Introduction to Air Pollution
(Class #: 3328)

Mid-exam

Hour: 10:00 ~ 12:00 am
Date: 16 April 2002

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something even like the words in “What U See” of Britney Spears. Be careful with
mathematics and units!

(30 pt) 1. The photograph, that has been taken by a journalist on March 21, 2002 over the
Namsan Seoul Tower, reveals serious coverages of the sky due to the yellow sand
phenomenon at that time. In general, “sand” has diameters ranging from 20 to 2,000 p, and
“dust” is in the range of ca. 1 t010 p of diameters quite similar to those of particles appearing
in our country and Japan during the yellow sand phenomenon, internationally so-called Asian
Dust.




The scattering coefficient given below increases with increasing fine particulate
concentrations in the atmosphere as in the case of the yellow sand phenomenon above,
thereby causing shorter visible distance in addition to quite harmful effect of the respirable

particles on human health. Explain why visibility becomes significantly lower in the
presence of the fine particulates in the atmosphere.

Scattering coefficient (10%/m)
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Fine particulates, PM2.5 (ung/m3)

(20 pt) 2. Describe briefly the following terminologies concerning with air pollution.

(@) Chronic and acute effects

(b) Synergy effect

(c) Primary and secondary pollutants

(d) Threshold and no-threshold responses

(30 pt) 3. Answer the following short questions.

(a) Express 2860 pg SO2/m® at standard temperature and pressure (STP) conditions
of 1 atm pressure and 0°C temperature as a ppm-concentration at the same
situations.

(b) What are common approaches to verify any effect of air pollutants on human
health, and demonstrate those briefly.

(c) Explain why the current state-of-the-art remediation proposed for environmental
air pollution in industrialized countries is to sustain human activities and control
more finely the emissions of air pollutants from them.



(20 pt) 4. A typical daily variation of concentrations of air pollutants for a day in downtown
Los Angeles is shown below. Their daily behavior could be related closely to urban
photochemical smog reaction. Describe simply its reaction mechanism based on the data
below.
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Good luck on all your works to answer the questions. Spring is in full swing, so enjoy your
life.



Introduction to Air Pollution
(Class #: 3258)

Mid examination

Hour: 10:00 ~ 12:00 am
Date: 15 October 2003

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something you have learned in this course. Be careful with mathematics and units!
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(3) 9 D&M 60 ng/m®2l PMos SEZ ppm SHRI2 HASIAIQ. &, THD(2
2EQ 32 22+ 20 °C, 1 atm 0112, Ol CHII12 L& &= 1.20 kg/m® OICH.

(B10: PM2sOfl CHSH D122l BHHDIE2 24 AlI2F B3 65 ug/m° 0ICH)

(4) CHDI =0l EMotE DIMYUXS PMos sSEIF 60 pg/m® 2 M, JHAIE
(VISIbI|ItY)a |ASHAI 2. & TFS 2] Koschmeider 28 AIS Al 5t2t.

oI, L, =ItAIH 2] (km), C=0IMLXts S (ug/m3)0ICH.

(5) LEIEOZ HI| S0l EMot=s LAe SES2 AXNAZ N JAE2H0=
L 2HAL0l ACH DL, (40N ArSE Aldid=s Oleis 428
g = Aes Yol 8idh O'IP—‘.j ot OFAIE=Z2Ee] 2HAHE EEotAI 2. H,
dtet, 4 & BHAF BIHULIS0l 25 Jitsottil Jtd ettt

(6) 8 ’\*O|°I ot ZJ| =82 2 13,000 L OICt. CHOl =0l DIAI A
ctH, &el0l ot =0l &FotH &= PMas 2l

(30 pt) 2. DIZOIA CHOIRS JHAGHD SIGH0I 1970 HO HF NI (Clean Air
AChS HEGHOl 2 LMRIHE s HEIIES HIINO2 NEHO2M
2

oleg 2HME ®0l Hdg = UAACH ofHol =& H= Olfet =
HHOZ 20F10 ULH St FI1H0 IIgd S fist T2 &0 1
Sk 0l=2 B22t FAGHCH.

National emissions estimates for 1997 (Values in millions of short tons/yr)

Source category " PMy SO, Cco NOy vOC Pb
Transportation 0.7 1.4 67.0 11.6 7.7 0.00052
Fuel combustion 1.1 17.3 4.8 10.7 0.9 0.00050
Industrial processes 1.3 1.7 6.1 0.9 9.8 0.0029
Miscellaneous — 0.0 9.6 0.3 0.8 —
Total 3.1 20.4 87.5 23.5 19.2 0.0039
Percentage of 1970 total — 65% 78% 116% 70% 1.7%

(1) 212 SEO =0& PMi o2 H2E MAIL.

o1t B I ==& E (Environmental Criteria Air Pollutants) &
= (Pb)el 1997 & HEZ0] 1970 Y0l Hlot 2oz 2AsH
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(10 pt) 4. OtcHOl =& D2 WIIRLESES0| AFES H20l 0IX=s g9&s
YA 3l Z2l AlsCes fDstRAIY =0 Prospective Cohort Analysis Ol
Olof HEA Z2UHE Bz UL
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0 L] !lO‘ 15 20 15. 20 25 30 ] 38
80,7 5% (ng/m’) DI Xt s S (ng/m®)
Hol0l =& HOoIEH=2 0122 e A= f’éj%l HII= S0 9 5%
(a)2 DIMIEXRA 229 =5 (b)S0l AFEZS Sl ™ ZHI A=KXE
2OtE2 D] I3tH, AFES LH0], & &€ o1Es=2 1 a4o+o4 O*OP“'EP
(1)1 (a) & (b)ol JIx=e CHE A HFol= AIHES H=2,
o Ltol, 4 & oISl 2 OI S04 9 55 2 DIMYKNES s
UE2HH= M 2H I U= Ot=3IAI 2.



(2)UI S22 HiEH= &4tat2 (SO2 + SOz = SOx)E M2 AIZILA She
SEEHMS0| X atddlel EelsE MAGtLA F0lcte &0 UACHH,
HedE2 0E A= JHE &= A=Kl JI=0HAIL.
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Good luck on all your work to answer the questions.
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Introduction to Air Pollution

Mid examination

Hour: 10:00 ~ 12:00 am
Date: 21 October 2004

Student Name:

Student’s SIGNATURE:

(Class #: 3269)

Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.

Show all your work!

| can not do give any credit if you do not write anything — put

something you have learned in this course. Be careful with mathematics and units!
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HOot LIS &0 2IHA Ot 0l M

g oF g g & = 8l §0(1
dg 2 08 Hel2XE FEoh)| g SR8 4= EEge = U=,
Oletgt Do:'—?—OH CHHE F4dotd U= =2 242 HE2 U e He
X E 2ZotAL.

(3)erer = =0l o FE A0l ZUGHH QHHE 4ot U= 2
=2 HAO 0.2 um Oloré EE0UY  JtAHels HEXA
HE=XE Jl=6t 1 0lRE 8YGHAIL.

(20 pt) 2. OteOll =& HE E1 U3 2 230 E6HAI2.

National emissions estimates for 1997 (Values in millions of short tons/yr)

Source category " PMy SO, Cco NOy vOC Pb
Transportation 0.7 1.4 67.0 11.6 7.7 0.00052
Fuel combustion 1.1 17.3 4.8 10.7 0.9 0.00050
Industrial processes 1.3 1.7 6.1 0.9 9.8 0.0029
Miscellaneous — 0.0 9.6 0.3 0.8 —
Total 34 204 87.5 235 19.2 0.0039
Percentage of 1970 total — 65% 78% 116% 70% 1.7%

—

(1)9 25 &M 0I=01 AHE3t= HWIIEZIIESE 0 XA EEHGHAIL,

(2) (MM 2H& S HIWE M, 8 R2Lietel g3 IIESE S0
A0l E Ol SFHURXE 20N 2.

(3) 21 HOl FAHA PMip2 H2AE MAIL.

(4)CO o AB=20l “Transportation”’0l & HISZUHAMN 77% EEE XXlot=0l,
JdIJIEEIN I =2 =32 /é*cc’i'oH\IE.

(20 pt) 3. Otehel Bt2s2 XNEH 2= (Ground-level ozone) MA 2HE
=QE HHUBES SOHED UCHL TS 2 2301 225 HotAI2.
NO + 1/2 O, —> NO» [Bt= Al
NO2> + hv —> O + NO [Et= B]
O+02+M —> 03+ M [BtE C]
NO + Oz => NO2 + O [BtE D]
(1) R0l =& BIESEEZEH HHH HE22S 2SS 4= U=XE EYHoIAI2L.
(2 )EHDI 301| xXHoPE Etal=A=0] 22 BE8s S0l He Br2 HIAHUSO



(1)0 °C, 1atm Ol Al CHDI 1L =0l =MHol= &4 DA E (H2SO4 mist) 1 ppm
HOIGIAI 2.

