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Abstract Mmosphenc polycyclic aromatic hydrocarhons (PAHs) and their derivatives are a global problem that influences the environment and threatens human health. To
1n\e%t1gate the characteristics, sources, and health risk assessment of PM, -hound PAHs and their derivatives, PM, ; were collected at an urban site in Zibo from November 5 to
December 26, 2020, and the concentrations of 16 conventional PAHs, nine NPAHs, and five OPAHs in PM, ; were analyzed using gas chromatography-mass spectrometry. Source
apportionment of PAHs and their derivatives was conducted using diagnostic ratios and a PMF model, and the health risks of PAHs and their derivatives to adult men and women were
evaluated using the source-dependent incremental lifetime cancer risk (ILCR) model. The results showed that the average concentrations of > pPAHs, >} NPAHs, and
>, 0PAHs in PM,  of Zibo City during the sampling period were (41. 61 £ 13.40), (6.38 £5.70), and (53.20 £ 53.47) ng'm”, respectively. The concentrations of the three
PAHs increased significantly after heating, which were 1.31, 2.04, and 5. 24 times larger than those before heating. During the sampling period, Chr, BaP, and BaA were the
dominant components of pPAHs; 9N-Ant and 2N-Flt + 3N-Flt were the dominant components of NPAHs; and AT(Q and BZO were the dominant components of OPAHs. Source
apportionment results showed that motor vehicles were the main source of PAHs and their derivatives in PM, ; before heating, whereas after heating, the main sources were the mixed
source of coal and biomass combustion and secondary formation. The total BaP equivalent (TEQ) was 14. 5 ng*m” during the sampling period, and the TEQ increased significantly
after heating, which was approximately 1. 2 times of that before heating. Assisted by the individual PAH source apportionment results, the ILCR of PM, ;-bound PAHs and NPAHs in
Zibo City had a certain potential carcinogenic risk for adult males (1.06 X 107) and females (9.32 X 10°). Among them, the health risks of PAHs from gasoline vehicles, diesel
vehicles, and coal / biomass combustion were significantly higher than those from other emission sources.

Key words: PM, ;; heating season; parent polycyclic aromalic hydrocarbons (pPAHs) ; nitrated polycyclic aromatic hydrocarhons (NPAHs) ; oxygenated polycyclic aromatic

hydrocarbons (OPAHs) ; source apportionment; health risk assessment
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Fig. 1 Location of sampling site
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Fig. 2 Time series variation of the daily average concentrations of PAHs and their derivatives particulate in PM,  during the sampling period in 2020

2.2 PAHs SHAT A W B3 A Koy 21

PAHs FREC/T A5 15 24 i PAHs (14 HE i TR 45 A 5 5%
AR5 e R HiT IS pPAHs SR80 A & B (8] 3)
BEIZ 5 (B B VI )4 3R PAHS (5 Fe BBt mE i (B BE 1)
WG, 2 ~ 3% PAHs (5 LB BN HEBR IS 4 4B
B 5w it b & B, HERE S B B I IR A S i
W R HE A — 505 By B IR BE V IR B A 26, 5%
BEBE AT 4 2R A7 L BH B3I, 2 ~ 3ER 5 HL I R A
BB VI 4 38 5 Le A Brsm, 2~ 3R AT

B, b T riE Ko s ASFEB BB ANTE, B
25 Wy BOEHE B oT Rk AT RE kAR T AR AR BRCRE, AE
R B I ATR Be V AL, 4 21 6 2R pPAHs $447 4[] 72
JEM K . Gao VB IE K W] 4 ~ S IR pPAHs FE K
R R ) TR BE 1 TR, 6 98 R A HLsh 4
FEAHER R BT, BB BE I ~ B BL VY [a]E ak
A R BE IR X pP A Hs (1% 53 sk 34 i

WK 4 fros, W], BaA F1 BaP iy i [t f%
F 9 pPAHs, 43 %) &7 D pPAHs (8 15% 1 12%;



NPAHs 9 di Fbf5 5 1 2H 50 ON-Ant(25%) . 2N-Fli+

3N-F1t(28%) 1 6N-BaP(23%) ;

OPAHs H1 L ATQ il

5 PNHEL S IS T AR T IS PM,, Hh 22 B0 55 8 B CHEATT A 0 75 G R AIE fe U5 B At R JRL 2563
F1 HEHEARRMEPM, R PAHs REITEYRE
Tablel ~ Concentrations of PAHs and their derivatives in PM, ; before and after heating
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Flt 4 2.63 = 0.29 3.82 + 1.66 2.39 +0.25 4.63+12 3.37 +0.43 6.74 = 0.88
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Table 2 Meteorological parameters and concentrations of gas pollutions at different heating periods
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