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! Hourly measurements of meteorological parameters

(temperature, relative humidity, wind direction and wind
speed), particulate and gaseous pollutants (PM10, PM2.5,

03, S02, CO and NO2), chemical compositions of PM2.5 (water
soluble ions and carbonaceous materials), and vertical
distribution of aerosols were made from March to April
during 2013 to 2015 at Hungchen in Taiwan. The HYSPLIT and
hourly measurements of meteorological parameters were
applied to distinguish the weather condition. And the
sources of pollution and their contributions were estimated
using the positive matrix factorization (PMF) model.

In this work, according to the four types of air masses
were identified as Anthropogenic emissions from Kaohsiung
and Pingtung area. As the result, the highest concentration
occurred in the period of Northwest wind, the average of
PM2.5 is 23.6 gm-3, and the contributed more than 10gm-3
within the other type, whereas pollution emissions from
diesel and gasoline vehicles and industrial emissions. The
biomass burning achieved its higher source contribution on
four periods by PMF model to identify pollutant
characteristics. The downwash processes were verified that
the occurrence of peak in biomass burning tracer
concentration was consistency with the period of downwash
transport in the ground station. The vertical distribution
of aerosols measured from the in situ LIDAR and the
vertical wind section simulated from the meteorological
model were used to define the period of the downwash
transport. The biomass burning pollutants from the Indo-
China Peninsula were regarded as the tracer to observe the



downwash transport of the upper atmosphere. The contributed

increased approximately 10ugm-3 of the mass concentration
of PM2.5.

# < B 43 © Indo-China Peninsula, biomass burning, downwash, positive

matrix factorization (PMF) model
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Abstract

Hourly measurements of meteorological parameters (temperature, relative
humidity, wind direction and wind speed), particulate and gaseous pollutants (PMjg,
PM;5, Oz, SO, CO and NO,), chemical compositions of PM, 5 (water soluble ions
and carbonaceous materials), and vertical distribution of aerosols were made from
March to April during 2013 to 2015 at Hungchen in Taiwan. The HYSPLIT and
hourly measurements of meteorological parameters were applied to distinguish the
weather condition. And the sources of pollution and their contributions were estimated
using the positive matrix factorization (PMF) model.

In this work, according to the four types of air masses were identified as
Anthropogenic emissions from Kaohsiung and Pingtung area. As the result, the
highest concentration occurred in the period of Northwest wind, the average of PM; 5
is 23.6 pgm™ and the contributed more than 10pgm™ within the other type, whereas
pollution emissions from diesel and gasoline vehicles and industrial emissions. The
biomass burning achieved its higher source contribution on four periods by PMF
model to identify pollutant characteristics. The downwash processes were verified
that the occurrence of peak in biomass burning tracer concentration was consistency
with the period of downwash transport in the ground station. The vertical distribution
of aerosols measured from the in situ LIDAR and the vertical wind section simulated
from the meteorological model were used to define the period of the downwash
transport. The biomass burning pollutants from the Indo-China Peninsula were
regarded as the tracer to observe the downwash transport of the upper atmosphere.
The contributed increased approximately 10pgm™ of the mass concentration of PM,s.

Keywords: Indo-China Peninsula, biomass burning, downwash, positive matrix
factorization (PMF) model
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(2009) te & P F AT T W IR B VVED F PMys & PM25 10k B A H 5 1236 &
315pugm>s ¥ F B A PMys® CI-K'2 NOgA & 2L A F 11.046.7
and 55 & >y ¢ eI Ak s v fﬁ;‘%)ii(FK).&i? ap S hjek s P )k R
(CK) vt b e 274 FFotdeendnth » B % B R P& 2L L & FF FKICK 4~
] 5 10.7 £ 3.9 - Ryuetal. (2007)4; &1 § s ¢ FKICK 3+ 92 473 % 3

