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Abstract. The Val d’Agri area (southern ltaly) hosts one towns alongside anthropogenic activities with potential en-
of the biggest onshore European reservoir and the largestironmental and health impacts. In fact, the Val d’Agri area
oil/gas pre-treatment plant, named Centro Olio Val d’Agri houses one of the biggest onshore European reservoir (crude
(COVA), located in a rural/anthropized context. Several haz-oil and gas) and the largest existing oil/gas pre-treatment
ards are associated with this plant. These are mainly repreplant (identified as Centro Olio Val d’Agri — COVA) in a
sented by possible impacts of the COVA atmospheric emispopulated area. In this plant, the fluid extracted from the 25
sions on the local air quality and human health. This workcurrently productive wells is transported and separated into
uses a novel approach based on the integration of air qualityhree phases: crude oil, natural gas and water. The crude oil
measurements from the regional monitoring network, addi-is stabilized and conveyed to the Taranto refinery (Puglia re-
tional experimental measurements (i.e. sub-micrometre pargion — southern lItaly) through a 136 km long oil pipeline.
ticulate matter (PN) and black carbon (BC)) and advanced The natural gas, on the contrary, is treated and delivered to
statistical analyses to provide a preliminary evaluation of thethe Italian gas distribution network (Snam Rete Gas S.p.A.).
Val d’Agri air quality state and give some indication of spe- COVA has a nominal treatment capacity of 16 500day 1
cific areas potentially affected by COVA hazards. Resultsof crude oil and 3.1 million sfhday ! of associated gas
show that the COVA plant emissions have a particular impactand represents one of the main sources of atmospheric pol-
on the air quality of the area closest to it. In this area sev-ution in the entire area. In fact, the combustion processes
eral pollutants specifically related to the COVA combustion occurring in the COVA plant during normal operating condi-
processes (i.e. nitrogen oxides, benzene and toluene) shotions originate both gaseous and particulate emissions, giv-
the highest concentration values and significant correlationsing rise to possible impacts on the local air quality and
The proposed approach represents a first step in the assesdso posing health risks to the population living close to
ment of the risks associated with oil/gas exploration and prethis plant (Trippetta et al., 2013). Moreover, the activation
treatment activities and a starting point for the developmentof emergency operating procedures deriving from plant mal-
of effective and exportable air quality monitoring strategies. functions and anomalies represents a further risk for the en-
vironment and human health due to additional and possi-
bly enhanced emissions of atmospheric pollutants. Finally,
the COVA plant is also classified as subject to considerable
1 Introduction risk of industrial injury associated with accidental release of
crude oil, methane, propane or other toxic products, or with
The Val d’Agri area (Basilicata region — southern Italy) is accidental fires from methane and crude oil (COVA plant Ex-

(woods and natural parks), large biodiversity, agricultural http:/Avww.osservatoriovaldagri )t/

activities (cultivated and grazing areas) and several small
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All this implies the need for efficient monitoring of the ity state of the Val d’Agri area and to give some indication of
air quality state in this area, which should be carried outspecific areas potentially affected by hazards deriving from
through the implementation of advanced and integrated obthe COVA plant through the use of a novel approach based
serving strategies able to characterize and possibly quantifpn the integration of routine air quality measurements, ad-
the environmental and human health impacts of such activditional experimental measurements and advanced statistical
ity. In order to realize effective near-real-time monitoring analyses.
of environmental hazards associated with the COVA emis- To this aim, as a preliminary phase, daily concentrations of
sions, an advanced network of five stations devoted to the aithe main pollutants measured at the five monitoring stations
quality state control has been established in the Val d’Agrilocated in the Val d’Agri area in the period 1 September—
area. This network is operated by the Agenzia Regionale31 October 2013 were considered and analysed along with
per la Protezione dellAmbiente (ARPA) of the Basilicata simultaneous concentration measurements of, Rktd BC
region (ARPA Basilicata hereafter) and provides near-real-obtained at two of the five sampling sites and involving ad-
time concentration measurements of both regulated polluditional experimental facilities by the Istituto di Metodologie
tants (i.e. sulfur dioxide, carbon monoxide, nitrogen diox- per I'’Analisi Ambientale (IMAA) of the National Research
ide, nitrogen oxides, ozone, particulate matter and benzenefouncil of Italy (CNR). In particular, the temporal and spa-
and several pollutants specifically related to oil/gas extrac+ial variability of the pollutant concentration measurements
tion and treatment activities (i.e. nitrogen monoxide, hydro-and the relative correlations were investigated using multi-
gen sulfide, methane, non-methane hydrocarbons, total hyvariate statistical techniques, which also provided a prelimi-
drocarbons, toluene, ethylbenzene and isomers of xylenehary indication of the source types contributing to their pres-
To the best of our knowledge, this is the first air quality ence in the local atmosphere.
network which provides continuous concentration measure- The possibility to integrate measurements from the exist-
ments of so many pollutants in a such small area, even wheing monitoring network with further key parameters as{PM
compared, for example to the very efficient observing net-and BC with an in-depth cluster and spatial variance analy-
work operating near the five refineries in the San Franciscases represents a powerful approach to study the COVA influ-
Bay Area described in a recent comprehensive report by Fuence on the Val d’Agri environment. This will provide use-
jita and Campbell (2013). More common monitoring strate- ful indications to the stakeholders in order to develop better
gies are mainly devoted to the study of volatile organic com-emission control strategies and to reach a sustainable equilib-
pounds (VOCs) and sulfur dioxide near refineries (Balrs  rium between the environmental impact of energy supply by
et al., 2011; Lin et al., 2008) or near industrial parks, in- oil/gas resources and the strong agricultural vocation of the
cluding petrochemical facilities (Liu et al., 2008; Hsieh et area and to improve the standards of living for the Val d’Agri
al., 2006). Nevertheless, more investigation should be donepopulation.

