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B OCOAITRECRE S PM, KA TETOHLE AR HORIE, T 2017 4F 11 A = 2018 4.3 HAE KI5
XIESR AR SIFORY) PM, s #F 5L 3L 151 A, I F B F O350 M ke 5 i 9 MoK s M JCHLE 7 (F .l
NO; ,SO7 K", Na", Ca™  Mg™  NHj). &5 £ % B, KJFE R BE F PM, i & W & 93 (6 R 77.89 =
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Composition and source analysis.of water-soluble inorganic ions of PM, .

in clean and haze days during heating season in Taiyuan City

DING Xinhang'” LIANG Yue" " XIAO Huayun'? FANG Xiaozhen'? XIAO Hao®

(1. Jiangxi Province. Key Laboratory of the Causes and Control of Atmospherie Pollution, East China University of the Technology,
Nanchang, 330013, China; 2. School of Water Resources and Environmental Engineering, East China University of the Technology,
Nanchang, 330013, China; 3.College of Resources and Environmental Engineering, Guizhou University, Guiyang, 550000, China)

Abstract; To research the composition and source of water-soluble inorganic ions of PM,; in the
heating season of Taiyuan city, a total of 151 samples of PM, were continuously collected from
November 2017 to March 2018 in Taiyuan city, and nine water-soluble inorganic species (F~, CI™,
NO;, SO;, K*, Na", Ca’, Mg’ , NH}) in these samples were analyzed by using an ion
chromatograph. The results showed that the mass concentrations of PM, and of total water-soluble

> and 53.21+29.76 pg-m~, respectively, and those ions

inorganic ions were 77.89+47.16 pg-m”
accounted for 68.3%+23.3% of PM,,, among them, SO; , NO; and NH} were the most important

ionic components in PM, . NH} exists mainly in the form of NH,NO,, (NH,),SO, and NH,Cl in
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PM, . The explosive growth of the five ions (i.e., NH;, NO;, K", SO} and Cl") were main
contributors in haze days., As the temperature went up, the sulfur and nitrogen oxidation rate had a
certain degree of elevation, demonstrating a significant aerosol secondary conversion processes in the
atmosphere. The principal component analysis indicated that the coal source and the secondary
pollution source were the main pollution sources in haze days, while the soil dust was the major
pollution source in clean days. Air pollution of Taiyuan city were dominated by fixed pollution
sources, supplemented by mobile pollution sources. The backward trajectory model showed that
during the heating period air mass came mainly from inland emission sources of the local and of
northwest directions.

Keywords : water soluble inorganic ions,source resolution,haze ,PM, ¢, Taiyuan City.

UTAF R B 22 U7 AR, TP L PR A8 3 T A A Tk AL S BUR RSB A, i BRIy (PM,, )
R BRI B DRSS Y IR ST DR TS e T G DX 358 R AR it B £ 2] T Ay 4 Bk SR T
MR PM, A S T Y A ORL ) T SRR M A T R KR A A T R UK 5D
WA RE UL EE ) A RN AT T A2 4 SBT3 5 R o A 1 e T i 25 7 A e
XA B f T R RSy R EE SR TRURIDRLAR S5 06 KR M B U2 PM g T 20 B 43, o
Jotie e HE 14 309% LA b (EL IR 4 R A RRIRSS A0 55 AN ] | LSS Rk BE K P AR AR R 22 5

RJGHTL T I P48 AL K R A, 2R 7 (b = T ER L, O AR R AR, K5 R R Tl Ak
7, MBI AN REIR 5 H S BOR ST 25 005 Y ™ 57 R 4F 11 AR 3T H SR B 2%, il T IR HOmE LA &%
AT BRI 22 , R W 2 1 W) K5 75 e R SR . DR b SR iz 2 A R 9 S R i s 1 4
SRR A TR ZH B, X Tt R Y R R 5 i i LA 2

AR SCRAR T R 22 KR P, S BIF 580 Gk UL 7 119 9 R K& METEHLES 7 (F~ .Cl7 \NO; |
SO K" Na® Ca™ Mg™ NH) BEATAL-2 4150 3 Bir, I8 HEIK 5 K 5 3 17t K B 1R 22 5, 4 5
33 AR i) U8 A R i — 200 ) 3R KBTS PM, g BT S AR ik SR UL, S 3l i DR e B 1 2 Rk 2
s

