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HIGHLIGHTS

o Comparison of one-year EBC data from two semi-rural sites close to an oil pre-treatment plant (COVA) .

o Higher concentrations of pollutants from COVA emissions at the site closer to the plant.

o Additional domestic heating source at Grumento identified via AAE analysis.

e A procedure to identify the contribution of transboundary biomass burning.

e Double value of Passively liSmoked Cigarettes (2.8) obtained at COVA plant compared to Grumento (1.4) .

ARTICLE INFO ABSTRACT

Keywords: One-year-long data (October 2017-October 2018) of the equivalent black barbon (EBC), absorption ;\ngstrém

E‘_lu“’alent black carbon exponent (AAE), and gaseous compound concentrations in two semi-rural sites in the Agri Valley, Southern Italy,

2_11 plar{f were analyzed. This study aimed to assess the effects of combustion emissions on the air quality and people’s
ir quality

health in these sites. The first measurement site, VZI, is located close to the plant, whereas the second is in
Grumento, one of the towns at the edge of the valley, approximately 3 km away from the COVA. The emissions
mainly originate from the biggest European on-shore pre-treatment plant of crude oil, the Centro Olio Val d’Agri
(COVA), which hosts three incinerators and three torches continuously burning. EBC and gaseous pollutants from
the COVA mainly affect the area close to the plant. A reduced effect is observed in Grumento where the AAE
analysis highlighted the contribution of local domestic heating as an additional source during the cold season.

A procedure combining EBC measurements, high-resolution fire satellite visible/infrared imaging radiometer
(VIIRS) data, and hybrid single-particle Lagrangian integrated trajectory (HYSPLIT) back-trajectories allowed the
identification of the measurement days influenced by both regional and transboundary transport of biomass
burning emissions. The identified days were mostly in July, August, and October 2018. The comparison between
EBC and PMjy 5 data, only available for the Grumento site, showed a good correlation (R®>=0.60na yearly basis),
revealing the relevant contribution of the EBC to the fine particulate matter at the site. Finally, a risk commu-
nication methodology was applied to associate the number of daily passively smoked cigarettes (PSC) to the
measured EBC concentrations. The daily PSC were 2.8 for VZI, and 1.4 for Grumento, which are closer to the
results at the remote sites (0.7) than those at the urban sites (10.1< PSC< 159.0).

Biomass burning
Passively smoked cigarettes

itself could influence the planetary boundary level (PBL) meteorology,
enhancing haze pollution, and Talukdar et al. (2019) verified that, an

1. Introduction

Carbonaceous particles, generally called Black Carbon (BC), are a
byproduct of incomplete combustion processes and are recognized to
play a crucial role in climate change, owing to their absorption of solar
radiation. Bond et al. (2013) calculated that they account for a total
climate forcing of +1.1 Wm2, Ding et al. (2016) demonstrated that BC
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increase in surface BC could affect the lower tropospheric instability.
The typical dimension of BC particles (d < 2.5 pm) favors their transport
from sources to remote areas. Xu et al. (2017) found that tropospheric
BC in the Arctic was strongly affected by the anthropogenic emissions
from eastern and southern Asia. Popovicheva et al. (2017) investigated
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the role and identified the sources of BC at high northern latitudes by
analyzing data from a ship measurement campaign. They found that gas
flaring from the Yamal-Khanty-Mansiysk and Nenets—Komi regions has
the largest contribution to the BC concentrations measured near the
Kara strait. It is worth highlighting that BC deposition in the Arctic
causes a reduction in the snow albedo and faster snow melting (Evans
et al., 2017). During its lifetime cycle, BC can be covered by organics,
bring sulphates and/or metal particles (Lettino et al., 2017; Bhandari
etal., 2019) and seriously affect human health. In their review, Rohr and
Wyzga (2012), suggest paying special attention to the carbonaceous
component of particulate matter (PM), which is considered one of the
major contributors to diseases.

Despite the established effects of BC on climate, air quality and
health, no regulatory limits of the BC concentration exist in Europe.
Furthermore, few long-term data-sets of BC concentrations in Europe
and the Mediterranean region have been published; some can be found
in Querol et al. (2013), Sandrini et al. (2014), Calvello et al. (2015), and
Kutzner et al. (2018).