In fact, previous studies carried out in the Val d’Agri area

suggested the need for the integration of the existing obser-

vations with experimental measurements of sub-micrometre  Materials and methodologies

aerosol particles (i.e. PMaerosol particles with an aerody-

namic diameter less than 1.0 um) and black carbon (BC here2.1  The ARPA Basilicata air quality monitoring

after) due to their possible association with combustion pro- network

cesses such as those occurring in the COVA plant (Trippetta

etal., 2013; Pavese et al., 2012). The importance of the meafhe Val d’Agri air quality monitoring network con-
surement of PN and BC is especially related to their ad- sists of five monitoring stations: Viggiano Zona Indus-
verse effects on environment and human health (e.g. Motriale (VZI; 40°1850.64" N, 15°54'16.69" E), Viggiano 1
hiuddin et al., 2014; Anenberg et al., 2011). Moreover, BC (V1; 40°204.58' N, 15°541.90" E), Masseria De Blasiis
also contributes significantly to global warming (Bond et al., (MDB; 40°1926.18" N, 15°522.58"E), Grumento Nova
2013). Despite this, there is still a relatively limited amount (GN; 40°1718.00’ N, 15°5328.00" E) and Costa Molina
of data for the sub-micrometre atmospheric particle fractionSud 1 (CMS; 401857.00’ N, 15°57'15.00" E). The mon-
available at present (Mirante et al., 2013), and only recentlyitoring stations are located at a distance ranging between
there has been growth for BC monitoring networks in manyabout 500 m and about 4800 m from the COVA plant and are
countries around the world; these networks often employrepresentative of the air quality of an area of about 108 km
Aethalometers due to their good time resolution, portabil-around this plant (Fig. 1).

ity and low costs (see, for example, the US EPA network All the stations provide continuous and near-real-time
in Solomon et al. (2008), the UK Black Carbon Network in measurements of the concentrations of sulfur dioxide{SO
Butterfield et al. (2010) and the Swiss National Air Pollution carbon monoxide (CO), nitrogen monoxide and dioxide (NO
Monitoring Network — NABEL in EMPA (2010)). and NQ, respectively), nitrogen oxides (NOwhich is the

The present study enters into this context, and its mainrsum of NO and N@), ozone (@), hydrogen sulfide (biS),
goal is to provide a preliminary evaluation of the air qual- methane (Chl), non-methane hydrocarbons (NMHCs), total
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net (approximatelyl =20+ 2°C and RH=50+5 %) be-
fore and after sampling for 48 h. The RMhass was deter-
mined by means of a gravimetric method using an analytical
microbalance with a sensitivity af1 pg.

Regarding BC measurements, they were performed close
to the COVA plant by placing a dedicated instrument at
VZI-ARPA Basilicata monitoring station. This location was
chosen for its closeness to the COVA, where continuous
combustion processes were thought to have an impact on
BC content. A rack-mount seven-wavelengths Magee Sci-
entific Aethalometer AE31 (370, 470, 520, 590, 660, 880
and 950 nm) was used to estimate BC mass concentrations
and to detect the presence of its organic fraction through
the UV-absorbing particulate matter (UVPM) quantity. The
Aethalometer measures light attenuation due to the presence
of absorbing carbonaceous aerosol deposits on a quartz fi-
bre filter (Hansen, 2005). Corresponding absorption coeffi-
tion of the PM_and BC sampling sites and of the Centro Olio cients are obtained at the seven wavelengths and converted

Val d'Agri (COVA) plant. Aerial photography courtesy of Google (0 Mass concentrations with, in partl_cular, measurements at

Earth (ittp://earth.google.com/Legend: Viggiano Zona Industri-  the 880 nm wavelength used to obtain BC content assuming

ale (VZI), Viggiano 1 (V1), Masseria De Blasiis (MDB), Grumento & mass-specific absorption cross section of 16.6m (Nair

Nova (GN) and Costa Molina Sud 1 (CMS). et al., 2012; Reche et al., 2011). If the organic component is

present in carbonaceous aerosols, an enhanced absorption at
the UV wavelengths is recorded, leading to qualitative detec-

hydrocarbons (THC; i.e. the sum of Gldnd NMHCSs), ben-  tion of this component through measurements at 370 nm (Es-

zene (GHg), toluene, ethylbenzene and isomers of xylene.posito et al., 2012). For the data considered in this work, the

Moreover, V1, MDB, GN and CMS also provide continu- instrument was equipped with a cut size-selective cyclone to

ous and near-real-time measurements of the concentratiorigtake particles with aerodynamic diameters less than 2.5 um

of particulate matter with an aerodynamic diameter less tharat a flow rate of 4 L min' and a time resolution of 5 min.

