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TR A S BRI AR N BB B E 2L 3R . R BRI IRR ] A 2 3 R b 3R RS I s n, - 24k %)
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A+ JE A TR R 2 B S ik R R BRI

BB RAEH MR ER RS 2 P BRI RE TG

(BIRE ", fiRF Bk, HRY ', ELEE", AT, BFEG)
1 Bl A BIE R TR, S8, 30010;
2 T IR b (RAEZE IR B b /T, 505, 32024

B OE AW —EEEE AR (Dichotomous sampler, Dichot, Model SA241, Andersen Inc.,
Georgia, USA) Jr—#l B AthzET (beta attenuation monitor, BAM, Model 1020, Met One Instruments
Inc., Washington, USA){E & A6 MHTH R AT 3 25 4 B I T AT KR P o B0 B0 P82 1) L S BR
Bho PRARAS SRR, FARSHEBE KT FHIE ) PM.. s Y5 5 B (PM..5.0) 0 J 85 B S TG SR 2 i i
JEIP) PMa.s YR (PMos) i HE 29. 78 & 28.42 %. ASHHFFT 573 71 LA RN 70 J31) T30 B 3% B A 40 % S8R R U
ACHY Dichots FEATHH NS RIMEATIRELIL S, &5 RBURATE PrifllfSH) PMas Y65 (PMa s 00) 15 HI AR
(PMas,0r) Y 24. 3 % bR 25 AN SR AR50 s S AT RIS PMe. s, 6 FH PMa. sp Z T YRR ZEAH I PMo. s, o0 11 PMa. s, 00
FRA B 3 Ml BRI BRI, PMasoe R PMo s, or 1y HH A48 SRR IAIE 1 U5 55 R A 28 - ] ) R U B2 222 S A
i, Higegash 2 a7 b SCCURRRAR SRR 2 2. i R B lmad 2R wT %0, BAM A Dichot Z il
(RIER AR iR 22 B B BAM A FH - SRS A U8 AR P PR 1k SR B T s j, - JHG v S DL — 28 A B A R R 25
TR PR SRS A S 53 AMI S T SRR T RS 8 7K & DA S BAM A Dichot RSRERIEAE ik A
PSR ER S I R, A BRI B PMa.s, s R PM. s 2 FET ERAR B 22 310 S B (1) o 2

BT AUt SEEEMREES, PMLIREGRZE, JORMAMEIEAR.

1. ®f

(|3

IR IE A% S5 (dichotomous sampler, Dichot) & B AthEt (Beta attenuation mass monitor,
BAM) 7 £ ¥ 4 FH AR I BR 85 mh ) K SRR, B B (PM..s) o Dichot 52 PMio FRM FEJERELAR, 7%
e IR A P AR PR IRAE 24 /N HIGIORIARAS 1 B P 270 A R S R AR B B GRS PML. s B P 25302
o TG SUERA AT (AR B A SR RS o T, BEAHBH Y PM.s SRUSHERG BT 5T BEAh, BR T PMLsBRAZAh,
Dichot 4] [F]IRfER AR AHGICKE (PMuoo.5) KR AS, TR A% fs 2 1E 65 V8 88 4 FH 2R HOR S UOKE (particulate
matter, PM)HJAHRAWTT (Tsai and Perng, 1998; Chen et al. 2010; Zhu et al. 2010; Liu et al.
2011; Gugamsetty et al. 2012). BAM & —#BAJER/INRAR ML PM. s PS80 B2 B4 H B B U4S, "%t
i A 6 1 it o B FH AR A% KSR PML s DR P o BAML = 52 ) Y R A S 40 1) o A S 3 A 4 A
TUCKE 2 8 AR A% S TRk 1Y) S B AR AR PM.s TR R B EE,  RL AR A o P AN ok iC B B Bt 2 TR R B 7T E
PL R ARE R (Jaklevic et al. 1981):

I =1,
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@)

Hodr 1 R L5 ) Ao FE TR AT R I At 5158 5 (counts/s), w24 E EMRISIREL x FIl 2538 AR Lok i)
YRR (kg/m)

8 LA 2 ORI BUR F BRI PM R FERT BAM R RIASRAHERENELE, B
Bb 22 RAE SR M IREE T g E A . LA R FHE IR BNRE (relative humidity, RH)
K 85 %, Wedding ELAh&H (USEPA FEM, EQPM-0391-081) Tl #5 (¥ PMuo Y8 FE r DA SOk WK i 2
& BCERNE S A TR E P FEIEREL 2% (Sierra—Andersen Model SA1200) Fr&3HIA045 5 (Chang et al.
2001; Tsai et al., 2006). Chang and Tsai (2003) FEiE—HE . T —ER 2R L RH H PMy
WABFHAMA SRS, &5 RBURE RH S77% 85 %IRF, WORLH BT PR 7K 73 M60E 58 A4, HETTiE il A
AT 7S = PMuo TEDERERAS HU RS R . A EF 22 AHBA DT 70 BR BAM (9 PMio B PM:. s M
T B AE RE M ERERE 2 Z 5 (Arends et al., 2000; Hauck et al., 2004; Huang and Tai, 2008;
Salminen and Karlsson, 2003; Shin et al. 2011; Takahashi et al., 2008; Watanabe et al.,
2000) » AfAVRITERE, B MetOne ATIFEILPTAEZE 1) BAM (Model 1020, Met One Instruments Inc.,
Washington, USA, f24ELL” BAM-10207 FRix) bhnss— % ZAYN2A4s (smart heater), #FiEAN{#
ax NHR T BR A FE 22 35 %BERTEAR,  DLFRARGIONE 2 7K 5 3 B il 4% SR s 1IE 7] 48 (positive
artifact) .

Gobeli et al. (2008) ¥ B A & ff) BAM-1020 B {347 {1 smart heater, HMEAIHL)
Al T EIERELAE IR AT 10-15 %HIIE I . &R DO AT B8 S5 K A5 BAM-1020 BT {3 FH 8 AR 2 SO S Afk
TEAR, PR IEARTE SR L G U HNOs J2 SO, 55 B SRR T % A NOy B2 SO UKL T 18 A A 1f) T 2
(Coutant, 1977; Liberti et al. 1978; Appel et al. 1984; Lipfert, 1994; Hsu et al. 2007),
SR — AT B ERER 2 T A Y ) B8 RUHE DB AR R AN 2 W P I8 L5 . FRT L MetOne B3 — 0 MR A (9
BAM-1020 fHfZ fIME 1, HERIRZAZ 102 5 9 0 P A PML s IRPE Y 46 5% B3R BAM-1020 AT B4R
Plas Z IR Z2 SERRAIG, TRz ds i 2008 43— D R4 S BUBI IS5 LT ¥ (federal equivalent
method, FEM) 5278 (EQPM-0308-170). HEHTRRA ) BAM-1020 FH2A VSCC Jie il#% FRM T B ER Ak 2 (BGI
Model PQ-200) (B35 Lh 145 AR A J5 B EPA [ LB HE, L4 R AVARMERPRA R 0.94 &
1.02, #EERIAA-0.96 % 0.56 (Gobeli et al., 2008). #AifiiH (Gobeli et al., 2008) 7 )
1 ZEfE 4 5] F B EE LB RAATERIR AR 0.94 £ 1,02, WiEZ MIASERZER, EEAH
PRAR I, (TR SR BE I AN [) 3 T 25 350 AS [ 10 1 o) 4 T 3L

H il 62 %W E Bll%G (Taiwan air monitoring stations, TAMS) 3L 74 #iALLE
FEM 275 ) BAM b — 2 J 5 LA 2B 78 1) BAM-1020 1T 57— 2= 25 VEREWA 2 ] 42 7 ) BAM (Mode 1 F701,
VEREWA, Germany, 1Z#HLL” VEREWA-F701” 37R). fE TAMS H T4 ) BAM-1020 & 2005 4 FTHEA
AR FEM #2058 < B BEAE,  DRLE HORIME o TR T B ERER 2% 1 R4S A Z 5.
B 7 BRI T A, WERTERRAS b ROTORLTA BRECIE S Hh )48 95 5t ] BEIE AL BAM AN

Dichot EIAERIERZE . FHEEVEY)E 40 NILCL [ NHNO, A B Rl BRAS I R rh F 455 ik JAR 3 ded g A AR
HHSEmE FE S B Wang and John 1988; Zhang and McMurry, 1987, 1992; Cheng and Tsai,



- J A [ ORI WS R IR P R IR BRI &

1997) o Hi> BAM BT Bl ERAR &% 75 A A IR AR B S0 I8 Tl i L AN [, A1 bt T R ae ol AN ) 2 F e
.

AHTFTLL Dichot AT BAM Jf G 18 = {8 2 it 3 X AT 3355 bH 3R AR W 38 2 ] il 2R 1K)
ZS, WARG G ZE R Z . RE SR T B A RS KR . BREGE AL A S
LRI HR R B D S 3 A A 2K DR R R T A S e 28 A2 B IE 1) 4

2. BEE

ARWFFUA 2011 45 5 A& 2012 4F 12 A 2 G0 =2 Wi 4T 5REL, wlE 1 s, 250
AAEriE (25° 027 N, 121° 25" E). Hili(25° 03° N, 121° 31" E) KATHMIEG (24° 44° N, 121°
05" ). iZ BRI W AEIE = (RHIEA8JLIREE T 108 4H 24-h () Dichot BfA LA K BAM ft 1845 B Il 5% Gir
HE: 34y Hhili: 36; TR 36) o SBAE AT SRS B A A K AR ET A BAM-1020 177 H o st I 2 A
VEREWA-F701. %% 53Rk P9 T 22 45 1) BAM J2: F1 5 18 EPA £ B4, AT 78 &0 R 5] (3R H s —
£ Dichot B & S EMISGEATERER. BAM-1020 WA 2245 — &R ERUNMAZE Model BX-827, Met One
Instruments Inc., Washington, USA), FI¥HREREIMAM RH BLE 35 %HEEF5. B EZR s,
ARG, PRERREIRA RE AR IERE 1 35 %, ILhnsAes & Bada N, BRI RH %
iK% 35 %LA N 291k VEREWA-F701 FIR 3G SR mT St S oA VA2 8 R PR A i B8 SR 28 2 I A P
A R AR R E R R &y 16.7 L/min, fESRELAT WY& LUK AL (Gilibrator—2 system,
Sensidyne, USA) i &N LA 1E. BAMs Jir i FH P 1 A 25 3 3 AR R AR AT (BAM-1020: Code 400-80021,
Hario sci.; VEREWA-F701: BF703GF45, VEREWA) ifi Dichot Fir i FiI () i 4% 4 85 S BE IS 4K (Teflo
R2PLO37, Pall Corp., New York, USA). Dichot HIFRERIREH 15K N1 4 BRI 200K FT 4 B,
BAMs FAIEE/INRy [ B BRSO B 6 78 EPA 3241, AT FTEL Dichot SRERHIAI NI 24 2 BAM (455N ks BR
BMEACESS, DMEA R Dichot BB HT L%

Xy 1 BAM JT s F 2 BBt VB AR mT A R PR ST 28 A 2 IE IR AR E AR BAL,  ARHH TR
2013 £ 1 H&E 3 H, RAEERSEREKE NN Dichot #AT 24 /NRFIINEHIERER. Hodh—H6
Dichot JCE P4 SRAR T F (1 38 U SE AR, 110 59— Dichot RICE Fi BAM-1020 Fifd F 2 AR HT Bt
BN BRI R AR, SRR N ILEREE T 17 S L BUE.

BT TR ARER AR TE SRR AT AR S & OB (R IR BT IR B /IR HITER) 40 £ 2 %) 21 = 1 CH
HZE NI 24 /D, FUUE R Model CP2P-F, Sartorius, Germany)E{TFEE . & HEEIRAE
TP EE 2 B 18 S #EAMd 5% 550 KU (Model CSD-0911, MELSEI, Japan) [RUEAK FEFE, [HfFE
R RTRE . FHEAREDGET ILRFTE, KHERIEHIE 2 e, FFESTME, BUBETET
BAMTEEA FfF L C17L NOs . SO+ NH'w Na'v K Mg™ % Ca™ 2% SRR TR 20 -
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Jhongshan
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3. MEFRBEEHR
2 (a)—(c) R AAEFE . Aol B A7 SIS BAM (PMa.s,5) F1 Dichot ( PMasb) 9 PM. s S-JHIAY
FECBHEL mE e A A AT A, PMes o A1 PMes o (ARPERIR RAF, RIR 0504 1.31 & 1. 25
(BifE2 0.0 we/m’), MBERE(R) 53514 0.86 & 0.93. H PMoss BI76 F R PMeso FITEN, 7EHTHE
RATHIE s 29.8 £ 20.2 K 28.4 & 19.0 %. SRTGLEF LGS, PMes o AT PMa s 0 2 [ FRIAR
PERMRBUR (F = 0.50), HWEMMZERE A (58. 4 £ 37.4 %) . 12 B a] GEAR DN 28 A 5] B
R, AR RE ST BT ) 45 BAM=1020, Al FIl A% A VEREWA-F701.
A A i R B VAIER 22 1Y) 3 DRV B SORE B /K By SR SR P 9 % LA 5 SR A A VR A R B P R ok
() 1E 1) TP AE DA R AT 5 5. A A VEREWA-F701 A5 K845 FEM #2355, H. A1 Dichot 2 [
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(©)

2 PMes,n AT PMes,o £E (2) 35 (BRAEL: 34) o (b) fpill (BRASEL: 38) B (o) TRt (BRARL: 36) 1)
FLBIAER

3.1 RBSKENHE

16 J BV T 7 4 o BRI R I v e, BAM T VRIMEL < (R SR TRORE I A WAL K 4 i 52 2815 288
(Pilinis et al., 1989; Lee et al., 2001; Chang et al., 2001; Khlystov et al., 2005). %
T B2 N ER, AW AIH ISORROPTA 1T (Fountoukis et al., 2007) (Wi, ug/m’) K E-AIM
B (Wexler and clegg, 2002) (Hw, wg/m’)FHE PMos, PIIGRORIS/KE (B, ng/m) . WEEZF
S EAEDE S, EIEREE RH KA 50 %, KA EMY) (vater-soluble organic
carbon, WSOC) &2 . SRTMIRHR 7 6 K& RH 345774 60 % (WnfE 3 Brows) , PRUbASHE FifE
% 8 BRI ERR

P I I R B

[} Wiso/ PM;sp
Fitted curve for Wiso/ PM,5p
O WAIM/ PMZ 5D

----- Fitted curve for Wam/ PMysp

T
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Relative humidity (%)

3 DA B AT S 2 BRAR B P B0 HE 2 Bk 25 7K AT R[] 22 B4R

3 % WER PMe.s,0 Z LA RE A 7 H [ T HH 26T DA (B ERAK H 19 RH AR =177 60 % H. #/PMz.50
EHRME R, B OERR A EPE. SRS 7/PMes o BTHEE RH RIS 00 M0 5245 SO I e
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B, B RH M7 80-85 %, XML& 0.5, HAEZLERAH N, AWF76 A S BAM NN
B ERVEE AR 2 SRR I RE SRS, DR R Al SR 2 /D TR B K B 25, DA Fe e B R A
SEHUARE W EIENIN PMe. s, o AT PMas, o 1 L3 [ 4 (2) B2 (b) 737 % PMo.s, o 11 PMe.s,0 + Wiso B2 PMe.s o + Hin
T HE R r L ) LS A SR, B AMBIIN PMas,s A1 PM..s o f L3P SO . A5 SRBEUR, PMas s 7
TSI P Y PMos 0T 28.96 & 19.46 %, H A% 0.90. 48 Msomk BN PMesy» 2 9%, BESR
BAM-1020 # Dichot Z MRIEMIZER G/ RIEMKE 7.0 + 22.6 5 8.3 + 26.5 %, (HFEARIFH
A RIS R T, F&H 0.90 2 BIFRKE 0.62 5% 0. 56, &SRR FE S /KE AR 2 PM.s B
PMa s Z [HI ZE BRI FEER 2, 75 S 1 FLAh mT RE A R 3R A — 2B MR 5. I\ /4%, BAM Al Dichot Z fHi
R ZE MR 5

100 P P T TR T 100 L1
[0 PMysgvs PMosp+ Wiso [0 PMgysgvs PMysp+ Wam
. _ y=086x I T1_ . _ y=085x
— 2 =
80 - R2= 0,62 L g R?= 0.56 |
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@) (b)

4 A RAT RN 2 PMas s A0 (@) PMasy + Miso & (b) PMasy + M Z FEIFIREMR

3.2 EGRIERNRE
PR S ) AR R B S AL S TA BRARIG FE R 5 A FEE B OIS A . 2 T R Bk IR 2R
PM2.5,B B PM2.5,D 2 [MZEME, AW FH Zhang and McMurry (1991) fffes =2k 4 55

BAM-1020 J% Dichot Wi $RERIEAE H MEBEEDRNRIE R . M B I RERCR (1) WE £ 4

n. =
1+g{”°+(m —"°)/6}pe/cm
Pe

e

(2

Horb oo RREETEROR I FEBRBE L IRARIREE s o RORSCTHDIRIE T IR, SR 6 1 A&
KRB e, 3ERF/AP ) (PrAPFIAP /) Bo P RSRARSEIE D 3 0 SR Jy 1T A P R 258 i
AR G AR IEAR B 2 ok Y 1 SRR EIOSR B, REA VR SR AE AT 260 Liu et al.



A+ JE A TR R 2 B S ik R R BRI

(2013) o 3 1 2B R AT HOHIBE FEPRER AR AR A E R 20 47 Hh ) SRR B IR P . BHRZR TR NH
NO; 45 E B FEIE Aoy, IR AT 70 (% 61 ST i R 8% (A FE S5 VE 45T

[ 5 %A R $% (1 7F BAM D $8 S5 5 5 (EMs) fihi PM..s, 5 (1) LA RIS R S5 1K1 7E Dichot PN FE SR 5 (EMy)
A PMe. 5,0 F8) EG A8 22 T ) B AR Bl 265 SR P H KT 20 O MR 2 B0 BAM-1020 [N 48§ &K Dichot 22,
i RIS 2 R & BAM-1020 P R BRI R FIT 8. SR T EMs 2 EM SRR, W& 43374 0. 06 &2
1.04 2 0.001 & 1.06 ug/m’, “FIHIMESFIE PMos s 1.16 %5 PMos o ) 0. 34 %. Mh&SE R BEERIE
91 ) FEH S S P, B PM,. 5, 22 ] (1) 22 B30 K K 2 S22

3 1 1 1 1 1
25 -
—~ 24 L
o\o L]
~ L]
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S 15, & L
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© o
> ALY
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054 & -
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0 05 1 15 2 25 3
EMp/PM, 5 » (%)

& 5 75 HHE AT BRI 2 EMy A PMa. s 22 FEAGIFT EMs A PMas. s 2 EEAG (T EL 3] (EMy B2 EMs 43 B 25 PMas.o
B PMa. s, AR 55 HH 2 RM TR B VR ) o

3.3 BIRBAMEIBARIR IR R B &

@ 6 A BHFEIEANZ Dichot AT 2 PM s RS (PMosor, 8EM: 5.2 - 68.0 ng/m’)BAAEHH;
BAMAEIEARZ Dichot FITHITS PMo YR (PMosoe » BHRE: 6.7 - 83.3 ng/m) FILLBIAEIR, BHIER
BEISARARE R ARER A IR 35 AR ER  th R AR 2 vp . R 2 WA, BRESARAEIRAR L 2 HRER
(179 B P 5{H (average ioner) 2% 3. 15+ 2.88 wg/m', REAMMEAR thmt 5o Fs AR A SRl HE B AR
AT B AR TR B 2 BTTAT o PMos e VR BEVR S BB AHAR IR AR | 2 IREE B B TR (PMas oo -
ioner) Bt R IRZER 6 e, A5 EREEIR PMos,or M1 PM..s 00 25 (] SEAH 3 BLEF IOARVERRAZR, A1
Fy 117 (2 0.0 ng/m), F7%0.99. PMosocld PMosorfmiit 21.2 &+ 9.8 %, BhEfli mBSRAE
T S Lty PMa. s, 2 PMa. 5,0 Z [ ) 22 SRABATS SR+ 0 AHIE, A% 5 70 1 2929, 8 £ 20.2 ¢ 28.4 =+
19.0 %o FIHMERABBIRHE PM. s, o 5025 BIRAAETEAR b 2 PR A2 2 A8l IR FEAR I B SR E (PMas, o —
iong 1) Al PMa s or A, & T AT 48 22 BRAIA 3. 8 %o AR 2 ] ¥ 2 Bl 176 B R Ak B A
HR 2 IR B R A B R TE AR, P AR M4 7.16 £ 0.96 K& 0.07 £ 0.05 wg/m’
Waston et al. (2012) 0 EEFFF22 TC RV EELE BAM 056 ) B B30I AR R AR Hh th G S0, e 28 A O 15
o FEPIEAIEACZ RER BB TARLL CL . NOs M2 SO =FEERIESE T4, £ ZHREDIR B
TR = F AFIAIAG 70. 16 %.