1 #R5S 7 ( Materials and methods)

1.1 BEACRAE

STRE S T LT K22 PRES 5 I AF B AR TR (N 370477 E 112°34") | Mt kb A S5 i /N XS 30 3% 7 T
FIRIX P, S R A A e B DX AR K 2ty | TG 8 5 e U, J 1 S0 (4 3k T BR B R H R 2017 4F
11 A 1 H—20184F 3 J331 H & H RFERFRIY B 9 SBIRH BAF 8 s B HoRAERTK 2 23.5 h, R
FE R 1.05 m* min " ELCRAE 5 H ILIEEATRURE S 151 B IE SR FERT K, SERLAR TR, FROUIA TR, S
T, SR AFA D SH W R B R AR ARE St [ A8 I 80 5230 & BREE, I R IBGEE Y 25 FHIR IR R AE. R
FENE IR A FE O AT BEERR pall TissuquartzTM 7024 (203 mmXx254 mm).

¥ 1/8 SKRAEEE T 50 mL R PUF M ELLAE T A 50 mL 21K 27, A $E I 30 min. Z /5
L 4200 remin™' B0 10 min, JFH 0.22 pum FFLIE IR 8 75 TR e A9 BB VR T VKA e IR AT 1R
AL
1.2 BT

KA PM, s K TCHLE F 1953 Br ok H B 3575 (Ton chromatography, IC) , 43471 F~ C17 | NO; |
SO K" \Na® Ca®™ Mg NH; £ 9 FhICHLES T I .

FH 25743 #7 . >k H Dionex IonpacTM CS12A 4 mm x 250 mm {O3EF: X FHE 7 (K" Na*, Ca™ \Mg% .
NH; ) #4750, i F R 20 mmol - L™ () MSA IRV (iR 1.0 mL- min™") #5475 B VR, (A
AN 25 WL, 23 HFIT ] 8 12 min, DL H I R EAT 8 &

B3 # . >K H Tonpac AS-11-HC B2 0 H14E (250 mm X 4 mm) Fl lonpac AS-11-HC B¢
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PFAEXT B (F CL7 \NO3 (SO ) #EAT 4307, 43 Br ik A8 SR FH 55 581 1Y) KOHL 2R 47466 B2 Y ., it A AR AR
25 WL, 4B E A 5 min, 22 A ik BH A .
1.3 Al

R B BRUE R A HLI% B 43 B B 5200 SRASE HAE A e R A B 3 b N AT 1 be CIRLEE S 450 C | It
KA 6 h)  FESRAERTE A TS # 72 b 5 BT AR A TS A 2 R U gE 1 kas P
FE AR B Ah s R i DB JREAE TR AR IR Y R 2 i AR (RSB 31 0.1 mg, SRAF S DB IR YR PR Ei 15 22 /N
T 0.5 mg) KBS W B8 5 B 728 FIRCIE FNBRRAE HR AR R A5 G | BIVRE S (R ek 2 28
FIELRE S e B g 15 AFES A | ARAERE S BT |, DU AR AERE & (WA 0.05.,0.1.,0.2.0.5,
1.2.5.10 ng-L™") , Tl /EAR o i 2 B ORIE 25 25— Ay 0 1 FR 5 vk B 22 TR AR AR OC R BLTEE 99.9% LA I A i
Sl R TR G A TINAE.
1.4 FRUM I/ 4axt 311500 1

TR AT (PCA) LT —Fh AR 4R I BOR | 78 R B AR BUR IR IG5 B 4 ok 24>
70 3 o 2 M A 4 D A D AR AR R B 2T GE T T e M O v, T R MU I A ) 11 R B
RUR %t T S 431 (APCS) S i 3 A TR TS o i B MRS TR R AR T