10 and 2.5um (PWp and PM s, respectively). Regarding

VZI, it is equipped for the measurement of the pMon- 2.3 Meteorology and air mass history

centrations only. These measurements are provided with a

time lag of several months due to the instrumentation used® summary of the main meteorological parameters averaged

(i.e. a gravimetric sampler). A summary of the methods useddver the period 1 September—31 October 2013 is reported in

for the measurements of the concentrations of each pollutantable 2 for the five monitoring stations.

is reported in Table 1. Low variations were observed for all parameters show-
All the air quality monitoring stations also provide mea- ing a quite homogeneous meteorological pattern all over

surements of the main meteorological parameters: air temthe study area. Looking at the prevailing wind directions,

perature ), atmospheric pressureP], relative humidity — westerly winds were more frequent for all the sites except

(RH), wind speed (ws) and direction (wd), global radiation for VZI monitoring station where a southeastern compo-

Figure 1. Location of the five stations of the ARPA Basilicata
air quality monitoring network. The image also shows the loca-

(GR) and rainfall (rf). nent was present. During the study period, the area was
affected by frequent anticyclonic systems, as verified by
2.2 Experimental PM; and BC measurements the map of the 850 hPa geopotential heights obtained from

the NOAA-NCEP/NCAR (National Oceanic and Atmo-
PM; measurements were performed in Viggiano at a dis-spheric Administration—National Centers for Environmen-
tance of about 170 m (SW direction) from V1-ARPA Basil- tal Prediction/National Center for Atmospheric Research)
icata monitoring station (Fig. 1). This site was chosen sinceglobal reanalysis databaséttp://www.esrl.noaa.gov/psd/
Viggiano is the nearest town to the COVA plant, at about data/gridded/data.ncep.reanalysis.derived.htiRainay et
2400 m from it, and one of the most populated towns ofal., 1996) (Fig. 2).
the Val d’Agri area (about 3100 inhabitants). Pamples The same database was used to initialize HYSPLIT
were collected using a low-volume (16.7 L mihflow rate)  (HYbrid Single-Particle Lagrangian Integrated Trajectory;
gravimetric sampler (TCR Tecora) equipped with a;Rit- Draxler and Rolph, 2003) model cluster analysis of backward
off inlet and polycarbonate filters (847 mm). The sam- trajectories in order to assess the main air mass transport pat-
pling time was 24 h (starting from 12.00 pm), and each fil- terns affecting the study area from 1 September to 31 Oc-
ter was humidity-conditioned in a filter-conditioning cabi- tober. In particular, five-day backward trajectories arriving
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Table 1. Summary of the methods used for measuring concentrations of each pollutant.

Parameter Measurement principle

SO, UV fluorescence

NO Chemiluminescence

NO>» Chemiluminescence

NOyx Chemiluminescence

PMs 5 Beta attenuatich

PMyg Beta attenuaticfigravimetric™*

O3 UV absorption

CO Non-dispersive IR detection (NDIR)

CsHs Gas chromatography with photo-ionization detector (GC-PID)
H>S UV fluorescence

CHgy Photo-ionization detection (PID)

NMHCs Photo-ionization detection (PID)

THC Photo-ionization detection (PID)

Toluene Gas chromatography with photo-ionization detector (GC-PID)
Ethylbenzene Gas chromatography with photo-ionization detector (GC-PID)

Isomers of xylene  Gas chromatography with photo-ionization detector (GC-PID)

*V1, GN, MDB and CMS monitoring station$* VZI monitoring station.

Table 2.Mean+ standard deviation{ == SD) of the main meteorological parameters measured at the five air quality monitoring stations from
1 September to 31 October 2013. Regarding the wind direction (wd), the prevailing directions evaluated for the entire period of observation
are reported.

Monitoring T RH P ws  Prevailing wd GR rf
station eC) (%) (hPa)  (msd (Wm~2) (mm)
VZ| 17+3 74+9 946+4 1.2+05 SE/SW 174-59 1.8+3.9
V1 17+2 66+11 933+4 3.4+1.6 SW/NW 15955 1.4+4.3
MDB 16+3 75+8 948+4 3.1+1.6 NW 149447 1.14+35
GN 17+£3 64+11 9324 24+13 SW 10642 0.1+0.6
CMS 18+3 73+11 939+4 3.7+1.7 NW 16758 1.3+3.8

at 500 m above ground level (a.g.l.) were computed 4 timedo the several data being missing. As Table 3 shows, signif-
daily and further put together in different clusters accord-icantly higher values of NO, N& NOy, CsHg and toluene
ing to similar transport patterns. A map with the mean tra-daily concentrations were registered at VZI monitoring sta-
jectory for each representative cluster and the correspondingon with respect to the other four stations. These compounds
percentage of occurrence is shown in Fig. 3. As Fig. 3 showsmainly originate from anthropogenic sources, including the
48 % of the total backward trajectories travelled very low be- COVA plant. In fact, NQ and VOCs represent some of the
fore reaching the study area, and among these, 45 % wenmmain gaseous emissions of this plant (ENI, 2012). Therefore,
of local origin remaining over the Tirrenian Sea. This could the higher concentration values recorded at VZI monitoring
have favoured the accumulation of pollutants in the loweststation should be also related to a contribution from COVA
atmospheric layers during the study period. to their presence in the local atmosphere. Furthermora, CH
daily concentrations showed higher values at MDB monitor-
ing station, likely due to its proximity to several farms de-

