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Chemlcal Characterlstlcs and Sources sof Atmospherlc 7 Aerosels in the Surroundlng

District of a Héav1ly Polluted Clty in the Southern Part of ‘North China
REN Xiu- long , HU Wei’ , WU Chun- miao' , HU Sirhao! GAO Na- ia' , . ZHANG Chong- chong', YUE Liang’s*WANG Jinxi', FAN Jing-sen'
NIU Hong Yo ol F f - _,--""’

(1. School of Farth Sciences and Engineering, Hebei University of Engmeenng, Handan 056038, China; 2. School of Earth System Science, Tianjin University, Tianjin
300072, Chma; 3. Ecological Environment Monitoring Center of Handan City, Hebei Province, Handan 056001, China)

Abstract; In order to explore the chemical composition and source profiles of atmospheric particulate matter in winter in the northern area of Handan, a heavily polluted city
in the southern part of North China, PM, and PM, 5 samples were collected and analyzed from November 23 to December 12, 2020. During the observation period, the daily
average p(PM, )and p(PM, ;) were 114.53 pgem ™ and 124.25 pgem >, respectively, and the ratio of PM, /PM,  was 83.3%-95. 3%, which was significantly higher
than those of other cities in the Beijing-Tianjin-Hebei region, indicating that air pollution of fine particulate matter, especially sub-micron particulate matter, was more serious
in Handan. Compared with that during clean days, SNA (SO; ™, NO; , and NH," ) in PM, increased by 14.5% during heavy pollution, and SNA in PM, , increased by
15.2% ; the nitrogen oxidation rate (NOR) in particular increased by three times on heavy pollution days. With the deepening of pollution, the proportion of secondary organic
carhon (SOC) in PM; and PM, ; increased by 22.0% and 12. 5%, respectively. SOC tended to accumulate in small particles, whereas the proportion of primary organic
carbon (POC) and elementdl carhon (EC) in PM, decreased by 15.4% and 6. 6%, and the POC and EC in PM, 5 decreased by 8.2% and 4. 3%, respectively. The ahove
results indicated that secondary formation played an important role in the heavy pollution of particulate matter. With the aggravation of air pollution, the liquid water content of
the particles increased, and both the sulfur oxidation ratio (SOR) and nitrogen oxidation ratio (NOR) increased, indicating that the aqueous phase chemical reaction made an
important contribution to the formation of secondary inorganics. With the deepening of pollution, inorganic elements were on the rise; Se, As, Pb, and Zn were highly
enriched in inorganic elements. The results of principal component analysis (PCA) showed that secondary formation, indusirial emissions, vehicle exhaust, and biomass
burning emissions were the main sources of particulate pollutants. The results of potential source contribution factor analysis (PSCF) showed that the high value areas of
S0, NO; , EC, OC, and inorganic elements were mainly from the north and southwest directions of the observation area.

Key words: heavy air pollution; PM, ; PM,  ; source apportionment; backward trajectory; potential source
WEEAE S 2B AR . NTAEEACEIR R, RAMEISUERIG R0 5 2 50, ILAF R R

s HER . 2021-07-20; f&ITHHA: 2021-08-16
BEE£ME . ERHREILETH (41807305) 5 WALA A HAER 223 4351 H (D2018402149) ; b4 H 4R Bl 243 430 H ( D2021402004 ) ;
WAL R E 2 T R A SRR (SLRC2019021) 5 e[k 48 d S & THRITH (19273705D) 5 KHETH AR &40 6
JEIE I H (18JCYBJC42200)
EZR: AEFH R (1995 ~) , T WA, EZAFTE 7 8 KA R ELLRFAE | E-mail :13231532392@163. com
= W EVEH , E-mail ; niuhongya@ hebeu. edu. cn



