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Fig. 1 Schematic diagram of the proposed HPLC system for the determination of PAHQs
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Table 1 Optimum excitation and emission wavelengths

of the reduction products of PAHQs tested in

this study
Compound Excitation/nm Emission/nm
1,6-PyQ 350 405
1,8-PyQ 350 405
2,3-FIQ 285 505
7,12-BAQ 285 470
5,6-CQ-d 270 435

Compound abbreviations: see text.
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Fig. 2 Plot of the peak area of the reduction product
of 7,12-BAQ versus flow rate of the mobile phase

Error bars represent one standard deviation (n = 3).
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Fig. 3 Typical chromatograms from the HPLC-FL detection system for the soluble organic fraction (SOF)
of airborne particles with in-line reduction (a), SOF of airborne particles without in-line reduction (b),
and standard solution of PAHQs with in-line reduction (c)

PAHQs were reduced into the corresponding dihydroxy compounds in the HPLC system, and then
detected by the FL detector. In the case without reduction, the peaks of the dihydroxy compounds were
diminished in the chromatogram (see text for the detail). The concentrations of PAHQs in the authentic
standard were 1 pumol L' with 20 umol L™' of 5,6-CQ-dyy as an internal standard (I.S.). Injection
volume: 20 uL.

Table 2 Accuracy (precision® and trueness™) in the determination of PAHQs in soluble organic fraction of

airborne particles

Within-day (n = 4)

Between-day (n = 5)

1,6-PyQ Added amounts/nmol L™! 0 500 2000 0 500 2000
Found =SD/nmol L™! + 497x15 2070 = 34 3x0 485*23 2020 =99
RSD/ % 11.6 3.0 1.6 14.5 4.8 4.9
Trueness/ % 98 103 96 101
1,8-PyQ Added amounts/nmol L™! 0 500 2000 0 500 2000
Found =SD/nmol L™! 3x0 527+ 14 2040 £41 4=£0 512+17 2073 = 46
RSD/ % 10.4 2.6 2.0 9.6 3.3 2.2
Trueness/ % 104 101 — 101 103
2,3-FIQ Added amounts/nmol L™! 0 500 2000 0 500 2000
Found =SD/nmol L™! ND 490 £ 30 2050 =70 ND 520+ 30 2140 =230
RSD/ % — 5.4 3.3 — 6.0 10.6
Trueness/ % — 97 102 — 104 107
7,12-BAQ Added amounts/nmol L™! 0 500 2000 0 500 2000
Found =SD/nmol L™! 212 487+ 36 1908 = 35 262 483 20 1982 =58
RSD/ % 10.2 7.5 1.8 7.7 4.2 2.9
Trueness/ % 93 94 91 97

Compound abbreviations: see text. ND, not detectable.
b) Expressed as [(C;—

a) Expressed as the relative standard deviation (RSD, %).
C,)/C,] X 100. C;, found concentration of the spiked sample solution; C,, found concentration of the
non-spiked sample solution; C,, added concentration.
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Table 3 Concentrations of PAHQs in total suspended
airborne particles collected in Kyoto during
February and May, 2012 (n = 15)
Mean Max Min SD®
1,6-PyQ 0.17 0.27 0.07 0.06
1,8-PyQ 0.17 0.28 0.07 0.07
2,3-F1Q <0.12 0.21 ND NA
7,12-BAQ 0.34 0.83 0.10 0.20

Compound abbreviations: see text.  Given in units of pmol m >,

ND, not detectable; NA, not available. a) Standard deviation.
b) Calculated using 0.1 of the minimum detectable values as
concentrations lower than the detection limit.
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A simple and sensitive method for measuring quinoid polycyclic aromatic hydrocarbons
(PAHQs) in soluble organic fraction (SOF) of airborne particles based on two-dimensional
high-performance liquid chromatography (HPLC) with fluorescence detection was established.
The system involves a reversed phase column with naphtylethyl groups bonded silica packing
material for sample clean-up, a 6-port switching valve, an ODS column for trapping the fraction
containing PAHQs, a reversed phase column with cholesteryl groups bonded silica packing
material for sample separation, and a Pt-Rh catalytic column for the reduction of PAHQs to a
corresponding fluorescent compound. The accuracy of the assay, as applied to airborne
particulate sample extracts spiked with known amounts of PAHQs were 91-107 %. The
detection limits were 19 to 2000 fmol per injection (signal-to-noise ratio = 3), and the
calibration range was from 1 to 100 pmol with excellent proportionality (R*=0.9992) for four
kinds of PAHQs: benz[a]anthracene-7,12-dione, fluoranthene-2,3-dione, pyrene-1,6-dione, and
pyrene-1,8-dione. PAHQs in SOF of airborne particles collected in Kyoto, Japan were
successfully measured using the established analytical method with simple sample-preparation
steps: ultrasonic extraction in organic solvent and concentration under reduced pressure and/
or a nitrogen stream.

Keywords: PAH-dione; oxygenated PAHs; PAH-quinone; fluorescence detection; airborne
particulates.



