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Abstract: A total of 32 daily PM, 5 samples were collected from December 2016 to February 2017 in the urban area of Xuzhou city.
Water-soluble inorganic ions (WSIIs), including F-, CI, NOs’, SO4*, Na', Mg, NH4", K" and Ca?", were determined by ion
chromatography. The average mass concentration of PM, s was (164.8+ 77.3)ug'm, and the average total mass concentrations of 9
ions was (67.5+36.1) pg'm3, the contribution of WSIIs to PM, s more than 40.9%.The order of concentration of ions was NO3;™> SO,>>
NH4>Cl>Ca?>K*"™>Na">Mg>>F-. NH;*,NO;" and SO,*(SNA) were the major components of water-soluble ions in PM,s. The
average mass concentration of WSIIs in clean air, mild haze and severe haze were (12.8+8.8), (59.04+22.8)and(86.3+36.0)ug'm, the
contribution of SNA to WSIIs were 86.4%, 82.8% and 78.9%. SNA’s correlation with each other were significant. NH,",NO; and
SO,>were in the form of (NH,),SO4 and NH4NOj;. Secondary formation, biomass burning, fossil fuel combustion and dust were the
major sources of the water-soluble ions in PM, 5.
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1.1 HREE

RHE S TR 2= B X 7 A TS 20 A F A INIEE /33 - LR EE T (N 34°19', E 117°26) , SKAERT
W1 2015 4F 12 H 4 2016 4E 2 H o AW EA 1.05m3min’! FIKC-1000 KAE 38 KAEPM, s FEM L 32 4, Rkt
I 1] 4 R F 08:00 2k H 07:30, KAERS Kk 23.5h,
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T T RF (BSA124S, {8[H sartorius) FRE KA TG IR, W RAEAAFUF A3 H PMy s IR
IR AT B I SR I A SRR B R K LS P AT 0T . AT AR EE TR (A
18mm FTFLASZEJEME EIP G N 30mL #B4i/K (Milli-Q  Reference, ) MAHEY; 30min, J&/f
0.22pm ZKAHEF G828 L JERAARAE T B R R AR . 0 HT A8 R 3 103 (ICS 5000+, Thermo Scientific)
BH 5 7RG R 20mmol- Lt MSA ¥ B3 Al H 5S0mM  NaOH ¥ BURGER A K BEAT 86 BEMRYE. 43 #1 20 H
J F-. Cl'v NOs. SO, Na'. Mg2. NH,*. K*. Ca2"%% 9 Rl ICHLE 1 1 R L .
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h 2R DR A HLAR TN 23 BT (RS2, KA AR A S BRON E d r  HEA T e G R 450°C, B K
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HEFAN A AR . EREAE IR I R R R, CREFIE) 0.1mg, KRR 5 DERR P VORR F iR 25 /N T
0.5mg. K¥PE BT I Ja YT 2 RS I, FHBRCRAE . SR Ry Ny 4%, RITRE Sl A ek 25 2% I
MFRAERE S GREER 0.05. 0.1, 0.2. 0.5, 1. 2. 5. 10 ng'Lt ), HIVEFRAE 22 IR 2 b 251 A 0 T AR
5 P 2 TR] FRIAR O R BUAE 99.9% A L, A il 236 1 TR 5 B4 T DU FE
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s (1O 20 ARIGH, AT P PIBHES FAH S R EA AN y=1.02x+0.11, R?=0.96. CE/AE {H7E
b T RAE B TPAT 1) 0.9~1.1 Z 802, JKEEEHLE ok btk BIBHE ARG S (0.96) , BLAE
TH AR AT, BT B T REBS AR PMy s P R B KIEE LS 415y, W EE
TItI . VKA RIS R E 5 ] CE/AE LU{E 237900 0.99. 0.88 F110.93, R24:%14 0.99. 0.84 Fil
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TRTRB ST &8Ok s T ) NOs>  SO2>  NH;>Cl>Ca?>K*>Na*>Mg*>F-,
NH4" . NOsy'v SO HPER R E S A(13.248.3) « (22.5+12.7) « (17.5+12.1) pgm3, 2055 55
TIREREIREN 19.5% 33.3%- 25.9%M1 PM, s JREIREMN 8.0% 17.1%- 10.6%, Ui IR TCHLE T2
PMy s I B i 5 o AHIFFT AT B KSR TENL RS 5 AR i 50 45 R Lean =2 1 o, 4N
PM, s %5 K PR - (R FE v 1o tliely R I04, Gylsiel, mg ptl7), o KBS 1 NHy' . NOsHil SO, i
HIKE S Ming ZEU8IE i ORFFEAIL .
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Talel Mean mass concentration of PM, s and water-soluble ions in different cities/ug-m

