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f\ A Chrematogram
| o | ; mae
Sample in glass tube Tenax-TA cold trap
: ) MS spectrum |
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VoG B

Detection Capability
Individual =~ Detection Range 0 ~ 50 or 100 ppb

VOCs Limit of Detection < 0.2 ppb for Toluene in 30 min
(LoD)
List of VOCs Benzene; Toluene; Carbon Tetrachloride;
(target) * Chloroform; 1,2-dichlorobenzene;

1,4-dichlorobenzene; Dichloromethane; E
thylbenzene; Styrene; m,p-xylene; o-xyl
ene; Tetrachloroethylene; Trichloroethyle

ne etc.

* Additional VOC may be included

based on customization needs.
Detection limit depends on VOC of inter
est. (e.g., toluene < 0.2 ppb)

Temp. Detection Range -10°C ~ 90°C (sensor only)
Resolution 0.1°C

Humidity ~ Detection Range 0 ~ 100%(sensor only)
Resolution 1%

co Detection Range 0 ~ 100ppm
Resolution 0.5ppm

CO2 Detection Range 0 ~ 3,000ppm
Resolution Tppm

TRICORNTECH |

=2 567t

-

FOUME SHAT
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1. Particulate Matter in Korea

Beijing promises Seoul on air pollutants

IR 2 oo e i Son U to see whatyourfrends e

Penpie v\smng(heNat\nn\ Museu are silhouetted against N Seoul Tower
shrouded in dust in Seoul, March 28. / AP-Yonhap
By Nam Hyun-woo
Seoul and Beijing Thursday agreed to closely cooperate on fighting pollution.
1. http://datadriven.yale.edu/air-quality—2/air-pollutions—hazy-future-in-south— The Korea Times, 2014-04-03
korea-2/ http://www.koreatimes.co.kr/www/news/nation/2014/04/116_154675.htm|

2. https://upload.wikimedia.org/wikipedia/commons/0/08/Asia_dust_2000-04—
S

1.1 History of Particulate Matter Standards in Korea

160 v v v v T T
Regulatory | Average . , , . —o— TSP
Item (ng/m) 83 95 01 07 2015 —~ o] v
£ —— PM,;
2 120} i
Annual 150 150 - - - =
TSP £ 100} ]
24hr(day) 300 300 - - - =
§ 80 - 4
8
Annual - 80 70 50 50 2 60
8 L J
PM10 £
24hr(day) - 150 150 100 100 g 40 | g
g
Annual - - - - 25 2r 1
PM2.5 0 . . . . . .
24hr - R R R 50 1985 1990 1995 2000 2005 2010 2015 2020
Year
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1.2 PM10 Distributions in the Major Cities around the World

F i ™

150
===-EC AQ Standards
for PM10 M
125 1 WHO AQ Guidelines B .
for PM10

o
[S)

PM10 Conc. (pg/m’)
~
&

50
25 L -
0 O = S ‘.I-_,_,. -I'-..I- ---I‘.‘ - &
TS SSFE0S 0 EfEP IO 0TS A T9oRSS2ocs=2ES5595D9
3‘6.5%>3%'E€_¢§§§;‘6&.‘5w,—.5gog_gg,ewggg=g~5_335 28 €=
RS E N RN R R R SR TN EEERE RS R R
o LT £ N oL 2 o S >% S SdaNT [ - S = 218 8 c o =
S 3330 ) 8 v g <l c 295 = a=-2NS52 2L o0F3 =2 a5 Su
§erienRIG R En S ianss A 8udsnifSicsirm
FrmuduBsetatiy el s At Ry A gt ann SEFENTOMS
STemEwd wZoul oy sl wul X SAmE gy m Ko ®
] 2y © Foao Hm DTN oy ik
= Rl <4 g R E L <l 1| =<
" kg m o= w o m B
S = <

% Source : The World Bank "World Development Indicators; 2014 WHO, World Health Organization (http://www.who.int/topics/air_pollution/en/)

- WHO Air quality guidelines for particulate matter
European Commission's Air Quality Standards (http://ec.europa.eu/environment/air/quality/standards.htm)
Lee KB(2015) Estimation of Unknown Components and Assessment of Source for PM10 and PM2.5 in Seoul area, PHD Thesis.