4 X6} 3 o3 Bk M EEA D RO B ST SR R R B (R 34 (E € bR ifEZE S, 9RBI A — D FHEAR I
TREARRRELL, (7)), = S fo— g@ﬁ_‘ SPSS BA: X I b B s AT 2 R T4 T, A5 2 e 2 g
PR 1553 R B PR DA K 2R A3 55 DI ifE 22 = AR IR S 5E e 2 JE B A ° AH3fe , BV AS 20 4 X R
T C=SxA™ ; IR T30 REUERE B, RIAH G 7 228U MRS Z RE AR AL E AR T , 15 2] A
RHEF155 Ay = B x Z, , FST RT3 A IR LT R T3 50158400 R 11553, APCS = A, -A,, B Ja 4a X}
F2 PR 15405 446 %6 PR 28 4 R 92 A T DA 31 25 5.
1.5 RIS B

J T A D VR R (HYSPLIT) #5808 —Fh B0 T i AR BBk i sl (1) 5 12,
SP3BT KA 2 W0 B8 A3 B 3% AR S0 o 5 YA R 6 BN E 5 R AR
(NOAA) Z S BT SLY0 % (ARL) JF & WP A% B 25 G B0l 488 X i i e 3, 456 2 B8R [k R 42
(GDAS) MR L EIRAE N IR S HEN A R IAT 0B, B FE 5 SO i A8 B R 17 K 2 0
VAT i A9 i3 R S5 i bR 0 2 ORI 0T ) B 6 b 13k W o i <P e 48 72 b b3,
ForHr s B AL | i — DTS G P 1 ok U5

2 R 51718( Results and discussion)

2.1 FABHES T4l

KAL) P My IR 20K MK 9 pHL 72k TS0 | BE R 5 SO K R e, T LA
K O RRBRPER SR ) ATRFSERWT, 80T CI™ NO; T T LRI ORI I e, NH | Ca™
K246 BB 7 L R 4 R 1L 85 7 0 8T 0 K 6 R 0 e A
I P, O RR A FITFH 9 B B B8 2 e A5 T

+ + + + (1)
23 18 39.1 243 40

cI- NO; 2807 f-

T3545 62 96 19 (2)

RIEAR (D) ()15, ARBFFT A5 BA BH 2 4056 R EUA R y=1.0145x +0.2786, R> = 0.696

(K 1).CE/AE {HAEALF 0.606—1.747 Z 0], F-H4{E A 1.409 , B BH 254014 (0.696) |, it 25 X i 14
BT rR RIS SE A KA TCA LS - AR 52 55 B

AE
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30r-

1=1.0145x+0.2786
R?=0.6957

Anion equivalent
W

1 1
0 0.5 1.0 1.5 20 25 3.0
Catiln equivalent

BT RS SR M2 2 5 B 1 ) - A

Fig.1 Charge balance of anion and cation in heating season in Taiyuan City

2.2 PM, NI A4 0T e e B R AR B ) 2 AR A

H T2 Z SR A, F 5 T 70 DX SR BUBRIRE (L 7 | PR] b SR e 2 2 A T 28 4 ) R AT e ek ™
FAY 3 T G T AR AR TR A F M T R R 2 PM,, s S A% B S ViR AR ORI ] A I
i PM, ST BE B2 77.89+47.16 wg-m > 5 F0 [F (B85 as 0 A ifE ( GB3095—2012) )
TG HIERRE, R ART 2014 AEAY A TR (189.9 pg-m™ ), BhHH KR T K75 Y BAR ™ FH AT
JITSCRE | 3 AT R 2 3 A A R D i 7 S BAORRET BIL” 45— R AN SRR (2017 4F R ST BRI A 41 )
A L ] P At 3 T R B 2 (4 4, R T PM, R i e st B i ST R B K TR AL
B YA R 53.21+£29.76 wg-m, 5. PM, [ 68.3% +23.3% , 5 [# Py H AL T (b,
36.7% "M JE17:24.4% " 1IN :40.9% " BT 152.4% ) I, KB PM,  FROK IR TCAIL B T uk b
T KT R R SR BB 22 45 /K I M JC AL B 7 i B o Wk B2 149 = (IR ok SO >NO; >NH; >Ca® >Cl™ >
K*'>Na">F >Mg™ , H i1 SOT"  NO;  NH; A a2t & ik B 5300l 14.61£9.85 (13.75+10.39 10.03+
8.21 pwgem™, 2l i B P R ) 27.5% .25.8% . 18.9% Fll PM,, | JE - FE (1) 18.8% . 17.7% ,12.9%
YEWTIX3 Bl IR TCHLES 02 PM, <09 B4, H SO W EEmS =5 T NO; MREE (K 2,£ 2).

