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B OE: T20B35£3A9-R280ER6H, ERLTEARAZTRARSZHTHEINE IR
TSP # &K%, stA#FAME (OC) | LFE#H% (BEC) . AMEFAREBHRASH, FHAA
ECOTECH 28] EC £ 7| & A B, ALE M NO,, SO, R O, 55 £ 44k, MLV ERMN
B RABEGILF RS, BT, AR EARAALFIZANEGRR. HBR
WA B L BB BN Hh, 21227, RRVERBMARRY DEELHEL, TSP
R R & A A3k B) 7527 pgrm A 3200 pgm®, FIA SO, 4514 180 pgrm” A= 38 pgrm,
R BMABLZN NO, 5 NH, RAERKIK, £5, —FU LIGERRKRATH¥E, 2042385
48 ort (BPAES R HE) AEKAE (9 R4 34 pgm> 8.7 pgm™) , EANALR, SO, #5
Ca™. Na' $@& 484, LB S0 . Cl' 5 Na' #h4a% 24 X T 095, NH,” 5 NO,” #4948 %
AT LA 078, B O, 5, CO, NO,, SO, F 5 LA heRAET AT RAD LIREE
H A& AV LB Na* & F 2824 NaCl # Na,SO, ¥4 B X A, mAeXMLAE, SO #
Cl” £ NaCl, Na,SO, #» CaSO, ¥ H X A&, ARBAXB LG TEAATHEE, S,
L E B LEHES Y, 2 NH, 2 NO, 2 2R TV LB i @esEhtan, 5l NHNO,
BHXAL, BT TSPHBKERENIFRFOALNE T, BHBKERLSBTFHT —
FRRIEN, EANMNBLRBEKREFEHECEY 1.27~1.44,
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Abstract: High-volume TSP samples collected hourly from 9 to 12 March 2013 at an urban site
of Xi'an were analyzed for organic carbon (OC), elemental carbon (EC), inorganic ions and
hygroscopicity, along with the on-line measurements of CO, NO,, SO, and O,. The purpose of this
work was to investigate the chemistry evolution of urban atmospheric particles during the dust

storm period, the main source and formation mechanism of sulfate, nitrate, ammonium and sodium
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salts and their impact on the hygroscopicity of dust. The results showed that during the sampling
period there were two dust storms peaks arriving over Xi'an with the hourly concentrations of
TSP being 7527 pg-m " and 3200 pg-m>and SO, being 180 pg-m™ and 38 pg'm ",
Concentrations of NH," and NO;™ were almost undetectable at the beginning hour of the dust

respectively.

storm occurring in the city, but both continuously increased with a molar ratio of 1:1 and reached
up to 34 pg'm~ and 8.7 pg-m”> within 48 hr after the dust storm leaving Xi'an. During the whole
sampling period, SO,> * and Na' (+*>0.95), while NH,"
correlated well with NO, (+*>0.78). Concentrations of CO, NO, and SO, increased after the dust
storm event except O;. During dust storm period, Na' mainly existed as NaCl and Na,SO,. In

and Cl strongly correlated with Ca

the whole observation period SO,
of NaCl, Na,SO, and CaSO,, derived from water-soluble salts in the dried lakes of Gobi desert
such as halite, mirabilite, gypsum and glauberite. However, NH," and NO;™ in the samples were

and Cl in the samples largely existed as the chemical forms

mainly derived from heterogeneous reactions on the dust surface and existed as NH,NO;. Due to
the dominant contribution of the salts above to the inorganic ions of the samples, water-soluble
fraction of the TSP samples showed a similar hygroscopicity with a hygroscopic growth factor
ranging from 1.27~1.44 during the whole campaign.

Key words: dust particles; TSP; inorganic ions; gaseous pollutants; hygroscopicity

WARKSFRYHWEENFZ—, BB
BB . R KRR EREE W KHE
St, Wl LI R 5845 % (CCON) B & k¥
(IN) (Jacobson, 2001; Seinfeld et al, 2004;
Manktelow et al, 2010) RERz IR, MilE]
BEmAE, Wi, UERETSANEREYE
A Yy B R AL RN R AR E
#?}rﬁﬂfﬂ?”ﬁiﬁ T 0 A& {gf#E ( Griffin et

, 2001) o PHRGHME RN TWE, i
Tﬁ%ﬁ*ﬂqjliljt%%%%ﬁﬁ%ﬁﬁ@"‘ﬂﬁfgﬁlz
Z— (Arimoto et al, 2004) , FEREF K FHF XA
PE, XEXBHRAODLREHEKRSKARE
T XUa % (Seinfeld et al, 2004 ) , Ema X E
ﬁﬁ&ﬂ% ARERARAFEBRNIETH

VAME R EZEALIGEHER—E (Uno et

al, 2009) . EEHEIE S, TYLERUERN
B CCN I IN & = I 5k, et
TRUKE, M TG EESHETLEE
FW (Wang et al, 2013) , XHPBDRTIHK
A RE AL F X8 1EH (Andreac and Rosenfeld,
2008 ) .

