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Abstract Haze pollution in China has the characteristics of large scale, long duration and high
frequency, and its negative effects are mainly related to the content, composition and distribution of
particles with different particle sizes, so it has attracted more and more attention. Micron aerosol
particles (PM,) have attracted the attention of many scholars because they are different from other
particles in terms of chemical composition, atmospheric life, ecological climate and health effects due
to their larger specific surface area. Handan is a typical city with heavy atmospheric aerosol
pollution. The study on the source, formation and contribution of micron aerosol particles can
provide scientific basis for the further understanding of air pollution and the formulation of urban air
quality control policies. Based on the ion concentration data of PM, s and PM; in Handan city in
January 2019, positive matrix factorization (PMF), backward trajectories and a potential source
contribution function (PSCF) model were used to identify the source categories and source areas of
PM; and PM, 5. The results showed that the average mass concentration of PM,; and PM, 5 reached
94.94 pg'm™ and 164.50 pg-m™, respectively, and the ratio of PM,;/PM, 5 ranged from 45.20% to
79.81%. Compared with PM, s, secondary inorganic aerosols (SO4>", NO;~ and NH,") accounted for a
higher proportion (43.88%) in PM;. The higher proportion of secondary inorganic aerosols and
typical inorganic elements in PM; indicated that the pollutants emitted by human factors are easier to
accumulate in the particles with smaller particle size. PMF analysis identified six sources of PM; and
PM,s. They were secondary pollutants, vehicle, industrial, biomass burning, dust and coal
combustion, accounting for 36.1%,7.9%,20.8%,6.8%,4.7% and 23.8% of PM,, respectively, and for
32.7%,11.8%,16.0%,13.7%,5.0% and 20.8% of PM, s, respectively. The backward trajectory and
chemical composition analysis indicated the potential contribution of biomass combustion and
fertilization to PM; in winter. The potential source analysis showed that the heavy pollution process
in Handan city in winter was the result of the long and short air transport in northwest China.

Keywords micron particulate matter, chemical composition, PMF, PSCF, Handan.
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TS T A A T I AL T A L R B TP 3R T 2 —, 7 Tt s 2+26” KA IG5 Yefefmimin 2 v, &
i 1 b B 2R N SRy 155 B0 198 5 i) (5 4592 b DX R Ay 4 RS0 e P E I T 2 — . E A, X IR T K
BRI S Y 5 AR TR AE PM, s I, 0, dE PRI F5E T 2017 AEHRER T PM, s TH AR 4 43 1
15 YRR I HOR IR HEAT T 20 Fr . SR AE U2 40 M T MR T PML, s P 4 43 ¥R B 19 A8 AL AR AIE . 1) 3 3R
L0 SRR T PM, 5 o SR ZE A AR 2R A o B DGR R VAT T 430 AH X TR TT PM, AH &y 1T 4 F
FE 22 S S T A5 S T AROK A R A SR IR L T R BT R, A TR T KA YA By B I
TR ] 22 SRR 22 AR, AR SCHEXTIBHR T 2018 4F44 7% PM, 5 Al PM, [R] i R (14 Sty I, #fF 5 HS 8 T
15 Y1) PM, 5 A PM, B k244 43 RAE R LR Bl IR

AR S LAAE A S I i R E T 3k T HRER T A IS 6 4, A 1 00 B 2 4 i . PMF LA K PSCF
T, AT TS S T 200 A A7) 5 A R 1 A AL R, A A AR BOKC TR, R 5 5 i TS S 7 4 s 4y 11 3
3% AR R AR R IX, A A 85 i TS S T R A0 U R e DX 3G B 93 B (AL 2 Y IR R 5

1 MBS (Materials and methods)

1.1 RAESHEN

IS B T SR AR A B B AE (36.57°N, 114.50°) {37 T b T AR K2 A X, BE M I 55 24 16 m, %R KR AT
P30 ST o A, R BB B XA L, BRI T Tk ) B 5 R, 2 B R 4 R AR A, AT AR R R
BRI T RS
1.2 FEa I REE BB

