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Organic aerosol (OA) is one of the major constituents of particulate matter (PM) in the atmosphere, thus,
understanding the chemical properties of OA is essential in order to evaluate the impact of PM to human health
and climate change. OA is comprised of various individual compounds, and the traditional approach for the
analysis of each organic compound in the aerosol is the GC-MS analysis method by organic solvent extraction
(SE method). In the SE method, solvent extraction and evaporation steps are labor intensive and time con-
suming. In addition, the use of large quantities of PM samples produces the low time-resolution results. The
objective of this study is to establish an efficient organic compound extraction technique using the thermal des-
orption technique (TD method). In the proposed internal TD technique, the injection port of GC-MS was uti-
lized as a TD system and we call this as internal TD. Performance of the internal TD-GC-MS is evaluated for
polycyclic aromatic hydrocarbons (PAHs) in standards and various ambient PM,, samples, and we present the
results of replicate analysis for 17 PAHs to confirm accuracy and precision of this technique.
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Fig. 1. Internal TD system with CC-MS developed in this study.
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Table 1. Information on the standard compounds used in this study

Compound Purity(%) Company cat#
PAHs standard
Phenanthrene 99.1 Supelco 47930-U
Anthracene 99.9 Supelco 47930-U
Fluoranthene 99.5 Supelco 47930-U
Pyrene 975 Supelco 47930-U
Benz(a)anthracene 99.9 Supelco 47930-U
Chrysene 99.9 Supelco 47930-U
Retene 98.2 Chrion 0794.18-500-10
Benzo(b)fluoranthene 99.9 Supelco 47930-U
Benzo(k)fluoranthene 99.9 Aldrich 40073
Benzo(e)pyrene 98.1 Aldrich 442475
Benzo(a)pyrene 99.9 Supelco 47930-U
Perylene 99.0 Aldrich P11204-5G
Indeno(1,2,3-cd)pyrene 99.9 Supelco 47930-U
Benzo(g,h,i)perylene 99.6 Supelco 47930-U
Dibenz(a,h)anthracene 99.5 Supelco 47930-U
Coronene 97.0 Aldrich C84801-100MG
1,3,5-Triphenylbenzene 97.0 Aldrich T82007-5G
Surrogate standard
Phenanthrene-d10 98.0 Aldrich 364622
Fluoranthene-d10 98.0 Aldrich 456292
Chrysene-d12 99.9 Supelco 48416
Perylene-d12 99.9 Supelco 48081

Benzo[ghi]perylene-d12 98.2 Chiron 1089.22-K-T
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Table 2. Calibration parameters and Limit of Detection (LOD) of PAHs

o] thdk TD-GC-MS 49 ¢] 3585 9
Table 4o JERNITE. 358 H7k= 24
o] EEAFOAM 10 ngS Fsle] vlEA g0
TD-GC-MS® HA3t s weAdzs negos

Name MW Slope Intercept r’ LOD* (ngy LOD® (ng)
PAH®
Phenanthrene 178 0.248 -0.003 0.999 0.07 0.07
Anthracene 178 0.245 0.062 0.998 0.16 0.14
Fluoranthene 202 0.279 0.031 0.999 0.04 0.04
Pyrene 202 0.287 0.089 0.998 0.09 0.02
Benz(a)anthracene 228 0.209 -0.068 0.999 0.19 0.04
Chrysene 228 0.243 0.056 0.998 0.25 0.07
Retene 234 0.058 -0.006 0.998 0.10 N.A*
Benzo(b)fluoranthene 252 0.349 -0.158 0.997 0.22 0.09
Benzo(k)fluoranthene 252 0.391 -0.028 0.999 0.06 N.A*
Benzo(e)pyrene 252 0.305 -0.015 0.999 0.06 0.09
Benzo(a)pyrene 252 0.342 -0.058 0.999 0.07 0.06
Perylene 252 0.262 0.042 0.998 0.09 0.11
Indeno(1,2,3-cd)pyrene 276 0.195 -0.042 0.999 0.06 0.02
Benzo(g,h,i)perylene 276 0.250 -0.013 0.999 0.16 0.06
Dibenz(a,h)anthracene 278 0.228 -0.055 0.999 0.16 0.07
Coronene 300 0.184 0.005 0.999 0.10 0.39
1,3,5-Triphenylbenzene 306 0.154 0.019 0.999 0.05 NA*

LOD=mean of blank value+3-SD of 0.5ng concentration sample

"LOD for SE-GC-MS

“Internal standard: Phenanthrene-d10, Fluoranthene-d10, Chrysene-d12, Perylene-d12, Benzo[ghi]perylene-d12

*Not available.
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Table 4. Recovery test for PAHs

TD SE
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Table 3. Repeatability of calibration parameters for PAHs

