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Abstract

In this study, the multi-filter PMyo-PM2s sampler (MFPPS) was collocated with a
dichotomous sampler (Dichot, Andersen, Model SA-241), a WINS PM, s sampler (Thermo,
Model 2000-FRM), and a tapered element oscillating microbalance with the filter dynamic
measurement system (FDMS-TEOM, Thermo, Model 1405-DF) were conducted at Taiwan
Nation Chiao-Tung University (NCTU) campus. In order to evaluate the evaporation loss of
fine particles (PMys), porous metal denuders (PMDs) were installed in sampling channels of
the MFPPS to measure the concentration of evaporated ion species during sampling.

Results showed that the evaporation loss in PM;s was severe during sampling, accounting
for 5.8 to 36.0 % of the corrected daily average PM,s concentration (PMasmcorr) and the
percentage increased with decreasing loaded particle mass and increasing filtration velocity.
During 24-h sampling, the evaporated NH;", NO3;™ and CI" concentrations accounted for 9.5 +
6.2, 5.4 = 3.7, and 2.0 £ 1.3 % in PMas mcor, respectively, or 46.4 + 19.2, 66.9 + 18.5, and
74.4 £ 14.0 %, in the concentration of each species, respectively. The PM2 s mcorr CONCeNtration
was decreased by 3.5 £ 1.8 % after 24-h conditioning, and was further decreased by 5.1 + 1.7,
6.2+ 25,7.4+3.3and 8.5+ 3.2 % after 48, 72, 96, and 120-h conditioning, respectively. Due
to the evaporation loss, daily average PM, s concentrations measured by the WINS, Dichot,
and MFPPS were lower than those the FDMS-TEOM by 16.6 £ 9.0, 15.2 + 10.6 and 12.5 +
8.8 %, respectively. When the MFPPS PM; s concentrations were corrected for the evaporated
loss determined by the PMD, good agreement with those by the FDMS-TEOM was achieved.
This indicates the FDMS-TEOM with the capability to adjust for sampling artifacts is an

accurate real-time PM, 5 monitor.

Keywords: MFPPS; evaporation loss ; face velocity; PMD; FDMS-TEOM
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Cionmr1 © MFPPSHEE 1 crdffi & #e Atk A AL 1 X {8 > FB L7 FhPMys-Kia 183 kR -
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2007) > @ i@ Aok (F # & 2 3 2.5 um 2 Hok ) PMas) ¥ it v ke B ok (5
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Koutrakis et al. 1993)r4 2 % 3t £ J ¥ H 4 ~ 4 % (porous metal denuder, PMD,
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Ty 78 F EER 42 2 2 (Federal Reference Method, FRM) e+ #
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211 FHHEHKRE

PRRPNELF R hEE PMos BRI E 5 8 6 2 Rk FF FRM e ih
PMgs # & % (Partisol Ambient Particulate Sampler, Model 2000-FRM) % fF3d g
# % (Dichotomous, Andersen Model SA-241, Andersen Inc., Georgia, USA) - % #& +
R BRI SRR E S A ot o FRM S d iR B vk
* 1 PMys & 12 B Well Impactor Ninety-Six (WINS)» 5 # B F5 28 4+ = ;= (Federal
Reference Method, FRM) ¥ PMys # & Bk * cngrfiiE v »» . p 5 A FIR ¥
BT 2 B BERE 2 T2 5 ¢ BiEsok (PMys) 1Rl % -E d 54k
(NIEA A205.11C) #745 * 1 PMys A /% B « WINS 4 — @ 47 » 4p it ) s firdf &
HILFHLRYREEREFL e 7 f 1 2hE 20 &G FF Fohik
Fof im 2 (4o B 2.2 #757) o WINS s dpaso % 2.48 pm s fofdc & 2a 5 o Send v 1%
#& i £ (Geometry standard deviation, GSD) = 1.18 (Peters et al. 2001) - Vanderpool et
al. (2001)s#= 7 % % 81 > 5l 120 ) redi e > 13 B WINS &% % doaso
SO AREFT DS NFEFE P om ERIEFF R REERS 5524
PR B RTER G WINS 2 B8 4 6 & € 313~ if 2 +0E 70 (US. EPA,

2011) -



PMjg aeroscl from
inlet and downtube

Nozzle
Jet Width (W)
A WINS impaction well
Upper Housing with artispill ring
- Tmpaction surface:
Threat Length (T) 1B 7 filter immersed in 1 mL
Jetuto-Plate Distance (S) I diffusion pump oll

Lorer Housing ‘\\\ /

PM2, 5 aerosol to
sample colleetion
filter

B 2.1 WINS PM,5 » i % 7+ £, Bl(Vanderpool et al. 2001) -

B3 3 % #: B (Dichotomous Sampler, Dichot)» &3 7 & JF‘{ ¥ ik E(B 23
fr57) 0 B % g g e B (virtual impactor) i i Aokens T S o T iR A K
Mok Te 4 = Jm ok (F 5 B 45 30 2.5 um 20 ok 0 PMys) 2 de ok (F # B 75 4 3