1160 7D 53

B 43 %

TSURE ) 75 e 1 O 28 WA o T X £
PM, (2580 % i HAR/NT 2.5 pm 190K
P BRI RAREILEE Y | NS fi e g
Az T S A HI RS T R DB A T i R R
TR SR BT — R AR IR I R
I FLAE— B R 1 RO 15 e, )
TEATR TR AT G T i 8 i =
SiR EHE L, 55 -4 55 K S AN IURL P 5 Y S 1R LR
fif. 2020 4F 11 ~ 12 JIHER S I 22 T 31 d i5 5
K, i B 50. 8% . HH Ik 3% WIS 1F 75 385 32 240 JUR: 4
95 g, 0 H 2 S ROK R Y PM, |, A7 BF 5 R
PM, 7EA IR B A5 B 1 40 T 20 f 0 itk Ab
RS T 5 B R &, VG RAT LBk, 58 R
B =B TR A TR P 0 N 3t 3L 2 i
YLy 118 DXl A% i N 25 A AR Y S )
S AT 5 A8 A Rl 7S 3t DX 20 URE 4 728 Ak B 0 B A AT
L -
12013 4E LIk, R0 50 HE ST I KI5, A
K F AT KARBFIE. Gao %51 Al Xu 21 1HF
GO WORR IR 1T T 407 (W I o s
B (35. 4% »4244% ) . 7E 1999 ~2018 %iﬁ}?%ﬁ?’él
T PN, & K3 (06 LB 9T e R B 2018 A 28
4 PV, e HE K I 240534635 51 1 20 e 17K
VAR BRI 35 Sl

SOI% FUNOJ ZZ A RS i NH, 1y kesk 13

162018 AP R IR G5 YL i BRSE T, PM, 499K
VPE BT RIS A 40 S M Y 55 75 U I A
[ SNA 952 & R K Fa e T R vk % | B5iE
St SO, HIMAR AL FA 25 AL VR AT 2% 30
JRHENE 71 PETIT B B e

SEXTHRHET PM, | BO L2244 A . SR JE A X
B BRIV 2 2 T R B AT R
2015 AR HBERTT PM, JHHEH 122 pgem ™5 MR &
AN KT 60% B, — R G5 AT g B & [R] s XL
/N 1.0 mes ™ FLRU g KR g LB, 752424
HSGBEIO L Chen 25 9 BF 5T % 05 7 & T
PM, 15T EARAT 5 BB . A Rk A Tl
e R 75 Y W 3 B oK U, S v 7E U BT
(PSCR) , 35 B 5 865 32 1 35 I S 14 4 i 522 0 2 o
. 2017 AEHBER T PM, s+ p[ A HLER (OC) ] il p[ JC
Rk (EC) ] ¥EH S5 A 17.09 pg-m ™ 1 4. 11
ngem B RIS A RS R E B
YRR (AR X PM, ROBFIE AR £, M H ki 56 3
JE T Yl X B B R s

7% 30 L Al 0 I B T e 3 L g T %
% HL O TS 7 25 L3, IR, A K I s i

b, BHEAB ISR T ACAE X, 5T A i s A, 5 Y
2020 fEAEA AR 167 X B PM, o ik B HE 44 3150058
= RIS 2 X 8O0 T G W b2 21 53 REAE SR UR
WA BRAML T A, AT Sy AT Y XSG o7 B 4 4
HERL2E B TR .

1 #RE5FE

1.1 BEACREE

SRR R A TR TG B B — h S R T
(114.51°E, 36.93°N) , RFE &£ 15 m. &
LR R A X S0 X, O S 475 e T, SEARBEASAR
PR X B R AAELRAL. 2020 4511 A 23 HE
12 A 12 H ISR FERS R A PM, F1 PM, £ 5
%20 4~ SRAERTRIBEA M H 20,00 ~ K H 1930, 4
11235 h RFEIEBE D AL
L2 FhkgEg | (]

fdt FH L R A 25 (KB- 120F) %%‘PMZ‘ S Uk
Yy, iR 16,67 Lemin |, SRRV RISk 0 18
90 mm, PM, SR (TE-Wilbur %, TISCH, USA )Rkt
5RO 16, 67 Lemin ¥, WISk HAE N 47 ) 7E
FrEnt AR AN B iC % TAR IR B L AR R
FEITIE] 45 208, AR PRJR R & A P55 1 PM, 0
5 T A OB,/ 535 ) A UL B R 1 7
Br, RAREFTRF A B R AE 550%C D dh g i 582 5.5 h,
PR F K A D SO IR A (IR BE 25°C = 0. 5°C N1
MRE 30% +5% ) FEE 24 h DL, I e F R
(H+:,XS205dualrange, 0.01 mg) T2 kR,
RAE L BT A B 22 P I 7E 220 g LAPY, BUX 5
YCPREE T & Y (E, 2 3 5 225k 115 PM, A PM,
R
1.3 FESAHT

