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ABSTRACT 

Atmospheric concentrations of many trace elements are significantly affected by human activities, and their quantifica-
tion in atmospheric deposition can be useful to ascribe to different sources of pollution. An important source of pollu-
tion, which creates concern in the inhabitants of neighboring areas, are waste-to-energy-plants, that nonetheless are 
necessary in the actual management of municipal solid waste. For this reason the waste-to-energy (WEP) plant of Bo-
logna (Italy) was monitored from 2006 to 2008, collecting rainfall water in 6 sites around it. Moreover, dry deposition 
of pollutants was determined after leaching from leaves, with four samples collected during 2007. Trace elements were 
analyzed using spectrometry, deposition and fluxes were calculated. Results show that there is a large variability of 
concentrations of trace elements both in time and space. Moreover, the pollution in the area is quite diffused, with no 
clear determination of the role of the WEP. As a general remark, elements and trace elements found both in rainfall wa-
ter and in leaching water from leaves showed a diffused pollution in all the monitored sites, probably due to the WEP 
but also to industrial/commercial area, large constructions and high traffic roads. In any case the values found in the 
area are comparable to values detected in similar area all over the world. 
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1. Introduction 

Atmospheric concentrations of many trace elements are 
significantly affected by human activities. The quantify- 
cation of trace elements in atmospheric deposition and 
their attribution to different sources of pollution is an 
important step to determine whether heavy metals can be 
considered as tracers of different types of pollution [1-3]. 

The pollutant concentrations in rainwater define their 
soluble component and can help to understand the re- 
lative contribution of different sources of emission into 
the atmosphere [4]. In fact, the pattern of pollutant 
concentration in rainwater describes the solubilization 
and transport phenomena, and the environmental quality 
control can be performed at macro- and micro-scale. 

The main sources of air pollution are associated with 
high-temperature combustion (e.g. burning of oil and gas, 
mineral smelting, waste incineration and cement pro- 
duction) and residence times and concentrations in air are  

related to atmospheric deposition, both wet and dry [5]. 
An incineration process still represents a necessary step 
in the field of municipal solid waste integrated manage- 
ment, in view of an energetic valorisation of materials 
and a reduction of hazardousness, mass and volume, be- 
fore final disposal. However, because of the potential 
adverse effects of toxic emissions, waste incinerators are 
still an important cause of concern for the public. A gen- 
eral evaluation of the environmental impacts that derive 
from the processes of incineration is therefore necessary, 
both in qualitative and quantitative terms, while looking 
at the advantages and the negative aspects at the same 
time. Concentration limits of pollutants in gaseous emis- 
sions from incineration plants have recently been revised 
by Italian law [6], in order to better protect the natural 
environment. But the mere law observance is not suffi- 
cient to predict the extent of a contamination source en- 
vironmental impact [7,8]. 

Aim of this work was to assess the pollutants load 
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during three years around the waste-to-energy (WEP) 
plant of Bologna (Italy). The same plant was monitored 
for heavy metals [7,9], finding that their concentration 
trends in soil and vegetation reflected the behaviour of 
their fluxes from incinerator stack, during the examined 
years (from 1997 to 1999). The incinerator was modern- 
ized and technologically upgraded starting from 2001, 
and began working in the new form in 2006. For this 
reason a new monitoring period was decided, from 2006 
to 2008. Two small industrial areas and a heavy traffic 
road (103 - 104 vehicle per day, [10]) may add pollutants 
to the atmosphere around the WEP, contributing to the 
deterioration of the environmental quality. For this rea- 
son, rain water samples were collected in different sta- 
tions identified in the commercial, industrial and agri- 
cultural area suburbs of Bologna and around the incin- 
erator plant. Moreover, dry deposition of pollutants are 
intercepted by tree leaves, then the determinations of 
trace elements concentrations in leaching tests on leaves 
were compared with those found in rain water. The dis- 
tribution in space of metals determined in both kind of 
samples is useful to highlight the pollutants sources. 

