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Application of On-line Single Particle Aerosol Mass Spectrometry ( SPAMS) for

Studying Major Components in Fine Particulate Matter

FU Huai-yu', YAN Cai-qing', ZHENG Mei', CAI Jing', LI Xiao-ying', ZHANG Yan-jun', ZHOU Zhen®, FU
Zhong’ , LI Mei®, LI Lei’, ZHANG Yuan-hang'

(1. State Key Joint Laboratory of Environmental Simulation and Pollution Control, College of Environmental Sciences and Engineering,
Peking University, Beijing 100871, China; 2. Atmospheric Environment Institute of Safety and Pollution Control, Jinan University,
Guangzhou 510632, China; 3. Guangzhou Hexin Analytical Instrument Company Limited, Guangzhou 510530, China)

Abstract: Based on preliminary studies by aerosol time-of-flight mass spectrometer ( ATOFMS) and single particle aerosol mass
spectrometer ( SPAMS) , typical methods for identifying the number of particles (or particle count) for five major components including
sulfate,, nitrate, ammonium, organic carbon (OC) , and elemental carbon (EC) in China and abroad were summarized. In this study,
combined with the characteristics of single particle mass spectrum by SPAMS, an optimized method is proposed. With field
measurement using SPAMS during January 2013 in Beijing, particle counts of sulfate, nitrate, ammonium, OC, and EC determined by
different methods were compared. The comparison with results of off-line filter analyses for these five components proved that the
method proposed in this study is comparable and optimized. We also suggest factors needed to be considered in future application of
SPAMS and other areas that require in-depth research.

Key words:single particle aerosol mass spectrometer ( SPAMS) ; sulfate; nitrate; ammonium; organic carbon; elemental carbon;
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Table 1 ~ Summary of typical TOF-MS markers used to identify sulfate containing particles
Tk & m/z( £0.5)" IRERE T W T AR AR U T A T Sk

Frh ATOFMS -96 [sO,]~ 100 or

-97 [HSO, ]~ 100 [33]
FrE— ATOFMS -96 [S0,]" 100 or

-97 [HSO, ]~ 100 [19,20,34]
KT SPAMS -96&no 367 (S04~ 0. 005 or

-97 [HSO, ]~ 0. 005

1) B SR N E A 0. 52005 2) i F EC MAMSIEE FU AT BE S m/z-96 , IERIHEI A [ SO, 1~ Wb, IUE AR Cy 1/, LAZEBR EC 1Y m/z-

96[ Cy | ~ XA ER LI A T4

2.2 fHERER BB %

SR 6 19 = BEHRAE B TH m/z 30[NO ] *,
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&2 TOF-MS HRPHMBSHBREIMIFERE FREZGZE

Table 2 Summary of typical TOF-MS markers used to identify nitrate containing particles

ik R m/z( £0.5) IRERE U THIAR AF X W T AR i Sk
—46 [NO, - 1000 or
P ATOFMS -62 [NO, ] 1 000 or 1337
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108 [Na,NO, ] * 50
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PN SPAMS —-46 [NO, ] 0. 005 or
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Table 3 Summary of typical TOF-MS markers used to determine ammonium containing particles

Ik 3 m/z( +0.5) BT it T L XU AR Sk
7 — ATOFMS 18 [NH,]* 30 [20,21,33]
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AR 5 5 AT m/z 43 BYURE A IR0 SO &
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+72[ Co 1", B U 1T FRURIAR X 0 11 R 43 3 A 50
F10.005 154 BRAE (H. A 5% OC i fik B - % HL
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[C,H,] 3 EC #IEE F¥EB[C]Y, [C 17,
[Cy] 7L [C . IRl RIS i AR T 0. 005 1EH
;%QZKBE{E

R4 HTHEREH R AR S FNBRRSHES FRIE GRS

Table 4  Summary of typical TOF-MS markers used to identify OC containing particles

Fik I F2EH m/z( £0.5)  REFET U TR AH X 0 T A i SCHk
15 [CHy]* or
27 [C,H;] */[CNH]* or
29 [C,Hs]*/[COH] ¥ or
7 — ATOFMS 37 [CH]* or [9,33,35,39]
43 [CZH 0]*/[CHNO]* or
-25 [C,H] or
-26 [CH,] "~
27 [CH 50 0.005 and
i ATOFMS 37 [C;H]* 50 0.005 or [19,20,34]
43 [C,H,0] " 50 0.005
279 [CHy ] 0. 005 or
29 [C,Hs]*/[COH] * 0.005 or
ENTIE SPAMS 37 [CRI™ 0.005 or
43 [(JZHgO] /[ CHNO] * 0.005 or
-25 [C,H] " 0.005 or
-26 [CN] - 0.005
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B A AR R U R o AU B 3% AR 5 B
WORIERY 173, M SRR R B 179, T UC R
s 5 ML UK BORH 24, T vk TR UG 4 B R

,m/z 27 fRATBE R

£ AHERER AN B R R O B S O k—A L H
A WUBIRECEAR , 2 TR BRI 20 K A HLAs AUk
(1 1. 8 5. SR UBIE AT VE AR Ge o BT Oy i, H 4G
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Table 5 Summary of typical TOF-MS markers used identify EC containing particles
WIRES &l m/z( £0.5) IRERE T W T X AR W T A iy ik
+12 [c1+- or
+/ =
24 [C,] or [9,33,35,39]
Hid— ATOFMS +36 [Cy]*~ or
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£12n" el
12 [cl+ 50 0.005 or
36 [C5]F 50 0.005 or
60 [Cs] 7 50 0.005 or
72 [Cel ™ 50 0.005 or
g7 ATOFMS -12 [cl+ 50 0.005 or [19,20,34]
-24 [C]~ 50 0.005 or
-36 (G 50 0.005 or
-60 [Cs]* 50 0.005 or
-72 [Cel ™ 50 0.005
12 [cl+ 0.005 and
36 [ Cs 1+ 0.005 union
A5 SPAMS
-36 [Cy]° 0.005 and
-48 [C,]~ 0.005
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