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http://www.physicalgeography.net/fundamentals/9s.html
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https://www.epochtimes.com.tw/n234963/露天燒稻草-政院-空品惡化關鍵.html
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http://www.hccrip.com.tw/about_05.asp
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National Ambient Air Quality Standards (NAAQS): Six common air

pollutants called criteria pollutants are subject to regulation: ozone,
lead (Pb), nitrogen dioxide, carbon monoxide, particulate matter and

sulfur dioxide. 10

7



2-2.1. R FHck-(Particulate Matter)

PESS L(Partlculate Matter, PM)& 45 ™ B i > 55 5 2% % ik

ERO N 2 5 - UNLE AV e | ”’OOOl_L 5004 A+ (nm) 5"

oA 0 nz < 3R> 5 £0.1~10umz B o p @ 3\ ®4-H TSP,

Mio, PM25373 7 # & H iR o

@ | ek IEZ Sy RELT FSE
(PAHSs, £ &£ B)% 5 g b oo FH o @0 » f 5 i ifes
Z8T] m;}gﬁ @A BB R A s FE gﬁﬁf? g
72 o nfiEEy T ok KR E(threshold) -

® IhE R FAckz A - BT % (Multi-Mode)?5 3¢ % R
T A P?'j\/},%l’ff’ﬁ;\' ':—]rn 1%\'35"}“"&/]_\?1__)31‘ o i

®
:4* Z:I’:?

U —\



2-2.1. Ak~ dm s I

® A4 Wi+ (1] >70.08um) 1 & Kk 5 ¥EZ B P o g 184
IR A (Nucleation)_;,%% : d * s % £ * (Condensationfe
Coagulation), 4z fm ik + F 75 a3 R 2R iT & rr»%ﬁrpér'& EPEN
# " Droplet(0.08~2. Oum)m % ﬁf (Accumulation)>* Z % & 5 v‘ 0

® > 3 > Nucleation frAccumuIation AL g B P e (Fine
Particle); 2% 4 = > 5 Fifid Fife B ~ T ARfL4s B ~ AV RE4E ~ 7 8L
'frﬁf\;u% Ef. o

® T /5 3 2~3umz i 71,_%@{;\ Fe fok 3 (Coarse Particle); 2 & & ik &
2R 1% ’%*(Grlndlng) aR AR VR R PARE Al I U T SRS UR S
" o
B

7 :stsm‘ﬂfbfﬁmrﬂ RS 2 N

12



2-2.1. PMi = A #

gas-to-particle wind blown
conversion particles
and
vapor deposition / emissions
l coagulation

Y

rainout
deposition

sedimentation

0.001 0.01 = 0.1 1.0 10 100
particle size (Hm)

nucleation accumulation mechanically-
range range generated
range

13

(Source: , credit: W. Brune)


https://www.e-education.psu.edu/meteo300/node/671
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http://air.epa.gov.tw/Public/download_one.aspx
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Source: burning of wood, diesel and other fuels; industrial plants; agriculture (plowing, burning off fields); unpaved roads
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~ CARBON BLACK AND SOOT: TWO DIFFERENT SUBSTANCESZ(Wquon AY, Valberg PA., AIHAJ. 2001 Mar-Apr;62(2):21 838/.)

~/ + CARBON BLACKS ARE MANUFACTURED UNDER CONTROLLED CONDITIONS FOR COMMERCIAL USE
PRIMARILY IN THE RUBBER, PAINTING, AND PRINTING INDUSTRIES.

« SOOTS ARE UNWANTED BYPRODUCTS FROM THE COMBUSTION OF CARBON-BASED MATERIALS FOR
THE GENERATION OF ENERGY OR HEAT, OR FOR THE DISPOSAL OF WASTE.