oA i i) BER% PM,s Na® NHy  K° Mg Ca¥* F CI NOy SO2 NOs/SO2
WM CRRFZT)  2015-12~2016- 32 1648 059 13.16 334 025 378 020 601 2250 17.52 1.37
02
SR 2015-12 21 9937 161 1253 094 0.0 038 019 374 23.19 15.06 1.54
5 J04) 2014-12 62 778 0.9 429 050 003 038 007 147 549 3.94 ~1.4
& ystiel 2015-01 30 361 079 454 041 059 095 — 096 482 422 —
s 2013-12~2014- 28 138 — 126 — — — — 498 291 195 1.42
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23 FEIEEET PMys PE B FIREKFHE

PR SCERUOVRILT FbsuE, B RAEIIR] ARSI YRR 2> T 3 P oL CHEBRFAIK . YA i, 2R
PGS AR RS) « O R HIYREILE>10km H HBEAIGHEE (RH) <90%; @8 [
BIRELSE Ny 5~10km H HIGAXEE (RHD <80%sk H AN (RH) A 80~95% H. PM, s>75ug'm?;
@E g HIYRENE h<Skm. WIER 2 o LUEH, REEAIR o iys JoR<, o IR B 55 1R
B 15d, PMys PSRRI N (228.4+£55.5) pgm?; HILEEHETIRECN 14d, PMys PYIREIRIE N
(124.9£22.5) pgm?3; JHERS PMys FRREIRE N (32.8+15.5) pgm3. S PM, s IR LT
BB R LS TH R IWIANR) 6.96 i, 2 A5 TA] PMy s J0 5t e L~ JEL 8 vl KU IR 1Y) 3.81 i

PM, 5 145 K S TEATL S 7 1491340 o A i v S P e i T 36 o WL B [ B K25 1 SNA (NO;y's

SO\ NHs") #b, CIHI Ca?iX 2 Fi & Ik FE AL H, J2 PMys KPR CHLE 1 1) F2EH 73 o KPR TEHL
BN R T I SEIR . (WSITs) Wik 2 fion, TEW RS B85 . FESH KSR WSITs 2051
Jy (12.848.8) . (59.0+£22.8) Fl1 (86.3£36.0) ugm3, L PM,siREEMIAMERE—20 3 FygRFfe g ™
SNA 739 5 WSIIs ¥ ) 86.4%. 82.8%H1 78.9%. WSIIs/PM, s LUAR £E T i K/ 40 58 % I o 3 5 301 1) 2
WA 037, 0.48 F10.37, UK K AN, KEHETCHLE X PMys (1) 0Tk LR Bl V5 G B 59 in PRI

TiAh s ARSI AN G YRS PMy s KU 20 7 (PR S AR N 31 1R] 95 15 79 B v B 7K PR JE ML s 1
EIREME AT o0 (B 2) « B2 (a) KU, {GRRER™E, S8 FREHEMN, C-. NOs.
K*. Ca?*. NHy'v SOZWEAHER M, M&E T H BB FIRERH 2 EN[E 2 (b) kG, BEvs3ft
FERIAN, CIA NOs W JE FT &7 EL g 4 W 36, AH B NH, A SO,2- 98 (5 RS 1 I 5 10 11 40 BU A ik J
PM, s H 5 N R34, B A ™ Y5 B3] NOL AT CLA PRI K6 PM. s B A BRI TR o

2NN RS TG PMy s B 4% B TR B KT D /ugm

Table2 Mass concentrations of PM, 5 and water-soluble ions /pug-m

| EACKEEYIE R Ll g R

BES B 32 3 14 15
PM, 5 164.8+77.3  32.8+155  124.9+225  228.4+55.5
Na* 0.59+0.32  0.08+0.07  0.58+0.32  0.70+0.24
NH,* 13.16+834 2474257 1237582  16.03£9.37
K+ 3344654 0284022  1.57+0.76  5.59+9.14
Mg2* 025£042  0.03£0.02  0.12+0.08  0.41+0.57
Ca?* 3.7842.73 0.50£0.24  2.9042.21 5244257
F 0.20+0.16  0.02+0.03  0.16+0.13  0.27+0.17
crr 6.01£3.98  0.51£0.36  4.90+128  8.15+4.57
NO;" 22.50£12.69  2.67+2.40  20.73+8.87  28.11x12.72
SO 17.52412.09  4.57+471  15.69+8.86 21.81+13.74