PM,, ug/m3

1.3 Temporal Changes in PM10 along passing Asian Dust

1000 -
900 |
200 | ) Baengnyeong Island
y = 932.5e—0.004x
200 1 R®=0.9571
600
b) GangWha
500 |
o C) Suwon
400 1 d) CheongW
N gWon
300 e ¢) ChuPoongRyung
200 - f) DaeGu
100 | »0) ULSan
0 : : : : : ‘
0 100 200 300 400 500 600

Distance from Baengryung site km

*. Lee KW (2012) Feasibility for background concentration monitoring at Baengryong Station, NIER 2012.12 meeting report
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1.4 High PM2.5&PM10 Events in 2012, 2013

12 Jan Feb Mar Apr May Jun Jul Aug ‘Sep Oct Nov Dec sum

PM 2.5 High i
Concentration Events 6h 1 1 3 2 3 - 1 - - - 1 5 17
12h 2 - - - 1 - - - - 2 d 6
18h 2 - 2 - 1 - - - 2 - - = 7
>50 ug/m3 sim 5 15 ‘2" 5 0 1 0 ‘2 "2 2 5 @
'3 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec sum
6h 4 5 - 7 1 - 1 3 - 2 - 23
12h -~ 4 2 1 - 2 1 - 1 - - 1 - 12
18h 3 1 1 1 2 - 1 - - - 1 - 10
sum 11 8 2 8 5 1 2 4 0 0 4 0 @
PM 10 ngf! 12 - Jan Feb Mar Apr May Jun  Jul Aug ‘Sep Oct Nov Dec sum
Concentration Events
6h - - - - - - - - - - - - 9 Image credit: Jef Schmaltz MODIS Land Rapid Respense Team, NASA GSFC
12h 1 - - - 1 - - - o 1 1 . 4 Upload : A river of haze bl tem China, J d the K insul
>100 ug/m3 catty Merch, 2013 The Modort Resnulon Imaging Speciratiomate (MODIS) aboad WASAS Ada
18h 1 _ _ _ 1 _ _ _ 1 _ _ _ 3 satellite captured this true-color image on March 8 as it flew over the region
sem 2 "o "o gt 2 0 0 g L ! L ¢ @ Thick haze blew across the Yellow Sea and Korean Peninsula
13 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec sum toward Japan — NASA GSFC
6h 2 1 2 2 1 - - - - - 1 3 12
12 2 1 1 | - " - - B 2 2 9
18h 3 1 2 - 1 . 1 . - - - 210

1.5 PM2.5 Concentration-Frequency Distribution

( Baengnyeong Island)

1500 Seasonal Background_2

18.1 ug/m’
Seasonal Background_1 wa/

10.4 yg/m’

Regional Haze

32.0 yg/m’
1000

Clean Day

6.0 yg/m’

Frequency

Dense Haze

- 76.8 m’
o Detection Limit Ha/

=l
=
on|
Tn|
)
<

Log(PM, 5 ug/m’)

* Source :Ahn JY (2017) Estimation of Background level for PM2.5 using the HR-ToF-AMS, 2017 KOSAE workshop presentation
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200

175
150
G 125 . .
3
100
M 1 i
=
a 75
50
- ad
[
Winter ~ Spring Summer  Fall 4 Season
PM2.5 Winter | Spring Fall
Avg. 43.97| 45.39 35.21 21.45| 38.27|
sD 26.25 31.14 16.32 6.00| 25.68|
Total
MIN 13.35| 11.77] 16.93[ 16.07| 11.77]
MAX 99.36| 123.33] 66.67| 34.81] 123.33

PM, 5 Total
—_—
EC Unknown
4.29% 11.56%

ocC
16.71%

anion(-)
41.72%

1.6 PM2.5 Chemical Components and Source in SEOUL, 2014

Burning
4.91%

7

cation(+)

mmEn

15.69% &

st

PM2.5 Chemical Components

—

?-oil/Road dust

3.17%

Industrial_—"

3.32%

Gasoline vehicle
4.32%

* Source :Lee KB (2015) Estimation of Unknown Components and Assessment of Source for PM10 and PM2.5 in Seoul area, PhD Thesis.