3 Results and discussion voted to the breeding of dairy cows. In fact, the livestock
sector is one of the largest contributors to greenhouse gas
3.1 Explorative statistical analysis emissions globally, mostly as GHmissions (Van Middelaar

et al., 2014; Liang et al., 2013). Finally, higheg$iconcen-
Table 3 reports a summary of the explorative statistical analiration values were registered at CMS station.
ysis carried out on the pollutant mean daily concentrations Figure 4 reports the temporal pattern of the Paily
measured in the area under study from 1 September to 31 O@oncentrations. As Fig. 4 shows, the Plaily concentra-
tober 2013. Concentration measurements of ethylbenzentons ranged from 1.1 to 7.4 ugm, with a mean value of
and isomers of xylene were not considered in this study due2.7 ug nt3. Due to the lack of PMmeasurements performed
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Table 3. Statistical parameters of the atmospheric pollutant daily concentrations measured at the five air quality monitoring stations from
1 September to 31 October 2013. Mekstandard deviatiom{ £+ SD) and the range of variability (min—max) are reported for each pollutant.
Legend: n.a= not available; m.u= measurement units.

ARPA Basilicata monitoring stations

Parameter m.u.
vz Vil MDB GN cMS
< 3 5.61+1.88 6.74:0.77 7.56L 1.08 3.69: 1.00 3.41+ 1.30
2 Hgm (3.31-12.39) (5.34-10.68) (5.07-9.83) (1.91-6.85) (1.31-7.13)
NO 3 5.05+1.83 1.03£0.44 1.31+£0.64 0.98+0.48 0.73:0.40
Hgm (2.34-8.42) (0.12-2.48) (0.38-3.38) (0.18-2.60) (0.16-1.66)
NG 3 12.63+4.30 4.36+1.96 4.89+1.34 3.62+ 1.54 3.49+1.30
2 Hgm (6.45-25.26) (1.09-13.32) (2.62-7.95) (0.44-7.03) (0.46-7.25)
NO 3 20.35+ 6.63 5.94t 2.36 6.89+ 1.98 5.13k2.05 4.60:1.75
X Hgm (9.95-37.96) (2.21-17.12) (3.21-11.84) (1.22-9.33) (0.85-9.19)
o 3 16.09+ 6.35 20.977.21 15.25:5.16 18.31:5.68
10 Hgm n.a. (6.12-36.63) (11.50-39.40) (5.80-25.80) (8.91-36.00)
oM 3 8.99+ 4.03 11.69t 4.59 8.743.73 8.63L 3.94
25 Hgm n.a. (3.30-22.20) (3.80-21.90) (2.90-16.40) (2.50-18.80)
o 4 58.68+14.32  82.73:13.72 48.76E 14.76 85.32£ 15.48 69.99t 14.57
3 Hgm (25.96-90.34)  (50.28-116.38) (18.24-81.21)  (47.07-124.72)  (37.57-104.31)
o 3 0.34+0.11 0.17+0.05 0.15:0.03 0.33:0.08 0.22+0.05
K9 (0.17-0.58) (0.05-0.40) (0.10-0.22) (0.11-0.60) (0.09-0.30)
- 3 0.91+0.16 0.30:0.11 0.28:0.11 0.17:0.10 0.22+0.07
6116 Hgm (0.63-1.44) (0.12-0.52) (0.08-0.60) (0.03-0.49) (0.10-0.39)
To 3 1.01+0.38 0.43:0.19 0.34:0.15 0.19+0.10 0.24+0.08
oluene HY (0.50-2.27) (0.12-0.97) (0.13-0.81) (0.05-0.43) (0.12-0.43)
cH cqmd  95803£34.99 902691675  1114.04:9507 044443321  911.92%26.57
4 H-9 (887.0-1038.0)  (874.0-946.0)  (972.00-1609.00) (814.00-1005.00)  (856.00-978.00)
NMHC comd  103.26£10859 24.08-9.08 103.02:81.56  146.05 10.85 65.08t 23.81
s kam (27.75-563.58) (4.04-44.69) (0.89-342.68)  (121.75-164.59) (4.87-111.84)
THE caqm3 106097:00.01 926812303  12175:11653 1094.4130.38  976.84:21.93
H-9 (979.16-1455.15)  (881.84-980.90) (1065.88-1949.11) (959.69-1169.32) (934.32-1018.41)
s 5 1.87+0.37 1.8Q+0.43 0.56k 0.36 1.59¢ 0.50 2,72+ 0.47
2 Hgm (0.99-2.71) (1.02-2.79) (0.10-2.14) (0.50-3.14) (1.07-3.74)

in the area under study during the considered period, thesarea described in Pavese et al. (2012). In that case, a slightly
values were compared with the unique Pkbncentration
measurements presently existing for this area and reported iRebruary 2011, while higher mean monthly values of 822,
a previous study (Trippetta et al., 2013). Results show that th@35 and 858 ng m® were found in January, March and April
PMj daily concentrations registered during the period under2011, respectively.
consideration were lower than the PMoncentration mean
value (11.0+ 5.1 ug nm3) measured close to the COVA plant from 2 to 267 ng m? with a mean value of 84 ngm, im-
from July to November 2011.
Daily values of BC and UVPM content are reported in bonaceous particles during the sampling period.
Fig. 5. BC daily concentrations were found in the range from
288 to 1125 ng m3 with a mean value of 551 ngm. Also,

lower monthly mean value of 494 ngth was obtained in

For UVPM, estimated values were included in the range

3.2 Cluster analysis
in the case of BC, a comparison was possible with the unique

plying the constant presence of the organic component of car-

data set of BC concentration measurements available for thh order to study the correlation pattern between the pollu-

www.nat-hazards-earth-syst-sci.net/14/2133/2014/
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Figure 2. Map of the 850hPa geopotential heights averagedthe period 1 September—31 October 2013. The numbers outside the
for the period 1 September—31 October 2013 from the NOAA- brackets identify each cluster