4 FAEARE

2004 £ 9-11 " S a3 ® ATRATHT L P A o1 0 LB 5 A pFE T IR £ K
5 320.2+2738m> A B A ARFH TR LA F R S 277.02176.8 m o Aot B 5
%%#*%ﬁbﬁﬁﬁv%ﬂ& s A R E DAY B AT Y o 2k
AR ALY SRS LY ’4kp¢k\m%)§%ﬁﬂ“’?}ﬂ & AR SO~
>NOz >NH," > &2 & % Na“ -~ NH, - K"~ Mg ~ Ca®* ~ CI' ~ NOz'§r SO~
é»w\?;rsﬁn;s ' B FE Lak Rie e AT ABOT R A F B NH," ‘K'fr'Cl
ERFAARR T OB ALARHNEF A RIRALR S R AEMTIIA ¥ - AR
A R Tﬁ,émﬂmﬂtﬁiﬁw}iji%@%}’ EI LN g u L WA ,}g}i R AR iR
% (F 4 15,2005 ; Hsiehetal., 2008) - 53t ~ %% 22 B 4 37 /1 ;‘;/% ¥ixta
ﬁﬁ%’g‘,—l AT B T R EHOR A S E 2 g ¢ 02 0.1-1.0 um mpck G A & B 4 i
Jeo e 70 NO 2 SO 4% 5 §F BY B Z BT SRS T » T2 H
FEfe 11 O.lpm At fSeng W5 A o Linetal (2012)F 7 B L % e X B AR
M B I PMys/PMyg S ~ PR P 2 wrEts 2w 5 057090 2 0550 &
TS A 4 S R T ok 0 A ER F OC & KT R B H gk X chie
FE o ¥ A gk PMps 4 W 5 70.5%7 2.28% > it 4 OC &2 K 5 B g stlEene
% ip &4~ f&-Wang et al. (2008)f]* CMB = 48 #i-3* (Chemical mass balance, CMB)
AT B KT (R )& (PR ) i3 4?‘)*%,/};: ’ .*%&PT C QU R S A
LEEE L ,5-31(49 3-62.4%) 22 j= 4 |4 T &\§(31 2-37.8%) > @ P VLR L BB H R W
4£(25.3-50.4%) ~ 574 14T %5(27.2-34.3%) 2 # $535 4 R(12.0-26.9%) 5 1 &5 4 &
o REAA T A SR KRR 3 TR e

IS s 4 @ﬁﬁli By Y o ABFAT L2 RS & ﬁi@ﬁi%]
PR ORI NFETELI6 ] A d X F ARt G312 )
PSR S AP IR F IR R 5 40k & H 4 (Liu et al., 2006) - Chang et al. (2010)
DI g Il USRI = WA L PO e 4@31?] ‘¥z e 7 CO~F 5 4P
(NOx =NO+NO; ) ~ SOz ~ O3 ~ & jici cF & & & (PMyg and PMys ) » & P* ¥ i
A4 2006 # 37 F A B RS E I G RIRFEY 2 TS & ﬁi@@?ﬁ; =
%ﬁ@ﬁﬁls‘&?ﬁv‘ C o ARk ik R R By A2 e R A iﬂg%mfk’%%*h 7 SO, ~
Os#r COSSMER A Fh B P 5 H % - NOX &l SR ¥ 2 R 4
¥ i hR ¥ A Meﬂ]s@ﬁﬂ ¢ F i A e 4 o Lin et al. (2005),3;', 2000-2001 &
PEERBETOZF A RN A R ﬁ@ﬁiﬂ LERT PMyg ik B

B R
%



% ¥ 41 30ugm™ > CO £ SO, :’ﬁ?r/*%\ L] % 230 £2 0.5ppb > yp A R X T en
rﬁrﬂﬁq‘rﬁﬂg% CIE N 3 ‘:,éf-ﬂw AL IR F oo LB IS enE T R oo
34 - S jrd F A R TS

Galindo et al. (2008) fe.3= ¥ /3 & 0L 2 ReNE R E S5 ET > T X F B
B35S0, 7 P Ak F 1A R Fph B @ (T AL B AP R *ﬂ, # % & & PMyo 22 PMys
FHP G B A bl FREARE W AT f R e ATt BeE 53 4
AEE P /g B 2 kRS ELFEF At 22 ¥ i< o Kumar et al.
(1998) & # W Fresno # %% £ 5 ME RIS S o7 - 2 Ap4E s PMos §
FResd g b bt B fd > 230 g F PMas § B RS9 0¥ 353
AZil 5090 = fmd ApLAE > BN E R SR pAeer R B R D F 0 Bt
FF G egpehg F R I d FApAEe FARF B F AP LG O TG
AR 10-2096 0 b o § RS A F AL E R S 90k PMys § MR 2
20-40% > e 22N € % PMos f 3 7 g o ;u—,% B ek o Pl\/|25:ﬁ e
Héple & ZApARE RIFE I P o el A @M p BEFES ~ SHBIFE K
BB EHR T E ST ORREF RTA S mﬁd Fadr L% F ik F R oo
e H PR s = A R AR ) A i 64000 kmP e E w IR R ¥a- ihE E
A % i -Watson 22 Chow (2002) %.fr — 3+ & d & p it B |2 % L &- HHEP >
P EHERVER A FRBERNSLAFE o F I R F A
FREGFREDFAERERAFRG  FF AL SBRMAFERH e R A
ME Ao 2 R PAH ek B Pk 2R R A PR R R 5 5-10 4 s
BRI L BBIH R o

