21 (Passive Gas Sampler)

1927 Gordon Lowe
palladium chloride

(semi-quantitative device® ,
Gordon  Lowe . 198  Plantza '
hydrazing, symmetrical
dimethylhydrazinett - monomethylhydrazine
' (bidoneh*

(Quantitative device)
(diffusion™ ' ' (permeation)™ * :
Palm  Gonnison 1973

. 1976

24
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L M
. Ogawa &Company



2.2
Ogawa &Company

2.3
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(sampling rate)

( )

2.
Absorbing Pad)

sodium- hydroxicle

hydroxidemjsodiurn  iodide

3. Diffusion barrier

Spectrometer

teflon filtert

() "AL

Cassette  Cascade

(Sample filter)
glass fiter filtert
aitric acid

TEA(triethanolaming)tt ~ sodium

(sampling rate )

(stainless steel meshHt  teflon filter

(Impregnated



Teflon filter

Sample filter

Section 2

Section 3

24

25

Section 1

snap-on polythene cap
with hole

stainless steel mesh
teflon filter, Lpm pores

polypropylene nng
impregnated filter

snap-on polythene end cap

IR0
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?
H
diffusion
barrier (sampling  rate)
(sample filter)
Ficks first Law
sample filter
212 ?
2

(absorption)tt (ermeation)

1 ?



¢ = WKt (21)
C= opm
= P
k = Jpm-hours/pg
t = hours
2 ( )
(sampling rae) "
concentration gradient! 1 1, Fcks first law of
diffusion
= -DAde (2.2)
dx
= Ing/sec
= lem 2/sec

A = (Cliffusion path) ,cm 2



dc/dx

—

ng/cm3ent’L

X-XFl

DA-CO)

g~

(cliffusion path),cm
, hglem3
nglcm3

Ing
Sec

DA cm3Isec
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(25) (A

(
LA DAL sa pling rated
Grahams Law 1 Chapman Engskog Equation Stokes-
Einstein  relation Chapman  Engskog

Equation

Chapman Engskog Equation

()
Chapman Engskog Equation collision theory

= 00018587 MM (2.6)
MV

PO22 Qd

_057

)

all = Lennard-jones (angstroms)

1
—_
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Qa - collision integral Lennard-jonespotential
(dimentionless)

022 Qd G £0k 3
21 ( Palmestt 1976)

21 cm £0k  NO2  Ar

a £0k
no2 3.765 A0 210 °K
Air 3.682 A0 846 K
(26) A1 (U 1
NO2air 154*105 2/
2.2
2.2 Diffusion coefficient  Species
Species Diffusion coefficient (- 21s)
S02 1.32*105
no2 1.54*105
3 152¥1 05
hno3 1.32¥105
(COOH)2 1.11*105
HCHO 1.60*105

Grahams Law

Grahams  Law
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B, = Vm2 (2.7)
(2 Vm
26 '
2.3 (Diffusion Coefficient 1)
02102 03 24

2.3 Diffusion Coefficient ~ Gas mixture

Gas mixture  Conditions Molecular Diffusion Coefficient ~ Source
Weight (cm 2Is)
H2-air 20 °c, 1atm 2.01580 0.611 Chapman&Cowling injost,p429
Methane 20 °c, 1atm 16.0400 0.196 Chapman&Cowling in jost,p429
0 2air 20 °c, 1atm 31.9988 0.178 Chapmané&Cowling in jost,p429
Co2-air 18 ° ¢, 1atm 44,0100 0.163 Loschmidt injost,p408
24 Estimated Values For D 2.3
Gas Molecular Weight Estimated Values for D (cm /)  Average (cm Is)
S0, 80.0600 0.0970 0.105
0.0877
0.1130
01210
NO, 46.0100 0.1270 0.138
0.1160
0.1480
0.1590
47,9982 0.1240 0.135
0.1130
0.1450

0.1560
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Strokes-Einstein relation
billiard ball