10-2.5 pm 2 ek » PMig.os) A Bl fc § 5 5 R K o

16.67 Vlmﬂ

TOTAL FLOW. Q

SEAI.ED HOUSING

g A

7 4

ACCELERATION
NozZLi-._,_;

FHACTIDNATION—';
zoNE v

COLLECTION
NOZZILE

S

SMALL PARTICLE

[ }—COLLECTION FILTER

SMALL PARTICLE
FLOW (I-fi @

LARGE PARTICLE
FLOW, fQ

oL
PRRT b

LARGE PARTICLE
COLLECTION FILTER

TO FLOWMETER TO FLOWMETER
AND PUMP AND PUMP
1.87 Umin 16.0 /min

B 2.2 3 i PMioos 2 PMps 5 $: B MR Y 2 miR & B S0 -
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7oA A8 w5 B @ 3 (beta attenuation monitor, BAM)4r B F 467, & X T

(tapered element oscillating microbalance, TEOM) - BAM i & | * [ & &4 5 5 4~
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¥

¥ (smart heater):7» BAM - Schwab et al. (2006)*+ 2004 # fx %= X i@ * ptfd4e 55
smart heater s BAM > i » R B R § e RH %d% 445%™ > ¥ {- FDMS
RIE 4 SR BEna F LR WL 2% p o

TEOM #.¢ %R R&P 2 (8 % ¢ & » Thermo 2 7 ) 5 ik B
(Patashnick and Rupprecht, 1991) - 3% i B #-pct i & >0 2 9 cjg A (TX 40) ¢ - g
MR BN RFARE R T od X T2 R kgl b ok E < |7
M ST R § R 0 & %ﬁr‘ ALTRFRFOER HEERETLF PR
AR TR ER B HpHET i 0.06 pg/m®e d % TEOM gl & % % I TR
RE2BARGEE FNFBEE €N - EARYE 50C> k%1 30°C)kE
B o BORBE R T AR E A S R LT M ok adf 2 (50 °C) 0 TR
BH ELF sukf ,‘“ﬁ: %(30°C) - Meyeretal. (2000)% 2+ 7 SES-TEOM (sample
equilibration system-TEOM) » 3% % 4 TEOM i & 30 °C '/ #F . L 303 Mok
A FoonavRke RIEJIH & o =gk g (nafion dryer) 2 % e IR R
HESFMAR RN~ F 52T > SES-TEOM 17 ¢ i = 384 L 3T M 4 e

1 4 (Schwab et al. 2006; Grover et al. 2005; Wilson et al. 2006) -

Patashnick et al. (2001)i&— # # B 1 4c 5# 7 it "% % (electrostatic precipitator,

ESP) =1 D-TEOM (differential TEOM) ° 3% k st=* 6 & 4@ fcdh — =t ESP » ¥ § B fx



6 - aBisEMP > X EAF AR o § ESP fade > Jii § = 2 AL ESP e fb o M
TEOM #7ip| 8 2. Mok B & se g 5 2 2 d gl P LJ0F P Aok 303 #rag & 2 Jf 4
FOLF R A F S L St R R A e i o TR g
ESP ¥ TEOM *1ip| {8 cpich B & » 4 b &t 3 fed> ESP pr TEOM »1ip] 8 2 i
RE T ERNFTERERY LM T EER L2 ARAET AT REER S
I M 2 Mok £k A& (Hering et al. 2004; Jaques et al. 2004) - jg A i & if
J& ¥e(filter dynamic measurement system, FDMS)7* 5 1 § »c & Bl % § ¢ 7 L35
Pd W2 B R Ok R 473K (Meyer et al. 2002)(4c B 2.1 #r7) 0 H R EAe
D-TEOM #gin> i & £ £ 5 FDMS £.41* 4C i % kB~ D-TEOM s ESP>

Flh b ACenGE ™ 38 ok 2 €458 > ¥ = 244k & - Grover et al. (2005)%

H-pliR ek % &1 FDMS-TEOM & % % o D-TEOM - #& 4% - Wilson et al.
(2006)~ %t FDMS & {7 iplz#:= % - g% 4p 13§ 7 FDMS 0 TEOM 7§t ic e
TR NTERAR

Inlot Flow
1657 Ipm

sssss
Byoass Flow
(12.0 lpm) —
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TEHEEREFLFRM HEHRE L * § - m AR ok AR BRERE R
To AT TR AR Y € FlOTYT Pl g A A B s & f P g S Ik
cdE g o i Hpl e endE R PR+ 38 (sampling artifact) <78 2% (Hering and
Cass 1999; Watson and Chow 2011) -