Chu (2004) ~ 47 2000-2002 Speciation Trends Network =7 PMys i3 % % i » 3
FEEARPMos 3342 AT -F Sy v asd LARTNFLFEY » Bt
SRR RS L EBERPMscnaA R les s P HEBRERITAFL A
bt B 53 cPPF i o Wang et al. (2005) 4 45 44 7 #+ % 2001-2003 = # ciPMysi® P § %
CHEEX JHPEIF AN FETEFEBEEMAFRAE BB A
BAMOEEREA BB LR FEI IR EF L EPFA LT F EDRT]
FHBRER BT A F RERE S SR TR DR FIRE TS
FARACT Bl T R A 4 R SO #CT B B k- R R A S A f
BURBRBEANRBF R A NLIEREERB LS T DR o Calvert &
Stockwell(1984)4; 1 & f #3540 F &Y > mEEARSOE L AL OHE - § 1t
Fri ZF g enk oo B9 OH ehRip™ o £ 30 g BT en il § &7 pEensk i 5
Js#7 & %+ > DeMore et al. (1983)5#7 7 % & x OH ¥ = § it § F Jui# & 5 OH
Lo F bR R R X 10 B o Bt E%#BF VSRS T A T R S S ]
L Fr 5 P-oStein 22 Lamb (2003)#F 3 ek it ¥ T § F V¥ X EA B
BRBEAF Bt BT ’?IM%.? AFPFFICPERARKBYIEEZHE)
PR Ad T RE PP RESIF o3 LV Sd S p
< F ¢ %%“,ﬁ% A F PR RENpD AV BN VB RE VR

v
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4.1 BLip| PR 22 10 BE
A HORERIFFRF G 2013-2015 £z En3 P 1 40 P gL h ak
£ 3~4 7 L EPIT RE 2 ’;‘r’e’“%;}%*x’ W Y g X g hy g rs)élw B
@@?J FNELSFFE R N -FH AR AR R SEE ST
AIEF LRI BRI S IR AR 2 R E A SRS AN TR g e
(22.06N,120.70E, 7Tm)» ja 4 s> A a5 L § ¥ R B ro Flag f x4 Ly
FRFPEFRB T REY L L% éﬁ&x W o@Bw a2 a5 28k: kT
1% B3 T o Yenetal (2012)F1]* fFh L ZRELIRIE F % B BRI Z HE > F K T
t%@ay&ﬁﬁ_mﬁ - ig v n;',# g4 ;‘rw;%mﬁq“#n?gg Ed Tk
ForREE L RE o En B Y %’rr’?gr PERBRREGITT AP BT A5 LR
Ft {— LRl A BT /v”ﬂme*S‘mﬁ» PR TR D AR AR
,J.
ke

(\N

[

mh

FERPIPRBEIAFHESTH FFBORINZZREEFIAFHTE
TR F R B s AR

A2 BLRIK & &2 2

AVFEBRAD G A FFBLELGTREE A FF R EFEER Y
LA RER R maER g 2 3k Eeanskid & si(Lidar, Light Detection And
Range) » i& {7~ § f Mehd B A 45 A 47 4o Fig. 1 9757 o @ & * pb s 3 4
s = § 3K & (In-situ Air Composition Measuring Equipment, In-situ ACME):& {7 <
FRBBELBER S F ARG B EE O3 A0 2003 & 0 B A ;KR
'I“* %ﬁt:r F i %ﬁﬁ iE'J(Chang et al., 2007) £ 2013 # ehf K343 4 EpFE

BRlFF & 3 F~Cl~NO; ~ NOg ~ SO ~ Li* ~ Na* ~ NH," ~ K ~ Mg*' &
C TE 1146 }\,A'rwﬁ—* % g R B0 20 & 4k B In-situ ACME(4e Fig. 2 #77)
AR Y W A SV %Mﬁ&jﬁ ~(denuder) ~ A T B H & v F 9 K 3
BEMCERELITE A AR § Hﬂja:ﬁ,‘i 5 16.7lpm T > ¥ izix &
]‘\l{ﬁ% BB M TR T A BT PMos 2 PMyg § R B o ks
gam\ g engRtR f oiAr A o B P 10 Ipm R4 F L d denuder dz B F AP fhdk
PR B 6T Ipmid » pE e T RBHEAF RS e ERLGEH
Fepidte g F B 10lpm e f i » g B R FRFY > 5d BIESR
&£ g /\,ﬁ}@@ﬁrg\“, , '”F‘ PEin PN N B S ﬁgﬂﬁ; » 73 ~ D.l.Water
R g b oen IR I R ORI S TR B 1~ A R AT R
(Changetal.,, 2007) o gt ¢k > 2 Bt E R E ~opje et &n 7 82BN F (402
7 p A 47 & (Aurora Model 1030W) A % 2 47 & P 7 4 B ek R o

¥ o 7]\;‘_1.% PR R FARE RIS AP TR N REF CONES R S 2
%%ivvﬁ; \Jv‘_h » 1 & % PMyo~PMys~03~S0,~NO,~CO~E & ~ 4p%HBE ~ b

