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BACKGROUND

Table 1. Toxic equivalency factors for 

cancer potency relative to BaP (Nisbet

and La Goy, 1992)

Analyte BaP-TEF

∑8PAH NA 

BaP  1

BaA  0.1

Chry 0.01

BbFA 0.1

BkFA 0.1

IP   0.1

DahA 5

BghiP 0.01
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Fig. 1 Industrial PAHs (IPA4) Trend - Apulia Vs Italy
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Taranto’s industrial area contribute to 98% ca. to the Apulian emissions 



THE CASE OF TARANTO

In 1989 the town was officially defined

as an “Area at high environmental

risk” and later it was included in the

“17 Sites of National Interest” that

need to clean up.

This is due to the massive presence of industrial sites with high environmental

impacting activities, including one of the largest iron production plants in

Europe, oil-refinery, cement production and many more.

need to clean up.



Mean concentrations B(a)P – ILVA coke plant

1993-1994, 1999-2000 and 2011 (diagnostic) monitoring campaigns

TLV OSHA



Fig. 2 Dislocation of selected monitoring station of 

B[a]P in Taranto. 

ENVIRONMENTAL DATA

Table 2. b(a)p levels (ng/m3) in Taranto 2009-2013

Year

Monitoring stations

Via 

Machiavelli

Via Alto 

Adige

(ng/m3)

Talsano

(ng/m3)

2009 1.31 0.39 0.38

2010 1.82 0.31 0.31

2011 1.13 0.31 0.32

2012 0.76 0.24 0.24

                      2009                      2010                      2011                      2012                      2013
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Media Mobile Benzo(a)pirene

Site 1 (MA, urban-industrial)

Site 2 (AA, urban)

Site 3 (TA, urban-background)

B
aP

  
ng

/m
3

2012 0.76 0.24 0.24

2013 0.18 0.15 0.23

Fig. 3 BaP (moving average) trend ambient air (PM10) levels 

(three sites)



B(a)p monthly mean concentrations in Puglia . Year 2013



Table 4. Total 

PAHs and BaP

levels in the 

sampling

campaign

carried out with 

wind select

device

Sample sites Sectors Period
Total PAH* 

(ng/m
3
)

Benzo(a)pyrene 

(ng/m
3
)

WIND, DIRECTLY FROM THE SOURCE 2008/08/11-29 226.1 1.19

ALL OTHER WIND DIRECTIONS 2008/08/11-29 14.3 0.11

CALM WIND SITUATION** 2008/08/11-29 56.9 0.59

WIND, DIRECTLY FROM THE SOURCE 2009/02/23-03/05 638.52 3.88

ALL OTHER WIND DIRECTIONS 2009/02/23-03/05 52.09 0.042

CALM WIND SITUATION** 2009/02/23-03/05 689.16 1.76

WIND, DIRECTLY FROM THE SOURCE 2009/02/23-03/05 1056.73 2.24

ALL OTHER WIND DIRECTIONS 2009/02/23-03/05 58.6 0.21

CALM WIND SITUATION** 2009/02/23-03/05 179.62 0.33

Taranto - Lago di Bolsena Street 

(compared with industrial area)

Taranto - Tamburi Church 

(compared with industrial area)

Taranto - Tecnomec

ENVIRONMENTAL DATA

WIND, DIRECTLY FROM THE SOURCE 2009/11/11-12/01 1418.5 2.468

ALL OTHER WIND DIRECTIONS 2009/11/11-12/01 56.67 0.342

CALM WIND SITUATION** 2009/11/11-12/01 402.24 1.176

Statte - Carmine farm

** The wind speed is below 0,5 km/h.



MONITORAGGIO “DIAGNOSTICO” BENZO(A)PIRENE A TARANTO 
(novembre 2010 – luglio 2011)

Campionamento giornaliero di IPA e PM10 in 7 siti interni ed esterni all’area industriale.

