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Abstract: PM2.5 is a significant pollutant that seriously threatens human respiratory, circulatory, and
nervous systems. Despite the deepening research, the PM2.5 analysis still faces challenges, with a
number of the components not having been detected and identified. These hard-to-detect components
are primarily semi- or medium-volatile organic compounds with boiling points above 200 °C. The
commercial filter inlet for gases and AEROsols (FIGAERO) applied to PM2.5 detection has key
bottleneck problems, such as insufficient heating power and poor airtightness. In this work, a rapid
thermal desorption device was developed, coupled to a home-made photochemical ionization mass
spectrometer (CIMS), with a detection time within 5 min. The self-designed thermal desorption

device applies high-power mica sheets for heating, which can stably maintain a heating temperature
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of 300 °C to ensure the complete desorption of polycyclic aromatic hydrocarbons (PAHs) in
particulate matter. Using this device, three common PAHs, naphthalene, acenaphthylene, and fluorene
in PM2.5 were rapidly analyzed. The molecular ion peak of PAHs was used as the characteristic peak,
with the linear range of 2-2 000 ng and the detection limit of 0.021, 0.36 and 0.68 ng, respectively.
Most importantly, the device was used to analyze the components of actual particulate samples
collected from car park and smoking room. Within m/z 0-300, the number of peaks was determined
using a threshold of a signal-to-noise ratio of >3, with the background signal of the blank film
considered as noise. Using the self-designed device, the characteristic peak counts for particulate
samples of car park and smoking gas samples were 182, 202, respectively. In contrast, the
characteristic peak count for particulate samples of car park using FIGAERO was only 23, and no
characteristic peak was observed for smoking gas particle samples. Therefore, compared with
FIGAERO, the self-designed thermal desorption device coupled with photochemical ionization mass
spectrometry has a highly significant advantage and can achieve quantitative detection of trace PAHs
in particulate matter. This device demonstrates significant potential and broad development prospects
in the field of particulate matter analysis.
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AR RS B R R AR S O A v B B AG I AU ) rh 2 R T 423

detection; quantitative analysis

YR (PM2.5) 5 | JEE 14 25 5515 YA KA
Y —FEZIE A, 5 REGI R TE g
FHEAEH, LR80T Y0 e 2 A R RS
YeBUIRT, 5 N LA S e S R G R T
R JEL ) o TR R AT 2 oy 22 R 2 rh AR AR
R AEA ALY il S0 H 5 T 200 °C), BRI, XF
LA v 0 ME 2 2 R AR B 1 R R A BT 0
FE, A BT HE S BORL A S T AL ML A TR A
it 235 (PAHS) A ML WA S5E
SRR R A 2o AR R R AT BIL PR, R e
Az 3 P R B UR (I & S AR . AR R L TR
FOBEIR S A5 ) e i FH b 2 v 3% 38 7 7 PAHs Bt
B B B B R B4 Y PAHSs B BUE
PR AR RE Y E BN gt I
Tt 29 1.6%009 A9 5 R 5 KSR 85 PAHS (11
AFHIEN B, e s AT ki 4 b PAHs AT
AR (B A S IS 7R

HHT, BHF T AR B R T Ok S0 i
1AL (SPAMS) | ¥ e BT i A (AMS) LA K 2 Fif
SR ) iy A B b, ASORE S BOR A HE R
1 (FIGAERO) 13 2| 7)1z B M, % 4% R
Thornton 15 55 20 VT~ 2014 4E K 42, Ho R
Teflon £F 4 J5 X UKL P A i R4 T 2 280 a6 46, B
I AR 1 N, LSS IR R . FIGAERO
WY = 3% 10 & 0 DL SIS 5 Uk A 8] Y B

D) e, [R) R R AA UKL R S AT 5 AT
Wang #8121 "3 F FIGAERO #5451 162 i 3
J5T 3 (CIMS) X — R A LA e (SOA) H i %
FURFE R EA LT R HIR AR, 8
i TRk b 5| A SRR AR R S S 5, A R
BEIF S Hk TR Y 330 Bl S AAA HLA, X
— BT TR SOA JE AL . H Ak B A A5 Y
BB A e 25 A AR ARk B L AN
SR M, FIGAERO FY 6k [t A% i B . 1) SR FH N,
T AT PR R, X T R AR R
HILI 1 B T AR AR AR, Tk S A 4G PAHS
TE N WMERE YA HLA I 2 5 73 HT; 2) FIGAERO
Y = OO SR B  H A ER R,
B T T UL 4 21 o 8 B A A ST

BEXT TR IR, AR AW T — i A %
e B RN LB R AR — IR b 2 v B T R
BRI b R FH = DR 2 B gk, Redgtase
HERF 300 °C AR B , LR TIE RE % 150 IS Ak I 0k
PIh i) PAHs. HEURZAE B 1 % B A B, B AR
SRTCI, BE GRS T AT
AT . A RGER T R AL SN ER, BTE
SEERH WL PAHSIC T i Ab B A R 5 Bt A 1 1
FHF SEBRFE S AT, T VREMESE FIGAERO R458
FEIMFAT) g i) B SR A5 A AE I (), 4 5
IR T G W ) YRR PR RN S A o