N SN A Y ;J’-} polEEBLRIE - 2 E @ % NOAA air Resources Laboratory #=
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# «nHYSPLIT #-3% (Hybrid Single Particle Lagrangian Integrated Trajectory Model)
1730 F 0 i AU 9 (Draxler and Rolph, 2010) e HYSPLIT 058 + & 441 *
AT PR E RS UM RANFRCER CBA CRETE S TRER
“ﬁ*ﬁiﬁf@ﬁﬁ?ﬂﬁwﬁoip*ukWﬁUTﬁﬁﬁﬁﬁéﬁi%g
PAFRRFRAZ AT F ARPFRRBEERF KR

Fig. 1  i& (Lidar)
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Fig. 2 A. In-situ IC % %77 & Bl » B. 5 = § 2= & 7]k st(In-situ Air Composition
Measuring Equipment, ACME) # % In-situ IC x %v£2 k73 15 84 £ B % bt o

3% RAMAHT
—ﬁiliﬁk—‘iﬁ& e PR LS SRR ~F R ~F AR EAMR
B3 R ASF R3O BEFNY F PSS R F R RIR o e B F %5
T A AT RS %éﬁ’-ﬁﬁ&_@ﬁﬂﬁ%i@ﬁ% B £ ki v kg (Lidar)Liel § 9%
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BB A EERBET PRABFXIARBRELA g B R E
BrRbe S RpREDT AR ah BIhy =GB LA D Lo P A -
BAAFA?P TECEISRBAENTAMR(GER) FIEP Y T FiTh
FimMbda AR (L) 30 FREELNFTAPERECLREL > F K
Ah SRR £ E - AR § ARG B AT A D e R Tl
ALER BERE A AR HHER ¥ BEOREI AME L FFRBFDRF
TOSFREERSLAPRRLAT R TP RAPHITR TR 2§47
AF PR PRAF R T AR S LG ERE b ERG R F
Fae U8 B8 b o AR 2R #ER® A AR LEXFAHELBR
S TR R EARHRRRE > BT D kS g R

4.4 PMF % #8050

1994 & Paatero £ Tapper “7# % i f#47 #i-5% (Paatero and Tapper,
1994) » 2008 & J USEPA fj i* PMF #75% » ¥ 3% & PMF5.0 # * 4 5 (USEPA,
2014)-PMF & - fé_fg AF)F 45D Bl o] T3 e R R T F] S A 4T RN
R RR(FS )ik jwfﬂ?‘)?rki’ Kifidg s o R eni v b RS G A5t 100 F 4
A AER TSR A ER TSR B E BT A U x/% o
ATAREIENT PSR EEE FROF TR R e B TERT AR R
AR AV E AT G P AR R RTE R

45 3tk ~ 22 2 g Bl

3t F % STATISTICA 7 (windows release by Stat Soft, Inc., 2003)i& {7 st
o470 @ g B £ 1 @i Microsoft Excel 2007 2 STATISTICAT7 #rtg 5 o -
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5.22013-2015 # i5 % K imytul & 2§13 PMas F %

g5 PMas ® /K3 L3 A 478 % 2 7 PMF #8505 4 iR e KR F
J%Fig. 5 3 Fig. 10 5 2013-2015 & PMF /5 % kiR & 87 2 £ 75 % kR #7 PMas
T jeiE pE )2 2013 & % & 47 54877 % kR 2014 # 2 2015 & P13 6475 H kiR o

5.2.1 PMF & 37 % % ---2013 #

Fig. 5 Fig.6 % 2013 # PMF /Rf#475% % M2 25 2R PMas 2 ER
’rﬁ?;'ff—‘% » Factor 1 erd a3+ 3 & % NH,, NOs > H = % Na'¢? SO, 2. BB Btk
ﬁPF'“i”J? BB AT FRET BRI NOs &2 NH, eha p o %1 > p B g
kR R I.E_,%F'&m/%)iiyﬁr.&ﬂ’_" pLpEHPE p oS NH 22 NOz s BE 2 % 0.89»
ErE R I “f” LA BIRERPEE S PR £ L5 AP NOX &
PEBIRLOEE S L X A A NHINO A/ 5 A o AR enA B KR
LD dRA F B B § g 0 NH L & RORA] 5 B ¥ ah e
A Hgdeds fr gty 3 (Beheraetal., 2013)

Factor 2 tha#gis% @ 12 Na'22 Cl'% 1 & Fpesa o @m Clhe Na' et &) %
126 % 5 m kel vt b > 2 ApBEE S 0.9 4 & g F] 5 FR ik BL G TRis &
%o Ft R E 3 A AUk e 2 (Kocak et al., 2004) - Factor3 4 47 % % 11 B
loading it Ca" (85%) %1 Mg™" (86%) » i & #+#scdf+ » T $12° PMps e 45 ik
5 6% d Eﬂ??p‘ﬂmﬁ\%ﬂ%t‘ L3 hEPFLF KRB _‘rﬁﬁ);%w EI R
SRR A B R E R ﬁ"»mfgf}gk(Hatakeyama et aI., 2004 ; Topping et al.,
2004) -

