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Index:

1. Results from some studies conducted in Emilia-Romagna region circa the 

environmental impact on atmospheric particulate from the agricultural activities ;

1. Results obtained from the simulations with mathematical models - connected to the 

potential reductions of the pollution of atmospheric particulate - of the actions on 

the Agriculture sector,  contained in the plan for Air Quality of the  Emilia-Romagna 

Region.  



Territorial framework

• Emilia-Romagna is one of the Po basin Regions, its agriculture is
characterized of a great variety of products and with a lot of
abundance of some of these ones.  

• Its favorauble climatic and geographical position, together with
the use of best modern techniques and the organization of the the use of best modern techniques and the organization of the 
selling and distribution of its products, put the Emilia-Romagna at 
the first places in Italy for the production of wheat, sugar beet , 
barley, rice, fruits and wine.  

• Widely applied is the breeding and pigs cattles ant the fish in sea
that give anchoves, sardines, mackerel, eels, mullets and sea bass.
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Ground level NO2 concentration as measured by the SCIAMACHY 

instrument on ESA's Envisat. Credits: University of Heidelberg

Emilia-Romagna Region

Critical parameters: PM10 - PM2.5 - O3 - NOx
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>95% AMMONIA FROM AGRICULTURE 

MEAN CONTRIBUTION IN EMILIA-ROMAGNA REGION

% NH3 FROM AGRICULTURE by DISTRICT
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Realization of a integrated study of atmospheric pollution in 

Emilia-Romagna region by chemical, physical and toxicological 

measures and health, epidemiological and environmental 

evaluation by interpretative models.

Promoters:

Assessorato alle  Politiche per la Salute RER

Assessorato all’ Ambiente e Sviluppo Sostenibile RER

Coordination

www.supersitowww.supersito--er.iter.it

Coordination

Regional Agency for Prevention and Environment of Emilia-Romagna

Institutes involved:

Institute of Atmospheric Sciences and Climate

(CNR-ISAC) 

University of Bologna

University of Ferrara

University of Eastern Finland

Finnish Meteorological Institute

Department of Epidemiology of the Regional Health Service (Lazio)

University of Insubria



GENERAL OBJECTIVE

The aim of Supersite Project is to realize in Emilia-Romagna region 

a detailed study about some chemicals, physical and toxicological 

parameters of the atmosphere and to get health, epidemiological 

and environmental evaluations by interpretative models. 

28Nov2014 - Parma 

nanoday - A.Trentini, Arpa

and environmental evaluations by interpretative models. 

In detail we work to improve knowledgde about environmental and 

health aspects of fine (PM2.5) and ultrafine particulate (UFP), in 

primary and secondary components, in atmosphere outdoor and 

indoor



SPATIAL DISTRIBUTION SAMPLING SITES

n. 3 in urban area: Bologna (main site), Parma (US1) and Rimini (US2)

n. 1 in rural area: S. P. Capofiume (RS3) 

n. 1 in remote area, Monte Cimone (RS4).



PM 2.5 source apportionment in the urban 

area of Bologna

Project Supersito

Measurements period: july 2012 - february 2014 

(165 daily sampler)

Sampling site: urban background in the city of Bologna, inside 

the area of National Research Council the area of National Research Council 



Data collection

Daily samplings of PM2.5 were carried out by using:

-three low volume instruments operating at a flow rate of 38 l
min-1 (SWAM Single Channel, SWAM Dual Channel, FAI
Instruments - Roma, I) set side-by-side with a low volume
sampler operating at a flow rate of 38 l min-1 (Skypost, TCR
Instruments - Roma, I) set side-by-side with a low volume
sampler operating at a flow rate of 38 l min-1 (Skypost, TCR
TECORA, Milano, I).

-Samples were collected on 47 mm in diameter quartz filter:
Whatman QM-A for elemental content, Pall for ions and EC/OC.
The quartz membranes used for EC/OC analysis were pre-fired at
800°C for three hours before use.



Data collection

The quartz filters were digested by a microwave oven using a mix
of Supra pure nitric acid-hydrogen peroxide 4:1 attack and
analysed by ICP-MS (7700x Agilent Technologies, USA), for
determining the elemental content (Mg, K, Ca, V, Cr, Mn, Fe, Ni,
Zn, As, Cd, Pb, Sn, Sb, Ba, La).

For the analysis of the ions the filters were water extracted in anFor the analysis of the ions the filters were water extracted in an
ultrasonic bath and analysed by means of ion chromatography
(ICS-1000 and 1100, Dionex Co., USA); the instruments were
equipped with Ionpac AS9HC column for anions (Cl- NO3

- SO4
2-,

PO4
3-) and Ionpac CS12A column for cations (Na+, NH4

+, K+, Mg2+,
Ca2+).



Data collection

The quartz filters for EC/OC analysis were punched and each
punch (1.5 cm2) analysed by means of a thermal-optical analyser
(OCEC Carbon Aerosol Analyser, Sunset Laboratory, OR-USA).

