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Air quality models
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Dispersion vs. Receptor Models

Dispersion model Receptor model
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Modeling Scales

Microscale 0-1 km

Local Scale 1-10 km

Regional to Mesoscale
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Box Model
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Gaussian Dispersion Model

& - SE(H12H)0 $EEOR0
PR l"-"u";,? . — _ —
ml SIS HARTO| SEI2 0/
4 B
2
Q""-‘:tf;;%i ......... - i concentration ~m A = CJ G
L3 profiles o=
\\ . ISC, AERMOD model
P
X
Q —y ={z=h)? — (2 +h)?
Cla,y,z) = < exp—5-x [exp( —)+exp( =]
2ruo,o, 20, 20 20°

£X : Stockie, 2011



Lagrangian model
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Eulerian model
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0,~NOx-VOCs 2t
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Initial VOC, ppmC
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Nitrates
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] SRR Chemical Deposition
Z7) 1. ANARSTO Assessment(2003)
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CHO 1A P8a A2 Ald| -4
(B DA)AERIEEEM HA20HM| AlLIZ|RYE &FE- HAUHSHEM(KE, 2017)
o [HAEINA : MERSIZFEINA 20|
+ ALRIQ: DIMRAS SHIE0R 01 I1Y
o HIESEL E&D12H: 20154
o AT 9km
<X PM, 5 M2 5>
x| PMzs
186 T 48 mH 7E Od 108 TF A
e 0.001 0.001 0.036 0.024 0.015
BA} -0.085 0.070 0.023 0.021 0.007
= B -0.042 0.070 0.058 0.021 0.027
o1H 0.022 -0.019 -0.002 0.078 0.020
= 0.197 0.234 0.032 0.249 0.178
A 0.130 0.311 0.287 0.261 0.248
S4t -0.069 0.080 0.049 0.021 0.020
A& 0.154 0.281 0.295 0.275 0.251
A7 = 0.015 0.041 0.074 0.031 0.040
b s L -0.007 -0.034 -0.173 -0.042 -0.064
SAEE 0.074 0.175 0.155 0.045 0.112
9= 0.205 0.486 0.563 0.333 0.397
qere s [ 0.200 0.356 0.163 0.228 0.237
Hepge 0.113 0.174 0.031 0.247 0.141
AAEE -0.012 0.026 0.000 -0.001 0.003
AAPGE -0.041 0.078 0.064 0.042 0.036
> 0.017 0.072 0.011 0.071 0.043

1.0

08
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04

0.2

0.0
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AL Atdll = 5

[E2efH> ciol: ug/me
S e x| BAsC
12t ol 0.048
HE22HI == 0.027
1= X HRsT
12t =4 0.043
HE22H HIZ 0.039

=4 0038 —
e X< HRsT
12t = 0.074
HE22IH == 0.068
e X< HRsT
12t =1 0.112
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South Korea
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sot l =Y 0% mly
20% | I m a0% - =l
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(12 284 A Aldl -

3 Ch|RHa) 7| = A

Hid B3 MiRT 27|, o|MEX] HHE glE s

249X SEA 7|23 7HH 587 24
PMps 17ug/mi, PMyo 33ug/m, NO, 0.015ppm, O; 0.060ppm am ¢

FERZSHA & X

O SAl & X




Sl FAAN HA0|AN

ssiesc  SUNIL ENGINEERING & CONSULTANT

EHDlII Odle| 422 A|.a;|| — 7
= 1L 20O
S MUHES L IESESE (B9 &)
2= PM, PM,, NOX SOX VOCs
pAERSEIESY 30,952 66,899 298,380 126,724 300,001
Hissigsa 25,862 55,907 216,818 74,291 271,045
(A1) (16%) (16%) (07%) (41%) (10%)
SAA| M2HIEE 2 UiS6IESE (B §)
ESx 2016 O1) 2024 (BAU) | 2024 (2HHIS
o6) 31,658 32,201 30,910 - o
=SS e ‘\% —
NOX 51,223 51,107 26713 || e Wy | % atzrat
SOx 49,214 54,346 29,976 3
PM,, 4,739 4,791 4,143 sq
(i
PM, 2,502 2,605 2,130 I I I I
VOGCs 96,801 110,424 98,224 -
2016 2024
NH, 15,134 17,048 11,012 (VIZAE) (SEAE)
26
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PMF(positive matrix factorization) 2!

