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Abstract: In order to explore the effects of COVID-19 control measures on the concentration and
composition of PMj 5-bound polycyclic aromatic hydrocarbons (PAHs), and to better understand the
sources of PMj 5-bound PAHs, PMj; 5, samples were collected at two sites in urban and suburban areas
of Shanghai before the lockdown, during the lockdown, after the lockdown in 2020, and during the
same periods in 2019. The mass concentrations of 21 individual PAHs were determined via GC-MS
analysis. While the COVID-19 control measures significantly reduced the absolute concentration of
PMj; 5-bound PAHs, they had no significant effect on their relative abundances, indicating that the
significantly reduced traffic emission may not originally be the major source of PAHs in Shanghai. The
differences in the composition of PM; 5-bound PAHs at three different lockdown-related periods may
be caused by the gas-particle distribution of semi-volatile PAHs. The similarity in the composition of
PM; 5-bound PAHs in different functional areas and different periods brings more uncertainties to
the identification of PAH sources using the diagnostic ratios. During the lockdown period, the toxic
equivalent concentration of PM; 5-bound PAHs in Shanghai was estimated to decrease by about 1/4,
which still exhibits substantial carcinogenic risk upon exposure via inhalation.
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1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are a class of highly toxic and harmful
persistent organic pollutants in the atmosphere, with molecular structures containing two
or multiple fused aromatic rings [1-3]. PAHs are released into the environment either
from anthropogenic or natural sources. Anthropogenic sources refer to the formation of
PAHs caused by incomplete combustion and pyrolysis of coal, petroleum, gasoline, and
biomass [4-9]. The natural emission sources of PAHs mainly include volcanic eruption,
forest fire, and diagenesis, etc. [10,11]. PAHs are identified as major toxic compounds with
significant carcinogenicity and mutagenicity in an urban atmosphere [2,12,13]. Previous
studies have shown that particulate PAHs in the atmosphere primarily exist in fine particu-
late matter (PMj; 5), for which industrial processes, automobile exhaust, power generation,
waste incineration, biomass combustion, and coal combustion are the main sources of PAHs
in urban areas [14-16]. In a previous study, the total of particulate PAHs in Beijing was
found to be significantly higher (7.2 times) in the heating season (305.1 + 279.0 ng m~3,
n = 33) compared to the non-heating season (42.3 + 32.0 ng m~3, n = 31) [17]. According to
previous measurements, the abundance of individual PAHs can be several ng m~3 in PMy 5
samples collected in Shanghai [18-20]. However, due to the similarity in the composition of
PAHs generated from different combustion processes, there is still a lack of understanding
of the sources of PAHs in PMj 5 in an urban environment, which brings challenges to the
regulation of PAH emission and public health.
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In December 2019, a large number of pneumonia cases with unknown etiology were
reported in Wuhan, followed by the outbreak of COVID-19 and lockdown measures in
China [21-23]. Like other parts of the country, Shanghai launched the public health first-
level emergency response on 24th January 2020, and implemented strict control policies.
In order to control the pandemic, it was recommended to minimize unnecessary contact
and maintain social distancing. Most public places were shut down, large-scale public
activities were mostly canceled, industrial activities were reduced, and traffic activities
were also stringently regulated to the minimum mode. Management and control measures
have played a very positive role in controlling the epidemic situation, with significant
improvement in urban air quality [24-26], which created a unique window for assessing the
impact of anthropogenic activities on urban air pollution. The source and environmental
fate of PAHs are both challenging topics in the field [27,28]. The present study considers the
control measures of COVID-19 in 2020 as a large-scale air emission reduction experiment.
Taking Shanghai, one of the megacities in China, as an example, the potential impacts of
anthropogenic emission reduction on the absolute concentration and relative composition
of PAHs in PMj 5 under the control measures of COVID-19 were analyzed and discussed.
We found the absolute abundance of PAHs decreased while their relative compositions
remained at a similar level under the impact of the COVID-19 lockdown, indicating that
traffic may not be a dominant and unique source of PAHs in Shanghai. Overall, our study
shed light on the source identification of particulate PAHs in Shanghai, which further
provides scientific insights for the mitigation of urban air quality in megacities.

