NMCCE [ FH RIS A SR SC 4 16 (2009)

BADEIAIZEITEARI[IT7AVILDILERDTDFH(ZD 2)
— L BRBBRBREENA T T RABERUVRBLIIEDEF S —

®B M YVAHE . Jinchula Chotpitayasunon?, Boossarasiri Thana®, @i 3, ZpE®E A
KATIE—RR 4, ARG °, FRERL S, A BT PR

RO S h R

YRR R R R PERIT S P
277-8568 T-HEWL AT FA D HE 5-1-5 AW LA 306 5

“Department of Geology, Faculty of Science, Chulalongkorn University
Phayathai Road, Bangkok, 10330 Thailand

STEREREYVE— MU IR F—
263-8522 T-HETfn X yrnAHT 1-33

ST AT B N S BR BT B AN BTS2 AT
305-8604 KR < iIXH#EE A 3-1-3

SMFEERKFEH A 7 bar b 2 —
020-0173 & FIRJA FREHE IRAT IR -84 73 %R 348-58

SR AT A VY b — T IR AT
020-0173 & FIRJA FREHE IRAT IR -84 53 %k 348-58

TR T T BR B RS2 A 22 P
235-0012 A% 7 X HEEA 1-2-15

8 gt KR KRBV BT & o & —
980-8578 A HHEX AT H % 6-3

152



NMCC & [RIF] FAAFF 2 e SR SCH2 16 (2009)

1 [FL&®IC

HADE~AT, 2007 47 A5 200846 HE T, KRFO=7 Yy IV EREILL, £k 0 57
Wi BROMWEAZFIEIRE VL, SDTDZ L RNbhroTz,
(V)M EJRGR X, 05 TRBASRAEAT RS SR KhuiX, w2 (2007 4 10 A #%F55 2008 4= 5 A #]6) 1% 3 HifH
(27, D1(10-11 A)#if# & D2(12 A-3 AR R 7 & 7 865, BRI R ERE 2 S oAk
- FHF D O MR (DL,2-SC) &, FEEEMHBFERS 2 VIEH T H» O ORI FH-FEHF Y O E R
(D1,2-ECS) E MBI L, ZD% D D3(3 A%¥-5 5 AMO)HARNIIE TS O/ L D OGRS ELE
L7z, RE#IZ. W1(2007 47 A-10 A1) & W2(2008 4F 5 AW 5 6 A b, A > REMV T VE

SR EEDE Y A — U RN 72 (1K 1),

NOI\I\HYQPI IT MODEL NOAAIIVQI’I 1T MODEL NOAA HYSPLIT MODEL NOJ\A H‘f%l‘l ITMODEL
Backward trajectories ending at uooo UTC 10 Oct 07 Backward trajectories ending at uooo uTc 15 Oct 07 Backward trajectories ending at «uooo erc 23 Jan 08 Backward trajectori ing at uoou UTC 20 Mar 08
rr)m Meteorological crx‘ Meteorological CDC1 Meteorological FD('| Mﬂmnlnq

Source * at 1518N 10257 E
al 1518N 10257 F
Source * al 1518N 10257 E

Source * al 1518 M 10257 F

Source *

Meters AGL

(W1)2007 4£ 10 4 10 A (D2-SC)2007 4£ 10 A 15 B (D2-ECS) 2008 4£1 A 23 A (D3) 2008 43 H 20 H
1 EXAICEZELEZEE 210m, 500m, 1000m TOXKIED 5 BHEIE TOHERZR

10

)/ IVkE 7 (iR 2.5um>d; PM2.s) oo st 38k fié 3 & EC/nss=s04 a2
PRI OBEIE % | 2003 EFRBICAERB THIE L o f (2 8um>d R
KETT 0/ VP OWREL DL el LT, D1 CIKT 7 b3 . Ahwaw
T HE DAL OIRBEIC X B KRIBYM T, — 5
D3 Tl NRA A~ ABRBEIC L o CRAELIZRA =T Y
B, ENENBLREABRTHY . D2HHILZINDG
DEIR DA D DORK[ET v/ JVPRIE L TN N
(1 2), % s 10 15 20
TITARENE, IhbOFRELLIC, =T RY L nes=SO4 (ug m-2)
Akt PIXE THOMr LICHEREZEICMITL, E~A4T  go B Al DN F D FRERIE (nss-S0,)
DRRZLT B N~OFFRAEIRD O OFEEBRL L mmgkims (EC) & D%AR