O HYHOZA, It 2K06tHX
= SESHE J(8te] 22 (Paatero and Tapper, 1994)
< CIXIE2A1 PMF 221°| =& XI0|&
- QIXISolE0| ghaf 22| gz HlA

- A= o| HS 0| 2|ESk= 2401 OtLleh JHH Kt=22] =] A XtsEt0] E[ I T A

—

ol=(least- squares minimization) £112|&
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PM, o/ PM,, 2258 : A2sT

20

ML

PM, ./PM,, 0|24
- 80,2, NO;-, CI-, Na*, NH,*, K*, Mg?*, Ca?*

Rl

Jxle =&

> HNO,, NH,, DMS, CO
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Source Type Marker Species Reference
~Cr, Mn, Sr, Zn, Ba, Cl, Na*, S, CI, Ti, Al, Mg, K, Ca, Fe (Chow, 1995)
. o e hge T T R e (Qin et al., 2002; Song et al., 2001; Polissar et
Soil Al, Ca, Mn
Al Ca Fo. K. Si.Ti al., 2001))
, L8, e, 1, ol (Ramadan et al., 2000)
Motor - Cr, Ni, NH,*, Si, Cl, Al, Ca, Mn, Fe, Zn, Br, Pb, CI, NO5~, NH,*, SO,27, S, OC, EC (Chow, 1995)
Vehidle - 0C, EC, Fe, Ca, Si (Song et al., 2001)
- OC, EC, NO5~, NH,*, SO,27, Al, Si, S, Ca, Fe, Ba, Pb (US EPA, 1999)
Field - Al, Si, Ca, K, Fe, Cl(Wood Burning) (US EPA, 1999)
Burnin - TG, Si, K*, CI, SO4%7, NO5~, Al (Ames et al., 2000)
9 - OC, EC, NOg7, Al, Si, Na, Cl, Ca, K, Ti (Hopke, 1985)
oil - K*, OC, CI, Ti, Se, NH,*, Na*, Zn, Fe, Si, V, Ni, OC, EC, S, SO,2 (Chow, 1995)
Combustion Ni, V, S, SO,% (Polissar et al., 2001; US EPA, 1999)
- Ni, V (Qin et al., 2002)
Codl - Cl, Cr, Mn, As, Se, Br, NH,*, K, Ti, V, Ni, Zn, Ba, Pb, SO,2~, OC, EC, Al, S, Ca, Fe, Si  (Chow, 1995)
Combustion S, OC, secondary SO,2~ (Ramadan et al., 2000)
- Se, Fe, As, Sb(aged coal related source) (Ames et al., 2000)
- Ca, Fe, Mg, Na, S, V, Cl (Polissar et al., 2001)
-V, Na, Cd, Br (Ames et al., 2000)
Industrial - High Na*, CI~ (Qin et al., 2002)
-Cl, K, Pb, Zn (Lee et al., 2002)
-Cu, S, Zn (Polissar et al., 2001)
Vaine S Na.Mg, SO2 (Qin et al., 2002)
Aerosol - ClI7, Na*, SO,%, Ca, K* (Song et al., 2001)
- Na, Mg, Cl (Huang et al., 1999)

32
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Estimated Mass Fraction (ug/ug) in PM  from Source

all 1 L1J [1L.L L1 LIW-poyrcubyspagal, 838 1 [ 1] [ ]
([ T T ,-—-, T T T T T T T T T T T T

