introduction
1.2 Definitions and Types of pollutants

Chapter 1 An Overview
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- SOx, NOx, CO, PM10, Pb

O NAAQS's six criteria air pollutants
- primary
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% primary pollutant

SOx, NH3, NO, HF, HCI, H.C.

(NH4)2S04, PAN,

O3,

NO2,

DX 29

ol MAHEl= @QHS; Salt particles, HeSO4,
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# 2AU=ZUAME 2LFIAHE SOt
=3 - A2 Zo, YAIZ 29 0IsUS 0 ZF0X gl
CI=O{El0l €8£2 Phosk @ 20l SHEN

O Scales of the Air Pollution Problems
1. local scale
- & 2029 Ul =3 = U2 A2 His&
- bkm &0 Z2HM 2LEEZAH 0FJ].
- HegdA, rlgde dAaz2, QEHI0I0M S = CO
2. urban scale
- primary pollutants Off 2/&t 29

i

- secondary pollutants 0ff 2|8t 2¢
- 50 km &0 2H LM
3. reginal scale

- A2 ™A 1X LES9 M
- S0.AFSHY| 2| 8F SO; 244

- dry deposition @ visibility reduction

- wet deposition : acid rain problem — £22| acid leaching

— S0 21| H=2
- 500 km &0 24 M

4. global scale : worldwide
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- Ozone depletion
- global climate change

© 2ES It CO0l 28t X+ 2ttzt.

1.3 Pollutants of Global concern

Ozone depletion

O 03 : =20 =M, XASH XY (KAAS =SA OIEL =}
CFC ol 2lst | HCHet Ozon Hole 2H4H.

iz = o430
F

(1985 0l &A)



% CFC's (Chlorofluorocarbon EE&= Freon) : General MotorsOlAl JIAE
HED|O] WHOHE AISOIDA HEZR/US. MR oHEE 2S&E=EZ L. =24
ol2s 210 UK LOFA OH rad|caIO1| ojst WJt LHLIX 25, &
UVOll 2ot T &l Cl radical2 ¥ 4&t.
O CFC'sOll &gt @=0t1 HI9tLIS
Cl+03 — CI0O+ 02
ClI0+ 03 — CI + 202
O 2Ee2|IsS9AAM (1987) @ CFC M A™ &to|, 2Lt 0l0] g=&
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Greenhouse effect : EHZF
Al Olh CHoI&E2 O
Jb SOIotAH El= s,
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o15); 34 468°C (C02E)

M KR P 2USIE HMHEY.
Heat Input @ st /4D%Flux = 7 /4(12. 75106 )%1.353kW/m2
= 1.7310"W
Heat Output : ;00T = m-(12.7510°m)%5.672-107"".74
Heat Input = ZE &S0 CHAIO Output2 72 EHO CHSHO! HIA
01242 20 et 2 T=5°
AR ZE Heat Input Ol REO0ILF JIEF 0i2f JHXl Q0 25t0f 70% &



OOl SORE=2 0.72 =ot0 AHAtsHE -19 °C &t &Lt
22 XNESZIH 1500 &I &S 1DefotH 34 °C F=0 &4S6HH €.

O 25 e| Al
- Q2 20| 00, BHE : JIE (H2t 55

o
- AR 22 Biomass2l : JHE (K2t 0¥ E)

O X+e-stel &
- AGT(Average Global Temperature)ll &% @ 100E2t 14.5—15.5
- HoIE2 02 s&24 : 2t 22 283pmlzE He| 2F
: 19008 & 300ppm ==&
0 1958E 0I= 310ppmUl A 360ppm St

O 2ust Aosx

- C02(57%), CFC(25%), CH4(12%), H20(6%)

What can we do?
O Z2&tA J|=IHe — C1 chemistry, C02 recycling

O Carbon TaxE ZL&tst MAHHAEQ =,

—

1.4 Legislative and Regulatory Trends in the United States

O At AAILHEINIAS DHSAZXISE (1881) @ 19128 0tXl 0I=

S22 TAICAM THE

H

—

O LA ZatstAR] 0 194690 OIS AMA 72 d83.