424

B e 4R Hae

1 SKEEHS
11 FENURERE

6 Ak 2 L B R R — R A AT )BT 5
(CIFI-TOF MS): H E£i#&11; TH-150C H i K<
TR 4 SR A A BRI R T R AR Rl A R 2 ] R
firs FXO8 HL P 44T - 3 3 1F e i 1R} 4 A BR A )
77 i TR R RS AR - N A AR A
A BRA = 5, PE K B AL R AR DO-726 i
ARG bt b R AR A T BRA R
A1 BELT Y RAE I (FLAR 0.2 pm): | 3 2855 3R 855 R}
oA FRZA E] 7™ s Model 111&1150 %5 & 4 4
FEER IR B v [ A PR R s AR R
AHVERE T . 2 [E Aerodyne 23 Fl 7= o
12 FEHMRERXF

2Rl | TN (LE1E 99%) | 25 (L 99% ):
g 2 TR A AR I PR F P R
B ¥ R A A al, B Sl = AR M A B
Gl R
1.3 AW EELIT

A W e R S em, D P2 R A
5 1.6 cm, N2 9.6 cm, RIS N B A = B n#ou
£ CE 42 10 em), AT AE 1 min PEFRE 5 FE 25 I B4
F 400 Co FE G FE A B IR AR R R L,
TS W R A AR . R R
AV s A P R iR, R UE S 6 0 R Y 2 At
JEEAR S BE Sy B 7K Ve I 2 A 3UZ S50, 7 38 o 41
IRV H) 2R Ge A B ARSI EE LB, B Ak O Bl 4%
AT S PR R AIR o E ST R AR sk
(H# 4mm).
14 XWRE
141 ARUEREG I ] P I ke PR N 5 pL
FRIAE i, T2k A 4 DA R I s 8 ol 2, o
300 mL/min Z/ £ fh 8l iE A F 3l A BRI ke
B A 2R REIRIEAR T BOE B IR, FRIR AR
E 5, HEE BT T MR A BT . IS B RE i S
FERAE A WAE A N A TS . o =08 R
1) 1 MR A P S X R o T 1 i
WIS T AR I e iR 85 e 1% 2R 42 3 miin.
B YA I AT, R A AR TS 52 B A5 5, il o
IERESE AR R Y ES valll B 2V € ol by W =S S ZIE =
REVRL R4, B F S HE A & £ 1 000 mL/min, X
15 min, FFERFEERKE ZZRATRESL
W TR S5, BT — kil

142 SEPREESAI MRS R SRR
T 3 e 00 b, 50y L AR R 2 5 R X 4 4
Y. 16 TAEH 9 9:00, 14:00, 18:00, 22:00, K
SORFERSESE AR 0.5 h TR RE S, RETTHY
BESD AR T —18 C ¥ FRE . KA, B E 48
25 mm SRFEREIR F, A BRI ke 5, 7E 300 C
JNF LA K 300 mL/min &S WA 54T, XHERAE
g U i K0 R 2 SR 4 3 min, 15 B 53 &1 A 2L
TS W B

W AR 25 25 A ARG 2 32 00 b R LU AR
KT 3 (F] o FEZ D IR, FESL AR 1 S0
MM 0.5 h, [F B R ACRFES RS . 25, &
IR 1 h SRR 1 REE S (R UCR AR BT TA] 0.5 h), 2R
S5 HRE SR AE T —18 °C WS . I Y
BAET R 5 R T R A S — 3

JF FIGAERO [ & 5250 L il o i
WUE AR 25 mm SRAEE B 7, i A FIGAERO #
o BERERY, SRR T BB, B AR i
EE 300 °C . A WA S 300 mL/min, #
B R A2 F (6] 3 min, 75 51 53 ] LR 2 W i
Hdle

2 #HREiITE

21 BRFRIREEREN

211 KRR AR TAEA ERIFT —F
BRI RE E ET S AR REIA A R
IR IR TSR A, ST R ORI 2R
JE AR . 25 3 Rh R PAHSs (98 SR, e ik
W R S 2 & S, TE RS IR T HEA TS
LS XS BB A B IR R G R RS
L S NN E oty =N S e

AR TAER A B2 EANVUV) ST E R B R,
K I B0 L 1A R ) PAHSs B R I 5L
MPERE . PAHs RUMURR B9 2 A0 A i B A
B SEm ok, L B R AIR T 8.2 eV HIfH .
25 TE M DA HERE L TS DR TR 2,

TE VUV AT 59 3135 10.6 eV O T BE i ff
51K, PAHs RERS W IOE T I £ A B, R T
(1)~ ()P, A TAE LUZEAR i RE 5 Ry 0F 53 %
B, X RGN S AT A, S5 3SR, M Ad
TSN M IRHF A, BB XS 350 Pa, F BE VUK
FEE B L R 500 V, 55 BT E] 5 s, B YA
BF IR ZE 5 min N, MS FRAF (5 5 0 B fefe o



554 AEARAE . BT RIBE R R OB vl B R A I UL T 2 BT 425

Thermal analysis device Waste gas
MEC = > — VUV ionization source

1
Purge gas /ﬁ )\ Gas sample I
e " —-_—

s

Three-way valve

Ion transport system———

__D Vacuum
: differential
muuuuuu—muu | l_ system

Temperature control system i

| SR SRR TLS T3d dde
....... < i

5 ............ 1y | —
H > T -
IIIIIIIIIIIIII'I—'I_IIIII

B1 AMEKERSEERE—MUREREEHTER

Fig.1 Schematic diagram of the thermal desorption device coupled ionization/focusing integrated mass

spectrometry system
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samples from car park (d)
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