HERFHED 2 € Wik ch 20 2 4 R (Tsai et al. 1997; Chen et al.
2010a,2010b) » fe ¢ X 3|3 Wfrg > A FHREa A2 Lo & f o cht i o

i + 3 (positive artifact) i & £ d Jef g b 2 ok A A B A 5 ¢

AR G W F T S o Zhuetal (2012)4p 2 ASRE P U B B g AR TR €
> W) ¥ PMos 2 PMoy % & @ shjicke 7 884 = & (particulate organic carbon, POC)
@A 217 %% 48.0 %t w F 3f o Liuetal (2013)%= 5 Rl &E T » Flpbig s i
MEBMMAFP OEBENIN LI RABR AN BB R
(dichotomous sampler, Dichot)#z % 3 48 % /g A2 Dichot #1 & | 3| 7 PMys k &
BN 212%-FLF Iy B0 LN LR aEF A HE (denuder) ke f
B 4ot R W 5 MR R E F 4 4 E (activated
charcoal diffusion denuder) (Eatough et al. 2001; Arhami et al. 2006) ; & * % = ¥t &
W 4R 5 WMoRF %A H & 4 3% (annular denuder, Possanzini et al. 1983) ~ 4 4
;8 F § 4 4 E (coiled denuder, Pui et al. 1990) ~ #% & ;% F 5 ~ 4t % (Honeycomb
denuder system, HDS, Koutrakis et al. 1993)14 2 % 3t & % F 4 ~ #t & (porous
metal denuder, PMD, Tsai et al. 2001a; Tsai et al. 2001b; Huang et al. 2001; Tsai et al.
2003)% o BiTRF AL @ * d MetOne = & # T 2 2 F P LN FHF A HE
(activated carbon honeycomb denuder) k fe e 't § 5 7 #%#% (organic carbon, OC)
o E L (Chengetal 2012) 0 3% 7 & AR EF HF A BERGH & 24
F Whcg § olcdy o

R o § Flf AHERE S ERRIRA S ST R BEL L e TRk



o o TG ipd § AR u${5ﬂ£§1 B3 S F 7 Hok-f M2 BT Ea g
* R R XA 4 T (semi-volatile material, SVM) & 2 { B g 4
% (Zhang and McMurry 1991; Vecchi et al. 2009) - iz fé o #x ki Az ? X F 44 7
g ag e FEERE L THE f » F F(negative artifact) - B2 = 5 3% 5 &
HEHEE L » B FA Y o Groveretal. (2005)3 § % fde Mg 7 PMps % %
gt 3 R FRM 4% B 745 B F) PMos B 2 )k & % FDMS enp] i i< &5 1 32 % >
JaFl G XS & FRM £ B adp & #rid = (B 2.4 #77) - Chow et al.
(2008) % 4 7 4 3 5 = F 2 4p ) PMos FRM 4248 B 3 i 55 PMys
BER MEEHR10F40%2 F > 0 § < § ¢ plfkdes LEF P T 24
S RARS o RN R A2 S 2R ARBRNIE S i - PR S PR B
FHs OGS g d B ARITIE S L F AR AR iR d AR AT R
A2 SVM L i eng B o bldr > RFERAT ¥ KB LS P a s
(semi-volatile inorganic material, SVIM)4= HCI f= HNO3z » @ NH3 R & 1 * % g

P e 2 3 73 4% g 2 4o 2 v v (Tsai and Perng 1998) -

70
60
50

40 [ )
30 .’ 'Y
20 .'.~

10

FRM, ug/m?

0 10 20 30 40 50 60 70
FDMS, pg/m?

] 2.4 FDMS 4r FRM # & % 59 PMg s £ & e7vt ¥+ 5% % (Grover et al. 2005) -



LIF PR T REREARY DI AR § X TF S FF R e blde
Cheng and Tsai (1997)% IR iick ek & ¥ NHiNOz srdf g 4 4 5 4p § A28 0@
oo Bobandf £ AR R BACR IR R MPFR S > AR F R Sl b 2 ok e 4 o
Mk df 4 54 €2 T "% o Zhang and McMurry (1991)#73% 1 2_ foke 423 12 4 -

PR MR AT SRR ¢ X PR G R B A TA L 2R A v AT
Pz F WAk R R DT ot B e m R R R T € HACR TR A
AEE e FRBERARD RAARK > LIPS T £ €425 F (Yuetal.
2005) © g+ ¢b 0 o B K FHR A G i & (filter face velocity, Vi) fofioi 454 42 & 2
R enfd % (Ashbaugh and Eldred 2004) - %47 5 4%+ 7 % Rehde VELIC"E T RI3E 4
(California Acid Deposition Monitoring Program, CADMP, Vs : 23.8 cm/s) 12 2 & 5t
ARTT i3k & RI 48 1 (Interagency Monitoring of Protected Visual Environments, Vs
100 cm/s)z_ 5tk B enE Pl F 4r 3G o T Gt 7 Jm MaB g i R ¥ NHiNO; Aok

