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FEARE (GB 3095—2012) ) RS RAER R 43
SRR B, hES eSS, Xt
HE 5 AR T AR PMas KIS TCHLES
TV YRR TS, HRKIE T TCHLE i I
HATIRSE, DA R DX ASPREE o i 1 e 4t 2
A
1
1.1

PMys FEfR B FRE 5 AN BRI A 5 ANl Ak,
HFERAE, dbat. B mE Rt AT, Sl s
K1 iR e Kl s LT E RN B AR b b P 5k
ARSI TN o AR ST P ERREBE RS
FRAFARIES35B, FE T2 800 m Ak A2 T 18 fi42 7Y
B o TR A T bV T T AROBT DX PR sl
T, @R m R s TR s T LR R 55 S
AR SCPEME T, 382 2 km Mgl THET
NI, 4 10 km 24 3 km AMCE T AL
FfLSER . SR matfeRer ) k. BT
U R AEWT TR AR s s XA I a5 o, b
THI 24 700 m &b A PR 5575 48 1) 1 3 [, P THT 24 500
m A 1A T SREERTHEA 2016 4F 11 A 11
H—2016 412 A 6 H, #ulSFARFE, dJbEtuh
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Fig. 1 Location distribution of sampling sites

Lemin~!, 0 S ER A 7 G R R
2 RN 999 Lemin~', B AT S0 T S
2y ml A 7= 0 p i R AR AR, SRR SR M 100
L-min~", IR 55 55 KC-1000 BRI R
28 WA 1050 Lomin™', SRFEEFEN SRR
09:00 =YK H 08:30, RAERFEN 23.5 h, Al
AR 1 5KZS R SR B A 2S T RE A
1.2

{8 16 mm FTFLAR ERBCUR ) B 30 mL
FESHL, A 15 mL 4K, HAEHED 30 min )5
FH0.22 pum ZKAREF S UERRIERE S 8 B RS
M. RS F@3E% (1CS 5000+, Thermo Scientific )
XS 9 FokEE S+ (3 F-. ClIo. NOs~.
SO, Na', NHs", K*. Mg*fll Ca®") Jlar ik ik
ATI5E o BT EH N 20 mmol- L' FIf#lZ ( MSA )
VTR FE VR , BB T 50 mmol-L-! NaOH
VA TR I 20 7 R B MR
1.3

SRAE RO DR IR AR A AR e i T S 9
P 450 CREBE 6 h, RBRUEME T BEAFTEMI 240
SKRERT B I B T AR S 72 b, R
Sartorius 23 1) 42 P71 BSA124S I HL R EL 3K
FRUEE TR, PR RARARU AR PM,s BYJ5
HURE ., RAEMIEIRAE—25 CUKRIRIRARAE, H3
HEAF T b R AR VT s
PB4 K IR 24 h J5#E A IRY 30 min, B 3
WIE BT o ARiERRZRASC R E9RE] 99.9%L) I,
B 2 L R G A TR o ARHLRR S ST T
Ahas IR EESS FIRE I, 20t SRAnBRas 1 .
2
2.1

I I 5 1 F, o - A8 AT A BREAG RS I B R
BT ARG B0 BE A %k (He etal., 2012) o FES
FHLfr 245 AE ( Anion Equivalent ) FlFH S fif
2445 CE ( Cation Equivalent ) TT8 AR50
CE= p(Na’)  p(NH,")  p(K')  2pMg™)  2p(Ca’)

23 18 391 243 40
(1)
Ap 2 PCD pINOD | p(F) | 2p(SO.D)
3545 62 19 96
(2)

K&, dbat. B BUM AR ot AT
T 5P S m At nE 2 BoR, 5 AT
R BH &5 i ff 24 B A e 40 (#>0.9) , H. CE/AE
fEALT 0.9—1.2 Z[a], ULRHEFEIEAROTHE, X
9 FESTRENSICE PMas R KIEE CHLE T
Horo
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*  Changchun y=0.95x+0.02, r=0.95