AHFFE R 2238 18 KSR 9 R b 2% (Unray ZR-3930D ) SR 42 K5 PM, 5 B, PM, FE & 4 F
PM, BURL Y K BE 2% ( TE-Wilbur %!, TISCH, USA) K 5. PM, 5 #il PM, £ 5h #54# F 47 mm [Y Teflon i i
TTREAN R B, RAERTE) 2 2019 4E 1 H 5 H—1 H 16 H, 4 H B0 RAE B RAE, 43514 8:00—19:30,
20:00— K H 7:30. K k)5 Teflon I 78 VK4 HP (=18 °C) ¥ ZR AR A7 8 FAS B 0.01 mg 19 1 T K F
(XS205dualrange ) FE47 R H, FR L Fi 75 44 >R A IR AE E IR AR QRE (25+0.5) °C, W2JE (30+5) %) H P-4 24 h
DA b SR PR UE R AT S B (0 T S, 23 A SR T AR T2, SR B 43 SR A 28 IR

SIMT KRB TR, BT R Teflon A — A B LA Y, B 20 mL 258 7oK, #8754 1 h, B &G
1t 0E. B S 8BS T (0, 1% 43 1 {1 (ICS-600, Dionex, Thermo) 73+ HF PM, s i1 PM, £ 5 A Y 8 Rk 15 1 5
F: Cl', SO, NO; ., Na', NH,"., K, Mg>#il Ca*. JEHLIC & 43 #r: ffi F§ ICP-MS( Agilent7500a) | &
PM, s 1 PM, 4 JB JC R . A ORUESESORE B2, R ifb AT 5 ZAE Al i /s, iFAT — OO AT RE R 5. HAARSE
95 071 W2 7% SOk [14].
1.3 PMF 4M#r

PMF J2& — A3 R0 5 3 T 32 PSS TR B4 AR 5 0 I 20 o 2 A0 e VR SRR AE P G RN B 4R S
4 F, A58 % F EPA-PMF5.0 WU 5E T PM, Fil PM, s B IRZEAI0S. AR R Fe s =l (1) 0o,

X,-/-:Zg,-kfkj-i-e,«j (1)
k=1

A, Xy 25 iR AR IR IR, gy 5 AR S kAR TTER, £, =S R TE
55 kAT R 00 A, e JE 5 | ASRES TAS SR AP i Bk 2 R
1.4 5 WS RE S

R IRAREFR AR FEA DA UM | SR FE B, B i e T T 4 TR 28, B 5 A9 8] — 14>
A S WA 2 0] SR B AR BE () 40 2E R G0, I ) 00300 2R 205 W0 J2 A 4l = AT 0030 1 £ i 88 R 7 1) B AR I, X6
JIT AT B IR 2037 5 1 AT R AT A IR 2, LT A2 A AN (] B ) B8 3 S0 [l R T e v e ok
P57 A SCR) H Meteolnfo #/4 LA J NCEP & 4 #4442 BR [A] fb B s B LR R 7 2018 4F 1 A 5 H %]
2018 4% 1 H 16 HAH G a1 Bk, Bl i35 4L 4R 5 B2 500 m. AT IX 344 0.5° > 0.5°%1 73 4%, & H
M 00:00 FF 46, T1532 /N S35 HIHE T (9 AT T B0, B0E 1] )5 4 428 f) B ] 47 48 h.
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1.5 PSCF Z3¥7
VAR TR (PSCR) 43 B 1 e — P T 0 0 U A3 WA A 9095 25 X 075 9109, % SR iy v
S T 5 5 IS A S R 0 0 857 35 e R I . PSC {1 o FIF5 9 56 Ik P 283 P 47 107 4 B 305 4
My 52 R T U N, 19 LTS 20, PSCF, (0 H A R a1t (2):
PSCF;; = M,;/N;; (2)

X, Ny RN i BTN A S 5 K50, M A TR) — B0 P D o (L ey A TR A ) ) i
ARSI PM, 5 B HF- 08 — Zbr (B AR R W75 G B0l A0 bm v, D28 3ed 25 PO s e = PAT 20 38 81 35 TR
I RS 87 R 0 i R R o 18 RO o P D A A S L S 15 e e, s 2 WU S 5 R L. e T
PSCF 2 — A, B4 73 B1# )N, PSCF; SiUBUEAT ANH E v, TSI T AL s &L Wy, X PSCEF; 747
IR 21 A PSCF,; e/ WPSCF, LA (3), Wy, i+ LA (4):
WPSCF,; = PSCF,; x W, (3)

