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Abstract: Single particle aerosol mass spectrometer (SPAMS) was used to analyze the single particle characteristics of
aerosols in Heshan, in December 2012. Two typical pollution processes were captured during the sampling period. The
fine particles were dominated by elemental carbon (EC), which accounted for 56.8% of total particles. Organic carbon
(OC) and heavy metal (HM) accounted for 12.7% and 10.1% of sampled particles, respectively. Different particle types
showed different temporal profiles during the two pollution processes, indicating the characteristics of the two processes
were different. The source apportionment results showed that the most important PM, 5 sources in this region were vehicle
emission and coal combustion, accounting for 24.8% and 22% of PM, s, respectively. Industry emission and biomass
burning were also important, contributing 16.4% and 10.3% to total PM, 5 particles, respectively. During the first pollution
process, industry emission was the most important source, and the contribution of coal combustion and secondary
inorganic aerosol were found to be increasing with PM, s concentration, implying that primary emission as well as
enhanced secondary photochemical reaction played important roles in the increasing of PM, s concentration. However,
vehicle emission was the most important source during the secondary pollution process, and the proportion of each source
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was stable during the whole pollution process, indicating this process was induced by the accumulation of pollutants under

unfavorable meteorological conditions.

Key words: super monitoring station; SPAMS; atmospheric particles; fast source apportionment
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and PM, s mass concentration during the sampling period

2.2 MRS

SRASHAMIEEIEEE & S eE L SE SN
Hn] DUA H, BB R KGESE 1.7m/s Ad,
MR T FBAS XA 2.5m/s Zi47; EEAS I
SEEREQSSTC)m T R EA HALC) R A
20%~80% 2 [H]; LM ] 12 H 14~18 HAA K.
2.3 PRIk A2 ik

2.3 AFZENERDIERE B 3 0 8 2K
TOORL I B R IE 0 28 AR I S i B R o T — &
Y1) C 1R TV (m/z=12); 8 HLBRURE 1F 3 ] A 2
0 AT LB R W CoH (m/z=27)

CsH'(m/z=37) . C,H;0"/C.HsN (m/z=43) .

C,H;" (m/z=51).CsH; (m/z=63) CeHs (m/z=77)"*";
TCE A WL A TR R 5 B 2 1Y) C R 2 104
A, E 15 B R AT A MU R 25 TR R e U6 B

T T A v R 1) K 0, S P v
A B RERR £ (NO, (NOs3 ) M iR £ (HSO, )
BT AE O RO AR KR 2R Tk
B IR s 1O T A e A S M U, IE 3 1 5 A
WS KB 10, i R S T ONC(-26)
CoHs0 (-45). C,H;0, (-59) )2 C5HsO, (-73)% /4
THEAT SR T 5 0™ Sk R 5 e R
FEALL, AT £ [ RF SR T 7 4 iR e 1200 o 4l
o 10 P e S A W R Na il KT i, . Na®
(M55 R R T KO, Bb A, 2 Bk Hh £ 43 £ B
Na,OH " (m/z=63)Fl Na,Cl'(m/z=81) & 1-I&, 7
Bl b 5 A T s A R 2R (N0, W NO5 ) B U,
TR R ERh(HS O, ) 125 U8 5 P ARG XA 1R i
IE 26 W12 2 0B 2 Fhr i 7K PR 25 11 e 1 ¥
SR ; 4 e R 1E T P 5 A 0 k1) 4 (Fe” /Sz
Pb ") & I, Gk K TP AR 2R (NO, « NO3 ) At
ER(HSOy ) B 7 U B 7, Ut B IX S R R AR 7] fig >
H T VI8 & R RORE I 335 1 A W S i b 52 e
FEWNa's Al'y K\ Ca) s 1, 7 I R 5
W1 S FREE TR #R(SI0, « SiOs ) A U, Bt W e AT
FERPET AR A 7R 2,

HH (m/s)

HECC)

W (%)

M (mm)