In this study, we analyzed, compared, and discussed one-year EBC
measurements collected simultaneously in two sites in the Agri Valley, a
semi-rural area in Southern Italy. This area hosts few villages and the
biggest European on-shore pre-treatment plant of crude oil in a popu-
lated area. One measurement site is close to the plant, and the other is in
one of the villages located on the edge of the valley. In addition to local
sources, the possible transport of carbonaceous particles originated by
biomass burning and/or flaring phenomena was considered by applying
a suitable procedure to both data-sets. The analysis allowed the evalu-
ation of the effect of EBC’s local sources on both sites. The sources were

Atmospheric Environment 233 (2020) 117532

the oil plant and vehicular traffic in one site, and the oil plant and do-
mestic heating in the other site. Finally, to assess the potential health
risk associated with the EBC concentrations measured at the two sites,
the EBC concentrations were converted into PSC values, via the method
developed by Van der Zee et al. (2016).

2. Measurements, sites, and methods

The Agri Valley covers an area of approximately 1400 km?, in the
Basilicata region (Southern Italy). It is surrounded by the Agri Valley
and Lagonegrese National Park. Few towns are located in the valley,
hosting approximately 50,000 inhabitants. Agriculture had been the
main activity until 1996, when drilling activities began and the biggest
European on-shore pre-treatment plant of crude oil (180.000 m?), the
COVA plant, managed by ente nazionale idrocarburi (ENI) Italian
company, was built. Currently, 24 oil wells producing 104.000 oil bar-
rels per day are active in this area. The plant continuously emits BC from
three security torches and three incinerators. An additional source of BC,
as described in Calvello et al. (2014), is the SS598 national road (2900
vehicles per day, https://www.stradeanas.it/sites/default/files/Anas%
20Dati%20TGMA%202017.pdf) running 1 km away from the COVA.
During winter, another BC source could be domestic heating from the
urbanized sites.

The peculiar characteristics of this area, where the oil plant is nearby
some villages, suggested to focus on the analysis of continuous EBC
concentrations measurements in VZI (40.31° N, 15.89° E, 594 m a.s.1.), a
site very close to the COVA, and Grumento (40.29° N, 15.89° E, 746 m a.
s.l.), a village on one edge of the valley. Measurements of gaseous

Fig. 1. Locations of the measurement sites in the Agri Valley.
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pollutants and meteorological parameters from the Regional Agency for
the Environment of Basilicata (ARPAB) were also considered to support
the EBC measurement analysis in both sites. In Fig. 1, the area hosting
the COVA plant together with the measurement sites and the ARPAB
stations are shown. The EBC measurement sites are approximately 2800
m away from each other in a straight line, whereas the reference ARPAB
stations are far approximately 900 and 350 m away from VZI and from
Grumento, respectively. The data were collected from October 2017 to
October 2018.

The ARPARB stations provide hourly mean concentrations of gaseous
pollutants, such as sulfur dioxide (SO3), carbon monoxide (CO), nitrogen
dioxide (NO3), hydrogen sulfide (H3S), methane (CHy4), non-methane
hydrocarbons (NMHCs) and benzene (CgHg) which were considered in
this study. The ARPAB stations also provide the main meteorological
parameters (temperature, relative humidity, wind velocity and direc-
tion). In addition, the Grumento ARPAB site only provides measure-
ments of PMy s and PM;q. Details on the ARPAB instruments can be
found in Calvello et al. (2014).

EBC data were obtained with two MAGEE aethalometers (AE33
model) equipped with seven lamps (A = 370, 470, 520, 590, 660, 880,
950 nm), whose emitted radiation is attenuated by BC particles depos-
ited on a quartz fiber filter. According to the MAGEE manufacturer, the
mass absorption cross-section (MAC) is 7.77 ng'l at 880 nm and is
inversely dependent on the wavelength. Atmospheric particulate matter
was sampled using a PM, 5 head, with a measurement time resolution of
1 min, although the analysis of both EBC data-sets was performed on an
hourly basis. It is worth noting that the new seven-wavelength aethal-
ometer (AE33 model) avoids the shadowing effect owing to the dual-
spot technology (Drinovec et al., 2015) employed. The VZI and Gru-
mento data-sets contain measurements from 348 to 384 days, respec-
tively. A best-fit technique was applied to the absorption coefficients
0a(M), to provide the estimate of the AAE and its variations to obtain
information on different combustion processes (Esposito et al., 2012;
Ran et al., 2016).