HH A S 2 SOk 2, T LR B RS
1.00, 80<N,
0.70, 20 <N;<80

Wim\ 042, 10<N,<20 @

0.05, N;;<10

ij—

2 515308 (Results and discussion)

2.1 PM,s Hil PM, (fk2% 20 53 S T vk s

ABFFEIES M IS T PM, 1 PM, 5 B 24 BkE S, A5 1 FT7R, PM, B BCRER BESE O 16.95 pg'm ™
ZF 157.73 pgrm>, F-47(94.94+38.30) pg-m>, PM, s 5 ¥k B 36 1 43.91 pg'm™ % 309.43 pg'm>, F-3
(164.50+79.39) pg'm™. PM, 5 ¥k B8 K T (45 25 B s An ) (GB 3095—2012) AR #E(75 pgrm™),
Tt B TR 77 4% 28 A URL Y 5 e 7 EE. SR T 3k X 4% 28 RO A I v 2 v v L LA T,
PM, Jii f& ik B J7 1D, A0 7 55 (41.50 pgrm ) B9 22 M (54.90 pg-m™>) 29, PR (64.40 pg-m>) 7 N
(48.70 pg'm™) 9. PM, 5 0T & Wk J& J5 10, A : K HE(62.85 pgrm ™) P00 P FH (71.9 pgrm™) BYL jli 4R
(100.20 pg-m™) B FI (137.60 pg-m™) 7. PM,/PM, s B FCAE TG Ky 45.20%—79.81%, 3¢ B HE i i &
Ze KA IBUR ) 15 Y 3 27 B ORI F B 5 .

1 WFFEHIR] PM, FI PM, 5 b2 2l 4335 o M 3 K ot

Table 1 The mean mass concentration and proportion of chemical components of PM; and PM, 5 during the study period

M, PM, PM, oy H:/% PMZZ5EP i tt/%
: PM; in proportion PM, 5 in proportion
PM/(ug-m™) 94.94 164.50 100.00 100.00
NO; /(pg'm™) 19.90 29.92 20.96 18.19
SO,/ (ng-m™) 10.36 20.48 1091 12.45
NH,/(pg-m™) 11.40 19.61 12.01 11.92
Na'/(pg'm™) 0.14 0.50 0.15 0.30
K"/(pgm™) 1.48 1.86 1.56 1.13
CI/(pgrm™) 5.70 6.11 6.00 3.71
Zn/(pg'm™) 0.26 0.43 0.27 0.26
Mg/(pg-m™) 0.18 0.22 0.19 0.13
Fe/(pug-m™) 0.30 0.89 0.32 0.54

Pb/(pg'm™) 0.03 0.12 0.03 0.07
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PM, i /% PM, s i /%
PM, PM, s ! . ; .
. PM; in proportion PM, 5 in proportion
Ba/(pg'm™) 0.04 0.06 0.04 0.04
K/(ug'm™) 1.25 1.62 1.32 0.98
Mn/(ng'm™) 74.58 74.78 0.08 0.05
Cr/(ng'm™) 27.57 29.13 0.03 0.02
Cu/(ng'm™) 16.09 24.96 0.02 0.02
Ni/(ng-m™) 12.96 32.61 0.01 0.02

MFE AT LA B, IR EHLIE IS (NOs . SO.>. NH,) 7E PM, Fll PM, s 15 3= S b 07, IF HAE
PM, H T 5 2 53 (43.88% ) 15 T PMys TUT (5 (972 43R (42.56% ) . HAK 4 8 1, -
Na*, KH CI 3= % ok J5 58 A £ 5%, HAE PM, s WP B9 B 5 L 61 5 T PM, . J6 2 Min fil Fe Xt F
PM, A9 5Tk 5 K HoAth e Z IXT T PM, s B BTRR T K. Fe R ERIE T 1ol &8 T A= i BB A K
BRIEHERCC, 28 BT, A CHHEBORM R A B 45 FERLAR BN R ) TR R R A £, T AR VR X R AR
SR I AR 0 ) TR AR K
22 FEIG YRR PM, (LAl R

