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Abstract:

Methods:

Air samples were collected at three landfills for Municipal Solid Waste (MSW), located in South-Eastern Italy in Lecce province,
during summer 2009.  Measurements were focused on evaluation of  concentrations of  PM10,  Polycyclic  Aromatic Hydrocarbons
(PAHs), Polychlorinated (PCDD/F and PCB), Volatile Organic Compounds (VOCs) and Benzene, Toluene, Xylene (BTXs).

Results:

The average PM10 concentrations observed at Burgesi and Nardò landfills were comparable with the average of the territory while
PM10 at Cavallino landfill was higher than the typical average. The VOC concentrations showed the predominant occurrence of the
limonene and alfa-pynene compounds at all sites. Maximum concentrations of limonene and alfa-pynene were observed at Cavallino
landfill. The PCDD/F and PCB concentrations showed significant variabilities among the different sites. It was noted that the average
concentrations of the PCDD/F were higher at Nardò landfill. No particular correlations were observed between PCDD/F and PAH
concentrations and between PCB and PAH concentrations.

Conclusion:

These results can be explained considering that PAH, PCDD/F and PCB sources could be different. Another explanation can be that
PCDD/Fs and the PCBs are mainly in the particulate fraction instead PAHs are mainly in the gas fraction. The average ratios of BTX
concentrations associated to downwind and upwind sectors were significantly larger than 1 for the three gases and for the sites of
Burgesi and Nardò. The relevant directionality of BTX concentrations indicates the presence of contributions to the landfills. At last,
the toxicity of PAHs was considered evaluating the Equivalent Toxicity Factors (TEFs). The results show that the maximum value of
the average BaP equivalent concentration was at Cavallino instead the values observed at Burgesi and Nardò sites were lower and
comparable.

Keywords: Municipal solid waste, PM10, BTXs, VOCs, PAHs, Toxicity equivalent.

1. INTRODUCTION

The  generation  of  large  amounts  of  Municipal  Solid  Waste  (MSW) is  one  of  the  most  relevant  concern  of  our
everyday lives. The increase of urbanization and population together with high consumer demand are the causes of this
rapid growth in Europe [1, 2]. Solid waste has a complex composition and it is often managed with difficulties by the
local municipalities/governments. Improper treatment of the MSW can represent a major risk for the human health and
the environment [3, 4]. In the worldwide the MSW discarded currently  is  more  than  one  billion  metric  tons and this
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value will grow to 2.2 billion by 2025 [5]. For these reasons, the European Union (EU) delivered laws and regulations
for  better  waste  management.  The  Directive  1999/31/EC  on  the  waste  landfill  sets  objectives  for  the  reduction  of
biodegradable waste [6]; the 2006 Regulation on shipments of waste sets information and procedures for transboundary
waste  transport  [7];  the  Directive  2008/98/EC  [8]  sets  disposal  and  recovery  operations  for  waste,  and  properties
making waste hazardous. The Directive 2011/92/EU fixes the assessments of the effects of certain public and private
projects on the environment [9].

The  most  common  impacts  of  MSW  on  atmosphere  composition  regard  odorous  emissions  and  releases  of
atmospheric  pollutants.  Gaseous  emissions  are  typically  constituted  by  a  variety  of  Greenhouse  Gases  (GHGs),
compounds  of  nitrogen,  sulphur  and  Volatile  Organic  Compounds  (VOCs)  [10].  The  Intergovernmental  Panel  on
Climate  Change landfills  estimates  that  landfills  emit  less  than  5% of  the  global  GHG emissions  and about  9% of
methane (CH4) released globally. These estimates, however, are uncertain and variable as waste management can be a
net source or sink of GHGs [1, 11]. In MSW landfills, VOCs represent less than 1% (by volume) of the total gas landfill
emissions [12, 13], furtherly these emissions are influenced by reactivity (formation and degradation) of VOCs [13, 14].
Actually, toluene concentration values are high in landfill emissions with levels up to 250 ppm [15], 100 ppm [16] and
40 ppm [17].

Despite  the landfills  should cause a  minimal  impact  on the environment,  the recent  evidence has indicated that
landfill-generated gases represent a risk to human health and the environment. Monitoring these compounds represent
the key to successful management landfills.