The EBC data-sets were also considered for the application of a
suitable procedure (Castagna et al., 2019) that combines EBC mea-
surements, high resolution VIIRS satellite data (Schroeder and Giglio,
2015) and HYSPLIT back trajectories (Stein et al., 2015) to investigate
the possible influence of the transport of biomass burning and flaring
pollutants on the EBC content at the measurement sites.
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The EBC concentrations measured at both sites were also considered
to assess the potential health risk, following the communication risk
methodology developed by Van der Zee et al. (2016). This methodology
associates the estimated risk from EBC exposure to that from PSC for
four outcome measures, namely: low birth weight, decrease lung func-
tion (FEV1), cardiovascular mortality and lung cancer, averaged with
suitable weight factors to obtain a single factor used to convert EBC
concentrations into PSC.

3. Results and discussions
3.1. EBC data-sets analysis at VZI and Grumento sites

Fig. 2a and b shows the daily mean values of EBC and AAE at the VZI
and Grumento sites. At first glance the EBC values in VZI are system-
atically higher than in Grumento, suggesting a stronger impact of the
COVA emissions in the area close to the plant, as it would be expected.

Similar patterns of EBC concentrations underlined by black ellipses
with different relative intensities, can be recognized at both sites,
highlighting the different impacts of the COVA plant emissions in that
area, owing to the pollutant diffusion effect. A substantial difference in
the AAE parameter behavior is observed depending on the site: an
evident seasonal pattern with higher values during winter is observed in
Grumento but not VZIL.

The most common statistical parameters (mean and standard de-
viations) were calculated for both EBC and AAE on a yearly time scale
and for cold (October-March) and warm (April-September) seasons, as
reported in Table 1. In VZI significantly higher EBC values were recor-
ded for the warm season, as previously assessed for the years 2011-2013
(Calvello et al., 2015), whereas no significant seasonal difference was
found in Grumento. In contrast, the AAE does not show substantial
differences in VZI, with a yearly average value of 1.27 + 0.12, which is
close to the value of 1.2 reported by Lack and Langridge (2013) for BC
coated with significant amounts of organic matter. The slightly higher
value of 1.34 + 0.12 in the cold season, partly due to the meteorological
conditions favoring BC coating, is comparable to the value of 1.4 ob-
tained by in-situ aircraft EBC measurements of flare plumes in the
Bakken formation in North Dakota (Weyant et al., 2016). On the other
hand, a considerable difference between warm (1.33 + 0.20) and cold
(1.99 + 0.17) seasons is observed in Grumento. These values suggest
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Fig. 2. Daily mean EBC (a) and AAE (b) values in VZI and Grumento. In (a), the dotted black line represents the 75° percentile calculated over the entire data-set.
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Table 1
Main statistical parameters for EBC (a) and AAE (b) in VZI and Grumento for the
whole data-set and for cold and warm seasons.

a) EBC Mean (ng/ SD (ng/ Min. (ng/ Max. (ng/
m®) m®) m®) m®)
VZI Year 867 411 160 2408
Cold 806 427 160 2055
Warm 931 399 320 2408
Grumento  Year 421 186 88 1188
Cold 404 179 110 1188
Warm 403 152 88 735
b) AAE Mean SD Min. Max.
VZI Year 1.27 0.12 0.92 1.60
Cold 1.34 0.12 1.06 1.60
Warm  1.22 0.11 0.92 1.53
Grumento Year 1.61 0.37 0.95 2.42
Cold 1.99 0.17 1.44 2.42
Warm  1.33 0.20 0.95 2.14

that, during the cold season, the local residential biomass combustion is
the dominating BC source in Grumento. Similar AAE values were in fact
attributed to wintertime biomass burning at several sites worldwide
(1.68 < AAE<1.82) by Dumka et al. (2019), Martinsson et al. (2017),
Mousavi et al. (2019), Zhang et al. (2017), and Zotter et al. (2017).

A correlation between the two data-sets was observed, considering
both hourly mean and daily mean EBC values, as illustrated in Fig. 3 a-d.

These plots indicate different correlations depending on the time
scale. For hourly mean data a poor correlation is found (R? = 0.19) due
to the time-shift in the EBC patterns in Grumento compared with the
COVA area. For daily mean data, a better correlation is observed as a
result of a probable BC dilution over the valley over the day (R? = 0.46).
An improved correlation is obtained considering the cold (Octo-
ber-March) and the warm (April-September) seasons. The correspond-
ing scatter-plots are reported in Fig. 3¢ and d where the correlation
coefficients are R? = 0.61 and R? = 0.46, respectively.