HH R R BT P

ﬂ\\-

o Rm o d 32 CADMP 2 IMPROVE #:tk B ¥ & I 7
PR @8 2 FHcRITHEE 2 L B ARBFR FPL AT 7 2 305
PRRAE I FE- TG oo

T FREARZ P g AR RS2 BT AN RERY 2 T g
TR A 2 SVM &k it A 4§ v -+ 3 (Mecchi et al. 2009) - Witz
etal. (1990)#-12 % ji & PMyofifk Brargi 2 7 B R A PMyp i A pr3»t 3 8 2 &
FRONFHREP LGP - BED  FMFE A S NHS - NOs2 Clendp« £
/w5 5119 2 65 % - Tsai and Perng (1998):#-4p fe 85z 2.tk #2220 £ 3 C %
40 + 5% RH ek 5 2 T A IL 24-h 1553 B NH, *NO3s 2 Clendp % £ 4 9] 5 8-
52 6 % gt o s g b F ¥ 2 PMosih A BOrdk BT k2 484 358

A S E A IR BRI PP (8 AT e R

10



=T

31 HEHkFIFHE /E'Jlig’ 5

d W H AT e T s FDMS G -

i\

RV g+ e ps £ 0p) kAt
(ArB 31977 ) B 3 & RIT LR F T iR kA g L PMyp A EE 2 i
Hodeg # 2 45 10um 2 b oenicl > B d R R ok A 5 S fiok s (Fine
flow) £ e ficte i (Coarse flow) » £ 4 %3 i #4752 % % (nafion dryers) - /i cr4p
HRAR I 10 %1 o iR teeng o € 5 d & % R (Switching valve)# 6 4 43 &
#4070 (base flow) 22 - i (reference flow) 2. BF 7z 4 o AP o HokE 4t
A TEOM p 0 TX-40 gl » TRIHFE o @ 5L in? » F i §iiF-

N

B b ACHE HiR o TR e 7 LA Y T O ok o iR ok

(particle-free)2_ 5 %% ¢ £ 4 ¥ » TEOM ¢ » ik (purge)izd f — B L 40 ¥

Yo Bt TX-40 Jg A+ gk > @ TEOM

gt PR ok BT 4 F i ] SVM

ST T RIS S TR R T IR A B e o ) o I 2 gt BEHASR

B RlEE BT o TE PIE LS

i 5 ke

% 3.1 FDMS-TEOM % B4 i* -8k -

FFEER o % 31 : FDMS-TEOM % %

K = i 16.7
, . PMys HHein & 3
* i (T £ (L/min
i 2 ) PMigos ikt g 1.67
Ainin g 12.0
. HEFITER -40 ~ 60 (30
ER (C) AT (0
REFITREER 8~25
y - 0-1,000,000 g/m®
TEERERIFH L g
£ ipl§ B(ug/m3 e .
. _ Ak ¢ £2.0(1-hour) ;
®RE O PERT
+ 1.0 (24-hour)
2Rk (%) +0.75

11



Size

Selective
Inlet
Flow
Splitter
T rrY s Pt w3
| Main Flow
FDMS Main Enclosure
..... < sessey
L
: Purgé
. Outlet
$ t Int |
: H SE
y " i) ryef
el v
: Purge Filter :
: Conditioning
v
: 7
Vacuum Maim F nlgx/. ‘/S/ueﬂnlgo

Purge Flow t
~ Reference
geesusssesarns o ciacn. st (e
A ! Y ;
. W Main Flow
: \ Main Fiow Controler
Control Unit Bypass Flow Controlier §ensor Unit (Filter @ 30 °C)

® 3.1 FDMS-TEOM 7 & B -

Dichot 2 WINS % /s £ 35 5 16.7 L/min & 32 * PMpfthier k3 %

=

FAZ AT L0 UM 2 ok e 33 PMos A 2B 0 3 X AR ¥ BB B (LK B
i B AL FRe B Z 09 ¢ 2 R fr (impaction well) o 82 R om0 fF
FEDEE L G § kil o BFE B E P~ 7 J2 ¢ T "5 (Tsai and Cheng 1995;
Vanderpool et al. 2001) » F]ut A F7 5 &5 = £ k30 35 ¢ 12 WINS it £ 6 o
G T P EEREA ST 2 o WINS 2 Dichot #7i# * ajg A4 9 52 /8 5 47 mm
(Teflo R2PL047, Pall Corp., New York, USA)% 37 mm (Teflo R2PL037, Pall Corp.,
New York, USA) =4 4 32 g XK -

% I A PMyo-PMy s 3 # % (multi-filter PMyo-PM, 5 sampler, MFPPS |, Liu et al.
2011)fe 3 A F VB HA AR P RERBAT I X BB E Ry o A
B E & 33.4 LUmin o MFPPS i id 4o 3.2 #77n » § Mok & » HIR B g Ll
- B PMy i B 3 RIS 10 pm sk » W EF B2 6 i Fin g 1
A A E 16,7 Lminehg n > — F e r 4 B PMpaa® > ¥ - g R4
i PMys F8 BE o H T 3 4 BiE A ™5 B PMys 4 & o MFPPS £ = 4521 %