2. Material and Methods 

2.1. Study Area 

The study area is located in the suburbs of Bologna 
(Northern Italy) within a radius of three kilometres from 
the Municipal waste-to-energy plant “Frullo” (FEA Ad- 
ministrator, Bologna, Italy) as reported in Figure 1. The 
pluviometers used to collect precipitation samples were 
placed in the Agricultural Faculty of the University of 
Bologna (from now referred as site A) and in five differ- 
ent sites located around the Frullo waste-to-energy plant. 
Details on the sites are in Figure 1, sites were selected 
according to or perpendicular to the predominant winds 
direction. The climate of the area is continental, with 
mean annual temperature of 13.6˚C and an elevate daily 
temperature range. The mean annual rainfall amount is 
740 mm with mostly events in spring and autumn (all 
climatological information in [11]). Wind data from two 
stations in the area (Bologna Borgo Panigale, lat. 44.53; 
long. 11.30; 36 m a.s.l., and San Pietro Capofiume, lat. 
44.65; long. 11.62; 11 m a.s.l.) were used to assess pre- 
vailing wind direction. The area is in the Padana Plain, so 
it is a flatland and no orography contribute to change the 
wind direction between the considered sites. The wind 
dataset were available from ARPA-Simc Emilia Ro- 
magna, and both are 15 years long (1991-2005). 

2.2. Sampling and Laboratory Analysis 

The Precipitation water was sampled every two weeks or  

more, depending on rain events, from 03/13/2006 to 
7/23/2008. The amount of rain water was measured and 
collected from pluviometers placed in the six different 
sites. The year 2007 was used, as the only complete year, 
for the calculation of fluxes and other yearly data elabo- 
ration. On the whole, 302 samples of rain water were 
collected, filtered, acidified with HNO3 suprapure (Merck, 
Germany) and then frozen. 

Leaf washing water was obtained sampling leaves of 
hardwood and small branches of conifers, four times 
during the study period (January, May, July, September 
2007) according to Vittori Antisari et al. [12]. In particu- 
lar, 50 g of tree leaves, sampled, put in polyethylene bags 
and stored at 4˚C, were washed with 500 mL of acidu- 
lated water (pH ~ 5.5 with HCl diluted), shaking for few 
minutes. The water was reduced in volume to 100 mL, 
filtered and then acidified with HNO3 suprapur (Merck, 
Germany). The major and trace elements in rain and 
washing leaf water samples were determined by Spectros 
(Circular Optical System CIR.O.S.CCD) Inductive Cou- 
pled Plasma Optical Emission Spectrometry (ICP-OES). 
The ICP-OES setting followed multi-standard solutions 
(CPI- International-Amsterdam) that reproduce the ma- 
trix effect present in samples and allow the lowering of 
detection limits (DL). 

Instrument response was assessed by measuring a 
standard sample (CRM 609- Community Bureau of Ref- 
erence—BCR). The analytical method was validated by 
repeating the measures of concentrations present in the 
different standards used for ICP-OES setting. In this 
work Al, Ba, Cd, Cu, Fe, Mn, Ni, Pb and Zn are dis- 
cussed. Some values in rain water of Cd, Ni and Pb was 
less than instrumental detection limit (BDL). Therefore, 
in this paper we considered only the values exceeding the 
DL. 

2.3. Data Elaboration  

Pollutants concentration in rainfall was transformed first 
in total deposition per sample, using the total amount of 
the corresponding rainfall, per event and per site, then in 
total flux. This was calculated using concentration, rain- 
fall quantity and number of days deployed, obtaining a 
value in kg·km–2·year–1 [13]. 

The deposition rate on leaves was calculated from the 
average amount of soluble trace elements in leaching test 
and the average leaf area (5.3 m2·kg–1 fresh weight) as 
approximated by the investigations of [14]. 