2. Materials and Methods
2.1. Field Sampling

In order to understand the impact of the COVID-19 lockdown on PMj 5 in different
functional regions, we collected PM; 5 samples from an urban (Pudong, PD) and sub-
urban site (Dianshan lake of Qingpu, DS) in Shanghai (Figure 1). The PD sampling
site (121.54° E, 31.23° N) is located in the center of Shanghai with a sampling height of
20 m, which is surrounded by residential and commercial areas. The DS sampling site
(120.98° E, 31.09° N) is located near Dianshan Lake with a sampling height of 10 m. It is
surrounded by a large area of vegetation and the lake and is only 1 km away from the G50
Shanghai-Chongqing highway, which is a typical suburban area. However, the DS site is
also frequently influenced by emissions from surrounding industry, which can serve as a
representative of an area with relatively poor air quality in Shanghai.
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Figure 1. Location of sampling sites in Pudong New Area and Qingpu District of Shanghai (red star).
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Samples were collected every 5 days from December 2018 to June 2019 and every
3 days from December 2019 to June 2020 using a high-volume PM; 5 sampler (Thermo-
Andersen, Franklin Massachusetts, USA) at both sites simultaneously. The sampling flow
rate was controlled to be 1.13 m® min—!. Quartz filters (QM-A, 20.0 cm x 25.4 cm, Whatman,
Buckinghamshire, UK) were used for PM; 5 sampling, and a 4 h pre-baking at 450 °C was
applied before sampling in order to remove all the volatile organic compounds (VOCs)
on the blank filter. All sample collections started at 10:00 am on the first day and stopped
at 10:00 am on the next day. In total, 215 PM, 5 samples were collected. All filters were
placed under a constant condition with 20 °C and 45% relative humidity for 24 h prior to
mass weighing.

According to the pandemic lockdown timing, sampling duration was further catego-
rized into before the lockdown period (BL, before the first level of action on 24 January 2020),
during the lockdown period (DL, during the first level action), and after the lockdown
period (AL, between March 24th when the first level action finished and 30 June 2020).
For comparison, the corresponding periods in 20182019 were denoted as bL, dL, and
aL, respectively.

2.2. Experimental Methods

The sample preparation and measurement procedure of PAH analysis can be refer-
enced in our previous work [29]. Briefly, a specific area of the filter was punched and
extracted 3 times by ultrasonication in dichloromethane at room temperature after being
spiked with a mixture of deuterated PAH standards. Each extraction lasted for 30 min.
Hexamethylbenzene was added to the extract as an internal standard prior to GC-MS
(6890/5975, Agilent, Santa Clara, CA, USA) analysis under the selected ion mode. In the
present study, 21 individual PAH compounds in PM; 5 were identified and quantified,
including phenanthrene (Phe), anthracene (Ant), retene (Ret), fluoranthene (Flu), acenaph-
thene (Ace), pyrene (Pyr), benzo[ghi]fluoranthene (BghiF), cyclopenta[cd]pyrene (CcdP),
benz[a]anthracene (BaA), chrysene (Chr), m-tetraphenyl (m-QP), benzo[b+k]fluoranthene
(BbkF), benzo[a]fluoranthene (BaF), benzo[e]pyrene (BeP), benzo[a]pyrene (BaP), perylene
(Per), dibenzo[ah]anthracene (DBahA), anthanthracene (Anth), indeno [1,2,3-cd]pyrene
(IcdP), benzo[ghi]perylene (BghiP), and coronene (Cor).