—'Nmﬁ'lﬁ\OI\OOO\ONM#WOI\OGO\O—NMﬁ‘WO 0N
SRS S e e e T T RQQQG QG QA QIS

e e e e e e R e e e e e e e e e e e e e e e R fe f el Y]
AAAAAAAAQAAAAAAAAAAAAAA QA A QA

4

SIPA R IETE e  SCE
Fig.2 Meteorological conditions during the sampling

period



654 H

HOH B A

36 &

0.4
0.3
0.2 -
0.1
0.0 L

M a.EC

ARSI THIAR

b.ECOC

[

0.4
03
02
0.1
0.0 I

ARSI THIAR

e SO,

NO,
NO;y
HSO,

0.4
0.3 .
jus)
0.2 S
01| Zs
00 L |

Y ¢.0C

ARSI TR

M d.LEV

0.3

NOy

0.2

AFX U THIAR
HSO,

0.1 .
|}

0.0

L 0, VO
— 150,

0.8

- "
V) e.K-rich
0.6

0.4
.

0.2 z

0.0 L—ul

AHX U A

fNA-rich

NO;y

0.3
0.2
0.1
0.0

HH W T
HSO,

0.4
03 i e.HM

0.2
0.1

AHX U T A

— [
Pb+

=

h.Si-rich

N
=, e

[ CaO" K'
' Fe'/CaO"

0.0 |'

0.4
0.3
0.2

0.1 S
L

NO,”
05

ARXFUAE AR

= HSO,

0.0 L
0 20 40

ki L

3
Fig.3

2.3.2 AR A A B 4 R
SO 100 40 s 200 110 ST~ X5 A 2 Al A W et A e,
F AL 2 5 O TC F B (EC), ol s B0k 2K )
56.8%, JL 1k A HLRR(OC)H 42 J& (HM), 23 531l v
SR B 12.7%81 10.1%.

Y % 25 531 ST 5 A T 43 L B S i) £ A2 4,
B (K 5~ 6)RT LAE i, 703 AN I I 3 it
TG 3RO TG V8 A2 A 446 %o R $ 08 S AE 4y

60 80 100 120 140 160 180 200 220 240

ON‘M
Zl S
z g
75

0 20 40 60 80 100 120 140 160 180 200 220 240
s L

L S0

g
2]
jus)
J

o

IS i) 25 SRR 1~ 259 Jo i

Averaged mass spectra of each particle type during the sampling period

Lo BAR R T AL EC FRiEE PM, s
WA ERA T G, AR RBER T
0.816, 1M HABFRI AL 5 PMy.s (AR I I AH X
59,500 BC BRI AEAFIY HOR A NI
VT Y PMy s 9 BE T 1) B2 S R 22— ifiy E
FIR T UK BLER BEC S5 MURI ik B AR AL e —
A, FAh R S I AE P IR G R R I T
AN TR R AR A A, U8 WX 1 s e ik A AN ).



3 3 Wi 7555 DXOR TR 15 G (i S DR R i A 655

S —yE YLt BB EC FI ECOC ki &b, mEC
A3 ) BURE A 15 G 49) H Bt SR A 3k E 14K A 5.3% fffn @ ECOC

SN AT 475 e R AR R (2 1 59 - aiey
FI ), & 008 50 158 Je i Bt JURE 40 946 5 8 it S B, m K-rich
FW %05 B B 2Rt EC B0RL SRR B, 1 56.7%Ezﬁri°h
SR G R, OC BORL AR L A T58 ' O Si-rich
YRS YL B, I RSO BER AR AR i B4 U AR T (2 4
HM 0L RS0 2 A W B 10, O R I 24 e e Fig.4 Chemical composition of detected ambient aerosols
(ERVNEREATE Sy e sk S L AT vl i 1y vk 97 during the sampling period
5000 240
a Hl:c Bllrcoc llloc v
[ | K-ricH | Na-rich | | 1M | | Si-rich 0 210
4000 180