IKEEMERS T4 M A 50 mL 258 7K, Hir
FHA A 18.2 MQ-cm , fEM AN EA 1 h, HiE 5
AT L8, B 5 A B T €435 42 ( DionexICS-1100)
WA Ca®* . NHS . Mg’ Na® K", SO;™ ., NO; Al
Cl- 3 8 M CHLE 7 4>, OC/EC [43#r: Aot &
W58 WL 314X ( DRI Model 2001 A , 5 [ Vb5 T )
Xof A it o B B 2L 43 E AT 43 . TEHLOT R S . fil
ICP/MS ( Agilent7500a ) #4770 2K % & 43 Hr, MM 3R
5 Pb, Zn, Cd, As, Se, K, Na, Ca, Mg, Al, Mn 1
Fe 02 BUH ™
1.4 JET ISORROPIA I A5 7 A< 95 1 2 25 /K
5

S 2# B ISORROPIA 1T kit
Na*-K*-Ca’*-Mg’*-NH,’ -C1~-NO; -SO; -H,0 [°F
Ml sy, BRTE L) 12 N 3 X S 4 BR AR AY



34 AR5 A5 . ARb R T T Sl T ] 0 X R S A 2 R A SR DA B 1161
BRI AR 2B 52 T T RSO I 1 ) 3 WPSCF, = PSCF; x W, (2)
RSN AL 43 Ay T 18] LI 1) 7 e A6 1.00, 80 < N,,

3, IR R AU AL E R R B BT 0.70, 20 < N, <80,

PR SR H0 S e K I 1 S B TS Vi lom, 10<n, <0, O

VRSV T e B R B, ARSI 9 R R Il A X
B Ah ISORROPIA 1 A4 4k« S RG2S 0 il 2%
+ A PR A D T 48, 25 BB SR A U 1) X
A, TR BT & i B 2 AR
AT H A ALWC ¥ JE.
1.5 Ja Ll

i A HYSPLIT-4 BRI S A] 24 h 195
) 300 | AU FH 530 R0 43 B RS0 G ) ik R
P HCIGE AR R AR B H I = S
9 500m , BERIH 24 S, BT 5 Bk 45
RIS Y i 1 1) B AR I A T R BT

FET HYSPLIT, W E % BT ( PSCF) A1) HI T8
SRR R e A T REIR IR Y AE AR, B
B FHR LRI RARE S0 PM, o S HC A i v e SR U I
1. PSCF 4323 T GIS #f4 v i TusjStat HE1 7119
PSCF 08 E36192°N, 114, 87°E 7J<¥§j‘#ﬁ?$'
H1 0! 50 x0. 52 PSCF {Eﬁ;%;/z}itﬂntu) /,

-/ ' PSCF, % " ’ ’ (,,.1')‘
=T, W, jﬁ%/\qﬁjﬁﬁﬂﬂﬁlﬁﬁﬁﬁl@ M 7%]['% Ly
mﬁﬁﬁﬁt{ﬁmﬂf AR 1Y 1 (E ’ﬁgﬁzi ij
TR AR ﬂéﬁﬁﬁﬂ*ﬁ%mN A 52 o, PSET
fE T H S W AH 7 45 2 f. WPSCF 8 W =,
(2), W it<3>

