w7 g 202 l O
Pyrene Pyr Gl 202 “
Benzo(a)anthracene B(a)A CiaHli 228 ‘
Chrysene Chry CiaHys 228




2.4

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Benzo(g,h,i)perylene

Dibenzo(a,h)anthracene

: IPCS (1998)

B(b)F

B(K)F

B(@)P

Ind

B(g.h,i)P

D(a,h)A

n20M2

CIHR

Canr

(097, 7

C2H®

CzHuU

252

252

252

276

276

278

(

)
Il |
_ _ J 1
-
Us
/ X
N e kil
/lI \T ,AIS//
Il \
1
r r r

19

kj

{" 1]

y)
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PAHs
PAHs
PAHSs
1)
(Dry deposition) (Wet deposition)
2)
3)
4) (Degradation)
(Conversion)
2231 (Photodegradation)
Photodegradation
(Panther , 1999) PAHs
PAHSs
PAHs

PAHs

PAHs (Behymer

Hites, 1998)

20

PAHs



21

2.2.3.2 (Evaporation)

PAHs
Naphthalene 1 Hg 53
Benzo(g,h,i)Perylene x10 1 Hg 20
f PAHs PAHs
( , 2551)
2.2.3.3
PAHs
(Condensation) (Absorption) PAHSs 2
(Gas phase) 150
(Particulate phase pPAHS)
PAHs
(Shell structure) High volatile
(Chetwittayachan, 2001)
3
1) PAHs
0.1
2) PAHs
0.1-2

3) PAHs 2-10



22

2.2.4
2241 (Temperature)
PAHs
PAHs PAHs
Guo (2003) PAHs 25
10 ( -
( - )
PAHs 25
10 PAHSs 25 10
4.87 5.82 PAHs
25 10 41.75 54.72
2242 (Wind speed and Wind direction)
PAHs
PAHs PAHs
PAHs
2243 (Light Intensity)
PAHSs PAHs
Photodegradation
PAHSs (IPCS, 1998)
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2.2.4.4 (Relative Humidity)

Particle organic layer !

Photodegradation PAHs (McDow , 1999)
2.2.5
PAHs
PAHSs PAHSs
PAHs PAHSs

25

2.6



25
Location Rome, Italy3
Area Urban
Period 2004
Acenaphthene 59.2
Fluorene 18.9
Phenanthrene 78.2
Anthracene 6.1
Fluoranthene 215
Pyrene 16.8
Benzo(a)Anthracene 18
Chrysene 4.4
Benzo(b)Fluoranthene -
Benzo(k)Fluoranthene -
Benzo(a)Pyrene 2.7
Indeno(1,2,3-cd)Pyrene 16
Dibenzo(a,h)Anthracene -
Benzo(g,h,i)Perylene 2.9
Total 211.2
: dPossanzini (2004)
bFang (2004)
cTsapakis stephanou (2005)

Taichung, TaiwanO
Urban
2004
1431
95.7
63.2
109.1
58.9
54.5
20.3
34.3
9.1
12.6
6.4
4.2
2.9
5.5

619.8

24

(ng/m3

Heraklion, Greece0
Urban

2005

5.2
20.0
3.3
4.9
6.6

11

15
18
12
2.5
01
3.4

51.5



25

2.6 (ng/m3)

Area RATB3 OEPPb
Pyrene 19.2 14.0
Benzo(a)Anthracene 0.89 0.66
Benzo(e)Pyrene 2.79 1.29
DiBenzo(a,c)Anthracene 0.09 0.06
Benzo(k)Fluoranthene 0.71 0.48
Benzo(a)Pyrene 1.33 0.72
Dibenzo(a,h)Anthracene 0.11 0.03
Benzo(g,h,i)Perylene 3.62 2.16

: Hathairatana (1999)
aRatburana Post Office Sampling Station

bOffice of the Environmental Policy and Planing Sampling station

2.2.6

2.2.6.1 (Carcinogenicity)

International Agency for Research on Cancer, IARC (1983)

PAHs 3

2.7



PAFIs

26

Benzo(a,h) Phenanthrene

Cyclopenta(c,d)Pyrene
Dibenzo(a,c)Anthracene
Dibenzo(a,j)Anthracene
Dibenzo(a,e)Fluoranthene

Dibenzo(h,r, ,t)Pentaphene

PAFIs

2.7

2A (Probably carcinogen to humans) 3
Benzo(a)Anthracene Dibenzo(a, )Anthracene
Benzo(a)Pyrene