:: {e} - Source ) - Biomass burning, 6.3 %

1
o] | II.IIiIiIMIIIIIIIIIIIII
o r v r r r r r r r . r r v r r r r r

iy {d} - Source 4 - Crustal, 10.2%

04
oy LT LT N

i {c} - Source 3 - Crustal 1,213 %

T A [V PANARRRRRRRANN

{b) - Source 2 - Combustion, 8.8 %

10

i {a) - Sogrce 1 - S related secondary pollutant,
he 188%
R IR 1N 'R EEEETY IREREREEEREER

FHFFFEF I PP e CPp BRSSPI LS PRSP

Combustion
0%

Biomass
burning
6%
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HYSPLIT — SJ[HIAE FEEE

NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL
Forward trajectories starting at 1200 UTC 14 Mar 11 Backward trajectories ending at 1400 UTC 20 Mar 10
00 UTC 14 Mar GFSG Forecast Initialization GDAS Megeofological Data
) ' Pk ; e
) YA 14 v fg (;:-'-'é hﬁ
0N Php- ,
‘&;‘;‘t‘,_f " \ﬁ., (o ’r"""ﬂ e
T "( i %
\ ;x‘ U R *‘ v

Source ¥ at 3750 N 140.90E
Source * at 35,13 N 129.10E

_.l
) 6000 g
o 4500 g
% 3000 s
s 1500 <
18000612180006121800061218000612180006 12180006 1218000612 12 06 00 18 12 06 00 18 12 06 00 18
03/15  03/16 0317 0318 0319 _ 03/20 0321 0320 03119 03118
Job ID: 16454 Job Start: Mon Mar 14 12:34:55 UTC 2011 Job 1D 16581 Job Start: Fri Aug motuoﬂo Uic 2013
Source 1 lat.: 37.5 lon.: 140.9 heights: 100, 300 m AGL Source 1 lat: 35135000 lon. 129105000 hgts: 500, 1000, 1500 m AGL

riucaw Direction: Forward  Duration: 168
Motion Calculation Method: ~ Model Vemcal Velocity

Tr rection: Backward  Duration: 72 hrs
m% Calculation Method: Isent
Meteoro : 0000Z 14 Mar 2011 - GFS

: 00002 15 Mar 2010 - GDAS1
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PSCF Model

/ Va p
G(l,ll) // // m
) NS -’ = _U
I, /,/ /A\ ,// PSCE]
|, ’ \ - n..
! / 4 N e y
1 2 Vi \~
I ,/ // - ’\\
| ’ . 1
“ J 'G(2:2) \\ n;: total number of end points that fall
v, e g \ in the #jth cell
\\A,' ,’/ ! \ my;: number of end points that exceeded
II' Ve ' ) the threshold criterion
Gay |}
11 \ 7
' pSCr
ro N 7 : Potential Source Contribution Function
PSCF value
G(2,2) = High/Total = 1/3

G(3,1) = High/Total = 2/3
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PSCF Model

Field burning : Secondary Aerosol =

PSCF Value

0-0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 -0.9
0.9-1

Motor Vehicle
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NH3 =4 7[(Ammonia analyzer)
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NH3 =4 7[(Ammonia analyzer)
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drL|ote] sES mfotn YEE =0/MHX| 490 tigt 7|6 =& 7t X MAlot=

8 NH. (ppb,)
400 m AGL

{a) A shaded relief map of the state of Washington highlighting the Yakima Valley where flight
measurements were taken. (b-d) Color coded flight paths showing the NH3y mixing ratio at three altitudes on
May 24, 2012. The strong and isclated NHs plume is distributed broadly over the feedlots because of the
calm conditions in the shallow boundary layer. () A satellite photo of an area with a high feedlot density.
Feedlots are highlighted in blue and ccrrﬂlate wtth high MNH3 concentmtmns along the flight path,

<YRLIOL Sl =78 At >

<Ref : Fast in situ Airborne Measurement of Ammonia Using a Mid-Infrared Off-Axis ICOS Spectrometer _J. Brian Leen_2016> Fine Particle Lab.
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PM2.5