[ ¢ Beijing  »=1.05x+0.09, 7=0.96
Shanghai  »=0.77x+0.02, 7=0.98

= Hangzhou y=0.91x+0.01,=0.97
I ® Nanjing y=0.85x+0.97, r=0.96
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Fig.2 Relationships between cation and anion equivalent

Changchun #=20, Shanghai n=21, Beijing n=23, Hangzhou, Nanjing

n=26. The same below

2.2 PM,s
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Fig.3 Daily average values of water-soluble ions and PM, s during the measurement period
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2015 4Edb 5T 4 Z2( 134.3 pgm™ ) AEFTT %, 2017 )
FHEG , AU R = A 3 X PMy.s 35 Jo i e i 14 52
TRERaH, BB CRAISRBTA T ERI (2013
—2017 4F) ) ML fE— &R F ke T4
A (BESCHSE, 2015)

K&, dbat. B oM st R8s eHL
BT B E 53018 (18.849.0) ,(34.9+23.3)
(21.8+13.3), (42.2+21.4)F1(62.1£25.9) pgm=>, &
PM2s Y 36.6%. 33.6%. 54.9%. 45.2%%1 62.1%,
Sy HABE T, W (40.9% ) | JET1(22.4% ) |
AFRE (38.7% ) FEHAHLL, K= MHLIX PMys H17K
AL 5 FeAb TEGRIKE (T8 2555, 2017;
TRERERAE, 2016; EHEFFSE, 2016) o 5 MR —
T (SIA, A5 NOs~, SO F1 NHs") 7ERIK
B S . B (91.1% ) >F AL
(89.9% ) >t (86.0% ) >K#H (76.6% ) >Jb it
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A M X AR TR] ) RS e AR A T AR ST
HE, RSN Sy, CHBT ik TR
K  dbat . IR 5ol s s, AT 3 5 Ca®*
kR CIIER A, X T REEZ BRAE
ST A T TR . KE IR S C
FERKEEEE b e e T R B AT A,
X5 ZEPAE, B TR A K
iR Na™ F2ok B LAy, J0auk &
ClI/Na™J 3.4, Tk HAE 1.8 (HRRFSE,
2005) , FFH Na'Buat ik B K e Bk st s 1
Uizt g T A 4 knr, DERHAL R T REZ B TR
P nsem . Pk, ERKEEE it
ITE 0.5%LUT, A T .

ARV, A3 (SOR) AR L%
(NOR ) R34S SO, 1] S04, NO; [i] NO3 11
HALFRE (Huangetal.,, 2016) , H&ARXUITF:

SOR = PBOT) (3)
P(SO.)+p(SO,)
P(NO,™) (4)

~ p(NO;)+p(NO,)

MRAFEAT A F AL N, SOR {HK
F 0.1, M—I554 SOR {H/NF 0.1 ( Zhang et
al., 2016) . W& 4 Fs, BREKAE SOR HE/NT
0.1 4k, Hith 4 Ik SOR BT 0.1, X2 HK
B RML. KIHESESS, AFF SO ALk
SO . 28R H NO» &6k 2A R AR B HNOs A4k,
SR 5 DL NH R i R ik A A# R b, 54k
RS ERLL ( Baver et al., 2007 ) , X IR SR .
AERHRE B AR AR R A 2 DA O (i T 2 4E
2016) o KA. dbmt. ¥, BUN IR RTul a5 NOR
AR T 0.1, REAKSHFEAE NO, B A Ak
TERFEIAR] , KA ZT0 5 NOR IR TR = A HiX
i, XO= AT REEEN A AR R /N | R BEAR,
b2 F AE A AT A 55 3 A
2.3
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Fig. 4 Variation of SOR and NOR
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(88.1£13.9) pgm™; HBHERTHRECH 10 d,
PM, s F-349 Ji B R 4(20.048.6) pgm=, JbEtiii i
PVETE KRR KRECH 3 d, PMys ¥R mIkE R
(22.0+5.2) pgm™, TG YR PMys T34 BTk
JE R (178.6£65.4) ngm™, KL I K IWIE )
8.1 ff. PMa.s PRI TCHLES 1) Jot s vk o B 5
FREGURIMIG K . TEVEE R BTG S . PEES
YORE TGP RAT, LRt Bk IR
W (7.841.6), (22.8+4.9). (32.8+4.8)F1(53.2+26.4)

pgm=>, 5 PMas WA ILARE—; BoKETE
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S YL A EE S Y RS AR 43514 0.39., 038 0.36
F1°0.29, BB KA KI5 YT, KT B X PMa s
() TR BT YRR S I IR/ o
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AR A, BRI REBRIT B NO;~5 SO I HLEAHIT, LR shiExT K P