The instrument operates in two phases: during the first step the
sample is heated up to 650°C in helium atmosphere (evolution of
organic compounds); then, during the second step, after aorganic compounds); then, during the second step, after a
cooling-off period, it is heated again up to 850°C in oxidant
atmosphere (evolution of elemental carbon). Both the evolved
organic and elemental compounds are converted from CO2 to
CH4 and determined by a flame ionization detector. Pyrolitic
conversion is taken into account through laser monitoring.



Mass Closure Average

µg m-3

PM2.5 20.2

Crustal 1.2

NH4NO3 4.9

(NH4)2SO4 2.9

NH4Cl 0.2

Organic Matter 8.0

Elemental Carbon 1.4

OM=1.7*OC

Crustal  6%

NH4NO3  25%

(NH4)2SO4  14%

NH4Cl  1%

OM  40%

EC  7%

Unknown  7%

Ricciardelli et al., PM2014 

Unknown 1.5



PMF

Daily concentration data of ions, elements, EC/OC and PM2.5 mass

have been analyzed by Positive Matrix Factorization (PMF), in

order to identify major pollution sources affecting the area and to

retrieve their contribution. Positive Matrix Factorization - EPA PMF

v5.0 - was used to analyze the complete dataset

Some chemical species were eliminated because of a inadequate

number of data over the detection limit: Br-, PO4
3-, Al, Ba.



PMF

Missing data of chemical species (N < 10) were replaced with the

geometrical average.

Data lower the limits were replaced with ½ LOD.

The uncertainities of the data < LOD and missing data have been

processed according to: Polissar et al 1998

.



PMF
Missing data of PM2.5 have been replaced with the estimate

data from a linear regression with the ones coming from near

monitoring stations (r>0.9) and the uncertainity (normally fixed

to 2 µgm-3 on the base of experimental tests) has been

multiplied by 3.

For the uncertainities of chemical species it has been used the

metodology followed by Zabalza et al. 2006 and Polissar et al.

19981998

.

Jon Zabalza, David Ogulei, Philip K. Hopke, Jong Hoon Lee, Injo Hwang, Xavier Querol, Andrés Alastuey and Jesús Santamaría.

Concentration and sources of PM10 and its constituents in Alsasua, Spain

Water, Air, and Soil Pollution (2006) 174: 385–404

Polissar, A.V., Hopke, P.K., Paatero, P., Malm, W.C., & Sisler, J.F. (1998). Atmospheric aerosol

over Alaska: 2. Elemental composition and sources. Journal of Geophysical Research, 103(D15),

19045–19057.
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AMMONIA CONCENTRATION DO NOT SHOW A 

SEASONAL TREND
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NH3 NH4+

NH4NO3

(NH4)2SO4NH3 NH4+ (NH4)2SO4

NH4Cl
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7%

28%

Bologna - UrbanBG (2012-2014)

OC

EC

Other ions

NH4

PM2.5 mean = 21 µgm-3 
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12%

0%
19%

Bologna - RuralBG (2012-2014)
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NH4

PM2.5 mean = 18 µgm-3 
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19%

5%

2%
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Parma - UrbanBG (2012-2014)
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PM2.5 mean = 24 µgm-3 
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Rimini - UrbanBG (2012-2014)
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ABOUT 10% OF PM2.5 IS AMMONIUM

AMMONIUM DERIVE FROM AMMONIA

IN REGION 95% OF AMMONIA DERIVE FROM AGRICULTURE

ABOUT 10% OF PM2.5 COULD DERIVE FROM AGRICULTURE

MAYBE MORE BECAUSE:

1 - AMMONIUM NEUTRALIZE NITRIC ACIDITY SO NEW NOx CAN BECAME 

NO3- ON PARTICLES

2 - AMMONIA IS NOT THE ONLY POLLUTANT FROM AGRICULTURE



1 - AMMONIUM NEUTRALIZE NITRIC ACIDITY SO NEW NOx CAN BECAME 

NO3- ON PARTICLES
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Eq NH4

Eq NO3+Cl+SO4

BO - RurBG

Charge neutrality

verified in every site

Eq NH4

Eq NO3+Cl+SO4

PR - UrbBG

Eq NH4

Eq NO3+Cl+SO4

RN - UrbBG
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PM POLLUTION EPISODE – Feb 2012

Foehn wind
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“Several studies [1-3] identified in snowmelt a possible origin of nitrate
precursors, like NO or NO2, and possible reaction pathways for
production of nitrate into the snow (in liquid layer or in interstitial air)
are proposed [4]. Therefore, the snowmelt may have increased the
nitrate availability in air.
Ammonia is the principal precursor of ammonium and its concentration in
Po Valley is usually among the highest in Europe.
Ammonia main source is agriculture, in particular animal husbandry and
manuring of fields [5]. The regional laws prohibit the use of nitrogen
fertilizer from livestock, normally, until the end of January. In

EAC 2013 – Poluzzi et al.

manuring of fields [5]. The regional laws prohibit the use of nitrogen
fertilizer from livestock, normally, until the end of January. In
February, this kind of manuring is permitted only if water, snow or ice
don’t cover the soil, so in the northern and western Po Valley, where no
snow was present, the agricultural activities could have begun in the
studied days. Even if other hypothesis can be considered, i.e.
transboundary transport, the manuring seems to have played a key role
in such a high ammonia availability.”