The main aim of this study was to characterize the concentrations of PM10, BTXs (Benzene, Toluene, Xylene), a
wide  range  of  VOCs  and  PAHs  (Polycyclic  Aromatic  Hydrocarbon),  PCDD/Fs  (Polychlorinated)  and  PCBs
(Polychlorinated biphenyls) in the ambient air of three landfills, never studied before, located nearby the city of Lecce
(Italy)  evaluating  and  discussing  the  toxicity  of  the  Persistent  Organic  Pollutants  (POPs)  investigated.  Section  2
describes  the  experimental  sites  (2.1),  the  sampling  methods  and  strategies  (2.2)  and  the  methodologies  used  for
chemical analyses (2.3). Section 3 is dedicated to discussion of results regarding PM10 concentrations (3.1), BTX and
VOC concentrations (3.2), PAH concentrations (3.3), PCDD/F and PCB concentrations (3.4). Conclusions are drawn in
Section 4.

2. EXPERIMENTAL SECTION

2.1. Sites Description

Measurements were carried out at three landfills of Municipal Solid Waste (MSW) in the surrounding the town of
Lecce (South-East Italy). Measurements were performed, successively at the three sites, from 30 June to 30 September
2009.  The experimental  sites  were  located at  the  landfills  of  Ugento,  Cavallino and Nardò,  three  hamlets  in  Lecce
Province.  Precisely,  the  experimental  site  called  “Burgesi”,  shown  in  Fig.  (1a),  is  located  close  to  Ugento
(39°53′09.16″N-18°11′10.18″E).  The  second  site,  shown  in  Fig.  (1b),  is  located  in  Cavallino
(40°17′05.44″N-18°02′30.46″E). The third site, shown in Fig. (1c) is located in Nardò (40°09′31.95″N-18°02′30.46″E).

2.2. Sampling Instruments and Methods

A mobile laboratory [18] was used in this work. It was equipped with a low volume (2.3 m3/h) PM10 sampler (TCR-
Tecora Delta) equipped with filters and Polyurethane Foam (PUF); an automatic analyser of benzene, toluene, xylenes
(Syntech Spectras GC855) was used. A meteorological station, installed on a telescopic mast at 10 m above ground
level. It was equipped with sensors to measure temperature and relative humidity (Campbell Scientific CS215), wind
velocity  and  direction  using  a  bi-dimensional  sonic  anemometer  (WindSonic),  precipitations  using  a  rain  gauge
(Environmental  Measurements  ARG100).  Meteorological  data  was  acquired  and  processed  in  30  minutes  averages
using a dedicated data-logger (Campbell Scientific CR200). An active sampling system on absorbent vials was used to
collect samples dedicated to the determination of VOC concentrations. The mobile laboratory, shown in Fig. (1d), was
positioned in the NW-NNE direction compared with the Burgesi landfill. At the Cavallino site, the laboratory was in the
center of the complex with the landfill located between W and NNE direction, whereas the waste treatment plant was
located in the S wind direction. At the Nardò site, the position of the laboratory was along the landfill access road,
surrounded by the landfill in the wind sector direction between ENE and W.
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Fig. (1). Maps showing the position of the measurement sites: Burgesi landfill (a), Nardò landfill (b), and Cavallino landfill (c). The
panel (d) is a picture of the ISAC-CNR laboratory mobile used for the experimental campaigns.

The procedure for  sampling PM10  was based upon active sampling using a  low-volume (2.3 m3/h  flow rate)  air
sampler. The atmospheric particles were collected on 47 mm glass fiber filters (Munktell, grade MGF) for 3 or 4 days to
obtain a representative average concentration (for  72 h or  96 h depending on the analysed samples).  The sampling
volume was normalised at 25°C and 101.3 kPa. All filters were weighed before and after sampling using an analytical
balance (Sartorious mod.CP2/F, reading precision 1 µg) after conditioning at a constant relative humidity for 48 hours.
The experimental uncertainty was evaluated analysing the blank filters used for each experimental site [19, 20]. The
collected particle mass was calculated as the difference in weight of the filter before and after sampling subtracting the
average field blank. The absolute uncertainty was evaluated by a combination of gravimetric uncertainty (2 standard
deviation of blank filters) and sampling volume uncertainty (2%) and was fluctuated between 0.7 µg/m3 and 2.1 µg/m3

with an average value of 1.5 µg/m3.

A  gas-chromatographer  (Synthec  Spectra  GC855)  was  used  to  evaluate  BTX  (Benzene,  Toluene,  and  Xilene)
concentrations.  The GC was able to furnish a required the zero and span check every 2-3 days with a standard gas
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mixture of known concentration of (Benzene, Toluene, m-Xylene, p-Xylene and o-Xylene). The sampling volume was
normalised at 20°C and 101.3 kPa.