PMys BB A — 0 500 o R o5 SOK I 5
FURPE M E 43 HUBETS YRR BE G Ik, FyE TR
W 55.4%—90.1% E B H TG YR 78.8% —
93.9%. SHA 4 ANYETTARIRE, IR e
THERASFNG YR NOs BRI 719 sk
YRR, BBANLEhF R T HE O B AR
Y BRI . At 4 DIRTRE S, NOs sk
Bl KA T YRR N e, 7E RUKEEE T
WY & e, U SO Rk vk K
(S F, ULAATETS e 0] 5 AR ERTE A S R
DEHEROS PMas IITE AT B8R A Beiik o i C1 sk
B TR A 4 EUBE R PMo s I Wk B 0 BT
BT NOs W E PMos W T BT,
RPN BOW T KA 5 YL i) — N BB, LT
(Ianniello et al., 2011 ) Al 7 ( Ming et al., 2017 )
ARSI HH R A B T AL RS . X5 SO 1Y
W (Pathak et al., 2004 ) FIFFRAIAIRIER
RN R bt Tl A . FF Hak LAk 4
R SR, NOs R iAY) NO, S BLHGE [
THa#, S5 NOs B 5 .

ST H NOs~5 SO 14 FLAELRT LA FH A A [
SEJR CUMERRGE ) ARSshili (AR ERA) *RA
V5L BT E R/ (Yao et al., 2002) , p(NO3)/
(SO )E L I B RS s lx A Jo0k: ) 1) ok i
Mok 2z, EEEATECEEC . k1R,
K Fr At B BT ATRS 5Lk A p(NO3)/p(SO4>)
KA E B 1.1, 1.5, 1.4, 1.2 F11.3,
FI A > > R >N > KR ) 25 [ AR LR
fIEo FEFHTE RAT , K& AL HBTIN S 5 p(NOs™)/
p(SOMEI/NTF 1, IS E p(NOs)/p(SO42) K
F 1, X 3 AMATIETE KT PMas K
BT TR DRI D S [ R R 32, T b R
PR RSB . HEE RIS YR i
T, 5 AT p(NO3™) (SO ) A AN AR BE Y
HMAKT 1, ®T¥m (XIhlsE, 2018) , 5
TN (E&TREE, 2016) | IEIN (FHIBMSE, 2012)

1 PM.s o(NOs )/ o(SO)
Table I Ratio of p(NO37)/p(SO4>) in PM, 5

Moderate Heavy

Sations Clean Light Haze Haze Haze Averange
Changchun  0.8+0.2 1.1£0.3 1.7+0.3 1.5+0.0 1.1£0.4
Beijing 0.8+0.4 1.2+0.4 1.6+0.4 1.9+0.7 1.5+0.6
Shanghai ~ 1.1£0.5 1.7+0.3 1.9+0.1 / 1.4+0.5
Hangzhou  0.5+0.1 1.1+0.4 1.3+0.4 1.7+0.6 1.2+0.5
Nanjing - 0.7+0.1 1.3+0.6 1.6+0.3 1.3+0.5

Changchun n=20, Shanghai n=21, Beijing n=23, Hangzhou, Nanjing

n=26. The same below

B TR T BUE IR, & B Az o RS
WOk e LG Y . SR TS e A E
K E p(NOs)/p(SO42 ) FE T 15 YL il A4
W, X ATRESTEIMLEh 4 R AR SR SR S AR
PET, RIS [ DR sk T i ¢ .
2.4