« GREATER THAN 97% OF CARBON BLACK CONSISTS OF ELEMENTAL CARBON. DEPENDING ON THE
TYPE OF SOOT, THE RELATIVE AMOUNT OF CARBON (< 60% OF THE TOTAL PARTICLE MASS), THE TYPE
OF PARTICULATE CARBON, AND PARTICLE CHARACTERISTICS (SIZE, SHAPE, AND HETEROGENEITY)
CAN VARY CONSIDERABLY.
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http://air.epa.gov.tw/Public/suspended_particles.aspx
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http://air.epa.gov.tw/Public/download_one.aspx
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Figure 25: PM2.5 primary emission—China, 2010
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https://daily.zhihu.com/story/3049277
https://enews.epa.gov.tw/enews/fact_Newsdetail.asp?InputTime=1040428103015
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https://www.epa.gov.tw/ct.asp?xItem=28708&ctNode=31614&mp=epa
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Table 2.9 Summary of PM,, measurements {ug,-"mﬂ

Country Annual concentration Source

Canada® 0-32 Environment Canada, 2000
Costa Rica® 3554 Ministerio de Planification, 2000
Japan* 32 Japanese Government, 2000b
New Zealand 25-35 (24 hr) wrban New Zealand Government, 2000
2-10 (24 hr) rural

Singapore (1998) 35 Singapore Government, 2000
UK 1246 DETR, 2000b

Us® 10,0469 USEPA_ 2000

a) Range of annual average levels for all NAP stations and cities for 1998
b) 19951997 San Jose (sampling duration not known)

c) Average levels from over 1500 general environmental monitoring stations for 1998
d) Range of annual average levels for UK automarted sites for 1999
e} New York range of 11 sites

(Ref: Table 2.9 from Harrop, “Air quality assessment and management: a practical guide”, 2002.) 22
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2-2.1. PM10
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http://air.epa.gov.tw/Public/download_one.aspx

2-2.1. PM10% PMZ2.5
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From Geiser and Kreyling, Particle Fibee Toxicol, 2010, 7:2
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2-2.1. PM10% PMZ2.5

Health Effects: nose and throat irritation, lung damage,
bronchitis, early death
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2-2.1. PM10% PMZ2.5
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2-22. = § £ SO,

Anthropogenic Emissions of SO, in the United States

The size of the 2010 chart is proportional to the 1970 chart based on total emissions measured in million metrictons

1994 2010

Saource: U5 Environmental Protection Agency

- Electricity Production - Industrial Processes


https://cpb-us-w2.wpmucdn.com/sites.gsu.edu/dist/0/134/files/2012/12/SO2_1994-2010.png
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https://enews.epa.gov.tw/enews/fact_Newsdetail.asp?InputTime=1040428103015

2-22. = § 152 SO,

223% EARRGFLF SRS LS

0 F(E)T | NS T EEE025 | H T (A 0.
= IECE R ppmBEBGLER, % | ppmzz FIBALE, %

0.009 0.01 0.22
844F 0.009 0.01 0.49
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21 @ ¢ SO2& L 358 iE 4p

Table 2.10 Summary of SO, measurements (pug/m’)

Country Annual concentration Source

Canada® 27-585 Environment Canada, 2000
Japan® 10.6 Japanese Government, 2000b
Singapore (1998) 20 Singapore Government, 2000
UE* 1.6-21 DETR, 2000b

Usd 2.7-3712 USEPA, 2000

a) Range of annual average levels for all NAP stations and cities for 1998

b) Anmual average levels from over 1500 general environmental monitoring stations for 1995
c) Range of anmual average levels for UK automated sites for 1999

d) New York range of 25 sites (ppm)

Ref: Table 2.10 from Harrop, “Air quality assessment and management: a practical guide”, 2002. >3
Note: 10 pug/m? of SO, at 25°C corresponds to roughly around 3.8 ppbv.
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http://air.epa.gov.tw/Public/download_one.aspx

2-22. = § v 52 SO,
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Environmental Effects: SO2 is an ingredient in acid rain (acid aerosols), which can
damage trees and lakes.
Acid aerosols can also reduce visibility.

SO, e+ § ¢ » AH AiFh X F 7 BAk§ HA5550, RB kAT LS LA
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Property Damage: acid aerosols can eat away stone used in buildings, statues,
monuments, etc. -
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% 1“4 (NO)) ##ix% » v £NO~NO, ~» N,O -~ NO; ~ N,O, ~ N,O- % § %
v _'» BAL @A F 3L ONO LR 51\;}]3 NO+-NO, -

Source: burning of gasoline, natural gas, coal, oil etc. Cars are an important source of
NO2.
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PegiE A Y NOend = & 3 & &2 70 45if & o3 28 (air/fuel ratio)
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635kgn’qj§ z L ;}77 ’ J;J.)%ll\pgip%/dy