NCEP/NCAR (National Oceanic and Atmospheric Administration—
National Centers for Environmental Prediction/National Center for
Atmospheric Research) reanalysis database. 8

a preliminary indication of the source types contributing to
their presence in the local atmosphere, cluster analysis (CA):
was used. In particular, a hierarchical-type clustering algo- :
rithm was applied to the Pearson correlatipn hatrix, and
the furthest-neighbour method was chosen as a criterion for
forming clusters (Legendre and Legendre, 1985).

For this analysis, THC was considered as the sum of CH
and NMHCs, and NQas the sum of NO and NQin order
to avoid redundant information. 0 , , , . . . : :

By applying CA to the pollutant concentration data =7 % UTT o ESw R een dmen sven Ao
recorded at VZI monitoring site, three clusters and three iso-
lated variables were found (Fig. 6a). In particular, the first Figure 4. Temporal pattern of the PMdaily concentrations mea-
cluster is composed of ¢Bls and toluene; the second in- sured at Viggiano town from 1 September to 31 October 2013.
cludes S@ and NQ; and the third consists of BC, UVPM
and THC. CO, HS and Q represent the isolated vari-
ables. By analysing each identified cluster, it can be ob-sources: exhaust emissions (cold and hot), evaporative emis-
served that gHg and toluene, which belong to the aromatic sions, and emissions from brake and tyre wear. Among the
VOCs group, show a good correlation£ 0.86). This could  BTEX industrial emissions, those related to petroleum pro-
suggest a common source of these two compounds in thduction processes represent an important source of these
considered area. Major sources of ambient VOCs — espeecompounds (Godoi et al., 2013). Therefore, the presence of
cially of benzene, toluene, ethylbenzene and isomers of xyCgHg and toluene in the local atmosphere of the Viggiano
lene (BTEX) — include vehicular emissions, automobile ser-industrial area could be due to the contribution of both traffic
vice stations and industrial emissions (Caselli et al., 2010)and COVA emissions. Focusing on the second clustep, SO
In particular, the vehicular emissions come from different and NQ, show a significant correlation (=0.69). These two

ly concentrations [pg m-3]

PM, dai
—

N
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—BC —UVPM highest value of the correlation coefficient£ 0.93). This
indicates that they could share some sources and/or emis-
sion processes (Parmar et al., 2001). Due to the large num-
ber of sources emitting particulate matter in the considered

1200

1000

800 area, the lack of the PM and PM 5 chemical characteri-
zation, and the absence of significant correlations between
600 PM10o/PM2 5 and other pollutants, their main origin was not

identified. Regarding the second cluster, N&hd GHg are
significantly correlated with each othes £ 0.74) and with

oo toluene p = 0.65). Moreover, focusing on the third cluster, it
can be observed that CO and THC are characterized by a cor-
0 : : relation coefficient of 0.54. All these compounds, although