7=
2 HIE - B@BIAE

2.1 T7AYVILAE

2007 /£ 7 H ~2008 4F 6 HIZ, SKYNET O—HIEMA TH D, # A DE~AIZdH D5 RIMIEBLIET
(15.18N, 102.57E : #fE#k @i 210m)D = LT, RKHF O T a Y )V EEHA X7 2 —ERIUERE (MCI
Sampler, HFE & A L v 7 #:8) |2 X0 FEAICERE L7, BREURER X, JRAIE L TE A ORI & %S
1EFOT, ZTNEN3 HRITHF & KM 12 K EIC 6 3B 42 B 47Tmm O AR LR Y
H—RFr— b+ OT7 4V EZEFEHL T, =7 0 V0% 4 B ok £ (d>10pum ., 10um>d>2.5um .
2.5um>d>1.0um, 1.0oym>d)IZ 45 17 TEREL L7z, 26 DKREHZ D& | JuRIRIKFE(EC) & AR FE A5y

o

EC (ug m-3)

153



NMCCE [ FH RIS A SR SC 4 16 (2009)

(OC)i%. IMPROVE i£IZ X 524 - Y2209 /3 A1 25 E (MODEL 2001, DRI ALY L 0 708 L. E2RAKEMEA
F %, A A7 m~ ~ 77 7(DX-500, Dionex tE#)Z W THHr L7z, Si e EOMEDILHFEIT., £
FREFFHZ O TE S PIXEEICLY, B CY TRV F —ICHEE L TE—ARFEZITVWER L
oo T CIX. B 2ODOFT =2 O A EHEETICHER Lz, 2N DILFEST —2 bR, T
FRR#E (EC). ARER#E (OC). Wil T v & =17 A((NH.),S0,). MEFEHE(NOS). & &2, Wik 7. +
HERi 172 & DAL PR O IR EE & AT IC W T,
2.2 TEOEERD ST

B~ A ORGSR OE D DOFE 1 (RS 5-10em) Z, HEmdbo 7m T4 3FERRL, =
D XA Sy & . PIXE #£B L OV XRF 3£ 9 THHT LT,
2.3 EBARIEREN

B~ A ORGFFEBIHIFTICEE L KK, E bk SN2 50T 5720, & E 210m,
500m, 1000m @ 3 &% T. NOAA @ HYSPLIT MODELYD % i i fEAT i 4R L <, 5 Al E
TORTILOEERR % RO T,

3 WRLEEE

3.1 EEHMRDFH L MEADEHFH

T & izt oo HLRRL - (10pm>d>2. 5um) & U/ NRL (2 BAE R AR E L7 WIR Y PM2.5 % 779)
O FEMbFME A, K3 EXAITR LT, AR+ TIE, 8 EWH L bic, TR 3R Sk
D23 EEED, ECIX0.1pg m? LT EFEFITEN -7, OC IEHIT 1.0-1.6 ug m* fFE L Tz,
NOs %, D1 THi L.lugm® Thoto, —FH ., i @/ vk 1-(PM2.5) Tid, (NH42804 1% D1>>D2>D3
72 o722, (EC+00) 1% D2=D3>>D1 T, W& iZI kX< e o7, 728, D1, D2, D3 #ifi+ » (EC+OC)
& PM2s ORE EREOVEHREOKIZ, £ Fih, 0.24, 0.39, 0.51 Th-o7-, “[FLHIZ” Tk~
X2, oM/ (PM25) 10 EC & SO2OEFAICIE, s o AERIL, DIIZET
T RO ERE (B XN FERED OBREE, D3 134 > R T BE O A A~ RREE & HEE S,
D2 X260 OORAPRNHEE I N KRKBENRE LR TH D, LHESNT, EC &£ OC &
OBRIZ, K5 IZRTLHIC, D1 £ D3 ETCR&EARENIZRLS, 2K TOCITEC DIFIE3HTH
ST, FZT, BT O x OF—2 ZHWT, PM2s OREEEE L (ECHOC) EEOBRZ T~
el A MNEOEMBEKRICHY (X 6), TORIFEMROAEIL, D1, D2, D3 TZh L, 0.23,
0.43, 0.50 TH Y, AR L7 Zn b OHIROFEHREDH LIZEALERCMHETH -T2, Znbnb, K
T YT AR L S NI KK E A A~ ARBEIC L D RGBT O 2 OoFREBLORERIZ, ThEh
FEFNZH L LTV ERH BT o T2,