Name Average Stdev. PAH
PAH Phenanthrene 03 2 8 2
Phenanthrene 0.999 0.000 Anthracene 101 3 79 1
Anthracene 0.999 0.001 Fluoranthene 100 2 80 1
Fluoranthene 0.999 0.000 Pyrene 100 3 81 1
Pyrene 0.993 0.001 Benz(a)anthracene 105 6 82 1
Benz(a)anthracene 0.999 0.000 Chrysene 93 4 85 1
Chrysene 0.999 0.001 Retene 90 8 N.A. NA.
Retene 0.998 0.001 Benzo(b)fluoranthene 103 6 102 9
Benzo(b)fluoranthene 0.998 0.001 Benzo(k)fluoranthene 97 3 NA. NA.
Benzo(k)fluoranthene 0.999 0.001 Benzo(e)pyrene 100 2 101 9
Benzo(e)pyrene 0.998 0.001 Benzo(a)pyrene 102 2 87 5
Benzo(a)pyrene 0.999 0.000 Perylene 105 2 81 1
Perylene 0.999 0.001 Indeno(1,2,3-cd)pyrene 106 5 85 3
Indeno(1,2,3-cd)pyrene 0.999 0.001 Benzo(g,h,i)perylene 98 1 80 1
Benzo(g,h,i)perylene 0.999 0.001 Dibenz(a,h)anthracene 100 4 91 6
Dibenz(a,h)anthracene 0.999 0.001 Coronene 104 5 50 8
Coronene 0.998 0.001 1,3,5-Triphenylbenzene 100 1 94 6
1,3,5-Triphenylbenzene 0.999 0.000 N.A.: Not analyzed.
254mm
-

Used

e 18mm

20mm

203mm

Collected area

PMy, in quartz microfiber filter

Fig. 3. PM,, sample amounts applied to internal TD-GC-MS system.



TS L8R W] F7lellol=E AN

(TD-GC-MS) 7t

59

Relative Response
Phen

umm

o5

ol -

BKF

BeP BaP Peryl YnzB
oo ¢
C &
(% @ %j By

w
]
@

BeP
BaP
i

12.0

18.0

Time (min) —

Fig. 4. Gas chromatogram of 17 PAHs compounds identified in PM,, sample.

./]D:]AOOE%U%EH 9

Jep s How mo} Io). SE We olg
O

3lg-g2] Ao} vwsS
TD-GC-MS 4o ¢

o WS- SR AT 5

a2 T

3.2. Internal TD-GC-MS 2A{H

PM,, A2 2A

2 ), coronene 52| 7

g 3e

8% ©1’32]

res
£

go| SE-GC MS°ﬂ H]

219,

IHS 22

=20

L

7] PM,, AE0IA 1759] PAHs, AEES 541519
th. Fig. 4= 20109 119 249 =438 PM, 4 in-

ternal TD-GC-MSE A%
g GC ZLEF’]-EZ

Mgl #53

Z3)} 1729 PAH AES9 o)
S HojFEr),
% 1712 PM,, NEE B3l

oé% PAHs 7]' }\6]'}:#‘;9’] ﬁl;ge 04—7:]4/]'—‘ Table 5°ﬂ

LFERARITE. PAHs®

o] A ¥

EYE AvHH A

%Oﬂ PV ES sES i"i—ﬂﬂ ol 7P v =

Fig. 33} 7ko] PM, ol AFE ZEfellA 1/120%H= 3) B}, ol 7|1E A7Aze} dx)ske dsjolohd
F= WA (3.6 cm?)2 internal TDoll FU3te] 24
Table 5. Average concentration of PAHs in the PM;, samples
(ng m*)
Fall Winter Spring
Mean (range) Mean (range) Mean (range)
PAH
Phenanthrene 0.81 (0.37-1.09) 1.29 (0.38-1.74) 1.00 (0.21-2.11)
Anthracene 0.19 (0.16-0.26) 0.41 (0.01-0.61) 0.34 (0.01-0.75)
Fluoranthene 1.47 (0.98-1.72) 3.23 (0.85-4.68) 1.68 (0.44-3.07)
Pyrene 1.12 (0.67-1.52) 2.32 (0.63-3.23) 1.16 (0.29-1.95)
Benz[a]anthracene 0.66 (0.31-1.34) 1.24 (0.40-1.99) 0.34 (0.15-0.58)
Chrysene 1.52 (0.71-2.74) 2.85 (1.58-4.07) 1.10 (0.38-2.02)
Retene 1.40 (0.34-4.22) 2.56 (1.82-3.55) 1.34 (0.38-2.03)
Benzo[b]fluoranthene 5.56 (1.18-11.34) 14.05 (3.98-34.00) 2.09 (0.38-2.04)
Benzo[k]fluoranthene 2.01 (0.39-5.13) 5.98 (1.37-12.44) 0.97 (0.38-2.05)
Benzo[e]pyrene 3.02 (0.60-6.85) 7.42 (2.07-17.95) 1.16 (0.38-2.06)
Benzo[a]pyrene 1.37 (0.50-2.50) 3.66 (0.80-8.11) 0.70 (0.38-2.07)
Perylene 0.42 (0.07-1.02) 0.65 (0.23-1.13) 0.14 (0.38-2.08)
Indeno[1,2,3-cd]pyrene 2.65 (0.55-3.76) 4.19 (1.51-10.14) 0.92 (0.38-2.09)
Benzo[ghi]perylene 2.02 (0.44-2.92) 3.01 (1.43-5.86) 0.76 (0.38-2.10)
Dibenz[a,h]anthracene 0.52 (0.14-0.92) 0.67 (0.36-1.13) 0.12 (0.38-2.11)
Coronene 0.57 (0.21-1.13) 1.45 (0.96-2.08) 0.29 (0.38-2.12)
1,3,5-Triphenylbenzene 7.35 (0.08-12.78) 6.54 (0.71-18.15) 0.47 (0.38-2.13)
Total 32.65 61.53 14.57
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