(Brownian

motion)
01

(Frictional coefficient)  Einstein’s law of diffusion (Furth 1956 )

Df = kT

f = friction coefficient (N.m’L ")
k = Boltzmann constant 1.381 *10"231.K"1

T= (K)
frictional coefficient

Stokes’Law

= 3lind (2.9)

- (Nm '2s")



2§ @29

= KT (2.10)
3 d
210 Stokes-Einstein relation
(cliffusion coefficient) ' L) ()
()
Stokes Law
(Furth, 1956)
correction factor (Cc) Stokes
= K (2.11)
310

correction factor (Cc)
mean free path mean free path 1
A B mean free path

mean free path

N

Adr = 2lidr Q1)
P VBM
IRT

i
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par= (kg.ml 1)
(1.013*105kg. - "D

(8.314 J.molL K1)

— ="
11

(K)

212 AF

Aar = 2*18*105kgm1 "1
1013*105kg. '1'2Va*288
Vu *8.314*298

- 0.0651 pm
mean free path of ar  correction
factor Stokes-Einstein  relation (Cc) 1
mean free path of air
Cc = 1+1.657(2A/d) (2.13)
A = mean free path of air
d = (m)

N021 02
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2.9 N021 02 03
Gas Bond length Bond Angel Reference
no? N-0 1.188 +0.005 A° 0-N-O 134.1 +0.25° Weast .1977 pg F-217
? S-0 14321 A 0-S-0 119.54° Weast .1977 pg F-217
3 0-0 128 A 0-0-0 117 Cotton.Wilkinson et al. 1987
2.6 2
X
1.188 A
23’
0 X o
26
052295 = 1/2X/1.188A
X = 2c052295*1.188 A
X =218 A

=245 03=2183A

2.13

02



G = 1+1657(2AM) (2.13)
Co = 1+L657(20.0651 0'6 /2188*10'8m)
G = 108
21 :
= KTt (2.11)
3 <l

k = Boltzmann constant 1.381*1028JK'1 ~ 1J=1kgm2 2
k = Boltzmann constant 1.381*10231 kg.m2 '2.K1
T = (298 K)
Cc = Stokes correction factor ( )
= (182.7*107kgmi"L "1 17°c)
(West, 1977)

D = 1381 0231 kgm2s2K1*298 K:10.86
3N *182.7%107kgm*L "T2.188*108m

= 1186*108 2

diffusion coefficient

20



BKIR | o o1 n
! 21

213
' 1
sample filter '
Chapman Engskog Equation ,
a T3 (2.14)
P
2 iceal gas equation
pV = nRT (2.15)
() (m)
v =M M
P=CRI (2.16)
M
( 214 1
() (

216)
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( 2.14)
IR/ 2.16)
ieal gas equation
2.14 2.16
sample filter tYt=TR VT
M
(Ma T2
Y 05%  °c
0%  °c
e 3°c 1%
5C 3bec 59%(Rosett
Perkins,1982) Lindenboom ~ Perkin 1982
2
Roselt Perkingl . 1982 !
0%
10%
Lee . 1993
N02 wind tunnel
(mass transfer coefficient Kog)
() ()
(25) Fick’s law of diffusion .
Cl = M (2.17)

DAt
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KA
M = @
Ky = (/)
A = (2
T = ()
| eet

chemiluminescence  detectom,

g = 249 (2.19)
21543 - (0.078RH) + 1
V+0.06
0-03 /
(sampling  rate)
0.3m
. 1976  Palmes
0 ) ,45° 90° 1350 -180( ,
) 103 /206

[ 309 [ 412 ] 515 |
45°
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2.14 (Geometry of passive gas sampler)