-y 0.9~1.1
am -2.25~2.25

=y 0.9~1.1
au -9.00~5.00
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202142 H
= (tH3) Ol=
71871 1+ 0.1 1+ 0.1 101 1+ 0.1 1+0.1 1+ 015
S hrs| -2.25~ 225 -225~ 225 -2.0~ 2.0 -2.0~2.0 -10.0~10.0
AFTA A - - 0.93~0.95 0.93 - 20.93
HETHA 3 ug/m?3 3 ug/m3 3 ug/m3 2 yg/m3 - 0.1png/m3
HMale - - 15 % 15 % - 15 %
/98] 30H/4
B IISIA 1474 AII-_/O=|7|- 23MoVg/AE  (HAIALOIEQ] - 3171/ 2371 o4t/
or =L 15%)
ZXHQ 3~200 ug/m? 3~200 pg/m? 3~200 ug/m? 3~200 ug/m’ 3~200 pg/m? 3~1000 ug/m*

v OI2HUCE 40 CFR Part 58
vV LR BHEASEEERY- AT S 6 RIFERK 22 £3 ) BHEE K- AQEER
v EZR SH (PMI0  PM25)ES SN 5 A #A (HJ 653-2013)
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blank test & S7}4 "7} zJAIA])
A

FAIL

712 0% ojy 7}
-71€71: 09~ 1.1

AW :-50~50
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(=)

(t4+n)¥ Data._
7|2 U ojx 97} -
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04 SLXIA HAARL0N S S

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''' D1, 14~23 Ol -grogaroq X2 z,rz
K-factor
22X XX X S AHF|X Al =Py
3. 7I=HAHMM HI0{LHH K-factor E%‘
73

(71271 £0,1, HHEH: £2 25(PM,5), *5.0(PM,))
— K-factor_new = 7|1& K-factor/71271
4, K-factor M2 I Blank Al (24A[ZF Ol4})
— BKGD_new = BKGD - Blank /1000

¢ Cleaning

o Leak test

*388

XHIU BRI QUK

0272372000 T5:11:07 7 SETUD MODE CALIBRATE
SETUP MODE SELECT
~ BAM crock sapee [omeeems] mxrrad FLOWRATE: 016.7  FLOW TYPE:VOLUMETERIC
| CALIBRATE | Cv  1.0000 Qo 0.000
BETA AT‘T,ETAgIgg MONITOR ERRORS DPASSWORD INTERFACE  SENSOR 5 na
catus:  on ool
Eerue]  operate TAPE SELECT EXIT ) SAVE EXIT
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(224 3¥ 7IE)

C : (Magee, Aethalometer)
Element : (Cooper, Xact625i)

AH X Y MARAl £=M1Z4 1241
A 2(AHY m?) 598 38(35, $UX)
EX|ojQid| 14 3%
ZiZ oA 19,7219
glodl Lt 182
Q1AL 1
2 HEAPY 1(3)
Q12 ZALIZY 1
(H) QXIE A X1 1
59 4
H OIS H A XXX LXGSH17E, 220H)
Mass : (MetOne, BAM1020) aorea | AEAIS : (Ecotech, Aurora 4000)
(KENTEK, MEZUS 610) oo | TAAL : (Magee, Aethalometer)
Mass : (MetOne, BAM1020)
OC/EC - Gunset, OCEC andiyzer) NZRIS | (MesOno E-FRM/E-soq-FRM)

0.01~0.5 xm (TSI, SMPS 3936)
0.5~20 xm (TSI, APS 3321)

NO, NOy, SO,, CO, O,
(Thermo Scientific)
NH; (PICARRO)
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T 2(AHE m?) 688.5(3%, 3HX)
Aol At 19,7212
HLAE 1
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ol XA 1(2)
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Mass : (MetOne, BAM1020) morea | AL (Ecotech, Aurora 4000)
(KENTEK, MEZUS 610) ©77 0 s AAHS  (Magee, Aethalometer)

PM, s

Mass : (MetOne, BAM1020)
lon : (URG, AIM900OD) A
OC/EC : (Sunset OCEC analyzer) X
C : (Magee, Aethalometer)
Element : (Cooper, Xact625i)