KA R, SR BN BTG G 1 H 7—8 H (S M 1 H 10—14 H (S2), 4 B 5 ¥5 Y 3 [A] £ 5
14 A, WA I3 Y 30 1) I ViR 40 0k Gn 5 2 s, s e i 7™ J A IsH U Ok S2, PM - 359 5 e VR
(124.77425.56 ) pg-m™. NZR 2 AT LAE H, S1 BrBe 30 i ot e vk B2 4 iy o 3R R 2R I T R, 4 o
2 Mn, Mg I Ba. IMifE S2 BrBed, NO;y~, SO HI NH, B L 5 T S1, X il fig St X & L0 ik
Bl Gite AU A A= 0 AR o ) HERCAT K 2R

R 2 PIREIGYIE PM, fb224 5 R (ugm™)

Table 2 PM, and species concentrations during 2 heavy pollution events(pug-m™)

PM, NO; SO, NH, K Mn Zn Cu Mg Ba
S1 103.11 25.87 9.69 13.44 1.82 0.12 0.11 0.02 0.90 0.05
S2 124.77 28.30 17.92 16.40 1.75 0.07 0.35 0.02 0.18 0.06

LT Ha] LUE H SRR PM/PM, s 19 EL B RR 2> B LR AMEB R F 0.5, 8 B HBHR 7 500 4
15 L B2 F] PM, B 5L AE T BN T 75 YL IBI ], PM,/PM, 5 19 LA B A s 309 BT e, HIS 380 i 7T i
T 5 Y 0 ) 32 BT L L AR S AR M 1) RIS 3 AR Tl R A ) 3 BSORE A 1) R e HE AR, DA
M3 PM, 78 PM, 5 H AT 5 ELBIIRRAIG, 536 2 S2 BB NO5 . SO NH, Al K K & #4518 —3.

-#-PM, -e-PM,5 -4 PM,/PM,;
—0.8

S1
0.7

‘_E 0.6

2

< 200 - 05 .,
] p
£ i 04 2
£ 150 &
5 03 =
2100 [ £
51 0.2

=

Ay

w
(=}
T
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0 0
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Fig.1 Concentration and ratio of particulate matter in heavy pollution process
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1 H 16 H, 224 fp#Edh. 5 8 7 A BE RIS EE ARV, 6 NZR LI 25 R R m By, 7 AL fe i LA BEUR 43
BL s B PMF 23 A48 S0 18 2 B, - 1B T PM,(36.1%) Fll PM, s BB KR53 (32.7%), Hl5E 9 —
WIS G, TR EAE SO, NOy HI NH, A7 A6 5 &5 i 48407, o —yis Je st T PM 1) 548 vk 4 i ik
B PM, s (R 2). IR F 2 Hods & PM(7.9%) HHAY Zn, Ni 75 5, PM, 5(11.8%) H1 (%) Pb il Cu &
AL, Zn, Ni, Pb Fl Cu 5 1l 1H 5S4 O, VR4 R CHE RO 4 I8 i 2 25 B F AR 25 ) R HEA U2 oT
R RENEWMUE T A FET RO RET D ROZEBHER 4. BT 3d
PM,(20.8%) 1 PM, 5(16.0% ) #% & .15 247 Na., Fe, Cu 1 Zn, FHAT5 4 R Tl HER. Na 2ok A T
MPHERE. Tk s BB DA RCA B4 SR B T B A FE & W Fe, Cu Fl Zn SEHERCY) 7. HREE T s S
BRI EE Tl 3R, [ B SRk mt Bk A L, PRt sz 0 Tl el g s e . Ttk HE A Sk 2
ok 4 BB, I HAER AR BN R I TR E . P 4 AT AR Ok be, X Ok TR AL TR K
— oA N A W R B R B R ) KCPY, s PM Y 6.8% il PM, 5 1 13.7%. [ 5 LA Mg, Ca. Ba fll
Fe NHHIE. Mg Fl Ca & W] i (958 /R BE T R P, Ba Fl Fe 3B + 3 sl A 40 KUK B 2 1 AR b i
B % - R R 452008, 5 PM, 19 4.7%, PM, s [ 5.0%. PXI - 6 B 5 2k R R ARE R, G v 3 7 A
w2 CIL KL Na'Fil Pb, A SO NO; A — i 1Y i be. CL— Bl A e b A BORHA B I AR
JLEM, 5 PM, B 23.7% Il PM, 5 A9 20.8%.