R AFITRIES PM, S 45 B 7 B ERHE (pg-m™)

Table 1 Concentration characteristics of PM, 5 and its ions in different cities (pg-m™)

ﬁfﬁm iﬁi PM,5 F- al- NO; S0% K* Na* Ca®*  Mg*  NHj NO3/ SO%
KIE(AWMFE) 2017 77.89 043 555  13.75 1461 131 127 623 039  10.03 0.96
p N 2014 1899 078 1415 1222 2570 174 092 452 036 1582 0.31
Jezin 2014 116.6 — 500 14.80 1330 150 020 090 030  9.10 1.12
Frglel 2015  158.3 — 370 2130 27.80  1.40 230  0.80  0.20  18.90 0.77
22} [20] 2013 141.0 — 8.10  14.62 1624  1.68 144 312 0.81  11.93 0.90
s 2016 1648 020 601 2250 1752 334 059 378 025  13.16 1.37
g 2014 77.8  0.07 147 549 394 050 019 038 003  4.29 1.40
et 2017 55.1 — 200 19.80 1552 1.22 038 024  0.08 11.97 1.28
Lol 2013 47 — 152 921 1023 1.31 0.32 0.9 0.16  6.04 0.90

FRAE P, Joff v BE K IR BT 2 SO &0 43 6 R 3, 43 B R A (0—35 pg-m™) L B (35—
75 pgem™) JREETGYL(75—115 pgem ™) RHEEIGYL(115—150 pg-m™) EEFIGYL(150—250 pgeom™) |
PTG Y (250 pg-m L E) YL R TR BERRIE G YA 47 d, ¥ PM,; R W E A
92.16 pg-m™, FEEIG YA 20 d, T34 PM, Uit Wy 132.57 pg-m™ VG YA 7 d, 734 PM, bt
W PE Ny 189.37 pg-m ™ PEHVGYAT 1 d, I PM, SRR N 287.29 pg-m (5 2) B4 KB FHEAR
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6] PM, STV BE O AT R B (L 2) A5 g rh TS g B S Y F S TS YR T, SOT \NO; |
NH; 3% 3 Ff B2 R B T I sk B2 M50 5k 46.6 pg-m™ 61,9 pg-m™ 102.1 pg-m™ Fl
138.8 wg-m™, 205 5 EOKIETEICHLES T (WSIIs) i 73.3% 74.6% .82.6% 90.2% , i W FE 5 K< 5 Y e
FERBEI, SO; \NO; NH 45 3 Fh 3222 WK B T 10 DTk 5 70 H B 2 T+ PM, s 45 KA M TE L ES T 1)
S-S5 e VA T Y R R T R (R 2).

R2 IHHERMEFG LRI PM, X5 B FBEKERE (pg-m™)

Table 2 Concentrations of PM , and its each ions in clean days and various pollution days (pg-m™)

