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Fig.1 Structures of PAH quinones as the
analytes in this study.
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Jb I FYEREERL ), 9,10-phenanthrenequinone (9,10-PQ,
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MZTHRNVT v 7 AIFh—THEIP L%, e— T
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Table 1 MRM transitions of TMS derivatized PAH quinones
and the modified collision energy.

Precursor Monitring Collision

Compounds ion[M]*  product energy
(m/z) ion (m/2) (eV)

1,4-BQ 254 239 10
1,2-NQ 304 216 17
1,4-NQ 304 304, 273 17
9-10-PQ 354 266 20
9,10-AQ 354 354 10
4,5-PyrQ 378 290 10
1,2-BAQ 404 404 15
1,4-BQ-d, 258 243 10
1,4-NQ-ds 310 310, 278 17
9-10-PQ-dg 362 374 20
9,10-AQ-dg 362 362 10
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Fig.2 Representative  MRM
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Fig.3 Representative MRM chromatograms of atmospheric

PM2.5 collected in Kakamigahara (2021/8/31).
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77, FHHBRAN30.054 - 0.76 py/injection, T FERIE 0.18
- 25 pgfinjection Cd» ¥, PM255Z5EHFDPAH / %A
ZHNTTE DR TH D LT L7

Table 2 Limits of detection (LOD) and limits of quantification
(LOQ) of derivatized PAH quinones in this study.

Compouds (oo oo (pginjection)
1,4-BQ 0.054 0.18
1,2-NQ 0.087 0.29
1,4-NQ 0.26 0.86
9-10-PQ 0.11 0.38

9,10-AQ 0.62 21
4,5-PyrQ 0.21 0.70
1,2-BAQ 0.76 2.5
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um) 12 L 57K EDBEARE R T, BBk RN T
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Table 3 Precision and accuracy for the determination of PAH
quinones in atmospheric PM2.5 in Kakamigahara.

Spiked Quantitative -
Precision Accuracy
Compounds  amount value (ng) (RSD%) (%)
(ng) (n=3%, 59)
1,4-BQ 0 451%+0.529 115 -
20 244030 1.2 100
1,2-NQ 0 1.33+0.133 9.8 -
20 18.9+1.21) 6.6 88
1,4-NQ 0 1.86+0.24 9 12.9 -
20 254%0.3 12 118
9,10-PQ 0 1.27%£0.04® 3.4 -
20 20.9+0.29 1.2 98
9,10-AQ 0 21.8+059 2.3 -
20 44.9+0.9b 2.0 115
4,5-PyrQ 0 1.99+0.08 ® 4.2 -
20 21.5£0.8D 3.8 98
1,2-BAQ 0 2.18*0.189 8.4 -
20 26.6+1.3h 4.8 122
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Table 4 Concentrations of PAH quinones in PM2.5 collected
in Kakamigahara.

Concentrations Previous reports

Compounds
3 3
(pg/m°) (pg/m°)
1,4-BQ 6.0-90 -
1,2-NQ 16-31 10 — 2400 12
1,4-NQ 0.7-10 5-2302Y
9,10-PQ 42-99 6 — 2400 12:21)
9,10-AQ 16-720 20 — 1400 1221
4,5-PyrQ 6.2 - 160 -
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Fig.4 Concentration variations of PAH quinones at this
sampling period.
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NTX ) CRIETH Y, BEEDNELT 5 S O TR
HHEL 2o TND Z e, SRS T 5B
HLTWa EEBZ N FT, BTN S 28]
B HIZHDNT, FRAEIRZ 2424 T HASHA) D O
A (=77 | & TDREERIDGOFA (n=49)) (Z)&
PAHT ZAT o7z 2O—Fl% Figh (R L, fHfEHIFIC