PM,

20.8% % 4.7% B —Xi55%¥) Secondary pollutants
EEE #0581 Vehicle

Bl T 1 Industrial

AR HE Biomass burning
B2 #2RH Dust

AR Coal combustion

16%

23.7%
7.99 11.8% §

36.1% 32.7%
2 ASZOAIEXT T PM, il PM, 5 J5T R B2 114 DTk
Fig.2 Contribution of various sources to PM; and PM, s mass concentrations

2.4 JHURIYYIE 1) U R 2 S A

FIF MeteoInfo B, 254 2019 4F 1 H /NI PM, 5 Ji 1 9 B 5030, o 21 30k HIS 3 i 79 vk o 95 e gk
RE Y 1] TP AT RO (56 3), Ao IR 7 AT i ik B A R k. 291032 %0 i 32K B A 1T o) R
AR BB R T 22 i BT 28 5 A4 DX, B A I R T A TR U A R Sl R, KR B X PR S
R JEL PR SR X 107 8l 4 1) 0 2

3 WIS PM, s I SRR T
Table 3 Clustering analysis of PM, 5 backward trajectory in heavy pollution process

St H/% 25 5 1% S1#§#E S2K A%
S1 in proportion  S2 in proportion S1 path S2 path
RBE1 37.50 55.00 R JL AR LG e s —HIS g
30 12.50 15.83 St IR —A S LRI —E AR S PG R IR LR — 1L g
- ‘ : — R AR —LL AR P AR — IR —HigHR
5Ok3 9.9 00 Euk IS e e S elve i s S i e R i s S S
e : > — R RS UL PR
BH4 14.58 13.33 1 R K — IR W%ﬁﬁjh%__ﬁﬁﬁgm_MEm%
Bk s 12.50 1083 Sl IR —A S LR AL RUR AR Sl I S T L AL
~ ) ' —REE AR — Ll R 7 AR — R

H: 1H7—8H(S1), 1H10—14H(S2).

XHHRER T 2019 4F 1 A AR A H 5 Jead REREAT B 1) B0 3R 26 70 A ol AR, ST Bir B 2 2852 30k
AR AR . S Hh i O R i GRS 1 MR 3), 205l 37.50% FiT 22.92%. Y i i g i
AR (R 2 FIERE 5) T2 A S0 Pk, AR N St AR e dedl ., Jbst, K, &J5 A IRV
TRHRIR MR T L AL & H A 3R 12.50% FT 12.50%. PRSI (BT 4) Tt I8 Tl i& 4 2
KT, foe e RO HEHR T, JRBIE o5 LR 14.58%.



1882 7N 54 1t 2 2 %

S2 W Bt 3= DL FR [ PG Jb S B s ik oy 3, bk | e g ARG GRS 1) i 1L 55.00%, 8 it
AR AT — 2 IR AN S P LA R S AR R (RS 4 R S) Al Lk
13.33% F1 10.83%. H YA WALk B AP W PG rg A (R 26 3), i Lk 5.00%. [RlHFAHALE T S1 Bk,
S2 MBI T oK A IS U R B B R B (SR 2K 2), AR pE bR, 1L v s, B n HRGA HRER T, AR
B 5 H 15.83%.