An ad-hoc procedure (Castagna et al., 2019) was applied to the EBC
data-sets to verify the influence of transported biomass burning and/or
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flaring emissions. To this end, a subset of measurement days fulfilling
the condition of EBC peaks higher than the 75th percentile (VZI 1122
ng/m>, 87 days out of 348; Grumento 528 ng/m5, 83 days out of 384)
were considered. For these days, the VIIRS thermal anomalies were
overlapped with the calculated HYSPLIT back-trajectories (ending point
500 m) arriving in VZI and Grumento under the following constraints:
the back-trajectory must have moved into the boundary layer when
overpassing the fire, and its distance from the fire must have been < 750
m (1°). The result is a list of hotspots (fires and flaring emissions)
potentially contributing to the measured EBC intense load, together with
the map of the back-trajectories and intercepted fires. HYSPLIT
back-tajectories calculated for both the measurement sites gave very
similar results: July, August, and October 2018 were identified as the
months most affected by biomass burning emissions occurring at both
local (Southern Italy) and non-local scale (Eastern Europe). In a limited
number of cases, the flaring emissions from the COVA, North African
(Algeria and Libya), and Sicilian refineries were detected. Some exam-
ples of the output maps of the procedure for the VZI site are reported in
Fig. 4 a-c. It is worth to note that the same results were obtained for the
Grumento site.

3.2. EBC and air quality

Based on the gaseous pollutant concentrations and wind speeds and
directions measured by ARPAB, an overview of the gaseous emissions in
VZI and Grumento is presented in Fig. 5 a-f, where bivariate polar plots
centered over the ARPAB stations receptor sites, for CgHg, H3S, SO,
CH4, NMHC, and NO» are shown. For VZI, almost all pollutants show the
highest concentrations for wind blowing from the COVA direction (W,
N-W). In the case of NO,, increased concentrations correspond to wind
blowing from W/S-W, implying the additional contribution of traffic
from the main road SS598.

Considering that the plots in Fig. 5 a-f have the same scale for both
sites, higher concentrations of gaseous pollutants are evident in VZI,
confirming a stronger influence of the COVA emissions on air quality in
the proximity of the plant. In Grumento, a more homogeneous
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Fig. 3. a) Hourly (VZI vs. Grumento sites) EBC scatter-plot for the whole data-set. b) Daily EBC scatter-plot for the whole data-set. ¢) Daily EBC scatter-plot for the
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Fig. 4. Examples of output maps of the procedure. Detection of a) flaring from Algerian refineries on March 16, 2018 (the image on the right was obtained from
Google Earth), b) regional and transboundary biomass burning on October 21, 2018, c) regional fires on August 11, 2018.

distribution of pollutants is observed, except for SO, and CH4 which
show slightly higher values in correspondence of Northerly winds
coming from the COVA.

The correlation between EBC and PM, 5 data were calculated only for
the Grumento site, where PM, s and PM; o measurements were available.
The average yearly PM; 5 to PM; ratio is 58% which remains constant
also when considering the cold and warm seasons. This result suggests
prevailing fine particles regardless of the period of the year due to the
combined influence of sources from the COVA area, local sources (do-
mestic heating during the cold season and increased local vehicular
traffic during summer), and transported biomass burning/flaring prod-
ucts. These results are confirmed by the high correlation observed be-
tween daily EBC and PM, 5 data, as presented in yearly (R? = 0.6) and
seasonal (R? = 0.63 cold season, R? = 0.55 warm season) scatter-plots of
Fig. 6 a-c.

In most cases of high PMj5/PM;q ratio (>70%), the EBC peaks
exceeded the 75th percentile (528 ng/m>), confirming that the PMjy 5
increase was directly related to the increase in BC which, therefore, can

be considered one of the main components of fine particulate matter.
Among all cases, three were considered to describe this effect on the air
quality in Grumento: on January 14, 2018 (PMy 5/PM;o = 83%, EBC =
655 ng/m®) with domestic heating probably dominating BC emissions;
on August 23, 2018 (PMy5/PM;o = 94%, EBC = 691 ng/m>) when a
local festival caused an augmented vehicular traffic; and on October 14,
2018 (PM35/PM19 = 79%, EBC = 972 ng/m?’) when transported
biomass burning byproducts reached the site, as verified by the above-
mentioned procedure. Fig. 7 shows the output of the procedure for
October 14, 2018, revealing the presence of numerous fires along the air
mass pathway over Eastern Europe.