[1]: Bock J., Jacobi H.W., J. Phys. Chem. A, 114, 1790-1796, 2010;

[2]: Helmig D., Seok B., Williams M.W., Hueber J., Sanford R., Biogeochemistry, 95, 115-130, 2009;

[3]: Stanier C., Singh A., Adamski W., Baek J., Caughey M., Carmicheal G., Edgerton E., Kenski D., Koerber M., Oleson J., Rohlf T., Lee S.R., 

Riemer N., Shaw S., Sousan S., Spak S.N., Atmos. Chem. Phys., 12 11037-11056, 2012;

[4]: Jacobi H.W., Hilker B., J. Photochem. Photobiol. Chem., 185 (2-3), 371-382, 2007;

[5]: Tugnoli S., Rumberti V., Atmospheric Emissions Inventory in Emilia-Romagna region, Agency for Prevention and Environment (ARPA-

ER), 2010.



2 - AMMONIA IS NOT THE ONLY POLLUTANT FROM AGRICULTURE



OTHER MOBILE 

SOURCES



tractors

harvesters







TOTAL CONTRIBUTION:   5803     10103     1520           1846          2.4       141       305        47       802
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Bologna MS

19%

17%

24%

BB

Traffico

Combustion oil

Industria

Secondario regionale

Secondario invernale

San Pietro Capofiume

27%

28%

18%

Aprile 2013 – Febbraio 2014

17 Dicembre 2014 – Comitato di progetto
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Identificazione dello 

scenario obiettivo di 

piano

Lo strumento RIAT+ implementato in Emilia-

Romagna fornisce un ampio spettro di 

informazioni e dati  a supporto dell’analisi 

dell’inquinamento, delle cause di 

superamento e delle possibili misure per 

ridurre le emissioni inquinanti:

• L’analisi  costi-benefici è stata utilizzata per 

www.operatool.eu

Azioni di risanamento e loro valutazione 
per il Piano della qualità dell’aria 
dell’Emilia-Romagna PAIR 2020

• L’analisi  costi-benefici è stata utilizzata per 

identificare lo scenario obiettivo di piano;

• Il database delle azioni è stato utilizzato per 

identificare e valutare le misure più efficaci;

• Il modello sorgente-recettore è stato utilizzato 

per una valutazione rapida degli effetti sulla 

qualità dell’aria delle misure selezionate;

• i dati di emissione relativi agli scenari 

selezionati vengono utilizzati per preparare i 

dati di ingresso per il modello NINFA
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Identificazione delle azioni che possono consentire il 

raggiungimento degli obiettivi del piano:

l’analisi del database delle azioni OPERA/GAINS-I

• 2200 azioni tecniche (GAINS-I) e non tecniche/di 

efficienza energetica (Life-OPERA)

• ad ogni azione sono associati i dati di:• ad ogni azione sono associati i dati di:

– RE (efficienza di abbattimento) per ogni inquinante

– AR (tasso di applicazione)

– Massimo tasso di applicazione

– Costo unitario 



Misure dello scenario obiettivo di piano 

suddivise per macrosettore (RIAT+)

PM10

SO2
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AGRICOLTURA • applicazione combinata 

all’allevamento di bovini, suini, 

pollame ed altri animali di:

– alimentazione a basso contenuto di 

azoto,

– copertura delle vasche di stoccaggio 

dei liquami

Le azioni su questo settore permettono di 
raggiungere il 100 % dell’obiettivo per 
NH3

– adozione di tecniche di spandimento a 

basso rilascio di ammoniaca 

– miglioramento dei ricoveri per animali

– Utilizzo di fertilizzanti a basso 

contenuto di urea



ALTRE SORGENTI 

MOBILI
• Nello scenario tendenziale CLE 

2020  non sono ipotizzate riduzioni 

delle emissioni in questo settore, il 

margine di azione quindi è elevato.

• Si stima un potenziale di riduzione 

dalle 5.000 alle 7.000 ton di NOx e 

Le azioni in questo settore permettono 

di raggiungere il 20 % dell’obiettivo per 

NOx

dalle 5.000 alle 7.000 ton di NOx e 

dalle 1.000 alle 1.200 ton di PM10

– (*) non sono stati considerati i trattori 

a benzina dato che il loro contributo è 

totalmente trascurabile



Conclusions:

The important contribute at the emissions and at the 

concentrations of PM coming from agricultural activities

is now well known and the Supersito project, together to

the inventary emissions analysis show how relevants are 

these contributions in the Emilia-Romagna region.

However, the introduction of best action and techiques

requested by PAIR 2020 , if they are well conducted, 

should give good results to decrease this impact. 