0.05, N, < 10.
2 HR5ITR

2.1 ORI E BOK B B T REAE

SRAEHIR] p(PM, ) $9(E R 124.3 pg-m 23K
Rl (PRI 25 ST AR ) v PM,, s bR i FRAE (35
pegem ) Y 3. 54 5 UL LI IR] B PM,, 5 BB R
P 5 E PN H AT A L, T 2019 AR5 5 T
FKWEZE (117.0 pg-m )M R M T (69.6
pgem ) 2018 4E[E Y p (PM, )i’J{Eﬂv 77.6
pgem ', 2020 4 PM, {l%r“ﬁrﬂmal“flij 62/4 ~
189.9 pg-m~’ %iﬁ{éﬁv 114.5 pg-m ‘,752018 as
WRER 1.5 /5. PM /PMZSEﬁtt{EMJc«al%Ls& 3%
~95.3% m?ﬂékﬂ:{ﬁﬁﬁllﬁﬁﬂﬁ 66. 0%“"’ Ande
LY 79. 49% F/\ﬁ‘ﬁat?iﬂ 1 P /PM25
ttﬁ'ﬁ/ﬂ“*ﬁaét&%%(}% 0.618) ,{H 'ﬁﬂ@ﬂ%ﬁ_.
el (K = 01837, 0 B0 1 | MGk 4% [
T AT 20 TR ELAE PM, A B TRk
FECPM, /P, [ AL . ORCY) M S5 HE
RSN 1 R AR KGR 1.2 mes T
AHRTREBE BB 84% , V- 341 B Ry 1. 6°C ,NO, H{H
50 pgem ™, COBMEN 1.4 pg-m ™ KIAFEL
Yy I AR .

xR1 SETEY, BRE, KEM PM,/PM, ; tb{EH Pearson’s #855H"

Table 1  Pearson’s correlation among gaseous pollutants, temperature and humidity, wind speed, and PM,/PM, s ratio
50, NO, co e L ALk PM, /PM, 5
S0, 1
NO, 0.550 " 1
co -0.155 0.575" 1
TRE -0.702 " -0.055 0.617* 1
L -0.259 -0.186 -0.254 0.245 1
JARES -0.343 0.076 -0.020 0.169 0.217 1
PM,/PM, s -0.397 0.227 0.540 " 0.618" 0. 501 0.183 1

1) * FIRFE 0. 05 K (U)W, ™ FRTE 0. 01 KPR I 240K

PG IR BE 2s [ s br i) (GB3095-2012) L, 4
B X KRG YK, ZIKEMEPHEIi@p(PM“)
INFETFT5 pg-m 7 HIEEBL(C) 5 PM, A H Y
WEETE 76 ~ 150 pg-m 7 /TG YT B (S) 5
PM, (1 H VR BETE 151 ~250 pg-m > R E 5L B
(H). HE 2 AI%1, PM, o4 NO; #1SO;~ MIETE K .
B/ EETG Y R B 5 Y Rk 2 1 #, No;
FSO; ™ FERE/ v BE V5 Y K I ER 75 e Ko L4 i)

J43. 4% F146. 6% . 27.2% F127. 5% ; PM, 1 NO;
SO, FERR/ v BE TG Yo R MV E Y5 e K o e 49 90l
H140.3% F1 43.4% , 24.9% F 25. 7%, i L3,
NH, o LR/ B e R EE 1 Y R 3 T
K, H 3 FhES 4 A 2018 AE[RIHAY A Br TR, ]
85 MR B G A DL SRR Y R = 1
TR YA . 3 AN 1 SO T
FE -5 RIS o v B o A v ) B HE O O A



1162 N A 43 %
100
2 OF 14 .
= 60 | 42 &
® 40 |—m— RH
20 |=0—7T 40
0 ! ] L L ! ! L L L [ ! L L ! 1 -
360 22
~ 270 |- i
< I o u u Lo g
g 18 - - IR @ 17 =
X 90 (- 6,é5z
0 ] ] | n ] I ] r I ] I I ] 0.66
4 50
" —H— CO T
E gt /l-__ﬁ. 440 =
i o*—_ \ 430 =
E 2f .—'.\ ~——1 o _m—8_—N 1 3
g ak --_../'-—'——l-—--——l/ H’“‘l'—l"”'.{o/ \0 40 =
R L 1 1 ! L ! ! L I ! ! 1 ! L L ! 1 0
G el =
'E 4 [F® S0: "‘—-‘\./)-\,/."/‘H 150 =
2 16 [®NO H a0
s 12 - 1303
b 8- -4 20
T 4} 1w %
o U L 1 L 1 L L L L L L L L L L L 1 n
:En._, - - s Pa— 1.0
=200 EPMES.\/.—_._“; e ——— ® dos
3150 B PMy 1% 3
= —o— PM;/PM; 5 0.6 E
2 100 |- ] 404 =
p& 0 | L i L {J
11-23  11-24 1125 11-26 11-27 11-28 11-29 12-05 12-06 12-07 12-08 12-09 12-10 12-11 12-12
Wi (H-H)
F o ] I TN 7 A AR -
ey, B Kapgmpe s rnnenagsniien ) ¢ 1%
w | Kig. 1 Time series of atnio phen?”-partmulz?iﬂg:maner, gaseous pollutants Fd meteorolpgical conditions ;
I SR R 1 BRSO, @@Eiﬁﬁ(i@{ﬁ © | 80C =0 - POC e
5 16 vl ). € U7 0 ) i, (OCFEC) L, OC/EG WelE LR /M.