15

Coarse mode (obs.) 30 fine mode (obs.)
s (10um >d> 2.5um) = (2.5um >d)
i IE 25
£ ®
210 220t
$ DSea Salt kS BK(BB)
% Osoil dust % 15 Osoil dust
g BNO3 8 B(NH4)2S04
85T 0oc goy
: i s | ooc
£ £ mEC
0 . N N s 0
wi Dt D2 D3 w2 wi D1 b2 D3 w2
wet and dry periods wet and dry periods
K3 HEHLIMHAICETLIHEAXRAFLD K4 BEERMHBIZIEITDHHM/DRF
LD FERE (PM2.s) P DIEZ AR D F IR E

154



NMCCE [ FH RIS A SR SC 4 16 (2009)

20 30
Phimai (2.5 um> d) mo! D3 v =0.4955x + 0.4174 2.5 um>d
18 T Jul. 2007-Jun. 2008 =2 25 | R? = 0.9781
16 :: - D2 y=0.4252x - 0.8154 biomass burning - = 11 Jan.
1 T 20 R? = 0.8179 |
- w2 £
12 5 D1 y=0.229x + 0.5598
E 0 o 15 R® = 0.9821 Y
o _ _ <)
S g} D1 y=28927x - 0.2755 ; . D2
R*= 09167 o 10 | . D3
6 D2 y=24748x+ 1.3074 b . Wi
R'= 09289 w2
AT D3 y=34017x+ 06122 5 f — &7 oD
2r Re=09788 A M 4 fossil fuel combustion |~ #&# (02)
o 0 . . . — #i (D3)
0 2 4 6 8 10 0 10 20 30 40 50 60
EC (ug m3) total aerosols (ug m—3)
K5 #/hFF (PM2.5) B @ EC & M6 MPMNFEOIF7OVILKLESEEL
wn s
0C REDRRKR (EC+0C) ‘R MBI R

TEERRL AT, KRR TIL D2=D1>D3 TH U | A A~ ZARBED AR L 72 JH D 55> D3 O RFH]T
H.D2 & D1 OKESORETH ST, £ T FWICHFEEL, FFICW2 TIED3 LD bEhoie,
INHDOFKIZONWTIEL, R TRELSEZET D,

3.2 FURFREEDNLEY LR DEFH

PIXE Z3#r TRl S & o RiRE LA b L 12, 2EHE(SL, Al Fe, Na, Mg, K, Ca) & &5 (Ti,
Mn, Sr, Zn, Pb, Co, Hg, V, Cr, Ni, Cu, Br) &2 J CEHHE L7z, W &l 5 RO FE R
FEIZ X AE IRIEHHSICh o= (K 7 £ K 8), HLICK 1-H D% &yt Tl Si, Al, Fe 38 XU Na,
CaZp E@mmodz, MEIILHE T, MR E Iz, Ti 28 50%LL ETHOXIZ Mn BN@E > 72, —H .,
Wk T (PM25) HOLETLHETIE, SiOOXI2, Ti & K@<, HRK T & RE< BT,
T HE TIZ(Zn+Pb)IEE D1 & D2 THRIEED 50%LL ELm<, wICTi & Mn &2E< . MEITYH
Ti & Zn D@ -o7z,

6

10um >d> 2.5um
major elements

E . . . . wi D1 D2 D3 w2

o
o

~
~

N

mean concentration (ug m—3)
w

mean concentration (ug m-3)
o - N w

0
wi D1 D2 D3 w2 wet and dry periods
wet and dry periods
0.30
0.15 -

10um >d> 2.5um 0Br @ 2.5um >d oBr
@ minor elements 0Cy 5 025 oCu
o sNi S oni
< ot | mor g 000 o
g ov 4
s +t aH
E :zg g 015 oo

0 o
g P £ oi0 | o
E 005 | 0Zn ] asr
i i i oo | E
= = =/
aTi
0.00 - - - -
0.00 L : : :
Wi D1 D2 D3 w2 wi D1 D2 D3 w2
wet and dry periods wet and dry periods
M7 MEEHZHBTOMRNMFIDLERR M8 MHALLZHITOMNMFHRDELERTR
(L) EMERER (TR) OFYRE (L) EERR (TR) OFYRE

155



NMCCE [ FH RIS A SR SC 4 16 (2009)
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K1 ETADOLIELHFRLELRUCC) DFEHILZERK D EE (ppm) "