The  evaluation  of  VOC  concentrations  was  performed  trough  sorbent  vials  of  activated  carbon  (Sorbent  Tube
HYGITEST charcoal jumbo sampling tube ST-01-03, 10-110 provided by TCR-Tecora) installed at the sites for 24 h-48
h with a flow rate of 1 L/min. The sampling volume was normalised at 20°C and 101.3kPa. After the collection, the
vials were immediately sealed to minimize loss of VOCs [21] and transferred to the laboratory under 4 °C. The samples
were analysed using a gas chromatography mass spectrometer [22].

The sampling for the evaluation of organic micropollutants as PAHs, PCDDs, PCDFs, and PCBs, was conducted
using PUF, coupled with the filters described above, through a sampler (Tecora Bravo H-Plus, flow rate 2.3 m3/h). The
two types of PUF (Supelco and Tisch Environmental TE-1011) were treated with solvents before the sampling, to limit
the uncertainty due to a possible contamination. Some non-exposed PUF and filters were analysed and used as blanks to
subtract the background values and possible contaminations from measured concentrations.

2.3. Methodologies for Chemical Analysis

The chemical characterisations were performed at the Interuniversity Consortium “Chemistry for the Environment”
(INCA, Lecce, Italy).

Analysis  of  VOCs  at  the  three  sites  was  performed  by  the  combination  of  Mass  Spectrometry  (MS)  and  Gas
Chromatography (GC). The electron ionization allows producing ions by the interaction of energetic electrons and gas
phase  molecules.  The  mass  spectrometer  is  a  linear  quadrupole  system  so  the  ions  are  sorted  according  to  their
mass/charge (m/z) ratio and then detected by a detector. Mass spectra for each peaks in the total ion chromatogram were
examined with respect to the fragmentation pattern of ions corresponding to various VOCs. This fragmentation pattern
was compared with stored spectra in order to identify the compound. For each given compound, the intensity of the
primary  fragment  was  compared  with  the  system  response  to  the  respective  known  compound  to  quantify  its
concentration [23]. VOCs were collected according to the standard method developed by NIOSH [24]. Standards of
analysed VOCs were purchased from Sigma-Aldrich (Mississauga, Ont.). Acetone standard was purchased from VWR
(France). The detection limit of each compound was estimated equal to 0.5 µg/m3.

The PAH extractions were performed by the Soxhlet technique using the vapour of dichloromethane-acetone 50:50
(v/v) solvent via the reflux cycle. The vapour passes through a bypass arm into the condenser, where it condenses and
drips back onto the solvent in the PUF and filter. As the solvent reaches the top of the siphon arm, the solvent and the
extract are siphoned back onto the lower flask whereby the solvent reboils, and the cycle is repeated until the whole
sample is completely extracted into the lower flask. The extracts were further concentrated to dryness under nitrogen
flux.  Then  a  quantity  of  hexane  was  added.  This  aliquot  was  eluted  on  chromatographic  columns  that  are  able  to
separate the aliphatic hydrocarbon and PAHs using dichloromethane/hexane (1:1 mobile phase) [25, 26]. The PAH
fraction was concentrated and made up to a suitable volume in a vial to be analysed by a gas chromatograph and high
resolution  mass  spectrometer.  The  quantification  of  PAHs  were  determined  by  specific  standards  [27].  The  PAH
Surrogate cocktail standard (ES-2044) was obtained from Cambridge Isotope Laboratories (CIL, Andover, MA, USA).
PAH-Mix 3 (10 µg mL-1 in Isooctane) containing dibenzo(a,i)pyrene was purchased from Merck (Darmstadt, Germany).
The other standards Dibenzo(a,l)pyrene, Dibenzo(a,e)pyrene and Dibenzo(a,h)pyrene (10 mg) were supplied by Dr.
Ehrenstorfer GmbH (LGC). The detection limits for the different PAHs were estimated between 0.005 and 0.01 ng/m3.
After the PAH analyses, joining the PAH fraction and the first fraction derived from the purification process through the
chromatograph column, the separation of PCDD/Fs and PCBs was performed with an automated Power-Prep extraction
system.  The  different  fractions  were  separated  using  solvents  (i.e.  hexane,  dichloromethane,  acetone,  toluene  and
specific column as silica, alumina and carbon) and then analysed [28]. Analyses were done using a GC-MS applying the
methodologies  US-EPA  (Method  1613)  and  European  Air  Method  (EN1948  2-4)  for  PCDD/Fs  and  the  US-EPA
(Method 1668A/B/C) for PCBs. The standard mixtures were prepared by appropriate dilution of commercially available
stock solutions: Cerilliant Corporation and Wellington Laboratories for PCDD/Fs and CIL (Andover, MA, USA) for
PCBs. The detection limits for PCDD/Fs were estimated between 0.005 and 0.05 fg-TE/m3, and 0.001 fg-TE/m3 for
PCBs.
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3. RESULTS AND DISCUSSION