HEMFHEELSRERHBAX P EH, 2
rEEILE R RS, AORE, BEIRL W LUK
WhE, ARABERYHR—ESEART; FHAT,
HTFTE. PW. #XBKMZHBEHERFSR

SFHMBHEE, SRR 5 ERMY L,
{75 75 &2 < BT G 7™ 1R 19 25 KB & (A1 & ( Zhang
etal, 2002; EXINZE, 2003) , LHEEHFR
ME, VAREMMNERE, #—SMEF/RLD
BEAXRPHYTERIGYE ( EEMESE, 2004; T4
MR, 2004; THEXHE, 2006) . MHNINE
RELDLKBEREUAR, KEEFEZE
RX (WEMELEE) OFERBEE, AL
FrEFALEM TG ES, XERX KRR ST E
PR i ) VD4 R T (8] VD A b B AL AR M AR A D
Kk, XETHE, —FHEH, EFEIFHELKE
B F 12 DB EE KA (B M BCR B R BF R b 2
S BRALERRIE, S/ S at ] 5 3R a0 /N i
B RE LR, EEHERFSTiEANGSE
WA EARARE; B—FHE, X
DAL R A3 52 KT YRR RE B R A
Z0, Xt ERBUR, HATT 2013 FHFESER
BIRTUALRWM, 7E/NTaTEIS>HFHRRE
R 5T L IR X V4 2 1 B 3k T K SO L2 4
A ALFRRE, BT HEORIR . ¥ BUULHI AR B o
RBARL . A XBRMREI BRI F TV TR IR
AN EBREMRAERE B ME (Wang et al,
2014) , AL #— P B L REAESKE
HERYAHABRSRESL, HFFETERYRIE
PEREMI AL RRE
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1 ERXESSH
1.1 TSP HERRESTH

1.1.1 TSP #EAF&E

{i F 2RI R AT /A ) A= 7= 1 TH-1000H % TSP
KA R RS (1.05m’>min”' ) , F201343H
9 H 18:00—3 A 12 H 10:00, ER LT EHFH KX+
B B U ER IR B A 55 B = AT (PR I 4y
12 m) BT REE, B 1 h RE—DKKE TSPAEES,
R 65 MM, FTA BRI A SR g IR IR
( Whatman QM/A, England ) %4E , JEETERFERT,
S IE 4SOC KT BE 6 h, LIEBRAL
YY), REERE AR FE -4 CKAE
1.1.2 TSP #&XHLEF ot

IR 8 I BY BB 8 AR IR PVC R,
FHA 10 mL Milli-Q B4k, HAXER 1 h (¥
[E] T A TKSAFE K BB EHE 0°C ) , B
EIEFRRS 1 h, FEBUSF/KEBH— KB
0.45 pm HIK R348 (#EE MEMBRANA 2\ A
AR )t ug, IR REE TR e DR,
5 J5 18 ) Dionex-600 %Il Dionex-500 B & 7 ik
BT BB ES 7
1.1.3 TSP #f OC. EC 4T

{# i DRI Model 2001 # 6 8% 2 b7 1 4 7 B
& 4 9 A #LER OC (organic carbon ) H1JT & Bk
EC (elemental carbon) , B MNEESHIEE &
B 0.526 cm® R IR, SRIGRARIERE T
#: (interagency monitoring of protected visual
environments-A, IMPROVEA ) #4538, % H
0 FE WK R I W 2% 30K Chow et al (2004,
2007)
12 SESLMSH

{3 FH U F)E. ECOTECH /A RIAE = MEE AL
AL (EC9841B ) , & ALH M HT{X (EC9850B )
R A 474 (EC9810B) , FELR MM CO.
NO, SO, fl O, Z 15 P S A& UM ER N 0SS LM,
24 hiELERHE, & S min S RIS ISR R M B EERE,
= H IR RIRE MR A 0.4 ppbv, {XERTER ARG
B2 ARESEKIE, AREERSER YR ER
B, 2R O3 5 47 mm B Nucleapore
TR, SIS PR, AR,
1.3 BRRR s

BRYRESSTORLESRE LI E

T, CEREEERERERE, RAEHE
Mill-Q BA/KBAEEE 1 h, EBUETEEETS
BB EERT, BEHMBEERE MSP Qa4 K
W BBk 24 L TE R B4R /3 AT (hygroscopicity
tandem differential mobility analyzer, HTDMA ) 7
FXHEE RH=85% B &4 T, MBRBEREES
FRAE ) 100 nm B YRR RS kR, &
R B KET (G=D,/Dy,) , ZHEFES
7 B B L5 % SCHk Swietlicki et al (2008) , ¥
TR B 5 M AR R LI R B R R
VAR YRR KL KTF 1 um, {HZ HTDMA
R AR AATEERTE 1 pm DIF, RN R BRI
PR RAE, T H RS SR i R v B K
BHYBRA X, Wik, A 3CRFAE G EEKZER
2 ZERE5iHe
2.1 TSP, OC. EC., ZHBEFRESTLRE