SRR, HRER T A 2 EE DIV N 32 A& Ze i s Yot A8 32 B A7 31 R B AR TAR e AR
FERFLRI R A4 0 F Y5 e AR AN S2 BB, A2 B3k LUV T HS R T R 2 Hh X S AR R T 50%,
X ] R EE T Yl 0 [ TSR v AU T 2 Y i AR T B T — I AR I R A A O, Iz th T
PE BB A2 ] B, 3X 5 Zhang 5 058 245 SR — 2L
2.5 PSCF 255350 #r

FEXTHRHR T PM, 5 W BE 15 Y O, A7 W BEF— 2D M i OV 7E 1 75 Yok 5 IX 35, PSCF 1133485 R 3R ]
(#£4), S1 FrBt, WPSCF =15 X 38 (WPSCF > 0.6) 2430 3 A4, 435K H i B AL, AL A B
KRI850 el X SR AR AL B AR ™ X, BFSE I B IE AL T4 /N2 it A I, AR RE (e P 380 T
R RIBHETL, A #E R TCHL S I 9 K A, T A6 AR m 4 > WPSCF i i X 3l =z —, HBHE
WS mEZ 8 7 H A & RH DA TR, AR KRR LR T E T HEE g, K
it WPSCF #5% i {E X 35, (0.3 < WPSCF < 0.6) Wl: bt K, WA LA K 1 ZR PG 6, AN nl Z2 40 5
Hb DT T HE R T PM, 5 Vi BE A T 7 BTk

F 4 EIGYSTFL PM, 5 IR 75 U5 Tk 6K 4L

Table 4 Weighted potential source contribution function of PM, 5 in heavy pollution process

(WPSCF > 0.6) (0.3 <WPSCF <0.6)
S1 TR, L AR A, R AT b5, RHE, IALAER, LR TR
S2 AL, PEALE, HRepT SETRER, PSR, (PR, R, (AR E

H:1H7—8H (S1), LH10—14H(S2).

S2 [ B¢, WPSCF & {H X 3 (WPSCF > 0.6) 3= 4L ZEinl b i, (L vg b3 A s oy i i, 6 BH 0t
YR 5 Yl a2 T A7 38 TS BA  JR) 30 e DX R S A i 114 s i, 32 pR T O B B R TR T P AL T 1 Y
A Hby HE TSR E P B 6 . A ZRTEYVS, ARG M IX RS 43 30 T R LIRS Dy S A i, WT fig 2 B bt
X 4 2o AR 4 R B 2 S R . A, SR STBY B, MAETHR AT LA & H S2 B BEAA — 4~
L IR 2 R AE R B, NS ABE, N5 i, i 42 L vg e, & o i AHBER T . < Hak (0.3
< WPSCF <0.6) %t B T HI 5 7 stk 7 5 Gl ik B2 52 20 1 K Ay PG b 30 25 ) /I Bk S i 31 136 )
T S2 B B S H T JE 20 Ml DX SRy AR e B AR e ROk B VS LA R B ¥ s KRR F AL R S e
TE ) — B I TE] ) PM, 5 Y5 e ad 2.

3 4518 (Conclusion)

(1) B 7 309 18] 1B 36 7 PM, A1 PM, 5 F 35 J5% £ ¢ B3 43 51 4 (94.94+38.30) pg-m™ Al ( 164.50
+79.39) pug-m>, o PM,/PM, s B LA 75 BBl 45.20%—79.81%. R EHLA 4 (NO;y~. SO, NH, ) 7E
PM, (43.88%) Fll PM, 5(42.56%) o i = 540457, H PM1 o R ICHLAL 40 ISR AL G 25 05 e v, %
YN R HETBORIIR A2 TR 1 41 4 FE R AR BB NI RORE ) rh ) FR R

(2) PMF 27 i s BB A2 “Ri5 3y 2SR . TR AP iRee | 4 4 FBRBRE R ) 52 i s HEAE
PM, 18 5T R 24 5K 36.1%. 7.9%. 20.8%. 6.8%. 4.7% 1 23.8%; H1E PM, s 1 4 57 ik 3 43 Wil K
32.7%. 11.8%. 16.0%. 13.7%. 5.0% Fl 20.8%.

(3) J5 W Bl Ak 2 20 43 4 B 4 R 3R B, 42242 ) R e AL IE 2 HE O R B vl M, B W HE 52
i), FL AR AE 28 HE ik =220k [ A& 22 L i Al 1 3.

(4) Jo A B FEAE P o b R 3 I, J1 95 Jead AR v HEHR T PM, 5 3222 0 VG b I it OO, B
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