e 2 o, REEHAIE] NOs~. SO.>Hl NH4 %R
BEIFIAISENE, (B4 0 5 NOs—F NH4 [RIAI5&
FE(r=0.94—0.99 ) HIKTF SO 1 NH4 TIFHE R
5 (r=0.81—0.96 ) , FKH] NH, LI NOs 455
2 NH 1 NOs (Y Sk BEEL ) 1:1 BF, NH Al
NOs 2 #8454 48 L NHiNOs, ABFZEd, £ 3
NH;F NOs;~ 19 2 e B LY R T 1, NH4 Al
SO FI YW JFHLIE N 1.5—2.2, KB NH, FI
NOs Z5E A NHNOs J7, bRt SRIA N NHy'
F1 SO 4544 (NH,)2S 04, FoAt I T 901 42 19 NH,*
SO 4564 i NHHSO4, Ca’ Fl Mg 7E PMa s
o R A OGS A B AR S A
%, UiBH Ca® fl Mg? Al RE HAG AR AR IE

2

Table 2 Correlation coefficients among main water-soluble ions

Sations NH4"and NO3~ NHs" and SO+*~  Mg?" and Ca**

Beijing 0.99** 0.93%* 0.96%*
Changchun 0.96** 0.94** 0.95%*
Shanghai 0.97** 0.96%* 0.72%*
Hangzhou 0.94%* 0.81** 0.93**
Nanjing 0.97** 0.90%* 0.82%*

“**” means passing the confidence test at 0=0.01, n=20-26

2.5 PM:s

J T HAFHERTE 5 ATV I K B
1 LR IE R TR 3 PCA Yo 3% PMas
W R 8 BUKIE MBS TR T IR, b
gEIRANFR 3 P KB SR RBEE Z500RA
JE 85.0%, AN FERL MR, PIAHET X
KB KT B 0 EZRIE AT 40T . ZEdL
TR SRR R 22 DTERR R 2 A A,
R T KA FRIAR 85.8% LA o dtatTi R+
1 CI", NOs~. SO&Fl NH,VEF R, ClI7edt
J5 IR (R 4 250k I be , NHL R H HE
FERET HEiL, NOs3k ALsh & RAH K, S04 3k
HIAEHERL, R 138 A R is GeilkHER Y —
UCHEALFIRIE: s TF 2 o Ca> Fl Mg iiikEe Kk, fof
AT 0.90, TR H Ca> il Mg F 2RI
TR BRI, DAL Rt A
¥ 2 FERmA . E B A, 1 H NOs,



ARITAE ;v ] MR T A 20 AR 2KV 1 B AR HE B2 R I8 70 B 313
3
Table 3 Varimax rotated factor loading matrix for water-soluble ions
Beijing Shanghai Hangzhou Nanjing

fons Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor2 ~ Factor 3 Factor 1 Factor 2 Factor 3

Cl- 0.90 0.21 0.65 0.37 0.31 0.02 0.92 0.08 0.71 -0.22

NOs- 0.97 0.09 0.98 0.13 0.91 0.12 0.31 0.96 —0.04 0.01

SO4%- 0.87 0.36 0.96 0.17 0.84 0.39 0.18 0.92 0.17 0.03

Na* 0.23 0.82 —0.08 0.93 0.52 0.47 0.60 —-0.16 0.61 0.70

NH4* 0.98 0.12 0.97 0.01 0.94 —-0.08 0.30 1.00 —-0.05 —-0.02

K* 0.70 0.22 0.94 0.24 0.59 0.50 0.48 0.10 0.00 0.93

Mg2* 0.20 0.97 0.84 0.34 0.21 0.96 0.11 0.17 0.85 0.23

Ca?* 0.12 0.93 0.63 0.63 0.01 0.98 0.06 -0.15 0.89 0.26

Interpretation variance/% 54.6 34.1 62.0 23.8 39.7 314 20.7 36.7 30.2 19.0

Variance accumulated/% 54.6 88.7 62.0 85.8 39.7 71.1 91.8 36.7 66.9 85.9
Source Secondary Dust Secondary Dust Secondary Dust Coal Secondary Dust Biomass
conversion+Coal conversion conversion conversion burning