In order to understand the origin of the found elements, 
and discriminate a geogenic or man-made origin, the 
enrichment factor (EF) was calculated. The crustal enrich- 
ment factor is often used to compare the composition of 
rain water and atmospheric pa ticles with the composition  r           
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Figure 1. Six sampling sites, located within three kilometres of radius from Frullo Waste and Energy Plant (star). A, C, E and 
F are according to the predominant winds direction (E-W), B and D are perpendicular to it. A is into the University of Bolo-
na agronomical garden. g  
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of the continental crust and may be a first approximation 
of a possible origin (geogenic or anthropogenic). How- 
ever, it should be remembered the uncertainty of these 
calculations, that is due to reactions and chemical trans- 
formations that can occur during transport in the atmos- 
phere, to the choice of the reference element or to ana- 
lytical error [1,15]. Aluminium is normally used as an 
indicator of crustal origin, as other metals such as Fe and 
Mn may have important anthropogenic contributions. In 
this work, instead of using the general value of crustal 
abundance of literature [16] it was decided to use the soil 
enrichment referred to the area of investigation, in ac- 
cordance with the following Equation (1): 

EF= ([X]/[Al])rainfall/([X]/[Al])soil 

where [X] and [Al] are the concentrations of the metal (X) 
and the indicator (Al) in rain and average land area of 
investigation. The metals with EF < 10 are considered as 
crustal, 10 < EF < 100 indicate moderate anthropogenic 
enrichment, while a contribution highly anthropogenic 
for rainwater has EF > 500 [3,17,18]. Poissant et al. [19] 
define rather a moderate enrichment up to a value of EF 
= 500, highly enriched with EF > 500. 

3. Results and Discussion 

3.1. Meteorological Data 

The precipitation quantities gathered in the six sampling 
sites were quite similar in all cases, as shown in Figure 2. 
The total amount in the study period was 1256 mm as an 
average of the sites, with a coefficient of variation equal 
to 0.03 among the stations. 

Prevailing winds from the two dataset analyzed 
showed the same results, with a East-West preferential 
direction. 

For this reason sampling sites were chosen as in Fig-
ure 1, with sites A, C, E and F downwind, and sites B 
and D perpendicular to the wind preferential direction. 
This should ensure that there is a low influence of WEP 
in the findings of these two stations. 

3.2. Analytical Data 

Table 1 shows a descriptive statistical summary of the 
concentrations of the trace elements in rainwater, col- 
lected at sites located around the WEP. The range of 
standard deviation of the measured values shows that the 
concentration of metals is extremely variable. Some of 
them, namely Al, Ba and Fe, have maximum values 600 
times higher than the minimum. This type of variability 
is frequently observed and often is attributed to the origin 
(geogenic or anthropogenic) of atmospheric trace ele- 
ments [20,21]. 

The average values found in the outskirts of Bologna 
are lower for the concentrations of the natural elements, 
Al and Fe, and higher for the contaminants, such as Ni, 
Cu, Pb, Cd and Zn, than those found by other authors 
(for example on the Greek Islands [22]. 

The Bologna values are higher by a factor of 10 when 
compared to those measured in Nam Co, 4700 m a.s.l. in 
Tibet [23], while the averages are of the same magnitude 
of those measured in urban areas around the world, such 
as Mexico City [24], Singapore [25] Mesin in Turkey 
[26], and of some rural areas in Jordan [3]. 

Figure 3 shows the total contribution, expressed as the 
 

0

200

400

600

800

1000

1200

1400

10/01/05 03/28/06 09/22/06 03/19/07 09/13/07 03/09/08 09/03/08

P
re

ci
p

ita
tio

n
 (

m
m

)

date

SITE A SITO B

SITE C SITE D

SITE E SITE F

 

Figure 2. Cumulate amount of precipitation during the study period in the six sampling sites. 
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Table 1. Descriptive statistics of concentrations of pollutants in rainwater samples collected from 2006 to 2008 (302 samples) 
around an incinerator plant (expressed as µg·L–1). The minimum values of Ni, Cd and Pb were calculated on higher below 
detection limit (BDL), in particular the BDL of these elements were 0.01, 0.07 and 0.1 µg·L–1, respectively. 