PM2.5 Source by PMF modeling

PM,

TXX]
K
XS
SRHRK)
XS

B

Ko

4

-

o0
35

R

’0' '0; o

A
.*2:.,.?3,:;'
R0RS
B

\

SRR
S

%
hstetets
SRS

¢

&

25

Secondary
Nitrate P
23.61%

-

Diesel vehicle
8.80%

* Source :Choi JS(2016) A Study on Chemical Characteristics of Aerosol Composition at Baengnyeong Super site Using HR-ToF-AMS, PhD Thesis.

1.7 PM1.0 and Chemical Components by Air Parcel

Latitude(®)

105 10 15 10 125 130 135 40 145

Longitude(®)

Spring

T i Total Num. Organic  NO3 S04 NH4+ CI PM, ,
I 117 4.95 1.36 4.37 1.44 0.09 12.2
I 399 4.22 1.99 5.14 1.84 0.15 13.3
11 65 5.18 2.02 8.32 2.65 0.16 18.3
v 100 2.36 0.76 4.81 1.27 0.07 9.26
\4 44 3.60 0.86 7.35 1.84 0.07 13.7
Summer Fall Winter 2012
(=
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2. PM Measurement in Korea

KORUS-AQ

Our air quality laboratory

. for the next 6 weeks
B

v EARTH EXPEDITIO

o o
2.1 Nano Particles Measurement in the Atmosphere
H 1 : Taki
105 nucleation C c
-8, o & %.ﬁ
104 4 . & Y
p 3oyl | &g
7 Nucleati Rt I ; °
£ 108 il F e e l‘w b4 %
3 107w hemical S > e
5 emical canversion T
& 1024 of gases to low- & % g
G R ¥ AT Wind-blown dust
+
a0 10 - * g od Emiisiuns
5 - y Y » Sea spray
=l 107 - +
E : Volcanoes
Number concentration of nanoparticles from various environments z *
o g - A Plant particles
2
1000 E o = ~  Diffusion
g
H w2
5 . EE730
3 o BaE
£ 100 2 BEEST
S o 2%
® 108 5‘5 .g 10 Volume
a 24 ! -
= .
1 10 100 1000 10000
Diameter (nm)
TEgea  sooAw. o TzO0PM o so0PM o zE0AM ’ TZHOOPM - GODPM - Az80 AM Schematic of the size distribution of aerosol particles
Dats
Spectrum of Size distribution, 10 to 600nm
The banana shape means the growth of the particles in the ambient air
*Source : Peter R. Buseck and Kouji Adachi (2008) Nano particles in the Atmosphere, Element 4, 389-394
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2.2 PM Measurement in the Atmosphere

Changes in environmental standards and development of measurement equipment

TSP — Hi-Vol PM10 & PM2.5 PM2.5 Chemical Composition
1 day sampling 1 day sampling On-line measurement(lon, Carbon, Metal)
Manual analysis - Automatic equipment analysis
Sampler Monitor
Laboratory manual analysis base on Filter Analyze mass and components at the field site

(lon Chro., OCEC, XRF analysis)

2.3 PM Measurement Super Sites in Korea

Instrumentation

PM10 Mass Conc., 1hr (beta attenuation, Meton, US)
PM2.5 Mass Conc., 1lhr(beta attenuation, Meton, US)
PM2.5 Chemical Components

lon Components, 1hr (diffusion and IC, URG, US)

OCEC components, 1hr (TOT, Sunset, US)

Black Carbon, 1hr (light attenuation, Magee, US)

Metal Components, 1hr(X-ray, CEl, US)

BN site Seoul site

Size Distributions
10 to 650nm by Smins (SMPS-CPC, TSI, US)
~20 um by 5mins (APS, TSI, US)

DJ site
i

- )
:‘ 2
Gas Components
CO, SO2, NO2, 03, NH4 (every 1min — 1hr averaged)

nrPM1.0 Chemical Components, 5mins(HR-ToF-AMS, Aerodyne, US)
High Resolution-Time of Flight- Aerosol Mass Spectrometer
Organic, Sulfate, Nitrate, Ammonium, Chloride
CHONS atomic ratio, PMF modeling(POA, SOA)