[ % & B B BT 8 BT n B4R T B4 & 417 Umin > H -
12



HE AR BT TR B Rk B R S RA R ER AT

BARE P AR A A g X aun g 2353 FAET BRI -

5 PMy impactor
p (aerosol inlet)

4 x PM2_5
filter holders

0ﬁ AO § =
[MFC] - [MFC]--- g

Temperature ~ LabView program
and pressure +PC
Sensors

vacuum pump

® 3.2 MFPPS # %, Hl(Liu et al. 2011) -

MFPPS & 47 chfie B 22 47 2 4o 32 9777 o R Bl A 2% 2R #H
BiEAE pASENEEAY AP BEEFT H P A 1@ % 484 TR
(Teflo R2PLO37, Pall Corp., New York, USA)iE i4x #% » @ g 2 R A € B30
BRFEF 24 h e 1S L 4=E A 47 0 5L PMasure (M: MFPPS; T: 484 3¢
W L AL X))o HEsp 2 Pl * F3&2H % H i ~ 4 E(Porous metal denuder,
PMD) - PMD e w34 ¢ 2 A ck 2 1% sifiedh 2 1% 4 % B foig
Pzl % REFHEE L WO @it £/ o s ult ek g ond etz agltF
R Bk F Mo 2 B E TR (3T mm)iE B o R a2 4 i e 3R
(positive artifact) o @ 44 ¢ g A enfs > Pl § & B2l - SRR AT A E - G Ik

1% ®EREE 1% 7 gt BRapA o ¥ kamd 4 TR AL cd 2 ok
ArATE N e R ke B 0 M2 1§ 7 3 (negative artifact) o #EiE 3 € * 4

LA RAEFREE IO EERE RS 2 TE B0 47 N 5L PMosuro (M: MFPPS; T:

WA AR L A0 X))o AEE 4 PR Y BL AT EEK aERERRER
ol g W ERBRHEF 24487296 2 120 h sz A 2 f=E > 73+ 120

13



his 22447 » RE PMosurs (M: MFPPS; T: 484 #= g ;1 #31@5 x)o
FEHEAE LR B R g 12 R e g etk 5 PMD
PLPEATER R R AR ALY R R p iR R AR ER DR
PMD #5i * 4p e erdk 1770 & (4.17 L/min) e 7 F i gk B (Vpo 2 ¢ ’”‘ti\ e AE 3
2 2. PMD £ Vi (3% e & e 10 cm/s (F 2ijg MOE J029.8 mm) o @ K i 3
(PMDy) % #5if 4 (PMDp)in PMD » 575 ¢ LB 4k 4R > B E- ¥ 7
Batz @A w5 202 157 mm ehff) A% % 5 > ¢ 2 i j i & o WINS 2 Dichot

AE > Aw % 222 36cm/s e

# 3.2 MFPPS PMy5 % ELE T2 TR e

#EE f R A #E E K AL AT S gL

. ERERBREMEF 24h BT =
a pb " Sl PM
1 A% B Teflon filter TR IS 25MT1
PMD Teflon filter: PMy s mat
2 AB o HEGBEREFEERE AF24E e Nylonfilter: PMogun
(Vi: 10 cmls) Glass fiber filter: PM; 5 mdc
A Teflon filter FHFKEEHREFZIIZ2 L F L 47 o PM25mo
’ B PMD = sipiid R 3mz i gaoi4o .
(Vs 22 cmis) R
: BOEERpp B2 24hne
' PM
A Teflon filter Ff 0 55 120 h (5 7 E A 4 o 25MT5
4
B PMD | mpri s e 5z c 204 - -

(Vs: 36 cmls)

AEF MR ARREARE R AN IE Y B R T )
B A% 0 3F R p i nid R AL ok A AR PR .

“?ﬁ “Bﬂ
\'mF rw

3.2 JAME PMD # & & 5

AEBEREG RNEE - BRBAHIBALI A 3522%2 BRI

F_k

21+ 1 CogBRASHY BT 24hPAR > 2 S EHBIfLFJIHER T
(Model CP2P-F, Sartorius, Germany) 4 g /AE (7 #2& o f=E 2 B B4 2 211
T BAR G 30-40 % 0 R PEARE GRS § 17 # T ) %4 B(Model CSD-0911,
MEISEI, Japan)#-jg A & £ o1 eng 3 T iy gf PR AEE R LR F R

fEEARAL LA S S RREHAEARE S £2 g fFERHE TN g A
14



P> L d g+ K 47 &k (ion chromatograph, IC, Model DX-120, Dionex Corp,
Sunnyvale, CA) 4 47 5Bz @ chgt+ £ 4 & #5 F ~Cl'~ NOs ~SO,2 ~Na*'~NH," ~
K'~ Mg?2 Ca* a3 &4 o

BEHEPFAGE SR AR E 1 dd g M ENER RN 87 24 ha
BILFEE (S B R FELY H4e ~ 30 mL sk R R RT F
60 ~48 > £ MEF BT REZIFREFTLAITAE 22 PMD R end B 53 25
Bt RS 2 T R FATY B4 15 mLAZB R I MR E 3§ (0.2
atm) #f AT F A RT FP30 A48 L AT BT REFEREF AT A 10
HUB L FTRACRIRAZ ABEARATERSIREFF LA T(FERZ A
172 N ARE 1) o AFE 3 B A WRIATHEBRELAS T TE L (FEZ L4
SRR 1) A 4 iBE AR AR E YRR N R R 24-h Sy
XA l20 ) FREFEZEAPF(ERE AP SAREE D