3.1. PM10 Concentrations

Average PM10 concentrations at the three sites are compared in Fig. (2). The wind roses of the different sampling
periods at the three sites are reported in Fig. (3). PM10 concentrations observed at the landfills were compared with the
PM10 average values of the whole territory obtained by the network of air quality stations (Lecce, Arnesano, Campi,
Galatina, and Surbo) managed by the Regional Environmental Authority (ARPA Puglia, www.arpa.puglia.it). The rain
events were significant in the reference sampling period relatively at the first sample at Burgesi site and the second
sample at Nardò site. The PM10 concentration observed at the sites of Burgesi and Nardò were comparable with the
average of the territory during the same period; Instead, the PM10 concentration at Cavallino site showed a higher value
with respect to the average of the territory, and closer to the daily threshold of 50 µg/m3. The last sample at Cavallino
site showed a higher value (on the 4 day means) with respect to the PM10 daily threshold. The Italian normative (D.Lgs.
n. 155 of the 13/08/10) allows 35 days per year above the average of 50 µg/m3. The third sample at Burgesi site showed
a lower concentrations respect to the other sites. This value was associated with a South prevalent wind direction and
were downwind respect to the surrounded zones. This underlined a possible contribution of the landfill to the PM10

concentrations. It was possible to observe that the PM10 concentration values of the Burgesi site were significant lower
than those observed at Nardò and Cavallino sites. The maximum PM10 concentrations were observed at Cavallino site.

Fig. (2). Comparison between the average concentration values at the three experimental sites and the territory average values for the
whole measurement period. The territory average was evaluated with the data obtained by the experimental stations of Arpa Puglia.

Fig. (3). Wind roses relative to the different sample periods in the three experimental sites.
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3.2. BTX and VOC Concentrations

The measurements of Benzene,  Toluene and Xylene (m-Xylene,  p-Xylene,  o-Xylene) were performed every 15
minutes using the automatic analyzer. The collected data were subjected to a validation based on the removal of the
negative and null values, that were registered during the calibration of the instruments (on average every 2-3 days), on
the analysis of the calibration stability and of the retention times. The gas pollutant concentrations were normalized at
20°C.

In Table 1 the average concentrations of Benzene, Toluene and total Xylene (sum of the m-Xylene, p-Xylene and o-
Xylene) at the three measurement sites are compared. Concentrations of Benzene observed at the three sites were lower
than the legislation thresholds (5 µg/m3, D.Lgs. n. 155 of the 13/08/2010). The territory average values of Benzene from
the regional network for air quality monitoring during the period of the measurements at Burgesi site was 0.5 ± 0.1
µg/m3, at Cavallino site was 0.6 ± 0.2 µg/m3, and at Nardò site was 0.8 ± 0.3 µg/m3. This comparison shows (Table 2)
that the values at Burgesi and Cavallino sites were comparable to the territory average, within the uncertainties, instead
at Nardò site the concentrations were larger.

Table 1. Average concentrations of Benzene, Toluene and total Xylene and the relative standard deviations observed at the
three experimental site.

Concentration
[µg/m3]

Benzene Toluene Total Xylenes

Burgesi 0.4 ± 0.3 1.4 ± 1.5 0.7 ± 0.4
Cavallino 0.5 ± 0.5 2.3 ± 1.9 1.8 ± 2.4

Nardò 1.3 ± 1.1 3.9 ± 3.5 3.0 ± 2.9

The hourly average concentrations of  Benzene,  Toluene and total  Xylene were correlated with the hourly wind
directions to investigate if there was an increase on concentrations when the measurements were done downwind of the
landfills. The Burgesi site resulted downwind with respect to the landfill in the wind direction sector between 315° and
22.5°. The Nardò site resulted downwind with respect to the landfill in the wind direction sector between 292.5° and
225°. The mobile laboratory at Cavallino site was placed at the center of the landfill so in this case, it was not possible
to establish specific upwind and downwind directions of the experimental site with respect to the landfill. The average
ratios  of  concentrations  associated  to  downwind  and  upwind  sectors  are  reported  in  Fig.  (4).  These  ratios  were
significantly larger than one for the three gases and for both sites (Burgesi and Nardò) indicating that concentrations
were larger, on average, downwind of the landfills. This relevant directionality of BTX concentrations suggest, likely,
that landfills contribute to the locally measured concentrations of these gases.