(2) (2) 0 °C, 1atm OlAf 0.05 ppm NO2 £ ug/m® ©2A2 LIEHHAIR.

(3) OIS UA A5 (synergy effect) S 8 HGHAIL.

(10 pt) 5. Otc DS UWIILQLESES0| A HA0 OIXs &S AY6H)]
PIet ASEERAIE Z0l ofLiel A2 XA (Retrospective study)2l &t 00| CF.
ChS 230l 2t2f5| €otAlL

600 T 3000
2

s0t- i o ~ 2400
5 :
3 Particle :
el concentration o
g <
5 3 B0
z i - :
£ 400 1 § - 1800 S
3 i S
< i g
5 =
2 [5)
= 9
= =
G o
~ 9
£ 300 : -4 1200 %
z : | Daily deaths 3
[ £
& &
g
L
S 200 - - 600

100 ! ! 0

0 8 10 IS

Day, starting with Nov. 30, 1952 (day zero)

(1) O] FstZAF HHE 20 Xt OILHZ EYHGHAI2.

4

Il



) ? O82 Ul S0 EMdts 2y 222 22 s&2

Good luck on all your work to answer the questions.
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Introduction to Air Pollution
(Class #: 2790)

Mid-term examination

Hour: 3:00 ~ 4:50 pm
Date: 21 October 2005

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something you have learned in this course. Be careful with mathematics and units!

(2) Seltete o] #FIIE2SE S SHOHAI2.

(3) 0 °C, 1atm 0lA 0.05 ppm NO2 £ ug/m® S22 LIEHHAIL.

=] =
==

rir

(4) Oteer 22 A AR, HIIY UM 2t g = U
2 0t S 225 HYBHAIL.

Both pregnancy and air pollution are much better to efficiently prevent rather than to
remedy; however, these two things can be unavoidable in our life.

(30 pt) 2. Ot2Hel BIEEE2 T Al Z3t8tAZ ] BFE (urban photochemical smog
u

|
reaction)Oll 2ol X EHU 2Z (ground-level ozone)0| MAECl=E =2 HAHLISS
BHF=1D ULH O3 2 =230l 2H=0] EotAl 2.
NO + 1/2 O —> NO» [BtE2 A]
NO2 + hy —> O + NO [Bt= B]
O+02+M —> 03+ M [BtE C]
NO + Oz —> NO2 + Oo [EtE D]



I
<
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(1) Tiol =0 EMots Est=AS00 A2 g8 S0l o
HIHLISO 20ot=XIE Z&3olAlIL.

(3) 2, AZ, HE0I2HE 0/2 OF&, M= L OfZHl= XIEH QZ0| MAE
A QT 1 019 99 BISAIS =0 TAl ZEEHARTD BS9
MAIBFS 0 LGS (B2 BIJF LOILIDIOE =AF WX 2SI WO
20ICH [BrS B]JF L0{LID| 918t 2 A Ol LI K 201 304.0 kJ/mol 012+9,
0l BF29 HAIZ S5l 2RE = Lo HUDE (xm)S REAIQ.
Z2t3 A2 (h)= 6.6 x 103 J.sec, IEX (v)E %g TEED 00 cs

2% (300,000 km/sec), A= L& O|LCH.

(Answer: 4 = 0.39 xm)

(30 pt) 3. OtcHOll =UHE D2 EHYCZEH 2= sHY =0 Sol JAIZH
doig SHFI0 P0iED UCK 0 IS BIESZ2 ofHol F01Z 2 230
EotAl 2
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i L
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(1) ol =0l =Motes BERE8=2 XA AHO =2 0.4 ~ 0.8 pm
HA0I2tH JAIEN HE &2 018 = UA=XAE Jl=dtd 1 0lRE
S YHOIAI L.
(2) 015;* OO R EH NHA OFE0 HLE HE =2 = 22 %01
Mgt E 0lH H2EXE REoH)| Hde ERE 2t g = A=,



Olciet =220 2HHE Fdot) Us
X E 2ZotAL

e ZEE AIZHOl

S =2Xo MH2 2 oL e
JDoL0 COHE RASD U= 2

= S 0.2 um Olot2 =0sUH JtAlAHZI= HEA
BT =XE Jlsotd 1 0|RE HAYSIAIL.
(10 pt) 4. OteliOfl =H& Q2 & CHESS HRZ22EH ZH& Z0ICH Lol
FHEA 2 TAIQ /XE 160 CfS =230 €otAI 2.
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(1) SO2 2 =2 BH&& (emission source)O0l Salt Lake City & W, =3
(prevailing wind)2 &&2 & £ U= AR 2HQ 1 Hasg 22
S HOIAIL.
(2) FOHE 2 TAIOMA 2ol &80 & LYEN Il We SO»
=Too) IS 9 JRNAMHY %X LE-YS DU BUE & US
20 SEE2HUAN L2 aXEez2 2 = Js TAIE MDD, 1

Good luck on all your work to answer the questions.



Introduction to Air Pollution
(Class #: 2817)

Mid-term examination

Hour: 1:00 ~ 2:50 pm
Date: 18 October 2006

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is about 2 hours.
Answer all questions on a separate paper provided. Be precise, logical, and ordered in your
responses. Show all your work! | can not do give any credit if you do not write anything —
put something you have learned in this course. Be careful with mathematics and units!

(40 pt) 1. OOl =& HE E1 O3 2 230 E56HAI2.

National emissions estimates for 1997 (Values in millions of short tons/yr)

Source category " PMyp SO, CcO NO, vOC Pb
Transportation 0.7 1.4 67.0 11.6 7.7 0.00052
Fuel combustion Ll 17.3 4.8 10.7 0.9 0.00050
Industrial processes 1.3 1.7 6.1 0.9 9.8 0.0029
Miscellaneous - 0.0 9.6 0.3 0.8 —
Total 3.1 204 87.5 235 19.2 0.0039
Percentage of 1970 total — 65% 78% 116% 70% 1.7%
(1) 9 22 &M 0|=0| At25t= UIIEHIIESE 0l LH HHGIAL.

(2) (MM SHE E0 HIWE M, &M SclLtete IS IIESEsne
AOI &0l UK E £&EotAI 2.

(3) 21 ZO0ll =01& PMio2 E2IE KA.

(4) CO 9 A0l “Transportation”0l & HIZS&0UHA 77% B8 E XXdl=0,
OIS IS =2 i) &Y EH\IQ

(40 pt) 2. Otei 2l 2r 20l CHot EGHAIR.



(1) DI1=2] 24 A2t B2 PM10 JIZE2 2006 @ 9 2 2E 150 0lAl 70 ug/m® 2
23RN, LIU2tE 2007 HEEH 22 2==o2 0INSXo st
BPIE=EZS 23S WAOICH E£8F J|IES WWIIEHZIIZ2E0 AMZ0| &t
SH=20| FIIE =0l 0|12 MAQ. S, I 822 2010 @2 H 2 ol = 0L,

(2) (2) SA ZFEADT BIZ20| MAIED| K18 3K =AH

(4) WIS =SE=2 S0l S24HQ FeF) Aol HE2 IHE £ U=d
PtAdXMol dats &dY%otd & g8 =0 e Hs JI=EL2 &=
BtE=36E =X JI=0HAIL

(20 pt) 3. Oteliofl =H& Q2 & CHESS A2 2EH ZH& Z0ICH Lol
FHEA 2 TAIQ /X E #1060 ChS =230 €otAI 2.
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Threshold value curve 189
G @j SaltLakeClty
+ Kearns|
2 - Magna @ @ ®@Murray
f West Jordan @ g Sandy City
3 w0p i ®Tooele  ®Riverton w
[ American Fofk'@@ Pleasant Gro?e
o '®0rem
0 40 60 80 100 ‘@Provo
Annual average ambient SO, concentration, pg/m |

(1) SOz 2 =2 HiE& (emission source)0l Salt Lake City & M, =3
(prevailing wind)2l Z&2 2 = U= AR 2 1 s 2
/\—| [mE] ol,}\lg

(2) =& 2 TAIUA HElole S0 &t LY EN D] Wl SO, s&2H2)
2HE ? AHUHAME SX E=5-Bt8 24622 Hug = As R0
SIEEMUM LIHE2A HAXECcz 2 = JAs TAIE M1, 1 0IRE
SHHGHAI 2.

o

Good luck on all your work to answer the questions.