2B (Possibly carcinogen to humans) n
Naphthalene Dibenzo(a,i)Pyrene
Benzo(b)Fluoranthene Dibenzo(a,l)Pyrene
Benzo(j)Fluoranthene Dibenzo(a,j)Pyrene
Benzo(k)Fluoranthene Dibenzo(a,h)Acridine
Dibenzo(a,e)Pyrene Indeno(1,2,3-cd)Pyrene
Dibenzo(a,h)Pyrene

3 ( classifiable as to carcinogenicity to humans) 23

Antracene Benzo(a)Acridine
Fluorene Benzo(c)Acridine Benzo(e)Pyrene
Fluoranthene Benzo(g,h,i)Fluoranthene
Perylene Benzo(a)Fluorene
Pyrene Benzo(b)Fluorene
Phenanthrene Benzo(c)Fluorene
Chrysene Benzo(g,h,i)Perylene
Coronene Triphenylene

: 1ARC (1983)

PAFIs IARC
PAFIs

, 2543)



72.6.2 (Mutagenicity)

PAHs

27

PAHs

Cytochrom P-450

(-OH) epoxide

PAHs
Acenaphthene 0.06 , Antracene 0.3
Pyrene 0.03 1

1.2,0.12 0.012

1/10,000,1/100,000 1/1,000,000 (Calien
2.3 Ames test

231

(Mutation)
, 2550)
2.3.2
2
2321

, Fluorene 0.04

DNA
( , 2546)
, Fluoranthene 0.04
Benzo(a)pyrene
, 2011)
(

(Chromosome mutation)



AT

2.6

23.2.2

28

(Gene mutation Point mutation)
2
1) (Base-pair substitution)
2
(Transition)
G-C G-C A-T T-A C-G
T-A
(Transversion)
A-T C-G
A-T T-A 2.6
vn ' -Th)
4
AV ' en
y \Y
M >
(WBC »T» VAL
\' o<« I (1
I 1\ < (” A < *4 I
I Tl 0 Y
I; L L 1 1
| c:A Il A i A ff [
t 6 T > y oo«
A TR ri1
v < (i o3n5'\hec: LN
% 1 b6 7
(Transition) (Transversion)

(2550)



2) (Frameshift mutation)

(genetic code)

, 2550) 2.7

UNA  IAC-TC( «O,AsAci -ATA-f{\ -GA

MRNA - AUG *AGGIlUV. * &t ' - . -G . - .IK
proid  mer as i eV 1f 0;
(b) meerion i T

DNA: TA -rrt -Q0G-AAC -GAl -ACC -AlIA —
MRNA  AUG AAG-GC e+ UG'euA-UG-UC - -

paein: me s gy i lew ip  SCl--
} S 1 N = 22
t
DNa : IAC - ICC. - CG;\ « At.,. « TAU 1 CAO + AC.
tiKNA AF -AciG. 1 +1.,L «AIK, -Gece. - A
»»rolt»lir. 1 cyV  met -»il se;
v .
4 101 ph.!Mt
Hd deidio?} { é
NA AU« AAG-QC e . -1I\D-i - i M
ms s § seu Ty gy Kl
h pa7T>Ul v.i 1 1 1 1-h tTf
triple -1 ¢
insexiion f f t
« TIC -ccl -ATA' CCA
\NA  AUG AAG-GGA-(. «OXC- -. -GG
Y% leu 't
BN ad f il
i A ;

ir.ple |

deletion L 0 t

DNA TAC - ete. -GAC -(AA *(CA «GAG » ru. --
IRNA AUG GEGeeue; CUC -C, -eue » AA*
pdivn i Ry q: R ¢y e lys

pasasgt J inpd

2.7 (Frameshift mutation)

(2550)

29



2.3.3
2
2.3.3.1 (Spontaneous mutation)
v o (tautomeric shift) (ionization)
(tautomericshift)
(amino form) ' (imino form)
(keto form) (enol form) 2.8
Common forms Rare forms
; Protan shiit (¢}
J /’L:\-'“ ) ~/’J\\~r
[ 7] o] Tl
J I %
} Thymine I
‘ w-.\ I}IN
ot ot Ny,
Ne 7 § ] ..._..('7 'fc N
L‘.."fl NH \‘i" S0 e
2 Guam ne b
B | 3 "
H. __,".% " > i " _,J.\ " ’__N
Jc fc)
A e, AL B,
| " N 0 . " r:, Al
X Cytosine :
” &« ; 7_401 \ Ll "% N
pi - /‘{%. } N /L», A
+ { [} & ;
G |
) M | . i N i
I Adenine b

2.8 (tautomeric shift)