i H SRR TR BTG Y pEETS g GiNEREE FEE Y
Project Total sample Clean days Light pollution ~ Moderate pollution  Highly pollution  Severe pollution
FEMEL Amount 151 92 47 20 7 1
PM, 5 77.89+47.16 49.87+23.21 92.16+12.61 132.57£10.98 189.37+33.48 287.29
F~ 0.43+0.27 0.35+0.17 0.47+0.28 0.63+0.37 0.49+0.31 0.25
Ccr- 5.55+3.84 4.05+2.33 5.82+3.38 9.70+4.64 10.08+5.73 10.39
NO3 13.75+10.39 8.50+6.18 17.79+7.10 22.57+9.59 36.22+12.68 38.60
S03" 14.61+9.85 9.49+4.03 17.00+5.63 22.87+5.29 38.10%17.12 56.00
K* 1.31+1.23 0.84+0.54 1.66+1.00 2.27+2.13 2.73£1.55 2.26
Na* 1.27+0.93 1.06+0.64 1.59+1.31 1.55+0.82 1.23+0.88 0.92
Ca 6.23+2.06 6.02+1.81 6.92+2.46 6.45+1.87 6.47+2.44 1.20
Mg** 0.39+0.20 0.36+0.19 0.47+0.22 0.44+0.21 0.45+0.23 0.13
NH} 10.03+8.21 6.05+3.39 11.80+4.75 16.44+7.18 27.79+15.63 44.23
NO3/ SO% 0.94+0.65 0.90+0.75 1.10£0.45 1.00+0.38 1.12+0.56 0.69
WSlIlIs 53.21£29.75 36.53+14.71 62.57+16.48 81.78+19.62 123.58+34.97 153.97
/PM,s == CI° NO; SO} == NH; =
100 - FroomEcr NO; soi =i SIS 11
e Na©  wem Cp? mem g2t s NH) 1% :
197%81%
36% 1
1% %
8%)
80| % l |
29%) 1300
) 5% l
Dol 2% . -
%
2 I 1200

Concentration/(ug-m™>)

The mass concentration of PM, s/(ug-m™>)

1 o
| /
/ 1100
150
| -
Excellent Well Light pollution Moderate pollution Highly pollution Severe pollution

Air quality index

2 AR PM, s 6 B GR3IA S SR 2 o e vk B S AR AIE
(B b ALk sr i EEEF €17 NO3 SOF NHj W,
FEARIEN S PM, 5 AN RIS B 57 4 e BE | DF 11 A 4 7K I P B8 7 PML, 5 BT o5 A 43 L)
Fig.2 Variation characteristics of main water-soluble ion mass concentration at different PM, 5 concentration levels
(In the figure, the fold lines are the concentrations of the main ions CI~, NO3, SO, NHJ,

the histogram is the mass concentration of different grades of PM, 5, and the pie chart is the percentage of each water-soluble ion in PM, )
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2.3 RN PM, e B K HOK I 1R B 1 52

PM, s B HOK I HETEHLES F AL AN 3 06, KR S 2 B i s ma I R e g KT R
W SR F) P, S 2 S 2 B KM B 1 5 R S B AT e i, 45 2R AR (36 3) , R
SR Z= A1) PM, o B 2 KPR B 1210015 R UL P P49 3 B HE A I 285 BRI 5G| S MG L A 8 e R A S
FH TGS PM, s F1CL e B2t S AR I 35 R OG5 LAl 4 73 O R O 28 IR TELEE 5 4% 4L 23 O R O
FALRIRERAR. 25 F AT LA R T SR 01 6] P, S T2 K P 8 52 DX RITAF Xof 0 B 52 e 5 O
T A, HEZH ok 2 By 5 XS, PML, 5 5 C1 18 Jo I AT 5 T P g B LR A 1 8 1 ) ke T2
i, UL UL I

R3I ARKMNE PM, S EROKEERS 7B C R BUE

Table 3 Correlation between meteorological conditions and water-soluble ions of PM,

45 REDLIE R b AR
Component Visibility Wind velocity Temperature Humidity
PM, 5 -0.692 ** -0.453*" 0.226** 0.551**
S0y -0.619 " -0.215* 0.108 0.609 **
NO3 -0.608 ** -0.184" 0.286 ** 0.624 "+
NH; -0.546** -0.165* 0.231 0.512**
ol -0.512"" -0.442"" -0.214"" 0.297 **

. * P<0.05, * * P<0.01.