 Arithmetic mean S.D. Median Max Min 

Al 23.8 63.8 6.0 654.8 0.4 

Ba 57.6 92.1 19.1 708.4 0.1 

Cd 0.5 0.0 0.5 1.1 0.5 

Cu 21.3 43.0 10.0 472.9 0.4 

Fe 31.0 85.5 15.3 1257.4 0.7 

Mn 28.6 53.8 9.4 384.6 0.1 

Ni 1.5 2.4 1.0 34.5 0.1 

Pb 5.7 18.8 2.4 317.4 0.4 

Zn 22.2 29.3 13.2 336.0 0.5 

 

 

Figure 3. Sum of pollutants in rain water in the six sites studied. 
 
sum of the concentration of the pollutants considered, as 
a function of the sites. 

In particular, the higher total concentration is at the 
site of the Faculty of Agriculture (A), primarily due to Al 
and Ba. The second site in order of magnitudes of pol- 
lutants is F, the former trees nursery, where higher values 
are due to Cu. The third site is C, that shows high values 
of Mn and Ni. All these sites are downwind WEP, but the 
data do not indicate a clear relationship between the 
concentration of pollutants and the emission sources. The 
lower data were found in site B and D, that are perpen- 
dicular to prevailing wind (Figure 1). Regarding site A, 
as a partial explanation, during the period of monitoring, 
excavations for building a new shopping district occurred 
near the Department of Agricultural Science of Bologna 
University, and this may explain the results. 

The climate of the Po Valley is characterized by spring 
and fall as rainy seasons, compared to drier summer and 

winter. The distribution of the rainfall measured in the 
six sites shows this trend, as in Figure 4. The average 
contribution of trace elements to the monthly rainfall 
doesn’t follow the typical dilution effect since the highest 
concentrations are found in January, April, July and 
August, showing no relation with the amount of rainfall. 
Precipitation washed the atmosphere, more after long 
periods of drought, resulting in having in solution many 
metals present in atmospheric dust. Moreover, the local 
high concentrations of dissolved metals may be attributed 
to the distribution of fog and winds typical of the Po 
Valley [27]. The variation of the concentrations of these 
metals in rainwater samples can be related to different 
sources of the emission of pollutants [28]. For example, 
Ni is used as an indicator of emissions from combustion 
of fuel and therefore is related to vehicular traffic. 

The major source of Cu in rainfall comes from burning 
fossil fuels, metallurgical industrial processes and incin-  
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Figure 4. The monthly rainfall in the study area during the 
period (2006-2008). 
 
eration of solid waste. Zn can be derived from the same 
sources or from traffic [29]. Pb can be due to emission 
from metallurgical industries or to the presence of con- 
taminated soil particles suspended in the air [26,30]. 

Table 2 shows the correlation coefficients between 
trace elements dissolved in the rain and the amount of 
precipitation. Cadmium is the only element significantly 
correlated with the amount of rain, as values above the 
detection limit are related to the type of event and to the 
dry spell length. All elements are related to each other 
except Ba, which is correlated only with Al, Pb and Cu. 
In particular, a strong relationship between Ba and Pb 
was also detected in other monitoring matrix (e.g. soil, 
plants and mosses) and Ba is to be ascribed to vehicular 
traffic [31]. 

The pollutants concentration in rain water depends on 
many factors (such as proximity of sources pollutants, 
precipitation amount and direction of air masses) and 
therefore it is subject to a spatial and temporal variability 
[1,32]. 

To better understand these correlations, the enrichment 
factor (EF) was calculated, normalizing at Al concentra- 
tions. The reference value of soil used is the average 
concentration of each trace element in the topsoil of the 
area. Figure 5 shows the average EF found in the survey 
for trace elements. 