333



11st National Aerosol Conference and 10™ Cross-strait Workshop for Aerosol Science and Technology

| L | L | L |
* PM;5p6V.S. PMzspr .’
80— _____ y = 1.15x //' _' -
R2=0.99 Ry
, ;
P
/
— 60— ~
£
o
3
2 4
= 40 o -

p= 0%
o L,

20— ° PM;5p6 - i0Ng.1 [~

7 V.S, PMgspr
_ y=102x
R2=1.00
0 T T T T T T T T
0 20 40 60 80
PM, 57 (ng/m?)
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HY b & R AT HERR 6 ROPE BT AT SRS AR FEM 32582 BAM-1020 A HH B 1 PMe. s I 1) 2 22
PRI 2K %% BAM—1020 JIr 5 FH 14D 35 368 46 A 0 A 1 VB o A2 e 1D 3 A 1) 44

4. fhim

A FAE = A FH A FEM 32582 BAM 1725 SIS SR AR A SRR, PMas o 38 1172 PMsoe
LEAH ] VEREWA-F701 ffyobviLififssh, BAM UHZ Dichot MUEJIAHE &L T 58.4 + 37.4 %. fEHH
BAM-1020 FU# it A 7T silns, BAM & fli B BAIK, 7374 29.8 £ 20.2 and 28.4 £ 19.0 %, A&
TFF 58 A3 — AR AT 5 R AN [ D] 2 S el 22 SRR, AR TR & /K & A e 3 8 DA R e g
0 0 U AT B o T 1 SR 2 T 1) T =R R 2R

W T8 BN, BAM-1020 FIT {8 FH 2 5 3 A8 A0 i A O P IR M SR B RSP I 1) T 88 (il 22
21.2 9.8 %) A4I&E il PMa 5.0 A2 PMa 50 2 [H] 22 SE 1) £ R R AHER 7 Dichot ASH FiAili 55 H 7E BAM-1020
AL I A AR S R, (U SIS PMos s 19 1. 16 % AIATICRLE7KE R PMoso 1%,
Dichot M1 BAM 2 [HIF{SF-HRME 2 S ar i T5 i 28,96 %[4Z 7.0-8.3 %, 1H £ &1 0.90 &%
0.62-0. 56, L&l FRFURFCh & /K B EVLARE BAM-1020 F1 Dichot Z MRIEMIZR ., thah, B
BAM-1020 3 i $1 % 55 525 20 hn A28 428 4% B A FEEAT B, — S mT R R 2% I A I i2 R B 22 6 S 1tk
PR A 1) R AR A AR At — 2D ARG

A2 5 V2 it YRl BT A9 P PR s R 2 S 2% U FEM GRS AHRH BLRIAS, T 2008 R4 42 &
Z BAM-1020, 5P U A B B &) &R &% 00 8 T Jo 1 72 I & R P (Model 1405-DF, Thermo,
designation number: EQPM-0609-182) . H4EFRIE MOk B iHI%S (Model 50401, Thermo, designation
number: EQPM-0609-183) DA A H Aih f0fi & Il R %t Model 602, Teledyne, designation number:
EQPM-0912-204) Z545d%. TRMIHR G Lema2, B B)EIME A T BhERERAE SR M 1 2 B g/ e ILAh,
H1 7 O FEM 5238 2 BAM-1020 175981 I B IR AR A IR AR 5 VE 2 HLER AR B AR, 76 GV S MMM SR R
B IEREE N, S AR BT REIR T8 FRM SRR S & A Sr 22 1, Rt ASHF 70 th g vl
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BAM=1020 i {af FH F) 35 55 2680 A 908 A0 B 450 5 8 TS0 S F) 350 A G A0 AR 2 o EL At A 5 B PR TR S
AP BB AR, AR S AR R IR P 1 SRR TS S A 1) 1 1 17D 3 1, BAM—1020 JHUMEL v fil T 4
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o5 SN REE Yk 3 S N Rl AT

(B, ZAAF', BaEpk’)
1 BT FH S FRE BT, 361102;
2 FREL LTI 055, #EM, 350003

B E. AWM 2007 5 QS ERIERM E, SEGHES D TN EBEHE TS ER, L
2009 FNEAEF, M TAREZL. & RATEEZ DT AR EE K544 S0.. NO PMas. VOC, Al
NHs 75 A )RS5 G HEBCR AT (G 5, 57 TR RIS s 5. iR R, 15tk
JRCEE R PR DX AR P VR DX, g LSRN, TR A 5 2 v e A = B VOC HE
R R, TAHEBOE S0. M EZSYLE, (5 SO HEBUE &N 63. 6%, L) HEBUZ NO, AT PMys (1) 322
RO, MLBhZE 2 NO s E V5 4R, (GHEBCR R 34. 11%, HLBhZEi5 Qg R E M.
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1 50 - BB BOE R R IE KK B LIRFE I 434
(ZEEH Z)
(=B FZ LI LERIMER R 200, B, 650091)

B OE. AR T E 1960-2009 4E KR H T EI KIS B RUKFRE WL BRE, 78 O R fE L
IR TVE R -, DL 2001-2009 4F PR BURL MISR level3d & H ARG R b, F)
2 JeARZR M IR E 7 VET IE T RIE T R ISE, XM TITESHE SR T RARESR. 5,
FHITIE RS HURIE T 1960-2009 4FH [E X E H IR EE, b 7 R ESIE IR 6 5
B2 A S ZETREIE . 45 2001-2009 4R [T IE 280U I RO 7 27525 7] 73 A 5 I I %
JEEAA 0 R/ b B8 Iz MISR MIIAE,  [FIRT BE A 35 4 14 Jse e s 27 JE P PRI O St B i 7 %
SEIRART R ZEIILE 200 LA o HH L X A RO 2 SR BRI 50 AF S AR g s, o 1960-1978 4F
HEINARAL 1978-1999 4EHR, 11 2000-2007 FEIGINZEE LR, 2008 4F J5 K KOG JE BT N % . i 50
ERBREEOCE R R, S E HBLAE 2003 4, SEFIMEN 0. 32-0. 34, FKZEIRYZ, &RIK
R4 BRPIEIRIRICSE B ARLL, RAE X HIED ) B, KT R P i
X DA K iR i, EREKMEX I . £ REXHITER 7. 2000 4 57 KIR T SE I 2 5
R PR/ NI TR, 2000 4F S5 AR o

REgE REILEE, IR, JeEEE, RIH
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FI AR R B BRIl KSR e FLBE B PM2. 5 Z BRR
(A BOSE EXH THiE')
1 YR ZIR G T 70, 275
2 BRI B E PR I i B 0 =75

W OB AUTFUEILRE R EGEAR R R RN RRRI R T, IR AE RRIZSORE PM2. 5. RE L FEBR
KEFBIREZ BIR . 20 A R AR R ) b 47 T8 PM2. 5 $/Ek. FREUEE R R sy
QIGEEWE, AR T8 PM2. 5 PRERBCE BRI B ORZ G PM2. 5 WUEIEAT IR 70 b, BT S BOR 9235,
SERIF- 0K PM2. 5 BLRR LA B R BAMR, B RIRARE BRI EAH R, BN A SR e PR R R
R FE 2SI, SRR AR SR EAE R F] s MRS R < R L RE B S Ut R T 2 A IR, B
/NAE LR PM2. 5 S0 GAH B IES, BN e L RO R R PM2. 5 AERAISH ;s T EhERAR B G £
R R BAR, Foad R b % B ok e B2, #002% B At (B R T BRI 2
PSR AR, PM2.5, SUlgR
1 FHEMER
L1 BIRER
BT DORE 3 BR BT A0 T 8 S NS R ) RN AL B 2 A Y, FREBERORZZ R 101 4R A8 1R 2 5 it B B
e, SEET PMo s NN EARYE, WOARIBE] N R B FUAE R, DMBRE B AE R E, i P 24
INFRHERT 4 35 ng/m's FETPHMERTA 156 we/m', FEAEMERSE, H—8, ZABEEMCHNBZEHR
EUE T R A . WIS RTTA 109 4R A BIAN RV ORI AE- P 156 wg/m’ M EEE, [RIREHHK
SERIEISS SR, IZ ke R PM s A S R YE IR R WHO $2 2 A S it YE R
RAAEFLE (atmospheric visibility) (RFRNBEE T 2 km T Hi T X5 i B 45637 VA0 A2 B2 (i 5 ek i
BE, WSl PR s IR N, JCHAER T B R, fe WL RER T R
KA, BEREISEREE, HEMEHMSETRE T, AR E2 BB ARE,
FURH, KRERE R — (8 H 2 BERRIRHCESE AR, 2RI, [R5 %, nicro-climate, 15
GV BRI R 2 (1-6], BESMR Z W OO SRR RLEEZI NI4T BEITH H,  HAC SR vk Bl A
TG A BB, AU W A R R, W R e SR T RIS S B D) S
MEPREEEIE AR (7], R A0 T el 15 BV IRy (i By 5 20 A, R BB AT & v RUBEIE N A [ 3 588 (N
BE RAR) B SRR N B D e, )RR TR R A B2 B AR R, TR IR R LT R R
.
H 1980 “EARLUR B 7N BRUGH H 5245 B2 3 (image processing) FARTHF 0 K5 RE R T,
IMPROVE (interagency monitoring of protected visual environments)$2H il 4% fe BB
WI7i%: NIRERAERE (visual range) BOGIHAL (1ight extinction) WJBHE R, ATHEMER IR
A% (environmental images) B\ K4 BE R [8], $2H PVAQ (perceived visual air quality)

o, R ETRAR DS R R, (HAZ PR A A N B A e DA A T H 2 SR
RE7T, A ST GRS PRI B e BN A I CAE R, DS BE FLEE R AR (digital
visibility index) A7 HBIFEAR AT 2R T
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Wi sA% (digital image) JeAERe S FHIRThRE, STHIRRABERERM B BRAMN T LAER R, Wi
ITEEBA AR A5, AR LT A R S R WU AR BT IE 2 R A
e BLRR, ARG TUEGE S, ORI BRI AR (ISR EERAE BUERD  MASHERR . B
BB L) R I RRIGSAR AT BT (B RS0, RS, sl 2Ry EYRE, B2t
B BRRHEG. 0 IRR. L3Eaknt A 5 ) (9], FIHIREE B AR B St s g (uRs 22
52010, 111, fK7H IMPROVE S (8], w2 T HALAERLLE dV (deci-view) FRfE, WHILVE &F 2
BURR A RBORT S B3 B = HE A8 =i AT 7072 (high frequency filters) B85 258 70 M FE /7,
TR BAE B R, R R T SR LR T DA FE AR AL (12, 131, 31 BN HR AR B s
Pedt, REAE SRR (online) Ak B Bh Bl (1) S0 R B4 AR R S8 A, AR AR LR 52 3 & BRBE IR R
CHYEAEEEEE. W RmRAE) |, HEAI AR5 (brightness) FKITHIREIR, @30 KRIBEIAZEA
JERLE 2 R B, B A2 2 th B s T R B R 7T [14]; B35 B 2 1%B 1k (image degradation)
T R&GHREEN (remote sensing), EREREAFAITIEN AT RE M HEY, E20E
FHZE MRS B ARG AT 5, AT B LR B (151, ASHIFFE 5 b i B S T DA B 00 12 L1 I S A A A
o, JEAREUNT B G R B IR 2% (S ER B A B R R TR
1.2 BFSTH B

5T EF T H -
A ACESERE i CGRAEREED) FitT, I bR, B /B, A e s, BT
FEBRBEAR M T AR BLR Sk et MR KSR A AL 1) B BB SF 3
St AE LR B SR R R R AR B AT T B AR TR TORE PM..s BRAR,  IEEDARFAL PMe. s B i 5 FE B AR
ARTRIEZ R

e B PR P 3 IR (B PML s L, B DLEE ST RE LR . SRR A BRI, PM.. o Y2 B1Z
A AR B VR T B T 4344 9 2 SR,
2 BRI

2. 1 BIAAR B AR R BRI

PREZRAAZ B B B UG o AT AR J A8 5 A AR B AR £ 22 1 TR Z B4k CCD (Charged
Coupled Devices, &yt aryollt, Ay EHGROAITIE, ERBGLEIN, AEE S
TR VBOCIERD  SCr g, GRS AR AR LA/ e g s (T BRENFE D .

WA o] L& — (L BT, A EGURGHIE . FEP AR5, ER R SURBOCH R
Wi, PUREIERD B HARAESE SSRGS A RIS, SO RG2S ETR a8 £8P [
B, BT E A E RS R E R R R AR I fR Y, ARG ORI BB EIR, PRiER
Bl (8 AR A [ AR, AR T DO R SN R, A — (R R IR
(environmental image monitoring, EMI) &&%.

Hene LB RSO RN LPV-3 RisCAe BRI R %8 (Air Resource Specialists Inc.,
USA), EATEM. ARG ERBIIRORE B RE L B AR, RN 2 B REEREENAIGE
VLEE 2 Mg, TEFA 20 km BREE N 2 B8 L &

2.2 FEK PMesFRER
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AEHEERF Model 300 27172 P AIRR KL% (UAS™) VE 2 PM..» 2 FRAEZS, BREVELL 300 Lpm
HENERARAR, &8 o R E R A IS B RORE 20 28, BITERAE MRS 2. 57 10w 3 [ 2 Aok, mTidi
f£2.5” X6.57 ZyEAL L, TM/NR 2. 5pm 2 5ok, RIWLEELE 87 X107 Z At b, 2 EAR
5 PALL  TISSUQUARTZ2500QAT-UP £ JEyE4R. [ 1 A Model 310 UAS™ 2 /Rl .

Sample Air

PM10 Virtual Impactor
PM2.5 (PM1.0)
Virtual Impactor

Collection Filters

PUF Sampler Orifices

Major Flow Control Valve Minor Flow

Sample Blower O

IModel 310 UAS™ > /7@l

2. 3 FRAHL B

A FE 2 FRAR S L #], EERIF Model 300 RFITZ FHBIFRAAS (UAS™) 1E 2 JB Tkl 2 SR A2% g
SUEEBUAIRZ PR LPV-3 RIFEAE L B R4 (Air Resource Specialists Inc., USA )iEATH
M, TARHUE A DY A 2R EATERER, VOREHLIE RIA JUA = A EATERER, RRRERERZ B IR B S
Xy 24 /NIRFEAE IUERER, LPV-3 REEIRE A BRI RG24y 24 /DIRFIEGE H BB, A R E R R B
RAUE, WORGT BRI B AR 8 Bh & 17 B, RR/NRRCPIME, SARTERERES 73 FI A CCD Hlsotk
PR, fORRe B AR H 8 B A 17 B, AsSRR A/ NRE —oRE ., BE AL BLEAR PR AR Ry 1 B
BN T B ERER(E A T LU A, ) BRI PRAKBL 2 BR R 38 2 i A BTt SR Rk 2 k), AT
Ees oA

2. 4 B EG

A7 B Tt 0 8 Dt 35k, 9] A B PRI 33 DA R 5 v T K 7 9 o I Sl A7 R, TR
B BTG A B, WA T ARHb I A ORI AR, ORI R O B A R I A Mgy, 2
VP REHLIE ARIE & Pits, BRK I3 MAh, RN T O T3 SRkt .

3 RAREERT R

3.1 RRERRARGZEE

A TR R RN RS B E, FEE A ES S R A%, A LPV-3 IR R BHIR
#i (Air Resource Specialists Inc., USA ) Z%EH&ae HEEBIAIRSE, D AlERLR —ME L EF
TG AR b1 P B B R DR SR F S SRR Rk # N, R AR BT R SR R L
FERAL R, 5 AR AR U .




R A U R R EOR T £

3.2 WBRERE

AHITFER T 5% ) 2 SR FEAREUE 7 W R ST S KACARIEAT 0T, 3R 1 ARt B e 6k
Lo b I 6 RAN RN B (S OB AT AR AR AR BUE R, [ 1 2 —ARHbR B 65 [ IO SRR
BZGIERIUEE 7T DASEER — AR 5 RS UE 7 MifE 25. 07-71. 88 ], & vt BEBS LB 70
1E 21.42-120. 85 [,

B H AT Ok RSB SOE SR E H AT S R IR T B AR E IE, AR & R R
FEROE,  DUIRE A YR R R SR AR BB A 55 2k

R 1 M B AN R R B R TR R U

Image Tndex | Ak | AR | AR | =4k | =4k | =M | BF | 6% | 6% | & =)

day 1| day 2| day 3| day 4 |day 5 |day 6 | day 1 | day 2 | day 3 | day 4 | day 5

AN
=

day 6

10

:00711:00 | 71.88 | 68.83 | 51.77 | 51.98 | 51.35 | 59.32 | 120.85 | 39.74 | 21.42 | 89.17 | 63. 11

78.12

11

:00712:00 | 63.82 | 45.09 | 64.5 |44.94 | 59.24 | 61.38 | 65.44 | 61.67 | 40.09 | 79.19 | 76.9

92. 04

12

:00713:00 | 43.02 | 45.09 | 56.51 | 40.92 | 43.35 | 58.92 | 54.63 | 85.86 | 70.36 | 53.88 | 33.69

33. 17

13

:00714:00 | 39.51 | 45.08 | 51.35 | 30.63 | 55.25 | 47.31 | 92.9 | 86.86 | 97.79 | 29.07 | 41.35

30. 44

14:

00715:00 | 31.45 | 31.61 | 51.28 | 25.07 | 46.25 | 41.67 | 82.69 | 60.07 | 71.61 | 46.42 | 76. 49

40. 61

15

:00716:00 | 48.47 | 25.38 | 43.5 | 23.78 | 43.02 | 61.15 | 59.61 | 31.03 | 70.54 | 42.8 | 57.61

51.87

16

:00717:00 | 40.64 | 25.60 | 46.37 | 21.64 | 46.92 | 41.94 | 63.04 | 33.62 | 72.68 | 62.75 | 53. 45

56. 43

K Index: 63.82 ZHK Index: 68.83 K Index:51.77

= ~r— =

ZHK Index: 51.35 K Index: 51.98 ZHK Index: 43.02 K Index:59. 24

4 rf Index: 120.85 & Index: 92.90 Srf Index: 63.04 & Index:39.74
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& Index: 31.03 4 Index: 97.79 & Index: 42.8 & f Index:56. 43

fil 1 b S 6 ot R EOR SRR B R R AR U

3.3 AR R ERIR

AW T SRS RE LS AT A, ASRIRERR BT 2 RE LR BUAT R, RE L £ ZLifE 3. 02
km™34. 61km i, A3 — PR RE LR BLELAR < I RAR, S8 43 5 IRy BUN 2 B WL P B ABOE AT [l 57 7
BT, ERERR R EAHR, R & 0. 85,

3.4 FBY P s FRAR R ERASNLIR BE

AHFFHIF Model 300 5132 FIZBY FRARAS (UAS™) FREE KGR IBIE Ok, 3 2 A Akt FEh iRz
GEIL, HIER 2 RS SNARTIORE PM. s IR 2 24. 22 ng/m' PMa s KLSORLT AR 2 8. 16 pg/m’, PMuo
PSR £ 32. 38 ug/m’s M PMe.s/PMio Z ELAE 25 0. 56~ 0. 92, BF/R MR M I BRAE IR 22 8ok o0
L) PM, s Z ARV IR 2 R 2 8

3RV R F RN &5, H3R 3 PR RIANTIORL P s SFX3R % 30. 66 pg/m’s PMa s AR
SPRIPRRE A5 21,80 pg/m’, PMio FIURIE A 52. 45 ug/m’, 1 PMe.s/PMio 2 HUAE 25 0. 27 © 0. 76, HUR

FRAT A ] DA 7 g T s 2 B0OR 4344 3 B2 LA PMe s 2 K 2 8

R 2 MM TR B ORI

Day Day Day
Day 1 | Day 2 | Day 3 | Day 4 | Day 5 | Day 6 | Day 7 | Day 8 | Day 9

10 11 12
PM:.5 12.18 | 18.69 | 47.92 | 19.38 | 18.75 | b2.15 | 5.42 | 14.31 | 20.04 | 8.82 | 17.75 | 12.22
PMzs10 | 9.19 6.54 | 21.46 | 3.19 2.78 4. 24 1. 46 6.52 | 20.22 | 6.94 9.15 9.19
PMio 21.37 | 25.23 | 69.38 | 22.57 | 21.53 | 56.39 | 6.88 | 20.83 | 40.26 | 15.76 | 26.9 | 21.41
PM..
PM2 o/ 0.57 0.74 0. 69 0. 86 0.87 0.92 0.79 0.69 0. 50 0. 56 0. 66 0.57

10
*ERFEA7: pe/m’
3 VY REHN IR F B PRER SR ORIIR FE
Day Day Day
Day 1 | Day 2 | Day 3 | Day 4 | Day 5 | Day 6 | Day 7 | Day 8 | Day 9

10 11 12
PM.. 5 26.5 | 25.27 | 38.35 | 48.62 | 54.8 | 28.91 | 28.19 | 26.2 | 24.91 | 17.2 5.83 | 43.08
PMosio | 24.12 | 17.49 | 12.42 | 16.54 | 21.92 | 22.83 | 22.18 | 25.62 | 33.91 | 31.85 | 15.83 | 16.83
PMio 50.62 | 42.76 | 50.77 | 65.16 | 76.72 | 51.73 | 50.37 | 51.83 | 58.82 | 49.05 | 21.67 | 59.91
PM..s/
PMZ ’ 0. 52 0.59 0.76 0.75 0.71 0. 56 0. 56 0.51 0.42 0.35 0.27 0.72

10
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*PRPEEAL: pg/m’

3. 5 B ENANS R BT B RAR R B R
AW FC T T BN ERAR B, B BR AR RIF AR, PTG R B LB T, IR 4 &5 AR
PR BRI AT MORE PMy. s TSR P 4 35. 14 pg/m’, PMa s o RLBMORE T X YR 45 19. 89 pg/m’, PMio P
VEFE 2 55. 02 pg/m’s T PMas/PMio 2 EEAEL 2 0. 51 ~ 0. 75, BF7m — bkHb [ BRAE IR 2 TH0kL 43 S B DA
PM 5 2 AR ISORL 29 K 20, Hoah RELFBIEREL Z 45 R — 2.
RS A MR HL I TFBER AR B AR B B R AR G R B R R T A W PM.s T B/ B BEUE 2 0. 15
T 0.94, ZEEBKHMHIUR 4/22, PMoFE)/HEEUEA 0.156 © 0.94, %5 K HHIER PM. s 4 ]
I 4/22, BN HEIEREE IR A SR FEREE IR EAE .
% 6 24D RE EBY B 2 RRIERORLE R, FRER T AR AR R R AR PM.. s Y R FE 2% 44. 07 pg/m)
PMs 510 FELAMORL S A1 1 2 24. 72 pg/m’, PMuo~FIAUE 2% 68. 79 ng/m’, T PMus/PMio 2 LB 2 0. 48
0. 76, BF/RVD LI SRR R 2 Aok 73 32 DA PMe s 2 A AR B0k 29 K 2 98
T RV RS T B ERAL YD FE B BRAIEERER B R B R TR H PV s T8/ BENEUE A 0. 15
T0.97, EREARKHBIHBUR 10/30, P FBI/HEIEES 0.38 © 0.96, 2K HBIE PM, s /H
[FIHS LA 10/30, & RN B EIERER 2 e FEHS A T BB AR IR FE1E