—
w
S

P
?3000 =]
, 120 o
N
=5
- :
4= ol
= 90 =
= a
2000
60
Wl 30
1000
0
o 30
ol n T v 0~ o0 — N N T n O >~ 0 N O —
SIS SIS T AT T ISR QA QqaaqaQaQ Qo
(o BN o BN o\ BN o\ B o\ | oA (o I o BN o BN o\ BN o I o\ BN o NN o I o BN o BN o |
——————————————————————————————
o noonoon N onoonoon
——————————————————————————————
O O OO OO O OO OO0 OO0 OO0 OO OO0 o0 o0 o0 0o o oo
[ I o Y o Y o B o IR o I o I o B o N o Y o IR oS INOS S S I o N o Y o~ [ o [ o NN oS IS BN HK o I o BN o I oS NS o BN |
130
I :c B ccoc B oc I =Y K-rich NA-rich HM [ |sirich
100 240
b
90 210
80
180
70
150
60 o
- g
< 120 5
= 50 =
= -
Y 90 3
(-9
40
60
30
20 30
10 0
0 30
— o o < wy o o~ = — o™ o < wy O o~ oo (=) (=1 —
o o o g g qqgaadan
o o™ o o o o o o o o o o o o o o o o o
——————————————————————————————
T Y T YT YT YT TG ; P T T YT T Y TOTT O
o o o o o o
______________________________
S OO O O 0O 0O o 0 Qo Q0 Qo Q0 Q0 Q0 Qo 9 9 9 9 o o o o o o 90
o I o IR o I o N o BN MR IR o I o I o IR o I oS K © BN © RN o BN o BN HEN'S DR o BN o I o NN o I oS I o IS B o Y o Y o BN o BN o8 |

Pel 5 M 00 S0 T - ks 288 2 5t M ) B B I ) A8 4
Fig.5 Temporal profiles of SPAMS number concentration and percentage for each particle type



656 CEBNEC 7 N~ G < A 36 %

3000 250 120 250
EC PMas Si-rich PMas
2500 - 200 100 - 200
2 2000 - 5o 80° 508
% 1500 - 60 - E:‘?
= 100 %
& 1000 - 100 4 - z
500 - 00 20 - 30
0 0 0 0
3500 250 700 250
3000 - ocC PM: 5 B LEV PMa s
200 % 200
2 2500 - 500 - 2
g 1500 - 100 300 - 100 ;
1000 - 200 - “ S
500 - 50 100 -
0 0 0 0
600 250 700 250
K-rich PM. s HM PM., 5
500 - 200 000~ 200
& 400 - 500 - e
= 150 400 - 150 &
S 300 - 3
E - 100 100 :
200 -
100 - 0 100 - >0
0 0 0 0
250 250 450 250
Na-rich PMys 400 - ECOC PMys
200 - 200 350 - ZOOﬂA
2 300 - E
= 150~ 150 550 - 150 2
& 200 - g
- 100 =
£ 100 100 T )
50 - 50 100~ 50
50 -
0 0 0 0
& 8 8 & = o & =5 8 & 8 8 & = & & 3z 8
B T T
— — — — — — — o (=) — — — — — — — [} S
S T B T T O - O . T S B T
E &8 &8 8 8 &8 & & § S & &8 &8 &8 &8 & & 8§
H 39 H 39
6 5208 TR 5 b s 17 A% £ A
Fig.6 Temporal profiles of SPAMS number concentration for each particle type
2.4 PMys KU ER LS 241 FEOREST BT RIE 8 Ky EEA I
. SRR PMy.s AT 45 5L A% B I ) 2 s 3.
gk M R] DL 2k A e S ) 3 52 2L
0.3% I 2RSS B4R IR AR K 5, — 3 3 i) 24.8%
16.4% LR A1 22%, LUk TNb T 25 AP k58, 73 ol v
Jop
S JME ., 16.4%%1 10.3%.
O T T2 N s ;
AT b ML 8 AT LA, P 05 G R R RO A7) R U5
O Hofl ZE AR, B — IR Je i FERIIY, Tk T Y5 1
7 DX3H PMy s V5 BRI AT B G, 1 A UKL R P 1 iy, IR EHL R