Fig. (4). Ratio between downwind and upwind values of BTX concentrations at Burgesi and Nardò sites. The vertical bars represent
the standard errors on the ratios.
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The VOC average concentrations were obtained from the adsorbent vials and average concentrations are reported in
Table  2.  The  “<”  symbol  indicates  a  value  lower  than  the  detection  limit  of  the  methodology  used.  Most  of  the
compounds analyzed were below the detection limits except for limonene and alfa-pynene likely indicating that landfills
contribute to these compounds.

Table 2. The average VOC concentrations at the three experimental site. The chemical element values over the detection
limits are reported in bold.

µg/m3 Average
(Burgesi)

Average (Cavallino) Average
(Nardò)

Sulfhydric < 0.5 < 0.5 < 0.5
Mercaptans < 0.5 < 0.5 < 0.5
Methanol < 0.5 < 0.5 < 0.5
Ethanol < 0.5 < 0.5 < 0.5
n-butyl alcohol < 0.5 < 0.5 < 0.5
sec-butyl alcohol < 0.5 < 0.5 < 0.5
t-butyl alcohol < 0.5 < 0.5 < 0.5
i-propyl alcohol < 0.5 < 0.5 < 0.5
l- butyl acetate < 0.5 < 0.5 < 0.5
D-Limonene 3.4 12.8 6.4
α-pynene 2.4 7.6 0.9
acetone < 0.5 < 0.5 < 0.5
methyl ethyl ketone < 0.5 < 0.5 < 0.5
2-butoxyethanol < 0.5 < 0.5 < 0.5
ethyl acetate < 0.5 < 0.5 < 0.5
Diethylene glycol monoethyl ether < 0.5 < 0.5 < 0.5
n-butyl acetate < 0.5 < 0.5 < 0.5
alkyl-substituted benzene < 0.5 8.5 < 0.5

3.3. PAH Concentrations

The average PAH concentrations and the relative standard deviations at the three landfills are reported in the Table
3.  The concentration values were referred to the sum of PAHs present in gaseous and particulate phases. The table
reports also the sum of different congeners analyzed (PAH_TOT).

Table 3. Average concentration and standard deviations of PAHs detected at the three experimental sites. The table included
also the mean level of PAH totals (sum of the concentrations of each PAH analysed).