R4 M E BRI PRAE R

Day Day Day
Day 1 | Day 2 | Day 3 | Day 4 | Day 5 | Day 6 | Day 7 | Day 8 | Day 9
10 11 12
PM2s | 30.38 | 20.71 | 50.94 | 47.22 | 33.23 | 65.58 | 37.21 | 52.63 | 22.22 | 17.88 | 18.92 | 24. 75
PMz.s10 | 21.33 | 18.00 | 26.81 | 24.70 | 19.41 | 21.58 | 14.29 | 20. 17 | 21.22 | 14.25 | 15.42 | 21. 46
PMyo | 51.71 | 38.71 | 77.75 | 71.91 | 52.64 | 87.17 | 51.50 | 72.79 | 43.43 | 32. 13 | 34.33 | 46. 21
Pz;j/ 0.59 | 0.53 | 0.66 | 0.66 | 0.63 | 0.75 | 0.72 | 0.72 | 0.51 0.56 | 0.55 | 0.54
*EFEEAL: pg/m’
5 TARHLE FEDERAREL B BIERAR R R
Day Day Day
Day 1| Day 2 | Day 3 | Day 4 | Day 5 | Day 6 | Day 7 | Day 8 | Day 9
10 11 12
P« 0.40 | 0.90 | 0.94 | 0.41 | 0.56 | 0.80 | 0.15 | 0.27 | 0.90 | 0.49 | 0.94 | 0.49
T#)/HH)
Pl 0.41 | 0.65 | 0.89 | 0.31 | 0.41 | 0.65 | 0.13 | 0.29 | 0.93 | 0.49 | 0.78 | 0.46
T#)/HE)
RH (%) 74.9 | 81.5 | 79.4 | 81.9 | 84.3 | 83.1 | 77.9 | 77.0 | 72.5 | 73.3 | 79.0 | 84.5
T(C) 27.0 | 256.6 | 22.5 | 23.9 | 24.9 | 25.7 | 26.0 | 27.0 | 28.5 | 28.9 | 24.0 | 22.7
WS (m/s) 2.6 2.3 1.4 2.3 1.3 1.6 1.4 1.3 3.6 4.5 3.2 2.4

R 6 IR H B BL IS SRAR Bk
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Day Day Day
Day 1 | Day 2 | Day 3 | Day 4 | Day 5 | Day 6 | Day 7 | Day 8 | Day 9
10 11 12
PM:.5 31.88 | 26.04 | 45.48 | 74.58 | 77.83 | 32.79 | 32.79 | 39.38 | 41.39 | 41.17 | 37.78 | 47.71
PMos1o | 34.00 | 24.00 | 24.35 | 24.00 | 29.46 | 20.96 | 24.71 | 24.38 | 29.65 | 22.00 | 18.78 | 20. 33
107. 2
PMio 65.88 | 50.04 | 69.83 | 98.58 9 53.75 | 57.50 | 63.75 | 71.04 | 63.17 | 56.57 | 68.04
PM..5/
- 0. 48 0.52 0. 65 0.76 0.73 0.61 0.57 0. 62 0.58 0. 65 0.67 0.70
10
RN pg/m’
F 7 U REHLE FE)ERAKEL B BRI R
Day Day Day
Day 1| Day 2 | Day 3 | Day 4 | Day 5 | Day 6 | Day 7 | Day 8 | Day 9
10 11 12
Pk« 0.83 | 0.97 | 0.84 | 0.65 | 0.70 | 0.88 | 0.86 | 0.67 | 0.60 | 0.42 | 0.15 | 0.90
B . . . . . . . . . . . .
Pl 0.77 | 0.85 | 0.73 | 0.66 | 0.72 | 0.96 | 0.88 | 0.81 | 0.83 | 0.78 | 0.38 | 0.88
T8/ . . . . . . . . . . . .
RH (%) 56.5 | 65.0 | 66.9 | 67.7 | 75.9 | 73.2 | 75.3 | 74.6 | 74.4 | 76.7 | 79.0 | 66.0
T(C) 21.8 | 22.3 | 23.5 | 24.3 | 24.1 | 23.2 | 24.0 | 25.0 | 26.3 | 25.4 | 23.8 | 20.5
WS (m/s) 5.9 3.0 1.5 1.5 1.8 3.9 2.7 1.7 2.0 2.7 3.5 5.7

3. 6 SR TH AR E BRI FORL B 4R

ASHIE TR P % ) 2 S AR AR R /A kS S SR RGARIEAT 704, Wi 1 i B B B

Tt BT 2 Pl BB A R B R, SRR S IRy BN S U AR F R A B B R AT [l i o
TOMRHALE S AR TR AR IUE B R ERAIG 2 PMes RORHEEREBRR 2 AAHIE, RT%% 0. 61, SARIRIREUE

B AR ESIE 2 PM RMERERR 2 BB, R* % 0. 43,

VD JEE MU IR FEAR TR AR B B0 B 2 PM. s RORPEERE R (R 4 B, R %% 0. 73, SR IR BLy)

JEE B 2 PMyo RORLERE (R 29 BAHI, R %% 0. 44

3. 7 R B RN T Re R B B BRI OB B (R

AT TR & rPRE B Rk 2 B8 LR R B BRI VD R B ot 2 B RLE AT HLR, 2D
ST N TR e 2 KSR R L SE S 1 At B R R TR B R B8RRIy BN 2 B LS B PM2. 5
PMLO BV IR R I AT (B B A0 7

SR B i LRE BRD B BRI 22 P s BRVAIORIEERE R R 2 AAHIE, R %% 0.56, SGhRE FLRZ Bvb ji B
G2 PV BRI R BB (R 25 AR, R7 %% 0,77

4 #hem
AT T AL P RUBE R SR BR 5 Al 2R A T A O KSR e T B B SR (O AT RIS AC 8%, [
I L LR SRR AR B 7 2 ke
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TARHLIE FENRAR AR, PMos PR R 24,22 ng/m’s PMo PIREERY 32.38 ng/m’s &
5 FEIREZ 455, ANk PM.. s “FXYUEE 4 30. 66 wg/m’, PMo FIYYESEZA 52.45 ng/m’, WiilE
FERIAE LA PM. s 70 2% 32 T BhEREREL H BRI ERAK R BAR, LAk S % B 1 [8 RV foh e 2
2% B BRI (A R T B PR AR 2

FEER PM. s BRI T A5 R, FENHEIE 2 B BN e RLEE BT PM. s 223 BAHBHISS, BURE R RLE
R PMa s AR, PMuo 2 A5 RINA] SAAR TR IR BUE BT PMo s BRI M 2 45 51, 76 W I 2 B R
RSB IR IR B PM2. 5 BB R AR IZS, BN E RSB EUE S R PM. s ZBRAK ), PMoZ
AERIRIE]; KBRS R A LR B D B R A AR, BN R FLREER PM2. 5 R I S AR
B, BN BE LB SRR PMa s 5B, PMuo Z &5 RIRIA].

5 Hiss
TR R M BB ARE B RE S R U B B BT T, T L B b R

6 £ 3CMR:

Sl iy, WORIRE G AL A R BT, B L KRB ER TR 3R 5T, 2005,

Y.1. Tsai, Atmospheric visibility trends in an urban area in Taiwan 1961-2003, Atmospheric Environment, 39(2005),
5555-5567.

C.S. Yuan and H.Y. Yang, A study on the relationship of visibility with suspended particles and meteorological factors in
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Control Proceedings (1997), 334-354.
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FABFIHBIEREGAK TiO W RKI T 5

(F5F2, [GEEHEY, #g3%er, XYBHEL, Y, BFEX?, EIEER)
1 FRPET K FH L S TR, B, 210094
2 IR T FZE RIS, E 7, 222006

W OB VBRI AR S PR TR R R R E ], B T ARSI
B FAL S RAT0 RAE RIS, IR Fluent BC07 BB R ST 5540 % N S5 AR )32 3)
WL, T IRRER IR R R . WSS SRR, A= iim /DR g v E, M
el YR A YRR 2 DARIEARE it I S BN S O (Al R, TR B X K TiO, R ROk 1 IR R AR
BOR KRR RO . 25 A0 S A HRUE 1T i By 40ml/min i, SRR RAEAR )
KRR T IE B e e (92%) o 7 HANSLIR 45 1R ¥R W], Zo A= I e RS & i 170mm ., 942 60mm
R PRI, AR, RERCE, (7B

Effect of Atomized Droplets forWet Collecting of Nano-TiO. Aerosols

Ping Mao*2Shuyan FenglYi Yang'>*Mengchu LiutYang Zhou'Shouwen Chen'2Zhengping Wang*2
1 School of Environmental and Biological Engineering, Nanjing University of Science and Technology,
Nanjing, 210094
2 Lianyungang Institute of Nanjing University of Science and Technology, Lianyungang, 222006

Abstract: In order to further know well the function and influence of atomized droplets for collection
efficiency in wet sampler. The effects of different spray flow rates and spray tower sizes on collection
efficiency were investigated by self-made wet sampler, and the movement of atomized droplets in spray
tower with different dimensions were simulated via the Fluent software. The results indicated that the chief
function of atomized droplets in spray tower was wetting coating, and the mainly function of atomized
droplets in fluid reservoir was collection; however, the former contribution is greater than the latter. The
collection efficiency of wet sampler could be as high as 92% with both flow rates of atomized droplets
were 40ml/min. Simulation and experimental results showed that the best of dimension of the spray tower
is height 170mm and inner diameter of 60mm.

Key Words: wet sampler, atomized droplets, collection efficiency, analogue simulation
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KPHEE ST, semat i Koy 28, S K EIR . 1X SEHRae i 52 i 2 ER 1) BE MUK 70 1P, A
TR SARAR AT s R, IR B S B RE L, AR IR, BRI AT R LA
Jeb 2 BT = A S W % 55 R

AR, BEE RS AWCE, 5T AW RO B9 V2 R A 0 70t Bk B sz 2 E AR .
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BErPoR RS AN — B, TR A B R BE AR PR AR R 18 Y AT R v e e, s s
PG IR 4R A TR S R R B, BRI EA 1R AR RIS IRRL R T b A — 2 . SR
PR ZREBE IR SRR RS, X6 T SIE RRL - =il 2 73 R A IR AR, - B DL ke i
BCRAEIRZE, $ARIBTE R A I VG, 50 75 R AR A 28 VRV A BB R R 7L . 2 |
Brendan % A\ " HIF 7 A BB .78 1 UKL B 5 SO R A (AMS) [RISREEIERIN S, T AR
A E T, SRAERCEME, T H Allan 258 N\ "77E L BT 5T b e 2 ISR REFRIE (R AH X
RS, AMS PEREERCRBE . (2 AR RE RS TR IR T 25 A0 X IRV R SR 52,
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Figl Theschematicdiagram of the self-made wet sampler
MRERFEAR A JF BN 1 P, HI5AE . SR as MR ks 55 B . 551 % 2 Il HE
TET G  [BEATIR T Sy A BROR S JREAE 1, 7R TG R E oAb 22 2387 PN B SEA Sk (bl sp B 5 55
REARGAHMR AT, e 56 S ERAA —# 0, &S 0T RESA T A BER 2 LSRG
JERPERI oAb B — s RS 2R TR S R R AR, Ha i B KT il P B,
Al 2 T SRR A HOVRUAR S, TR RE S A AR AU, ) b 67 P R A SR B s iR
Ji 2 B AT A H A A S A Sk BB AR T 55« [T 17 5 A At () 3R SR L R, 7
A e 3 S ReA — BB L 5530 it Y AN — HRRR R R B S O AN B AR AR, AR A VR BCE — e TR
Tl ARV AT L) 2 FLARIR I
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Fig2 The connection diagram of the experimental apparatus
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Fig3 Diameter curves of nano-TiO;
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WA T I A, B SR B RS TF O, EEAMIKT dbar R AIIESRSAR (B SERSENL (B
TERAMRAFD P24 AEH T X GeRm R AT s, SR B N 9Kk =S BRI IR IR
e, BERANESE Abs TR AR AT BB (R HE TR G IRA R %6
FEMNFXHERELE 30%E 4, AR (EIFINR A PR A E)) 326 F &4 A R BELE 25°C
KA, ARG (GBS IR AT W FEMANBERIEATINE, ARk
SURHL HRRTFER P IS AR . IR AR AR RS

BifE, 76 1 SRk RAras s S as I R R, TERUI 9K AR S I el A D 2 0
Gt R BIAFE Y, NS FRRARERE RS, B R N EREER R SR
Wb TR 7S o ek, BB S SRR AL RN S T 88 J5 DR B R AR R A
WS & R SR LU IR R RS, S ARTRORE FRAR Rl 5 7 B e~ i A
U3 3 e B 5 ol SR TR T TR N 23 B C R B BRI, G2 PR 2RIt 2 5 RFESR .
2 SRV A 2% 7] J5 H R P R AT A S A P R SR IR T

2.3 REMEMITE

R SR P 3 D60 L18 ] TSR FE B I SRR o M5 VA T A I Hh 4% SRR 2 m 4 4 1) SR A B BRI
FE, 2R T BUAT KA 28 2R S50t A [ SR A 5% 11 7% A0 ot P o 2304 iy 2 48 A 58 ok A R
VRN R R VR SR AR I SRR AR, T R RO A IR B e e fE, €05 SR
FEER MR L, TRSIE: PERFERNS RS (WRENCE . MERE. SRR
W ES) — 86 AP IR TR R AR A Ok B B CRVRL T R A A AR A SR kb e S

HRFERR D
RERBER A VA T AE L A5y 21.200910233001. X FFIEAHUHT, BLAY & A5
R RIREISI HIR. (1)

Hrp: ml——1 SRFEEGRER N LI E, ng;
m2——2 S RAFARE R AR, ng;
¢’ ——1 SIS AR BB RE, mg/L;
¢’ ——2 SHERBT R LR IR, mg/Ls
N ——RFESRIRERCR.

3 GRS

3.1 FALRR RE R SRR KR

FEAIPIE KA ST, W R E WA A RIS Z A =P AL, PR TT & 550 1 AE
JOOF AR BIREMT . P & RS S SHOL BT . SRR RN 5. 5L/min, KAEER[EAY 2h, #
LRI IR FEZI N 2. Omg/m3o BT RAF 2% (1 P N0 2 H 5] — S IR IR R S i3l 77 (& 1),
TEIA S KRR ™= AR IR & 80ml/min MIZ ARG, BT AP/ & 2 1204 80ml/min (B v 55
W5 +v AT 55 =80m] /min) .

MFE 1T HTUAE H, RERMCEM S EB Z RN 72. 8%F 2 90. 4% /5 FEI3] 82%. X 1 B 4b



- J A [ ORI WS R IR P R IR BRI &

F AR RAE B RPN REAS A BT, TS LA — S S AWM I8 AR CH AR e 5
EN 80ml/min BREAEBIZEA 80ml /min) HIRERCRAMERIN, UH Z =B ) R4
AR (82%) WY T U S VBRUEE B I AR AR (72.8%), UEWITERFESR N, FHENIIZALE
PSR T i A i L 554 2 (58 25 X SRR AR IR 5 i 11 K T Al U RO 8 55

R 1 BERENREBCE I
Tablel Effect of spray flow rate on collection efficiency
FUWEBEHE RN E R E o RRIPS S ES
KERCE (%)

(ml/min) (ml/min) (%)
0 80 71 75 72 70 76 72.8
30 50 78 76 77 79 79 77.8
40 40 90 92 90 92 88 90.4
80 0 82 83 80 84 81 82

IR T, A IE R — R i, —RSRFaERS, ERIFEIERT, B
KL RIS Bl IO BRE S 2 s R Sk hi PRl fE, WAk P N4, BEEHom
WKL, G5 A ASRAE AR RSB0, AT DURITE 5540 25 N 55 IR0 (1 TR KR T R AR A R
TREAE IR AE A, T ELCE AR VRO h S AR T T A e, U PR A R K TRV R R E A
3.2 Fluent HM-0i BRI ZHAESZ A ZE F HE3PR A
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HTERERFER ZE N, R RBORLET & AR TR 808 (<10%), Fir LASR A BRF-hi s B H 73,
VAN BHUNE, B HNESA . R FHFMER k- ¢ BIRIHETIR . JEEU E A E AR
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FERS .

5.21e+D1 4.62e+01
4.69e+D1 4.16e+D1

4.43e+01 3.93e+01
4.16e+01 3.70e+01
3.80e+D1 3.466+01
3.64e+01 3.23e+01
3.38e+01 3.00e+01
3.12e+01 2.77e+D1
2.86e+D1 2.54e+D1
2.60e+01 2.31e+01
- 2.34e+01 - 2.08e+01
2.08e+01 1.85e+01
1.82e+01 1.62e+01
1.56e+01 1.39e+01
1.30e+D1 1.15e+D1
1.04e+01 9.24e+00
7.81e+00 6.93e+00
5.21e+00 4.82e+00
2.60e+00 2.31e+00
0.00e+00 0.00e+00

Bl 4 7~ [ AL A3 1 3540 5 VR ) 3B Bl Bt 1

353



11st National Aerosol Conference and 10™ Cross-strait Workshop for Aerosol Science and Technology

Fig4 Trajectory diagram of atomized droplets in spray towers with different diameter
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Water-soluble secondary organic aerosol in Qinghai Lake: implication for

sources, formation, and degradation during long-range transport

(Jingjing Meng?, Gehui Wang'2*, Jianjun Li%, Chunlei Cheng?, Junji Cao?)
! State Key Laboratory of Loess and Quaternary Geology, Institute of Earth Environment, Chinese Academy of Sciences,
Xi’an 710075, China

2 School of Human Settlements and Civil Engineering, Xi’an Jiaotong University, Xi’an 710049, China

Abstact: PM; s aerosol sampling for collection of 24 h samples was carried out every day from Qinghai
Lake (3200m a.s.l.), a remote continental site in the northeastern part of Tibetan Plateau from July to
August 2010. To better understand the production of water-soluble organic aerosols, the samples were
analyzed for water-soluble dicarboxylic acids (C>-C11) and related compounds (ketocarboxylic acids and

a-dicarbonyals), as well as organic carbon (OC), elemental carbon (EC), water-soluble organic carbon
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(WSOC), and water-soluble inorganic ions. Distributions of dicarboxylic acids and related compounds were
characterized by a predominance of oxalic acid (29.3 — 347.6 ng m, 148.2 = 83.9 ng m) followed by
malonic (9.3 — 77.6 ng m3, 27.2 £15.5 ng m™®) and succinic (3.6 — 29.3 ng m3, 14.5 8.0 ng m) acids.
The average contributions of diacids, ketoacids and dicarbonyls to WSOC were 44.1%, 1.3%, and 0.4 %,
respectively. They were several times higher than those reported in north-western cities from which air
masses were transported to the Qinghai Lake, indicating an importance of photochemical processing of
aerosols during a long-range transport. The diacids/WSOC and Co/diacids ratios were higher than those
reported previously in different atmosphere aerosols, which may indicate that the local aerosols were
chiefly influenced by the biomass burning (herbages and dung) and photochemical oxidations were
enhanced because of the stronger solar radiation. This study demonstrated that diacids were primarily
produced by the secondary photochemical oxidation of organic pollutants and w-0xoacids were likely
intermediates to the production of dicarboxylic acids.

Keywords: Oxalic acid; secondary organic aerosols; PM.s; Qinghai Lake

Particle size distribution and characteristics of Polycyclic Aromatic

Hydrocarbons during an autumn haze episode in Nanjing, China

(Qingzi Meng?, Shuxian Fan'?, Fan Zu?, Jiabao He?, Jian Zhang?, Yu Sun?)
1. Department of Atmospheric Physics, Nanjing University of Information Science and Technology, Nanjing
210044, China
2. Key Laboratory for Meteorological Disaster, Ministry of Education, Nanjing University of Information

Science and Technology, Nanjing 210044, China

Abstract: The purpose of this study is to understand the characteristics of pollution and distribution of
polycyclic aromatic hydrocarbons (PAHSs) in fine (PM21) and coarse (PM..1.10) particles at suburban and
city site during an autumn haze episode in Nanjing. PM1o samples were collected from Nov. 1, 2009 to Nov.
14, 2009. Filter samples were extracted by using Soxhlet and analyzed by using a gaseous

chromatograph/mass spectrometer (GC-MS). Sixteen PAHs were measured at day and night of suburban
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and city site in this study. The results show that the concentrations of particles could be as high as 579.55
and 573.43ug/m™ at suburban and city site during the haze episode, it was 3-4 times higher than normal
days and the proportion of fine particles in the haze episode was also higher than normal days; the varies of
concentration of PAHs were in accord with the concentration of particles. The concentrations of particles
and PAHSs at night were higher than in the daytime both at city and suburban site during the haze episode;
the main kinds of PAHs in particles were the high-molecular-weight PAHs which make up approximately
80% of the total PAHs no matter in normal days or haze episode. It also turns out that wet removal
mechanism has strong scavenging ability for pollutants, especially for the fine fraction; the spectral
distribution of PAHs was the transfer of coarse fraction to fine fraction and this phenomenon was most
obvious at night at city site, which indicates that the emission sources and the condition of boundary layer
play important roles in the distribution and concentration of PAHSs; the concentration of CAN-PAHS is
relatively higher at both sampling sites and periods, the highest proportion of CAN-PAHSs appear at the
night of city site, it was as high as 52% of total PAHSs, it is higher risk exposures for the people in Nanjing.