The QA/QC during the measurement of PAHs were carefully handled. Field blanks,
filter blanks and solvent blanks were determined. No target compound was found in the
blank samples. Relative response factors for standard compounds including PAHs to the
internal standard were calculated. The mean recovery efficiency for all PM; 5 samples was
61% =+ 12% for Nap-d8, 71% =+ 10% for Ace-d10, 78% =+ 13% for Phe-d10, 85% =+ 15% for
Chr-d12, and 84% =+ 12% for Per-d12, respectively.

2.3. Potential Toxicity of PAHs

The toxic equivalency factor (TEF) can be used to estimate the toxicities of PAHs
in PMj 5 samples [30-32]. Among all types of PAHs, BaP was recognized as a reference
compound due to its high carcinogenic potential, and the carcinogenicity of a specific PAH
is calculated relative to BaP [33-35]. By adopting the method recommended by the World
Health Organization (WHO), the benzo[a]pyrene equivalent (BaPeq) of each specific PAH
can be calculated using Equation (1).

BaPeq = ) C; x TEF; (1)

where C; is the concentration of a specific PAH (ng m2) and TEF; stands for toxic equiva-
lency factor. In the current work, the TEF; was set as 0.001 for Phe, Flu, Ace, Pyr, Ret, BghiF,
CcdP, BaF, Per, Anth, Cor, and QP; 0.01 for Ant, Chr, BeP, and BghiP; 0.1 for BaA, BbkF, and
IcdP; 1 for BaP and DBahA, respectively.
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Based on the estimated BaPeq, the incremental lifetime cancer risk (ILCR) can be
calculated using the following equation:

ILCR = BaPeq X URpap )

where URg,p is the unit cancer risk (ng m~3)~1. The WHO recommended the ILCR
value is 8.7 x 1075, representing an occurrence of 87 more cancer patients in 1 million
people when the BaP exposure level increased by 1 ng m~3 within a normal whole lifetime
(70 years). It has been defined as low cancer risk for ILCR < 10~°, potentially medium
cancer risk for 107¢ < ILCR < 1074, and relatively high cancer risk for ILCR > 104 [36].

3. Results and Discussion
3.1. Impact of Lockdown Measures on ZPAHs

During the BL, DL, and AL stages, there was a strong correlation between the total
PAH concentration (XPAHs) in PM, 5 at the PD and DS sites. The correlation coefficients are
0.89, 0.85, and 0.87, respectively. At the same time, a strong correlation (r > 0.90) was found
between the PM; 5 concentrations at the two monitoring sites, indicating that PM; 5 in
Shanghai has strong regional pollution characteristics. The sources of PAHs at the two sites
are similar or the influencing factors could be similar. Meanwhile, noticeable differences in
the concentration of ZPAHs between the two stations were observed. The concentration
of XPAHs at the DS station was significantly higher than that at the PD station (Table 1),
which is statistically significant (p < 0.05), indicating that the anthropogenic pollution at
the DS station was significantly higher than that at the PD station. The concentration
of PAHs in this study is lower than what has been observed in Shanghai from 2014 to
2017 [37,38], which is consistent with the fact that the air quality in Shanghai is improving in
recent years.

Table 1. PAHs concentrations at Pudong and Qingpu sites.

Periods bL BL dL DL aL AL
Conc. (ng/m3) 5.63 + 3.96 6.24 + 4.06 442 +1.40 3.38 +£243 1.85 +1.05 1.46 = 0.95
PD P/P variation 2 0.79 0.54 0.33 0.23
Y /Y variation P 1.11 0.76 0.79
Conc. (ng/m3) 8.82 +7.27 8.89 + 6.25 6.58 + 2.38 4.64 +2.58 2.76 £ 2.16 2.70 £ 2.04
DS P/P variation 0.75 0.52 0.31 0.30
Y /Y variation 1.01 0.70 0.97

2 P/P variation means the relative concentration in the lockdown period and the recovery period to what was
measured in the before lockdown period, respectively. P Y/Y variation is the ratio of concentration measured in
each period during 2020 to the same period in 2019.