3.3. EBC and health risk communication methodology

Owing to the lack of a legislative limit of the BC value, the effective
communication of the possible impacts of BC on health is still a chal-
lenging task. Van der Zee et al. (2016) addressed this issue by proposing
a risk communication methodology whereby the effects of some air
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Fig. 5. Polar plots at the receptor sites (VZI and Grumento) of gaseous pollutants (a) CeHg, (b) HaS, (c) SOz, (d) CH,4, (e) NMHC and (f) NO,, typical of both COVA and

vehicular traffic emissions.
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Fig. 6. Scatter plots of PM; s vs. EBC measured over the year (a) and for cold (b) and warm (c) seasons at Grumento.

pollutants (NO3, PM3 5 and BC) on health are converted in the number of /archivio/202040), instead of the value of 14 used by Van der Zee
daily PSC that have those effects. The authors considered the health et al. (2016). The results are listed in Table 2 together with the number

outcomes strictly related to both tobacco smoke exposure and air of daily PSC calculated in other sites in the world (Van der Zee et al.,
pollution: low birth weight, decreased lung function, cardiovascular 2016 and Wu et al., 2018). The PSC value calculated in VZI is twice that
mortality and lung cancer. Following the calculation of Van der Zee et al. calculated in Grumento, indicating a stronger effect of anthropogenic
(2016), the EBC concentrations in VZI and Grumento were expressed activities on air quality close to the emission site. These values are much
into daily PSC assuming an average number of 11.3 smoked cigarettes more similar to that obtained at the remote site of Ny Alesund than those

per day in the Basilicata Region (Istat, 2016, https://www.istat.it/it obtained in other urban sites worldwide.
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Fig. 7. Output of the procedure detecting the influence of biomass burning on
EBC concentrations measured on October 14, 2018. The 500 m a.g.l. back
trajectory, moving within the boundary layer, intercepts many fires.

Table 2
Estimated PSC corresponding to the EBC values measured in this and previous
works.

Site Reference # Passively Smoked
Cigarettes
VZI - Italy This work 2.8+22
Grumento - Italy This work 14+1.1
Amsterdam-Netherlands Van der Zee et al. (2016) 10.1 +1.8
Karachi - Pakistan Wu et al. (2018) 159.0 + 119.5
Tijuana - Mexico Wu et al. (2018) 83.0 + 62.3
Dakar - Senegal Wau et al. (2018) 60.5 + 45.5
Granada - Spain Wu et al. (2018) 33.3+25.1
Milan - Italy Wu et al. (2018) 24.1 +£18.1
Xining - China Wu et al. (2018) 11.1 + 8.3
Ny Alesund - Norway Wu et al. (2018) 0.7 £0.5

4. Conclusions

BC and its effects on both air quality and health in two semi-rural
sites in the Agri Valley (Southern-Italy) were studied over a one-year
period. The first site, VZI, is close to the biggest European on-shore
pre-treatment plant of crude oil, whereas the second, Grumento, is one
of the villages of the valley. The main achievements of this study can be
summarized as follows:

e Daily EBC measurements showed similar patterns in both sites, with
systematic lower intensities in Grumento, highlighting the contri-
bution of the COVA area emissions on BC. Good correlations between
EBC concentrations measured in VZI and Grumento were found both
for the whole year ®R? = 0.46), and for the warm (R? = 0.46) and
cold (R? = 0.61) seasons.

e The AAE values obtained during winter in Grumento, allowed the
identification of the contribution of local domestic heating to the
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EBC concentrations. The AAE exhibited a seasonal trend only in

Grumento, with higher values during the cold season.

The application of a procedure combining ground-based and satellite

data, allowed the identification of the measurement days affected by

biomass burning emissions at both regional and transboundary

scales, mainly during July, August, and October 2018.

The analysis of the bivariate polar plots of gaseous pollutants (C¢Hg,

HsS, SO,, CH4, NMHC) revealed a stronger impact in the area close to

the COVA source. In contrast, NO, emissions were mainly originated

from the vehicular traffic.

e Measurements of PMys and PM;y which were available only in
Grumento, indicated a high PMy 5 to PM; ratio (58% on a yearly
basis). Moreover, a high correlation between PM5 5 and EBC [R? =
0.6 yearly) was found, suggesting BC as one of the main components
of fine particulate matter.

o The risk communication methodology proposed by Van der Zee et al.
(2016) was used to express the health effect of BC in terms of the
number of daily PSC. The value obtained in VZI (PSC = 2.8) was
twice as large as that obtained in Grumento (PSC = 1.4). However, in
both cases, these values were more similar to that obtained in a
remote site (0.7) than those obtained in urban sites worldwide (10.1
=PSC < 159).

In summary, the EBC experimental data, a procedure allowing the
identification of biomass burning products transport, and an estimation
of the risk of EBC emissions to human health in terms of PSC lead to a
comprehensive description of the impacts of EBC on air quality in the
Agri Valley.
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