e pme mme s mee Ton ) en e e included into two separate clusters, could have originated
from common sources. In fact, CO, NO/OCs and hydro-
Figure 5. Temporal patterns of daily values of black carbon (BC) carbons as NMHCs are the main emissions of petrol and
and UV-absorbing particulate matter (UVPM) content obtained diesel-engine motor vehicles. Moreover, CO, NO®OCs
at Viggiano Zona Industriale (VZI) station from 6 September to 5ng hydrocarbons, in this case asCHre included among
23 October 2013. the main gaseous emissions of the COVA plant (ENI, 2012).
If one considers that V1 monitoring station is located at about
5m from the main road connecting the industrial area with
gaseous compounds represent the main gases emitted by thee town of Viggiano, and at about 2300 m from the COVA
COVA thermodestroyers (ENI, 2012). Therefore, the signif- plant, this cluster could reveal the influence of both traffic-
icant S@Q and NQ, correlation could suggest the influence and COVA-plant-related emissions on the local atmosphere.
of the COVA emissions on the local air quality. Regarding When applying CA to the pollutant daily concentrations
the third cluster, a good correlation is found between BCmeasured at MDB monitoring site, two clusters and four iso-
and UVPM ( = 0.53) as well as between these two param- lated variables are found (Fig. 6c¢). In particular, the first clus-
eters and THC{ = 0.45). The formation of this cluster can ter is composed of PM, PM>s and CO, and the second
be explained by incomplete combustion processes as a conincludes GHg, toluene and NQ H»S, O3, SO, and THC
mon source of all the three parameters, and highlights theepresent the isolated variables. By considering the correla-
strong interaction between the particle phase represented tjon coefficients, it can be observed that Rvand PM 5
BC and the organic molecular species contained in UVPM.are significantly correlated with each other=£ 0.94) and
These molecules, quantitatively determined by THC concenwith CO (0 = 0.60). A significant correlation between CO
tration measurements, are verified to have a high probabilityand PM measurements was found in areas affected by emis-
to be adsorbed on BC particles surfaces (Kim et al., 2009)sions coming from residential wood combustion (e.g. Bignal
From concentration values in Table 3, it can be easily verifiedet al., 2008) and agricultural-burning smoke (Goncalves et
that more than 90 % of THC consists of methane, and thereal., 2011), and/or in sites exposed to traffic emissions (Perez
fore a good correlation between BC, UVPM and t4dn be et al., 2004). All these types of emissions characterize the
inferred from CA. Since the presence of methane in the locakrea where MDB monitoring station is located. In fact, MDB
atmosphere of the area covered by VZI monitoring stationis placed in a rural area where open burning of grass and
is very likely related to COVA combustion processes, ratherforest is a common practice used for clearing field waste
than traffic, the same prevailing source can be attributed tan farming and ranching. Moreover, MDB is about 1400 m
BC and UVPM emissions at the sampling site under considfrom a high-speed motorway (i.e. SS 598) characterized by a
eration. moderate volume of traffic consisting of cars and heavy ve-
By considering V1 monitoring site, the application of CA hicles. The proximity of the MDB monitoring station to the
to the pollutant daily concentration data pointed out threeSS 598 could also justify the second cluster identified where
clusters and four isolated variables (Fig. 6b). Since thg PM CgHg and toluene are significantly correlated with each other
monitoring site is very close to V1 monitoring station, it (o = 0.86) and with NQ (o = 0.60). In fact, benzene and
can be assumed that these two sites are representative of th@luene are considered to be emitted from vehicle-related ac-
same area, implying that PMneasurements can be consid- tivity, including vehicular exhaust and gasoline evaporation
ered along with those performed at V1 monitoring station in (Seco et al., 2013; Wang et al., 2012), while N© signifi-
CA. As Fig. 6b shows, the first cluster includes pMand  cantly related to heavy-duty vehicle emissions (e.g. Fu et al.,
PM,5; the second is composed of NOCgHg and toluene;  2013).
and the third consists of CO and THC,8 O3, PM; and Focusing on GN monitoring site, CA results point out two
SO, represent the isolated variables. Focusing on each sinelusters and three isolated variables (Fig. 5d). In particular,
gle cluster, it can be observed that R\nd PM 5 show the  the first cluster is composed of Ryland PM s, and the

BC, UVPM daily concentrations [ng m3]
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Figure 6. Dendrograms obtained by applying the furthest-neighbour clustering method to the pollutant concentration data re@jrded at
VZI monitoring site,(b) V1 monitoring site(c) MDB monitoring site(d) GN monitoring site ande) CMS monitoring site. The clusters are
shown in grey.

second includes Hg, toluene, NQ and THC. BS, O; and CsHg, THC and toluene; and the third is represented by CO
SO, represent the isolated variables. In particular,;p&hd and HS. NQ,, SO, and G represent the isolated variables.
PMa5 show the highest value of the correlation coefficient By considering the correlation coefficients between the vari-
(p = 0.91), meaning that they are characterized by a similarables included in each cluster, it can be observed thagPM
behaviour. However no suggestion about their origin, and agand PM s show the highest value of the correlation coef-
a consequence no indication about the sources affecting thicient (o = 0.97), but CA does not provide any suggestion
local air quality, is provided by CA in this case. Focusing on about their origin in this case either. Regarding the second
the second cluster, it can be observed thgti§€and toluene  cluster, GHg and THC are significantly correlated with each
are significantly correlated with each other=£ 0.81) and  other (p = 0.75) and with toluened = 0.48). As found for
with NOy (o = 0.74). Then, this group correlates with THC V1 and GN monitoring stations, these correlations could be
(0o = 0.53). As found for V1 monitoring station, these corre- attributed to COVA-plant-related contributions. Finally, fo-
lations highlight the traffic- and COVA-plant-related contri- cusing on the third cluster, it can be observed that CO and
butions that can be justified if it is considered that GN mon-H,S are correlated with each other £ 0.48). This cluster
itoring station is located in the suburbs of the town of Gru- very likely reveals the impact of the COVA emissions on the
mento, where a contribution deriving from traffic is expected local air quality, probably deriving from the incomplete com-
and that GN is about 2800 m from the COVA plant. bustion of the natural gas in the plant’s system of torches.
When applying CA to the pollutant daily concentrations
measured at CMS monitoring site, three clusters and thre8.3 Data spatial variance
isolated variables are found (Fig. 6e). In particular, the first
cluster is composed of P)dand PM s; the second includes In order to better assess the pollutant concentration spa-
tial variability, a coefficient of divergence (COD) and the
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Pearson correlation coefficienis)(were calculated between For benzene, toluene and nitrogen compounds, higher val-
the pollutant concentrations measured at the five air qualityues of COD and correspondingly lowewalues were found
stations. when the coupling with VZI station was considered. This can
Regarding the COD, it was calculated for each parametebe attributed to an additional source of such compounds other
and for each pair of stations to obtain an estimate of the dethan traffic present at VZI and related to the COVA emissions

gree of the data set uniformity following EdL)( as previously assessed by the CA. Looking in particular at
NOy, benzene and toluene, good valuespoéind low val-
1L ) ues of COD were found when the other four stations were
CODj.k= | — Z [(xij — xi) / (xij 4+ xin) ] (1)  considered, suggesting a common source of traffic that is in
Pi=1 agreement with CA results.