NO;7 SO 1.37+0.49 0.79+0.77  1.49+0.45 1.39+0.41
WSIIs 67.50436.08  12.8048.76 59.03+22.82  86.34+35.98

WSIIs/PM; 5 0.42+0.15 0.37+0.09 0.48+0.19 0.37+0.10
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Fig.2 Accumulation of water-soluble ions and its contribution to WSIIs in clear air, mild haze and severe haze
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2.4.1 XS

XL AT T A S, AT DO SR I i S 5 07 ST WP R0, Cly NOs'y Ca?'y SO4*
+ NH, R K 5 1R KV R 7 K 4Ly, ASCE M TIZ LA 1 eI, 85 Rk 3 Por.
$ 9]0 NH, 55 SO.2 . NOs#UHREF AN, AHSCRECY 0.94 F10.89, AT LUHENT 3 it — 8 14 K
HIFFAERE ST HE NHINOs.  (NHW) 5SO. I NHUHSO,, iS4 NHy™5 SO/ BRI ILE ) 4.12,
NH, "5 NOs BRI FELLE S 1.86, F£ W NH 5 SO NOy&i& 70k (NHy) 58O, il NH,NOs, ANAELE
NH HSO4. K5 CIRIAHICRECN 0.85, UiHIZPIA R 1 RA— @ I FEUEE, AV TREE . A e g™
Yok B2 KR CIEOHEEOIR,  Cld il DSk A iEER . ARARINE T A BT, BEAANZ Mg Eh B 1~ (5w, i
TR AT RIE SRR K R AATIRRL, HEBC IR BE I CIRT K. Kl Ca IR AHSGHEAL Y 0.08, BiW] K=k A
Wk AT RETEAR /o PRI, SE3Y1IR] KR CLRT RESE 22 (1452 B AR W) TR B AN AL AT ORI 52

K 3 FadIn) BRI LR T A R R R P

Table 3 Matrix of Correlation coefficients between main water-soluble ions in PM,; 5 during haze period

NH4* K* Ca?* Cr NO5 SO4>
NH4* 1
K* -0.11 1
Ca? -0.23 0.08 1
Cr 0.17 0.85%* 0.29 1
NOs5 0.89%* -0.02 -0.02 0.24 1
SO4> 0.94** 0.14 -0.19 0.37* 0.82%* 1

1) *#FIRTE 0.01 K BRI, *HIRTE 0.05 KPR
2.4.2 SNA = AE & 4FE

SNA (NHg*\ SO NOy ) e/ E I EZAL 5y, ARSI 3 FlE 7 1 i ik 2
SO4>-NOy-NH, =, 250Kl 3. i KA S A TE SO42-NOy-NH, = B I, NH B v /i
I3 LA 63.2%~68.6%, “FI{E N 66.8%; NO3 I di (43 LLYE ] 19.5%~26.7%, “FIME N 24.2%;
SO2/2 Frdr 43 LEya e 5.0%~11.8%, “FIY{EH N 8.9%. NH4 FI NOs &l KA E S 1, 1L
NHNO; JEAELE, B HBILL (NHy) 2SO4 715 150 55 AN HE K255 I NHy P o5 1 20 L AR A0S [ 40 ) ok
58.8%~68.8% K1 54.0%~72.4%, “T-IIMEH 5K 62.0%F1 60.4%; NO5 T H 43 Le i 43 5 A
20.2%~35.4%A1 19.7%~37.1%, “FIIME R 30.9%H1 31.9%; SO.2/2 JT 7 1143 Lo it Bl 23 531 Ky 4.7%~10.9%F1
5.3%~11.6%, “V-3{EHN 7.0%F 7.7%. 555 FNH EE S0 3 Bl B+ P oy Lo 225 A K, NH, I SO4*
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SO>HUAE i) LU EL A [ e U5 CAnAeE) RIAsshis ClnbLsh 42273 SR SRR I DTk o/ hel, 2
NO;7/ SOZ AR, UM O SO, A NO, I TTHR S TN [ 2 BB BRGNS T SO, Fll NO, (1) 51
BRKTHLBhZER? 21, Ras BRSP4 3 2ok R ZERSHIR, NOy/ SOZ W E—MAT 1. FRIE A
Iy M X —RE R 0.3~0.5024, Bl A5 3 A SR T L) ZE B0 G I, NOs7/ SO HUAHARTEARWIIE K. AWFSY
W, NOy/ SOZMEHAES KN (RS 1.49, FAES: 1.39) WIE K TFR KA 0.79) , #iMd
S AL, 3R RN LEh 7R R A HE O KA YELL I STk K TR HE . AR R 1, IR MNA S
FINOs7/ SOl (1.37) KT IR (1.54) o1, kg (1.42) D81, S FRat (0.76) 7, B8RS
(0.41) 231, RKift (0.81) 261, LIF 1 04AHIT, i H AUALS)ZEHE R AR P 2 B3RS G i 32 SRR