| SNA(SOF . NO7
5 XS PM, 1 BER AR 77. 5% fe A7 A
5%, AR/ B TS e K Y5 e K TR 4 ok
44. 2% F149. 9% , W1 5 15 TG K (34.7% ) 5 X T
PM, M7 ,SNA 5 I i R Y 34. 2% 34275 4
K 48. 7%, 1T SO, A1 NO, 53k [ AL FIHL
SRS, I NO; /S03 ™ fE 2 Mg 55
TR0 I8 2 VR ) R X S ) R /N2 AR g A o R T
i B AN V5 YL it BE PM, R NO; /S0; ™ {H 50 51
1.5 F1 2.1, PM, ' NO; /SO;™ {H 4% H 1.7 A
1.8, ZH PR T 0.5, ILAM5 YLt Br PM, s Fil PM,
NO; FINH, #iESE KRB LI, a2 3.3
0 2.6 135, 3.3 450 2.9 17, 5 W ¥5 YLk Be kg sl
X7 M B 1) BT R OR T 11 U DR g ™ 5 AL B
ZERAHK.
2.2 RS HT

B 2H 7338 AL 45 A HLBK (OC) FITER Bk (EC).

OC H— AR (POC) LA K — WA HLK (SOC) 4
B AR SCR A Lim 2802 8 A 00 R AR OR BT
SOC HYHE TN .

POC = EC x (OC/EC) .. (4)

URINHY ) f PG PR G

AFFEWIE PM, H Ak B4 53 p (OC) Fl p (EC)
BIE 508 17.6 pg-m 7 H15.3 pgem ™, PM,
B2 53 p(OC) Fl p (EC) BB 4 15. 8 pgom ™
A7 peg-m™, & F A M E 5 G 1 |8 PM, 5
p(OC) Flp(EC) M 13.4 pg-m F12.3 pgom > 17
R Ll s 0 36k T BH R T PM, A 23,9 pgem A
6.5 pg-m UG EAE p [ BAKR (TC) ] 451K
22.8 pg'm ™ F120.5 wg-m, 5 PM, 1 PM, 4
20% 1 17% ; PM, F1 PM, , /1 p (SOC) ¥J{H 4> 5 N
5.6 wg-m M 7.4 pg-m 5 OC 1 32% Fl 47%,
UL SOC X OC MY TTHkEL K. OC/EC FLEAE A k4l
SRR, ABEFE T PM, A1 PM, 5 OC/EC L
HA3 31K 3.3 F13.2, KF 2, [EHEIER T SOC 1
15PN T S AMILSh AR R AR ) OC/EC
FOAB M 1.0 ~4.2 F12.5 ~10. 5, I BEHTA 4
AR R 2 4 2o i Y i P B0 ) 1) B 2L

W g —2E 400, N 3 AT, PM, & PM,
p(EC) . p(POC) Fl p (SOC) He B 7£ 35 75 K 4 51 My
4.3, 8.2 f1 53 wgem™ K 4.9, 11.7 1 1.5
pgemy EEETG YR ik E 6.2 11.8 F113.2