@ jp:th > Mgl WX ARF A4
HE gt a ) NO, ; ZHEL W Al &

# 4 12.3kg9.1kg (AR %44
4 & 4 8~9kgNO,

ot By R B P B 0 B IR BUE (102 FI S AR ik
'g)”? T OHFAFFEFTKR)FIL A S 0 5 R 2 NOx# 22 E % 300
(150) ppm,:% %8 244L 5 400 (250) ppm » FH48 7 p) 5 500 (350) ppm >
FUARALARRED T 0 FHEE 2 NOE S ERE W ¥R L F o
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Anthropogenic Emissions of NO, in the United States

The size of the 2010 chart is proportional to the 1970 chart based on total emissions measured in million metric tons

1994 2010

Source: U.S Environmental Protection Agency

- Motor Vehicles -Miscellaneous - Electricity Production - Industrial Processes

https:/ /cpb-us-w2.wpmucdn.com /sites.gsu.edu/dist /0 /134 /files /2012/12 /NOx_1994-2010_New.png
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se 2 2z h K 4 1\’:‘/‘3}{—:/%{}3‘_. P P Y R
FARE oy | BT r00 |§ F 14 (NOX)
NOx Emission in 2000, Taiwan Total NOx Emissions: ;
- 2} T/ : N\ ot | - : Vs g’
—_— 510 Thousand Tons, 22.96 kg/ca /‘5 %L /})?( ;F S T Lo ;} ﬁ/_& L :_‘_?“
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R FHNO2E T35k E AR R

Table 2.7 Summary of NO, measurements (jg/m’)

Country Annual concentration Source

Canada® 0.6-502 Environment Canada, 2000
Costa Rica® 403464 Ministerio de Planification, 2000
Japan® 325 JTapanese Government, 2000a
New Zealand 5-30 (24 hr) urban New Zealand Government, 2000
0~1 (24 hr) rural

Singapore (1998) 34 Singapore Government, 2000
UK¢ 51820 DETR. 2000b

a) Ramge of annual average levels for all NAP stations and cities for 1998

b) 19935-1997 San Jose (NOy) (sampling duration not known)

c) Average levels from over 1400 general environmental monitoring stations jor 1998
d) Ramge of annual average levels for UK automated sites for 1999

Ref: Table 2.7 from Harrop, “Air quality assessment and management: a practical guide”, 2002.

Note: 10 ug/m® of NO2 at 25°C corresponds to roughly around 5.3 ppbv.
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http://air.epa.gov.tw/Public/download_one.aspx

§§W%**%%i£§i%%,e?-
L4 23 PWER S DAY Lwpitr 22 SNOX g EhF 4= 5

2V ““OHB d &£ % 1352 N0,
Health Effects: lung damage, illnesses of breathing passages and lungs (respiratory
system)

NO,* NO £ # 142 g (irritating) - P~ A {2 4 fljg e § F L ~ 5
ER ORI AT = BN S
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%2 6 NO ¥ £ 2 4 %aﬁzégz

0.5 3@%3 12H » B RE R ENALA At I 3
1.0 ] £ 2k

2.5 waAE 7/ NEF o PRALHY > HYIFEY)SE T2
5.0 ] £ 5a I E R

50 — TN 0 AR ERE » E7RH
80 3577 ¢S [ERW R
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Environmental Effects: nitrogen dioxide is an ingredient of acid rain
(acid aerosols), which can damage trees and lakes. Acid aerosols can

reduce visibility.

~ % ¢ aINO ﬁx“@;f = A e (HNOy) fomd pe @ fick » SR in "2
frdcim s 4 » 2 % o
Property Damage: acid aerosols can eat away stone used on buildings,
statues, monuments, etc.
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F# Products of Incomplete

Fl g A e 7§ R L o

Combustion, PICs » # 1 & F2 38

Source: burning of gasoline, natural gas, coal, oil etc. #$# & £t-c
VEARDF COEREM D FIMEFZALR
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2279 EARREFLF AP LML

— &bk (CO)

EE)ypy | NRPHESS | HYPHEES | oNePEHEs
35 ppm ZEFRILL | 10 ppmZ HEY | 9 ppmZ REUEEHR

23| |82/z/2(a/zs
iiiliiiiiii

{Eppm EEZ, % » %
1.39 0.19 1.3 1.34
0.92 0 0 0.02
0.96 0 0 0.05
1.03 0 0 0.07
0.81 0 0 0
0.74 0 0 0
0.70 0 0 0
Bz RE RS E HEE

0.689 52
< 0.689

< 0.689
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Health Effects: reduces ability of blood to bring oxygen to body cells and
tissues; cells and tissues need oxygen to work. Carbon monoxide may be
particularly hazardous to people who have heart or circulatory (blood vessel)
problems and people who have damaged lungs or breathing passages.