Chemical compound Burgesi Cavallino Nardò
ng/m3 Average Std. dev. Average Std. dev. Average Std. dev.
Acenaphthylene (ACY) 21.79 23.8 58.96 80.2 36.39 31.8
Acenaphthene (ACE) 39.76 34.8 218.61 282.5 24.05 23.0
Fluorene (FL) 0.16 0.2 0.20 0.1 0.33 0.3
Phenanthrene (PHE) 0.44 0.3 0.34 0.2 0.30 0.1
Anthracene (ANT) 2.49 4.3 0.04 0.04 2.70 4.5
Fluoranthene (FLT) 0.17 0.3 < 0.005 0.002 0.41 0.7
Pyrene (PYR) 0.15 0.3 < 0.005 0.001 0.36 0.6
Benzo(a)anthracene+ Chrysene (BaA+CHR) 0.07 0.1 18.91 28.2 13.40 22.9
Benzo(b+k)fluoranthene (B(b+k)F) 0.16 0.2 0.07 0.1 0.39 0.6
Indeno(1,2,3-c,d)pyrene (IcdP) 0.01 0.006 0.04 0.03 0.03 0.02
Dibenzo(a,h)anthracene (dahA) 0.07 0.1 0.32 0.4 0.20 0.3
Benzo(ghi)perylene (BghiP) 0.84 1.4 4.98 6.4 3.22 5.5
Dibenzo(al+ai)pyrene 0.96 1.3 5.64 7.4 3.96 6.1
Dibenzo(ae)pyrene 0.005 0.003 0.01 0.01 0.01 0.004
Dibenzo(ah)pyrene 0.04 0.1 11.70 17.5 8.23 14.2
Benzo(a)pyrene (BaP) 1.5 1.7 5.0 6.2 0.7 0.6
PAH totals 69.5 54.9 324.9 428.5 94.7 97.1
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Higher values were observed at Burgesi and Cavallino sites. It is known that the PAH concentrations in air have a
seasonal pattern [29, 30] and need long sampling period to be representative. The Table 3 shows a significant variability
in the PAH concentrations of the different samples. This result is usually common for the territory of Lecce [31]. In
Yassa  et  al.  [29,  32]  was  reported  a  comparison  between the  PAH concentrations  in  the  urban  area  and  close  to  a
landfill of Algeri. The results showed that the higher PAH average concentrations were in PM10 concentration and
close to the landfill. In Ladji et al. [33], the concentration of the total PAHs, close to the same landfill, were higher than
212 ng/m3 only in the PM10 fraction and the seasonal pattern was opposite with respect the typical patterns of the urban
areas.  The  comparison between the  average  levels  of  total  PAHs and BaP observed at  the  three  experimental  sites
showed that the lower total PAH concentrations were observed at Burgesi landfill instead the higher at Cavallino site. It
has to be mentioned that the Burgesi and Cavallino landfills gave a contribution to the emissions from the movement of
vehicles in and close to the plants together with a contribution from traffic of the roads near the plants. The analysis of
the  Table  3  shows  that  the  profile  of  PAH  concentrations  were  different  at  the  three  landfills  and  the
Benzo(a)anthracene and Chrysene had high concentrations at Cavallino and Nardò sites but were negligible at Burgesi
site. The ratio between the fluoranthene and the sum of fluoranthene and pyrene varies from 0.53 (at Burgesi and Nardò
landfills) to 0.9 at Cavallino landfill.  The higher average concentrations of total PAHs and B(a)P were observed at
Cavallino landfill in analogy with the previous results for limonene and alfa-pynene.

The toxicity of PAHs were evaluated using Toxic Equivalent Factors (TEFs), as done in Gregoris et al. [34]. The
equivalent  concentrations  for  each  PAH  were  calculated  by  multiplying  the  individual  PAH  concentration  by  its
corresponding TEBaP value (Table 5), that ranges from 0.001 to 1 (for BaP and DahA) [34, 35]. The TEBaP are reported in
the Fig. (5) for each measurement site. The results show that the maximum average BaP equivalent concentration was at
Cavallino with a value of 7.0 ± 4.5 ng/m3. The values observed at Burgesi and Nardò sites were lower and comparable:
1.7 ± 1.1 ng/m3 (Burgesi) and 2.0 ± 1.3 ng/m3 (Nardò). The values are higher than in other found in literature: in the
Venice lagoon the average TEBaP value is 0.1 ng/m3 [34], in the harbor area of Brindisi the value is 0.09 ng/m3 [36].

Table 4. Equivalent toxicity factors according to the WHO 2005 for PCDD/F and PCB “dioxin-like” respectively.

PCDD/F WHO-TEF (2005) PCBdl WHO-TEF (2005)
2,3,7,8-TCDD 1 3,3′,4,4′-TCB (77) 0.0001

1,2,3,7,8-PeCDD 1 3,4,4′,5-TCB (81) 0.0003
1,2,3,4,7,8-HxCDD 0.1 3,3′,4,4′,5-PeCB (126) 0.1
1,2,3,6,7,8-HxCDD 0.1 3,3′,4,4′,5,5′-HxCB (169) 0.03
1,2,3,7,8,9-HxCDD 0.1 2,3,3′,4,4′-PeCB (105) 0.00003

1,2,3,4,6,7,8-HpCDD 0.01 2,3,4,4′,5-PeCB (114) 0.00003
OCDD 0.0003 2,3,4,4′,5-PeCB (118) 0.00003

2,3,7,8-TCDF 0.1 2′,3,4,4′,5-PeCB (123) 0.00003
1,2,3,7,8-PeCDF 0.03 2,3,3′,4,4′,5-HxCB (156) 0.00003
2,3,4,7,8-PeCDF 0.3 2,3,3′,4,4′,5′-HxCB (157) 0.00003

1,2,3,4,7,8-HxCDF 0.1 2,3′,4,4′,5,5′-HxCB (167) 0.00003
1,2,3,6,7,8-HxCDF 0.1 2,3,3′,4,4′,5,5′-HpCB (189) 0.00003
1,2,3,7,8,9-HxCDF 0.1
2,3,4,6,7,8-HxCDF 0.1

1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01

OCDF 0.0003
T= tetra; Pe=penta; Hx=hexa; Hp= hepta; O= octa.