2.4 VETERHARSE R ST i B A A Ak

SO, il NO, A BB R -5 FITA R 6 Y 2 AT AR 2t s K AR AL Y 2 S b 4 B R
AR A A= o TR A 1 AR A SR A R S B Al e A AR AR A E R SR K PHR
S E R PR 3R O, I VRO AR Ak S5 AR B A AR (@R AL o AL R R RS ) A O R AR
A B S R ER A KA Y SO, NO, 2t — R4k Ak 24 I 0 43 5 A2 i H, S0, F HNO, <,
1A R AR R T MR B A v i 45 55 NH, (NaCl %5 SO ARl — ok 724 R RS B9 R AR 9 S0,
NO, 185 B e Al R 45 A0 KA S0 FINO, ik J3E 1) a0 B B[] 2K

i R LR (SOR ) MEE AL (NOR ) k£ R SO, il NO, A9 — W S AL AE FH B R 3 AR50
AT (1) (2) , Hirh B TR AT Y BE SR VR, Bl peqem ™,

n(S07)
SOR = - (1)
n(S07) +n(S0,)
n(NO3)
NOR=— (2)
n(NO;) +n(NO,)

1,0 (S07) \n(NO3) \n(S0,) \n(NO,) 7l F /R GRIR AR ASFRAR , A Ak, — A Ak 2 o i) . 3
HRBEZE SO, NO, SRR FE -1, 3% R SO2 NO; YR EEFSFIAH B Y SOR NOR (1 3a,b) , 24 SOR {4
>0.1 B, A A0 23 3 o8 B 5 19 0% Ak 2% 2 0L 56 A i R AR, 31X 5 — S804k UG 6 A i IR AR ) B 2R
Fpl >,

KRR BB Z= 1 SO, F1 NO, B YIHR 43 5 h 67.5 wg-m ™ F1 56.5 wg-m™, 435l FHEI a5 4
FRUE(60 pg-m™ 50 pg-m™) T KA1 SOR 4 0.118,NOR {E > 0.121 , 111 7 5K 58 K < 4, -
¥ SOR {H A1 NOR &I 435 17151 0.151,0.188. 41l 3 (a,b) 7N, K35 KA F 4 H £ SO, Ml SO 3
KFH R, SOR HAMEI &, H 1 A KSR SOR AL FIEERA, X T2 i T 1 H KR
S B IRV SRR, AT SO, i et BN B A0 il SR B8 2785 1k K 5 K 36 K 1) SOR fH¥ A T
0.1, UtH SO A H /K IET 0I5 Je i k. 4 H 03 1) NOR [H7E K58 K3 35 | T T KR, R/
AFGTEBE 3 KA AT HNO, SRR R ) 2R 1 AL NOS.SOR 5 NOR BYZ5 FE B | K5 >R % 22 1 1]
FEAE A S AR AR I R I A A, L TR B R X8 B X AR A SR A R AL R A A — e .
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[Z 77 #&iE RSO, Clean days SO, M /%% RSO, Haze days SO,

200 1 #%1%%S07 Clean days SO KFERSO; Haze days SO 4 022
=/ 151 RSOR Clean days SOR ~ —@— 7 %& K SOR Haze days SOR
4020
150
4 018
P
o
= 4 0.16
g
g l00r »
=
g 4014 Q
(=}
Q
4 012
50 |
i 4 o.10
o 6 i i ﬁ i 0.08
1 2 3

Month

[Z 77 i&i% RNO, Haze days NO, K FEFRNO, Haze days NO,

120 s ) . . . 71 0.26
[ ¥%14RNO3 Haze days NO}™ Jl #K%i KNO3 ™ Haze days NO3
-2 {§iHRNOR Haze days NOR —@— K% KNOR Haze days NOR 4 024
100
7022
i 1020
T 80
=
2 7018
£ 2
=
g N -
E © 0.16
g
g 7014
o
O 40+
7012
20 - g 4 0.10
%
ﬁ ﬁ H 4 ﬁ 4008
’ ﬁ 0.06
11 12 1 2 3
Month

3 B AR S KK SOR F1 NOR ZE{LFHIE
Fig.3* Characteristics of SOR and NOR in clean days and haze days in each month

2.5 THIERAIKFER PM,  FFKIETECHLES F2H 20 K W50 #r
2.5.1  AHAES T

3 AT 45 TCHLES - [ AR DG, 9120 20 B e SO IS b i 256 07 0 85 SR sk 4 iR, “ IR+
Z [H]BAH DG R B NH, 5 NO; (SO (Cl R B A W A0 ¢, H CE/AE “F3{E R 1.56 (59801 ) ,
Z15 NH;, 5 NO; \SOT MIEE/RMR B FLE KT 1, R B NH; BB 41 A1 NO; #l SOT, PM, s R 2AAAE
BB XA NH,NO, [ (NH,),S0,5 NH,Cl %1 F~ 5 CI7EAEaf th ARG R A s , 38 S 25 A0
5 IR S e B O U U A RO TR, BRI, ™t 5 M YA e B, Ca S
Mg Al @ e e Z Y s R T Y Ca™ 5 Mg™ Rk [ T R 5.
2.5.2  FEHSHT