Introduction to Air Pollution
(Class #: 2806)

Mid-term examination

Hour: 1:00 ~ 2:50 pm
Date: 17 October 2007

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is about 2 hours.
Answer all questions on a separate paper provided. Be precise, logical, and ordered in your
responses. Show all your work! | can not do give any credit if you do not write anything —
put something you have learned in this course. Be careful with mathematics and units!

)
(e
=

0 1. Otcf 82 UIIQIESE S0l A2 H2Z0 0IXle = ~ZoH|
Flet Gt AAE S0l otLtel A=A (Retrospective study)2l et
28t HSZAH Z0l SRl AZEAIEE (Ret t tudy)el &t Ol OICt.
2 =220 2H=0l EotAl2
600 : T 3000
Y
o101 T S - 2400
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(1) O] FstZAL 2HHES 20 X+ OILHZ £ HGHAI2.



(2) 9 Oge ol = xXHﬁfE AXA 2EO ALY ST AMEQ
ANSEZ2H 2HE & HEol =1 %‘EP 0] &9 HIOIE1%8 1952 @0l
&M S Lodon Smog Episode 2 20212 8iol= UHEUWA & L 0|C Ol
L ASUHA LXa 28 Qo M%‘EI ALY Z2E Ao Hst=2 0&
OILEZEL SFE & JHAl MAI2.

(50 pt) 2. OFcHel 2F 280l CHotd E6tAlI 2.

(1) 2 Xt CHOIE22Z (secondary pollutants)

(2) 2cluetel sHII==2 2 (2007 & & JI=)

(3) TSP 2F PM2s Ol CHEH A 2

(4) STP (0 °C, 1atm) ZH U A [SO2] = 80 ug/m® E ppm SA2 St

(5) CHESS ZAIHOUIA DHEI0F E JIE SR8 2A(S)

(30 pt) 3. OtcHel BIEEE2 T Al Z3I8AD ] BFE (urban photochemical smog
reaction)0ll 2lol XIEHW @= ( round-level ozone)0| MAL= = HAHULS
BHFD AL OS 2 =S50l 2t2Fo] €o6HAI2L.

NO + 1/2 02 —> NO» [Bt= Al

NO2 + hv —> O + NO [Et= B]

O+02+M -> 03+ M [Bt= C]

NO + O3 —> NO2 + O» [Bt= D]

(1) CHDl =0l EMots Etal=ASE0] 29 BI=2E =0 (L. et=2 HIHLISO
2ol=XIE YA

(2) NIEHY =0 =2 = WHES HYHGHAIL.

(3) 2, HS, IE0I2tE 012 O, M2 L 0F2H0lle XNIEH Q0| MAE £
SICH. O 018= Qo gtE2AlE =0 S Al Z3STALZ T BE29 JjAIBF20
ol [BtE BlJF LOULDIN= SAF UK 2= %I IHEO0ICH.
(Bt BIJF LDl st =A Y X 20l 304.0 kJ/mol 0]2tH, 0|
BIS2| HAIE fIol @75 = e ZUIE (#m)ES FOHAIL. ©, 283
AL (h)=6.6x 103 Jsec, IEL (v)= %E DD O c= 22C
(300,000 km/sec), A= L}Z&O|CH.

(Answer: 2 =0.39 um)

Good luck on all your work to answer the questions.



Introduction to Air Pollution
(Class #: 3474)

Mid-exam.

Hour: 3:00 ~ 4:50 am
Date: 22 October 2008

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something you have learned in this course. Be careful with mathematics and units!

(20 pt) 1. Ol2HS BIEEE2 T Al Z3I8AD ] BFE (urban photochemical smog
T ™

|
reaction)0ll 2ol XIZHUH 2Z (ground-level ozone)0| MAZ= =2 HAHLISS
B0 UL US 2 SS0ll 2t20| ZotAl 2.
NO + 1/2 O —> NO» [Bt= Al
NO2 + hv —> O + NO [Et= B]
O+02+M -> 03+ M [Bt= C]
NO + O3 —> NO2 + O» [Bt= D]
(1) CHDl =0l EMots Etal=ASE0] 99 BI2E =0 (L et=2 HIHLISO

==

& et 2AAL0l UCH LA
[m]

o 10
o
X
|0
HU
o
o
ik
2
i
>

ot= ehtat SES2 YN L A=
S 2te| 2HE 2 HOIAIL. T, Ateh
(=l

<
tsottt) JtA

= & BAMHALISO0 25
of 13,000 L OICt. CHII =0l DIAI X
H

(2) 87 Holo ot2 BJ| 38 1
, &e10l ot=0l &FotH &= PM2s 2

PM2s 2l SSJt 2,400 png/m® 0l
U= mg SR Z HASHAIL.

ct



(3) 0 °C, 1atm 0lA 0.03 ppm NO2 £ ug/m® S22 LIEHHAIL.

(10 pt) 3. OtcHOll =O0I& D2 0I=2 && 2& 2 MAS UEHD UL
Dl=¢ld, 258 S0l &2 HE OE HMECD O oteiol 2BUOIY (Clean Air
Act)0l ZEMECH HEHR XA DI=22Z2ESE (U.S. EPA)OI HEUIIES
Olgiol)| et =22 A& RN == HEotl) SZESHC
Individual operating permit for Some major industries,
an industrial facility, e.g., a copper e.g., autos, gasoline
smelter or steel mill production
Local
regulations

State regulations
to implement
the state SIP

T

SIP for NAAQS,

PSD, nonattainment areas,
emission trading, and R
other regulations "-.._._._____.-‘

T

I U.S. EPA regulations to implement the Clean Air Act I

T

‘ Clean Air Act, as amended, 1963, 1970, 1977, 1990 ‘

T

‘ U.S. Constitution, basic legal structure, common law ‘

Federal
regulations for
autos, gasoline,

etc.

Ol= &2 I =0l NSPS, NESHAP, autos (XtSXH),
gasoline (J}Aa)ﬂ} 95*8 d20e = £ g XXEHAIE Ot HALEF0A
Ol=0l et Ri—=H= A& dAtot= Ul, 1 01=E 20l £EotAlI2.

PO
FE
1o
e
FO
0x
=
]

0

[

(30 pt) 4. OOl =& HE E1 O3 2 230 E56HAI2.

National emissions estimates for 1997 (Values in millions of short tons/yr)

Source category " PMyp SO, Cco NOy vOC Pb
Transportation 0.7 1.4 67.0 11.6 7.7 0.00052
Fuel combustion 1.1 17.3 4.8 10.7 0.9 0.00050
Industrial processes 1.3 1.7 6.1 0.9 9.8 0.0029
Miscellaneous - 0.0 9.6 0.3 0.8 —
Total 3.1 20.4 87.5 23.5 19.2 0.0039
Percentage of 1970 total — 65% 78% 116% 70% 1.7%

(1) 1 25 &M 01201 AtSot= UIISZIIESE0 A BESHAI2.



-

PN
==

(2) (MM S 0t HIWE M, & RclLtete tIgBIIES
XOIEH Ol SARKE HHGHAI2.

o=

St

(3) NOx 2 Z20l “Transportation” 1t “Fuel combustion”0l & UIES&0HIA
202t 49.4%9} 45.5% HEE XXISH=l, 20200 ISR 0Al JHE I =}
=2 llE SAIL.

(10 pt) 5. otelofl =& & & CHESS ARz 2H ZH& ZUM0ICH &l
=& 2 _'.:_AIEI FIXE Aot CS =220 EotAIL
50 1 !
~§®Brigham City

g 401 / 9; @North Ogden

E ‘7 Magna——___ : ;. o EV'alwqon ®

: Salt Lake City Ke/ams [ ®f Roy

é L \\ ‘/ | Salt Lake s v,©l\’a'>‘5‘f‘“@ -

5 i X @Farmington

p \ \ 1 £ @Cemerville e

gz Ogden Threshold value curve

j_ Al 4 @i SaltLakeClty

g = " Kearns|

2 [ i Magna @ @l ®@Murray

f West Jordan @ g Sandy City

3 w0f i ®Tooele  @®Riverton w
L American Fofk'@@ Pleasant Gro?e
” '®0rem
0 20 40 60 80 100 ‘@Provo

Annual average ambient SO, concentration, pug/m~ |

(1) SO22 =2 HIE& (emission source)0l SLC (Salt Lake City) M, =3
(prevailing wind)2l st 2 £ U= 2AEHQ 202 gers 202
/\—| [mE] Ol'}\|9

(2) FOHE 2 TAINM elolel &7 & YHEN | el SO, s&2t2)
ZHE 9 DAY 9X LE5-92 THO2 BHY & S A0
SLEWON DHBAXNACZ 2 4 Y= TAE M1, 1 0IRES
S HOIAIL.

Good luck on all your work to answer the questions.



Introduction to Air Pollution
(Class #: 7339)

Mid examination

Hour: 10:00 ~ 11:50 am
Date: 22 October 2009

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something you have learned in this course. Be careful with mathematics and units!