. Benjamin Pierce (2005)

30
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2.9

Standard base-pairing arrangements
"I' il>*******##**'\—*.*,|_f4

Thymine (commor. form: Adenine {common form)
H

J W — H * **a*

vor-ire 'Common form! Guar lie (common form) !
Anomalous base-pairing arrangements

{cT ] .
CyUsine ‘rare form» Adenine (ton mom form)
Pxil—0
I o og> -\
iMynnne (common font;. Glanihé (Iére forml

2.9

: Benjamin Pierce (2005)
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' 1 '
2
(wild type) G-C A-T
( , 2550) 2.10
Rare enol tautomeric .
form  guanine ACGK \Mlld'type
ACGTC
TGTAG
DNA ? 0,-* fl1f A8 Muan
AC 1T 0 replication AC DNA
T¢l"AS TG replication
Cc )
Parental DNA 3¢ TG AG Wild-typo
@ © "E AQUT 5
YGI’ AG T - r—r—
i i AC I Wild-type
f-irsl-generation Yg" ag
progeny
id Second-generation
progeny
i
2.10
. H. Freeman and Company (1999)
(nonsense codon: UAA
UAG UGA) MRNA
(lethal effect)
(ionization)

ionization

ionization
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2.11
AT G-C G-C AT (
, 2550)

CH,1 O 0

v \

T w- % - N

N '\' l/

/ }) -— 1-N

H
O (3\ /(.'H‘,
\‘f \»- L é 1 \'\\L.«/
Guanine nN& 77 ‘h‘ 1\ / N\ :
vanine /[\ Q - TP ,\\ ) [hyrmine
ST =N
NSO \
i
lonized side Common state
211
(2550)
2.3.3.2 (Induced mutation)
(Mutagen)
1
1) (Physical mutagen)



- (lonizing radiation)

- (Nonionizing radiation)

34

2) (Chemical mutagen)
3
- (Base
analogues)
(DNA replication)
(5-bromouracil, 5-BU) 2- , (2-aminopurine, 2-AP)
(nitrous acid, HNO2 (hydroxylamine) (OH)
(nitrogen mustard) (ethyl ethanesulfonate, EES)

(ethyl methanesulfonate, EMS)

(acridine dye)
(acridine orange)

( , 2550)



2.34

assay, Micronucleus test, SOS chromotest

Protection Agency, EPA

Ames test

Ames test

DNA damage

(plasmid)

( 't 2541)

35

Recombination

Ames test
Environmental
Ames test
(Kada , 1974)
Dr.Bruce Ames . .2514

mammalian cells
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234.1 Ames test
(Backward Reverse
mutation) Salmonella typhlim urium
, histidine '
Histidine dependent (His-) )
histidine Histidine independent (His+)
2.3.4.2
1) rfa mutation cell wall permeability
lipopolysaccharide
2) uvrB mutation
3) R-factor plasmids ] pkM101 pAQ1

2343

Salmonela
typhim urium TA98, TA100, DMST2069 ATCC13311

2.8
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2.8 ' Salmonella typhim urium Ames test
. typhim urium Gene DNA-repair LPS  Plasmids Mutational event

strain Affected
TA98a hisD uvrB rfa PKM101 frameshift
TA100b his G uvre rfa PKM101 base-pair substitution
DMST2069C his G uvrB rfa pKM101 base-pair substitution
ATCC13311d hisC uvrB rfa pKM101 frameshift

: abMaron . Ames B. (1983)

cDepartment of Medical Science, Ministry of Public Health Thailand (2011)

dAmerican Type Culture Collection (2013)

Salmonella typhim urium 4
TA98 ATCC13311
(Frameshift mutation)
TA100 DMST2069
(Base-pair

substitution)

Ames test
(S9)
S9
(metabolism)
( ,

2534)
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2.4
(2543)
0 ( - 2542)
( 2542- 2543)
10
10
Celis (2004) 10
10
Xinhui (2002) PMD PMD
2001
26.4-719.2
7.4-159.4
(2544) 24
2542 2543 190
24 53.93 97

0.95
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(2546)
23 6 2545 Realtime PAH
Monitor (PAS2000CE) 717.66
4
Kawanaka (2006)
2005
Salmonella typhim urium TA98 (S9)
fine particle fraction
ultrafine particles 5.7
12 ultrafine particles
Gill (2007) PM%
' 2001 2004
PM25 48.76+24.12
' , Salmonella typhlm urium TA98 TA100

: (S9)
TA98 ' ($9)

PM25 PAHSs

Salmonella typhlmunum

PAHs 8.24+6.30
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