Table 5. Equivalent toxicity factors for PAHs.

PAHs TE
acenaphthylene 0.001
acenaphthene 0.001

fluorene 0.001
phenanthrene 0.001

anthracene 0.01
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PAHs TE
fluoranthene 0.001

Pyrene 0.001
Benzo(a)anthracene+ Chrysene

Benzo(b+k)fluoranthene 0.1
Indeno(1,2,3-c,d)pyrene 0.1
Dibenzo(a,h)anthracene 1

Benzo(ghi)perylene 0.01
Dibenzo(al+ai)pyrene 0

Dibenzo(ae)pyrene 0
Dibenzo(ah)pyrene 0

Benzo(a)pyrene 1

Fig. (5). TE of the total PAHs at the three landfills. The vertical bars represent the standard errors.

3.4. PCDD/F and PCB Concentrations

The  PCDD/F  and  PCB  concentrations  are  reported  in  the  form  of  toxicity  values.  In  this  work,  the  equivalent
toxicity  level  was  evaluated  according to  the  equivalent  toxicity  factors  (I-TE)  reported  in  Table  4  [37].  The  table
includes the equivalent international toxicity factors for PCDD/F and the toxicity factors of PCB, defined as “dioxin-
like” (PCBdl), according to the World Health Report [38].

The average equivalent concentrations of PCDD/F (Tetra-OctaCDD/F) and, PCB (Mono-DecaCB) are reported in
Table 6. A summary of the total toxic equivalent concentrations for the three sites is reported in Fig. (6). The mean level
of PCDD/F, in each site, is relatively low and the maximum value of TE was observed at Nardò landfill. The values are
comparable  with  other  results  obtained  in  Venice  [34]  and  in  Europe  [39  -  41].  The  mean  level  of  PCBdl  shows
significant  variability  among  the  three  landfills.  The  maximum variability  and  the  higher  average  was  observed  at
Burgesi landfill. This result is imputable at the concentration observed in the first sample.

(Table 5) contd.....
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Table 6. Average TE concentrations of PCDD/F and PCBdl at the three experimental sites.

PCDD/F Burgesi
(fg-TE/m3)

Cavallino
(fg-TE/m3)

Nardò
(fg-TE/m3)

PCBdl
Burgesi

(fg-TE/m3)
Cavallino
(fg-TE/m3)

Nardò
(fg-TE/m3)

2,3,7,8-TCDD 0.75 3.37 1.36 3,3′,4,4′-TCB (77) 0.03 0.009 0.003
1,2,3,7,8-PeCDD 5.06 2.18 2.72 3,4,4′,5-TCB (81) 0.18 0.06 0.06

1,2,3,4,7,8-HxCDD 0.13 0.28 0.14 3,3′,4,4′,5-PeCB (126) 2.15 4.93 1.69
1,2,3,6,7,8-HxCDD 0.31 0.66 1.04 3,3′,4,4′,5,5′-HxCB (169) 3.78 0.12 0.48
1,2,3,7,8,9-HxCDD 0.16 0.46 1.33 2,3,3′,4,4′-PeCB (105) 0.072 0.051 0.015

1,2,3,4,6,7,8-HpCDD 0.26 2.36 0.73 2,3,4,4′,5-PeCB (114) 0.2118 < 0.001 0.001
OCDD 0.02 0.04 0.04 2,3,4,4′,5-PeCB (118) 0.189 0.144 0.042

2,3,7,8-TCDF 0.72 1.10 2.70 2′,3,4,4′,5-PeCB (123) 0.189 0.006 0.001
1,2,3,7,8-PeCDF 0.27 0.23 0.29 2,3,3′,4,4′,5-HxCB (156) 0.1074 0.018 0.0072
2,3,4,7,8-PeCDF 5.08 3.44 6.80 2,3,3′,4,4′,5′-HxCB (157) 0.1194 0.001 0.0012

1,2,3,4,7,8-HxCDF 1.82 1.67 1.56 2,3′,4,4′,5,5′-HxCB (167) 0.09 0.006 0.003
1,2,3,6,7,8-HxCDF 1.67 0.67 2.68 2,3,3′,4,4′,5,5′-HpCB (189) 3.78 0.12 0.48
1,2,3,7,8,9-HxCDF 1.66 1.03 2.29
2,3,4,6,7,8-HxCDF 0.07 0.60 0.19

1,2,3,4,6,7,8-HpCDF 0.58 0.86 1.28
1,2,3,4,7,8,9-HpCDF 0.10 0.09 0.34

OCDF 0.01 0.02 0.03
T= tetra; Pe=penta; Hx=hexa; Hp= hepta; O= octa.