EF values in the range 1 to 10 indicate soil dust as the 
dominant source, while enrichment factors in the range 
of 10 - 100 are related to different pollution sources [23]. 
In this study EF of Fe in rainwater is geogenic (EF < 10) 
the values of EF for Mn and Ni are well below 100, all 
the others are in the range between 200 and 700, with 
Cadmium with a value greater than 4000, indicating a 
large presence of this element in the environment. In the 
case of our study, Mn and Ni are mainly of crustal origin. 

This finding implies a severe contamination of the area 
investigated by Cd, caused by human activities. The 
enrichment factor value for Cd ranges between 1236 and 
14,235, as shown in Table 3. It is easy to see that the 
highest values of Cd are in the site exposed to road traffic  

Table 2. Correlation matrix of dissolved trace elements 
(µg·L–1) and precipitation amount of (R) rainfall (mm). 

 R Al Ba Cd Cu Fe Mn Ni Pb Zn

R 1          

Al  1         

Ba  0.6 1        

Cd 0.5 0.6  1       

Cu  0.9 0.6 0.7 1      

Fe  0.8  0.4 0.8 1     

Mn  0.8  0.4 0.8 1 1    

Ni  0.8  0.7 0.8 0.7 0.7 1   

Pb  0.6 0.4 0.4 0.4 0.6 0.6 0.4 1  

Zn  0.5  0.7 0.7 0.5 0.5 0.6  1 

 

 

Figure 5. The average enrichment factors (EF) calculated 
according to Cong et al. [23] for dissolved trace elements. 
The element concentration s normalized to Al concentration 
in rainwater and at denominator the element concentration, 
normalized to Al concentration referred to mean amount of 
topsoil of study area. 
 
Table 3. Enrichment factors calculated in rain water, ac-
cording to Cong et al. [23] in different sites. 

Site Ba Cd Cu Fe 

A 426.4 1236.6 145.3 0.3 

B 715.1 14235.0 911.8 5.0 

C 441.5 7514.7 1700.2 6.9 

D 531.4 10751.3 1338.3 9.0 

E 148.9 3233.9 324.4 4.3 

F 115.9 2159.4 989.6 3.3 

Site Mn Ni Pb Zn 

A 5.9 15.1 65.3 45.6 

B 196.0 193.1 555.3 773.0 

C 236.6 168.7 239.9 933.2 

D 254.5 153.9 449.6 1446.0 

E 70.6 57.7 341.7 441.4 

F 28.5 61.2 139.7 202.6 
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(about 103 - 104 vehicle per day) and in the site next to 
the industrial area, perpendicular to the preferential wind 
direction from the incinerator. The sites downwind to the 
WEP show lower values of EF for Cd. Regarding to 
other elements, Ba, Cu, Fe, Mn, Ni, Pb and Zn, the sites 
C, D and E have EF higher than the other sites. The sites 
exposed to secondary roads show values 5 to 10 times 
lower. 

The concentration values found in rainfall for the year 
2007 were converted into flux of elements dissolved in 
rain water (kg·km–2·year–1), Table 4 shows the average 
values of pollutants concentrations. The wet deposition 
flux of each element was calculated on the basis of the 
sum of the loads (element concentration multiplied by 
each precipitation volume) in the precipitation collected 
for the whole year (2007). Note the different fluxes in 
different sites: in particular, sites D and F have a deposi- 
tion of elements higher than the other sites. Regarding 
trace elements, site A has high levels of Al and Ba (13.5 
and 45.3 kg·km–2·year–1, respectively), site C of Mn and 
Zn (21.0 and 26.2 kg·km–2·year–1, respectively), while D 
and F have values of the same magnitude for all the 
elements. 

The local data collected during 2007 show that there is 
a quite large spatial variability and flows are affected by 
emission sources. The flows on the Mediterranean area 
of Pb and Zn are calculated as 1.46 and 12.1 
kg·km–2·year–1, respectively [33], and they are very close 
to the average found in our survey area (1.5 and 14.0 
kg·km–2·year–1, respectively for Pb and Zn). 