Fig.7 Source apportionment results of regional PM, 5 VB IS 1) B 51 A Eﬂﬂ,ﬁﬁ W AF by et fe b ,/ﬁ%\



3 1Y

Wi 7555 DXOR TR 15 G (i S DR R i A

657

FAAT R BT IR PMy s W] Y
T 5 s Gk R R B A R AR B
G5, UORIRHERN T T 2535, T AN i o 2%
PSR LE A AR, U W] i i e R T Bl A

ARG IAE T BTG B RBUE AR 5
REE SUREPRE 7/)I VS S DAY N e D]
Gerd F v B ORI (1 A2 AL 3 — B IX LW
R FIRBERS TG S BT B AT 5 DR

G S e N I [ T TS [ AR TR [ ] S

270

180
—
&
150 “
&
E
120 =
EN'
90 =~
60
30
0
-30
.~ 0 O ©O —~ &l en O >0 QN O —
T Qg g gqagqQq Qg o
[ NN o I o N o NN o I o NN o BN o HENE o NN o NN o NN ot NN o BENE o I o\ |
~~~~~~~~~~~~~~~
[eo T o o T o o T o o N s o N o o T o o TN s o T o A TN o e N o NN o O N s o NN o o NN 0 0]
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
S O OO OO O O o O o o o o <o
(o I o\ NN o N o NI o BN o BN e HEN S DR o I o I o BN o N o BN o BN o\ |

00 S TR AT ) AU T I i) 22 A 4

Fig.8 Temporal profiles of PM s

100
90 |
80 |
70
— 60
S
= 50
o
40
30
20
10
0
— N 0 O >~ 0 N O &N n < O
3583383353252 2=
Addddddddddddda
A A h A A A A D dh A D
S 0o 0o oo ooo0o oo oo o
[ I o\ BN o N o NN o\ RENN o NN o I o NN o HENY o NN o IR o NN o BN o B o\ |
K 8
2.4.2 SRR AT BRSO I TS

ASCT I I 2 PR IR ETS S UAEAT (14 45 SR (LA
I o), Al U S A 1979 Gead A, Bk
PIARIRAZAAG DLFLPESRAT 7 IR ORAE. 1 T2 K
T G R A B2 I TR A T e 7 oL A U 3
IO FR PR U W96 JEE i V(L RTAIR AL I B L it
Ve o

1N EARN BE BB 9 D SRis G
AL B T LU

(DBEH PMys TR ISE I I RSN 5
HRIZ T 48

(2) MK A PMy.s o iR L et WA IS B SR A
PSRN T MV LA e TR AS I B

(3) WA UKL TR FE 1)1 e, 40— R TG LU
JRE( 2 B LA A R AL . AR Sk SRR k1 3 4
A UREL) EE A5 AT BT 8 T, (H A 38 e g B

1 2 5 L.

2k By T B AR B IRy e B A2
B P0G YL (RIS AT TE T 205 Ak ys
VAIERE AR

F 1 SHRIEPHRY S IETRER
Table 1 Detailed information of PM; 5 peak hours and low

hours during the pollution process

hae] I i) B Feg I 1) B

1 2013-12-05T16:00~18:00f 8  2013-12-07T19:00~21:00
2 2013-12-06T7:00~10:00 9 2013-12-08T1:30~3:30

3 2013-12-06T15:00~18:00f 10  2013-12-08T8:30~11:30
4 2013-12-06T20:00~23:00f 11  2013-12-08T13:00~15:00
5 2013-12-07T5:00~7:00 12 2013-12-08T20:00~22:00
6 2013-12-07T9:00~11:00 13  2013-12-09T00:00~2:00
7 2013-12-07T15:00~18:00f 14  2013-12-09T6:00~10:00




658 H woE R % 36 %
270
220
o~ 170
E
on
Z 120
>
~ 70
20
30
_80 1 1 1 1 1 1 1 1 1
v v o O - - el (2] D D
(=] (=] (=] (=} f=} f=} [=} (=] S (=}
3 3 3 a a a a 3 a a
= = = = = = = = = =
N N N N N N N N N N