Fig. (6). Comparison between the mean levels of PCDD/F and PCBdl at the three experimental sites. The vertical bars represent the
standard error.

Comparing the TE values for PCDD at the three sites, it follows that 1,2,3,7,8- PeCDD was dominant at Burgesi. At
Cavallino  site  the  dominant  compound  is  2,3,7,8-TCDD instead  at  Nardò  site  the  last  mentioned  compounds  were
comparable.  For  the  TE of  PCDF,  the  dominant  compound was 2,3,4,7,8-PeCDF in  all  the  measurement  sites.  For
PCBdl,  the dominant compound relatively to TE values was 3,3′,4,4′,5-PeCB(126) at  Cavallino and Nardò sites and
2,3,4,4′,5-PeCB(114) at Burgesi site.
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It is worth mentioning that the correlations between the concentration of PCDD/Fs and PAHs were rather limited.
The same happens  for  the  correlations  of  PCB and PAH concentrations.  The possible  reason is  that  the  sources  of
PCDD/Fs and PCBs, and those of PAHs were different. Generally, PCDD/Fs and PCBs are mainly due to industrial
emissions  and  the  main  sources  in  the  region  are  the  large  industrial  complexes  of  Brindisi  and  Taranto,  located
between 35 and 70 km from Lecce [42]. Instead, road traffic and biomass burning could be a relevant source of PAHs
[43]. Another explanation could be that PCDD/Fs and PCBs are usually associated mainly to the aerosol phase, instead
PAHs have usually a large gaseous component [34, 36].

CONCLUSION

PM10,  VOCs,  BTX,  PAHs,  PCDD/F and  PCB concentrations  ad  toxicity  levels  were  analyzed  at  three  landfills
(Burgesi, Cavallino, Nardò) in the province of Lecce (South-eastern Italy). The average PM10 concentration observed at
Burgesi landfill were lower than those found in the Nardò landfill that were in turn lower than those observed in the
Cavallino  landfill.  The  average  concentrations  observed  at  Burgesi  and  Nardò  landfills  were  comparable  with  the
average of the territory instead were higher at Cavallino landfill.

Benzene concentrations were significantly lower than the normative level in each landfills but it was an indicative
result because the time sampling was insufficient. The concentrations observed at the three landfills were comparable
with  the  average of  the  territory with  exclusion of  Nardò site  in  which an higher  concentration was observed.  The
analysis of the correlation between the concentrations of Benzene, Toluene and total Xylene and the wind directions
underlined the contributions of the landfill emissions to BTX concentrations at Burgesi and Nardò sites.

VOCs concentrations showed the predominant  occurrence of  the limonene and alfa-pynene compounds and the
presence of other compounds lower respect the detection limit. The higher concentrations of limonene and alfa-pynene
were observed at Cavallino landfill.

PAH concentrations, sum of the particulate (PM10) and gas phases, were higher values were observed at Cavallino
landfill. The concentration profiles of the PAHs were different at the three sites. This result can be explained by the
presence of heavy equipment in the landfills and by the vehicular traffic on the streets close to the landfills (especially
at Cavallino landfill).

PCDD/F and PCB concentrations showed significant variabilities among the different sample and the different sites.
Relatively to the equivalent toxicity, 1,2,3,7,8-PeCDD was the dominant compound among PCDD at Burgesi landfill;
the dominant compound at Cavallino landfill resulted 2,3,7,8-TCDD instead at Nardò landfill both the dioxins resulted
comparable with the average value. Among PCDF the dominant compound in all the landfills was 2,3,4,7,8-PeCDF.
Among PCBdl the dominant compounds were 3,3′,4,4′,5-PeCB(126), at Cavallino and Nardò landfills, and 2,3,4,4′,5-
PeCB(114) at Burgesi landfill. The average PCBdl concentrations had significant variabilities among the three landfills
and the maximum was observed at Burgesi landfill, instead, the concentrations observed at Nardò landfill were lower
than the others. The correlation between PCDD/F and PAH concentrations were limited, the same for the correlation
between the PCB and PAHs concentrations as a consequence of the different sources of PCDD/F, PCB, and PAH or by
the different distributions in the gas and particulate phase.
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