VOCs components, 1 sec(PTR-ToF-MS, IONICON, AUT)
Proton transfer reaction-Time of Flight-Mass Spectrometer, IONICON, AUT
Volatile organic compounds (every 1 sec - 5min averaged)

Particle Size Calibration System(Seoul, Jeju)
Atomizer-Diffusion Dryer-SMPS-CPC system(TSI, US)

Meteorological Parameter
Temperature, Relative Humidity, Wind Speed, Wind Direction, UV

A, 87| etih 72 of
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2.4 Case Study I. High Resolution Measurement in SEOUL

HR-ToF-AMSE O| %t L 7|5 A A7t nrem1.0 ZHEN

 eem T e
Model/Manufacture HR-ToF-AMS / Aerodyne

Sampling Flow
itical orifice (aperture)

Filament Emission

Vaporizer - lonizer
Chamber

Electron Impaction
Voltage

Heater Temperature
Mass Range

Mass Resolution
ToF Analyzer Acquisition Mode
Pulse extraction
Detector(MCP) Voltage
Mass Mode

PToF Mode

Mass + PToF mode

Data Acquisition

1.5 ml/s (90 ml/m)
120 um pin hole
1.5mA

70 eV

600 oC
m/z 10 - m/z 300
m//Am = 1,500 - 3,000

_G‘L-:n‘\ ® o

iy oS ..g

Turbo sy
1]

Particle Drift Region

Scan Mode
25 kHz
2,000 VdC
30 sec
30 sec
300 sec (5 min)

dwing
oqing

dwng
oqing
dwing
oqing

Real Time PM1.0 chemical component measurement using a HR-ToF-AMS

HR-ToF-AMS system configuration

m
»\‘
.. Ambientair, 5(or 3)LPM

On-off valve * Tee

Nafion Dryer

m "
PM2.5 Sharp cut cyclone, BGI, US Cl,~ HEPAFilter
>1.2 = critical Orifice
-2m ——3/8” STS tube )
1 Reducer
Roof top, Ambient
Support

Indoor/Lab
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Exhaust flow b : p
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Step by Step for HR-AMS
Vacuum Start™~ 24hour more
Flow Calibration(pressure)
Tuning-lon Intensity, Mass Cal.
IE Calibration
Size Calibration
Filter Blank Test(m/z 44, CO2+)
Scheduling
Field campaign Start
Data Acquisition

. Field campaign End

. Flow & IE calibration

. Data Backup(HDF file)

. Data Handling
1) Squirrel(Unit Mass)

a. m/z calibration
b. base line
c. mass fragment
d. unit mass PMF data
2) PIKA(High Resolution Mass)
a. peak shape, width
b. high resolution mass cal.
c. frag. lon choice(~2000)
d. data output
f. high resolution PMF data
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HR-ToF-AMS £ 24 "X}
IE(lonization Efficiency) Calibration  =—=——p Sjze Calibration

Flow Calibration

Moteing Ve - 575, 4°

NHANO3
Density: 1.72 g/em3
SF:08

PToF : 0293

Chopper : 130 Hz

Vaporizer : 600 o€ - NH4NO3.
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Zero Air Supply piping

Gas Calibration Unit
MFC1 : 1-20 ml/min(STD gas)

MFC2 : 1-1,000 ml/min(Dilution gas)
Mixing Chamber + H20, CO2 control

[PTR-ToF1000] (Miiller et al., 2014)

Ambient sampling line

Inlet Heating Tube(>600C)

lon Source | PTR Drift Tube | Transfer Lens System TOF-MS

H,0 Inlet  Sample Inlet

[PTR-ToF8000] (Jordan et al., 2009)
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ion sowice  Diify tube tonwansfer optic  Drthogonsl o0 accelerator Post-acceleator and muinchannel plae VOCS + H30+ 9 VOCSH+ + HZO

PTR-ToF-MS(Proton Transfer Reaction — Time of Flight — Mass Spectrometer) Sd 22| 712