(10 pt) 1. OtcHOll =& OS2 0|29 && 238 YR MAHE LIEHH D UCH.
0|28y, 25Y | OfeHoll EECHIIY (Clean Air

A (U.S. EPA)Ol BEUHDIEHEsS
SHCY.

Act)Ol ZTHEH

=
Ct
Ol85lD| I8t 2EHO2 25

J

0

U7
> M
m
;
-
Ny
0t
m

Individual operating permit for Some major industries,
an industrial facility, e.g., a copper e.g., autos, gasoline
smelter or steel mill production

Local
regulations

State regulations
to implement

the state SIP ch.cm] )
NSPS regulations for
T NlFéH./\P autos, gasoline,

SIP for NAAQS,

PSD, nonattainment areas,
emission trading, and
other regulations

T

I U.S. EPA regulations to implement the Clean Air Act }

T

‘ Clean Air Act, as amended, 1963, 1970, 1977, 1990 ‘

T

{ U.S. Constitution, basic legal structure, common law 1




ol CH

=

=

F0A Ol

=N
S

Ol autos (XF=X}), gasoline (IH5

Xt Otel A

—

2d [

=

I

I
C]
=

NN

tel o

i
—

dEo Hledg

(2) PM2.s

Kl S ol =

O UF o1y 70 0l
&0 ﬂ@ ._aro < c_.E
9 —_—
s W DR
of 5) o o
o 0 U ur 52
" D = K
1! ~ B Ko o
0 c 3l S i
oll = 0O oKk 75 i
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ol £ 30O I -
<0 o =~ 01 Of i
i = o o §
M mu_l.,l O =T _H.___Lv D B i
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0 oo H O 20 M S rm
2 mllf o1 € s i =
a5
0 = = [ oy . -+
=zl uJ S . =N =5 =
= ™ 00 ol O
et En A
H w H_.N o = S L M L | L n_. L o
- i ol = 20 S KF & = iz m =
S 5 o = i K & e p
M Ok o olJn o . e ,
m.+_ m@ M _ o = anuripruy [enoady ejog

- = Rils)

s e i

100 MM Q 6 S © _.__._Amm
o S BRI Sy
ek o T = O
%) 5 © o il <
o 8o

N}

X

Ol& Hel

=<

o
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(1) =E I LU EH DI0A OtE 0 G



(2)grel 2= =0l = EXT A0l ZU6te eHHE F46tn U=
SAE2 AF0l 0.2 pm 0lgt2 =OHECUE JtAHel=E OE
HStE=X15 JI=6t O 0lRE 8Y6tAl2

(20 pt) 4. Otchel gt&=2 XEH 9—’_5 (Ground-level ozone) &t 2&
FRE HALISS 20110 UL TS 2 280l 23| oA,

NO + 1/2 02 —> NO2 [BFS Al

NOz2 + hv. => O + NO [etE B]

O+02+M —>03+M [etE Cl

NO + Oz —> NO2 + O2 [BFS D]

(1) CHOI S0l EMots Eat=AS0] 212 BIES S0l oL Bt HIoUS
ZHSHEXIE YA

(2 XNEHU REOC SHE= HES £HoHAIR

Good luck on all your work to answer the questio

ns

Ol



Introduction to Air Pollution
(Class #: 3654)

Mid examination

Hour: 11:00 ~ 12:50 am
Date: 20 October 2010

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is approximately 2
hours. Answer all questions on a separate paper provided for this examination. Be precise,
logical, and ordered in your responses. Show all your work! | will not do give any credit if
you do not write anything — put something you have learned in this course. Be careful with
mathematics and units!

0122 1970480l EEUIIH(Clean Air Act)E HEGHH 2 SMRAH
58)EE YIHo® NSUOTM ODI2Y £HE Nos
ACH 0120 FOIM F= 0l248 ZNE BHOE HOFD YsH, 0
z U329 2 =230 ©olAl2.

~

Qﬁ

b &2 02 T

oz oY <
o oD

Do

b

o
|0

National emissions estimates for 1997 (Values in millions of short tons/yr)

Source category " PMyp SO, CO NO, vOC Pb
Transportation 0.7 1.4 67.0 11.6 7.1 0.00052
Fuel combustion 1.1 17.3 4.8 10.7 0.9 0.00050
Industrial processes 1.3 1.7 6.1 0.9 9.8 0.0029
Miscellaneous — 0.0 9.6 0.3 0.8 —
Total 3.1 20.4 87.5 23.5 19.2 0.0039
Percentage of 1970 total — 65% 78% 116% 70% 1.7%

O] XIg& ol BHE= 2 “Fuel combustion’@2 2 £ U=,
E&*O_l OlE JI=0lAl 2.

(2) 3l A RI|3tet=(volatile organic compounds, VOCs)2l =2 BHE& 0
“Industrial process”2 HEXQI IE HYUGIAI2. (50X OILH)

(3) EAASZ(NOYS AR, AJ|NHO2 AAS AH T2 S O|HIMSHE
S350 19704@ OiHl @56l SOt & 2 2012 AYHGIAIL. (30K
Ol LH)



(30 pt) 2. OtcHOll =& 2 S S0l 2tdl EGHAIL.
(1) #IE 5 ug/m3S ppm S 2 2Hat (0 °C, 1 atm JHH)
(2) CHOI1LE S A0 A2l &S5 (synergic effect) 2t CHEZX O 0l (30Xt Ol LK)
(3) 2Xt THII1 2 2 & (secondary air pollutants) (30X OILH)

(4) THOI =0l PM10o2 =%Jt 50 pg/m*2

, g¢el0l ot=0l &FotH ==
102 2(mg)2? (0, gel2 B S&&=9L

/min)
(5) RelLicte HoIstBII=E2E &5

(6) DINIH XIS 2B (ap), THE(A) L ItAIE 22l 22 (30Xt OI LK)

(10 pt) 3. 0tcHe D& 2 HWIIRQISESO0| AP 2H20 OIXls &8s #Ho})]
ot el At=Es 99X AY S0l Prospective Cohort AnalysisOll 2/6H &0 &l
ZE 20HF=10 UL
<|_ 1800 + * -
=
§9
< gooh A
~
3)
00
T0 800
ol
(@]
(@]
f“_l- 760 J
3l
800 - . J
. ] 1
0 .'I.' t0 - 15 20 25
S04 5% (ug/m°)
D10 =& HIOIEHES 0122 ] HEAISHA SRS = S0.249 st
ALECl AP E D HH EU#IDP U=XE LOIED| |A6tH, AFESl LI0], 8 Y o1=E=
DeAGHH Z2HRZLCH 0 ZUE JEXLD SO0 CHEH TioI&tdI =S MEFEHCHD

Hdg 32 SO0 et JI=s=E HlLtotAIL.

(10 pt) 4. OtcHOll =& D2 0122 & 2 H42 MAHAS LEtWD UACH
DI=28d, 258 S0l &2 HE22 T 1 Otehol BEUIIY (Clean Air



Act)0l EMetCH HLEHR XM D=2 ESE (U.S. EPA)OI EEUIIES

OISt ?IE +=H22 2E FHIES

Individual operating permit for Some major industries,
an industrial facility, e.g., a copper e.g., autos, gasoline
smelter or steel mill production

Local

regulations

State regulations
to implement
the state SIP

Federal
regulations for

autos, gasoline,

SIP for NAAQS,

PSD, nonattainment areas,
emission trading, and
other regulations

T

I U.S. EPA regulations to implement the Clean Air Act

T

‘ Clean Air Act, as amended, 1963, 1970, 1977, 1990 ‘

T

[ U.S. Constitution, basic legal structure, common law I

0.. o
“tagannt

0= dEo Holegae|o 224 20 autos (KF=SXH), gasoline (DSt
22 F20= = € XY XXSHIF Ofe ASEEZ0A OIS0 e FHxCES
A& Aol O, O 0|RE 2tkc] & H6HAI2. (60AF OILY)

(20 pt) 5. Otehol BISE=
HaALISEES 20H=10 UL
EotAlL.

-

010 00 0l0 00

comx

NO + 1/2 O2 —> NOz2
NOz2 + hv => O + NO
O+02+M ->03+ M
NO + Oz —=> NO2 + O2

-

[EYEaTT

-

mio
k=
N

| tSSS Soll AEE 2E0] d4dED| ?ol +&H= &A=&
_|

HoHAIL. (30K Ol LK)

(2) XNEH0 2EO =HE = HES S&HSHAI2. (100X OILH)

Good luck on all your work to answer the questions



Introduction to Air Pollution
(Class #: 3335)

Mid-term examination

Hour: 9:00 ~ 10:50 am
Date: 25 October 2011

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put

something you have learned in this course. Be careful with mathematics and units!