P AEFFF R e K D 2w E A KRR T R G 94% - Park et
al. (2004) and AIIen etal. (2004)# J1 B Ax v A 4 < B K CI» 47 gk tf
# /& 3-7 Mar, 8-14 Mar, 24-31 Mar £ 1-4 Apr v ECpedlp o Bg X 5] 2 Bt 38 o

T AT S SO Cl o B3 m?r)“rp At SOZ T 61% 0 & At
Fh @%JﬁPF"* % 3-6 Mar » E‘ﬁ‘rﬂﬁmpﬁi?ﬁkg 3 Mar B 43 4 2 5 Mar > 6 Mar
rj}ﬁ. I o PR R R AR ' o ¥ - ﬁm‘“?& PEHEF L T-14Apr 5 0 d B

O “ﬁhfﬁﬁgfactorSm/%‘&?)—*& ET7-9Apry - Eﬁ?ﬁ)ﬂw fe #p %> 3-6 Mar
m?ﬂ%ﬁiﬁhl“ﬂ %%PH“E»E*F"* EPA Bz SO, ik P v » :J LA INE IR
wxz:ﬁs»,;g\imli_si @%mﬁt‘?’“ COk)ﬁ’ipi‘*“?&@%}ﬁFF&ﬂ Ik
BRi#H s X 5 AER - BT ’L‘Lé‘\ﬂ‘“?&ﬁﬁﬁs‘ EBERE K ,541§13‘i3?]’ﬁ B o
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5.2.2 PMF %~ 47 % % ---2014 £7 2015 #

2014 & 4TS P o F - A RO BlE 03 NHLT(90%) o B = A ] G
CI(29.4%) 2  SO.*(14.9%) » & 35 ~ ﬂ 7T A ehis 4 kR S 1 B3 2k (Savci,
2012) - #+ & PMys i% B #icdy > % PMas ?T?é_;ﬁ;/i % ZOugm'3 Eﬁ s factor 1 *’% PM,s
r‘v’ﬂ';‘“ﬁ%?‘r*‘ ﬁg’écﬁnﬁﬁ%’ LR F ARG E AR ARk *"‘"ﬁﬂ?ﬂﬂ ’
R - fwﬁ'ﬁhﬁiﬁm@ﬁﬂﬁ Z 0 T PMys B E ,&}im?ﬁ‘)‘k S
16% - Factor 2 ingipicie & % Na' ~Clu 2 SO% > H 3 & &k 4 % B % ?ET)"r
¥ ¢hFactord 5 2 e gk kR A K T PMas sh e 5 R R i :221-23
Mar A F R a8 » £ PR 3f RE-F1 5 BROER B8 M 4 o ¥ v AT 5 bk
S5 KT8 Na's 7o 4 R A X enB BB e factor 4 ehik B ey AR 00
2013 &# PMF 247 % » 2014 e P F T 2P a3 kRS 4 > & ¥ PMys
:rm';%;gw b6 22% 1R SRR RS R T L E e R YRR A T ET
B o Factor5 i et S TR fE S A 0 AREFTLRPETEL 0 B f_ﬁ_ﬁ[ﬁ%’;}
20 T B AR @0 b PMos TR k& 90 10%¢ 15 - T F] S 5 SO 2 NOj >
A A R RC - Rl o] Y/ PY ﬁﬁ%ﬁs% AR T 82 PMys ik pF & 1L 305 (347 %
L Ag% r 3 £ 36% o

Fig. 5 5 2015 &# PMF 2 47 % % » ikdp & F|F e el 5 7 A 8 0 e0i3 2R
A ] G Mg A ez = f B (factor 1 #2 factor3) 5 - =t % i 5 4 k(factor2) 5 & 4%
@@?]ﬁ 4 4 5 (factord ¢ factor6)£r /4 @ § % & ;'%?M;J%(factor D)o i3s3 * T 5 b ¥
B 2 %7}%%7“57@5*’* D X F R B PMas g BB AR - R0 F X F 3
Bt TER P & F IO R 4 PMas R R BRI > ) PMps TEER
KRBt Ak R RS BATL 0 N 1 34%:0 PMys Tk ¢
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Conc. of species (ugm-3)
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Table2. % b weng % 5]+ 2 G345 kR R

