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Abstract

Background & Objective: In this study, the main sources of hydrocarbon emissions in the atmospheric
deposition of Mashhad megacity were investigated.

Material and Methodology: For this purpose, the compounds of PAHs, n-alkanes, hopanes and
steranes were investigated and the source of hydrocarbon emissions with particulate matter (PM) was
determined using diagnostic ratios and principal component analysis (PCA). Thirty atmospheric
deposition samples were sampled in the winter season in 2018.

Findings: The mean concentrations of compounds in atmospheric deposition samples were 1575/12
ng/g for PAHSs, 2299.9 for n-alkanes, 2208.6 pg/g for hopanes and 298.2 pg/g for steranes. The most
abundant PAHSs in atmospheric deposition were four- and five-rings hydrocarbons. On the other hand,
the most abundant n-alkanes (n-Cx and n-Cz) demonstrated anthropogenic (pyrogenic) source.
Moreover, the presence of hopanes and steranes biomarkers confirmed the pyrogenic source (present in
vehicle exhaust particles) in the studied samples. In all samples, the presence of unresolved complex
mixture (UCM), carbon preference index (CPI) close to 1, diagnostic ratios of PAHs and ratios of
hopanes and steranes, indicating the predominant pyrogenic source for hydrocarbons were obtained. In
this study, the PCA results for atmospheric deposition samples demonstrated two factors including
emissions from diesel and gasoline engines, as well as the burning of biomass and fossil fuels, such as
natural gas. Moreover, two factors were obtained for n-alkanes. The first factor exhibited the
contribution of burning fossil fuels, especially emissions from automobiles. The second factor was
related to emissions from biogenic sources. The PCA results for PAHs and n-alkanes were consistent
with the diagnostic ratios approach and, the PCA results confirmed the consequences of diagnostic
ratios.
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Discussion and conclusion: The results from both methods exhibited that the highest contribution to
the emission of these compounds is related to pyrogenic sources, especially traffic, which had a higher

proportion of emissions from vehicle exhaust.

Keywords: Atmospheric deposition, hydrocarbons, Mashhad city, Source identification, PCA.
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Figure 1. Study area and sampling site locations in the city of Mashhad.
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Table 1. Names of 25 PAHSs and its abbreviations

i S 5 JobS ol
) Nap Naphtalene
Y 2M-Nap 2MethylINaphtalene
Y 1M-Nap 1Methylnaphtalene
v 2,6DM-Nap 2,6DMethylNaphtalene
I~ Acy Acenaphthylene
7 Ace Acenaphthene
Y 2,3,5TM-Nap 2,3,5TMethylNaphtalene
A Flo Fluorene
1 DBT Dibenzothiophen
). Phe Phenanthrene
A Ant Anthracene
Al Flt Fluoranthene
VY Pyr Pyrene
VE BaF Benzo(a)fluorene
Vo 1M-Pyrene 1M-Pyr
\F BaA Benzo(a)anthracene
VY Chry Chrysene
YA BbF Benzo(b)fluoranthene
‘4 BKkF Benzo[k]fluoranthene
v BeP Benzo(e) pyrene
v BaP Benzo(a)pyrene
VY Perl Perylene
\AS DahA Indeno[1,2,3-cd]pyrene
vf InP Dibenzo[a,h]anthracene
Yo BghiP Benzo[ghi]perylene
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Table 2. Descriptive statistics of PAHSs and its diagnostic ratios in atmospheric deposition of the study area
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Figure 2. Composite pattern of PAHs in atmospheric deposition
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Table 3. Descriptive statistics of n-alkanes and its diagnostic ratios in atmospheric deposition of the study area
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Table 4. Descriptive statistics of hopanes and steranes and its diagnostic ratios in atmospheric deposition of the
study area
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Figure 3. PAH cross plots for diagnostic ratios in atmospheric deposition.
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