(40 pt) 1. OHS 2 23S0l 23| E0LHAI2.

(2) Rclttetel S3FMI=H0l SAIE PMiolll et HBZ DI

o
oY
A

HA
ro

(2)-2. &) =sT£E ppm SHAZ SHAGHAIL. OIMH, THOle 2%, &1t
QUGS = 2+2F 20°C, 760 mmHg2t 1.20 kg/m3=2 It & &L},
(3)61.6 ug/m32 NO-E ppm SRAZ BHAGIAIQ. 0OlMH, &2 e
= XAHOZ JIEEHTH
ALY 2E A BIF /=dl, =E=sE-8t2 =40 A B SHHIXI=
2t2F 0.022 0.03 ppmOl2 StHIXIE Zlole sES0UHAM B LE=E 9
BIESEXGCI A QIE2R9| BISTCELE &4 28 =2 M, WIILI2E A
BO LE==st-8tE2 =243 & Ol 20l ZEAIGIAIL
(20 pt) 2. OlcHY BIESHZES T Al ZSSEART BrE(urban photochemical
smog reaction)0fl 2o XIEH <Q=(ground-level ozone)0l MAHT= F=R
HAHLISS EWF=10 UCH CIS 2 23S0 2Hefol €olAl 2.



NO,
O &b & 4

(1) 2 20N Z2=2 (a), (b),

(2) 32 (a), (b), (c), (d)S Sol Loilt= eSS =2 M,

(2)-1. 32 (e)It 12 &2, (a) ~ (d) EIS0A 0= Z2ES LA

(2)-2. B2 (e)It US 2=, NHH0 20 EH= HES 4HGHAIL.

(BFEAI 100 &t OILHZ DI=)

(10 pt) 3. OtcHOl =& 2 & CHESS HARZ2RH 20UHA
FO& 2 EAIQ RAXE EO6HH TS =30 E0tAI2.

50 T T T
| [ }@Brigham City

Morth Ogden

Zuolih. &

§ 40 ‘ : i
E |
- Evanston-®
E ’7 Magna — ‘ @o0gden z
2 " Kearns @ROV
2 Salt Lake City \
o] g / Salt Lake N, Kaysvillzes
\ ‘ 1
< \ o ®Farmington v
o\ q - @Centerville 'tm
Ogden Threshold value curve ‘ ,r‘
Jll i é—_ﬁ | asSalt Lake City / )
: | . ~ Kearns| © T A
; | | Magna @ 9o @r»ﬂprray
; West Jordan ® g sanqy city E:“O ]
2 ob . ®Tooele  @®Riverton |
‘, 1 American Fork ' ®®plegsant Gro-Qe
n ‘ | : ‘ ‘ ‘ ®0rem
0 20 40 60 80 100 ‘®Provo

Annual average ambient SO, concentration, ug/m” |

Ol



) SO22 =R =R (emission source)Ol Salt Lake City¥ M, ==
Sk X 2

AR 2 =32 SEs 2

N

OIZl 2t TAOIA o210l SE0| Mg LHED Ul Ul SO,
S 9 DNMAE AX LE-PIS BHO2 BHE
HASHON D2 HAKYoR 2 =

0 O

10 40 W
M < ry 4

=}

(30 pt) 4. D122 1970 0l HHODIB(Clean Air AcS MESIH 2 gMn2
P28 WESEIES FINOZ NEHOZM (|2 2HE =IINo=
NEE 4 UACH OfHOl =R H= 0]248 ZWE HXO2 FHFD =M, O
HEHIEOR 122 2 220 Y3IAI2.

National emissions estimates for 1997 (Values in millions of short tons/yr)

Source category " PMy SO, Cco NOy vOC Pb
Transportation 0.7 1.4 67.0 11.6 7.7 0.00052
Fuel combustion 1.1 17.3 4.8 10.7 0.9 0.00050
Industrial processes 1.3 1.7 6.1 0.9 9.8 0.0029
Miscellaneous — 0.0 9.6 0.3 0.8 —
Total 31 20.4 87.5 23.5 19.2 0.0039
Percentage of 1970 total — 65% 78% 116% 70% 1.7%
(1) OFZHADFA(SO2) Sl KA QI HHE &2 o 2 ™ A(fuel combustion) 222
= 4 U, 012 2B HEXNQ ME JISsHAIR. (BHEA 50K 0|2
Jl=)

(2) 9 =0 ?|2F_8f 3|8t 20|38 2 (volatile organic compounds, VOCs) 2|
HEX =3 2 SEE MDD, 2 I=|2 HEXQ o2 22 daHGHAIL.

(BtEA 50IP OILH J1E) |

>_

(3) ZAAZIZ2(NOYQ B, )Moz AAHS M T2 S O|HME0 =
%?6}7 1970 [HH|l 23l SItst Jt&E 2 2012 HAHGIAIL. (BIEA

30X OILHZ JI=)

Good luck on all your work to answer the questions



Introduction to Air Pollution
(Class #: 3474)

Total point =90

Mid examination

Hour: 3:00 ~ 4:50 pm
Date: 22 October 2012

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something you have learned in this course. Be careful with mathematics and units!

(20 pt) 1. 15°C, 1 atm2| CHZ| LHO| 0.025 ppm<| O|AtStEA(NO,)7t EXHE o,
Cte 220 HotAl2.

(1) FOIZI TH7] 1 molel| R I|E HASHAIL.

@) T H7[=HUM &7 SEE pg/m® BHRIZ 2HUStA| 2. O, A thgl=
2y WM Xp2|7HK] L

3
A0
of
1L
of
Rt
Io

(50 pt) 2. Ofefof F=O{Zl 2t =20

Fl

(1) L2|Lt2te| CH7|2HE7|E2 2 =0 Chet ot= S FOo &7 (0f: HIEH(CH,))
2) TiZ|0 EXSt= PM,s2| & =7t 20 ug/m3L I,

(2)-1 PM,s2| F2|

(2)-2 ‘4210] St&0| HFSHA &l PM2s2| (mg)

oM, dolel 7 =5& = 9 L/minE 7Y%t



3)

(4)

©)

(20 pt)

(@)

FS(prevailing wind)dt H{ER/SEREHCS| O|AAHZIE 71 FasHA
0 2{slof St= FotmAL &l (ML EA| 60X} O|LH 2 7|=)

CHEAlGIM O EEHO 23 Edst= Al FetstAR HiZ(urban
photochemical smog reaction)2 CH7] &0 ZEXst= NO7t
&l (photolysis) | = CH&2| BHS0] 28 7HA| = Ct:

NO, + hv — O + NO HtE (a)

4)-1 7] 3o Eete27t gl 4%, flo FoT #S (@o 0o

UOILIE EHZ(S)

4)-2 tH7l J0 1 moleQ| Etste27t EXE E2, 4)-101M Eot

hS(=)2e Hat

Sotz=AL &R SO StLiel G SZALY (=Xl 100%} OILH2 7]5)
3. 00 =0T BE HIE2E 4 =50 HotA 2.

National emissions estimates for 1997 (Values in millions of short tons/yr)

Source category " PMjo SO, CcO NOy vOC Pb
Transportation 0.7 1.4 67.0 11.6 77 0.00052
Fuel combustion 1.1 17.3 4.8 10.7 0.9 0.00050
Industrial processes 1.3 1.7 6.1 0.9 9.8 0.0029
Miscellaneous — 0.0 9.6 0.3 0.8 -
Total 3.1 20.4 87.5 235 19.2 0.0039
Percentage of 1970 total — 65% 78% 116% 70% 1.7%

el #OIM HH vOCs HIZZOIM 224 40%2 51% Y= AHX|ohs

=51 HESZo sidots tEXN el 0(F)E(2) 2B L.

4
1%
Hu

1ol #OM EaUHSE(NOY2| CHEXMO HIERO O HiER &
T2 28052, (THEA] 50%} O|LH 2 7| &)

Good luck on all your work to answer the questions.



Introduction to Air Pollution
(Class #: 3525)

Mid examination

Hour: 10:00 ~ 11:50 am
Date: 24 October 2013

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your
responses. Show all your work! | can not do give any credit if you do not write anything —
put something you have learned in this course. Be careful with mathematics and units!

(50 pt) 1. IS 2 230l 2t23] E3HAI2.