The maximum flow of these elements is found in sites 
D, E and F (0.3, 2.3 and 26.2 kg·km–2·year–1, respectively 
for Cd, Pb and Zn,) but they are lower than the one 
 
Table 4. Average flux of trace elements expressed as 
kg·km–2·year–1 for the year 2007 determined in rain water, 
and their distribution in different sites. 

 Pollutants flux (kg·km–2·year–1) 

Mean A B C D E F 

Al 5.7 13.5 1.0 3.7 6.3 3.9 5.5 

Ba 15.8 45.3 6.6 12.9 10.8 5.4 13.8

Cd 0.2 0.2 0.3 0.3 0.2 0.3 0.2 

Cu 4.8 0.9 1.2 1.2 1.9 2.3 1.5 

Fe 11.3 3.0 5.1 15.3 18.7 12.3 13.1

Mn 9.4 1.2 5.1 21.0 18.1 6.1 4.6 

Ni 0.5 0.4 0.5 0.6 0.5 0.5 0.5 

Pb 1.5 0.9 1.2 1.2 1.9 2.3 1.5 

Zn 14.0 5.9 6.7 26.2 18.5 19.0 7.8 

estimated close to a foundry plant [34], and 10 km from 
the plant itself (4.8, 35, 2000 kg·km–2·year–1, respec- 
tively for Cd, Pb and Zn). In the same sites, together with 
rain water quality, particles deposited on the leaves were 
analyzed, after washing the vegetation with acidulated 
water. 

Table 5 shows the summary of the statistics data of 
the amount of soluble pollutants fractions in deposition 
on the leaves. These values are higher than those found 
in rain waters. The concentrations of Al, Fe, Mn and Zn, 
expressed in mg·L–1, emphasizing that the deposits on 
the leaves are mainly formed by these elements. The 
average content of other elements decreases as follows: 
Cu > Ba > Pb > Ni and Cd. As seen for the rainwater, 
variability of trace elements concentrations found in the 
leaching test waters is very high, indicating a different 
deposition, function of sites and exposure. 

Figure 5 highlights how the concentration of the 
soluble fraction of metals in the deposition on the leaves 
is higher than that in rainwater. The different order of 
magnitude of pollutants concentrations in rainwater and 
in airborne deposition on leaves is probably due to 
different atmospheric processes. 

Furthermore, Figure 6 shows the different distribution 
of both quantitative and qualitative factors in the deposi- 
tion on leaves as a function of the exposure sites and the 
amount of trace elements in the depositions is within a 
range of 8 and 35 mg·L–1. 

Site D is the site that has the higher concentration (35 
mg·L–1) of elements in the foliar leaching waters, fol- 
lowed by site A and F (12 mg·L–1), B (11 mg·L–1), C (10 
mg·L–1) and E (8 mg·L–1). 

As in the rainfall case, the enrichment factor (EF) was 
calculated normalizing to the Al concentration and to the  
 
Table 5. Descriptive statistics of amount of main pollutants 
in soluble pool of atmospheric deposition on tree leaves. 

mg/L Arithmetic mean S.D. Median Max Min

Al 3.5 2.3 2.9 8.2 1.9 

Fe 6.9 7.1 4.3 21.3 2.6 

Mn 0.7 0.3 0.7 1.2 0.4 

Zn 2.8 1.5 2.8 5.5 1.1 

µg/L      

Ni 42.4 29.5 35.0 93.7 9.1 

Cu 429.7 243.9 341.6 747.9 184.9

Pb 96.0 79.1 81.9 248.4 25.7

Cd 4.3 3.4 3.4 10.8 1.1 

Ba 312.1 160.2 274.4 551.5 152.6
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Figure 6. Sum of pollutants concentrations to different exposition of sites in water after leaching test on leaves. 
 

Table 6. Enrichment factors calculated on soluble pool of 
atmospheric deposition on leaves in different sites. 