SO4> 1l NH4 HIZR AT R E0GE 0.96 LA E, FHH i
7 1 F8 M k¥4, B 2 {UA Na"fEH 0 i
%, HEMRBGEIA 0.93, Na—¥4rsk | T
W, 5 o, B—0 S R AE XK.
BV Nat5 CIrAIetE AR B2, UiRH EIRFHX 1) Na*
FEREF IR R, ik, s s T
2 AREEEAR ML . FE R S RN Sk 0
ZETTRRCREEKIN) 3 DN FEE T, RlfdRe T KEE
BT RURIY 85.9%F1 91.8%. BT 1 AT 2 St
TR S R AT S R 2L, bR T R 3
KYEREE, AT RE6E 0.90, KOZAEY ke
IFE/RYD, 50 5l 5 R 3 AR A ke
M S 3 H Clffgk{Eh 0.92, Cl/Na™h
6.4, ML TR AIHE 1.8 (BRRIFSE, 2005) ,
R AR T REJE UM CI R IE ( Wang et al.,
2005) .

4 YR AT 1A TR ER I T A R T
Tk, ULENLSh ERA . AR AR
HE SO AR ) R b e . i A
RS BT K 2 F At ORI . I
A SFLIE B T AR A A R K T R TR
1 23.8%—31.4%, WEANAIZMMEERRZ —,
IEAN, A= E AR B X BN R R T s X A 1 5
T A — 2 1 ok
3

(1)20164E 11 H 1L H—12 H6 H, K&, 1t
o R AU RS BT BRI IO T
JE S B 4 5 R (18.8£9.0) . (34.9+23.3) |
(21.8+13.3). (42.2421.4)F1(62.1+25.9) ug'm=>,
NO;~, SOl NHs /KBS FFEH . I
TR S IS KA TG Y KA NOs Xt KT 2

T TR R d i, HoAth 4 IR B T
U I TR e I I T YRR B 1) 3 % 1 PR
SOZHEAZ B NOs~,

(2)dbxt. b B ARG Rk 5 SOR 1 NOR
BIRT 0.1, BEHIERSPAATE SO, Fil NO2 I 1K,
k. K% SOR ¥fE/NT 0.1, NOR ¥l kT 0.1,
K EHET REAEE SO B REAM, BEAE
NO, ) IR FA k.

(3)IEHRAF, K& LRI 55 PMys
KA 0 DR USRI 2 S R e Rk 3, T
g S LR E RGN  E. FE RART5G
FREERIIEIN, 5 AT ST A0k ) () BTk
KFWEE, A& Y28 R KA 4 Hh e
HEERTEYY) . BESYE, KEW A PMys
IRE BT 1E UL B RSB SN R a2
T, R R Y SRR AT BTk .

(4) bR SRS H NOs~, SO.2 Fll NH, 2
DL NH4NO; FI(NH4)2SO4 FIE A7, KB, L.
BUH A RE 503k s U A NH4NOs F1 NH4HSO4 FOTE K
. ER T as RaR, 5 DK+
FHZ N NS YL IRHERC IR LR, 82252
BT HEESUIE T A e R, A
W) o TR IR XoF AT M T B 55T 3y s AR VP o A
AT —E I TTRR .

BAUER S E, KOCH D, UNGER N, et al., 2007. Nitrate aerosols today and
in 2030: a global simulation including aerosols and tropospheric ozone
[J]. Atmospheric Chemistry & Physics, 7(19): 5043-5059.

CHEN L, SHIM S, GAO S, et al., 2016. Assessment of population exposure
to PM2.5 for mortality in China and its public health benefit based on
BenMAP [J]. Environmental Pollution, 221: 311-317.



314

AR 28 B 2 WI(20194E2 H )

HE K, ZHAO Q Q, MAY, et al., 2012. Spatial and seasonal variability of
PM, 5 acidity at two Chinese megacities: insights into the formation of
secondary inorganic aerosols [J]. Atmospheric Chemistry & Physics,
11(9): 25557-25603.

HUANG X J, LIU Z R, ZHANG J K, et al., 2016. Seasonal variation and
secondary formation of size-segregated aerosol water-soluble inorganic
ions during pollution episodes in Beijing [J]. Atmospheric Research,
168: 70-79.