(1) Oz2 8AIZt HE2s=EJ10.06 ppmd I, STl ug/md SR Z SHat

(2) DHOISKAOCZEH HISE Z4ASI20] D] LHOIA Z4AF DA E (mist) 2
B ([

2)-a) “0|AE”9| HO| (30X O|LHZ J|1&)

—~

(2)-b) &4t DIAEZ HEE = HALIS (BHS42 Z&aH 1004+ OILK)

(3) Rclittet tHIIEAIIESE2 0IMEX(PMi)E ZEZ&dH & 7 30
SZFMI)2YHU BN J=0I(2013F 108 JI&F), LHHX 6 SO HE
gds et=20 02 g

Ofl: £E20I5IE (HCHO)
(4) CHOI LHOIl ETHot= OIMI S X (PMyo) 2l S 2HE 2 XDt 50 ug/m°L [,
(4)-a) PMioOl CHEH H 2| (30K OILHZ JI=)

(4)-b) 0le18t PMio2 CHOI L EMZ 2l OIZ= A S5 |
d 29828 20 tholatB0 2ggs == WERQ 0lE oLt

A3 (100X OlHZ JI=)

23
=14



(5) CHOI LHOll= 1 Xt & 2R LDIQEEE S0l S2EE = A=l
(5)-a) 0IS2t2 =2 XH0IE (30X OlUHZ JI=)
(5)-b) CHOI LHOIA 2Xt CHOIRE2E0| &&= HFS & JHX o2 S0

A% (50X OIHZ D|=)

(20 pt) 2. OtcH IS HWIIQLESES0| AP HA0 OIXs ¥ HY6
= A2 X ALBHH (retrospective study) 2l & GIOICH CHS

600 T T 3000

500 - - 2400

Particle
concentration |

400

1

1800

¢

300 = 1200

i\ Daily deaths

Deaths per day in London Administrative County
Particulate concentration (,ug/m})

200 - 600

100 1 ! 0
0 5 10 15

Day, starting with Nov. 30, 1952 (day zero)

(1) 0| A&t XA 212 HAYGHAI2. (30K OIlLHZ J|&)

(2) 9 g2 19520 ZAMst London smog episodel fQolS Eigle=
WEUA SAHE Holdl,

A

(2)-a) 2 Al 1228 522 9UNK| CHD| L LRASE sEIF 223
=8t =2 0! (20X O|LHZ JI=)
(2)-b) Ol I ASCS HEXQI EX 5 JHAl (A SACZ JIM)

(30 pt) 3. OL2HOIAE SAl Z3ISEART] Bt=S(urban photochemical smog
reaction) Oll A °'O1LP QEESES EWFD Yesd. 0] BFESS0ll JI=otH TS

=
T
2t =S50l 20l EotAIL2.



NO +1/2 02 — NO2
NO2 + hv — O+ NO

VOC + NO — photochemical oxidants

O+02 — O3
NO + O3 — NO2 + O2

(1) Et=S BOIA Bl Y AZEDH SREHH O 01 (204 OILHZ J1=)

S
0z
<
e

uin

=4
S

S
e
0l0

COl A= VOCe HEHQ! ==

Good luck on all your work to answer the questions.
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Introduction to Air Pollution
(Class #: 3517)

Mid examination

Hour: 10:00 ~ 11:50 am
Date: 20 October 2014

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your
responses. Show all your work! | can not do give any credit if you do not write anything —
put something you have learned in this course. Be careful with mathematics and units!

(1) 0™ Z2RALZRH L2 20l 22 Aot SHsS M, O 20l M=
O GUa=2S0l EME B2 20d = U= M KK Sa s

t20l THOl WO &4 DIAE(mist) 2

kOII

(2) DB OISHE2ZRH == a4t
i (

(2)-a) “0lAE”S HO| (30K OlUIZ J1&)
(2)-b) &4t DIAERZ HAG = HHLIS (Bt2AI2 &6 100X OILK)

JAZMII2Y M12E Mo ME SFIELZM 0l&HSHE A (NO2) 2
2t B2 Xl= 0.03 ppm 0l otOICt. (20 pt)

rQ [

(3)—a) LIHXI tHOI8ZIIEEEES "0IMSHAEA(NO)"2F 201 JI (S,
20154 18 1 Al& JIE)



&0

o SERHAUIIL

=
=]

=
L

HCHO 12 &

0

o
TT

(5) WIILE=2E S0A

Jls)

(100Xt O

et 04

1 <

7_‘Il

(Hint: Al JtXI)

_|

Bl
10

JJ
1o

KA

ol
00

(1) IIE2E(S)Y

Ol A& X

Ar & 1t

! L 1

1
30

1
25

1
20
Annual average fine particulate concentration (j1g/m>)

1.4

0 o s]

- -

1A *93Eu04 U1 18T 0 1) (AP [BAUTE JO 0Ny

35

15

;
10

1
5

(30Xt OILHZ DI=)

(2)-a) Ol ZALHOUA SAI P

2HH O

=il
)

gt

(2)-b) OIMIZHX st A

A
=

(30X ol =z 2|

10l

(20 pt) 3. UGS AIOIA

NO + 1/2 O2 — NO2

NO2 + hy — O+ NO
VOC + NO — photochemical oxidants —————-——————- (C)

—)OS

O+ 02



NO + O3 — NO2 + O2

(30K Ol Z D)

b (30Xt OlLHZ DI&)

Z1

=2
=)

g
[

3

ol
o
0

I

K

-
1o

o
I

(Hint:

S-UEL

NOZ

ol =
—

AN
=
TT

) BHE A0
2t

2

(

)

M
aa4

=
(=)

o)

nr

Good luck on all your work to answer the questions.



Introduction to Air Pollution
(Class #: 3586)

Mid examination

Hour: 10:00 ~ 11:50 am
Date: 26 October 2016

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your
responses. Show all your work! 1 can not do give any credit if you do not write anything —
put something you have learned in this course. Be careful with mathematics and units!

(1) HY ZRZLH U2 L0l Sl AloHMl S0 M, O 20l JM#dt=
o @Ua=ES0l E2ME B2 20E = U= M IHK e =S

(2) 15°C, 1 atm2| C{Z| Lo 0.025 ppm<| O|&t2tEA(NO,) 7t EXfE M, Tt
=20 EotA[L.

(2)-a T THZ| 1 molel| £I|E A LI5HA| L.

(2)-b FO{ T L 7| = Of| A

0

V71 SE& ug/m? BRIZ BHISHAI L.

(3) EZFMI|=2Y HM12X HM2g0 [HE SZINE2ZM 0l&SHE A (NO2)
o2t HZXl= 0.03 ppm OlotOICH  UWMHX OIISBIIE=ESS
“Ol&HSHE A (NO2)" 2 2201 JITHGHAI .

(4) HIILESE A2 Bt =0, «&2sE-82 2HUAM A B SHXI=
2t2+ 0.02%2+ 0.03 ppm0lL) BHHIXIE Z=ote s=S0HA B LE=E2
BIESETI A QE=SZEO BISETEN & 20 == M, HWIILIESE A%
Bl LE=T-83 4= e 1cHE 20l EAlotAIL



(20 pt) 2. Ct50| 0T 25 HIE L2 2} 350 EotA 2.

National emissions estimates for 1997 (Values in millions of short tons/yr)

Source category " PMjo SO, CcO NOy vOC Pb
Transportation 0.7 1.4 67.0 11.6 77 0.00052
Fuel combustion 1.1 17.3 4.8 10.7 0.9 0.00050
Industrial processes 1.3 L7 6.1 0.9 9.8 0.0029
Miscellaneous — 0.0 9.6 0.3 0.8 -
Total 3.1 20.4 87.5 23.5 19.2 0.0039
Percentage of 1970 total — 65% 78% 116% 70% 1.7%

(1) ?1e] HOAM H™XH VOCs HHEZOIA ZHZ 40%2t 51% HEE XHX|St=
FARASEO st CHEAQ O(E)E(2) 2 oA 2.

1
ot
=l

@ 9o BN Fape +%<Nox>°| fENe sl oF WEd 2ReE

HI

(20 pt) 3. CHEA[O|AM QOlLt= &otstAR O (photochemical smog)ll T8

HSS2 ChEah 20| LiEE = A=, o] BSS0| 7|50 = 24 =250
C

NO +1/20, - NO,  —mmmmmmeeeees (A)
NO, + hv - O+NO oo (B)
VOC + NO — photochemical oxidants ------------- (@)
0+0, —» 03 e (D)
NO +0O; — NO, +0O,  —mmmmmmmeeee (E)

(1) BtE COlM vOCe|
(-a) =2 ¥ (30X} O|LHE 7|=)

(1)-b) A2 Qlef| ez = d=tatut-gol Z1t (30Xt O|LHE 7|=)

NOQo| 2 HiZ& (Hint: 1™y} o|sglcz 3

r:l2
H
_9_|-
2



= s
Act)0] ZXfjotct, ALFHR XM OZ2EESH

o|5}7| 9|k

Individual operating permit for
an industrial facility, e.g., a copper
smelter or steel mill

T

Local

Some major industries,
e.g., autos, gasoline
production

regulations

State regulations
to implement
the state SIP

T

SIP for NAAQS.