i L] @ oA
TEMP 2464 2667 27.13  26.60
RH 71.98 78.02 7525 75.86
WS 8.79 3.28 5.13 491
PMyo 28.06 26.99 27.34 43.44
PMys 12.78 1283 13.84 23.66
O3 49.10 3290 39.92 5450
NO, 3.32 2.78 2.78 5.55
SO; 1.31 1.25 1.52 2.65
co 0.16 0.15 0.12 0.21
Na* 0.30 0.37 0.62 0.33
NH,* 0.72 0.87 0.92 1.99
K* 0.36 0.40 0.47 0.48
Mg** 045 039 038 042
ca® 049 052 054 045
o} 0.64 0.66 0.89 0.72
NO, 0.18 0.27 0.28 0.18
NOs 0.62 0.87 0.73 2.64
S0.% 463 444 444 731
Table3. # F b w e PMys 33 2 =0
N PMzs Na* NH,” K' Mg®¥ cCa* CI'  NO, NO; SO/
mass
LA 1729 | 1278 2% 6% 3% 3% 4% 5% 1% 5% 36%
s [646 | 1283 3% 7% 3% 3% 4% 5% 2% 7% 35%
s (171 | 1384 4% 7% 3% 3% 4% 6% 2% 5% 32%
@A 522 | 2366 1% 8% 2% 2% 2% 3% 1% 11% 31%
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Results
r—| Abstract } \ D h

« Airflow Simulation

The particles, collected by real-time and filter-based aerosol sampling,

interact with the in-coming gases and thus are changed the composition 1. Flow rate setat 16.7 L/ min.
during the sampling period. Despite several denuders have been 2. The MPPDD can connect
commonly used to avoid this sampling artifact through the absorption of the with VSCC.
acidic/basic gases, there are limits of absorption capacity, sampling flow rate, 3. Results showed no
and collection efficiency especially for the hazardous air pollution in most turbulence in the MPPDD.
Asian cities. In this work, the novel multiple parallel-plates dry denuder . : .
(MPPDD) was developed by the computational fluid dynamics (CFD) sFilr?qi'l :{:EE'DD internal gas field
technology for connecting in series after the particle-size selector.

- J * Flaking test

(_| Methods = N P m MPPDD  © HD

' 010249

0.0223

* MPPDD Aiirflow Simulation : Solidwork 2012

» Comparative experiments: honeycomb dneuder (HD) v.s. the oo

multiple parallel plate day denuder (MPPDD) v.s. Impinger

0.0123 0.0074

0.0073
I - . | |

24 48 72 96

Na* concentration (ng/m?3)

1. Flaking test : [Na‘]
Acid gas adsorption : Na,CO, solution
Basic gas adsorption : Citric acid solution Na* MDL

Sampling time (hours)

2. Ammonia collection efficiency(E):
yE) Fig3. Flaking test between MPPDD and HD.

MPPDD : Impinger 2+3 Formula ] ) B ]
HD : Impinger 4+5 Impinger 2+3(or 4+5) * Ammonia collection efficiency and sampling volume
Impinger : Impinger 1 E= ) ®MPPDD OHD
,,,,,,,,,,,,,,,,,,, Impinger 1 10 The MPPDD show good
Q . .o .
< w collection efficiency at high
] > F
B 10Lpm 2 sampling volume.
g 40
,,,,,,,,,,,,,,,,,, Honeycomb denuder (HD) 2
The novel multiple parallel-plates 8 45
dry denuder (MPPDD) g
********** Impinger 0
1 24 48 72 96 120
Sampling time (hours)
16.7Lpm e ~+~MPPDD ~#-HD
E w
ii é 60
o
| HD £ 4w
Q
! . - £ 20
Lo 7Lpm Figl. Experimental 8
- Ja=-{vaive }-{ motor | flowchart of ammonia o " P By % 120
collection efficiency and Sampling time (hours)
Atmosphere ii flaking test between Fig4. comparison of collection efficiency and samplin
MPPDD and HD. 1g4. comparis lon etliciency and sampling

\ i ) \_ volume using MPPDD system and HD. y,
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Abstract

Recently, air pollution has played an important role in causing a hazard to human health. The air quality was usually assessed with the levels of
multi-pollutants from measuring instruments. However, there were limits of the spatial representation and inaccessibility of measurements,
which increased the difficulty of assessing the health effects of air quality for the people in daily life. The atmospheric visibility was the
aggregative indicator of air pollution and meteorological condition. Although the visibility might be regarded as a direct indicator of determining
the air quality, rare studies reported the relationship between the atmospheric visibility and health risk. This work tried to investigate a direct and
convenient indicator to evaluate the health risk of air pollutants according to the association between the atmospheric visibility and the
respiratory system diseases (ICD-9: 460-519).

/ Study Area \

__J/}'

\ Figure .1 Suburban and urban sites J

Data Source

National health
research institutes

EPAand Bureau of Meteorology ‘

N

\

LHID2010
(Total respiratory )

! Particle Gas
Meteorological (Mo~ PMy2) || (502v NOY
Visibility + RH ~
WS~ WD

TEMP)

Table.