BHEAGE SR B o M 1 adla WM E N ER BN 217 24-h
WeE fs o B m LY e~ 30 mL aug ok o B AR R R E P 60
ks BT BT REFEREFT AT oM 22 PMD poens B 5 £ Y
RS 2 W MR GELP e r 15 mLAZEk o I MBRE 2 F (0.2
atm) §f AL A RT F P30 44 | BT BT REF PR F AT A f
FUBE AR A R AR AR BB R R MO e R R RS B B m ALY E e s
30 mL srdg sk o g AT R R H P60 4480 ARG BT REE PR ES

A 47 o HEE 3 2 HEiE 42 PMD A 472 B2 S R AEiE 2 6hPMD o

15



.x wF‘;j

3
-l
}ﬁ;

L3 #134

41 2dHEFL PMs ERIG 5V H

%7 FE i MFPPS ¥ B gr e Bl PMos ik B » P B etk A7 % 3015 45
B2 A MAT T o AA7 5 % MFPPS (PMoswrs » MFPPS #i4 # B2 4 & 33 i
BASAL 1 2 52 f2F B %) & FRM B2 WINS 4 5 B (PMasw) 2
Dichot (PM2sp)=7iP| 8 2. PMys B & & & i {7 $F o 4B 4.1 #7571 » PMasmm o
PMosw %2 PMasp et 5 % 44 4217 2 B enfp 3L E 4 % 5 28251 % 26

+6.6% > T % AdFnsAp b o B S p M (R A B S 0,98 2 0.99 -

50 L I L I L I L I /I 50
PMzsmr1 V.S. PMzsp P /
1 @ )7105x-145 ‘7 J 4
R2=0.98 /%7
40 — 7 L4
1:1 line —\/ /
J y Y B
£ 30 1 VY - 30 E
2 77 2
% T / 4’ +10% B E
E 20 - /,/. — 20 E
J /, B
/.
10 — 10
] PMysri V.. PMasw |
y=1.05x- 147
A g
0 T I T I T I T I T 0

0 10 20 30 40 50
PM_ 5 mm1 (ug/m3)

% 4.1 MFPPS ¢ Dichot(1 # #ic : 21) ~ WINS($% & #c @ 17)ip ¥ 2 PMps £ & &
Gl o
42 #HH¥ B2 §F R

Bl 42 5 & Bt p MFPPS #1p| 18 A § 4l d Acjg il b cnzbdi g b m {8 4
(Cionmt1, MFPPS #7352 48 & ¢ jp Mtk A5 1 R AL > A cha 85 fak
B kB R 3.6-28.7 pg/m’) ~ 25 H @ F 8 (4 PMasmr 4 Cionmre @
@ kR FE:16-209 pgimd) sk B > 1 E A dRREARY TR 2 RSB AL

B (CionMdN+G)* 2% MFPPS 2. PMD P en# LR 35 % g3 4 ip K chig 18 4
16



k& k&R F:11-68 ug/m®) - FDMS-TEOM ehip] g & 5 4 2404 {42 &
AL I B e PMos kB % % (PMosppn S 44 B L1622 ASRER  k
B F: 9.0 - 43.7 pgim)+ Atz B0t gt o d BT 5 0 AL RS B
Mokrd & A 5 Z W AE 0 Conmrt & Cionman+o) = MFPPS #7p[1H 2.3 & PMys
kB (PMasmeorr > %6 B 4 1: 8.1 - 46.5 pg/m®)# & ¢ 47.5 + 10.7 %% 16.8 + 8%
5] —‘F*{ v s & PMosmeor 57 5T 35% i 67.91 13.1 % H ¥ PMasmeor » MFPPS
SRR 2 PMosmm b B 5 d K H P - 4fig 2 PMD #rip 18 2. D408 M E 18 A g
(Semi-volatile inorganic material, SVIM) 312 & % % > 8.d PMasmri*r + Cionmd(n+)
A 17 o @ Cionmmt & CionmdNn+c) & "Kia HE3EF kR 2 & PMosmeor ® 97 & 04t Bl4e
% 4.1 %757 > ¥ F R Cionmr P SOFM PM2s Mcorr 59704 & B > %) 32.34 + 7.77
% H=xE_ NH, %2 NOs » & } 891 + 25 % % 187 + 1.18 % - @ $ thiE
ST H A A2 & S NHs ~NOg 2 ClIo 2 8] ¢ PMosmeor 9 9.37 + 6.4 % ~ 5.42
+ 3.83%% 202 £ 1.39% - H ? > Cionmdnie)® 7 NO3 ¥ it 3 &>td HNOz & o
BSR4 fris B E 74 2 i NaNO; 2 Ca(NOs), fic#t @ (Padgett et al. 2001) » i < 8
TR B T RE0EE NOs L & k2 NHyNOz» @ CI'a & d NH,Cl et
% & Cl gk qosph v 2 4 o HCI ”Lr?‘}*k(Tsal and Perng, 1998) o ¥ ¢k » & 45
CionMdN+G)i? NH 8+ 7 38 LB BB R0 ¥ fofk & ¢ o NOs 2 Clggs » 7]
R L ST PO BN NN - SR 8 RCNIE S S B K el RN S
# 3R A F e NHgNO3 2 NH,Cl ik 2% b’“r?f},% °

