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Abstract: The gas chromatography-triple quadrupole mass spectrometry was used to analyze the concentration levels and

distribution characteristics of halogenated polycyclic aromatic hydrocarbons (HPAHs) in atmospheric particulate and gas phases

in the built-up area of Xi’an from September 2022 to August 2023, and the main factors affecting HPAHs emissions. The results

showed that HPAHs existed widely in the atmosphere of the built-up area of Xi’an, mainly in the particulate form, with

concentration probability distributions conforming to log-normal characteristics. The annual average total concentration of 10

HPAHs was 504 pg/m’, mainly determined by the concentrations of 6-Cl-BaP and 9-Cl-Phe. Overall, the concentrations of

HPAHs ranked from high to low as winter, autumn, spring, and summer. The highest concentrations in winter were mainly

attributed to frequent occurrence of haze in Xi’an during season, which lead to elevated atmospheric particulate matter

concentrations and consequently higher levels of HPAHs adsorbed on the surface of particulate matter. Furthermore, the

concentrations of chlorinated polycyclic aromatic hydrocarbons were higher than that those of brominated polycyclic aromatic

hydrocarbons. The proportion of HPAHs in the third ring was higher than that in the fourth and fifth rings,relecting a distribution
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pattern where lower ring HPAHs exhibited higher concentrations in the atmosphere of the built-up area of Xi’an. The

concentrations of mono-substituted HPAHs were higher than those of di-substituted HPAHs, mainly due to mono-substituted

compounds are more stable than di-substituted compounds. The positive matrix factorization indicated that the main sources of

atmospheric HPAHs in the built-up area of Xi’an were combustion sources, industrial sources,and motor vehicle emission sources,

with contribution rates of 39. 9% ,39.4% ,and 20. 7% ,respectively. Therefore ,measures such as controlling industrial emissions,

optimizing traffic management, and improving energy efficiency can effectively reduce the concentration of atmospheric HPAHs in

the built-up area of Xi’an.

Keywords: halogenated polycyclic aromatic hydrocarbons; concentration levels; influencing factors; structural characteristics;

emerging pollutants
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3 3-Br-Phe  715-50-4 1 3 257 C,HyBr OCQ
Br
Br
4 9-Br-Ant  1564-64-3 1 3 257 C,,HyBr
a
5 3-CL-Flu 25911517 1 4 237 €, HyCl l Il
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Table 2 Concentration levels of HPAHs in atmospheric samples from the study area pg/m’
MfE] (4E-H)  9-Cl-Phe  9-Cl-Ant 1,4-Cl,-Ant 9,10-Cl,-Ant  3-Cl-Flu 6-Cl-BaP  3-Br-Phe 9-Br-Ant 9,10-Br,-Ant 7-Br-BaA
2022-09 93.7 62.6 6.30 9. 60 24.7 63.0 0.75 0.33 0.10 0.69
2022-10 176 75.1 11.7 13.8 35.1 102 0.95 0. 66 0.10 1.03
2022-11 293 96.9 17.8 24.1 61.7 226 1.50 1.22 0.44 1.87
2022-12 299 139 16.2 20. 1 97.3 347 1.77 1.42 0.57 2.00
2023-01 280 195 19.5 25.3 81.5 344 1.02 1.16 1.29 2.54
2023-02 302 110 15.0 19.8 77.9 361 1.26 1.24 0.10 1.98
2023-03 229 86.7 12.2 15.8 47.1 150 0.97 0.83 0.10 0.96
2023-04 127 74.6 8.98 9.94 36.9 99.2 0.74 0.45 0.10 0.87
2023-05 138 55.1 7.82 4.83 25.7 74.2 0.59 0.18 0.10 0.76
2023-06 111 41.5 8. 00 5.29 27.3 58.3 0.63 0.26 0.10 0.66
2023-07 78. 8 39.7 5.22 7.58 20. 8 46. 8 0.49 0.21 0.10 0.58
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ETBIE 185 84.9 11.2 13.6 46. 4 160 0.93 0.69 0.27 1.20
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Fig.1 Probability distribution of concentrations of HPAHs in the atmosphere of the study area
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Fig.4 Seasonal variations of HPAHs concentration

proportions with different ring numbers in
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