Statistical Results

1 Overall summary statistics of daily clinic visits for

respiratory system disease, air pollutants and
meteorological data during the study period (2010).

N Men  SD Q1 Q2 Q3 P-vale

Suburban Respiratory 365 2126 755 1780 217.0 2600
Influenza 365 39 25 20 40 60 %%
ARl 365 1693 604 137.0 1690 2080

COPD 365 56 33 30 60 80
Visbilty 365 134 43 103 127 160 %
PMy 365 531 416 280 448 674
PMps 365 333 179 196 301 441
SO, 35 95 37 68 89 112
NO, 365 302 122 215 274 32
RH 3% 08 01 07 08 08
Wws 365 35 17 23 31 43 o
TEMP 365 233 52 195 240 282

Urban

Respiratory 365 837.8 2975 7260
Influenza 365 168 67 120 160 210
ARl 365 689.4 2454 586.0
COPD 365 194 99 120 210 260
Visibilty 365 95 19 83 98 108
PMy 365 586 373 363 511 747
PMps 365 361 176 223 329 474
S0, 35 88 29 67 84 103
NO, 365 398 144 285 387 480
RH % 07 01 07 07 08
ws 35 27 13 18 22 31
TEMP 365 240 51 200 252 284

NS

Respiratory - Influenza + ARI~ COPD Unit : count
PMy, ~ PM, 5~ SO, ~ NO, Unit : pg/m®

WS Unit : m/s - TEMP Unit : 'C » Visibility Unit : km
e aresignificant at p<0.0001

Mu

Itiple Linear Regression

Log (U) =Log(L)+By*B,apdLii+ B,apd2i+ sapd3i+ Bxe+BeXs +BeXs

» Al pollution
C_ D E =

Log (u) =Log(L)+o*ByvisdLi+ Bvisd2i+ Bavisd3it BuxetBss +Bexs

Visibility

Log (u) : The number of daily admissions

Log (L) : (Offset) area number

By~ By~ By : Visibility(Air pollution) Regression coefficient
BiXi*BeXs +BsXs : RH + WS ~ TEMP (Regression coefficient)

<

)
/Poisson Regression \

4

Table.2 Relation between visibility and air pollutants

\\ 6 Suburban

Subrban
N=348 B R? R’Change
Intercept 17.704
adjRHPM; 5 -0.015 0.456 0.456
NO, -0.111 0.482 0.026
SO, 0.239 0503 0.021
adjiRHPMy5.40 -0.008 0513 0.010
R’=0513  Adjusted R*=0.507 P<0.0001
Urban
N=348 B R®  R’Change
Intercept 11.857
adjRHPM; 5 -0.019 0542 0.542
Ll 0.052 0.544 0.002
NO, -0.008 0545 0.002
R’=0.545  Adjusted R=0.542 P<0.0001

Unit: pg/m® adjRHPM=PMx (/(1-RH))
Bold numbers are significant at p<0.0001
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Figure .2 Relationship of visibility with clinic visits for respiratory system disease between
the (a) suburban and (b) urban areas in Taichung.

Relative Risk

Table.3 Compared relative risk with EPA PM, 5 standard value, Q1, Q2, and Q3.

Suburban Urban
PMy 5 PMys
RR__ 95%Cl _ P-value RR__ 95%Cl _P-value
35< 1053 1036-1.071 *** 355 1101 1.092-1.111 ***
<35 1 <35 1
441< 1119 1090-1.150 *** 474< 1146 1133-1160 ***
30.144.13 1070 1.043-1098 ***  320-474 1103 1091-1115 ***
10.6-30.1 1032 1007-1057 0011  223-329 1049 1.038-1.061 ***
<19.6 1 <223 1

*** are significant at p<0.0001
Q1:19.6+223Q2:30.1+329Q3: 44.1+47.4

Table.4 Compared relative risk with 10 km, Q1, Q2, and Q3.

Suburban Urban
Visibility Visibility
RR__ 95%Cl _P-value RR__ 95%Cl _ P-value
<10 1088 1069-1108 *** <10 1042 1033-1050 ***
10= 1 105 1
<103 1147 1121-1175 *** <83 1125 1113-1138 ***
10.312.7 1072 1.049-1.096  *** 83908 1002 1.081-1104 ***
12716 1016 0.994-1.039 0.16 9.8-10.8  1.057 1.046-1.068 ***
165 1 108 1

*** are significant at p<0.0001
Q1:103-83Q2:127-98Q3:16-108

N

/ Conclusions

1.This study have reported a severe visibility
degradation, to which particulate matter (PM), especially for
fine particles (PM,5 ), was found to be the major contributor .

2. The results further suggested that daily clinic visits for respiratory system
disease are with increasing PM, s levels.