COH& % &2 A P n = ﬁ»w Hb% £ 2 COHb » j&.m rezgHbF 5 - Bl n
v ‘flﬂ-/j:#%i FPRp o ig o & %E A .@Lf%‘ié,ii Bt /\’E*" 'i N S -EZ%’_K
ﬁrr%was%?\Mﬁ%f’f\ﬁﬁ%ﬁﬂiﬁﬁ&:@i%ﬂ» FEAT LA o
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Source: chemical reaction of pollutants; VOCs and NOx

~—

S HO2 SR FEER & 5 42 57 4FHVOCsH 2 £ 0,8
%2 B o
7 % ¢ B2 kiR R % £ 7 VOCs#f 2 20,2 & & 14 ¢

3= 7= (ﬁf; T3z > 2008): i‘a F J& 1% (Incremental reactivity -
IR) ~ ﬁx i‘g + & &+ (Max incremental reactivity » MIR) % sk it £

3 2 = %% 4n % (Photochemical ozone creation potential index -
POCP) -

VOCs22NOX 5 # =052 & & % 554~ i > VOCsi 84 % ~ = £ 4f

_‘.‘
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1. 3% & F B (Incremental reactivity ¢ IR):
HEELH R T E2VOCsH sr R L F A502 1L o

VOCs £ 3c & 3 4e ~ g > BV H JJVOCS L I S W= g&*rzg & B
T OREFIE R E R L F A R Carter(1994)i 2k @ * ﬁa F o ke
TVOCs ¥ & % 25 = #7313 & B2 2 ¢ v

Incremental reactivity (IR) is expressed as the number of additional grams of ozone

formed per gram of VOC compound added to the base organic mixture. Incremental
reactivity conveniently computes the ozone formation potential of a VOC when it is

readily available for reaction in the troposphere. >

o
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2. B~ ¥ £ & B (maximum incremental reactivity, MIR):

Russell etal. (1990)#-& ~ M & F BIL & 5 ¢ A BB R EET

B A4v > 22 VOCs B L5 RRTE 2 Bt P & o

B A MVOC/NOX v B ende 8™ » 2.5 4 231 £ 2VOCs 2. & f§5 » Carter
U EERMIRE  AB VOC/NOXF" BB P 0 VOCs $F 55 4 = B 58| o

VOCs/NOx+- & 26~8pF » = 84 VOCs¢ M IRE~# & 5 BK(MIRE) > § ®)
VOCS/NOX iz 3 4r ¥ > NOX:#-=¢ 5 *24]034 = 2_ B4t F] 3 o

A e 0@ )
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#.2-1075 2 R 3x0,2. 'Ezgk-}é_ AR -
VA BASSAERES MR SREEES )

fHECAMEE | Bathon | B2 AHEE | Ba ke

1 BtE 100691.8 57.05% 2118.8 51.55%
S 213946 12.12% 319.1 7.76%
E |3 BE 89077 5.05% 308.4 7.50%
5|4 B 4464.1 2.53% 1136 2.76%
|5 EEME 5568 3.15% 308.4 7.50%
iR ¢ Bt TSR 55.3 0.03% 39 0.09%
/NEE 141081.5 79.93% 3172.2 77 18%

22 1 B 35330.3 20.02% 9381 22.82%
& {WHER 12059.4 6.83% 335.8 8.17%
= EeimEE 994 7 0.56% 84.2 2.05%
i TRE 20276.2 12.62% 518.1 12.60%
I 2 PR B R 95 6 0.05% 0 0.00%
NEE 35425.9 20.07% 9381 22 82%