& |PMy, PM,5
AEZxH# | (MetOne, E-FRM/E-seq-FRM)

oY
Ha

Hl

NOx, NOy, SO,, CO, O,
(Thermo Scientific)
NH (PICARRO)

0.01~0.5 xm (TSI, SMPS 3936) FEAA}
0.5~20 xm (TSI, APS 3321) Zx47|
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PM10, PM2.5

XSk
2000

T (BAM 1020)

- +1 04 TPride
I GIsr

National Institute of Environmental Research

>

- 92k Sol(monthly) : 15.0, 16.7, 18.4 LPM, Leak test(monthly)
- Blank test ( > 72 hours, every 3-6 months)
- WEMZd v s, BAM 1020 (monthly)

21.018 PM2.5 21.012 PM10 21.02¥ PM2.5 21.02& PM10
70 120 120 y=0.941x+1.149 140
= L =0.970x+ 0.387 L =1.010x-1.669
60 y=0.938x-0.707 100 y X 100 R2=0.987 120 y x
2= 0.981 R2=0.997 == 0.990
& s s 5
g% E 80 E 80 g 10
2 2 E 2
240 2 e z 8
o 2 60 g 60 =
g 30 g T E 60
s = 40 = 40 =
Z 20 g g £ 40
10 20 20 20
0 0 0 0
0 10 20 30 40 50 60 70 0 20 40 60 80 100 120 0 20 40 60 80 100 120 20 40 60 80 100 120 140
BAM(PM2.5, ug/m3) BAM(PM10, ug/m3) BAM(PM2.5, pg/m3) BAM(PM10, ug/m3)
21.06& PM2.5 21.06 2 PM10 21118 PM25 21.118 PM10
50 80 100 140
=1.040x+0.188 =0.967 x- 0.552 90 =0.949x + 0.236
y 70 Y y=0.935x+1.093 a 120 L 2
40 2=0.924 60 R>=0.911 80 5 e R2=0.997
2 30 g 50 2 60 2 g0
« g 40 & 50 2
E 20 a E 40 o 60
= E 30 s 2
z Z 20 g X z 40
10 20
10 10 20
0 0 0 0
0 10 20 30 40 50 0O 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 90 10| 20 40 60 80 100 120 140
BAM(PM2.5, ug/m3) BAM(PM10, ug/m3) BAM(PM2.5, ug/m3) BAM(PM10, ug/m3)
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AIM(22 M ol MY (sulfate, nitrate, ammonium and others) in PM2.5)
- M=g 88 M= (monthly)

- ZFAAF Q%0 W Al(bi-monthly)

- XHdl @2 *(6 points, monthly)

- Blank test(monthly, > 24hrs)

- Syringe filter 2X(3~4 days), Column, EGC(MSA, KOH) EHQA| WX

Cl- S042- NO3- Caz2+

0.2000 1.6000 1.2000 0.1400

0.1800 y =0.0024x-0.0002 1.4000 y =0.0018x-0.006 y =0.0013x-0.0039 0.1200 y =0.0024x-0.0022

0.1600 R? = 0.9997 R? =0.9999 1.0000 R?=0.9999 R?=0.9894

1.2000

£ 0.1400 = oo € 0.8000 = 0.1000
E 0.1200 E E E 0.0800
¥ 0.1000 2 0.8000 2 0.6000 i
= = = % 0.0600
S 0.0800 & 0.6000 e 5.4000 g
< 0.0600 < 4000 < < 0.0400

0.0400

0.2000
0.0200 0.2000 0.0200
0.0000 f - T T T 1 0.0000 4 T T T T | 0.0000 ¢ T T T T 1 0.0000 f T T 1
0 20 40 60 80 100 0 200 400 600 800 1000 0 200 400 600 800 1000 0 20 A0 60
Conc(ppb) Conc(ppb) Conc(ppb) Conc(ppb)
NH4+ K+ Na+ Mg2+
1.8000 0.0400 0.0600 0.0250
1.6000 V:'GE'O7;;+%'22292;+O'0018 0.0350 y =0.0007x +0.0007 00500 y =0.0011x-0.0012 ¥ —0.0021% - 0.0004
- R? =0.9944 R*=0.9917 0.0200 =