The concentration of PAHs in PM; 5 had obvious temporal changes during the three
stages in 2019 and 2020, namely, BL > DL > AL (Table 1), which is mainly due to the change
of the atmospheric boundary layer height caused by temperature change [39]. It should be
noted that the three observation periods (BL, DL, and AL periods) are the transition periods
from winter to summer in Shanghai. With the increase in temperature (from an average of
about 8 °C before the epidemic to an average of about 21 °C during the recovery period),
the height of the atmospheric boundary layer increases, and the concentration of PAHs
decreases. The above temporal changes also indicate that it is not enough to only look at
the changes of pollutant concentration in different stages of the year when investigating
the impact of epidemic control measures on air quality, and it is also necessary to compare
with the same period without the epidemic, such as 2019.

The average concentration of total PAHs () PAHs) was measured to be 3.38 ng m3
during the DL period at the PD site, compared with 4.42 ng m~3 measured during dL in
2019, a decrease of 24% was observed (Table 1). Within the same year, the } PAHs during
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the dL period were found to be 21% lower than the bL period in 2019, while they were
found to decrease by 46% from BL to DL in 2020. The decrease in the concentration of =
PAHSs in the 2020 DL phase was found to be significantly greater than that in the 2019 dL
phase. The level of } PAHs was generally higher at the DS site compared to the PD site.
The temporal variation of the concentration of XPAHs at the DS station showed consistency
with the PD station. The measured ) PAHs at the DS site were found to undergo a reduction
of 29% compared to the same period in 2019. According to the results of an independent
t-test analysis, the difference in } PAHs in 2019 and 2020 was only significant between the
dL and DL period (p < 0.05) at both sites. Thus, conclusions can be made that the COVID-19
lockdown measures led to a significant reduction in the total concentration of particulate
PAHs in Shanghai.

Traffic was the emission source mostly affected by the COVID-19 lockdown in the year
2020, which may be responsible for the significant decline in } ' PAH observed during DL at
both sites. According to the information from the Shanghai Municipal Bureau of Statistics,
the number of passengers in railways, harbors, highways, and airports from February to
May 2020 was found to have significantly decreased by 92%, 83%, 71%, and 59% compared
to the same period in 2019. At the same time, some industrial activities are relatively less
affected by the epidemic control strategies. From January to March 2020, the decline of the
total industrial output value of electronic power, heat, gas production and supply, chemical
raw materials, and chemical products manufacturing industries was found to be less than
10%, and the communications, electronic equipment manufacturing, and metal smelting
and processing industries were only slightly affected [40]. As a result, the configuration
of air pollution emission sources in Shanghai changed significantly during the lockdown
period. The impact of such emission variation on the particulate PAHs composition will be
discussed in the following section.

3.2. Lockdown Impact on the Composition of PAHs
3.2.1. Variation of PAH Monomer Distribution

BbkF was found to be the most abundant PAH monomer during the whole sampling
period, while Phe, Flu, Pyr, Chr, BeP, IcdP, and BghiP were found to be other monomeric
PAH compounds with relatively high contents in PMy 5 (Figure 2), exceeding 75% of
>PAHs. Such a finding is consistent with the reported PAH composition in Shanghai
and the Yangtze River Delta ambient particles [37,38]. The maximum concentration of
strongly carcinogenic monomer BaP was measured to be 1.2 ng m 2, which is lower than
the standard limit of 2.5 ng m~2 of the daily average value listed in the Ambient Air
Quality Standard (GB3095-2012). Except for QP and Cor, the concentrations of different
PAH monomers were found to be significantly correlated with the concentration of XPAHs
(r > 0.85, p < 0.01), indicating that the composition of PAHs in Shanghai was relatively
stable during the observation period.