Fick’s first law of diffusion

1 1 ’
Cl = M (2.20)
DAt
M
A (-
Palrm v, 1976
11
71Imm?2 (Sensitivity)
8.85mm
835 mn2
(sampling  rate)
Palm
Palm
2.6
Passive gas sampler ~ Passive gas sampler ~ Source
Palm
L 71 mm 8.85 mm
A 71 mm2 8.35 mm2
*AIL (sampling rate) ~ 1.54*10°8 3 145*10'8m3s Palm 1976

L26D (response time)  54.56 second 0.848 second Underhill, D.W.1983



2.15

25

(Palmttl Gunnison, 1973)

(Critical face velocity) starvation
(AL)
badge
00501 /ec
tube
tube
0001 /ec (Brown 1981)
(turbulence)
wind tunnel (Ld)
2.5-3 (Cole,1983)
Kavanagh 1980 Sammi Falbo .. 1983
Scooping-
out
Gaing,  Penkettsl . . 199%
(eday diffusion)
(turbulence)
(cliffusion length)
(cliffusion length)!, ' (y '
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2.1.6 (Stability of Sampler)

Palm .. 1976

0 169
2.1

2.1

NO2found (9THEORETICAL £ SD) AS FUNCTION OF
TIVE OF STORAGE (DAYS) BEFORE OR AFTER EXPOSURE

Time before  Found Time After Found
39 102 4 0 9813
34 10017 Oa 90 +4
24 91 +3 2a 98 15
17 904 3 9912
10 96 12 6 99 12
3 97 4 13 101 £2
1 9714 21 11 +2
28a 9515
S° 96 +4
13% 91+4

+3Series a which was started about 6 months after initial series
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2.1 + 10%
2.1.7 i ' ( NO2Sampler )
..1976  Pal
. .1973 . .1976  TEA (Trietanolamine)
( )
. 1984 Possaziniu !
3 iron(lf)
salt Ldiphenyl amine, ixture of iodide,arsenite ~ ethylene glycol arsenite
ethylene glycol
ensitivet
oxidize
arsenite (alkalinity)
NOZ (Fernrn  Sjodin,1992) ..1992 Ferm  Sjodin
itrite

N02 reducing N02  NOZ'
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2 NO2 + 3" b 2N02' + 3

N02 nitrite
N-1napthylethylenediamine - dihydrochloride
end point 0z
N0 = [NO, VL (221)
DAt
[NOZ =
( oles/md
[NO2] = YU tritel ! (RN (¥ )
vV o= demineralised waterTi ’
(1)
1.54*10' (2)
L = (diffusion path)
()
A = (diffusion path)i
(2
t = ()
ppbv
[ppbv] = [NOJRT (2.22)
1000
[NOZ = [
(nmoles/m3)
R = 0.0821 (L*atm/mol*k)

T (K)
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22

221

(NOX
Photochemical Oxidants
1 (NO)fY ' oxidation® '
(N2 2

(>1500 %)
N2 + 02 —meeeemeeeee b 2NO

(<150%)
INO +02 -meeeeeeee- ) 2N02
NO + R02+ hv ) NO02+RO
NO + 03+ hv — ) NO02+02

photochemical”

HNOj ( ) (Nitrate Mist)



2.2.2
(NOx
20 90 /
(NOX
. 2005 28

..1980

04 94

(World Bank ,1988:218)

2
..2005

30-40 %

(NOX

5%

30

1980



Billion grams of NOXx

.1980-2005

1980 1986 1995 2005
6196(48%) 7750(48%) 11853(49%) 16075(45%)
2236(17%) 2106(13%) 2615(11%) 3088(9%)
1536(12%) 1766(11%) 2365(10%) 3194(9%)
2271(18%) 3633(23%) 6071(25%) 11455(32%)
644(5%) 852(5%) 1349(6%) 1948(5%)
12883(100%) 16107(100%) 24253(100%) 35760(100%)
32192(42%) 33808(42%) 40178(43%) 45375(39%)
6984(9%) 7003(9%) 7838(8%) 8753(8%)
11446(15%) 10532(13%) 11257(12%) 13276(12%)
23626(31%) 25279(31%) 29679(32%) 41453(36%)
2910(4%) 3860(5%) 4542(5%) 6045(5%)
77158(100%) 80482(100%) 93494(100%) 114902(100%)