1.4000 0.0300 R®=0.9918
= 1.2000 = T 0.0400 =
= £ 0.0250 £ Z 0.0150
£ 10000 £ £ *E
4 2 0.0200 2 0.0300 E]
g 08000 T E § 0.0100
o 2 0.0150 [ @ O
% 0.6000 S 0.0200 =

0.0100

04000 00100 0.0050

0.2000 0.0050 :

0.0000 4 J : J : | 0.0000 f : : | 0.0000 ¢ | : ) 0.0000 * ; | )

0 200 400 600 800 1000 0 20 40 60 0 20 40 60 0 5 10 15
Conc(ppb) Conc{ppb) Conc(ppb) Conc(ppb)
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SOCEC(Organic and elemental carbon in PM2.5)
- Carbon denuder ¥ Xl(monthly)

- Calibration(5 points, monthly)

- Blank test(monthly, > 24hrs)

- M=d gy JH(3~4 days, depend on laser correction)
- HldIHo|WY 20I(Z JpA Y O F X)

Z-I'IJ

2T fol oI |
=| El-Q. =l
nal In: of Environmental Research

12.000

10.000 y=0.9017x+0.0076
= R2=0.9992 .
= 8.000
]
|_
- 6.000
2
3 0
o 4,000 a
= .

2.000 -

.‘...
0.000 @
0.000 2.000 4.000 6.000 8.000 10.000 12.000
calculated(ug)
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XRF(elemental composition in PM2.5) P p———

- Clean all parts of sampling line(3-6 months)

- Calibration check(weekly and monthly)

1425 1521 1505 gt | &35 =g 100031 = 138237
[ J 4 e Flaw 2 1636 16:80 1671 B 50883 gzt 100372 gzt 193162
b , a , I , I , , Flow 3 1405 1843 1836 oFEs 1214 oFEHs 184 OFEHR 619

- Calibration check(half year) e

: all elements T T

13555

- X-ray tube check

- Flow and leak test(2-3 months)

- Check QA upscale and Nb drift(weekly)

2193 H5IE 7788

35340
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SMPS(number size distribution, 10 - 460 nm)
- DMA sheath flow check(monthly) " 11E

- CPC flow check(weekly)

- DMA impactor cleaning(weekly)

- CPC zero test and leak test(mothly)
- Change silica

S0l gig

ojAIE A=

SolAY 218

Flow(sheath, sa

APS(number size distribution, 0.5 - 20 pm)
- Inner nozzle cleaning(monthly) o o Gy
- Inlet pressure check(monthly) ‘ e >

- Flow check(sheath, sample, total) & B Sk

Cleaning Al

5ol MY 218

oA BI

mple, Total ELNEI?PI SU/DH (HRA)

(2% 49 £%h

BojAE 218



. HIOIH ﬂ ey apste N0
05 WIgAATL 29 % s

Aethalometer(BC concentration and Abs. coefficient in PM2.5)
- Flow check(monthly)

- Cyclone cleaning(monthly)

- Water trap cleaning(monthly)
- DFU filter check(2-3 months)
- Tape filter check(monthly)

Nephelometer(Scat. coefficient in PM2.5)
- Span and zero check(monthly)
- Wall signal check(monthly)

- QYO BAII YA
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AQMS(S02, NO, NO2, NOx, NOy, 03, CO) and NH3

- Span and zero check(monthly)

- Flow check(Orifice cleaning, monthly)

- PMT voltage check(S02), IR check(CO), chamber cleaning(NOx, NOy),
UV cell cleaning(03)

NH3(CRDS)

- Filter check, temp and pressure check(monthly)

- Validation test(CO2) and zero check(Zero air gas, 20& Ol4H(monthly)
- Calibration(half year)
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