3

FEF5 T 45 . AL R T H T el o 3 X —

B2 R iR BOR IR 1163

150

T+ 42. 4% 1 30. 4% , FF— M) a1 EDIE T &5 ead

1 Ca' B K L (2) 20204-PM, b s o
- PP T e T KL
4
B No; [ so” 60
' ’ I soc (a) PM,
100 |- [ roc
T 50 - [ EC
£
% 40 |
50 |- &
230k
-
¥
20 |-
0
< . 10 |-
150
EEc: EEx O zozoérww,
N e 0
] cr- NH,’
I No;” [ SO 0
100 (b) PMz 5
£
=2 & 40 |
= 7
¥
50 - ".- L
30 .
&
=
=
= ¥ w0l
it
=
0 & -
150 Er =
B « (c) 20184E-PM,
[ Jcr
BN 0
[ oy R
100 - [ SO+~ W 3 HER(C). B/ RERRE(S), MESRE(H)
-En SR TR ZE 43 R BE R o e AR 4R AE
g Fig. 3 Concentration and proportion of carbonaceous components
= in particulate matter on clean (C), slight/medium pollution (S),
50
and heavy pollution days (H)
2.3 WREREL RIS ERER A9 UK AL AL
. BRERER AR ER 235 SO, 1 NO, i it AR

C S H
B2 FEXR(C), B/HFEFTLEXR(S). Efgl’f%i(H)PMZS
FnPM, FIKIFMEREFIRER & b T

Fig. 2 Water-soluble ion concentration and proportion in PM,

and PM, on clean (C), slight/medium pollution (S),

and heavy pollution days (H)

pgem K 7.1, 16.6 Fl 10.4 pg-m >, H ik 156 B B
TG YRR RN, — UCHE RO R A R TS
1f AR UKL Y B2 A3 (BN LI Bl AT, K
VM B TR o LB TS YRR B A 0 ) R AN T

PM, ;11 EC 1 POC i Lt 433l AR 35 K 1Y) 24. 1% FiI
46.0% | [ %) 8 B I5 YL B0 19. 8% H1 37. 8%,

PM, "1 EC F1 POC (& L4350l AT 3 K 19 27. 4% Fi
64. 2% T [ 5| 5 B I5 Lot FE Y 20. 8% Fil 48. 8% ;
I, PM, A1 PM, 5 SOC T M 24. 19% #11 8. 4% |-

AN A . PR AR BF 58 01 P 8 40 5% AL 5 (SOR) Al
FAFE AL (NOR) P ST Je ) — e fL 7

B AR
SOR = ¢(80;7)/[¢(SO) +¢(S0,)] (6)
NOR = ¢(NO;)/[e¢(NO;) +¢(NO,) ] (7)

A, o(X) WM.
SO;~ MIE A =24 PIAE 2. DS0, 38 i <A
N#E OH H H AL ; @Fe Fl Mn 4L 50 51
fift iy H,0, 3% 0, SN, JE BRI ER . eAh , HEa R
Ll fig HEEAE AL SO; .
NO; I i 258 0 W A 44 B e, DNO, 5
OH J v 4= i, HNO, , Bfij5 HNO, 5 NH, S I i il
FRER 2N TE R i Sy s @FERR IR, NO,
SEEMIRAR F O (FREA 0, A R, RE S
N,O5 JBE, ¢ J5 N,O5 7E 87K 242 18 HNO, , i — 257



1164 2D 53

L 43 %

L
&

A NO; . BT ABFFE R, NO; FTE BT 11 K /9 NO,
A1 O, M EER A BURE, ILA, NH, AT BB 2 f# HNO,
3 O BAR ROUE S R BE, AT RE A NLO5 Y T
g3,

K 4 g5 oR EARFETG Y B, PM, 1 PM, |
Hp(EC) 5 p(S027) . p(NO; ) . SOR F1 NOR A #
W R R AN, B TS YRR B i), PMH p (SO; )
M p(NO; ) BB, PM,  H ) p(SO2™) I TH
MBI E G Yt R 6.2 pg-m N E 25.5
pgem ™, p (NO; ) H 13.3 pg-m ™ 88 = 42.9
pgem 5 PM, H1p(SO;™ ) I T B B2 o B 5 it
FEH 5.3 wge-m PHEEANE 22.2 pg-m ™, p(NO; ) i