2.9
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1998 /)

.. 1998

1960

5.2

8.0

0.2

0.1

0.3

0.2

14.0

13.8

1970

10.0

11.7

0.4

0.2

0.3

0.1

22.7

22.6

(NO

1980

14.8

154

0.6

0.3

0.4

0.2

31.7

315

2.10

1990

19.7

19.1

0.7

0.4

0.5

0.3

37.7

37.4

32

. .1960-

1995

22.7
21.6

0.9

0.4

0.7

0.4
46.7

46.3

.. 1992

1998

25.8

25.1

1.0

0.5

0.8

0.5

53.7

53.2



DEDP THAILAND ENERGY SITUATION 1998

2.10

1992 1993
261 304
140 149
107 134

& 53 49
90 76
651 712

1
1997 .. 1998

23

18,925

1994

343

162

141

a7

81

774

NOx 103
1995
394
179
160
43
78

854

1996

422

206

192

40

86

946

1997

463

227

182

41

e

990

33

'1992-1998

1998
409
212
151
42
90

904

1992-
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231

L (Upper respiratorytract) (nose)
(oral) (pharynx) (larynx)

2, (Lower respiratory tract) (trachea)
(Terminal
bronchioles) (")
(00 )
3, (Alveoli®
(Pulmonary venous system)
(Pulmonary ~ arterial ~ system” (Capillary)n

(Interstitial tissue)
(Pleura® 2 (Pleural
cavity)

2.3.2

(negative pressure
breathing)
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(Vocal cord) 1
16-18

(Bronchus)” 1-12

2
(Brochiole)w

(Alviolus)w (Respiratory
bronchiole® 0.25

(bronchi® (Alveoli)
(Bronchitis)w  Pulmonary Emphysema

23 3

(BronchiolesHt Alveoli

(Cilia)
(Sputum)
Pneumoconiosis

T2CX50 g



3

(Experiment Studies)

oxidizing agent

(Goings
1989)
lung scarring(fibrosis) ~ Emphysema ( ) (Kubota
1987)
(Physiological Studies)
Folinsbee . .1992
1880 / (1000 ppb) 41%
Bronchial reactivity 1%
940 / (500ppb)
69% Bronchial reactivity 51%
1000 ppb
564 /
(300 ppb” (

30 ppb)



Arizona

Studies )

Panel

Lebowitz

37

(Ecological Epidemiological Studies)

RossitL . .1993

(Epidemiological Panel Studies)

(Respiratory function)

. .1987
Higgi . .1995

Panel

( Long-term Epidemiological



function,
. .1991

234

2.11

(ppm)
0.12

0.1

1.0

0.7-2.0

2.5

1 ' WL
1 1 1 l 1
Spenzer ..1980

211

02

15

10

38

(Lung
Neastt b

Henscher , 1960

Salamberidze ,1967

Oreheck , 1976
. EPA , 1983

Suzuki Ishikawa,1965
. EPA, 1983



3

(ppm) 02
5 15 . . EPA 11983
10 - . . EPA ,1983
27-75 <1 (Bronchitis)  Grayson ,1956
Bronchopneumonia
50 - . . EPA 1983
150 2-3 . . EPA ,1983
(Bronchiolitis  fibrosa
obliterans)
300 - 1 . . EPA ,1983
300-500 Grayson ,1956
24
Saltzman Chemiluminescence
24.1 Saltzman
Saltzman

(NOX (Light Absorption” Reagent



Saltzman
, (NO2)
Reagent Saltzman

(NO)

N02
Reagent Saltzman

N-(1-Naphthyl) Ethylenediamine

(Azo Dye) '

NOx

N02
(Reagent Saltzman)