TANNIELLO A, SPATARO F, ESPOSITO G, et al, 2011. Chemical
characteristics of inorganic ammonium salts in PM, 5 in the atmosphere
of Beijing (China) [J]. Atmospheric Chemistry & Physics, 11(21):
10803-10822.

MING L L, JIN L, LI J, et al.,, 2017. PM,5s in the Yangtze River Delta,
China: Chemical compositions, seasonal variations and regional
pollution events [J]. Environmental Pollution, 223: 200-212.

PATHAK R K, YAO X, CHAN C K., 2004. Sampling artifacts of acidity
and ionic species in PM, s [J]. Environmental Science & Technology,
38(1): 254-259.

TIAN M, WANG H B, CHEN Y, et al., 2015. Characteristics of aerosol
pollution during heavy haze events in Suzhou, China [J]. Atmospheric
Chemistry & Physics, 15(22): 33407-33443.

WANG Y, ZHUANG G S, TANG A H, et al., 2005. The ion chemistry and
the source of PM, s aerosol in Beijing [J]. Atmospheric Environment,
39(21): 3771-3784.

WATSON 1J G, 2002. Critical review-visibility: Science and regulation [J].
Journal of the Air & Waste Management Association, 52(6): 628-713.

YAO X H, CHAN C K, FANG M, et al., 2002. The water-soluble ions
composition of PM, s in Shanghai and Beijing, China [J]. Atmospheric
Environment, 36(26): 4223-4234.

ZHANG Y, HUANG W, CAI T Q, et al., 2016. Concentrations and chemical
compositions of fine particles (PM,s) during haze and non-haze days
in Beijing [J]. Atmospheric Research, 174-175: 62-69.

g, REEIT, SKMRSY, SF, 2012, RHETHTRARE WL SR TS Y O
AU P EREERE, 32(3): 406-410.

BIAN H, HAN S Q, ZHANG Y F, et al., 2012. Relationship between
atmospheric visibility and particulate matter pollution in Tianjin [J].
China Environmental Science, 32(3): 406-410.

BESCHE, BRAE, H—F, 4§, 2017, sRDUHIXRKA 2R 1 5 BT Yead B

HRIEVER TRAERTFE ] PRS2, 37(1): 82-88.
CAO W X, CHEN N, TIAN Y P, et al., 2017. Characteristic analysis of
water-soluble ions during clean and heavy pollution processes in
autumn and winter in Wuhan [J]. Acta Scientiae Circumstantiae, 37(1):
82-88.

WRoHE, ki, FKBEIL, 2005, JLRUIR S &5 4 30 UR I oK I g 1k
TRAM AT R[], AA2A A, 25(12): 3231-3236.

CHEN Y Q, ZHANG Y, ZHANG X 8, 2005. Size distribution and
seasonal variation of ions in aerosol at semi-urban site in Beijing [J].
Acta Ecologica Sinica, 25(12): 3231-3236.

WRkAE, 7, WERE, 5§, 2017, SRMTITA AR YK EPETCHL

BT IR E BRI BT [I]. TAEERL, 38(11): 4478-4485.
FAN M Y, CAO F, ZHANG Y Y, et al.,, 2017. Characteristics and
Source of Water Soluble Inorganic Ions in Fine Particulate Matter
During Winter in Xuzhou [J]. Evironmental Science, 38(11):
4478-4485.

WIS, SKIESE, 4, 2016, dUuTHTRAANBUR TS Y G R IR AR T
WEFE[T]. HhEEREERE, 36(11): 3203-3210.

HAN L H, ZHANG P, ZHANG H L, et al., 2016. Pollution and source
apportionment of atmospheric fine particles in Beijing [J]. China
Environmental Science, 36(11): 3203-3210.

B, WO, BUKIR, 4, 2018, BUABEXHER PM,s K RN
YERHERTTE[T]. P R, 38(3): 801-811.

JIA J, HAN L H, CHENG S'Y, et al., 2018. Pollution characteristic of
PM, 5 and secondary inorganic ions in Beijing-Tianjin-Hebei region [J].
China Environmental Science, 38(3): 801-811.