As indicated in Figure 2, although the relative content of QP and Cor changed signifi-
cantly in the DL and AL stages, the relative distributions of PAH monomers (percentage of
PAHs monomer concentration in XPAHs concentration) during the three observation peri-
ods in 2019 (bL, dL, and aL) and 2020 (BL, DL, and AL) are very similar, which is consistent
with the correlation between PAHs monomer and >PAHs. QP has been reported to be an
indicator of waste incineration [41]. The relative content of QP during the DL phase at the
PD site was measured to be 2 times higher than what was measured during the dL phase,
and the relative content of QP during the AL phase was measured to be 1.4 times higher
than what was measured during the al. phase. Such an increase in the relative content of
QP during the DL stage indicated an enhancement in the potential impact of unorganized
sources such as waste incineration. However, future evidence should be provided in order
to confirm this phenomenon. The relative content of Cor had similar variations at both
sites. Taking the PD site as an example, the relative content of Cor during the DL phase
was measured to be 39% of that during the dL phase, and 65% when comparing the AL to
the aL phase. It should be noted that Cor can be used as an indicator of vehicle exhaust [42].
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In combination with strict traffic control measures during the pandemic lockdown, the
sharp decline in the concentration of Cor indicates a significant decrease from motor vehicle
emissions, which also reflects that other PAH monomers may be a poor indicator for traffic
emissions. The highly consistent distribution of PAH monomers during different periods
in 2020 and 2019 illustrates that lockdown measures had a negligible impact on the relative
composition of particulate PAHs in Shanghai.

PD-2019 PD-2020 o— DS-2019 —a— DS-2020
25
bL and BL
20
15 1
X

25

20+

154
=X

10

dL and DL

al and AL

Figure 2. Relative concentrations of PAHs monomers during three stages at PD and DS.

By comparing the distribution of PAH monomers during the three stages in the same
year, the major difference in PAH composition at different stages was mainly manifested in
the relative content of low molecular-weight PAHs (LMW PAHs, with molecular weight
less than 228 Da.). During the AL period, the relative content of LMW PAHs was found
to be lower, while the relative content of high molecular weight PAHs (HMW PAHs, with
a molecular weight greater than 252 Da.) was found to be significantly higher compared
to the BL and DL stages. Taking DS as an example, the LMW /HMW ratios during BL,
DL, and AL periods were 0.80, 0.76, and 0.56, respectively. This trend may be attributed to
the varied gas-particle partitioning of semi-volatile PAHs under the impact of increasing
temperature [29,43]. LMW PAHs are more volatile, and tend to stay in the gas phase when
the temperature rises. Therefore, the increase in the relative particulate content of HMW
PAHs during the recovery period after the pandemic lockdown may be attributed to the
enhanced ambient temperature, instead of the variation of the emission source, such as the
recovery of vehicle exhaust.

3.2.2. Variation of the Aromatic Ring Distribution

Figure 3 indicates the relative concentration of PAH monomers with different benzene
rings in PM; 5 during different observation periods, among which PAHs with four and
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five rings are the dominant species (accounting for 30—40% of total particulate PAHs mea-
sured) while three-ring and six-ring PAHs constituted a less significant fraction
(10-20% of the total particulate PAHs measured). The overall distributions of PAHs look
similar at the PD and the DS site, while four-ring PAHs were found to be less abundant
(around 10%) and five-ring PAHs were found to be more abundant (around 10%) at the
DS site compared to PD, illustrating the impact of local sources on the composition of
PAHs in Shanghai. This is consistent with the significant difference observed in the PAH
concentrations between the two sites. As indicated in Figure 3, the distribution of the
ring number of PAHs exhibits annual consistency comparing 2019 to 2020. For exam-
ple, the relative abundances of PAHs with three to four rings were observed to follow
DL > BL > AL at both the PD site and the DS site. However, the differences observed for
the relative abundance of three- to four-ring PAHs across the three observation periods
were not statistically significant, indicating that the slight enhancement of PAHs with three
to four rings during the DL period may not directly benefit from the traffic and industrial
lockdown due to the pandemic.