Soil Si Al Fe Na Mg K Ca Cl Ti Mn Sr Co ydd
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site 5i02 Al203 Fe203 Ti02 Mn20 Ca0 MgO MNaz0 K20 P205 total ref.
Phimai 91 692 5. 466 1.254 0.49% 0.039 0.08 0.060 0.176 0.083 0.073 99343 3
Khon Kaen 96533 0.727 0.379 0.232 0.032 0.007 0.021 0.017 0.062 0.00 98.009 10
Loess (China) 61.95 13.00 4.60 0.62 0.07* 8.65 2.52 2.15 2.83 0.15 96 .47 1M
ucc 66.0 152 45 0.5 4.2 2.2 3.9 3.4 99.9 9)
*MnO
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5/19 08/18 O 0613 Job ID :\57715 Job Start: Fri Nov 26 06:57 44 UTC 2010
Job 1D 322|77 Start, Tue Nov 16 06,2348 UTC 2010 Source 1 lat: 15,18 lon.: 10257 hgts 2000 3000, 4000 m AGL
Source 11at: 1518 lon 1025 hgts 210, 1000, 2000 m AGL
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A mX By Methd Mud\V Tcal Velocty Meteor \gy 200007 01 Jun 2006 - reanalysts
cteoy gy 00007 ou 2008 - reanalysis
—_
= =]
(1) =& 210, 1000, 2000m (2) & 2000, 3000, 4000m

11 HYSPLIT MODEL IZ& % 2008 &£ 6 A 20 HO & A RMMRAERIER (7 HAIE T)

rICHER LT AT o7, Ti & Zr OFAI KK 10 L, D1 Tk, TiEEXSEETY Zr 1365
HENRho7e, D2 & W2 Tl W#EICIEEF TN EOHBEN RO, —FH, £ 1ITTFT LD
12, EvAOFRBHET T Zr iIHREENTW =0T, D1 #Hio KK 7 2 YLz Zr B &
e o e iEIZ, WOZSThd EHlEND, —2iL, ZOHBICE v AIZR#ELZRKUL, B
TERRAEATRE R YIC LAV, BOICHEEEIRERD 2 WIEHE Tl E» DEE SN DO THY |
ERMICAER SN D P ENESOMESE RN D O LR I3k SR holoZ . 9 —DiF,
M EZ RO TERE A v Ry HEOERE HENREE T, BN FOFEREN L h-o 7272, T
o, £, D3RO Zr IZEEMN K E o728, T, SNAF~ ARBENEB Lo, +
BREOEERFIT, XA ARETELTZBW—< T —AI2X D, RERFISEIN - & HEH
Eh, TOLEEORLZHERSESVICE > T, KKTOREEE G K& oz LIS NI,

—J7. D2 WD Zr 13, E~AIZBELLERKF T, A2 Ry EELEBEPICEKE O HER 773,
FUEN R 720 < TR HEP LW TE 70T, BRB SN LN, 72, o W2 T
I, BERRTREOE N7 B2 & 20 2008 4 6 A 20 H) DO FHRENT SR 2IC L i, B
ANZEE L2 KREBE, S 1km CTHEHEERSCHEERIZED, XAEHCI v ~v—D0 0k I TF
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Ry FLEEEE (Ryr~—¢4 ) ORBEELET U7 O LR & NRE LD, Zr M
STz, LHERSIND,
3.5 AUDLKMISEBBLENAMFTIRABREDNETS

WA o KL, BEXMEESCEEMIE S Y DA F~ 2R BE(biomass burning) & . /31 A
£l(biofue) DIRBE TR ENI2WEDOREL LT, I<HVWLRTWD, —J7, Fe  Ti 72 L. MK
BB LOB/ML & DICERBARITILEETHY, SICAl LEbiz, LB TOREELTHNDS
NTns, A TOFeRELE TIRELIX, K127 T X912 ﬁﬁ%@bfﬁkﬁ%kioﬁm
K& HITHRWIEOMAEN S Y | Bl ﬁ@@%iﬁO%OlTikhkﬂLf%oto—ﬁ]%EK
VLR & U NRL - & B ic, FER 28 L THRWIEDFENSH 0 | Fe B T B 7 > /N 72 - 7=

2N, KBEIMUNRA S>SH KRR THoTz, £ ORIFEROMEE X, KK FTlE Fe & Ti DX
&ﬁthfﬁbf%okﬁ\ﬁ¢ﬁ%f@ﬁkﬁ%@%loﬁf%ok®ﬁ\K@Wﬂ%ﬁ#ﬁﬁ%<