243 EH O

h TR0 T RS TG RPN PMy s 1K PR B 4L DTk, ARREFURETT SPSS 19.0 XU ]
PM, s KT TCHLE 7 17EAT T2 B AT 270, 2 oy 1A el IRl 7 fur B BE N 36 4 oo 3 AN R oy IR 3t
filRE T KIS PETCHLE FRUR M 96.33% (RI“WIUG 7 2= F 40D o BRI 1 fifRE T 47.45% A8 &, T
NHy* NOs I SOZMIFER W2, 3 PP+ FZERIE T kb, NH K B 2ERLAL) Hi%, NOsk H
ML ZE R SHE, SO&k FBEHE . 7 2 1 KR CIHE W35, MR T 15 7RIS 30.70%, K1 CIr
KA BRI A ke, 7 3 b Cax fEF 3%, Yok A L&,

2 4 PMy s RV VE B T 4120 00 1 A8 Tt DR 4 280

Table 4 Varimax rotated factor loading matrix for water-soluble ions in PM; s

i H KF 1 [A¥ 2 K+ 3
NH,* 0.99 -0.01 -0.02

K* -0.03 0.98 0.02

Ca?* 0.02 0.13 0.99

Cr 0.29 0.89 0.28

NO;- 0.94 0.05 0.17
S0~ 0.94 0.24 -0.07
SR /% 47.45 78.15 96.33
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PM, s JOKI I 257 AR AR IEANAN 52 Ay YK s i, AR SZ A0 KAt iR s 27, (A AR by G
PEHETBOT) 11 BEASRE 58 AR RE PMy s FIIL/K VS M JCHLES T PR ARARAE PRSI A i 25 0 35 K< el
AHIFFER Ak B R ) BOAR R (HYSPLIT-4) , 4545 51 [ S0 R PRI I GDAS (4 BR IR L4
PGERE. Mg A RNE R MBS, 30 B ER S Y K5 .

P 4 g IRt 500m w5 Ak 48h 1 T i P (A R S 0 8 4 1 SR 43 e 1|) B2 06h (1 d
29 5B o Lo 3R, AR 3 AMVBIT IR . BRI 43.5%, PMys FIAMEN 172.9pgm
5, RAJMmATT W, RIETRILRS R S, SR REMRM; RIS 215 34.8%, PMys TIIMHA
209.8ugm3, KAVEILT I, MZENEHK, FEWSE. LA, BEREN A BIERIMN, S
B K 3N 21.7%, PMys FIAMEA 201.9ugm™, KA, EE T, @ e ies)
BN . 3 AR TR KA, M R ok B 5375 44 (SO, FTNO, Z8) 47 784> I i)
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Fig.4 The 48h backward trajectories of air mass arriving Xuzhou and mass percentage of water-soluble ions associated with three air

mass trajectory cluster
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(1) BMATRARBHE TS TR BT (67.5£36.1) ngm?, 5f PMys [ 40.9%, Hh
NH;* . NOy I SO 2 & /KU M 8 7 (M 2415y BEVS RRR I N, &2 PR EERR, CIRT NOy R EE (7 4
BT IR AT ] SN, AH S NHL R SO, IR T o H A 76 i R B PMLy s 52 [t 3,

(2) FEWIH NOy/ SO EUfl CBEfEsh: 1.49, FEZH: 1.39) WEAKFIHHEKAEY 0.79) , W%
KA WMLE) EHEEOR SO, 1 NO, I TRk R TR .

(3) FREAHICHE BT R = A1 B A, S50 NHL . SO.2 . NOy =3 [ 454 77 28 NHANO; il
(NH4),SO4, FZLL NHNO; JEXAEE . ERr g R R, 50110 2255 3440 NHy . NO;Fl SO,
KV IR EA . Kry CIA Ca2 AT muik, SIS EYTIRGE . AR P14 .

(4) FRYEJE AR, S AN BB MNARIE, PHACRIR Gt b KB S AR SRR M, Ak A
SO, Fll NO, #:At. 4 NOy I SO.>, HAEH LY TR =7 K\ CIEIAIRM
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