¥ -2 0 KRB 42 mFFIRYG T HRREAES B EF & PMasmeor I
PMosrontp % 4233+ & K B enT304p 438 £ 5.0+ 65% - AT A # 48
¥ 37 & (organic carbon, OC) ~ =~ % ##(element carbon, EC)2 £~ % % - 2 ¢
FWRDILE T E AL FREFHE A LAFT Y G 5 T 33 (Semi-volatile
organic material, SVOM)¥t** PMys € P ¥ rr & 2 2 87 P &> e A7 7 W44

SVIVEITEES TO0F

17



# 4.1 Cionmt1 2 Cionmdn+e) & KA 1232+ R 2 & PMasmeorr (26.33

+ 2.61 1 g/m®)

gt ) ($k A~ i 26) o

F cl NO, NO; S0~
0.04+0.04% 0.12+0.14 0.03+ 0.08 0.46 + 0.35 8.88 + 4.85
0.16 +0.21%° 051+0.51% 009+023% 187+1.18% 32.34+7.77%
Cion,MTl + + + 2+ 2+
Na NH, K Mg Ca
0.38+0.2 2.48 +1.35 0.27 + 0.19 0.09 + 0.05 0.14 + 0.11
168+ 1.25% 891+25% 0.95+044% 0.36+0.19% 0.55+0.38%
F cl NO, NO; S0~
- 0.44 +0.27 - 152+ 1.26 -
- 2.02+1.39% - 5.42 + 3.83 % -
Cion,Md(N+G) + + + 2+ 24
Na NH, K Mg Ca
- 1.96 + 0.83 - - -
- 9.37+6.4% 2 - -

ki A ik (pgim) -
b:’}i B & PMasmcor v 51 (%) ©

60
(O FDMS-TEOM
1 I Semi-volatile inorganic species -
50 -4 [ ] Non-volatile, inorganic species -
[ ] Non-volatile, other species I
g7 i | If
(=)
i et ¢
g 30— -
5 II 8 i
Z,] 1 |
o 20 - 0 —
10 HH H (111 M O L [ —
0 ITTTTTTTTTTTTTTTTTTTITTITTTTI
TERRICLIA[ITTIPIK/NSAIVPI2ILE2
5 58 8 3 S B8 = 3
s ='Sn o =  »S o S
5< a <
k * g
2012 2013

Bl 42 MFPPS RI{FchX T b g - PP aPpPr oty iv @l

PMos B & )k B et G| Bl (1 ~ % © 26) »

18



43 g 22273
B 43 55 FF » B (denuded) 2 48 & AT g M TR F 2 B kR
(Cionmar » PMD P 2 45 & Fc g A #rp| B 2 3 ER)TPAGSHF » 4
(non-denuded)z_ 48 & ¥ g A+ #1ipl 8 2- 323 JE B (Cionmto ° MFPPS ¢ & 2_ 48 4 4%
AR AR BRE 2 TE o trn @l ER)E d Cionmar *v 2+ CionMan+e)#F
Bz F R kR Cionacwa) T 5 % o SR A1 0 & NOg e Cionmro B ¢
Cionmar > L35% 11 31.82514% > @ H is = f8 & 5 B4 Cionmro 2 Cionmar V& B
AP g FeiT 0 A F BT IR A 90 6.5 % (-Wl 4.3 hy o BELT) o 2
AT e HRE T NOs ¥ non-denuded 48 & g it & € 2 2 A F2 1 v
FHoAP T FEEPMasmeonr 2 FENOER Y Fant b4 w5 05£0.7 %
2 11.0£232%: 5 *hd Bh 2 7 F I NHy "NOg 2 Cl'a 3 = ¥ 2 Cionaotal
ERBPHEFRY ConmarBEAR " - - Aa SR ARRERY 5 KL Ly
Hhod 3 SOL 2T F P f N H bt B Bk R Y 2 B4 33 B % o
BFHEARLE 5 NHy ~ NOg 2 ClE R T35 PMosmeor 5900 64 8] 5 95 +
6.2-54+37% 20+13% > @ &% B Cionactua & 57 et GIR|& &) 5 46.4 +
19.2-66.9+ 185 % 744+ 14.0 % o £ st 308 ik B 4 (8 7 B D ikiE Y
S S BT LR G & PMosmeor ¥ T4 W BT 305 16.8+80% ¥ 4k A
izt il VHFREFH 2 CIERf-RE Clagd ERA B85 FH2
NO3zk & fo 5 % NOs 3+ Jk & et 21 1.25 & > 3:58_d »F NH4Cl 4p #23 NH4NO3
£ 3 o 2 fE 3 B(Seinfeld 1986; Harrison et al. 1990)12 2 HCI 4p #2.5* HNO3z &