UG, i, GEN0, 4, 2018, DERATTEL (428 PMys L2440 1

Z AR ARAFAE BORIGSRMT [J]. FREERL2E, 39(9): 4014-4025.
LIU X D, MENG J J, HOU Z F, et al.,, 2018. Analysis of Seasonal
Variations in Chemical Characteristics and Sources of PM, s During
Summer and Winter in Ji'nan City [J]. Evironmental Science, 39(9):
4014-4025.

XUHE, BRLUB, B TiiE, 25, 2015, SEARFFRSTAMPRLY PM, s KIE
PEBS T U R R AE B R P BT 0], AR B E AR, 24(12):
2002-2008.

LIU X C, CHEN H N, ZHAO K L, et al., 2015. Analysis the Effect and
Source on Water-Soluble Ions of Fine Particulate Matter (PM,s) in
Urumgqi [J]. Ecology and Environmental Sciences, 24(12): 2002-2008.

FERHR, 2018, HUHHLIX PMys A28 43 A0 RFAE K% R R BP9 (D). I
B WHTARRI A 21,

REN H H, 2018. The spatial distribution characteristics and influencing
factors of PM,s in Hangzhou area [D]. Lin’an: Zhejiang A&F
University: 21.

T2, WA, fTHE, 2, 2017, PERHTETS R SR PMys 450 M

LG A PO L[], FRIEERESE, 38(7): 2679-2687.
WANG K, HAN Y M, HE S H, et al., 2017. Comparison of
Characteristics and Reactive Oxidative Species of PMs in Xi'an,
China During Haze and Clean Days [J]. Evironmental Science, 38(7):
2679-2687.

EA&K, BRI, MPC3, 45, 2016. 7317 PMos HKE M B FRYZR TS
RS HT[T]. BRBERLE, 37(12): 4482-4489.

WANG N F, CHEN Y, HAO Q J, et al., 2016. Seasonal Variation and
Source Analysis of the Water-soluble Inorganic Ions in Fine Particulate
Matter in Suzhou [J]. Evironmental Science, 37(12): 4482-4489.

FeRs, BAER, BISHE 2015, JET/ELR MM FIFRBX 45 PM, s 3
URAEATI]. P AUREE2E A ( AARBIZERR) | 51(3): 517-523.

WANG X H, ZHAO Q B, CUI H X, 2015. PM, 5 source apportionment
at suburb of shanghai in winter based on real time monitoring [J].
Journal of Nanjing University(Natural Sciences), 51(3): 517-523.

EWERy, JHE, B, 55, 2016, JAIGTTAS: PM, s KM B i5 %

FEE SRS [T]. T EREERLE, 36(8): 2289-2296.
WANG X Q, ZHOU Y, CHENG S Y, et al., 2016. Characterization and
regional transmission impact of water-soluble ions in PM,s during
winter in typical cities [J]. China Environmental Science, 36(8):
2289-2296.

BT, BRIA, 2548, 2014, Z55 5 4L b U RN E R PM, s £F

SR IR KU S AR S N EIPAG D). BRI, 35(1): 1-8.
XIE Y B, CHEN J, LI W, 2014. An Assessment of PM,s Related
Health Risks and Impaired Values of Beijing Residents in a
Consecutive High-Level Exposure During Heavy Haze Days [J].
Evironmental Science, 35(1): 1-8.

REHIT, PEAURE, s, 45, 2017. Jbat iy 3 X 4 Z RS T5 YAt
ST SR, 26(7): 1167-1173.

XIONG X Z, TAO S C, GAO S H, et al., 2017. Characteristics of air
pollution in a typical main urban area of Beijing in winter [J]. Ecology
and Environmental Sciences, 26(7): 1167-1173.

BESCH, F4m, B4, 5, 2015, CRASERPIATTSR) SEH
BRI, P IE PR R, 7(2): 25-30.

XUE W B, WANG J N, YANG J T, et al., 2015. Environmental Effect

Simulation of Air Pollution Prevention and Control Action Plan [J].



PROTSE A ] TR T 24 2 AR P K 1 7 R i SR D3 A 315

Chinese Journal of Environmental Management, 7(2): 25-30.