( 100-300 J

0-1 ppm

40

(Azo Dye)
NO
(Sulfanilic Acid) 1

(Glacial Acetic WaterA
( Coupling Reaction )

NOx altzman
N02
SOx
02
30-50
540-550 1
0-0.5



2.4.2 Chemiluminescence

4

(Reaction  Cell)

1

( v-Irradiation)

NOX (Chemiluminescence)
Reagent  Saltzmans
3-
NOX
(Capillary)
NO 02
1-5 Torr (mmHg)
APhotomultiplier) ' S| v

(Amplifier)

(Silent Discharge)
2.1

2.1

viog oy L
[y
fh@_:g—n'ﬂ
J 2% |
Bllasiaflomaes” 2 amdvin
\\l Uiffan l
L - — uHunTa e (Guage)
fynna gounnn v
v 1
uzag Talslwnes

NOx(  Chemiluminescence )
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2.5
Sh Harrison  (1997)
OLS (ordinary least
squares)
AR (autocorrelation)
AR correlation coefficient
(R>0.95)
Kulkarni Patil (1998) o .
Mumbai
( 1996) ( 1996) 13
/
Spengler (1992)
Los Angeles
1987 1988 700 500
Filter-badge
/
Schwab (1994) 1
Albuerque  New

1991



..1990-1991
. .1988-1989 1989-1990 4%
Levy (1999)
18 15
( 2 )
67%
1.2
Monn (1998)
500 SAPALDIA
Kawamoto (1997)

43

1988-1989 25%

0.53 0.88

Passive Filter Badges

11-51.5 ppb
(r=0.75)
(r=0.57)
0.7
Passive Sampler
85 Filter badges

1 Hydroxyproling/creatinine  (HOP/C)
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kerosene heater oil fan heater

Urinary HOP/C
Garret (1999) 02 LFormaldehyde , House
dust mite allergen (Der P 1) Airborne fungal spore
LaTrobe Valley, Victoria ' 1-14 80
1 Skin prick test
6 ppb bdl (below the detection)
125 ppb
Garrett (1999) Latrobe Valley victoria
02 Passive Samplers 80 5 1
<(0.7-246 /
67%
Keywood (1998)
Ferm-type samplers b , 2
1.Beer,T. ( ) 22 2.
21 1 I |
( Aspendale) ( Ba ) '
(224 £ 74 pph) (68 £ 16
ppb) 2
Ferm  Rodhe (1997) 021 02
3 1 ( 1)
Passive ~ Sampler
Passive Sampler global

climatological chemical transport model(MOGUNTIA)
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Chulalongkom University Social Research Institute (1991)

(
PM-10, 2 CO 3
PM-10
16 ppb CO
Panter (1999)
Passive Sampling
Active Chemiluminescence Detector Iraralgon
Moe  Latrobe Valley 14 1
two-side t-test 2 ' Traralgon
Passive sampling
Active 6.60 £ 1.57 716+ 1.4 mean difference
0.436 minimum significant mean difference
0.719 95% Moe
Passive sampling Active 529t 167
515 £ 1.89  mean difference 0.436 minimum
significant mean difference 0.935 95%
2
Traragon Moe 95%
Ayer (1998)
passive diffusion sampled Fer 1991
14 passive diffusion samplers
mean percentage difference 2 5-10%
15 ppbv 20-10%
0.5-5 ppbv
Heal (1999)

passive diffusion sampled  Fermi '1991 '
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123
1 mean different 2-
3 13% passive diffusion sampled  Ferm
Heal (1999) passive diffusion tube
(PDTsA Edinburgh®
standard PDTs Acrylic,foil-wrapped quartz tubes 1
4 3
acrylic PDTSs
chemiluminescence analyzer 21 %

1 standard PDTs  foil-
wrapped acrylic tube( V 2= quartz tube
(V) chemiluminescence analyzer 1.06 quartz tube

photolysis
4 I

photolysis
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