P
B9 35— kyG Y i FR AN [ s BERORE 42 R 5
Fig.9 PM,; sources at different times during the first pollution process
migH BHd mAIE afEERR sE s LV TZE oadixk bR o Hi
3 #Hig (R G B AR B
. T S \ . . HETHk
31 YO KRR L 5y 8 Fpon DX
L L — LIy, #% /\‘AA “V /Jg /‘A . = ‘lﬁ 2 . /‘\A:T\I:l'—/‘: ¥ by
%@E(EC)\ ﬁ‘*ﬂjﬁb{(oc)\ E%_ﬁ*ﬂ@zyﬁ!ﬂé [1] i;i);(,j‘):‘l:j:,ﬂ LRSI M), bR S HE
Y R _ 2y W N s ,274.
fECOC%“?miNaK% Egﬁ@h%Krmm‘f?f [20 A A A S S SR PV 5 4L
IR B BIRL(LEV) . 5 4 @ iUk (HM) F1 & ik FEBORIOAEN [T, P IESRBERIE, 2015,35(11):3481-3488.
(Si-rich). [B1 ZEACPETT ok S il PMy s TP 1 T 4 V5 YT
3.2 UL B TRy e 1A ) 3 P vk v Gl ol R AR A FARFERBE N [J]. R IREER 2, 2015,35(7):2225-2232.
T%‘: éj: /%%Jj,f% EP ﬁ*ﬁ 4%]%;':% E"J’Hﬂ%ﬁkﬁj\jﬂ [4] Huang X F, Sun T L, Zeng L W, et al. Black carbon aerosol
NN v haracterization in a coastal city in South China using a single
ANV YU =1 HE R 2 | Al 4 ¢
%(:milef?;ﬁ*iqj ’Z;Efj;{%,‘;;;} E/J ;E’f’tﬁﬁ particle soot photometer [J]. Atmospheric Environment, 2012,51:
2e 5, Ut I PR AN e 1 NGB 2128,
3.3 VGRS o A I, W TR T BE R BN 51 e, e, B R R R TR 1 e B
)7 R AR R R BEIR 1520, 3 0 Al by 24.8% AR (J]. R, 2014,34(10):2701-2705.
1 22%. Fovk Sk TV T2 YRR A ) T pRege 45 5l [6] KATH SR J7,5.2013 4F 1 H B8 TS Je i ] i) 5
16.4%11 10.3% LK PMys 75 Y M A AR HERT 2 P4 [J]. FRARER SE 4R,
. 0 . 0.
34 B A T 2013,93(34):2707-2710. A B A
: JAS AT, R T[T EIRELG X, B, LT PMF B 5T R Al Bk
Y5t 1T B A R A A 58 T 38 = SRR — R e L WIEARAT (7). TP EERBERL2E, 2015,35(12):3535-3542.
AR B T S 3G 0, B W sy e R ep, A (81 AR MRS MR CUL 25 R SPAMS BT LI RCE U IS
= 5 ﬁ»\ﬁ%%(ﬁ%ﬁkﬁﬁ T T ”Z%}ZF;':)%D /¢ Y B R I 2 S TR AR ], FRBERNE, 2013,34(6):
_, N 2071-2080.
N N2, E Ny PNE=A Al — ANV Y
IENEEAS AN - YL
#%*ﬁJVWaﬁﬁgﬁai%?ﬁﬁ? éﬁﬁ O] % WU ORI M R A AR IS (D).
ﬂff*,*ﬂzﬂi}% ﬁﬂ?ﬁﬁ%&?ﬁ%ﬁ,ﬁiﬁ'\m%’km g g2, 2011,
TN T 2505, AR P A AR EE B MR, [10) i, ok 5, A0 e, 0L 00K L o

58, YL Z TS e B E 2 i AR AR 532

TERIFIEEIEA [J]. FREERIE 2247, 2013,33(8):2098-2104.



3 1Y

Wi 7555 DXOR TR 15 G (i S DR R i A 659

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Li L, Huang Z, Dong J, et al. Real time bipolar time-of-flight
mass spectrometer for analyzing single aerosol particles [J].
International Journal of Mass Spectrometry, 2011,303(2):118-
124.

BOMEA I, AR A8 T SR R B AR
GRS ARG [T]. FREERFAIAT, 2011,24(6):632-636.
Song X H, Hopke P K, Fergenson D P, et al. Classification of
single particles analyzed by ATOFMS using an artificial neural