X AR EAR I 0 R 8 253 13 R 5 I g R3O o3 R AT 2 o0 o BT, 44 BRI LR RRAE (B > 1 551, 4542
BT 3 A FEWF, I — LA T4 x F R AR5 AT 5K 5 PR W R 3 A R AR T K%
PETCHLES TR IR 84.33% , R Rt J7 25 F 43 b K3 R 1 3 A ERFILf#RE T 77.01%.
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R4 ORIFORME K B 1A G AR B

Table 4 Correlation analysis of inorganic ions in heating season of Taiyuan

F- cr NOj S0y K* Na* Ca® Mg NH;
F- 1
cl- 0.787"" 1
NO; 0.227** 0.443** 1
S03 0.281"" 0.540** 0.735"" 1
K* 0.291"" 0.451"" 0.466 ™" 0.390"" 1
Na* 0.433"" 0.423"" 0.045 0.212"" 0.265** 1
Ca?* 0.337"* 0.151 0.148 0.020 0.250** 0.574** 1
Mg 0.228"" 0.134* 0.212"" 0.098 0.659"* 0.521"" 0.750** 1
NHj 0.231*" 0.505 " 0.816** 0.805"" 0.555** 0.183" 0.051 0.237"* 1

B

. *# P<0.05, * % P<0.01.

RS OREACRIEFFHERAIKSER PM, 2247 o 74 R

Table 5 Principal component analysis for chemical composition detected in PM,  from Taiygan City in heating season

PN Wix S SN/'Wix
R Ingredients of clean days Ingredients of haze days
Lonic species HF 1 HF 2 AT 3 A+ 1 A2 H¥3
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
F- 0.113 0.094 0.907 0.897 — 0.008
cr- 0.249 — 0.899 0.821 0.386 0.012
NO; 0.964 0.038 0.048 - 0.792 0.072
S0% 0.798 0.215 0.254 0.078 0.841 —
K* 0.691 0.486 0.258 0.031 0.232 0.774
Na* — 0.826 0118 0.769 — 0.221
Ca® 0.236 0.899 — 0.588 — 0.809
Mg 0.270 0.916 - 0.258 — 0.944
NH; 0.946 0.079 0.135 — 0.888 0.210
FEIEE 4.19 2.10 1.30 2.96 2.45 1.52
520/ % 46.53 23.30 14.48 32.89 27.25 16.87
Hil/% 46.53 69.84 84.33 32.89 60.14 77.01
R/ % 33.52 41.61 24.87 42.89 33.77 23.34

HIERPAE T NOS NH; SOT 2 i, 230518 0.964,0.946 ,0.798. 45 B T A & M i, HL
N Jrh 2 B EUREE AR R IR 5 YU IR T SR N 33.52%. 1 F 2 i Mg® (Ca®™ Na'#%
frAs i, 43k 0916 ,0.899..0.826.Ca™ Fil Mg™ [ b 72 e %, B FAHH MR 0.750, Kt 7 2 AF +
BRI DR 41.61% . 1 3 Y FOA CU 20 85, 239008 0.907 F110.899,F KZ K
TRF I hbet B vp &= A i CLU L IR 7 3 SRR 1 R T 19 BTk 24.87%.

JRFERAPRT 10 F A CU A48, 7090 0.897 ,0.821. 3% N B T AH S PR R T, A IAMER | 1%
FOTHREN 42.89% K F 2 1 NH; (SO \NO; 2k A% &, 4351y 0.888 ,0.841,0.792, H iy IR F,
T 2RE IR LA T 5T BR N 33.77%. A F 3 h i Mg™ | Ca®™ K" #3437 0.944,0.809
0.774, A 3 A B SUE T4, %W F R 5THCR A 24.87%.