Keywords: Polycyclic aromatic hydrocarbons; Haze episode; Particle size distribution; Meteorological

conditions; Nanjing

Ambient Ammonia and Ammonium Observed at a Remote Mountain Site

in Western China

(Zhaoyang Meng?, Xiaofang Jia?, Jianzhong Ma?, JianQiong Wang?, Xiaolan Yu?!, YiAn Jiang?)
1 Key Laboratory for Atmospheric Chemistry of CMA, Institute of Atmospheric Composition,
Chinese Academy of Meteorological Sciences, Beijing 100081, China.
2 CMA Meteorological Observation Centre, Beijing 100081, China
3 Qinghai Province Meteorological Bureaus, Xining 810001, China

4 Department of Logistic Service, Ministry of Railways of China, Beijing 100844, China

KEYWORDS:Ammonia, ammonium, a remote mountain site in China

1. Introduction
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Ammonia is a very reactive gas and plays a major role in the neutralization of atmospheric sulfuric and
nitric acid to form ammonium salts, thereby affecting the acidity of cloud water and aerosols.** Some
studies show that the spatial variability of the NH3 concentration was large in China, with higher levels in
North, Southwest and East China.>¢ The measurements of NH3 and PM_ s, particularly those from the
background sites, are highly needed but have been scarcely reported. It is important to create databases
suitable for the proper validation of models used to predict global or regional distributions of ammonia and
ammonium aerosol, and their present and future influences on climate, human health, and ecosystems. The

data of NH3; and PM.s may also be useful in the validation of satellite measurements.

With an average altitude of over 4000 m, the Qinghai-Tibetan Plateau is the highest landmass on Earth, and
plays a key role in atmospheric circulation. The atmosphere lying over the Plateau is probably the least
affected by human activities in the Asian continent because of the sparse population and minimal industrial
activities in western China. ” In this paper, we present the measurements of NHz, SOz, NOz and PM_ at a
site in the northeastern edge of Plateau during 2009-2011 in order to better understand the sources of
ammonia and ammonium aerosol over the remote highlands of western China. The levels and variations of
these species are reported and the relative contributions of NH3 to NHy deposition are also investigated.

2. Description of Experiment

2.1 Measurement Site

The Waliguan Observatory (WLG, 36°17'N, 100°55'E, 3816 m a.s.l) is a Global Atmosphere Watch
baseline station, situated on the northeastern edge of the Qinghai-Tibetan Plateau. NH3, SOz and NO-
samples were collected using Ogawa passive samplers. The samplers were deployed by trained WLG
station operators in the thermometer screen (1.5 m above the ground), which protects the samplers from
rain and direct sunshine. At WLG, each sampler was exposed about 10 days and a total of 183 samples were
collected at the site from September 2009 to December 2010.

2.2 Experimental Methods

In the laboratory, the exposed samples as well as the field and laboratory blank samples were extracted and
analyzed following the manufacturer's protocols. NH; and SO, samples were analyzed using an ion
chromatographer (DX-3000, Dionex, US). The concentrations of NO, were determined using a
spectrophotometer (WFZUV-2100, China).

Daily aerosol PM..s samples were collected using the MiniVol portable sampler (Airmetrics, Oregon, USA)
operating at a flow rate of 5 L/min from June 2010 to July 2011 at WLG. The sampling duration was

continuously 10 days and a total of 47 valid PM2s samples were collected. The concentrations of NH4*,

NOgs, SO+* and CI- in PM_ s samples were also determined by using Dionex 1CS-3000.

3. Results and Discussion
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3.1 Ambient Ammonia

The 10-day average concentrations of NH3z at WLG ranged from 0.5 to 65.9 ppb, with the mean value of
17.2+15.6 ppb. The mean NHs value at WLG was higher than that (11.548.4 ppb) observed in the
corresponding period at Shangdianzi (40°39'N, 117°07’E, 293.3 m a.s.1.) regional background station in
Northern China. The NHs level at WLG in this study was also higher than that (16.5+11.1 ppb) during
2009-2010 at Lin’an (30<18'N, 11904'E, 138.6 m a.s.l.) regional background station in the southern edge
of the Yangtze Delta region in China. The NH3 level at WLG was lower than that (20.1 ppb) measured
during 2009-2010 at Longfengshan (44.73 N, 127.6 E, 310 m a.s.l.) regional background station in the
northeast China.

Figure 1 shows that the peak NH3 value was 65.9 ppb on 11-21 July and the lowest concentrations of NH3
(0.5 ppb) appeared on 3-11 November 2010. The maximum value of NHz is consistent with the highest
ambient temperature in July. NH3 exhibited a distinct and significant temporal variation with higher
concentrations in summer than in other season, especially in winter at WLG. Seasonal average
concentrations of NHz at WLG were 18.0, 35.3, 15.1 and 9.8 ppb in spring, summer, autumn and winter,
respectively. This seasonal cycle in ambient concentrations is in agreement with the temperature
dependence of aqueous-phase partitioning between NHs3 and NH4*, as well as the equilibrium between
aqueous- and gas-phase NHjs as predicted by Henry’s law, which results in increasing ammonia emissions
from animal manure, soils, and vegetation with increasing temperature.®

In Qinghai province, the cattle’s grazing is a major activity, and many areas in the region are heavily
fertilized with animal waste. The emission from soils and cattle grazing may be one of the main sources for
NH3z at WLG. NH3 levels were higher during warm months due to ammonia emissions from soils and cattle

grazing increasing with temperature at WLG.
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Figure 1. Temporal Variation of the 10-day Average NHs, SO, and NO, Concentration at WLG from
September 2009 to December 2010.

The season cycles of SO, and NO, were different than with NHs. At WLG site, the average level of SO,
was 2.3 ppb in spring and the average concentration was 0.7 ppb in summer. The lowest concentrations of
NO: appeared in winter and the highest levels of NO were observed in summer. This indicates a different
source of NH3 than with SO, and NO>. Since WLG is one of the global baseline stations in the WMO/GAW
network, the low level of SO, and NO; are consistent with the remoteness of the site.

3.2 Ambient Ammonium Aerosol

The 10-daily average concentrations of PMzsat WLG were in the range of 5.05-55.1 png/m?, with a mean
and SD of 16.449.71 ug/md. The average concentration of total water-soluble ion in PM. s was 5.7942.38
ug/md, accounting for 35% of PM2s mass concentration. Especially, the secondary aerosol components

S04%, NO3™ and NH4* shared the largest part of the total water-soluble ions (79%).

With respect to the percentage of the total mass, on average, SO4* was the most important species on
average in PM.s at WLG. Nitrate contributes more significantly to the total mass during colder months

when SO, oxidation rates are reduced in response to lower concentrations of oxidants such as OH.
The daily NH4* concentrations ranged from 0.11 to 1.30 ug/m3, and the average concentration within one

standard deviation was 0.5740.34 ug/m?®. The average concentrations of SO4%, NOzand Cl-in PM; s at
WLG were 3.161.47, 0.8240.53 and 0.2340.24 ug/md, respectively.
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Figure 2. Temporal Variations of the Daily PM.s and lonic Species Concentration at WLG from June 2010
to July 2011.

As shown in Figure 2, strong temporal variations in PM2s mass concentrations were observed at WLG. The
high PM2 s episode occurred in spring due to the intrusion of dust from the northwest of China. For
example, the highest value of 10-day average PMzs mass (55.1 ug/m?) occurred when a super dust storm
attacked WLG on 11-21 March 2010. The minimum 10-day average value of PM2s (5.1 ug/m?) occurred on
1-11 November.

The highest daily concentration of NH4* (1.30 pg/m?®) occurred on 22 July-1 August and the lowest value
(0.11 ug/m®) on 12-16 August 2010 at WLG. The average concentrations of NH4* were 0.53, 0.67, 0.48 and
0.53 pg/m? in spring, summer, autumn and winter, respectively. It was noted above NH4* concentration was
higher in summer. SO4?- concentrations were also higher in spring and summer due to the preference of the
formation of (NH4).SOs. The average concentrations of SO4% in spring, summer, autumn and winter were
3.80, 3.72, 2.20, 2.25 pg/m?3, of NO3 were 1.34, 0.44, 0.57, 0.95 pug/m?3, respectively. The results showed
clearly that the concentrations of the secondary ions for NH.* and SO.? were higher in spring and summer

and lower in autumn and winter.

The average concentrations of NO, were 1.0 and 0.3 ppb in summer and autumn, respectively. NOs is from

NH4NOs that is generally formed by the oxidation of NOx to form the gas phase of nitric acid and then with
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the reaction with NHa.

3.3 Relationship between Ammonia and Ammonium Aerosol

There was significant positive correlation between NH4* and SO4% at WLG. The correlation coefficient (R)
of NH4* versus SO4> was 0.70. This indicates that particulate NH4* was probably mainly associated with
particulate SO4%, likely to be as (NH4)2SO4 and/or NHsHSO4 at WLG.

The ratio of NH3 to NHy (NH3+ NH4*) had been used to identify the source of NHy and the relative
contribution of NH3 and NH4* to NHy deposition.® When the value is higher than 0.5, it signifies that NHx
is mainly from local NH3 sources and the dry deposition of NHz contributes most to NHy deposition. The
mean ratio of NHs/NHx was 0.95, which suggests that NHx was influenced by local sources at WLG. It also
can be inferred that NH3 dry deposition could contribute a large part of the NHy deposition.

4. Conclusion

The average concentration of NHz and NH4* were 17.2#15.6 ppb and 0.5740.34  ug/m? at WLG station.
NHs; concentrations were highest in summer and lowest in winter at WLG, while highest NH,*
concentrations occurred in summer. The soils emission, cattle grazing, air temperature and gas-to-particle
conversion reactions have important influences on this seasonality. At WLG site, NH3 is primarily in the
gas phase during all seasons, and NHy is strongly influenced by local NH3 sources and dry deposition of
NHs. More future studies are needed to pin down the sources/causes of ammonia and ammonium aerosol in
the remote atmosphere of western China, and to study the potential impacts of the transport of regional
pollution from populated eastern China and from other parts of the world.
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1 i, i, 710049;
2 1 [FEL B B I, % 710075

W OB REERAAIR (HULLS) & KA MU I B BG4y % 2 4l % 1T B <
RIR IS K B EEAEH, (HA2 HULLS BIMETURISRIEAEIR KRR EAT R AR A . AR SO [ AH
REFARAE T 2008 4E 7 A% 2009 4E 8 HAIPEZ PM.s o (1) HULTS, FERHHOLIEIRAS HULTS Bk
& (HULIS-C ). HULIS-C 4E¥JFiEiRE AN 3. 14£3.0 pegC m s HULIS FEAFTHRE (6.2 ln’) ,
ERZ (3.3 eCm™) « BF (1.5 gl m’) MHFEFEM (1.2 peC n’)  XFEIRER TR
R A ZERe PRV FE R R, LUAnRIERI AL M) PR T AR B R B 3 02 vl T D (R e s FE AN L
FEWIBE/K . HULLS /KA MUk (WS0C) [EZEL 73, 7 WSOC 1) 34. 5%, B HZ R0 WS0C T
MEVER B oy AHOCPEM TR, HULIS H57aiediZmE (r=0.84) FK (r=0.81) BRFEML,
H HULTS =E BRI T AEP R BRSE; BhAh, HULTS 5 —CEMLRR  (SOC) AHSeME R UT (r=0. 83) , B HULIS
[ I A7 — R

REF: KRR, HULLS, PMas, PHZ

L& ARFHARR PMas Fl PMaso FE VR TTRBKIIB R KT k5
i}

(BT A KA 1 WIERIE /1 EFH 2 TH 2 BT #4 1 7K 1E 1)
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(1. A AEAE TR Bl GEARFF 830046; 2. 11 [FFIZEE)  MMIRIE 07, T4 )M 510640)

. CRAINL20 B ACRAERE, T 2011 4E 1 HZ 2011 4F 12 A, ESEARFFITHER 5 b A
BB RFERL R PMos Bl PMoso B S o FFFBRZBIT O 52 FE R A BB (0C) AT 2 ik (EC) (1175 &=
F T AR TC R BRI =15 AR SOREAR 70 AT /) AR . TS5 SRR W] PM..s H ) OC AT EC ¥k
JEARALIERIN 3. 3~61.8, 0.7~4.9 (ug/m’), PMasiw A 1.1~7.3, 0.1~2.5 Cng/m), HPKZE
PMe. s [ B (299. 3 1g/m')PMes (I OC IR FE (29. 3 mg/m’) v PMaswo (BT EIRIE (116.5 ng/m’) .
PMa 510 H OC % (3.9 wg/m’ ) B PUANZEST Hhgeidr, B PMa s AT PMa 510 S OC T PMas-10 H () BC 9
*Hlaﬂﬁ%fmtﬂ%*ﬁk* > HFEEE BB AREHE, 1] PM..s 1 EC MG X FOK T >HE >EFN
TAARHIE; RS EARF AT, RERBIIBE 0C F1 EC M EZ 0Tk, &M% 0C KK T EC,
}}\ﬁ‘ﬁﬁ 0C / EC HLfEIG K. &Rl R AN PMa sy PMasion OCy EC F11 OC/EC ELAR FAS b B4 A [R P i
MISZIE, RERIR RS RA S AHXTIRE . KGRI B 25 2 5 i SV B B AR A B R 3
KEEAE: P s, PMoso, AL TTERIR, ZEKF

Characterization on Carbonaceous Aerosols in PM2sand PMazs.10in

Urumgqi ,China

Rabigul Damulla® ,Dilnur talip * ,wang xin ming?
(1 College Of Chemistry And Chemical Engineering, Xinjiang University , Analysis Chemistry
830046,china)
(2 State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry Chinese

Academy of Sciences, Guangzhou 510640, China)

Abstract: Chemical characteristics and possible sources of fine particular matter (PMz5PMa5.10) was
investigated for 1 year in Urumgi .PMzsand PM2s.10 was collected from January2011 to December2011.
which carbonaceous species, organic carbon (OC) and elemental carbon(EC), in the samples were
analyzed. Seasonal variations of OC and EC concentrations were investigated; results showed that
carbonaceous concentrations varied in wide ranges with10.3 ~559.0 (ug/m®) for PMys, 16.7 ~ 218.8
(ug/m?®) for PM2s.10. carbonaceous concentrations varied in wide ranges with 3.3~61.8 and 0.7~4.9
(ug/m?®) for OC and EC in the PM_s; Carbonaceous concentrations varied in wide ranges with 1.1~7.3
and 0.1~2.5Cug/m3)for OC and EC in the PM25.10. On seasonal average, the highest PM25(299.3 ug/m®)
and OC(29.3 ug/m3) levels ; PM2s.10 (116.5 ug/m®) and OC(3.9 ug/m?) levels
occurred during winter . The seasonal average concentrations of PM2s and PMa2s.10 organic carbon levels
ranked by the order of winter >autumn >summer  >spring, while the seasonal

average concentrations of EC(PM2s.10) were in the order of winter >autumn >spring > summer. The
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average OC/EC ratio 6.1 for PM25 or PMzs.10 was comparable whit  most urban cities in the world .the
stronger correlation between OC and EC (R>0.8) ,showed that there were similar OC and EC
emissions in Urumgi .

Key words : PM3, 5; PM25.10; Organic Carbon ; Elemental Carbon ;Urumqi

]

o}

AR, ER N AHEBUG A R SRS 2 H A A2 i KA SR R R
—o ARERLT EEAT Y. BERER . W AR A I R BRI R R R 1 B A R
oy, WARRAEAR. FRATIRIE . RRILEE. MBI E. ASM@RES AR EE RN o BR
NEHIVFZ BRI . PP RGBT« ITThRE N FE. s IR IR AR T e 5 2 MO B IS &
FORIE T A S BRRHR S, — M RT 4 A48 HLBK (Organic Carbon, OC) A1t & % (Elemental Carbon ,EC)
@, HHEK (OC) FHARKEE /T — M —KAHY, ERBSE ETRENE DA S
bele. Wle. RR. B MAEEFERLEY), MEHGEFEREEMAEY) (PAHS) Bl WHIFIZEIRER
FAEE, AT LA AR R A HIAI(VOCS). FHER A HIA(SVOCS) LA RAE KA NI OC fdEi5 4k
5 B A IO — A HL R AN B S A B 38 I ' Ab o e N A kA A G U0 LB (- Secondary
Organic Carbon, SOC ). EC /&R M), MR AR (Black Carbon) ZfA S8k, HALABERIEIAR
AR 5 (AN 5 AR P2 AR V5 YLl B HEHE, W EC RUAEAE T 1y Yol B HeHE U — IR =%
ferp, SRHWTRRIG YRR — AN EE SRS, EC R — MR ET R SR EERARR YR, H
R B AE TR, RGBS AR KA Rt #ve, RmasRRE. 2k, 4 EC JIRTES FIVKET,
REMEIRSCTE 22 (AR, vk, FHEdfblel, R gk, RE. MRS K<+ OC Al EC M
BIHEEHIT Y FHERAHEEMILE L.

BEARFFIATRsEp s, M RKILIbEE . WM R B 2. TR R R I3 T A R AT 15 X
W E BB F R BRI, % 2R TG GLli 1) RSO B A, EH L AR PR R R
ST 455 (haze) RAFEERIE FE, XERKHEEES TECTA T AR,
PRI 9 LS B RS KA IR SRIY PMas Fll PMas.ao NI FUXT 5, #R1 OC. EC 7EBIFfRiE H )
WREEAMT AR AR =15 1) 43 A AL

1 HAmREMSHh

1.1 KRS

M 20114 1 H % 2011 4 12 H 85 HELEAD T TURIERAE, 3R 124 H 5 K45 PM2s F1 PMas.10
it 106 DNIREERE e SKAE SOBREAL T 55 B RS 8T T X 00 RSG5 40 56 T 8K Sk Kbk 3 JE Rk
] (42°35°53.02"N, 89°09°02.56"E), PRI =1 9m. BB & & AT E1E—Jb n#% 500m, &
RZEIE 200m, A LAHERRIAZE R TE RS AT
1.2 FEREIRE
KFE A H A NL20 A4 o O SRR KA Sk U B Th LS 32 R KA 9 20L/min,
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BRUCRAERT ML E 9 24h e SRAFIEMSIE FH A 9 1 4R (25 [ Whatman A #]). SKFERTIERAE 450°C T
K 4 he A1, FESCREERTGIEEIEEIEE 48 h, ] Sartorius (1/10°) HLTME R FHREEE
TR b AR AT A 5 L1 o7 B 22 MK AU SR AR AR s R UKL (R B IR, BT 4°C
NEVKFE R RAE, ARl

1.3 FERIIAHT

B o EC A OC IR K 135 [ Sunset Laboratory Inc (8% 73 HHACGEEAT 2047 (B RF 2258 1 M B ERAE
ST T WL S ) ISR I T AR R LR ORI, 2 B ATE S EC AT OC it ik
FERL ST AT E 561217 CLEANOVEN 217, JERRAES o il BEAEAE I T4 ARG 1E T3 I 8 A s et
YEYEME b FACE I REET I NIR FE D 8.5250/1 FIARAERERE AT 10 w1, FRAERE 5t 1) B2 95%~104% .
G3 BT BEN LI DG 0 FE it BEAT-PATRE AT, AR AR E IR 22 43501 Jy: EC=8.5%, OC=3.5%,TC=2.6%.
XF BT KA R B A SRAE 2 AT 40 M DABF A SRAE 2 EE I = A5 A4 MR (LOD) . EC #11OC )
R BR 23> 50 4. 0.00 A1 0.6 1 g/m’s

2 ZBR51HE
2.1 PMos5 PMo.sso IR BIRBESM A

FH B 1 AT, KA HATE] PM2s PM2 5.0 B 83 B2 H 34E AR A6 3E B 43 7 A 10.3-559.0pg/me A1 16.7-218.8
ng/m® , ~FIEME SR 09 101.2pg/m3 Ml 64pg/me. SRAE R PM2s H 348 2 [H 5 ARHERT 1.35 i (75pg/m?® ),
SR EFRAER 1.56 fiF (65 pg/m®), A4FEA 28d PMas (KT IR EEAR, 5 RAEREUN 45.2% . KA
HAME] PM2sy PMosao W (ppmzss pemzs10) BT S ppmzs/pemzs-10 IR E AL AL KE K
FEH I pemas BE ST pemzsao, JCHAZ (11, 120 1. 2 H) pemes HEs pemzs/pemio ZBAEER, I
1028 5 0.72 Z i), V04 0.61. AIEH AT BLE W AR LU BOR, UHGE 1 A 27,
28.29,2 H 4 H. ZJLHEEARFHEIHI 7 ARZRA, BT KRR EZE AR ERE R, JF
2 RUURRA S, JERET, BMKERLH, RN RURET S, FETE T
FhEEAR R R, BONE SRS BT, SRR B O TR R E = A5
FoE, FEWIKFIT R, BTl S RN TS BB AR 83 5 B4, mASUE
% 2 IR FEAR KBTS G SR AR XU, A A5 P IR NSO ) F) St 0 B2 S R T v

PMzs 5 PMzs.10 [ S 2R R E QI 20 3 o, 7E—Fh 42 (12 H, 1 A, 2 A) pemzss
ppmzs-10 77 A E] 306.9 A1 6.5ug/m®, ZVUNZTETH R EE, pemess pemes1o B2 I H A TSR >
FE>E BTN B 2. 33— D UTEAZT TR E PM2s i PMaosao H BT IKEZ AL
WHEK, REEHGEARFHEAFRAUARFRPZRIEE R, AT (PM2s) 5, 23
(6. 7. 8 A FrREAERRBIFEREZRUANR, MK T (PM2sio) MIFERKCR (9. 10, 11 ) it
BRI B B AU
R 1 BEARFEH AT PM2s A1 PMao IR BB AR T HE AL
Tablel Concentration of PM,s, PM1o between Urumgi and other cities (pg/m®)

e si i i :
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Sorina Summe  Autum  Winte

PM2s Nanjing 98.8 90.1 109.6 102 100.5 [8]
Urumai 101.2 53.1 39.6 88.9 299.3 This study
Beijing 87.7 [91
Taiyuan 193.4 [4]
Tianjin 124.4 [101
Wuhan 104.2  137.0 [2]
Guangzhou 105.9
PM1o Dongying 121.87 121.87 [11
Urumai 1706  110. 6 84.9 149.8  415.8 This study
Beijing 155.37 [91
Taiyuan 224.6 [101
Wuhan 153.9 239.1 111
Guangzhou 161.7 [2]