HIZREEEFERTHY . FeldbB bl HERFETH S Z tfszfu\é OXI, BV, THT VT HE

ﬂ%%LéﬂT“tDl%m& %%®$%®%ﬁﬂﬁ@@ﬁ 75 Fe b KEDOBEBREAD L, H
Kb B L ORI & b, B~vAa E/ETIHE, FIZR ChEls n’*’%?a}r L72(% 13), ®ETIETZOH
%\*Et@%&ﬁ%@%k%ﬁ%%@ﬁLT%th%T%@\K@E&%Eﬁikﬁ%ﬂ&ﬂ%ﬁ
EF, BLOEW ThoTo, /o, EvA Tk, WHIATEZRO TAL v ARBEILEZALNT
FAEPFIIRT T H T THHDOT, Fe &L KN, L LIZERUBEAGEZRLEEHESIND,

15
Phimai : daily mean data PR At 28 Amami (A) & Phimai (P): =10>D25(A WD)
Jul. 2007-Jun. 2008 / [ =0. 2.5 um >d daily mean values m2.5>d(A, W1)
u =0.18x + 0.05! =10>d>2.5(P, D1)
[ | m K/Fe y | _ i
(10>d>2.5) R?=0.52 20 FA y=1 ;20_29();5: 3%1 343 w2.5>d(P, D1)
o 10 ’
°|'E’ +Ti/Fe y= 0.10:( - 0.001 ;.;,; 5 | P y=1.258x+ 0.0799
% (1.0>d) R2 =094 Lo R = 09282
= i L 10um>d>2.5um
[= OTi/Fe y=0.093x + 0.001 A
5 (10>d>25) R2=0.98 x 10
b |
05 | ™ ]
A v=03794x+0.112
05 R*=0.9817
L . .. N Py =0.3133x + 0.036
LI + =
00 [ ‘ 00 ‘ ‘ ‘ R =09542
0.0 05 1.0 15 0.0 05 1.0 15 20 25
Fe (ug m-3) Fe (ug m-3)
2y W ©
B 12 HKKL T UM FIC3B1F 5 Fe & K XY 13 #3£(2003 FFEHILEESR, W) & B~ A
Ti i & D BIFR(2007 4F 7 H ~2008 46 H) (D1 #WDICEIT D Fe & KIRE & OB%
05 15
p1 v =03166x + 0.0362 o Phimai
Phi =
R*=0.9832 10I:1"r:|>d>2 5um b1y 2;7P€X9;507'0261 1.0 um>d (One very high K data in D2 was excluded)
04 | D2 y=01767x+00105 ’ o : .
b3 o ;*71 2137745 D2 y = 1.8788x + 0.0286
v =0.1417x + 00458 10 Re = 0.4387
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T 3
5 02 £
2 205
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W2y =0.3834x + 0.0675
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0.0 L L 00 7' , , . .
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DEIL YA TOFe & KEDEYFEMMOME ZHM T L 1C5E L <D & KBTI . D1>>D2
>D3 TH V(X 14), D1 &£ D2-D3 TR ORARNRAL L Z LR INT-, DX, KT 7 HEHH
LEEINTEZT7r Y L ThDOIZx LT, KIREDKWD2 & D3 FEHIX, Zr DEB)TELE L= LD
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Chemical characterization of atmospheric aerosols at Phimai, Thailand
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Abstract

An intensive field program was performed to measure atmospheric aerosols at the Observatory for
Atmospheric Research, in Phimai, Thailand during July 2007-June 2008. According to a backward
trajectory analysis, the surface wind pattern in the dry season was northeasterly from middle October 2007
to middle March 2008, and then shifted southerly from middle March to early May. For the other period,
southwesterly monsoon was prevailed in the wet season. A relationship between elemental carbon (EC) and
non sea-salt sulfate (nss-SO4%) in fine particles revealed that the polluted air masses rich in (NH4),SO.
emitted from east Asia was transported to Phimai, while in the latter period of dry season, aerosols rich in
EC emitted from biomass burning in Indochina were dominant. These source-receptor relationships which
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were analyzed in the previous report were supported by the detailed analysis using Pb and Zn in fine
particles in the dry season. For soil dust, Zr in coarse particles was a good indicator of soil dust in
atmospheric aerosols in the latter dry season, because it could be re-suspended into the atmosphere from
surface soils in Indochina after the surface soil became dry. Furthermore, the relationship between K and
Fe in fine and coarse particles strongly suggests that the soil dust could be also released into the
atmosphere by the strong thermal plume generated by biomass burning in the latter dry season.
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