BUFHZFEIZ L O ABEE % Table 6 (IR L7-. F77,
JBMERHT U722l (ex : Fig6) Z1Ek L CTH 5 &,
9,10-PQ & 9,10-AQ °45-PyrQ & 9,10-AQ, 12-BAQ &
9,10-AQ 72 E1E H AN B DFEA & A B D
AL TEDOBRENRRE e o TD T EMVh
St ZIZTC, RANEIRTHME L4 PAH &/ W
OFARRER A SR D, Table 7 12~ L7, RAGEIR Coy¥E
BHZ XY, Table 5 1R LIALAWIIOFRERE X
D HIENKE L 2o T2 b DNRENZ LD, PM25 Hod
PAH 3/ AEDIERE 6T U CRAIROE N RENZ
RSN F£77, 9,10-PQ & 9,10-AQ DL,
4,5-PyrQ & 9,10-AQ DIEFELHIC ST, TRAEIRDSY

\2kD 2 BTt REESFEM L= & 2 A, faldkiE
o 1% (p<0.001) THEZDRD Bz (Fig.7).
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Fig.5 HYSPLIT backward trajectories from (a) the Pacific
side (b) the Sea of Japan side.
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T2l EHEER L TG, Lo T, BATHAD S DA
BT, 9,10-PQ DA/ S AL TCNND FTREME D &
Z bz LLEDZ Lk, 910-PQMAI0-AQ kEE LL I
4,5-PyrQ/9,10-AQ LbAs HAMHI N DFRAD HI/ N E
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PRHUE B0, RS D ORREE LTS E D,
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Fig.6 Scatter plots between (a) 9,10-PQ and 9,10-AQ, (b)
4,5-PyrQ and 9,10-AQ with back trajectory analyses.
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Table 7 Correlation coefficients among PAH quinones by inflow from the Pacffic side and the Sea of Japan

Inflow from the Pacific side (n=49)

Inflow from the Sea of Japan side (n=77)

Compounds
1,4-BQ 1,2-NQ  14NQ  910-PQ 9,10-AQ 45PyrQ 12-BAQ 1,4-BQ 1,2-NQ 14-NQ  910-PQ 910-AQ 45-PyrQ 1,2-BAQ
1,4-BQ 1.00 1.00
1,2-NQ 0.31 1.00 0.43 1.00
1,4-NQ 0.44 0.73 1.00 0.23 0.66 1.00
9,10-PQ 0.20 0.35 0.44 1.00 0.18 0.64 0.35 1.00
9,10-AQ 0.12 0.35 0.40 0.83 1.00 -0.15 0.47 0.44 0.65 1.00
4,5-PyrQ 0.35 0.50 0.51 0.80 0.82 1.00 0.31 0.67 0.40 0.89 0.68 1.00
1,2-BAQ 0.37 0.52 0.57 0.77 0.85 0.91 1.00 0.00 0.65 0.56 0.66 0.74 0.69 1.00
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A monitoring survey of polycyclic aromatic hydrocarbon quinones
in PM2.5 collected in Gifu Prefecture

Masahiro KITA, Nobuatsu KANAMORI, Masato OKA

Gifu Prefectural Research Institute for Health and Environmental Sciences:
1-1, Naka-fudogaoka, Kakamigahara, Gifu 504-0838, Japan

Summary

The achievement rate of environmental standards for photochemical oxidants remains extremely low, at almost 0%
nationwide, and there is a need to accumulate knowledge that will contribute to measures for their reduction. In this
study, we focused on PAH quinones, which are oxidized derivatives of polycyclic aromatic hydrocarbons (PAHS) and
developed an analytical method for PAH quinones using GC-MS/MS. A monitoring survey of PAH quinones in PM2.5
collected in Kakamigahara was conducted for one year and nine months. Seven species of PAH quinones were detected
in PM2.5. Using the monitoring data of PAH quinones, seasonal variation analyses and backward trajectory analyses
were conducted. The results showed that the concentrations of PAH quinones tended to be higher in winter. Significant
differences in the concentration ratios of each PAH quinones were found depending on the origin of the inflow. It
suggested that concentration ratios of PAH quinones may be used for source analysis.

Keywords: Polycyclic Aromatic Hydrocarbon Quinones, PAHs, PM2.5, Back Trajectory Model