HHEAIRATALL GR 1R, BEARF RS pemes M FHMEBARN R om, HAFNRS. HT
IR AR ) T IR FE A4S pemao IAF TR ME AL TS IR o RE BRI TAFL EARFHAFR
BRI N, BN EAFESERFHHTHE. mEERTREELR, KAFRIE =75 59 5
T & EAHAT KA L, M SE I R W N FRRLIE 4 2R (1035 LK

2.2 PMas5 PMasso 5 OC 1 EC BOFREEHHAE

PMzs 41 OC H1 EC [ E (OC pmzs~ EC pmzs) ZZATEHE 4351 3.3~61.8 pg/m®, 0.7~4.9 pg/mé (4
4), TH5EAS OC Hl EC By H A Al 5 PMas JlREIR LN 11.5% 1 2.2%, PMzs.10 4 OC Fl EC
[P E (OC pmzs.10+ EC pmzs-10) TG 737004 1.1~7.3 pg/m3 F1 0.1~2.5 pg/m?3, i+5H45 OC pmzs.10+
EC pm2s-10 HIE A 15 PM2s1o SR E 1) 3.9%F1 0.8%. 4 (A) ATLLFEH OC pmzs/ OC pmio A1
T 0.697~0.911 2 [f], “F¥JEAE A 0.795. OC pmzs/ OC pwro A FH 5 OC pmzs JiT EIKE AL
#HAE, BIEZFERMK, MWEZE (3. 4. 5 A) BIXFZWHEM. HE 4 (B) AJ%1, ECem2s/ECpumio
[PME AT 0.569~0.956 Z [d], “F-¥){f~ 0.819; ECpmzs/ECemi0 A H T EC pmas it B L 1L E
BEAFE, MEZERIIKZE ECemas/ECemio i EC pmzs i E B IHE KT K, (HAZERE EC pvzs 1
WERKMA BN . XRAF, B KEAFEWR RSP EC ML= DGR T v, i
A2 EC fEMLKF (PMasao) FIIIIE R K F40RF (PMas) MIMEIIIE R . X ] G T 8 AT
AFEFRIRERR, &FWHINSE, KERS, MR XK SRR A0, 5K
WL B0 B e R T AR 55 SR AR FE, 10 HL AT e S BN ER SR . A LA 1A 4 R0k
Wi A A,

2.3 PM2s55 PMys.o 1 OC #1 EC FIFETSTEL4FAE

PMzs.10 5 PM2s H OC Fl EC FIZET A LAFE W 5(A)(B) i, BITE—HERRAZEY (BEAKRFH
12 3, 1 H, 2 ) PMzs 1) OC F1 EC T3 FE 73k £ 30.4, 3.6 pg/m®, PMazsa0 1] OC F1 EC
SPEPRFE S AIAR] 3.9, 1.2pg/m3. FrLA%ZE PMas fl PM2sao IIVKE. OC Al EC {HEVUZE & .
JIT LA%Z% PM2s il PMas.ao VK E . OC Al EC EAENU iR fm. S,  PMas Al PM2sao H1f#) OC Al
PMzs.10 1] EC W EEAH A3 R I A F>FTF > HESE FWFETLWRAE, 1 PMas o EC A 4
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F>E SHF SHEFNFTARMWRLE.
K 2 AFIZEFT PM2s 5 PMzsao 1 OC. EC. TCiKRE (pg/m®) J OC/EC
Table2 The concentrationof TC , OC, EC (ug/m®) and the OC/EC during the sampling periods

Particle size PM2s.10 PM_s

Season Spring Summer  Autumn  Winter Spring Summer  Autumn  Winter
ocC Range 1.1-3.3 1.3-3.1 20-34 15-73 3.3-119 43-106 7.8-20.8 20.3-61.8

Average 2.0 2.1 2.7 3.9 7.2 6.7 11.2 30.4
Standard 0.7 0.4 0.5 1.8 2.7 2.2 3.2 16.4
deviation

EC Range 0.2-0.9 0.1-0.3 0.2-1.3 04-25 08-21 0.7-2.8 1146 24-49

Average 0.4 0.2 0.5 1.2 14 1.6 2.6 3.6
Standard 0.2 0.01 0.3 0.7 0.4 0.7 0.9 1.2
deviation

TC Range  15.8-28.3 15.2-459 18.6-34.6 9.1-429 255-925 46.5-658 27.3-73 15-39.1

Average 20.6 29.5 27.2 23.8 41.3 55.5 40.3 28.5
Standard 3.4 10.6 4.8 10.9 15.5 5.6 11.4 7.6
deviation

OC/EC 5 11.2 7.1 3.6 5.3 4.4 4.7 7.6

R 2 —BUH, PMasioH OC IRKEMNE ZFEFIRKERINAZIRIA L, HAFEAFRE (EHFEEMN
2 f85), MAE PMos HEHZ OC iREEIR/N 2 4h, BKE . KB 1IN, KPR ZFREFEN 45 1%; PM2s.ao
HEC IKETEA I BIR BRI AT EC IKJE R E ZIREN 6 5, MHFEFEFILTE PMysH EC IR 2E
B ISR MBI AS; TC(Total Carbon) i PM2s BT EZH) 42.8%. i PMas.10 Ji IR EE
1 39.7%, ANLRETE PM2sifsE PMosao HE ZE TC R AH E1HE

TR FER S EAS R T UEH R, IAFENRRRERZNHRIE R SEARFM 12 A
TRARRE NIRRT, DRSS HHR R R 00 BRI K K S RN TG RS AR T <
SRR B RS, B SR SRR ™ H 5 G 7K I8, I8 SRR AN R A 1 22 31
IRBAE, DN T BB & RO FATHERE , X ARG IR AR GE s LR EEAR, M3 218 s a1,
W T RAHSE: AAMKE (10 H. 11 A, FEVWSERRE, SRS HE. it
HE— 5 U A SRR S B ARSI RS A R, ARk OC. EC MEER . 55
AFFI 6 A, 7 A, 8 HRBMANES, 3 . 4 A. 5 ARHES, KREERE. ZIRKERM
L, IR KRR B FEAth /<G R 3R A6 45 K 2 I Ak 1 25 AR i 1

2.4 OC Fl EC HIRIESHT

OC H EC WIRIFEEZEAMIE. MW ZERSFED AL, TURPIN SIS, JEId#FE OC Al
EC FIAHICHE /B ol LLRBIBR A e kIR . Wik OC « EC MMISetE 4F, KB OC . EC Xk
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HTMENG G Bk, FIH OC 5 EC HIAHIHE L X ik S e (1) KR 2R 47 2F — 25 1 e PR 43 i 10l
ME 6(A. B)R[ I, —FEHEZMALZE PM,s fll PM2s.1o ' OC 5 EC BA LT HIAH <M (R%>0.6),
YA FEE5E 2 OC Al EC H A HT5 Gkl Bk IE T A MG 4. T4k, BEE S BRI
T2 DX PR IR T A HERE, LB AR Sl N, R HLEh EHERC OC il EC 1 ZERIE, 1EAZE
ANHERR BA ORI A B

FEFEMKE AR (R?>0.3), VLA RIER Y A%, A RESZRAE. A B 5 5
. BT EC NS, T N— KHER, M OC B SAEEA P HTEaERE. KR
B RAEBFAERA, R AEAHUR(SOC) , HikAliE K OC/ EC (Tt mmiffi 3415 2%
A%, Z2BFFiRIY OC/EC it 2.0 BHFATE IR B AE R OC.,

OC. EC HHIMET 2 X ] DL H 2% PMas.ao FI4ZE PMaos RN R I, 434 7.021 1 10.82, 1fii
BREAKERIEARIR K REVLERF KT ZIANIR AR SOC FEFEFFFKTENT OC I TTHk
AKFE . GEARFATRREM, BRI, RAE S B L34 RS R A YU
TR OS2 74k, BT EC BIZ LM R DU Z R B K e G tbin 2 305 1256, a4
FRLH ) OC MR AR 15 B 08, B = RR IS (A b, SR AR LU T 25 5 T LI e A 2 S BT
M, P REAEARLT G MLBR AR 1EAT 7 7%, SRk 7+ OC/EC FHmltl,

3 &

1) SRAEHAIA] 2 & AR S TR BERAFE 5 PMass PMas.o (19 H ¥ME 53 504 101.2 ug/ms Al 64ug/m3, PMzs
H¥ME 2 EARAER) 1.56 fir, EFARAER 1.35 5 , A24Ff 28d PMas bR, disRAEREL 45.2% . K
o KA H I PMos IRFEE T PMasao IR EE, R EARF R TRLI L, PMos AT, FURYI4%
il IR Al ARt Ny e il I

2)PM2s 41 OC Fl EC (I3 B AR AL T 43 551 3.3~61.8 ng/m3 A1 0.7~4.9 pug/md, H: H IME 35 &5 PMa2s
JREWEER 11, 5% 2.2%; 1£ PM2s.10 11 OC + EC HUMKEEARALIE 2079 8 1.1~7.3 pg/m3 Al 0.1~
2.5 ng/m® , HH¥E D5 PMosao FEEIKFE ) 3.9%F1 0.8%; PMas Fll PM2s.10 1 OC Al PM2s.10
) EC WRFEEMRIM 2R AT > BF>ERNFNERMFHE, 1M PMas H EC NIA %4F=>FK
T >SHEF SHEFRMNFENRNFRE, RIEMIREE, PL3h% RSN S ERF R EZRIE.
3) —HEHEFEMAZE PMos Ml PM2s.a0 1 OC 5 EC A HUEUFIIAHGME (R2>0.6), WIXFEE
Zs OC M EC HA M [E 195 G R IH 1 BORIE T A5 Y. HEREAKEMMEMR N (R2>0.3), WHES
VTR 5 e BB TR S5 e, 4R il G i i it o

4) ZZFFNEHZE PM2s fll PMas1o 11 OC 5 EC LA ELECK, HEFMKFEMARKWE, XE
B 2 8 RS KR IR WU SR IR AEBEZFIRZE SOC Xf OC HITTHAAABH &, FIr LA Sl 12 i HoAth ok
v/
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Abstract: In order to study the effects of particles and meteorological factor on visibility in
Wuh-an. Visibility, PM2s, RH, Temperature, Atmospheric pressure and wind speed were measured du-ring
1h~31™"January, 2013 in Wuhan. The results show that: The PMzsmass concentrationhas a significant
relationship with visibility, relative humidity, wind speed is once again, and thetem-perature effect on
visibility. The effect of PM2s on visibility was different in several visibility sec-tionsin Wuhan.Therefore,
The emphasis which should bereduced isthe formation of aerosols in the atmosphere to increase the
visibility in Wuhan.

Key words: visibility, PM.s, relative humidity, correlation, Wuhan
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®1 T A IETE N BtPM2sik B 5 R R T4t it

Table 1Thestatistics of PM2.s and meteorological elementsin the haze and normal timein Wuhan

RS E|= PR
L[ PRt 2= BE PR 22

PM2s(ug/md) 234.8 81.9 86.4 33.9

A8 I (m) 4768 2456 20273 10634
AR E (%) 63.21 13.30 50.23 12.05

RiR(C) 6.15 3.72 2.02 3.45

JRGE (m/s) 1.05 0.96 1.83 1.57
KA (hPa) 1019.03 3.87 1022.87 6.66

2.2 FAARGEHARIPM, 53R BEXT K B I BE
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MRS EE 51 9609%6-95% - AT RSURE WD 0T T LI RO HICHS AR ACRE 3 B R U RE IR B F) £ B B . Ay itk
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Fig.3 The correlation among the visibility and PM2sin haze and normal time in Wuhan
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Table 2 The correlation between the visibility and PM2s in Wuhan

ﬁéﬂ}g PMa2s
LA MXFRH ks % F
% y = —18.09x+ 5.9442 0.62 y = 0.9814x™*%F 0.67
£[2 y= —25742x+42.492 0.82 y= 1485377 085
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Fig.4 The correlation between the visibility and PMzs in different RH ranges in Wuhan
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Table 3 The correlation between the visibility and PMzs in different RH ranges in Wuhan

FHXT PMa2s
B AT AR R
RH<50% 0.96

y = 0.9413x~ 135

5006<RH<80% § = 0.7518x- 150 0.86

80%<RH<90% 262 0.58
° ° y = 0.4904x~ 1262
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RTRE DL /NI EEL 55 [ e SIP Mo 53k BE A1 T G R /N I JAI LA B SC A A S 730 # TSR
RKAH AR AR R e RUnE 4.
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Table 4 Pearson and partial correlation coefficientof visibility and PM2s and meteorological elements

Pearsonf| < RAH R

LB 3 #Zp FEAHL A % R %L RS H
PMgs -0.68 0.000 702 -0.60 0.000 696
FA -0.24 0.000 702 -0.23 0.000 696
R -0.21 0.000 702 -0.18 0.000 696
-1 R 0.31 0.000 702 0.24 0.000 696
[k 0.17 0.000 702 -0.08 0.028 696

HiPearsonfHo% REAT AE th, KABEILE SPMe s B L R FEAR B2 S SR SRR &, T ST 1 X
AR UE 22 IEAR 95K 2« Pearson il 56 70T AN 7 1 /A B 2 [ A T2 CRLA ELR A TR]H5 R4 )
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W, AT REAG AR DLEE ™ o KRR G B (3 1 43 SR K AU UL 1 2 40 3 Ok FEE A A T B K
SRS RE, B A R RS 6 0% BN R IR N R X, AT
ST WL Py T RS X P E B 3062% o KSR 38 43 MRV M S R TE 5 7K o0 B
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Seasonal and day-night variations of chemical species in PMzg over Xi'an,

China: Implications of water-soluble organic carbon (WSOC) sources

(Zhenxing Shen®*, Junji CaoP, Qian Zhang?, Jianjun Li®, Suixin Liu®)
aDepartment of Environmental Science and Engineering, Xi’an Jiaotong University, Xi'an 710049, China
PKey Laboratory of Aerosol, SKLLOG, Institute of Earth Environment, Chinese Academy of Sciences, Xi’an
710075, China
Air Quality Research Division, Science and Technology Branch, Environment Canada, Toronto, Canada
*Author to whom correspondence should be addressed. E-mail: zxshen@mail.xjtu.edu.cn (Zhenxing Shen)
Abstract

To investigate the seasonal and day-night variation of PMyo chemical species, daytime and nighttime
PM1o mass, water-soluble ions (Na*, NH4*, K*, Mg?*, Ca?*, F-, ClI,, NOs, and SO4?%), organic carbon (OC),
elemental carbon (EC), and water-soluble carbon (WSOC) were acquired at a urban site of Xi’an from 20
December 2006 to 12 November 2007. No dramatic differences were found in PMig or chemical species
loadings between daytime and nighttime. In general, PMio concentrations were in excess of 1.5 times to
China Ambient Air Quality Standard (CAAQS) for 24-h average PMio (150 g m=3). Carbonaceous
fractions and water-soluble ions accounted for nearly one-third and 12.4% of the PMio mass. Relative Low
NO3/SO4?* ratio suggested that stationary source emissions were more important than the vehicle emissions
in the source areas in Xi'an, China. Good correlation between WSOC and OC were observed, which
indicated that they might derive from the similar origin, such as primary emission sources or secondary
processes. Moreover, a strong relationship between WSOC and K* was observed in winter, which implies
winter WSOC were mainly from biomass burning. This was also highlighted by the chemical components
results of biomass burning events. In contrast, poor correlation between WSOC and K* in summer
indicated WSOC was mainly of Secondary organic carbon contribution from strong photochemical activity.

Keywords: PM1o, water-soluble ions, WSOC


mailto:zxshen@mail.xjtu.edu.cn

A+ JE A TR R 2 B S ik R R BRI

Aerosol Variations in Boundary Atmospheres: Review and Prospect

(Shi Guangyu and Chen Bin)
Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China

Abstract: Atmospheric aerosols play important roles in climate and atmospheric chemistry: They scatter
sunlight, provide condensation nuclei for cloud droplets, and participate in heterogeneous chemical
reactions. To enable better understanding of the vertical physical, chemical and optical feathers of the
aerosols in East Asia, using some atmospheric and aerosol measument instruments on board a kind of
tethered-balloon system, a series of measurements were operated in some typical areas of East Asia,
incluing Dunhuang, which is located in the source origin district of Asian dust and Beijing, which is the
representative of large inland city during the years of 2007-2011. Mineral composition and microbial
components carried by the airborne particles were both analyzed. Moreover, the simultaneous observations
over the districts of China, Japan and Korea supported by an international cooperative project are highly

expected.
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“H 596.6 cfu m3. 797.4 cfum?3, E =435k 280.9 cfum3. 250.9 cfu m3, HEFEFSMEMTTE
WEXmTHEZE, BFMNEFTMERAAL R WSS, SAREREENBIESS N 2T
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Concentration and Influence Factors Analysis of Airborne Microbes in

Spring and Summer in Qingdao.

SONG Zhi-wen**, WU Deng-deng, QIAN Sheng-cai, XU Ai-ling, XIA Yan
(Institute of Environment and Municipal Engineering, Qingdao Technological University, Qingdao
266033, China).
Abstract: To determine the concentrations and influencing factors of bioaerosol in Qingdao, airborne
microbes were collected by SAS 1SO100 and Andersen Six Stage Sampler in city streets. Concentrations of
airborne bacteria and airborne fungi, size distributions, and influence of environmental factors on airborne
microbe concentrations were studied systematically. The results showed that the average concentrations of
airborne bacteria and airborne fungi were 596.6 cfu m=3, 797.4 cfu m in spring, and 280.9 cfu m, 250.9
cfu m3 in summer, respectively. The average concentrations of airborne bacteria and airborne fungi were

higher in spring than those in summer. The particle sizes of airborne bacteria were plotted with skew

EF ARFHEESIE (31170509, 31170509).
**@EHNEH E-mail:songzhiwen@qtech.edu.cn
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distribution, and those of airborne fungi with normal logarithmic distribution. The median diameters of
airborne bacteria and airborne fungi were 4.6pm and 2.2pm in spring and 4.1pm and 1.9pm in summer.
The median diameters of airborne bacteria and airborne fungi were larger in spring than in summer. The
concentration of airborne bacteria was positively correlated with temperature. Concentration of airborne
fungi increased with temperature, but when temperature reached 25°C, begun to decrease with temperature.
The concentration of airborne bacteria and humidity had a positive correlation while the concentration of
airborne fungi and humidity had a negative correlation. Within a certain range, the airborne bacteria and
airborne fungi concentrations increased with wind velocity but upon reaching a certain level, begun to
decrease.

Key words: airborne bacteria; airborne fungi; concentration; size distribution; environmental factor;

Qingdao
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K H SAS 1SO100 7=l B R AE 2% GRURH PBI A 7] MIE o A A IR RiA% 73 41 #FH Andersen
FA-I REYDRE 5 HURE g8 GLFRT RV AXASWTFED g, RAFE SRRV ol JR B T i, K&
VAL S BB AR RL T 45 R INE R o3 ISR FE SRR DR T, SRAEER 70N 6 2, B RFERE 1.
1 FA-1 RFE AR 25 JURFIE
Table 1 Characteristics of FA-1 sampler
Ul ZRRE AR/ ECD*

&

mm I mis pum /um
F1 1.18 1.02 >7.0 7.0
F2 0.91 1.53 4.7-7.0 4.7
F3 0.71 3.65 3.3-4.7 3.3
F4 0.53 4.85 2.1-3.3 2.1
F5 0.34 12.62 1.1-2.1 1.1
F6 0.25 23.14 0.65-1.1 0.65

*ECD 7 2 B kif2 Represents effective cut diameter
1.3 REFEHFEMEFRITE
REERSE YT 2012 4 % 6 M 8 HE 9 H, KAEmEy B4 (8: 00~9:000, H“F (11: 30~
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Fig.1 Size distributions of airborne microbes at streets of Qingdao in spring and summer
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Fig. 2 Correlation between airborne microbe concentration and temperature
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Fig.3 Correlation between airborne microbe concentration and humidity
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Fig.4 Correlation between airborne microbe concentration and wind velocity
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Column-integrated aerosol optical properties over Xi’an, China

(Xiaoli Su?, Junji Cao® 2, Zhenggiang LI3, Meijing Lin* Gehui Wang?)
1 Key Laboratory of Aerosol Science & Technology, SKLLQG, Institute of Earth Environment, Chinese
Academy of Sciences, Xi’an 710075, China,
2 Department of Environmental Science and Engineering, Xi’an Jiaotong University, Xi’an 710049, China,
% Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100101, China,
4 Zhongshan Bureau of Meteorology, Zhongshan 528400, China.

Abstract: Column-integrated aerosol optical properties were derived systematically for the first time from
the measurements of a ground-based CIMEL sun photometer in Xi’an from May to November, 2012.
Aerosol Optical Depth (AOD), Angstrom exponent, water vapor content and inversed aerosol optical and

micro-physical properties, including aerosol volume size distribution, complex refractive indices and single
scattering albedo (SSA), were analyzed in this study. Evolution of daily AOD at 440 nm ()|} )) was
compared with that of 24-hr mean concentrations of PMs. Statistics of monthly means calculated from

quality-assured daily AOD, Angstrom exponent ([~ )}{|- - ) and water vapor content (}-}{ ) were presented
and discussed. August showed the highest monthly [J{] with the value of 1.13, while the largest monthly

-H ] (2.30) and [)H{(4.28) appeared both in July. Monthly variations of size distribution were

investigated and indicated the domination of coarse mode aerosols in most of the studied months, except
July and August, when the contribution of accumulation and coarse mode were fairly comparable. Monthly
variability of complex refractive index (including both real and imaginary parts) and single scattering
albedo was also studied, along with their wavelength dependence, which implied the variance in aerosol
types for different months. Finally, an episode, involving urban and dust aerosols, was analyzed using
aerosol retrievals from sun photometer, while MODIS images captured by Aqua satellite and average wind

vectors from the NCEP operational global analyses were considered in the case study.