B 3-ring B 4-ring B 5-ring M 6-ring

100%

90%

80%

70%

60%

50%

40%

30%

20%

AN

=
\
\
\

10%

0% T T
bLBL dLDL aLAL bLBL dLDL aLAL

Figure 3. Relative contribution of PAHs with different number of benzene rings in each period from
2019 to 2020.

As discussed above, the abrupt change in anthropogenic emission, especially traffic
emission, during the pandemic lockdown didn’t directly result in significant variations in
the PAH composition, which is consistent for different zones with different pollution levels
in Shanghai (i.e., PD vs. DS). The result of the current study suggests that traffic might not
be the major source of PAHs in Shanghai nowadays. Alternatively, PAHs in PM; 5 from
different emission sources in Shanghai might have similar compositions.

3.3. Impact of Lockdown on PAHs Sources

Previous works put forward that specific diagnostic ratios between PAH monomers
can be used to indicate the source of PAHs in the ambient air [44,45]. For example, PAHs
emitted from the traffic source were normally identified with the Flu/(Flu + Pyr) < 0.5,
while Flu/(Flu + Pyr) > 0.5 and IcdP/(IcdP + BghiP) > 0.5 are indicators for PAHs emitted
from coal/biomass burning [46]. Figure 4 illustrates the distribution of Flu/(Flu + Pyr)
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and IcdP/(IcdP + BghiP) at the PD and DS sites. The distribution of the Flu/(Flu + Pyr)
ratio indicates that the major source of PAHs during the three different observation peri-
ods is coal /biomass burning for both monitoring sites. However, the distribution of the
IedP/(IcdP + BghiP) ratio indicated that traffic emission might also be the dominant emis-
sion source during the three observation periods at both sites. Positive matrix factorization
(PMF) analysis has been widely applied to identify the source of PAHs in PM; 5 [47]. In a
previous study, coal burning (30.5%) and gasoline engine emission (29.0%) were identified
by source apportionment as the two major sources of PAHs in PM; 5 samples collected in
Shanghai [20]. More recently, the major sources for particulate PAHs in Shanghai were
identified to be vehicle emissions and coal or biomass combustion using PMF [19]. Though
the physicochemical characteristics of the above-mentioned PAH monomers are similar,
certain differences still exist in the volatility and thus the gas-particle partitioning behaviors
among individual PAH compounds. The contradictory indication from the PAH diagnostic
ratios above suggests that caution should be taken while using those ratios for PAH source
identification in future studies.

0.7 T 0.7 T
1 1
PD : Coal/biomass burning DS : Coal/biomass burning
1 1
= 0.6 | = 0.6- |
% : % :
/M I m I
& | a |
50.5— ————————————— :——-— 50.5- ————————————— { e o i
g m A = o Aﬁo
E | E LT
0.4 : 0.4 : BBL
| A ! ADL
Vehicle emission : Vehicle emission : o dL
0.3 T T T 0.3 T T T
0.3 0.4 0.5 0.6 0.7 0.3 0.4 0.5 0.6 0.7
Flu/(Flu+Pyr) Flu/(Flu+Pyr)

Figure 4. Source identification plots for Flu/(Flu + Pyr) and IcdP/(IcdP + BghiP).

As illustrated in Figure 4, the characteristics of PAHSs in the DL period exhibited no
significant difference from other periods. The sudden drop in traffic activities during the
lockdown period in Shanghai did not impact the characteristics of local PAH composition
significantly, which reflected that most of the PAH monomers may not be representative
enough to be used for traffic emission indicators in this region except for coronene. As
a result, except for some typical scenarios, it is currently challenging to judge the source
of PAHs merely based on their chemical compositions, which potentially share many
characteristics in common with different emission sources in urban regions.