Transmission lons Exact Mass Trans. Sensmvll:y
W (cps/ppb)
H20(H+) - Primary lon 21.0221 017 NAN
(C6HE)H+ Benzene 79.0542 052 55.55
(C7TH8)H+ Toluene 93.0699 0.60 72.18
8 |carg)H+ Styrene 105.0699 0.66 85.96
U |(C8H10)H+ Ethbenz.Xylol 107.0855 0.66 79.16
- =4 (C6CIHS)H+ Chlorobenzene 113.0152 063 920.50
E E = (COH12)H+ thimethylbenzene 121.1012 073 88.13
= B l(c6CI2HA)H+ Dichlorobenzene 1469763 085 110.20
PV T B =2 (C6CI3H3)(H+) Trichlorobenzene 1809373 1.00 12045
- T =
] 200 "
= Mass Spec. = XL/ e8 P W M.R. : 8,000
g il e
o s o L | \
BZ ToL e i o 4 \
PTR-ToF-MS(Miiller et al., 2014) T T
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. i \
Temp. 0C # T SR T S S
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Pressure 2.3 mbar
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Time of Flight i W’J
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Mass Analyzer A I
Y s “G s o o ok sk sk s o e me e oe e e e e e e e e e e e
pectrum every 1 second
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< H30+ ion cluster ToF8000
(H20)H30+ Averaged MS

TS

Real-time VOCs STD gas measurement(every 1 second)

Internal std peak(for mass cal)

ToF1000
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. X bra A = 3
Baseline 5 > I I MEE > X2+ > XE22MH > K22+
STD Compounds ppm Proton charge [Charge mass s
Methanol 0.99 (CH40)H+ Methanol 33.03349 l l 0 |esms |REOR|RESEYS 222222
Acetonitrile 0.99 (C2H3N)H+_Acetonitrile 42.03382 “*“‘” 5‘“) i j iyt e T g G [ ey |
AP [5 =i =] actvescsaon e it ot o 15cabrton et 2550407 b em S 9 ==
‘Acctaldehyde 0.95 (C2H50)+ Acetalehyde 45.03349 BB R MM e e e
Ethanol 1.00 (C2H60)H+ Ethanol 47.04914 yﬁ T ) [ o e T [ Tp— <] [om (eow e ] [ |
Acrolein 1.01 (C3H40)H+ Methylketene 57.03349 5 WsSpstum =
=] umm: 1500
‘Acctone 0.98 (C3H60)H+ Acctone so0s014 | |2 pEEE e [
00
Tsoprene 0.95 [(CSHS)H Isoprene 69.06989 B = i i T
Crotonaldehyde 1.01 (C4H60)H+ MVK 71.04914 s |
i) il 1
2-Butanone 0.99 (C4H8O)H+ MEK 73.06480 N W o
Benzene 0.99 (C6H6)H+ Benzene 79.05423 pey L e (R0 T LA ;
Toluene 0.99 |(C7HS)H+ Toluene 93.06989 b= S Gl e ey |1
0-Xylene 1.02 (C8H10)H+ Xylene 107.08553 = I [ [ [
Chlorobenzene 1.01 (C6H5CI)H+_Chlorobenzene 113.01527 = | e [ i I
a-Pinene 101 (CI0H16)H+ Pinene 137.13248 i i mem Lt o e b | aa
1,2-Dichlorobenzene 1.02 [C6CI2HS+ DiChlorobenzene 146.97626 B R L R R
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¥ buf Wt profie e
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B 0028
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ik i R
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v I ¥ o Vg ST
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PTR-ToF-MS— Taw-ge’c Compounds (n Real-time(1sec)

Target compounds(10)

Num. Name ABB. Nﬁﬂrzisr;al CAS Boiling point  Formular Exact Mass Protonated Mass PA o k_rate
1 Methanol MOH 33 67-56-1 -97.6 °C CH40 32.0262 33.034 180.3 2.67 2.33
2 Acetonitrile AN 42 75-05-8 81.3t082.1°C C2H3N 41.0265 42.0344 186.2 4.29 4.74
3 Acetaldehyde AA 45 75-07-0 20.2°C C2H40 44.0262 45.034 183.8 4.30 3.36
4 Acetone AT 59 67-64-1 50.05 °C C3H60 58.0419 59.0497 194.1 6.09 3.00
5 Isoprene ISP 69 78-78-5 34.067 °C C5H8 68.0626 69.0704 198.9 10.22 1.74
6  Methyl Vinyl Ketone  MVK 71 78-94-4 81.4°C C4H60 70.0419 71.0497 199.5 8.16 3.83
7  Methyl Ethyl Ketone ~MEK 73 79-93-3 79.64 °C C4H80 72.0575 73.0653 197.8 7.90 3.48
8 Benzene BZ 79 71-43-2 80.1°C C6H6 78.047 79.0548 179.3 10.78 1.97
9 Toluene TOL 93 108-88-3 111°C C7H8 92.0626 93.0704 187.4 12.90 212
10 Pinene PN 137 99-85-4  a:173.5-174.8 °C C10H16 136.1252 137.133 215.0 18.07 2.44