PSD, nonattainment areas,
emission trading, and
other regulations

T

| U.S. EPA regulations to implement the Clean Air Act }

T

‘ Clean Air Act, as amended, 1963, 1970, 1977, 1990 J

T

‘ U.S. Constitution, basic legal structure, common law ‘

regulations for
autos, gasoline,

ete.

NSPS, NESHAP, autos (Xt=X},

03 Mool cfzlegmelol TN HEof
Ze HR0Is F U AW AXITHHIE Obtl HAMFEO|K
S

O OT

gasoline (Zh&2)af
= APSte O], 2 O| /R E 7HEf5| 2SI 2.

E
ol=0f tigt AH=ES

Good luck on all your work to answer the questions.



Introduction to Air Pollution
(Class #: 3482)
Total point = 85
Mid examination

Hour: 9:00 ~ 10:15 am
Date: 1 November 2017

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your
responses. Show all your work! 1 can not do give any credit if you do not write anything —
put something you have learned in this course. Be careful with mathematics and units!

(30 pt) 1. CtS 2 30| 7HES| HotA . (HIAEME HMQlstn Zb2h x| 100X}
O|LHZ 7]|=)

(1) 0.030 ppm O|£t8tEHA(NO,) SEE pg/m3 EHe[2 2Heb (BF 15°C, 1 atm)

2) BAHS =22 YAtA(et 7HA = Hal Zho| EHA

3) OfH Li7| ¥ = =E5E-H3 (T

T80 S @AE

i3
mx

CEZEH SHAXE 28 [

(20 pt) 2. CHEA|O|AM LLOjLt= &3tstA R d(photochemical smog)l F2
o

H3=2 Ch32f 20| LiErd = A0l o BtEE0| 7|X510f L 24 =30
{tEf5] BHSHAIR

NO + 1/2 0, — NO, (A)

NO, + hv — O + NO (B)

VOC + NO — photochemical oxidants Q)

O+Oz - 03 (D)



NO + 03 — NO, +0O; (E)

(1) B8 COlM vOCe|
(M-a) T2 9= (30X} O|LHE 7|=)

()-b) 22 Qlof| Xefjx|= &ststet3ol 21 (30X} O|LHE 7|=)
(2) H2 AQ} BOj| A

(2)'3) O| 5 Hl_l-g |_|'O| OEI lé T AAE —*—7"
=

(2)-b) #S Bt LOfLL7| 2 25

>
o

(20 pt) 3. Ct20| FO{ 2l BE HIECE ZI 250 EIA| 2.

National emissions estimates for 1997 (Values in millions of short tons/yr)

Source category " PMjo SO, CcO NOy vOC Pb
Transportation 0.7 1.4 67.0 11.6 7.3 0.00052
Fuel combustion 1.1 17.3 4.8 10.7 0.9 0.00050
Industrial processes 1.3 1.7 6.1 0.9 9.8 0.0029
Miscellaneous — 0.0 9.6 0.3 0.8 —
Total 3 20.4 87.5 23.5 19.2 0.0039
Percentage of 1970 total — 65% 78% 116% 70% 1.7%

4) ?12] HOA TH VOCs HIZZOAM Z2Zf 40%2t 51% =& AHX[St=
=51 HESF0 sidot= HEN 0(F)E(S) 235t

(5) 1o HOIM EALMBIF(NOYS CHEMQ HIZERC O£ HiZzd 2FE=2
TE510 dHSIA|L. (RFEA] 50X} O|LH 2 7|=)

(15 pt) 4. LIS 2 =30 2H=9] HotA . (AM4E2HE M elste Zh2f =i 60Xt

O|LHE 7|E)

(1) Molo| B tF Z7| =S 2F0] 2F 13,000 LO|2 CH7| 0 PMqo2 5=}
50 ug/m30|2tH, Q10| StF 0| MFSHA == PMqo2] ¥2 mg THRIE A4t

2) 2Kt 7[R B=F



(3) oteiel aEo| FO{T Bfel Z0|, EfY2=RE 2= A EH FHo

—
sigdsts YAAV|IE A= Yid =ESO0l W7l SO Bol =X O

A 2 HAHLF

2300 T T T T T T
i 2000
.
)
5 L
E E 1soof
T o |
‘8‘ -
= = 1000 -
|
- I
beal F
[
sonf
!
]
- r
]
F
A

1.2

Wavelength, um

Good luck on all your work to answer the questions.



Introduction to Air Pollution
(Class #: 3336)
Total point =70
Mid examination

Hour: 10:30 ~ 11:45 am
Date: October 24, 2018

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your
responses. Show all your work! 1 can not do give any credit if you do not write anything —
put something you have learned in this course. Be careful with mathematics and units!

(20 pt) 1. CHEA|OA OjLh= &3HStA R O (photochemical smog)el F&
HSsE2 Ch32f 20| LErE = U&=, o] BtE8=0| 7|x510f L2 24 =30

NO + 1/2 O, — NO; (A)
NO, + hy — O + NO (B)
VOC + NO — photochemical oxidants (@)
O+0, — O3 (D)
NO + O3 - NO, + 0O (B)

(1) B8 COolM vocCe|
1)-a) T2 9 (30Xt O|LH 2 7|=)

—~

(1)-b) 22 QI3 =2ik[= G=tetgrSo| 2t (30Xt OILHE 7] =)

(2)-a) Ol & EF8THO| Lol == A= =A
(2)-b) E+3 B7 LOLLY| 23 R &= F2tst 549

(30 pt) 2. Ct= Zf =30 ZE5| HotA 2. (AIMEME Helstn 22 =[] 150%}



O|LHZ 7|&)
(1) 0.020 ppm SO,E ug/m3 (=2 SHAE (B 15°C, 1 atm)
(2) felLete| 72t E 7| &= 2
(3) YAt S| YAAY|2f ZHA & B3} 7ho| 2HA|
4) t7|Fe| s F857] fIet 25T ALY
(5) E24eE(NOY2| 2 HiE e taX 2l of
(6) &7t Ol CHEX QI o

(20 pt) 3. Ct30| FO|2 HEE HIECRE 2f 30| EotA. (4 28 150Xt

O|LHE 7|=w)

~~

National emissions estimates for 1997 (Values in millions of short tons/yr)

Source category " PMjo SO, CcO NOx vOC Pb
Transportation 0.7 1.4 67.0 11.6 ¥ 27 0.00052
Fuel combustion 1.1 17.3 4.8 10.7 0.9 0.00050
Industrial processes 1.3 L7 6.1 0.9 9.8 0.0029
Miscellaneous — 0.0 9.6 0.3 0.8 —
Total 31 20.4 87.5 235 19.2 0.0039
Percentage of 1970 total — 65% 78% 116% 70% 1.7%

(1) PM102] HH%% 30 CHotyl 29std, O[] NMas /I Aol o
o
=

=
TH>O| AOA n2{slor & BS

>
ro
=
T
ro
|0
u
pal
Jio
rﬂ
C
o
@)
(@]
3
O
[
4
(@]
3:
1o
i}
I¢|
_I_..
=2
[

2) '50,"0] X|Hf
£1 10|88 AL

(3) "VOC'E '0y2 HEdY 4%, H7IoM 02 FF=2 M #HHIFEES
S 2,

4) "NO,"2| EFE AL, HiE+E Wit Mol tf7(=tetX B3t of2 Qldl
A

5= UAS= 20 toty 2ot 2

Good luck on all your work to answer the questions.



Introduction to Air Pollution
(Class #: 3226)
Total point =70
Mid examination (39)

Hour: 9:00 ~ 10:15 am
Date: October 23, 2019

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your
responses. Show all your work! | can not do give any credit if you do not write anything —
put something you have learned in this course. Be careful with mathematics and units!

(30 pt) 1. Ct20| FO{T BEE HIEOZ Zt 230 HIA2. (I 28E 150%t
O|LHZ 7|&)

National emissions estimates for 1997 (Values in millions of short tons/yr)

Source category " PMje SO, CcO NOx vOC Pb
Transportation 0.7 1.4 67.0 11.6 T 0.00052
Fuel combustion 1.1 17.3 4.8 10.7 0.9 0.00050
Industrial processes 1.3 L7 6.1 0.9 9.8 0.0029
Miscellaneous — 0.0 9.6 0.3 0.8 —
Total 3:1 20.4 87.5 23.5 19.2 0.0039
Percentage of 1970 total — 65% 78% 116% 70% 1.7%

(1) B0l R_A= PMyo, SO, CO, PbO| EoH0], 2E|LiEte] T |t E7|E=2S

ML,

2) T FE[LEN =7tEFEH =& 770 2dots 40 OMEA
=M #lel 70| A= Hi7|LE=Zs0t 2 HHF0| ACH, 0[9
2= flof MY =FS FO|oF & E=H(E)2 TR 1 O|xE
2O 2.