Keywords: Aerosol Optical Depth; Angstrom Exponent; water vapor content, aerosol optical properties,

sun photometer
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The molecular composition and mass-size distribution of biogenic
secondary organic aerosol from Xi'an

(SUN Tao, WANG Ge-hui, LI Jian-jun)

State Key Laboratory of Loess and Quaternary Geology, Institute of Earth and Environment, Chinese
Academy of Sciences, Xi’an 710075, China.

Abstract: In this study, concentration and size distribution of biogenic secondary organic aerosols (i.e.,
isoprene, pinene and sesquiterpene photooxidation products) in the summertime atmosphere of Xi'an city,
China was characterized using a GC/MS technique after a conversion to TMS derivatives. Our results
showed that BSOA in Xi’an are dominated by isoprene oxidation products, which accounted for around
80% of the total quantified BSOA. Biogenic secondary organic carbon derived from isoprene, a-/B-pinene
and sesquiterpene were 0.39g C/m@, 0.13pg C/mé, 0.10pg C/m?, respectively. Size distributions of the
nine determined compounds suggest that BSOA in the city are enriched in fine particles. Compared to that
in other cities and mountain areas the relatively lower ratio of MBTCA/CPA ratio of Xi’an BSOA indicates

that BSOA in the city are mostly derived from local sources and more fresh.

Key words: biogenic secondary organic aerosol; isoprene; o-/B-pinene; sesquiterpene; molecular

composition; size distribution
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An Observational Study of the Hygroscopic Properties of Aerosols over the
Pearl River Delta Region

(Haobo Tan?®, Yan Yin?, Xuesong Gu?, Fei Li®, P.W. Chan?, Hanbing Xu®, Xuejiao DengP)
2 Institute of Tropical and Marine Meteorology, China Meteorological Administration, Guangzhou,
Guangdong 510080, China
® Key Laboratory for Aerosol-cloud-precipitation of China Meteorological Administration, Nanjing
University of Information Science and Technology, Nanjing 210044, China;
¢ Experimental Teaching Center, Sun Yat-sen University, Guangzhou 510275, China
4 Hong Kong Observatory, Hong Kong, China

Abstract :Hygroscopic growth can significantly affect size distribution and activation of aerosol particles,
as well as their effects on human health, atmospheric visibility, and climate. In this study, a H-TDMA
(Hygroscopic Tandem Differential Mobility Analyzer) was utilized to measure hygroscopic growth factor
and mixing state of aerosol particles at the CAWNET station in Panyu, Guangzhou, China. A statistical
analysis of the results show that, at relative humidity (RH) of 90%, for less-hygroscopic particles of 40-200
nm in diameter, the growth factor (g.n) was around 1.13, while the number fraction (NF_w) varied between
0.4140.136 and 0.2640.078; for more-hygroscopic particles, the growth factor (gmn) varied between 1.46
and 1.55 with the average equivalent ammonium sulfate ratio ( as &R FK3RB5| FH¥E. ) ranging from
0.63 to 0.68. The differences in  as among particle of different sizes reveal that more-hygroscopic
inorganic salts, such as ammonium sulfate and ammonium nitrate, are of more effective condensation
growth for Aitken mode particles. A combined analysis of the probability density function of growth factor
(Gf-PDF) and simultaneous meteorological data shows that during clean periods with air masses moving
from the north, the particles are more likely to have homogeneous chemical composition, while during
polluted or pollution accumulation periods, variations in mean number weighted growth factor (gmean) and
NFwmn become more pronounced, indicating that locally-emitted aerosol particles tend to be in an externally
mixed state and contain a certain proportion of less-hygroscopic particles. This study can help improve our

understanding of aerosol hygroscopicity and its impact on the atmospheric visibility and environment.

Keywords: H-TDMA, aerosol hygroscopicity, urban aerosol, haze, Pearl River Delta
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Development of an integrating sphere calibration method for China Aerosol

Remote Sensing NETwork Cimel sunphotometer

Ran Tao® 2, Huizheng Che 2", Quanliang Chen?, Yagiang Wang?, Junying Sun?, Xiaochun Zhang?, Sai Lu®,

Jianping Guo?, Hong Wang?, Xiaoye Zhang?

1College of Atmospheric Sciences, Chengdu University of Information Technology

2Key Laboratory of Atmospheric Chemistry (LAC), Chinese Academy of Meteorological Sciences (CAMS),
CMA, Beijing, 100081
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Abstract:Based on the integrating sphere traced from NIST (U.S.A), a sphere calibration method and
protocol for the China Aerosol Remote Sensing NETwork (CARSNET) Cimel sunphotometer was
established. Four Ce-318 sunphotometers have been verified using the calibration method and operational
protocol. The calibration results show the instruments’ coefficients differ less than 3% (~5%) for visible
()(infrared) wavelengths from the original ones offered by Cimel Co. Ltd. In-situ validation experiments
data showed the irradiances at 26 “measured by sun collimator (aureole) are consistent with those measured
by sky collimator (sky) under both almucantar (ALMUC) and principal plane (PPLAN) scenarios. The
differences at all wavelengths are less than 1%, which indicates the method and protocol are suitable for
CARSNET field sunphotometer calibration and should benefit the improvement of data quality and

accuracy of network observations.

Keywords: Ce-318 sunphotometer, integrating sphere calibration, CARSNET
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Aerosol vertical distribution and seasonal variation over SACOL derived

from CALIPSO lidar observations

(Pengfei Tian, Lei Zhang*, Xianjie Cao)
Key Laboratory for Semi-Arid Climate Change of the Ministry of Education, College of Atmospheric
Sciences, Lanzhou University, Lanzhou, 730000, China

*Author to whom correspondence should be addressed. E-mail: zhanglei@Izu.edu.cn

Abstract: Firstly, presents an assessment of CALIPSO observation by comparing to the ground based lidar
CE 370-2. Then CALIPSO level 2 aerosol profile data from June 2006 to October 2011 is used to study the
vertical distribution and seasonal variation of aerosols over SACOL. Four types of aerosols are observed
over SACOL.: dust (with an occurrence frequency of 55.3% among all subtypes of aerosols), polluted dust
(27.3%), smoke (15.5%) and clean continental (1.8%). Aerosols are uniformly distributed from ground to 2
km above, anthropogenic aerosols decrease while natural aerosols relatively increase from 2 to 4 km, dust
dominates in the heights of 4~6 km, while only polluted dust is observed in the layer of 6~8 km, no aerosol
is observed above 8 km. In spring, dust occurs frequently over SACOL (90.6%); in summer, the occurrence
frequency of smoke almost equals that of polluted dust and these two types of aerosols occur almost at the
same height bin; in autumn, local dust and smoke are mixed from ground to 2 km; in winter, dust is
observed in the height bin of 2~6 km. Dust is mostly observed in spring and winter within 6 km; smoke is
mostly observed in summer and autumn within 4 km; polluted dust has much the same occurrence
frequency in summer, autumn and winter, mostly below 2 km and can reach the height bin of 6~8 km.

Key words: atmospheric aerosol, CALIPSO, vertical distribution, seasonal variation

1. Introduction

Through the direct radiative effect (scatter and absorb the solar radiation), indirect radiative effect (modify
the microphysical processes and albedo of cloud) and semi-direct radiative effect (emit long wave radiation
to affect atmospheric temperature structure), atmospheric aerosols play an important role in the
earth-atmosphere system (Charlson et al, 1987; IPCC, 2007). As one of the major forcing factors of climate
change, atmospheric aerosols become a popular research topic (Charlson et al, 1992; Pornsawad, et al,
2012). Due the vastly temporal and spatial variation, the study on the aerosol radiative effect still exist
uncertainties and is the most important characteristic of atmospheric aerosols; the vertical distribution
influences the atmospheric temperature structure (Satheesh et al, 2009; Guan et al, 2010).

Lidar, or laser radar, has the advantage of detecting the vertical distribution of aerosols, been used to study
aerosols, laying the foundation for studying atmospheric aerosols (Collis, 1967; Klett, 1981; Fernald, 1984).
Since April 2006, space borne lidar CALIOP has collected a large number of valuable data. CALIPSO data
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has been widely used in research work: Winker et al (2007) carried out the initial performance assessment
of CALIOP; Liu et al (2008) studied the airborne dust distributions over the Tibetan Plateau and
surrounding areas, Mishra and Shibata (2012) studied vertical distribution over central Indo-Gangetic belt,
Campbell et al (2012) studied aerosol vertical distribution over Southeast Asia and the Maritime Continent.
Liu et al (2013) studied the transpacific transport and evolution of the optical properties of Asian dust. It is
widely accepted that space borne lidars provide a good opportunity to examine aerosol vertical distribution.

Based on SACOL, Key Laboratory for Semi-Arid Climate Change of the Ministry of Education carried
out a lot of research work: Huang et al (2008a) analyzed the initial observation of a micro-pulse lidar, Bi et
al (2010) carried out the characterization of the aerosol optical properties, Li Xia and Zhang Lei (2012)
used backward trajectories derived from the NOAA HYSPLIT model NCEP/NCAR reanalysis data to
study the sources of aerosols over SACOL. But subtypes of aerosols are not analyzed over SACOL.

Though, lidar ratio (or the aerosol extinction-to-backscatter ratio) varies with the aerosol size
distribution, shape, and composition (He et al., 2006), each subtype of aerosol has a statistical typical value
(Omar et al., 2009), which is essential in lidar equation. The study of Zhang et al (2010) sets lidar ratio as
20 for the altitude below 2 km and 25 for that above 2 km in the lidar data retrieval. To appropriately set the
value of lidar ratio, the subtype of aerosols must be studied in detail.

Dust has been the research focus of SACOL: Zhang et al (2010) analyzed the vertical distribution of
dust aerosol and its radiative properties during a dust storm from 27~29 March 2007, Zhou et al (2012)
analyzed the vertical distribution and size distribution of dust during another dust storm from 16~18 March
2010. These research works focus on the dust during spring (March, April and May; the other seasons, vice
verse); aerosols during the other seasons are not analyzed.

This paper aims to analyze the vertical distribution and seasonal variation of aerosol subtypes over

SACOL, using the data collected by CALIPSO and some ground based observations.

2.Data and Methodology
2.1 Data analysis
Level 2 Version 3-01 5 km data from June 2006 to October 2011 collected by the space-borne lidar
CALIOP (Cloud-Aerosol Lidar with Orthogonal Polarization) onboard the satellite CALIPSO
(Cloud-Aerosol Lidar Infrared Pathfinder Satellite Observation) is used in this study. Statics of the day and
night data distance from SACOL is shown in table 1.

Table 1 Distance between SACOL and the selected CALIPSO observation

Mean Min Max File number
Day (km) 8.0 1.0 16.4 115
Night (km) 67.7 58.5 77.3 228

Mean distance during daytime is 8.0 km while in the night is 67.7 km. Take the vastly spatial variation of
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aerosols into consideration, the CALIPSO data in the daytime is used in this study to compare with the
ground data collected by SACOL.

The ground based lidar CE 370-2 with the wavelength of 532 nm is applied to carry out the assessment of
CALIPSO observation. The data corrections to the CE 370-2 lidar data is carried out including dead time
correction, afterpulse correction, background noise subtraction and geometric overlap correction. The data
of particle size distribution and Angstrém exponent over SACOL from AERONET is also used in the study.
2.2 Occurrence frequency of aerosols vertical distribution

The CALIPSO aerosol-type identification algorithm defines six aerosol types: clean continental (with 532
nm lidar ratio of 35), clean marine (20), dust (40), polluted continental (70), polluted dust (65), and smoke
(70), called the CALIPSO aerosol model.

To achieve better understanding of the vertical distribution of aerosols, the occurrence frequency of
aerosols in different height bins is calculated. Five height bins is divided: within 2 km, 2~4 km, 4~6 km,
6~8 km and above 8 km, same as that in the research of Liu et al (2008). As the vertical resolution of
CALIPSO data is 60 m, each divided height bin has sub bins. The height bin with more than 3 sub bins
detected aerosols is considered as one in which aerosols detected. The number of detected aerosols is
counted and then the occurrence frequency is calculated of aerosols for each height bin.

2.3 Anthropogenic Aerosol Ratio

Smoke is a kind of anthropogenic aerosol while dust is generated by nature; polluted dust is the mixture

of smoke and dust. Here Anthropogenic Aerosol Ratio (AAR) is defined as the ratio between occurrence

frequency of aerosols from anthropogenic and natural sources.

FTIR Detector
Ge

]

pC M)

Where N stands for the occurrence frequency of aerosols, the subscripts stands for aerosol subtypes.
So, AAR equals to 1 means that anthropogenic aerosols and aerosols of natural sources have the same
occurrence frequency; AAR larger than 1 indicates more anthropogenic aerosols while AAR less than 1

indicates more aerosols of natural sources.

3. Results

3.1 Assessment of CALIPSO observation

Figure 1 and 2 show the assessment of CALIPSO observation compared with the ground based lidar CE
370-2. In figure 1 the CALIPSO data is at 06:24 (UTC) while the ground based lidar data is at 06:34; in
figure 2 the CALIPSO data is also at 06:24 while the ground based lidar data time is at 06:14.

Aerosol is detected from ground to 2.7 km by CALIPSO and CE 370-2 observation. There is a maximum
of CE 370-2 observation near ground; both CALIPSO and CE 370-2 observation decrease gradually from
ground to higher height. The aerosol optical depth (AOD) is 0.30 for CALIPSO observation while it is 0.32
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for CE 370-2 observation in figure 1; the AOD for CALIPSO and CE 370-2 observation are 0.57 and 0.67
in figure 2. CALIPSO observed AOD is smaller than that observed by CE 370-2.
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Fig. 1 The assessment of CALIPSO observation on March 26, 2007
The maximum absolute value of relative error and absolute error occur below 0.5 km; above 0.5 km the
absolute error is quite small. On the whole, the CALIPSO observation and the ground based lidar CE 370-2
observation agree well; CALIPSO observation is less that CE 370-2 observation, the main difference
occurs below 0.5 km.
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Fig. 2 The assessment of CALIPSO observation on April 11, 2007

3.2 Vertical distribution and seasonal variation of aerosols subtypes
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Table 2 shows the vertical distribution of all types of aerosols over SACOL, And in all the aerosols
occurrence frequency decreases with height: 67.8% within 2 km, 96.0% within 4 km, and 4.0% between
4~8km, no aerosols above 8km. The detected subtypes of aerosols are dust (with an occurrence frequency
of 55.3% among all subtypes of aerosols), polluted dust (27.3%), and smoke (15.5%) and clean continental
(1.8%).

Table 2 Occurrence frequency of all types of aerosols for the divided height bins

Height bins Clean  Polluted All Frequency  AAF

(AGL, km) pust Cont. Dust Smoke Aerosols (%) (%)
8~ 0 0 0 0 0 0.0 -

6~8 0 0 4 0 4 0.5 1.00

4~6 26 0 1 0 27 3.5 0.04

2~4 134 7 49 30 220 28.2 0.42

~2 271 7 159 91 528 67.8 0.57

All height bins 431 14 213 121 779 100.0 0.51
Frequency (%)  55.3 1.8 27.3 155 100.0 - -

Dust aerosol mainly occurs below 4 km (accounts for 94.0% of all dust aerosol), reaching a maximum
height of 4~6 km. Smoke aerosol is completely located within 4 km. Polluted dust aerosol mainly occurs
below 4 km (accounts for 97.7% of all polluted dust aerosol), a small amount can reach a maximum height
of 6~8 km (1.9%), higher than the maximum height of smoke. Clean continental aerosol is detected on
September 7, 2009, at the height about 2.0 km, so it is counted in both from ground to 2 km and 2~4 km
height bins.
The anthropogenic aerosol ratio (AAR) is 0.51 for all subtypes of aerosols in all height bins, indicating
more aerosols of natural sources than anthropogenic aerosols over SACOL. AAR decreases with height
within 6 km, indicating more anthropogenic aerosols near the ground and relatively more aerosols of
natural sources in higher heights. Only polluted dust is detected in the 6~8 km height bin, so the AAR in
this height bin is 1.0.

Table 2 describes the occurrence of aerosols in different height bins, not the content of aerosols. Figure
3 (a) shows the vertical profile of aerosol backscatter coefficient which indicates the variation of aerosol
content with height. In figure 3 the height equals to 0 km means the surface of SACOL. SACOL is located
on top of the Cuiying Mountain, so the initial height in figure 3 is negative. The aerosol backscatter

coefficient reaches the maximum near ground, and then decreases with height till about 8 km.
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Fig. 3 Aerosol backscatter coefficient and lidar ratio of all aerosol subtypes
Figure 3 (b) shows the vertical distribution of lidar ratio, which is initially defined as a constant value for
each subtype of aerosols in CALIPSO retrieval algorithm, so it can be used to distinguish the subtypes of
aerosols. It is defined 40, 65 and 70 for dust polluted dust and smoke. Lidar ratio is around 48 in the height
bin of from ground to 2 km, indicating different subtypes of aerosols uniformly distributed in this height
bin. Lidar ratio decreases in the height bin of 2~4 km, meaning that smoke decreases while dust relatively
increases in this height bin, the same trend as shown by AAR. Lidar ratio is around 40 in the height bin of
4~6 km, indicating dust dominants this height bin. Only polluted dust is detected in the height bin of 6~8
km, so the lidar ratio equals to 55 (smaller than the typical value of 65, may be resulted in by the relatively

higher occurrence frequency of dust aerosol) in this height bin.
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Fig. 4 Aerosol depolarization and color ratio of all aerosol subtypes
The aerosol particle depolarization ratio (PDR) is defined as the ratio of the perpendicular polarization
component to the parallel component of aerosol scattering, indicates the non-sphericitiy of aerosols. The
color ratio (CR) of aerosols in CALIPSIO data is defined as the ratio of backscatter between 1064 nm and
532 nm, which can be used to describe the size of aerosols. PDR ranges from less than 0.1 to greater than
0.4, with the peak value of about 0.28, similar to the PDR of dust in the study of Liu et al (2013). CR
ranges from 0.2 to 1.2, with the peak value of about 0.71, greater than the results of Omar et al (2009) and
Mishra and Shibata (2012), indicating larger size of aerosols over SACOL.
Aerosol distribution is analyzed as a whole above; the seasonal variation of aerosols over SACOL will be
analyzed as follows.

Table 3 Occurrence frequency of all types of aerosols in different seasons

Height ) ] All Frequency
Spring Summer Autumn Winter

(AGL, km) seasons (%)
8~ 0 0 0 0 0 0.0
6~8 1 0 3 0 4 0.6
4~6 8 6 0 15 29 4.2

2~4 72 58 45 27 202 29.0

~2 95 91 132 143 461 66.2

All height bins 176 155 180 185 696 100.0

Frequency (%) 25.3 22.3 25.9 26.6 100.0 -
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Because of different counting methods, the total number in table 3 is 696, less than that in table 2, while
the vertical distribution shown in table 3 is similar to that in table 2. The occurrence frequency in autumn

and winter is slightly larger than that in spring and summer. The occurrence frequency in four seasons in

the height bin of 0~2 km respectively are 54.0%. 58.7%., 73.3% and 77.3% while in the height bin of 2~4

km are 40.9%. 37.4%. 25.0% and 14.6%, indicating relatively more aerosols in the height bin of 0~2 km in

autumn and winter while more aerosols in the height bin of 2~4 km in spring and summer. The occurrence

frequency in winter is the largest; slightly less in spring and summer; no aerosol is detected in autumn.
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Fig. 5 Lidar ratio vertical profile in different seasons

According to the CALIPSO aerosol model, figure 5 reflects the vertical distribution of aerosol types. In
spring, lidar ratio is about 40 from ground to 6 km, indicating the dominance of dust; it is 55 in the height
bin of 6~8 km, implying the occurring of polluted dust. In summer, lidar ratio decreases from 70 to 40 from
ground to 6 km, indicating more anthropogenic aerosols (such as smoke) near the ground and relatively
more aerosols of natural sources (such as dust) at higher heights. In autumn, lidar ratio firstly increases
from 40 to 53 and then decreases to 40 gradually from ground to about 2 km, indicating local dust near
ground and smoke in this height bin; it is 40 in the height bin of 2~4 km, implying the presence of dust;
only polluted dust detected in the height bin of 6~8 km, so the lidar ratio is 55. In winter, lidar ratio
decreases from 52 to 40 from ground to 2 km, indicating the presence of dust and smoke; it is 40 from 2 km
to 6 km, indicating the dominance of dust.

Figure 7 shows the aerosol size distribution for all seasons over SACOL derived from the data provided
by AERONET. By comparing to the aerosol size distribution carried out by Omar et al (2009), the aerosol

size distribution in spring and winter separately are similar to that of dust and polluted dust while in
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summer and autumn similar to that of smoke.

Angstrém exponent (AE) is used to describe the aerosol particle size (Eck et al, 1999), AE less than 1
indicates large aerosol particle while AE larger than 1 indicates small aerosol particle. AE in spring,
summer, autumn and winter are 0.70, 1.10, 1.01 and 0.84, indicating more dust in spring and winter while
more smoke in summer and autumn.

SACOL Aerosol Size Distribution
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Fig. 6 Aerosol size distribution for all seasons
3.3 Dust vertical distribution and seasonal variation
Table 4 Occurrence frequency of dust in all seasons
Height ) ] Whole Frequency
Spring  Summer  Autumn  Winter
(AGL, km) year (%)
6~ 0 0 0 0 0 0.0
4~6 5 6 0 15 26 6.0
2~4 64 21 29 20 134 31.1
~2 94 24 68 85 271 62.9
All height bins 163 51 97 120 431 100.0
Frequency (%) 37.8 11.8 22.5 27.8 100.0 -

As shown in table 4, dust occurs within 6 km above ground and 94.0% within 4 km. The occurrence
frequencies of dust are higher in spring and winter, separately 37.8% and 27.8%; while lower in summer
and autumn, separately 11.8% and 22.5%. SACOL is located at the semi-arid area and the edge of the Loess
Plateau, with the Taklimakan Desert at the northwest side and Gobi Desert at the north side, so dust occurs
all over the year. The vegetation cover is to the disadvantage of dust emission during summer and autumn

while the exposed surface helps the emission of dust during spring and winter, so there is less dust during
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summer and autumn and more during spring and winter.
3.4 Smoke vertical distribution and seasonal variation

Smoke occurs within 4 km above ground as shown in table 5, indicating that smoke originates from
local sources. The occurrence frequency in summer is the highest (48.8%), lower in autumn (31.4%) and
winter (19.8%). The occurrence frequency in winter is low and smoke is detected during spring, this may
related to the dominance of dust during spring and winter.