O 1940 - 1950 =Bt : S LAl AFLD(1948), SEAFD(1952)
=S
19554 : Air Pollution Control Act of 1955

- 20 1LY Hkts XNE, Ji=d EX Tt=s X

=4



1963 : Clean Air Act
- ZIIE APAIYHIE EEE ARARXZS XA
- =22t WIILE=2H oHES fIst HLEE HEt o1 FE
1965 : Motor Vehicle Air Pollution Control Act (MVAPCA)
- M RXHEO CHEE A
19674 @ Air Quality Act
- ZHEX Ol ZHE He 2N
- JlsF% BE (ANIIE0 $#IIELZ2C0H 2MO0F &)
19704 : Clean Air Act Amendment of 1970
- EPALIA
- 19758HKl &3 @4 g Jl& SHEEHE HE=R
- NOx OfiCHEH HElE MTE2UL 01gd.
19774 @ Clean Air Act Amendment of 1977
- =R =82 1142 JHE title H4E
- B0 FAHEFOIL HHs HE
O title 1 ¢ NAAQS 2= PH=RoOHX R E2 Ghset N
LEs 2UctsE HEo tist 88
O title2 : 0|=2G A0 et HE
O title 3 : Air toxics (WIISHE=2E)
189JH 2] HAP (hazardous air pollutants) Z&
O title 4 : acid deposition
SHEALHAZRHOS2 HHEz=sS HELH
O title 5 : HIEAE2 SZ6IJtAHE
O title6 : 433 LELS2EY
st=2o HENZE
1963 & @ 3oL XNY S
1971 & © SoH2XE ME
1977 & @ S328M8E ME
1980 & @ 3 L=
1990 & @ WIIE2&Y HME
¥ G9=0] JtE O DIgEXgEs ME.



1.5 The |deal Gas Law and Concentration Measurements

in Gases

O ideal gas law : PV = nRT

- 32J12 22 0IMJIMZ JIEGtHE 2

()
- OlAD|HS HO : mass Il 1, X2 ASE=
al

O PV = (M/MW)RT, M : mass of materi
O mass density of ideal gas

- p =MV = PMw/RT

ol g1,

O oo =89 : ppm (parts per million), wg/m

- ppm = (LS9 BIO|/EEIIAL 21) x 10°
- (Ol dl 1-5) : ppm H2I2l ©
- WoIRY f20M JIEAE 25 °C, 10/
- ppmZt pg/m= OIADIMIZEAIN 2501 A5 2

O ppm Bt pg/m’el 2HA &

- OlMl [1-6] R&& SAS AtEdt= 2H

1.6 Other Application of the ldeal Gas Law
O gas sampling

27

, Mw : molecular weight



O RE=H

O SS2AMA LS HHEBES 20l= F20
IASE SHYH SROF Us BRI} B0
A LAE

- sample handling (absorption, condensation of pollutants)

- ZHE JtAS HEd =X

- =3 2F9 =58
- OIAl [1-7] @ Ol&DIXM A= R 2 HRISAEN
- WA [1-8] : 3712 BREXAEES Fole 2
- O™ [1-9] : 8219 L& E Fot= M (F
1.7 Gas Flow Measurement
O PV/T =P'V'/T' = nR = constant
O IAe s&= 25 HS 0 Uetsd BHSH6HAT &
3&LP}£NMI#§OI%M&%ﬁ%ﬂ&yg%t&wi
OtO0F ot22 =%9 Hatdt LMstAH &0
el 2R s&= 2580 et Bis
- Gl A [1-10] INAZHEXI0 CHE &FZR
PV/T = P'V'Y/T" = V'=VxP/
- Gl A [1-11] IHAZEA =201 EMotH
SFZ ot
- OlHd [1-12]

O Bernoul i Equation
do/p + gdz + 1/2d(u®) = 0
HIZ=4d =Hctl JtE6ti] Otz
Pi/o +9Zi + 1/2 u® = Po/p + 9o

O “jj’?ral[HlEr
U2 = 2(P1_P2)/O1

Ui = Boup B, = (Do~Dy) mass conservation
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Fo A2 venturi meter LHOI friction loss JF ML=
JrEst Aotk &Ml venturi meter = HEAEE2| friction loss Jf

otAHI=EIE. 22 2?2 A2 B84+ (vE E8ote Otdel A=z,

M e
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— CU Z(Pl_PZ)
U =
" Ja-B 0,

MNMCﬁ'mw&9§098~099Amﬁl&%—%9m,m<
Di/4 OIGtOIH By gt2 HEl 1.000 It &ICE.