T

TR RAELE, AR EEEE
2013 4E 3 H 9 H 18:00—3 H 10 H 14:00, #i ]
TSP ¥ H BB K (g, H s hiba
#1 (38 9H 18:00—3 A 10 H 4:00, TSP ¥
Y6 1176~7527 pgm™) MY AH I (3A10H
5:00—16:00, TSP ¥ & ¥ F 907~3137 pg'm™) ,
HEREYAE., 1 AR AEFERY (TSP)
W K fe W AT E] P B 2R, BE R 55 TSP
HEBHEE, (HESBEEKE B2k
{&TF 300 pg'm™ A TSP e EERR(EVRME, WM 1A
Y023 T A4 TSP FA5HRBE 43310 2737 + 1838 pgrm”
11948 + 869 ug'm”°, s TR

PR EH, KR HOR Y26 KRR
F 38 [ & (Sequeira and Lai, 1998; Watson,
2002; Lee et al, 2005) , %t vb <9 TSP ¥k
JE VG 22 b [X 7K - RE 0L BE 504 ik 47 AH e o 2 A
(RE2), RBEVELH [ WatE, TSP IRE
Sl EEEEAME (R=075) , HEEY
LH IR, RAEMAEE, RFEMABEAR
W, KER WS HEETEERIERE, I
8 W 5 4 ¥ 5 B R 5 B0 L R R O
P, TS HEEN AAER R E, MR TR
EERERERIEFRNEERT (RFF,
2003; W%, 2012) . R4E NOAA 1y 72 /pAY
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O, iR/ MK, P ERBERIAFZRA, A
RO, VW | W B, WAEH, NO

5 0, RALA AL NO, I RBUEM, RSB NO, IREH
VeI, #PEA (F6e) o

*®1 VAEBEE T Pearson HX R

Table 1 Pearson correlation coefficient of each ion in dust storm period

F cr NO,” S0, Na* NH,' K Mg Ca”
F 1
cr 027 1
NO, 0.72 0.26 1
S0, 031 0.99 0.23 1

Na' 0.20 0.97 0.11 0.98
NH,' 0.74 0.68 0.78 0.69

K 0.70 0.83 0.51 0.85
Mg™ 0.70 0.83 0.54 0.85
Ca” 0.82 0.72 0.64 0.76

1

0.60 1

0.78 0.82 1

0.78 0.84 097 1

0.66 0.86 0.95 0.97 1

2 AFDEHIZETH Pearson MK R

Table 2 Pearson correlation coefficient of each ion in non-dust storm period
F Ccr NO, $0,” Na* NH,’ K* Mg* Ca*

F 1

cr 0.59 1
NO;,” —0.09 0.23 1
SO, 0.001 0.37 0.68 1

Na’ -0.19 —-0.35 -0.61 -0.01 1
NH,' 0.18 0.49 0.94 0.62 -0.74 1

K' 0.15 0.73 0.45 0.53 -0.38 0.55 1

Mg™ -0.18 -0.14 —0.11 0.45 0.70 -0.26 -0.02 1

Ca™ 0.34 0.44 0.70 0.38

~0.76 0.80 0.55 -0.24 1

23 FRIMBURERE

SFORL Y IO R TR MR RE 5 R TR . R/ FE A
BAX. 72BN REBEEEKIERY P
KE B HIRRIE KT G RRBSE « B8] 38
WIFsl, RER: WARPT, U4l EED
DHRIBE K A (GO FEHES 5k 1.39£0.03,
1.34+0.1, 1.40+£0.03, [Eft, ME 7 BRHIRIEE
K Aot a] 2R 4k 7 51 Bl v] LR B R B i K A 1
FEEPE 1L.35~1.4, /KRB FHEIHER.
X RE T W LHAEHED KB RKEEA

ey
RE(D)=—2 20 oxp (20 ) (1)

D’-D; (1-x) © RTp,D
R # Petters Al Kreidenweis 1% 44 9 x-Kohler
Hit, MXNRE LA ERARFHRIBRE K

B F 1T X R R R S, H D, R AT
MR Y ER, D RAREBENBNYER, o,-

M, p, 33l RKMERER D, # TR, BE
(Petters and Kreidenweis, 2007) , Petters and
Kreidenweis (2007) &4 i, RESEK « H{H
£ 0.5~1.4 6, RPFKYBEAREN =BG
EE, FEAKZESAGSE A RS T BT LTSk
WA= B, MEALH; WTE 0.01~0.5 A,

BN EHA —E BB, « E8RKEKEE
MoR; M =08, FHYARLAFRBHE, WA
BTKET YRR, EHBR %, [FR Andreae
ZNNN, FHRE, KEEBEFRNRES
Boe T 0.3, T ESE KB HRE S
k # [ T 0.7 (Andreae and Rosenfeld, 2008;

Rose et al, 2010) , 7Ef x-Kohler i1t H /G,
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