Table 5 Occurrence frequency of smoke in different seasons

Height ) ] Whole Frequency
Spring  Summer  Autumn  Winter

(AGL, km) year (%)
4~ 0 0 0 0 0 0.0

2~4 0 21 9 0 30 24.8

~2 0 38 29 24 91 75.2

All height bins 0 59 38 24 121 100.0

Frequency (%) 0.0 48.8 314 19.8 100.0 -

3.5 Polluted dust vertical distribution and seasonal variation

As shown in table 6, polluted dust mainly occurs within 2 km (77.0%, from local sources) and a small
amount can reach the height bin of 6~8 km (1.9%, transported from long distance sources). The occurrence
frequency of polluted dust in spring is quite low among all the seasons, may caused by the dominance of
dust in spring. In summer, autumn and winter, polluted dust occurs within 4 km while it can reach higher
height in spring.

Table 6 Occurrence frequency of polluted dust in different seasons

Height ) ] Whole Frequency
Spring  Summer  Autumn  Winter

(AGL, km) year (%)
8~ 0 0 0 0 0 0.0

6~8 1 0 3 0 4 1.9

4~6 1 0 0 0 1 0.5

2~4 12 23 6 3 44 20.7

~2 3 37 56 68 164 77.0

All height bins 17 60 65 71 213 100.0

Frequency (%) 8.0 28.2 30.5 33.3 100.0 -

4. Summary and Conclusions
The vertical distribution and seasonal variation of aerosols over SACOL are analyzed using the CALIPSO
level 2 aerosol profile data from June 2006 to October 2011. Ground based lidar profile data, particle size

distribution and Angstrém exponent data are also used as validation.
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CALIPSO observation and the ground based lidar CE 370-2 observation agree well; CALIPSO
observation is less that CE 370-2 observation, the main difference occurs within 0.5 km.

Aerosol occurrence frequency decreases with height, 67.8% within 2 km, 96.0% within 4 km, and 4.0%
between 4~8 km. The detected subtypes of aerosols are dust (with an occurrence frequency of 55.3%
among all subtypes of aerosols), polluted dust (27.3%), and smoke (15.5%) and clean continental (1.8%).
The anthropogenic aerosol ratio (AAR) is 0.51 for all subtypes of aerosols in whole, indicating more
aerosols of natural sources than anthropogenic aerosols over SACOL.

Aerosols are uniformly distributed from ground to 2 km above, anthropogenic aerosols decrease while
natural aerosols relatively increase from 2 to 4 km, dust dominates the height bin of 4~6 km, only polluted
dust is observed at the height bin of 6~8 km, no aerosol is observed above 8 km.

In spring, dust occurs frequently over SACOL (90.6%), no smoke is detected in this season; in summer,
the occurrence frequency of smoke almost equals that of polluted dust and these two aerosols occur almost
at the same heights; in autumn, local dust and smoke are mixed from ground to 2 km; in winter, dust is
observed at the heights of 2~6 km.

Dust is mostly observed in spring and winter, below 6 km; smoke is mostly observed in summer and
autumn, below 4 km; polluted dust has much the same occurrence frequency in summer, autumn and winter,
mostly below 2 km and can reach the heights of 6~8 km.

For the comparison to the ground data collected by SACOL, only CALIPSO data of the day is used in this
study; CALIPSO data of the night will be applied to study aerosols for appropriate study area.
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Impact of meteorological parameters and gaseous pollutants (SO2 and NO3)

on PM2s and PM1omass concentrations during 2010 in Xi’an, China

(Ping Wang *, JunJi Cao !, Yongming Han %, Yu Huang 2, Shuncheng Lee ?)
! State Key Lab of Loess and Quaternary Geology, Institute of Earth Environment, Chinese Academy of
Sciences, Xi’an 710075, China

2 Department of Civil and Environmental Engineering, The Hong Kong Polytechnic University, Hong Kong

Abstract: PM2sand PMyomass from quartz-fiber weight were obtained in Xi’an for two weeks of every
month corresponding to January, April, July and October during 2010 at upwind district of Gaoling county
(GLC), downwind background station of Black river reservoir (BRR) and four urban sites. Annual average
PM_,s and PMi mass concentrations were 140.9 + 108.9 pg m, 257.8 =+ 194.7ug m=, respectively.
Seasonally, high concentrations in wintertime and low ones during summertime were attributed to seasonal
variations of meteorological parameters and cycle changes of precursors (SO2 and NOy). Stepwise Multiple
Linear Regression (MLR) analysis indicated that relative humidity is the main factor influencing on
meteorological parameter. Sulfate of SO, oxidation products are concentrated in fine mode of PM,s and
nitrate of NO; oxidation in coarse mode of PMio. Entry MLR analysis suggested that SO, and NO;
contributed 48.6% and 33.9%, and 17.5% and 0.7% of the total PM2s and PMio, respectively. Trajectory
cluster results indicated long distance air mass from northwest in winter (82.1%) and in spring (67.9%), and
short distance from surrounding provinces in summer (62.5%) and autumn (73.2%). Potential Source
Contribution Function (PSCF) analysis showed three day Dust storm (DS) came from Taklimakan Desert in
Xinjiang and Gobi Desert in Inner Mongolia in spring. Remote sensing retrieval (OMI UV Aerosol Index
(Al), OMI tropospheric NO2 column of Aura and Aerosol Optical Depth (AOD) of MODIS TERRA) from
Giovanni online tools of NASA Goddard Earth Sciences Data and Information Services Center (GES DISC)

were verified results of observation on the ground to some extents.

Key words: Xi’an, PM2sand PMio, meteorological parameters, gaseous pollutants, MLR, PSCF.
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Investigation of NR-PM1 Species and Effect on Visibility in Xi’an, China

Yichen Wang?, Jun-ji Cao?
! State Key Laboratory of Loess and Quaternary Geology, Institute of Earth Environment, Chinese
Academy of Sciences, Xi’an 710075, China.
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China.

Abstract :With an Aerodyne Aerosol Chemical Speciation Monitor, we mainly focused on the variation of
NR_PM1 species, its inorganic species formation and its effect on visibility impairment under a stable
atmospheric condition (low wind speed period, from 1 September to 6 September, from 26 September to 1
October respectively). The NR_PM1 took up ~60% of PM.s. Organic contributes the most (58% on
average) to the NR_PM1 mass loading, other species make ~40% contributions. Through Principle
component analysis, we found NHs*, SO4% and NOs played a stably significant role on visibility
impairment within different period of the day. With the IMPROVE equation, Light scattering from
NR_PM1 was ~ 80% of that from PMzs, illustrating the dominance of NR_PMj in the light scattering
process. Organics contributed the most to light scattering during this period whereas (NH4),SO, and
NH:NO; played more important role on the visibility variation than Org did. Overall, it is the combination
of organics, (NH4).SO, and NH4NO3, not a single species that are responsible for the variation of visibility
variation. Sulfate formation was dominated with gas phase reactions during daytime and droplet phase
reactions at night. Nitrate particles, however, were not formed immediately after gas phase reactions in the
afternoon. Two types of OA (HOA and OOA) were found in this study. The oxygenation level of organics
was relatively high and photochemical reaction proceeded rapidly in the afternoon. BBOA(biomass burning
organic aerosol) cannot be resolved though tracers of BBOA(m/z 60 and 73) have a prominent signal,
illustrating the similar variation of time series between these two factors, which maybe resulted from the
traditional energy consumption pattern in villages.

Key words:ACSM, NR_PM1, stable atmospheric condition, formation, visibility, HOA, OOA
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SVATERRERTE]Z 6 /NN, SRREJUE 16. 71/min.

2 B

FRIEBIA-EL R (Lambert-Beer) e, FEAT ¥y &b, B4 BT A0 IR IR
LR A3

I,
A=—logT = lr:rgTE =&l

b, AR RO EE s TR REE R IOt DYIiRis

(PG5 s e B I o R BE IR IS R s CONBR A RV B s R RSO RE
USRI O A, L A AT LS R
A=rsm

= m o I I o

3 G R MR

B 1 2R 4 AN/ S IR T %% . 850-1200em-1 22 [] H T 3 385 41 4k JIE 1) i R A 40 b
B, TR B IR & E 608-620cm-1 F1 1103-1135 cm-1, [KA 850-1200cm-1 X []
BAAANEIER, HERA1E A F] 1103-1135 cm-1 FIRTERAR R IS 1% . 34114 608-620cm-1
VE TR ER AR ) 5 B W0 o AR AR 25 1 W Wi Uée th L7 825-835cm™, 1325-1332 cm™ /ity
£ 1332 cm™ B icig S NOs B SO FRA AR SR BN W b, 7 825em™ B el NOs I
T 25 AR E Mg, FL7E 1332 em bSOz 3 T 825em ™ AR, R AE 1328
em ™ AR IR 1) NHA S Il



A+ JE A TR R 2 B S ik R R BRI

154
1412
1.0 1 1332
<
615
0.5
825
0.0 T T T T T T T T T T T
550 600 650 700 750 800 850 1500 2000 2500 3000 3500

Wavenumber/cm™

Kl 1 PM2.5 SR IR E I i
3.1 SRR ERAR R B RE R (] 1384k
BRI ER BRAR RO B2 B A T o B ARSI N, OB . B 2 4 TR
£ Bt 8 SN, "TCAE e A 2o N 1, FRATTNT IR B AR e AT T 2Rk
WE, WETIEN:
A=0.178V+0.021 R?=0.973
LA LR R?=0.973, 3R B A & & 0 2 1 ¢ RIRLT .

0.18
0.16
0.14

0.12 4

Abs

0.10 4
0.08 4

0.06

0.04 4

. —
0.0 01 02 03 04 05 0.6 0.7 08 09
Volume(ml)

P 2 R B S OB 2 2
3.2 YR BRI R B BRI 1
£ BB BB B IN 0.1ml BB R ZAS VAL IR 5 127 BRI AR 't B AN
ERRAR. B3 TG ERE RAICRE, T A HIRO SRR R R 30 o2
ZRPESE N, BATR IROE R e BT AL, A TTREN:

429



11st National Aerosol Conference and 10™ Cross-strait Workshop for Aerosol Science and Technology

A=0.3438V +0.043 R?=0.987
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(REE, REX", RER, B, B
(FRGPT A, I F L, 266033)

OB EIGE BT 5 ANAFITIREX (T XAIE . IR X R /KR B3R B AN T
K H SAS 1SO100 7S FFif BRI R AF 45T 2013 4F 1 F REE S SUMAEIFE L, S H Biolog 777473 8
AR IRIFACHRAIE . BEVRTHREZ FEIE, 1 A TR A . 2RV E SR BEAH O
SERRI, AFETREX AR R A QU R B AA AL 22 7, S DX Sl AN IR K U 2 S A 4
HEE O IR AR 5 B2 B R & T AR DI REIX s AN [F D RE X 2 AU A V% Shannon i3 44F1 Simpson #5244
Feal, AR XS AN /K U5 Melintosh $5 3R & T AR DI AR X s R DX AN 7K U i 2 A<
A YIREE IR R T, AT, TN IR, T X A3 R 3 SR R A Qg 2 B,
AU, 5 ANTHREX 2 UM AE VIR I 0 R R B IR AR K T 3 s DUREIX B U A M V& ik
PRAR AR 22 S RIS, b o AR MR A 22 57 1) 3 ARV R AR R IR S U . TBSE
LR AW IR FN S S AE R D R R B A AR BERE e, AN F DIREIX 2 AR R 247
TEZE 5.

REEW: F W, WA IIREX, AR, ARURHE, #7521, Biolog J7i%

Metabolic Characteristics and Community Diversities of Airborne

Microbes in Different Functional Regions in Qingdao in Winter.

WU Deng-deng, SONG Zhi-wen**, XU Ai-ling, ZHENG Yuan, XIA Yan (Institute of Environment and
Municipal Engineering, Qingdao Technological University, Qingdao 266033, China).
Abstract: In order to determine the metabolic characteristics and community diversities of airborne
microbes in different functional regions in Qingdao in winter, monitoring points were set up in five
different functional regions (city streets, coastal area, source area of drinking water, municipal landfill site,
and constructed wetlands for wastewater treatment). Airborne microbes were collected by SAS 1SO100 in
January 2013 and their carbon source metabolic characteristics, functional diversity of microbial
community, and relationship with environmental factors were analyzed systematically through the Biolog
method. The results showed that the differences of carbon metabolic profiles of air microbial communities
from the five locations were significant. Among the five locations, levels of carbon metabolic profiles at
coastal area and source area of drinking water were higher than those in other locations. The Shannon

indexes and Simpson indexes in five different city functional regions were similar. However, the Mclntosh

R H AR AT H  (31170509)
**@ H{EH E-mail: songzhiwen@qtech.edu.cn.
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indexes at coastal area and source area of drinking water were higher than that in other locations. Among
the five locations, carbon catabolic types and levels at coastal area and source area of drinking water were
richer and higher compared to those in the artificial wetland, urban streets, and refuse landfill. Utilization
level of carboxylic acids was higher in the five air samples compared with other carbon sources. The
characteristics of carbon metabolic profiles revealed regional features and the key carbon source was
carboxylic acids which caused the differences in characteristics of carbon metabolic profiles.
Environmental factors, such as wind speed, temperature, and humidity may have effects on carbon
utilizations to certain degrees with the dominant factors different according to different environments.

Key words: Qingdao, city functional regions, airborne microbe community, metabolic characteristics,
Microbial diversity, Biolog method
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T HBTHIRY 0.04 km?2, ZRALTHIFY 759%0L |, 2T 5 4A FUikliist s, BRERRKERE: () Bt
KRB B 5 E TAEME— RS KE, JEXH 14.422 km?, LN 51 50%LL L JE RAK, 258
7 B K s, B RIARH, AR (4 NP AEESIREGE AT ZH B
PN DCE— AR B R R, W E S 7.0<10° m3, (b AR 0.66 km?2, JEBE X AR 0.27 km?2, %
=R 41.25%, H ATs2hr HIEHE N 3500 t/d, 37 iB e A I B AK PR R GUIEE G HE NS 7K
ACFRTHEAT AL R, (5D R TN LIRS KAL) S AN 76.7 km?, AbFEFIAL 3x10°mP/d, v H H
R B, 99 MEBOST IR TR, A FICK/NRN 140 m>x32 m, {5 KKIENE
EAKA TR K (4911 &
1.2 BSHEMRE
SKRFEFIA) Y 2013 4F 1 H, K H SAS 1SO 100 U AR FEa R A2 AU, 25 <& 100L/min,
SERERT ] 30min. SEAEE T BRI, N3 100mL KR K, SRS 10min, e I 7
JEAERFERN . RAEHA R [F I TASI-620 % IR IR B2 vH il e RAE SR B AR R, FIH
TASI-641 KRG & Kk . 3 1 A FAE HH R A58 R -1 100

® 1 RFE RSB T

Table 1 Environmental factors of sampling sites

Hb £ ATA] Kk /mls WmEE/C BEE/ %
X #1E (R 0.55 0.1 30.4
R P 7K i 1.80 -6.0 30.1
TR X 45K 1t 2.48 -8.4 28.1
BRI [iE]4 0.55 -6.0 31.0
AT [l 2.45 2.5 37.7
1.3 # T Biolog-GN AR FI#1E

FEFR S I SEIGRE T Biolog-GN i, REfLEEFP RN 125uL, #:#15 1 Biolog-GN # & T 25°C
THIR G FRFA P57, REKG 12h 7E Biolog SR8 B, VA9 590nm, B Z&ILH AR E N IE,
FEANTTFEILRE 7% 8d, £HX 72h “F-355'6 %% £ {E (average well color development, AWCD)#E4T &5
Hr(Principal component analysis, PCA).

1.4 HHIE

1.4.1 FHAEMBRIER K

SFATOBIE (AWCD) 65 R S CE BRI B AT, it sg oy, AWCD =2 (C=R)/n

Hh C NRMALEEEME, R ANBILLEEME, n AKWEE, 5T AF Biolog TR n A,
H:rh Biolog-GN #_H 96.
1.4.2 FHAEYMZRMETHHETTE
I 72h Sa% B TEE 5 AN FEIThREX S SR VIR Z AR E2Y: (1) Shannon fa3(H);s (2)
Mclntosh #6%(U); (3) Simpson 183((D) . iFEARNE 2.

2 FRMAEMRE 2R RO R Tk
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Table 2 Computational methods of indices of diversity of airborne microbial community

Z RIS i A5 HiE
Shannon $4 PP EEE H'= _Z p.Inp, pi B T SLARXTIROB(E (C-R)
55 EEAS SRR X R AR RN 1
b
Mclntosh $5%¢ B B VR R 3 — U= /(Z N 2) ni RN | N AL X HRFLI 2=
sahi ' i (N=CiR)
. - " N .
Simpson f&% 2R Tl A O A A D=1—Z pi2 A &
FE e bR

1.4.3 Gtk

FIF SPSS17.0 #AFHEAT E R4 04T (PCA) R4 HT, FIFI CANOCA B A3EAT i 55t B 434
(CCA) 281,

2 R 55

2.1 BRI IRIRAG TR A

SEEIROGAE (AWCD) RS &2 S YR A R BIR 1 REAR BE 77, RAE A 35 2 BRE PR K
o, MREIKE B RS SRR TR 2 . B 2 275 57T 5 N IREIX AWCD BibiEa .

=

—A— AT —e— XA —e— X i —m— T K —e— iRy
0.4

0 24 48 72 96 120 144 168 192
B A C(h)

1 F & 5 MR X UMY AWCD &1k
Fig. 1 AWCD change of airborne microbes in five city functional regions in Qingdao

MEHTRT LI, AWCD BEH I RSERTIAR K, e ] 48h A HIZE LLET- 2%, 72h /247 AWCD 18
AAHEANSREOE K], 192h FEAGK BIREIRAS o o, WV IXIAN A /K U 2 <URE i AWCD {8
T N LR T XA AN SR I 2 SR, U AT DXIURT A 7K 2 S AR VD VR B
AU ARG, TN AR 17 DX A SR IR R 7 2 S A v B A 7K P AU
2.2 FSAEMIRBERRIEA A2 b
Biolog-GN #R 7 95 Fhowil, A GRIR & fe vl HRIA 6 28, H Wi (carbohydrates) 30 Fi'.
FRIRZE (carboxylic acids) 24 Fi. ZZERRIS (amino acids) 20 . f&/Z 2 (amines/amides) 6 Fi.
EE&WZE (polymers) 5 fil. HAl (miscellaneous) 10 #2681, & 3 275 17 5 PNIhAEX =t Yit
VX AN R R A B A P A5 L
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Fig.2 Relative utilization ratios of carbon sources in Biolog plate by the airborne microbes in five city
functional regions in Qingdao
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ANFI RIS R AR B 22 53t o WV DX SR PR R 7R U 2 SR 0t 6 SRAN TR A6 7K 1 L HoAl
DhRe X = e

2.3 BERMEMREMBELZ T

HI I 2 FEPESR B A R DD RE X 2 SRR MiE 2 B . o Shannon $5 8O HEER RN 4= & 15
SRR, SR T I E DRV A R B S R ) AMA 3 B A3 501 Simpson 550 TPl A= V0 RE
WALHERIARTR: Mclntosh $REUZ FE BRI — BETRNR . & 3 AR IIREX 2= AVt
AR Z PRI IR EL

* 3 AFIREX 2 UEYI R 2 R

Table 3 Diversity index of airborne microbial community in five city functional regions in Qingdao

SKFEH Shannon 5% (H) Mclntosh 63 (U) Simpson 5% (D)

R K U b 3.030.0523 3.1140.7843 0.8820.0939
YR X 4 3.7940.0448 2.4340.1995 0.9640.0013
AT g 4.32240,0250 0.6920.0062 0.9840.0002
T X i 4.2640.0282 0.7240.0123 0.980.0004
T 3 SH I ) 4.2520.0283 0.6920.0067 0.9840.0002
MEHPRT DL, 5 ANThEE X S A ¥4 Shannon $80R1 Simpson e #4%it, {H/2& Mclintosh 1§

HAFTEZE S

2.4 ERMEMFEEARB IR ERS 3T (PCA)

FIH F 5 o Bt & 51 5 AN ThREX = A REE AR Th et EAT /04, SE4RE 2 S E sy, H
R 1 (PCL) HZETHAR 37.6%, Lo 2 (PC2) 5 ZE Tk 23.0%, Zit 5 Z5iHk% 60.6%,
Relg B R G A B RIS . 2 4 Z1EPCL K& PC2 E#fii AT 0.9 fydEm. NP UES, 1F
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PC1 L#ifif KT 0.9 (LA 156 Fh, FEJLRMI. T LMD, Forb D-H % B —F3mr i K
(0.968) ; £ PC2 L#fif KT 0.9 (ELTAH O Fh, FZJREAEBANES, Horb D-Hi % b-6-BE IR %k
fiffe K (0.984) . PCLl. PC2 b#fai KT 0.9 135 S AL AR F 2 4 i e 2 B — B
# 4 fEPCL1, PC2 L#ifif KT 0.9 L)
Table 4 Correlation coefficients greater than 0.9 between main substrates and PC1 or PC2

B IR PC1(r) B PC2(r)
D-] & B — R 0.968 D-7i %] 5 -6- T 12 0.984
liini 0.960 o- A U R 0.978
L-B &R 0.959 L- 7520 0.976
N- 2, -D-2f= FLAH 0.958 L- S %R 0.972
L-N& R 0.955 L-22 %R 0.966
L-fi iR 0.954 DRICIEDR(SNES 0.965
-5 80 0.953 2 0.963
o- Y R 0.948 JRAF 0.939
71 0.944 A 0.900
o-D-FLHk 0.931
D-7i % b 0.925
2R/ SRR 0.914
y-F2 TR 0.904
L-i 3 hE 0.902
i- 75 B WE I 0.903

A PCAVED M BT 5 S TUREX 2 U ARV B A QMR AR L, 3875 A eI AR I 22
S DXCHME ) 20y SRR (1 4D o BT BUE Y, 5 NDIREX AT LAY 3 38, i X il
NG R B3R 2 S AR PR IEA R AL, 7T U — 2 R DR IA oy — 2 UK
PN —K. 72 PCL L, 3 RIS RE 2 57 8.2, IR ISR 5 Xy . %5
SO AT FE TR, RIRRAE PCL EBATECOKN, fE PC2 _Eafard b, [k, 3 KXt
VIREE XRIR I A T RE IR AE 22 5

PC1
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Bl 3 5 AN Thig X 2= SAMAE D BEVE KT Biolog ~FARBCIRAR 1 3 5 3 7 bt
Fig. 3 Principal component analysis (PCA) of Biolog plate data profiles revealed the patterns of microbial
communities in five city functional regions in Qingdao
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Fig. 4 A two-dimensional graph of CCA ordination for AWCD of airborne microbial community in five

city functional regions in Qingdao
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3.2 BRMAEMRE S

Shannon #5%% (H>) . Mclntosh 5% (U) A1 Simpson 6%t (D) 2 MM EEE 5 . B
AR WA REOC S LS5 AN R T S i 25 U E MRS ZREE . 75 By AR DhRE X 2 U AE e v A
B R LA RS, MREEYAN S — BEAPAE 2257, IR /RS AR DI s S A B v
B —, "R TIZIIBEX A ERRREEOR, BRIRZERUVN, N — SR E YRS 4hd B B A7 2
FAEPIE M B . S5 A S U EYI BRI R e M a5 SR, AT DAHED, RV XA AT K
Y A T RE X 25 SR il AWCD B A e 2 B el T DR X rh X S8l A= M)At s 1 2 Bt 7 20 At e
.