Ole4&t venturi meterE O|EotHAH A A AHzZst LEEL0l &0t
OF &tCt. LBHEO=Z ambient gas monitoring : 1.5 psi OIdt, stack
sampling 2 &< (Pi—P2) < 10% of Pj.

O venturi meter 2 HH&
- expensive
- relatively inflexible for changing flow rate
(HoH& venturi HHA S0l sH =40 €

- large space

4>
3o
00

O Orifice meter

O Rotameter

O Pitot tube



1.8 Causes, Sources, and Effects

Particulates

O Causes

- materials handling :

- combustion process :
- gas conversion process :

O Sources

f

A0, grinding, dumping

ly ash, unburned carbon, soot
condensation, oxidation

- coal or oil-burning power plant
- daz
- NsX
O Effects
- reduction in visibility (smog, haze)

- corrosive or erosive damagell Jt=3st

NG A&l =812 SIHE A S.

¥ corrosion/erosion 2 XtO

corrosion : &2J|3t

JI&X &2

stH JLAI Al dv -
C/Co & BAHE @ 0.02, 0I==XIE JIELZ2
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Visibility reduction)

0z

| scatteringzt absorbingOl 26+

contrst at distance d

= actual contrst at zero distance
extinction coefficient (AZHZ)

JLAITHZS] StAIE Ol OIE ALK 2

FHOAIACI S

J

—
o

ol
2

s



0.02 = exp (-0d) Soodv= 391/0

- 2o Atgt2 A XADIC &0/ 2o Atetil JHE 2 Fes
= gA42J1= 0.1~ 1.0 umdH.

- 0 = 05+t 0a Ol[]:l Os = O-agl' EDDP Hl%ﬁH_}

- 0O0s = a + b(C)
here a=-15x10%~-6.1x107 km™'
b= 2.0x10°%~ 3.6x10° m*/km-ug

C : mass concentration [ ug/m’]
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- thermal NOx, fuel NOx, prompt NOx

O 0a= 0gp t One Gy

Oy @ =20 28t EH
one : NO0Il 218 SH=
Cnoe @ NO2 s&

O NO0il 2| &t 1l of

- necrosis (

- MERIA

- OIXIOl CHSt ¥&F : 10 ~ 30 ppm (LEIEOCZ 0] ECH &)
- AL ¥2 sS0AE 28

(LRI : Lower Respiratory tract illness)

=2 o .



Photochemical Oxidants (Z3t&X ASIZ) 1t
VOC's (RIZERIISEEZ)
O 03
- NOx @ VOC's BtS0fl 2ot MEE= HEN =&
- 20 ~ 150 ppb WME HIJIs Mot
- 4120 ItE, A=Zo EMI NI
A =22| Ilof= EU 109 &2 E&0 015.
O VOC's
- OEdle 2 HEXNO Ulof @ &F=2 Mot & JIAL
- geHd=E
CO (LALSHEA)
O R4& 20/, 2o =4ItA
O C02 s&=1t : Ho2t CO2l BHS0l 2ot 2
O HbCO/Hb0z = 210 Peo/Por
O Jteets @ HEMAELS 3 =ot=0 e AI2H0l 2t
50 ppm 2| B 6~8 AlZt
O gdis2 =A
- 400~450 ppm 2| CO &%
- @M= HA HbCO =% & 5~10%
- HCHO (ZEdHdlE) : &,2,82 Mite =& (1.4 mg/oHbl)
Air Pollution Index (CHOIQ X E)
O et @I==0 et SEQ HWILE ot)| fot &g
O PSI (pollution standards index) &t0ll (& CHII&E =& @ H1.9
O PSIE *40ot= 6IFKl subindex : TSP,CO,S0z,0s,NO2, TSP x SO,

- 0l= PSI =i0l 28 Index gt2

=2 D=
=2 X

ZI CH X ez Z2F

- Ol &l 1-17 : S02 50~100, CO 50~100,
TSP 100~200, TSP xS02 200~300

dHBZ maximum | gt TSP

xS02 2fh ZAEE 90x 108 =



1.9 National Air Quality Trends

O Figure 1.7
O Figure 1.8 ~ Figure 1.11