(3) "NOs2l SRFRE 24, HiETE MHitS Wel th7=tsty Hhgar o2 QI3
5= YA =220 CHoto] 2ot 2



(20 pt) 2. Er% 2t S 20| 7t2F35| EeA . (AMENIE HQstn ZHzt

ZkZF X|C{ 150%}

(1) 15°C, 1 atm Z=Z10| A 100 ug NO/m3= ppm LR = 2H

—

—_

() RHEA BIZTAI} BRSO 1 FHHSHS K|YRX|TH O USR] o
ChE= ojet 1 0/

(3) th7| L EXHSt= OIMHX|Off 2lgt Z7FAIA | Hat

4) Ay

HZ &d&7|&(new source performance standards, NSPS) 5! 0|9 X &
U (K HINT: | £ 3tLt S0 2%9)

(20 pt) 3. Ct=2 2 S30f e

TISIA| Q. (ZHZF A|CH 150Xt O|L 2 7|=)

(1) EA| &3tstAn T HEZ

LIEHHCHH, CH7| LHOf A
2EOHA 2.

g 7t2F5| HCs + NO + O, + hy — NO, + O;2
0]

| ¥-0| UOfLY| I3 JHAIRHS It HCsO| B S

) 1A CHZ|EEF T 2XF Cf7|QEEZR9| Xxjo|HE 7|&stn, 2tz 374
ojlgel ol & HMAISHAI2

Good luck on all your work to answer the questions.
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Introduction to Air Pollution
(Class #: 3244)

Total point =85

Mid examination

Hour: 09:00 ~ 10:15 am
Date: 25 October 2021

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is approximately 2
hours. Answer all questions on a separate paper provided for this examination. Be precise,
logical, and ordered in your responses. Show all your work! | will not do give any credit if
you do not write anything — put something you have learned in this course. Be careful with

mathematics and units!

1. (15 pt) Of2fof FO{Tl HE= HiZEd 2 =8 HWIIRFE=ZES2l HiE
O k

2031 =0, Ol #E HIE 22 Lhg2 4 =50 EotAl.

Source category " PMjyo SO, co NOy vOC Pb
Transportation 0.7 1.4 67.0 11.6 7 0.00052
Fuel combustion 1.1 17.3 4.8 10.7 0.9 0.00050
Industrial processes 1.3 1.7 6.1 0.9 9.8 0.0029
Miscellaneous — 0.0 9.6 0.3 0.8 —
Total 3.1 20.4 87.5 235 19.2 0.0039
Percentage of 1970 total — 65% 78% 116% 70% 1.7%

(1) 22M2AS(NOYSl HIZH E42 2Y3sta, 0|o HEMYS flet =
_l

= =
OffH X0 HSE|0{0F St=%|E & ESIAI2. (100Xt OfLH)

Of

2) 3ed}7|3tet=E(volatile organic compounds, VOCs)2| 8 HiZ2 F0f

“Industrial process"2| CHEZX QI 0 & & HSIA| 2. (50X} O|LH)

3)F=
HISE

2 OMBIXI(PMyg) BIEZORRE & 4 s HEHUH
252

7|=3tA| 2. (30X} O|LK)

L



2. (40 pt) Of2iof| =O{Tl 2t =50 ZHE

(1) (5 pt) 2Xt 7| 2B =%

Al (secondary air pollutant) (30X} O LH)

(2) (5 pt) SHZALE

3

1o
rot

T F Ol CHESS ZALOA SHA n2Ate

o

(3) (10 pt) ==(Hg% 80 pg/m3= ppm EHPE =t

SHAE (BF Hgoo| EXHE2
200.590|1, STP A2 7p™sI0] A4=H LRy

X2 7EX] 7|12

4) (10 pt) S2|Lt2t 7| E7|E 2R (E)S "O| &2t EF A (CO) M E 7|1

(5) (10 pt) Ch7|0ff EX}5}= O] AE (mist)2t
(6)-a. H&tof et 25E o ofc|of £st=X| M

(6)-b. CHZ| 0| EXYSI= CH
(6)-c. 87| 2 Z3F9| O|A

Im
0z
0x
=
N
-

|

3. (30 pt) OfzHe| v+

totstAR T HES(urban
smog reaction)0f 2|& X

HALISS 2031 UACE H

photochemical
(ground-level ozone)0| MME|E
%%Oﬂ LEf5| HotAI2.

=R

) # AN B2 (a

S
0]

tofot AR BRSO JHAI0] AN LAY = 7t
|

0|-

o

g sa% 0
£5HA



He 2
o =

i

i

rir

(3) B (a), (b), (o), (d)= =°H 2O{Lt

!

(3)-a. BE ()7 Y 42, (@) ~ (d) EtS0A YOoX|=

(8= A] 100X} O|LH2 7|=)

(3)-b. & (e)7t UZ 82, XN HH EO| ZHE|= 1}
(8tEA| 100Xt O|LH 2 7|=)

Good luck on all your work to answer the questions.



Introduction to Air Pollution
(Class #: 2606)

Total point =100

Mid examination (23)

Hour: 09:00 ~ 10:15 am
Date: 18 October 2023

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is approximately 2
hours. Answer all questions on a separate paper provided for this examination. Be precise,
logical, and ordered in your responses. Show all your work! | will not do give any credit if
you do not write anything — put something you have learned in this course. Be careful with
mathematics and units!

el
Fl
rir
"
{0
qr
Mo
nE
ke
fo
]
N
to
oe
Mo
A
mn
10
£
i
o
mjo

(30 pt) 1. Of2{o =O{%l

2031 =0, Ol #E HIE2Z Lhg 4 =250 HotA 2.

National Emissions Estimates for 2013 (Values in millions of short tons/yr)

Source Category PMyg ' SO, CcO NO, vOoC
Transportation 0.5 0.1 395 & 4.1
Fuel Combustion 1.0 42 4.6 3.7 0.0
Industrial Processes 0.9 0.6 1.6 1.1 5.7
Misc. 18.5 03- 12.9 0.6 4.7
Total 209 52 58.6 13.1 14.5
| =
HHZILE=EE SN (Z+Z+ 300X} OJLY)

(1)-a  PMqo2t NO2| "9
(1)-b  NOx2| Hf=2t CH7| Lo Mol €Yty Ed

) 7|2g=2s2 Hizd F2E T=0A (Z+Zt 150X} O|LY)

(2)-a SO,°| HIEES



2)-b YR 7|stet=(volatile organic compounds, VOCs)2| HIEE S

i

A2 "Transportation”2t “Fuel Combustion"2 2 LIELIE|

el ol (ZZ 30Xt O|LH)

(3) NOL2| =82 Hi
7t [H_

[ ==
= T =

_|

nE
Bl

(30 pt) 2. Of2off FO{Tl 2t SZ0f ZHEfS| HotA| 2.
(1) SEILt2t 7|2 EI7|EE2EES "0 M2t EA(CO) M E 7| XY

(2) =2(Hg% 80 pg/m*= ppm EHe|= b (Bh Hg09| 2XAtE2 200.590|1,

STP ZAUC 2 7Pdst0] &4 UM Xt2|7hX]| 7] &)

(3) 1Xt CHZ7|2Y=E (primary air pollutant)at 2x+ CH 7| 2 &= E (secondary air

pollutant)

(20 pt) 3. Ct2 =30 HotAI2.  (ZZ ZICH 300Xt O|LH2 7|5)

(M ECE 282 2d 23H HAXNAE EoF10 =0, NSPS, NESHAP,
autos (At&Xh, gasoline (7t&2l) Sit #EsE AX= F 2 X[E

ES
KX EEMZE OfEl A FZROA MY dAlstk= O, 1 OlfE ZHED9

2O 2.




() Ct2 &2 19520

AFolA FOIT QU] O] FekzAf

L5 London Smog Episode?

2SI 2,

600

500 -

400

in London Admini

300

Deaths per day

3000

- 2400

1800 =

Day, starting with Nov. 30, 1952 (day zero)

2t
Za

(20 pt) 4. C+3 chatAle. (22t
(1) ZAl Befstana

LIEFHCHEH, O] EHS0f

X

ol

—

L=

o
=

mjo
nm

-

ICH 150Xt O] = 7]&)

@) tiZlo Exist= DIMEX0f ot ZFA=  Bzt= Bl ObE
OS] DR Z7|dyoll A et =0k A2b dpel 2HAOf

7HA = HetE 280N 2.

Good luck on all your work to answer the questions.
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