11.7 pgem HEINZE 38.7 wg-m ™, LU B {54
KAF NO; ZRfbENIA &, H NO, 7€ PM, 1 PM,
T EL S SO A ERE ST, [FIES PM,, T NOR HHl
TR 0.2 ¥ E E G Y F A9 0.4, PM, H
NOR VAT K 0.2 14 hn 2 8 JE {5 Jead #209 0. 7,
Ui FA V5 e 0 0] USRI B B AR A, HLAE PM,
Ot R . G RBNETG YR BEE NO; WA
3N, NO; /EC Y LU AE [RIFE 1 2548 i, o PM,
F1PM, 19 NO; /EC 7E 8 FE 15 4% W 18] 16 73 5 A
7154, BRTET R 2.2 580 2.3 5. fE &
5 Y AT, A A & 7K i ( ALWC ) FIAF X B
A, % EC M AR A R

30 8 0.25 0.8
PM, ‘ ﬁ
. PM; 5
E ol 0] 9 61 T g 0.20 | 0.6 | ﬁn
E, [ = | = [ .
& u LoAr I [I Looasp H [ﬁ S 04r
=] - o A S
2 10} b2 = & 4
s T a2t = o0} : 02+ "=
-~ = A n H - ﬂ l
0 1 1 1 ﬂ 1 1 1 UUS 1 1 1 U 1 1 1
C S H C S H C S H C S H
60 10 0.30 0.8
T — ir = 025} 0.6
E’* 40 ﬂ ; 6 [ % ) [a]
» ‘ ‘ A H = ool o [|H - S o4l [ H
Z ol S ar I S _-I =% L 7 :n
K oo u U I E 2 —LJ E UIIS B 0-2 e - =
U 1 1 1 ﬂ 1 1 1 UIU L 1 1 0 1 1 1
C S H C S H C S H C S H
B4 PM, #1 PM, & SO3~ . NO; . SO3~/EC, NO; /EC, SOR 71 NOR #5: [
Fig. 4 Box plots of SO~ , NO; , SO3~/EC, NO; /EC, SOR and NOR in PM, and PM, s
M5 R 6 o] A, Bl & 15 G 2 B B I, 250
PM, . #ll PM, ' ALWC Ffi2 3401, Horh PM, S-ALWC % s '
P 107.5 wg-m ™, PM,-ALWC ¥J{E Jy 118.5 ol /
pg-m . B ALWC AR AG 38, SO, %% 1k ik i Z
REHT NO,. I, ALWC A2 gk A5 75 Yt 3
Y Ak, A BE ST R B, 2 R A e ) AR g‘ 100 = G4 7
SO, 1] SO2° ¥4k, SOR 2B Wi m™ ; skifixd 2 7 7
FNO; T, W A, KA OBy I 0 5 1 s | /
— MR A RS ER R 09 A B BRI 2 A, & 7
% NO, 5 - OHAE 1K (9 B2 R 1 NOS 1 %3 . 7 _
2, I TE S ALWC IE R, NOy By AR it KDY ¢ s H
B 5 ARETHEBEET PM, 1 PM, ;1 ALWC BjKFE

HRACAEAS AN 2 2. 2 ALWC &4
ST Y W ) R AR R S0, 7] SO; T
(R A | & WA TRORH 2 1 %o B i 6 1) A e 5 T 2 1
YEM.
2.4 THLTESHT

ARWFFE R, JCHLIC R 1R BE A o BRI 4k vk

Fig. 5 Content of ALWC in PM, and PM, 5 at

different pollution levels

J.Al>Ca>Fe>Zn>Pb>Ti>Ni>Mn>As>Cr>
Se, KI Al, Ca Fll Fe SFHb7e U R W . & HE A
-k AT DA £ SR ) R TE ML R R TR, B AR