PA: Proton Affinity(kcal/mol), a: polarizability(E-24 cm3), k_rate: ion-molecule rate constant(E-9 cm3/s)

J.Zhao, R.Zhang /AE 38(2004) 2177-2185

CHs
" p— i i /I\/ i )OI\/ @ © §
H-E—OH =N ) L —~ U

3 W OH, Al AA, = AT, 5P, = MVK, m MEX, mm BZ, s TOL. m PN

20

; " I|=‘: A
Jhwﬂ.ﬁﬁ’”hp

8/6/2018 9/7/2018 9/8/2018 g/g/e018 g/t10/2018 8/11/2018 g/12/2018 9/13/2018 9/14/2018

VOCs mixing ratic, ppb

Summary on the VOCs mixing Ratio

VOCs, ppb MOH AN AA AT ISP MVK MEK BZ TOL PN
Mean 5.33 0.27 1.11 1.39 0.41 0.22 0.70 0.36 119 0.15
Ratio, % 47.8 25 10.0 12.5 37 2.0 6.3 32 10.7 1.3
SD 3.37 0.16 0.77 1.18 0.26 0.13 0.77 0.35 1.28 0.11
Max 48.20 0.76 541 6.80 2.18 0.65 558 2312 4111 0.65

Min 0135 0002 0.001 0.015 0001 0001 0.003 0003 0002 0003
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M3V0Cs £ 3 % 2 I 0 G folensre F3PD

VOCs measurement at SIMS using a PTR-ToF-8000

3. Aircraft Measurement in Korea

KORUS AQ Campaign (May-June, 2016)

Airborne
DC8 (1)
King Air(3)

+ Balloon
+ Glider

+ Ground
Network:

Air Korea |

KORUS-AQ Observing system framework applied to atmospheric composition
observations and modeling
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15t Test Flight(Fast Mode)

AMS Fast Mass Spec
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1%t Test Flight(29, Dec. 2017) Results — PM1.0 Organic, Sulfate, Nitrate, Ammonium

72.8% 57.9% 38.2%
1.0 ugm3 2.8 ug/im3 7.6 ug/m3
35% 4% 14.5%
3000 - 0% (7% 5%
E 2000 “ 26.2%
4 oo S A
= aress Affituge, m by
= 1000 ",
£ 1000 3 g ",

T
1:30 PM 1:45 PM
12/29/2017
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4/9/2018

Kimpo aitbasp-Ground

3,000m

T T T T
00PM__ 315PM__ 330PM 345,

230PM 245PM 300PM  3ISPM 330PM  345PM 400PM  A1SPM  430PM  445PM SO0PM  S1SPM  S30PM  545PM

215PM
912018

000 005 010 05 020 025 030

3

o s )
KP . 0" . e
JAEE ’E 25 ; 20 H ¥
gz 2 3 » vE 15 % ‘ 75
E [ % :
1 H " 3 " "Acidic”
0 ' 00 00 = 0 T }
T T T Py 1y 1 . 1
100 1000 PTOF size (nm) PToF size (1m) 0 02 o4 05 08 10 12 14 15
PToF size (nm) N prodet i
Case 11-4/20/2018 :
Seoul = TaeAn Power Plant 2 West Sea = Inland—> Seoul
38 "‘
. 29 .
37 7 Q)
SR
“"“:#’,%‘?vﬁ"‘@&
%- 3 N
ol o
35 | FAL
/ & 20180420
oy :
EZO
< 0
T T T T T T

125 126 127 128 129 130 125 126 127 128 129

130




2019-05-20

Case 11-4/20/2018
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