3.4. Health Risk Evaluation of PAHs

PAHs and their derivatives in the atmosphere, especially nitrated and oxygenated
PAHs, are known to be carcinogenic and mutagenic, leading to significant adverse health
outcomes upon exposure [48-52]. Given their lipophilic molecular specialty, PAHs can
directly penetrate the phospholipid bilayer of the cell membrane [53]. Acting as ligands for
aryl hydrocarbon receptor (AhR), PAHs can also activate AhR and upregulate cytochrome
P450 (CYP) metabolizing enzymes to initiate the redox-cycling metabolism and produce
reactive oxygen species (ROS) [54]. Both the primary and secondary PAH content in urban
ambient particles were found to be associated with the level of inflammatory cytokines
(e.g., IL-2, IL-6, and IL-8) [51,55]. A previous study observed that the expression of cellular
heme oxygenase-1 (HO-1), a sensitive marker for oxidative stress, is directly correlated
with the high PAH content of ultra-fine particles [56].
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As indicated in Table 2, the BaPeq during the 2020 lockdown period was found to
decrease by 23% and 24% compared to the dL period in 2019 for the PD and DS site,
respectively. However, the pandemic lockdown measurement did not exert significant
impacts on the composition of PAHs in PM; 5 at both sites. PAHs with the most significant
BaPq values were consistently found to be BaP, BbkF, DBahA, IcdP, and BaA across all
three observation periods for both sites, among which BaP contributed more than 45% of
the estimated BaPeq.

Table 2. BaPeq and ILCR in different periods in Shanghai.

Periods bL BL dL DL aL AL

PD BaPeq (ng/m3) 0.38 0.52 0.32 0.25 0.14 0.11
ILCR (10_5) 3.33 4.53 2.82 2.16 1.24 0.92

DS BaPeq (ng/ md) 0.71 0.77 0.52 0.40 0.23 0.24
ILCR (10*5) 6.19 6.74 4.53 3.44 2.01 2.11

During the COVID-19 lockdown period, the estimated ILCR was found to be within
the range of 3.8 x 1076~9.5 x 1075 upon inhaling PAHs in Shanghai, indicating a potential
cancer risk. Due to the COVID-19 lockdown measurements, the ILCR at the PD and the DS
site was estimated to be 2.16 x 107°~3.44 x 107, respectively, with a decrease of around
25%. Our observation indicated that even with the first level public health alert, exposure
to PAHs can still potentially cause cancer risks. More strategies should be designed in order
to control PAH-related pollution and the corresponding health risks in the future.

4. Conclusions

PAHSs are major hazardous semi-volatile organic species in the urban atmosphere,
with both carcinogenic and mutagenic health effects on the residential population. In this
study, PM; 5 samples were collected during three stages in 2019 (bL, dL, and aL) and 2020
(BL, DL, and AL) in order to analyze the potential impacts of the COVID-19 lockdown on
the content of particulate PAHs. Overall, 21 different types of PAHs were characterized
using the GC-MS method. Major conclusions of the current work include: The abundance
of PAHs in PM; 5 decreased significantly during the pandemic lockdown while the relative
abundance of different PAH monomers remained similar during three observation period
(BL, DL and AL) in 2020 compared to the same periods in 2019. The relative abundance
of low molecular weight PAHs decreased significantly during the AL period compared
to the previous observation periods (i.e., BL and DL), which might be resulted from the
warming temperature effect on the gas-particle partitioning of semi-volatile PAHs. Based
on the results from specific diagnostic ratios between PAH monomers, both vehicular and
coal/biomass burning could be potential sources of PAHs during the observation periods
in Shanghai. The similarity of the composition of PAHs in terms of different areas and
periods in Shanghai may bring significant uncertainties to the source identification of PAHs.
During the COVID-19 lockdown, the BaP equivalent toxicity was observed to decrease
by 24% compared to the period before the lockdown. Despite this, exposure to such PAH
levels can still potentially lead to significant cancer risk in the exposure population. As
a result, more specific source identification methods for PAHs should be investigated
and more stringent strategies for the mitigation of PAHs in urban areas are warranted in
future investigations.
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