network, ART-2a [J]. Analytical Chemistry, 1999,71:860-865.

Wi 2 2 SR 2R, 7 TR A, S5 AN IR R AR AR R 4t b
TISYRFAERIEITT [J]. HiER{L2E, 2014,43(3):217-223.
Spencer M T, Prather K A. Using ATOFMS to determine OC/EC
mass fractions in particles [J]. Aerosol Science and Technology,
2006,40(8):585-594.

Hudson P K, Murphy D M, Cziczo D J, et al. Biomass—burning
particle measurements: Characteristic composition and chemical
processing [J]. Journal of Geophysical Research: Atmospheres
(1984-2012), 2004,109(D23):2890-2898.

Schauer J J, Kleeman M J, Cass G R, et al. Measurement of
emissions from air pollution sources. 3. C1-C29organic
compounds from fireplace combustion of wood [J].
Environmental Science & Technology, 2001,35(9):1716-1728.

Bi X H, Zhang G H, Li L, et al. 2011. Mixing state of biomass
burning particles by single particle aerosol mass spectrometer in
the urban area of PRD, China [J]. Atmospheric Environment,
2011,45(20):3447-3453.

[19] Bein K J, Zhao Y, Johnston M V, et al. Interactions between
boreal wildfire and urban emissions [J]. Journal of Geophysical
Research: Atmospheres (1984-2012), 2008,113(D7):1829-1836.

[20

Silva P J, Prather K A. Interpretation of mass spectra from organic
compounds in aerosol time—of-flight mass spectrometry [J].
Analytical Chemistry, 2000,72(15):3553-3562.

[21] Dall'Osto M, Beddows D, Kinnersley R P, et al. Characterization

of individual airborne particles by using aerosol time-of-flight
mass spectrometry at Mace Head, Ireland [J]. Journal of
Geophysical Research:  Atmospheres (1984-2012), 2004,
109(D21).

[22] Dall’Osto M, Harrison R M. Chemical characterization of single
airborne particles in Athens (Greece) by ATOFMS [J].
Atmospheric Environment, 2006,40(39):7614-7631.

[23] Moffet R C, de Foy B, Molina L T, et al. Measurement of ambient
aerosols in northern Mexico City by single particle mass
spectrometry [J]. Atmospheric Chemistry and Physics, 2008,8(16):
4499-4516.

[24

Zhang X Y, Gong S L, Arimoto R, et al. Characterization and
temporal variation of Asian dust aerosol from a site in the
northern Chinese deserts [J]. Journal of Atmospheric Chemistry,

2003,44(3):241-257.

TEB BT : 2 2(1979-), 9, B2 4 T, 1, BT S,
RV 5 TR T A T A

)

(PEMERIZE) FMETFERRBRE—

M P R A B ARAE BWEFEHT 2015 4E 10 Hy AT (2014 SERCRHEIT) 5 1R & %0 )Y, € EFR R

W05 R 1 1,595, 22 RFHE A2 gk 8247 g 2 —

Ch A SRRE) G