(=511 176507.4 100.00% 4110.3 100.00%
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3.3k EFrREHET E (Photochemlcal Ozone Creation Potential, POCP):
T & 5 #1004 H = F & 59VOCsip § A Rl U AP ST AR
Zod B RN frEs A2 ficiE o

POCP % Derwent et al.(1996) 12 sk i* E N e wc ity T d 4 > 1 < 7 7
BRH g 0 517 O5fdmK 3 CEPARZE T E 5.3 04 A Y ’fr??‘
POCP=100 5 A # -

Photochemical Ozone Creating Potential (POCP) (Derwent and Jenkin, 1991),
which was defined by subtracting the emissions of a particular VOC from a 69-
component mixture and re-running the photochemical model calculation. The
POCP model was defined relative to ethylene as the reference compound.
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EKMA(empirical kinetic modeling approach); &% %k A ¢ 5 ® (0zone isopleth
plot) :

Dodge(1977)F1 * = P?'VOC/NOX“‘ B

B g W ERE f;)ﬁivb 41 B EKMA(empirical
kinetic modeling approach) @ & = %]k

< £
CEF AL 2050k B8 H w5y DR o

4o B #7577 2. 0zone isopleth plot & = # ® NOx2&2VOC (NMHC) ik /& = ¢ ]
VOC/NOx=8/1& F = pF » & % )k & "gVOC Jk & 8t m 3 5 (4rAB SEL, VOC
limited) = 2t peENOXDR BB P > -3 kR T AP AR X > F @ M4 o Bipfdhk
T oo g MLy kR 0 B3 R FIVOC o 5 VOCH#1( VOC-limited » VOC-
sensitive) o F 2 f & NOX#""% (NOx-limited » NOx-seneitive) e
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% 2-11° =

R (03)

olnld| 192N &R |R|S

TNRERFFZF AL EREE

- . 8 /N B 2 34 {8 42 3
() Epem | ORADNREZ | NEPIEEB0I2 | o0 m> R

S {E ppm ppmZ FFEIEER, % %, %
0.022 0.051 0.12 2.95
0.022 0.052 0.13 2.75
0.023 0.055 0.24 3.81
0.022 0.054 0.24 3.99
0.021 0.053 0.24 3.52
0.023 0.054 0.23 4.09
0.024 0.054 0.14 3.79
FIgE(REETE HEE
0.047
< 0.047
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27 B ¢ O3.E& T 158 (B 4p

Table 2.8 Summary of O; measurements (ug/m’)

Country Lavel Source

Canada? 14-72 Environment Canada, 2000
Costa Rica® 36.8-52 Ministerio de Planificacion, 2000
UK 13-74 DETR. 2000b

RS 20-310 USEPA. 2000

a) Range of average levels for all NAP stations and cities for 1998
b) 1993-1997 San Jose (sampling duration not imown)

¢) Range of anmual average levels for UK automated sites for 1999
d) New York 25 sites (1 hr average) (year)

Ref: Table 2.8 from Harrop, “Air quality assessment and management: a practical guide”, 2002.

Note: The hourly average air quality standard of O3 by USEPA is 235 ug/m3, corresponds to
roughly around 120 ppbv at 25°C(which is TEPA hourly st’d)
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http://taqm.epa.gov.tw/taqm/tw/b0104.aspx
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™ i%}ﬁ‘]{ﬂiﬁdv%ﬁg(LABS)/P AT T R0, 1 TR E 0
ERMEBE G (1) TR FERE(e T )7

; m
r‘s‘ B (~ 60ppb)4» g #i’zu %} % % °134%0u Yang et al. (2012)1:‘5;5 X BT HF
% K & 2 F & (biomass burning in Southeast asia) 2. & % i@ i% #7258 o
282 C-E Ou Yang et al. / Atmospheric Environment 46 (2012) 279288
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Fig. 2. Seasonal variation of ozone observed at the LABS averaged over 2006—2009.

Fig. 3. Seasonal variations of ozone observed at background sites in Asia. Solid dots
and open dots are representing mountainous sites and boundary layer sites, respec-
tively. The ozone data at other Asian sites are acquired from the references listed in
Table 1.
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Health Effects: breathing problems, reduced lung function, asthma, irritates eyes,

stuffy nose, reduced resistance to colds and other infections, may speed up aging of
lung tissue
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