§ R AT AR o
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L | L | L | L | 6 L ’ | L | L 6
8 — * -8 *
] . . . L '
T o .0 @ = = ! o
£ 54 .2 £ £ 4 ! - 1S
5 © o e N[0 5 ST e Sy t s
~ i /,
T *, 2 L F % */ H
g .s : = g /; | 5
S 44 I e s 6 S N} &)
£ PeS / £ c e c
Yo i ’4 Q,, i EE 6 5 “’1 L, Om
£ 1% : 9 o S
’ 7’
2 - -2 ‘ 3
(a) NH; 185 (b) NO, 3
1 / & Cionmar V.S Cionmro [ ¢ Cionmar V8. Cionmmo
0 | : | : * | Clo;v‘MdT VI-S- Clo;v.aclual 0 0 | | I‘ Clolr\.MdT V.S. Iclor\‘aclua\ 0
0 2 4 6 8 0 2 4 6
NH,*in Cignmar(1g/m?) NO; in Cignmor (1g/m°)
0 1 2 3 0 5 10 15 20 25
3 L | L | L 3 25 L | L | L | L | L 25
i * L
Ri 20 — {4 20
1’
G — =
- ‘ = > b 3 p-
g 2 S/ =2 El %, E
4 ’ > = 15 4 15 2
e , 2 = =
-t ’ o E] g
< ’ g S P 2
= / S g0 4 L1 £
< ¥ . = .
o 14 . 1 [} 6 i rS | 6
’ ¥ @
’
5 -5
79 (c)CI - 8 (d) SO>
¢ Cionwmar VS. Cionmro E @ Cionmar V5. Cionmmo -
° € Cinwmar VS Cionactual ®  PMysar V.S. PMys g
0 T T T T T 0 0 T T T T T T T T T 0
0 1 2 3 0 5 10 15 20 25
CIin Cionmar (Hg/M?) SO4% in Cionmar (HG/M?)

W 4.3 SFF A 4T LB E RR T E L4 kA Conmar) A SAF ST
(S48 A A g W AR 2 323 k& (Cionwmro) 2 7 % 323 JE & (Cionactuar) 57 53
(ﬁim.mw@nm4mnw3@cumaﬁw
44 RmAARLEREY 3§ 3 P4

TR REARL AL A TS § H PMas kAR A L f e TR AR
TR AT TREAR Y 4 VA FlACk N R A edTE 4 PMos ik B A 4§ F 3 (Vecchi
et al. 2009) o F]pt > 5 73R PMys JE AT ILEA Y au g 4E 4 > ARy M-
MFPPS #Eif 3 #rk B © k2 44 Fip e~ A/5i6 24487296 2 120 | p*
HAILIS & BliE - SRR AT R AR 44 ST o WPy fhen TR AT 1
L A5 PMos FTRIRARF L PMasmeor 78 2 o ¥ 7h > g7 30 4% i)
KA RTE R oo § 1 40 (AERODISP® P25, Degussa, Germany) 14 % = ¥
it = 47(QF-AI-8000, Sipernat, Japan)#: #8 4 12 & 473 * 4 & ¥ g MR § o 2t 2T
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FREAPFE BF S PMas A 7 BPAZ A IS EETL 0 Bh o F30HE
PRs HRE o] A g AR A A E R SR 0 24 ) R ILiE
B T A PR R TE AT A RS 24 | FAEE L F
P tiad F2Z BRI ERDLE > RFRIRAAHEFRELE 24 ] P I
4

ek

@ B A dE 4 B T35 ) PMosveor 4 3.5 1.8 % (Ghimenii  #-g T -
B TR ) o % AR TP AR 24 /] BF 0 30 ch PMps k& #-d 12 24 | pF
frE U ARER L fE L F L B B2 o B5HT 0 AKSE 4872
96 2 120 /] FF2 15 > PMosmcor i B § £ 4 " M 51£17-62%25~74+33

5 85+32% -

1 1 1 I 1
. 0- B8 —&—3 —8 —
S
S I O -
= .
S - S~ -
C s R -~
3 ~ Q-
g 87 /i B
£
ie) -1 -
[<5)
©
S 12 -
S - -6~ - PM,5samples
® 1 —8— Ti0, (140.8 £ 0.07 ug) i
—A— AlLO, (150.1 £ 0.17 pg)
-16 T T T T T

0 1 2 3 4 5 6
number of conditioning days

Bl 4.4 ALEAILFE 2 PMas & PMasmeor Vb 5 foig A3 1 B 2 B TR (1R &
# 1 20) -

B 45 5 pAR G 24 2 120 /) PFAILIS L S Br o 47 ) cnE 8 B ap Uk
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