Regarding S@, COD values did not show any particular

wherex represents the Qaily concentratiops anditheand 04 \yhile the lowesp values were found when MDB sta-
k indexes refer respectively to the sampling day and to thetion was considered. In the case 0§$] lowestp values
two sampling stations (Wongphatarakul et al., 1998). The

: . “were found for VZI coupling, suggesting the presence of a
CODs can vary from 0 (maximum degree of homogene'W)source of this pollutant at the sampling site located close to

to 1 (minimum degree of homogeneity) for the considered,,, ~aya plant. At the same time, the highest CODs cor-

ppllutant concentrations measured at each pair of Samp”ngespond to the coupling with MDB station, where particu-

sites. ) larly low mean values of this parameter were registered, as
COD. and o values are reported in Tables 4 and 5, reported in Table 3, probably due to the upwind position of

respectwely. . this station with respect to the COVA (see Fig. 1 and Table 2,
Substantial homogeneity was observed for,Gifid Q where prevailing wind direction is mentioned).

when they were compared to the other pollutants. In fact, As to CO, a lack of homogeneity was present for all the

they show low values of CODs and relatively highval- = ga4iong. This, in agreement with what was found by CA,

ues very Iikelly due to their longer residence times_ in the a.‘t'reflects the presence of several different sources of CO in
mosphere with respect to the pther F’F’"U,ta”FS- This peculla'ihe area, including COVA emissions, traffic, and combustion
feature allowed for a more uniform distribution of the pol- processes related to agricultural activities.

lutants over the entire area, which was also favoured by fre- Finally, when NMHCs are considered, a lack of homo-

quent high-pressure conditions characterizing the ConSidereaeneity was present for all the stations, probably due to their

period (gee Fig. 2). . short residence time in the atmosphere.
Focusing on the comparison between the,Gihd G

concentrations measured at the five air quality stations, the
higher COD and the lowep values found when the cou-
pling with the MDB station was considered confirm the pe-
culiarity of this site for CH production, as already reported
in Sect. 3.1. Then, looking at thes@ values, the highest
values were found when VZ| and MDB stations were ex-
cluded from the coupling, implying that these two stations
are different frpm the others with regard to ozone. This is "Nexperimental facilities. In particular, the temporal and spa-
accordance W'th the lower mean values offund at _VZI ._ftial variability of the pollutant concentration measurements
and MDB stations (see Table 3), where at the same time higl) 4 16 jntra- and inter-site correlations were investigated
concentration values of both N@nd NMHCs, the two yvell- using multivariate statistical techniques. Preliminary indica-
known main 0ZONE precursors, are found. _Th's confirms t,hetions about the source types contributing to the presence of
larger probab|I|t_y_that ozone enhancement is detected at S'tej‘ﬁollutants in the local atmosphere, as well as some indica-
far from where it is formed through secondary processes (thions about specific areas potentially affected by hazards de-
etal., 201_3)' , ) riving from the COVA plant, have also been provided. Re-
_Regarding PMo and PMs, a comparison was possible g’ show that the COVA plant emissions have an impact
in all cases except for VZI station, where no measurement%n the air quality over the entire area. These impacts have
were available for these two parameters. For the remammgnainly been found in the area closest to the COVA plant,

stgtio(;wsr,]_vE:y rI]O.W CODs ar:jd V?H] high values wg_rf? O_b' {ﬁpresented by VZI station. Moreover, the area where CMS
tained, highlighting a spread and homogeneous diffusion o onitoring station is located seems also to be significantly

such pollutants over the study area. This could be due to COM3¢ected by the COVA-plant-related emissions. Focusing on

mon §0urzcels oflthese twr(]) paramledtebrs, ?nd their gnlfczjrm.phreg-/Zl station, it can be observed that several pollutants specif-
ence in the Jocal atmosphere could be also associated wit tr\'t::ally related to the combustion processes occurring in this

prevalenc_e of high-pressure systems over the area during ﬂ}ﬂant (i.e. NQ, benzene and toluene) show the highest con-
study period. centration values and significant correlations. In particular,

4 Conclusions

Daily pollutant concentrations available in the Val d’Agri
area for the period 1 September—31 October 2013 were con-
sidered and analysed along with simultaneous concentration
measurements of PMand BC obtained involving additional
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Table 4. Coefficients of divergence (CODs) calculated for each pollutant and each pair of stations. Legend: n.c. — not calculable.