3. Findings from our study showed that visibility degradation
was associated with daily clinic visits for respiratory system disease.

4. It is reasonable to hypothesize that visibility can be used as a direct and
Kconveni(-:*nt indicator for assessing the health effects of air pollution on

respiratory diseases. /
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The particles, collected by real-time and filter-based
aerosol sampling, interact with the in-coming gases and
thus are changed the composition during the sampling
period. Despite several denuders have been commonly
used to avoid this sampling artifact through the
absorption of the acidic/basic gases, there are limits of
absorption capacity, sampling flow rate, and collection
efficiency especially for the hazardous air pollution in
most Asian cities. In this work, the novel multiple
parallel-plates dry denuder (MPPDD) was developed by
the computational fluid dynamics (CFD) technology for
connecting in series after the particle-size selector.

The flow rate of the MPPDD was set at 16.7 LPM,
which can connect in series after the FRM designated
particle-size selector. The measurement of the MPPDD
was evaluated with the simultaneous measurement of the
impinger (flow rate: 7 LPM) for evaluating the collection
efficiency. The linear regression analysis exhibited high
correlation with r>=0.98 between these two methods for
measuring NH; concentration. The slope and intercept
were 0.92 and -0.15, respectively. Both of the MPPDD
and honeycomb denuder (flow rate: 10 LPM) systems
were coated with citric acid/glycerol and sodium
carbonate/glycerol to evaluate the absorption capacity.
Figure 1.(a) showed the collection efficiency of the
honeycomb denuder was significantly lower than that of
the MPPDD after 72hr under the condition of low
ammonia concentration. Figure 1.(b) showed the
collection efficiency of the honeycomb denuder
significantly dropped off since 48hr under the high
ammonia levels condition. The absorption capacity of the
MPPDD was larger than that of the honeycomb denuder.

This novel multiple parallel-plates dry denuder
system has the following advantages: (1) the flow rate of
16.7 LPM can be connect in series after the FRM
designated particle-size selector, like PM,s vary sharp
cutcyclone and wins impactor; (2) applying the CFD
technology maintained the laminar flow inside the
denuder; (3) this design also allowed the expansion of
other material plates for absorbing a greater variety of
gases; and (4) this new system is more durable and
friendly for monitoring studies.
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Figurel. Collection efficiency(1-3days) of the multiple
parallel plate day denuder (MPPDD) system and
honeycomb denuder (HD) under (a) the low ammonia
concentration period and (b) the high ammonia
concentration period.
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Recently, air pollution has played an important role
in causing a hazard to human health. The air quality was
usually assessed with the levels of multi-pollutants from
measuring instruments. However, there were limits of the
spatial representation  and  inaccessibility  of
measurements, which increased the difficulty of
assessing the health effects of air quality for the people in
daily life. The atmospheric visibility was the aggregative
indicator of air pollution and meteorological condition.
Although the visibility might be regarded as a direct
indicator of determining the air quality, rare studies
reported the relationship between the atmospheric
visibility and health risk (Huang et al., 2009). This
work tried to investigate a direct and convenient
indicator to evaluate the health risk of air pollutants
according to the association between the atmospheric
visibility and the total respiratory diseases (ICD-9: 460-
519).

Daily measurements of air pollutants from the
Taiwan  Environmental Protection  Administration
monitoring stations, atmospheric visibility with the
naked eye from the Taiwan Central Weather Bureau as
well as all cause and cause-specific consultation rates
from the Taiwan's National Health Insurance Research
Database Access in Taichung were obtained for the
period of one year in 2010. Poisson regression analysis
was used, with adjustment for potential confounding
including the meteorological factors and spatial
variances and types of air pollution, to evaluate the
relationship between the atmospheric visibility and the
total respiratory consultation rate.

The primary results indicated that air pollution and
visibility degradation were both more serious in the
urban area than that in the suburban area. There were
significantly relative health risks of 1.09 in the suburban
area and 1.04 in the urban area under the hazard periods
of atmospheric visibility < 10 kilometers. Figure 1
illustrated  relationships  between  visibility and
consultation rates outcomes in the urban and suburban
areas. Although the consultation rates do not increase
monotonically with decreased visibility, the exposure—
response curves presented negative, linear relationships
with P < 0.05 in the suburban area. Because exposure
data obtained from a single monitoring station might
not well represent population exposure risks in the
urban area with a dense urban population, the similar
relationships between the visibility and total consul-
tation rate were observed with P of 0.212 in the

urban area. The relative risks of 0.07 (95% CI) and
0.127 (95%CI) increase of total respiratory consultation
were significantly associated with one inter-quartile
range of 2.5 and 5.7 km decrease in the urban and
suburban areas.
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Figure 1 Relationship of visibility with
total respiratory consultation rate between the (a) sub-
urban and (b) urban areas in Taichung.
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