3.2 FSHAERREREARKTFEZR

BRI SR KT 2 R B2, HE2PIX . R X S YRR R
PR EERPESS . REIRIE. IRIRICLL ISR, F SR AR i UK
BRIEACIER A E ER R G RIRIE. BILIRISL IS, Hor ot RS WISl A AT e i
XA AT R S 2 S E VA E 1 B A SR IR IR . B 5 D IhREX
FAE IR BRI IR AC A B . WEFRREI, A A VR B AA ZKT 5 HRUR
L AR A B AR S, A2 Smi 2 U E e v (0 2 BRI, (RIS R R E A AR Ry
PRIEST, MBS, (8RR IR AR L 22 5 S B DX R 1090, A X AN R
I RIR LR, BRIRZE/N, WCEYHR S B A%, g KB 1 2 A YR
ZREE, DI, XA TIRE X = AR R AR QSR R, HARH KT R e A A LR
i T IX A R IR B YA KT SR R L RS IR A SRR, R IEARE, PR,
MRS BUIN . BRI 22 KSR I 3R AT e 3 80 U E VIR A I A U R A o —, AT RIR .
Biolog 7572 e MM AWV eI A QT S Al QI S LA R BRI FH 22 A P IX 3 2 S S5 7 T
WA R ARFALE, (BRI 2 UMEY), R RENAE Biolog-GN i1 REWS £ KT
AW, L, BT SRR R, RS R TR YR R 7 T R T, AR
U 10 5 I 2 S A R e 2L BT R AR 1

4 2

(1) F 5 5 ANTREX 2T A A Qi o BER BRI AR R AR 22 52, R i X3 S A
PRt 2 S A e o A Qi o B8 8 ey T R T BB X, IR X3 S R K il = U e
VERIRARR B s, AR R, IS . N R, f by SR 8 2 S AR i T A
FRp—, BRI,

(2) F 517 5 DIhRE X 2 EY - w AR LA B R, AR MY — AR RE 2R, =
SEYIREE SR IEACUT AL 22 3 LR, ATRAEOR 338, 70l NI, 7 XA AL 4R
W7y, RIS KU 5 ANTRE X 2 UM AR R B IEA QYRR L DX, LA R R
e AN R D RE X 2 A PR YA AR AL 22 St XA ) S B R T
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Characteristics of aerosol transport and distribution in East Asia

QianWut (&), Jun Guo*? (F/&) , Deming Zhao® (&X7747))
!Department of Atmospheric Science, Yunnan University, Kunming 650091, China
2School of Atmospheric Physics, Nanjing University of Information Science & Technology, Nanjing, 210044,
China
% Key Laboratory of Regional Climate-Environment for Temperate East Asia, Institute of Atmospheric

Physics, Chinese Academy of Sciences, Beijing, 100029, P. R. China

Abstract: We used daily aerosol simulations for the period from 2001 to 2003 that were generated by the
Goddard Chemistry Aerosol Radiation and Transport (GOCART) model to characterize aerosol transport
and distributions in East Asia. In comparison with the AERONET, MODIS, and visibility observations, the
model can capture the main distribution features of the aerosol optical depth (AOD) and its temporal
changes with a correlation coefficient of 0.75 and 0.85, respectively. It was found that high AODs occur in
Central China, the Sichuan basin, the Indo-China peninsula, the Indian subcontinent, and the Bay of Bengal
because of black carbon, organic matter, and sulfate, whereas in the Taklimakan desert and its adjacent
regions, high AODs occur because of dust. The potential effects of the hygroscopicity of aerosol particles
on the AOD were mainly observed in the Sichuan basin, the Bay of Bengal, the Indo-China peninsula, and
Central and Southern China. The East Asian aerosol transport was distinctly affected by the flux divergence
induced by aerosol advection (AFD) and by the flux divergence induced by wind divergence/convergence
(WFD). For black carbon, organic matter, and sulfate, the effect of AFD was a factor of 2 or 3 larger than
that of WFD in the divergence region, whereas AFD dropped to 70% of WFD in the convergence region.
The high AOD of black carbon, organic matter, and sulfate over the Sichuan basin related to the circulation
characteristics of convergence in low altitudes and divergence in high altitudes, which can collect aerosol
from adjacent regions at altitudes below 300 hPa and cause them to diverge easterly at higher altitudes.
Keywords: Aerosol; AOD; Transport; East Asia; GOCART model.
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BI85 B NOx HERBUE il BUER Y

CRBHE, HH' s B FFR" JESHE HWE, #ER’)
1 45 ZIFIRBT RE S, 57 7%
2 FFT TR 0 IR A A, &
3 B T A LRI, B

W B AXETEHPRIRG LB NOx Hiil,  CARE AR A TP B HE S . Hoh g e
JECIE Wt ABR RS (1 Sk B B b 2 2, A o S 17 Y DA 5 R RRER B RAEJR7E 200472011
FEFTHAT BRI EORL R T, 0 IR B S A A R, AN R HR SR R A ) A IR S NOx
Hem oz R

AR SCHE I = A 7 Syt ) NOx Bl PM R B AR by B HE SRR NOx FRIHT B B (e #R AR #E 375 o/
bhp-hr HIEIHA, “FIJEA 3. 74 g/ bhp-hr, 1 PM I RIEEF7E 0. 0670. 1 g/ bhp-hr FIlE K
N, FIMEA 0.09 g/ bhp-hr.

A8 FH A 55 FEL I NOx R FE - MR v oA A FA TR 100% S Ry B 4> F i 60%H8 11 NOx i B ik
e, A EE 0% 1) NOx WL R B, HESE 3000ce BAF S NOx HEBOR FELY
500ppm, i 25 IEAHENE FRAKTT _EFF: 3000ce DA E 259 E ) NOx HERIR 4 7007 1150ppm, BEE HFAR
I s A i AR A T . A AT e 5 DY B S B O S, 2007 4R
DA% 1) NOx P35 HEBORE B A B BRI PR 3S . 4 Eill 100%H8 T 1¥) NOx ~P3HE R A%, i 2004 4
%2011 EJEA T 44%, BN INERHEEGRH, i NOx 75 Y HECE BRI . P34 NOx HETBUR B DA
A0%HE IR fie 1, 4% 844ppm FL IR Ay 60%HEIAE, 2y 768ppm 1M 100%HE 3 ) NOx HFBUR B # i %% 643ppm.
1E 4 B S0 T 1T 35 NOGIR BE DA — B Bkl . 764 B 40% 80 B 6 0%HE0E N 1) = HH Bkl
AR AR 22, DU I S 0 HE R FE R R AR 7E4 B 100%H5 14 T 1) NOx RSO B2 P 3%
ISRV ARL P o] e SRS A g A6 T AL

7% B AT D R HE R (g/bhp—hr) IRE, P35 NOx HEJRCE: DA 40% 8 8 B 7, 4% 9. 03 g/bhp—hr, H
R 7% 100%HEIH, 177 60%HEIH ) NOx HFBCE e fik. &M T 1)~F 34 NOx HFilcaE, B m i & SR o
MIHEBRE . 7R BB T NOy HEBCE, A BE = P e BRR R Bk i eI . — A v L
E A B S HE0E T 135 NOy HE SR #8 O i T R AR 1 — A B DY B 2 e FH v B 60%E2 100%
B T R AR R AR AE Y, A AO%MEE R, NOx i i i Bk F A v

BSE: SEihE, NO. YLk

LEE

HREGR PR R, BRTS H s f e, S AE A ASGEAER 2 755K, S i | AR -
WP 2012 4 12 A Ailgist A REUR (1], GBI g 2230 B, AN S
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b [ BT 1) A5 SRS kR, LR S L B A A 3%, SUAT 65 . BV E LR, Seih I
AR Z, AHRREE NG S 1 8 B BRSO S &5 B0 50% (2] o 38 A DR 4% S i B K 70 #1002 7
PR, 4778 EARIEE — AR, WO i B YR O A T

S5 R L R IR AR v BT A R S AR A, L R R g, R AT B R R
23 FLyR L R B AR B o P St 5 B 2 B Al . FT5 RO T B, S B I R I R
HE, JUHAEER IR, Sl H o S S YU . A B BUR A R S R R, 2
PRI B Bon BRSO YR B AR REVT S, ARSI N VT Gl ilcsi &2, AR A AT IR ORVE L
SEME &,

BRORE R UGB BN R, INGRBEE) SIS GYE R, R A0 T RS YR E R E
[ 1987 4B iR I 20 B8 Byg Gl dil, 1993 45 7 A 1 H A g it i o5 55 — HIHECE fil A
e, R 2 B 1 SR B TS G AR I 1999 4F 7 A 1 H kit S 5 = I HE SR E (R
ETASBIF AL 1994 AFEEEHE) , A0S WOV HHHRBOEYE, 78 2006 4F 10 1 H 4 10 25 56 DY S S8
RSO E . 3 RN AR SSE T EHPRARYE,  DARFE IR ORI, R A 36 51 AR A 8 iR
YLl B 2 VE TR, FRBIIR 2B T (Buro 5) M REIS eI B 5 2 & i HE, HRT IR
S B TR, R E R, BE M, EEEN (N0x) |« RIS 3 (PD | RS
P EHME, WH 201245 1 H 1 HiEfr, LASCE BN S e 5 G

S HT RO F R A R R 2, R E, R U B AU R ARG
5 G B S B TS G B, A = AR AR I, DY A g =, AR T
HE BB = A . pR AR Y S E T G OIS, OB AR AR R I T e e
I, T8RRI R THARE U = F8 I 1B B ) S e S RE I 75 =BG B 0475 e HE
T, 38 A TS E I 1 PR R

SP3BT TR O S 35T H A R Ry ek i AR, A A 2010 A7 R S By ek
JHAR T LS 2011 SRRV QRS R, FET S 2, LRI 2 DR s R e AR . 2011 4R
NOx JBif 277. 5 M, AJU 10. 8%; PM Z5i 19.2 WA, 998 8. 9%[3].
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WHEFR IR P AT AR B HEAL A IR, BB S I E I HEIC AR NOx Ak BT B K] 55%, 175 PM R A
49%, FFR RS EL Y NOx B PM #R2 g AT AR (6] & RARESE AW 7T 9535 s 2 S 5| 2 2 s
ORI FERLAS A 2 B R B e, — 2z 0, ORISR 15nm, 5 — M4 SRp AR UG, SRS
PR 83nm 6], RS S B FrHFO) REAEREDRLAR & /N, B ANRS T DL R R fa R .

N B 0, Sz S A2 B NO, 3 fIfl S JEAE S0 MRS, RIAR /D NO A2 plie E2 08 51 48 i B Ik
MRS, A& N0 A AR S R . R, BRI S A NOLe T AE G NO, 2 A%
TS, EERBCREEE T — R BT G i, B 2B o A ) SR Tl s
1, ATLASI R 2 R, oz — R B SR b AU 1 SO Ose Oa 2GR ERIEE 55 Hh i EEE I LS
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IELERA Ry 473T%, ~FIME Ry 13%, ZRE BT Gl i 28 4 PM..s B35 = K2R [8]

W2 S g BEHE R T (S B UEE . BB EEEN) R, SIRRR P BTk 24
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w19, 10,11, 12, 137,

FRIGEI 51 PM AR UR I B8 51 B R 0 SO T Z A A, S, NOx HETBUR BGIE A R i
TR [14] o NOx HERCKR B8 2 FTRE SRR 0 51 BB M5 RE IR S R 2 (g, BEUE
WES SR IRE [) 458, 1IN NOx TG bAh, A ARiRShlR s 2 AT . 1990 “EAR ) B 7Y 5800 51 %% Py
AR BAE B AR ER G R A9/ 2 0.1 7 0. 3 g/bhp-hr B [12], AHE R 167 ~ 500 mg/km; Robert
et al. BIWFFT &5 REERBELIAIAE R, /Y 183 © 580 mg/km [ [10]. H2if, Biswas et al. FIWFFT4Y
REUR, Sl i B SR HIBAT PR R B (R B Y S 51 52 1) PMFFICE 28 A AR 50T (CRT) | 2
FEPEMEAL 2% (SCRT) « WEHESS (DPX B EPF) 45 ) B R 51k 5] 2 PM AFBUR B /N2 100 mg/km[9] .

2.1 FERSEBER

1 Jfts 2% 6 18 B TR S il B NOx B PMUEF AR v 5 HL b I HESOE HE 2% NOx 6. 0 g/ bhp-hr,
PM 0. 7 g/ bhp—hr, = HIHEBAE%E % NOx 5. 0 g/ bhp—hr, PM 0. 1 g/ bhp—hr, PYRIHEBAE#E Z5 NMHC+NOx
2.4 g/ bhp~hr, PM 0.1 g/ bhp-hr, Tii] ESC LAY RE B AR HESy NOx 1.5 g/ bhp~hr, PM 0.015
g/ bhp—hr, 11T ETC JAIEK A e HE S #EZ NOx 1.5 g/ bhp—hr, PM 0.022 g/ bhp-hr. & R[]
B A 1993 4B 46 B it S il B3 — HAHEBCE AR ME R 2012 -5 il 28 FORHEBCGE R &b, B
TR, PMHEBAREIN R T 32 £, NOx MHEBREMER 1 4 £, BUSEFEHERITH, MR E
EE
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NOy(g/bhp-hr)
~ w
-.- - et bl . —
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— e —  —  f—

4] 0.2 04 06 08
PM(g/bhp-hr)

| TSI Y E AR 85 (1993 £-~2012 £F)
AICEL 199972006 4 i i1t 2 784 St ST S 3 S DR AR IR B R HES T, LA R0l 2 pros, i
Bl 7] 7 HH =M EE NOx [ A B EARSE R AE 375 g/ bhp-hr MEEIKN, “FH{E% 3. 74 ¢/ bhp-hr,
K R HERE R LR T PM BRI AR E 0. 0670. 1 g/ bhp—hr HJEIEN, “FIMEZ0.09 g/
bhp-hr, KJRHEBAEREN LR, BB B HBGEEAAT SHPIARYE, (B HAN S SRR .
fER PR EEANE, S ACE, WA T REE T HEBURE . SO ST A8 T b S NOx HETBCFH

BT

— SRS

£n
=1

NOX({g/bhp-hr)
O
(=] [=]
®»+
e
’

3.0 3 *
20
L
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D.D T T T T
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PM(g/bhp-hr)

@2 &8 =IEA S HEN R E

2.2 BHRBGHERNES
AT FE A P Fh S NOx A 7E 58 S BRI B AR i AT o 3 RS S HEA AR ot o7 72 3
F MR AR S AR 205 50 R, Y 1999 SERRCE SR, B BAT SEh R I3 . Rl
A% MD-1000 JE S Bh 7o5t, Bl KEh & 11 MELL b, WIRAT RF L, BE, REZ . 817
st KR % 550 HP, FAIELE I 07160 km/hro #4Z8RRS%IM BHEEAILS DLHEE R 25 32,
3 P B 2 AR 5 2 AR ARt JE AT HEAE AR TR Ul R T HEEARIAT, 5% S RRA F AR b
T AT 3 — L v B NOx A, 200472011 4EFLHEATIE 2379 2R NOx KGrifll, R 1 IR A%
LI AHIE TR DU LE BB A AT 70T

Rl BFEAIRHIE



A J e O R B B SRR R R BRI &

£y TR
2004 316
2005 302
2006 213
2007 302
2008 318
2009 244
2010 526
2011 158

A 72 DA A I Ty TR T, R P AR B, KRR ] i KRR SR N, BR
SEUNS =R BRES, I8 R A AT AT A
(1) 5ZfE# 2 100%+50 rpm.
(2) 5ZiE# 2 60%+50 rpm.
(3) 5ZHEH 2 40%+50 rpm.

] lll\lu| l“l -

223.0-X [

[ 3 FEFhEE > B
2.3 {5 FH R ELER NOx JBE 2]

A P B HE O R 2 R DL 200472011 4R 7R 5% Z AR AR Bt T R BUE 2 X, MILH 2379
KL BIRGRS 4 SRS FIEEE . A FIHERCE A FIYIRE HA NOx HERCZ 28
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Z 2 32 o2 3 2 S 2 8 A
> o © o T 9 = 2 = 9 =)
ODDODODDOOOO
@ ®m nh K © © © © © © © &
¢ 2 & 7 K § & &
NOy(ppm)

4 ZE#E 100%8EE NOX B 51
4 754 G 100%E I NOx YR P24, [ T 7 HA A2 I Y NOx YR8 72 SRR, 3 40 A7 i e AE
300ppm” 700ppm, e AAEEIE 2500ppm. -2 587 1K) NOx W8 73 (5 MBh v oMo 4= A 60% 8 IRy
(1) NOX & F5£ 73 Bl 4 3 100% XA L, 3 ZEHIEAE 300ppm~900ppm, (HERALEF . Ti4x A HL 40%
B ) NOX Y2 5 3 FEAE 300ppm  1100ppm, 4341 FI 5 43
AL SR AR 5 B R B AR R, A BB S 4, P340 AT A % 1 S I PN ~F 3 [ NOx
FEBOREE . FhlE 5 4 FHk 100% € #E0d N A [ 1 [E H 50 5 1) NOx R B2 AT H 3000ce 21 BB ) 73 5t
Bli. 3000cc LANSEIMIELK NOx HIFBORE BEAY 500ppm, Pl 325 IR0 FEAIC T B ;. 3000ce PA_F 283
(¥) NOx HERCIREEAY 7007 1150ppm, [l 32 HEGCRE I iy b Tk, 0 bl 2 At K M 7+ . 3000cce
AR R 70 Sy B AT R, 0 A P [ P B 55 1 3. (IDD) 3000 LA /2 v 28 B o R S il =1
B, A A B A 2051 3 (DT) o Rl i X 5 R AR FE G, NOX HETRUIR FE BRI

g Average

800

700
600
T 500
j=5
2 400
<)
= 300
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100
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300000 F 3000~5000  5000~10000 1000004 F

5 AHE 100%EERSPERENN NOx FHRE
RSO P B R, AR P B AR R R4 UL 100%HENAE (1 NOx P HEBOR B, il 6 Fir
ZNo EAE 2006 47 10 H 1 4 [0S it 55 DU A S eSO e, A [ el B 2007 4F BUE IR NOx
PIHEBOR FEA WIEBAR PRAIGE S . 7€ 2004 4F NOx ~FIIHEBORIE, 7% 788ppm, 2 2011 4 NOx P33k
UREE, & 442ppm, YD T 44%, BRURIMEARBGERL, 1] NOx V5 QHRBCA I ERI AR .




A J e O R B B SRR R R BRI &

= E#100%
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6 =EE 100% E EHESERT NOX “PHRE

- ¥ Average
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T A EE R NOx IR

ARSCHSE T R, RS R A S P38 0 NOx HEBOREE, W0l 7 Fn . A AE S
S ()27 NOx HETSOR B LA A% i =1, 2% 844ppm, LUK A 60%%54, 74 768ppm, 1] 100%HEH 1)
NOx HEROE B Befik, 7% 643ppm. 13 52 R 2 40% 60%HE 2 ] bL s30T 5] 4 1t fe RHL B, IR Jseik i
Bre MEAh, NOx HUAEBUH ARG, 5] SRR, 7 A & 49 IR [ 7E SR I 2 A= NOx .

AR SOR 2 PR HE RS R BT e IR R 7 48, p SR — R, R, SHHERERU MR,
o3 G S [ 9 SF- 401K NOx HETBOIR B2, Hosdh RAnfE 8 Ffrom. 724 Bl S 80 (1972 NOGR B LA
— BB HE O . 4 B 40%HE I B 60% 8RR 1) % HHER HE 7 BB — Ak, DA— B HRBOR B, T =
W HECA A — R 2, U BT SR A HE SO B A B ik 76 A ik 100%85% T 1) NOx HET
VR BE 2 HERGE BT 1) IR AR T PRI . T Y, 100%E [ NOx HEFSCR B 5 ik, R 2%
5B 7 7E A A K P EE (40% 60%E0H) 2 [ ik, IR SRR R e i, A B 2 AR K NOx
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