34 AR5 A5 . ARb R T T Sl T ] 0 X R S A 2 R A SR DA B 1165
0.8 0.6
0.6 |- - " . =
s 04 o
g . S !
L 04 z
"
= " 96
" 02 tm
02 - 92
I I L I L L I I 88
0 100 200 300 400 500 0 100 200 300 400 500 84 =
PM; s-ALWC/pug-m™ PM; s-ALWC/ug-m™ 80 E
08 0.6 18
72
= 68
0.6 - . e = < 64
o4 " =
[ - ol
(=] (=} "
2 04 . <z L
o 0.2 Fge
I I I I L I I I
0 100 200 300 400 500 0 100 200 300 400 500
PM;-ALWC/ug-m™ PM,-ALWC/pug-m™
B 6_PM, ;. PM, H ALWC 5 SOR 1 NOR, E’]’E*f(e_;lg ": | ;:‘.;_, yy
~Fig. 6 Scallering plots of ALWC and SOB NOR in PM, 5 and PM colorqd by relative humldlty e of 4
'Y, - 4 v -'
(EF)TJF%/HEWT (%3), IE@%%(@ ﬁf%? ﬁﬁ@ﬁj‘%ﬂ%’ﬂbﬁ?ﬁ"
- G2 fec,) s (e, );xf‘ A8 R 23 A fﬁfiﬁt? 1Tt 2 T
Roh o FAoT R M ¢, RARGHILF i e, B A NS T802 L NOS L OC RY "

J&: EF EP?”%IS)E%E;L_H Al Eﬁﬁtﬁxﬂ o EF <[1'Hf,

J\Zn. Cd HLPD HATEGE  NH, L SOS™ FINOS FEk
1"1@'53% 1<EF<10a,jil§XE % 10 <EE <100

*®3 Eﬁiﬁ)ﬁﬁ?%ﬁﬁ&

o g A '100<EF<1000 H e % B
1 000 jﬁf&*%“‘” 222 MRS YL E T Tl

M BF {4, 200 25 15 Y B B AR
THLCEREE F . Cr, Ni,
K EMLB R4 R ARG RS, In,

10 Fp

Pb. Zn Il As i@ %
As fl Pb A

R Ca NRIEEE, TEHRATH4 Ni Al Cr
R RR AR W, B R B R AR Se MR E 4,

FEE A=A .

K2 ANMRREARGTEEETHEERFEL

Table 2 Enrichment factor of inorganic elements

under different pollution levels

THLITHR C S H
Ti 0.03 0.05 0.06
Cr 1.03 1.50 2.06
Mn 0.10 0.13 0.23
Fe 0. 09 0.11 0.15
Ni 2.08 3.01 3.55
Ca 1.28 1.89 2.01
Zn 17.82 24.27 38.79
As 51.85 67.74 86. 00
Se 678. 07 1199.29 1898.25
Pb 23.41 33. 84 61.18

2.5 RfEMT

AHEFE R o o B ik (PCA) 247

5 it A

Table 3  Rotated component matrix of principal component analysis

i PM, ; PM,
F1 A2 HF 1 T2
0C 0.779 0. 020 0. 805 0. 006
EC 0.744  -0.117 0. 849 0.012
Na* 0.497  -0.229 0.305  -0.268
NH; 0.934 0.258 0.926 0.275
K* 0. 899 0. 040 0.788 0.056
Mg+ 0.388  —0.185 0.243  -0.019
Ca®* -0.072  -0.242  -0.005 -0.231
cl- 0.878 0. 043 0.798 0. 057
NO; 0. 889 0.250 0. 859 0.361
S02- 0. 881 0.334 0.871 0.387
Al -0.017 0.893  —0.024 0.784
Ti 0.126 0.525 0.242 0.556
Cr 0. 168 0.935 0.197 0.977
Mn 0. 262 0.598 0. 296 0.426
Fe 0. 456 0.834 0. 499 0. 802
Ni -0.016 0.956 -0.014 0.961
Ca -0.162 0.761  -0.127 0.754
Zn 0. 851 0.372 0. 863 0.252
As 0. 152 0. 044 0.143 0.036
Se 0. 424 0. 685 0. 502 0. 740
cd 0.880  -0.055 0.877  -0.096
Ba 0. 431 0.676 0. 341 0.514
Pb 0. 842 0.262 0. 890 0.163
75 2% 5Tk % 37.06 28.76 35.07 30. 59
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