 

 A B C D E F 

Ba 30.6 9.7 6.6 9.4 13.0 15.7 

Cd 32.7 27.6 13.5 23.7 9.8 19.0 

Cu 216.6 58.8 75.7 55.2 55.8 48.7 

Fe 2.7 2.6 3.0 5.2 3.4 3.5 

Mn 21.3 12.1 6.9 6.5 12.7 6.3 

Ni 3.6 9.6 14.1 9.1 10.0 9.2 

Pb 9.7 21.2 21.8 22.6 16.4 19.9 

Zn 905.2 355.1 111.1 122.1 291.1 267.4
Figure 7. Average enrichment factors for trace elements 
dissolved by leaching leaves samples. The element concen-
tration is normalized to Al concentration in rainwater, at 
denominator the element concentration, normalized to Al 
concentration referred to mean amount of topsoil in the 
study area. 

 
Table 7. Average flux of trace elements expressed as 
kg·km–2 for the year 2007, determined on leaching water of 
leaves, and their distribution in different sites. 

 
 Pollutants flux (kg·km–2) 

 mean A B C D E F 

Al 18.84 10.52 15.14 17.09 43.33 10.59 16.39

Ba 1.66 2.32 1.05 0.81 2.92 0.99 1.86

Cd 0.02 0.02 0.02 0.01 0.06 0.01 0.02

Cu 2.28 3.78 1.48 2.14 3.96 0.98 1.32

Fe 36.45 14.04 19.57 25.48 112.97 17.68 28.94

Mn 3.88 4.99 4.08 2.62 6.32 3.00 2.29

Ni 0.22 0.05 0.18 0.30 0.50 0.13 0.19

Pb 0.51 0.14 0.43 0.50 1.32 0.23 0.44

Zn 14.99 28.98 16.36 5.78 16.10 9.38 13.33

soil of the area (Figure 7). The average EF is quite dif- 
ferent from that of rainfall, with the highest value for Zn 
(EF = 342) followed by Cu, Cd and Pb (EF = 85, 21 and 
18, respectively). 

The airborne determined by the leaching test is less 
enriched when compared to rainfalls, referring both the 
values to the average composition of the soil. This 
phenomenon could be attributed to the higher amount of 
soil particles. The concentration of pollutants in rain- 
water depends on phenomena of flow and washout of 
atmosphere. The site that has the higher EF in foliar 
deposits is the Faculty of Agriculture (Table 6), followed 
by sites B, E, F and then D and C. 

The load flow (kg·km–2) deposited on the canopy for 
trace elements in presented in Table 7.  

The average flow of elements as a function of leaf area 
shows that the deposition on leaves is characterized 
mainly by Al, Fe and Zn. The flow of Al and Fe found on 
the leaves is greater than that in water. This may be 
attributed to the solubility of these elements in water and 

their readiness to form stable compounds. 
The pollutant fluxes calculated for precipitation are 

higher than those determined with the estimate of the de- 
positions on leaves. Figure 8 shows the linear correlation 
(R2 = 0.84, p < 0.001) between flux of trace elements in  



Assessment of Pollutants in Wet and Dry Depositions in a Suburban Area around a  
Waste-to-Energy Plant (WEP) in Northern Italy 

24 

 

 

Figure 8. Linear correlation between flux of trace elements (Cd, Cu, Ni, Pb, Mn, Zn) determined in rain water and leaf 
washing water. 
 
rainfall and on leaves.  

This relationship is found for all elements except Al, 
Fe, Zn and Ba. The flux of Ba calculated for rainwater 
concentration is greater than one for deposition on the 
leaves. 

Ba is abundant in the earth’s crust but the human ac- 
tivities contribute significantly to the enrichment of at- 
mosphere [31] and many of the compounds released 
during the industrial process are readily soluble in water. 
On the other hand, the high concentration of Al and Fe 
and Zn in airborne deposition is due to soil dust. Con- 
sequently, only the concentration of pollutants in trace 
shows a relationship between both fluxes. 
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