BT, BEFT, 25T, 2013 2011 R4 TR PMy s KL R4S 0TS
PAFAEIHTL]. FRIEAL, 32(2): 313-318.

YAO Q, HAN S Q, CAI Z Y, 2013. Pollution characteristics of PM; s
and secondary components in the winter in Tianjin [J]. Environmental
Chemistry, 32(2): 313-318.

TR, T, AR, 4E, 2012, TR PTRIRTTRFA S PMys A
PMyo K ¥ VRS 1 5 P ARAE (0] b SR B R 2, 32(9):
1546-1553.

YU Y K, YIN L Q, NIU Z C, et al., 2012. Pollution characteristics of
water-soluble ions in PM, s and PM in Haixi Urban Agglomeration in
wintertime [J]. China Environmental Science, 32(9): 1546-1553.

SKAR, T, LRI, 5E, 2017, R ALRBAN RIS PR TR
AL RHE [J]. SRBERIS, 38(12): 4932-4942.

ZHANG C, YU X N, AN J L, et al.,, 2017. Aerosol Chemical

Characteristics for Different Air Pollution Levels in North Suburban

Nanjing [J]. Evironmental Science, 38(12): 4932-4942.

TR, T, YRR, 4%, 2018. M aTIbRRA TR BCHUN RHIE S
PMy s fL2AZHIRIOC R [T]. A S EREE 4, 27(1): 101-107.
ZHANG C, YU X N, SHEN L, et al., 2018. Aerosol scattering property
and the relationship with PM, s chemical component during winter in
the Northern Suburb of Nanjing [J]. Ecology and Environmental
Sciences, 27(1): 101-107.

AR, BIANE, THE, 4, 2016, IR PMys UKV TG
YuRHE BORIRARNT[I]. T EREERL2E, 36(7): 1947-1954.
ZHANG Z W, HU G R, YU R L, et al., 2016. Characteristics and
sources apportionment of water-soluble ions in PM, s of Xiamen City,
China [J]. China Environmental Science, 36(7): 1947-1954.

PR IREERL AR SR, 2012, FREEAS UTRARMEIM]. bt PR
S 7.
Chinese Research Academy of Environmental Sciences, 2012. Ambient

air quality standards [M]. Beijing: China Environmental Science Press: 7.

Characterization and Sources of Water Soluble Inorganic Ions in PM3 5
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Abstract: Airborne fine particulate matters (PMzs) is the key of air pollution prevention and treatment. The concentrations of
water-soluble ions and their changes can be used to evaluate status of air pollution and sources of pollutants. PM2.5 wasmeasured in
five typical polluted cities of eastern and northeastern China from 11" November to 6™ December, 2016, in order to characterize the
spatial variations and identify the potential sources of water-soluble ions in PMzs. The result showed that the average concentrations
of total water-soluble ions (TWSIs) were (18.8+9.0), (34.9+23.3), (21.8+13.3), (42.2+21.4) and (62.1£25.9) ug'm™> in Changchun,
Beijing, Shanghai, Hangzhou and Nanjing, respectively, which accounted for 39.8%—57.0% for PM2.s. Secondary inorganic aerosol
(SIA, included NO3~, SO4>~, NH4") was the dominant component, occupying more than 75.0 % of TWSIs. The abundances of SIA
increased with the increasing of PMzs, in particular, both enhancements of absolute concentrations and abundances of nitrate were
found. This indicated that nitrate was the major contributed species during haze days. The ratio of p(NO37)/p(SO4>") was increased
from clean to heavy haze days and exceeded 1.0 at all the sampling sites, reflecting nitrate was becoming the most important species
instead of sulfate. Both nitrogen oxidation ratios (NOR) and sulfur oxidation ratios (SOR) were higher than 0.1, except for
Changchun, suggesting that higher oxidation capacity of NO2 and SOz was found in the polluted air. NH4NO3 and (NH4)2SO4 were
the major forms of SIA in Beijing while SIA was mainly existed as NHsaNOs and NH4HSO4 in other cities. SIA, fugitive dust,
biomass burning and coal combustion were identified as potential sources of PMzs at the receptor sites. Finally, our results will be
provided the crucial formation for making strategies in improving air quality of a regional scale in China.
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