COD vZIIV1 VZIICMS VZIIGN VZI/MDB V1/CMS V1/GN V1/MDB CMS/GN CMS/MDB GN/MDB

SO, 0.17 0.31 0.26 0.24 0.38 0.32 0.11 0.18 0.43 0.37
NO 0.66 0.75 0.68 0.60 0.32 0.30 0.28 0.30 0.38 0.29
NO2 0.52 0.57 0.56 0.44 0.21 0.23 0.18 0.19 0.19 0.23
NOx 0.56 0.63 0.60 0.49 0.20 0.19 0.17 0.16 0.22 0.21
PM1o n.c. n.c. n.c. n.c. 0.10 0.08 0.16 0.12 0.10 0.17
PMy 5 n.c. n.c. n.c. n.c. 0.16 0.10 0.16 0.12 0.24 0.16
O3 0.19 0.10 0.20 0.10 0.09 0.03 0.28 0.11 0.19 0.29
CoO 0.36 0.27 0.17 0.40 0.21 0.35 0.16 0.25 0.20 0.39
CeHs 0.46 0.60 0.67 0.51 0.19 0.36 0.13 0.31 0.18 0.33
Toluene 0.45 0.60 0.67 0.50 0.33 0.43 0.21 0.24 0.22 0.32
CHy 0.03 0.03 0.02 0.08 0.01 0.03 0.11 0.02 0.10 0.09
NMHCs 0.54 0.29 0.44 0.52 0.50 0.73 0.62 0.45 0.50 0.56
THC 0.08 0.06 0.05 0.09 0.03 0.08 0.14 0.06 0.11 0.07
H>S 0.20 0.23 0.23 0.60 0.24 0.21 0.58 0.32 0.69 0.55

Table 5. Pearson correlation coefficienis)(calculated for each pollutant and each pair of stations. Legend: n.c. — not calculable.

P VzZIlV1 VZIICMS VZI/IGN VzZI/MDB V1/CMS V1/GN V1/MDB CMS/GN CMS/MDB GN/MDB
SO, 0.31 0.29 0.002 —0.26 0.40 0.50 -0.14 0.4 -0.31 —0.22
NO 0.04 0.37 0.15 0.32 0.37 0.19 0.27 0.55 0.41 0.18
NO» —0.44 -0.22 -0.34 —0.20 0.53 0.54 0.49 0.60 0.60 0.71
NOx —0.33 —0.02 -0.12 0.03 0.55 0.53 0.43 0.60 0.63 0.55
PM10 n.c. n.c. n.c. n.c. 0.92 0.89 0.87 0.85 0.86 0.89
PMo 5 n.c. n.c. n.c. n.c. 0.91 0.91 0.88 0.87 0.87 0.93
O3 0.90 0.95 0.89 0.93 0.97 0.98 0.84 0.96 0.91 0.85
CoO —0.08 0.12 0.19 0.22 -0.07 0.06 0.02 0.25 0.59 0.31
CsHg 0.50 0.55 0.4 0.48 0.7 0.74 0.73 0.64 0.72 0.76
Toluene  —0.16 0.17 -0.15 0.05 0.67 0.72 0.59 0.67 0.65 0.71
CHy 0.55 0.89 0.63 0.37 0.63 0.49 0.37 0.74 0.37 0.20
NMHCs —0.39 0.48 -0.54 0.25 0.11 0.77 0.22 -0.05 0.54 0.23
THC —0.38 —0.14 —0.42 —0.09 0.62 0.65 0.53 0.63 0.39 0.34
H>S —0.09 —-0.19 —0.16 -0.2 0.07 0.12 0.24 0.12 0.09 0.15

the significant correlation found between BC and UVPM they were compared to the other pollutants. This is proba-
content and THC (mainly consisting of GHcould indi- bly due to peculiar features of these pollutants (referring to
cate the COVA incomplete combustion processes as a sourd8H, and G), probable common sources (referring to M

of carbonaceous compounds in this area and highlights thand PM 5) and the prevalence of high-pressure systems over
role of BC as a vehicle for organic compounds in the envi-the area during the study period (all pollutants). Focusing on
ronment. Regarding CMS station, the impact of the COVA the single air quality station, COD andvalues confirm the
emissions on the local air quality probably derives from the presence of an additional Gldource in the area where MDB
incomplete combustion of the natural gas in the plant’'s sys-station is located. Moreover, a difference among the VZI and
tem of torches. Traffic represents an additional and importanMDB stations and the remaining stations is observedif<O
source of atmospheric pollutants over the entire area. Moreeonsidered. Finally, remarkable differences between VZI and
over, the contribution of emission deriving from dairy cow the other stations have been confirmed when concentration
breeding and agriculture-related activities has been found irvalues of NQ, benzene, toluene andH are considered.

the area where MDB monitoring station is located. Thisisin In conclusion, the present study preliminarily highlights
fair agreement with the prevailing rural features of this area.that a novel approach based on the integration of routine
Results also show that PMs not correlated with any pollu-  air quality measurements, innovative experimental measure-
tant, suggesting the need for further investigation of these paments and advanced statistical analyses is suitable to give
rameters so as to define its main origin. Regarding the intera realistic picture of the emission features of the area and
site variability of the pollutant concentrations, substantial ho-to distinguish areas mainly affected by COVA plant emis-
mogeneity was observed for GHO3, PMyg and PN 5 when sions. This methodology represents an attempt to build an
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integrated observing strategy applicable to other similar in-Draxler, R. R. and Rolph, G. D.: HYSPLIT (Hybrid Single-Particle
dustrial sites. Lagrangian Integrated Trajectory) model, NOAA Air Resour.
Lab., Silver Spring, MD, available ahttp://ready.arl.noaa.gov/
HYSPLIT.php(last access: February, 2014), 2003.
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