X BT ¥t R RIBR s R A3 A 2R I it R AT ] - 347 24> S i 0 e Y, D R PT R i it 01 48 R
92.50 mes™ KT KB RGHE 1.48 m-s™, FEOH R T 2000 LT KT KGR, TR B IR A
TR YRR R R g ) P S R
2.5.3  JR PR RIS T

KGR BE ZE A R A8 2] 4 2l =23 A PGB & 4 Fos, &3 75 JeRe ik an 3 6
JIT7R .4 A 530k FARDCRTPG AL 7 ), 3890 N HE IR, B2 K 22 B AR s A i 5 i G <0
FER [ S I B R R 22.47% KA 2 Sk A TGRS B2 Sl BA R, B2k
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2115 49.40% <A1 3 ok HIREVEAL,, 2 NS T E BEVERE BIA KRR, BRA L 16.62% , K 4 kA
FEAEIL AL ST PSR, bR A FES M X AL 2 K5, B 11.51%.3 N~ Ak B i
BB ALt T b A 0075 e W IS 3 20 1Y Ca® B0 Mg, A= W R B 72 A Y K R0 NH 25 PR BE A
FIA AR,

N
50°N n‘

m

\
P25wﬂgm}\Q§§§
4

40°N \ PM, s 1 }77 pg-mi

45°N

w

PM, i 110.15 ugbm™ Taiyuan

35°N

30°N

90°E 95°E 100°E 105°E  110°E 115°E  120°E

B4 REHR M5 1 Pk R I AT A R

Fig.4 Analysis of the trajectory clusters of the heating season in Taiyuan City

R 6 SRR AR ARG R (pgem™)

Table 6 Pollution characteristics of air masses from vafious sources during sampling( pg-m™)

KX Rk2 K3 ®x4
Cluster 1 Cluster 2 Cluster 3 Cluster 4
Ratio/% 22.47 49.40 16.62 11.51
F- 0.46+0.29 0.48+0.27 0.38+0.23 0.26+0.16
cl- 5.29+3.71 6.18+£3.91 5.17+4.17 4.40+2.57
NO3 9.88+8.79 11.69+8.60 19.28+12.22 22.47+9.81
S0%” 11.30+6.00 12.89+7.36 19.53+12.24 21.39+13.21
K* 0.97+0.87 1.30+1.33 1.84+1.45 1.20+0.64
Na* 1.28+1.01 1.35+£0.99 1.24+0.83 0.77+0.39
Ca* 6.06£1.74 6.33+1.68 6.66+2.75 4.93+2.43
Mg?* 0.35+0.15 0.38+0.18 0.51+0.28 0.29+0.14
NH} 6.46£5.10 8.80+5.77 14.11+11.10 17.14+10.40
PM, 56.51+37.05 71.29+38.58 110.15+51.50 101.77+55.68

3 %% ( Conclusion)

KIF T RBEZAHY PM, R 19 77.89+47.16 pg-m™ ek F % 90 H B EFRAE, Bk
VEVETCHLES + BTt W B o PM, 1Y 68.3%+23.3% , JR3E K PM, s 4 BT i Wk BEF- ME LR TE TR 1Y 2.4 4%
Bl KA YRR AN, SOT \NO; NH; X 3 Fh 32 B F 1Y STk & 40 o B Bl =2 T B AR £ A0
AR B AR DA I 52 1 YL VR (RS ) A 8 BB SRR Al K3 KT NO; RIS AL 358, 4% H (i NOR {H
FE RS R 35 =TI TR, SOR 5 NOR 45 A 106 B 2R 8 3 1] 47 78 B b 1) SO0 e — IR e Ak 2. P
T EEAAAE R Y FUE A NH,NO, L (NH,),S0,5 NH,Cl . E o 0 r R W1, ORI Rz 2% PM, 751K
T R (8] SRR U T 2 o e B YR BRI RN s Y YRR O g A I ) 2 s YR UL [
TR b 7 SR I 2 A [R] ASUA 43 311k F ARG R PR A T ), 349k P i R, L4 22 RO AR A A b TR 1Y)

.
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