BAP CIMITERO MACHIAVELLI

Wind Days (WD):

Giorni caratterizzati da venti intensi

dal quadrante di NW

Siti esterni sottovento durante i wind

days e a ridosso del comparto

industriale : Cimitero e Machiavelli

PARCHI
ILVA BAP

(ng/m3)

CIMITERO MACHIAVELLI

WD 5.3 2.0

Non WD 0.9 0.4

WD/NON WD +495% +447%

PM10 MACHIAVELLI CIMITERO ADIGE
WD 47.7 69.4 22.2

Non WD 33.6 38.0 26.1
Sahariane 42.4 40.9 32.8

+42% +83% -15%WD/NON WD
Confronto con ulteriore sito esterno ma

più distante del comparto industriale

PARCHI
ILVA
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VALUTAZIONE DEI CONTRIBUTI- Positive Matrix Factorization
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METHODS

Incremental Lifetime Cancer Risk (ILCR)

For carcinogens (cancer risk), the estimate exposure was multiplied by unit risk to derive an estimate

of the potential Incremental Lifetime Cancer Risk (ILCR)

ILCR=Exposure (ng/m3) x Unit Risk (ng/m3)

- Probability of an individual to developing cancer over a life-time- Probability of an individual to developing cancer over a life-time

- Expressed as 1 in one million, 0.000001, or 10-6

In this study, using BaP as indicator of general PAH mixtures from emissions of coke ovens and

similar combustion processes in urban air, a lifetime risk of respiratory cancer of 8.7 x 10-5 was

applied.



Annual mean concentrations  of BaP in 2009: 1.31 ng/m3

WHO Unit Risk: 8.7 x 10-5 per 1 ng/m3 di BaP:

Incremental Lifetime Cancer Risk

8.7 x 10-5 (ng/m3) x 1.3 (ng/m3)= 11.3 x 10-5

RESULTS

Considered as Study Population: 17.644 residents in Tamburi Lido Azzurro area (near industrial 

site) in 2009

Lifetime risk estimates of lung cancer associated with an exposure to 1.33 BaP (ng/m3) is:

11.3 x 10-5 x 17.644 = 1.99

Based on the average annual B[a]P level measured in 2010 (1.82 ng/m3), 2.79 excess cancer

cases following a lifetime exposure are estimated



Example 2 in Taranto

Evaluation of the overall inhalation cancer risk in Taranto due to emissions

from ILVA plant before and after a new integrated pollution prevention and 

Risk assessment on Taranto (Italy) integrated steel works

from ILVA plant before and after a new integrated pollution prevention and 

control (IPPC) permit



In Italy, the Integrated

Pollution Prevention

Control (IPPC) permit

does not require the

health impact

assessment on the

assumption that air

pollution limits imposedpollution limits imposed

by European

Legislation are

adequate to protect

human health.







Figure 3-1 Risk Isopleths Around AK-Steel Middletown



Regional legislative act (LR 21/2012)

In July 2012 a Regional legislative act (LR 21/2012) established that within 90 days since the

enactment of the relative regulation, a Health Hazard Evaluation would be carried out by

Environmental Protection Agency and Health Local Unit for about 30 polluting plants in

Puglia.

• The Health Hazard Evaluation, as defined by Puglia Region, has 2 components:

– an epidemiologic description of the area with specific attention to short– an epidemiologic description of the area with specific attention to short

latency diseases (mainly respiratory and cardiovascular ones );

– a risk assessment procedure by polluting plant for cancer and non cancer

outcomes.

If there is an agreement between the procedures by law industries is required to reduce

emissions



Identify areas to 
assess

Identify facilities to 
assess

Identify pollutants 
to assess

Health status
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Regional legislative act (LR 21/2012)

Dose-response 
function for each 

pollutant

Comparison with health and 
epidemiological data 
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Risk Unit and Slope Factors for individual risk assessment

Pollutants

Inhalation

Unit Risk

(µg/m3)-1

Source

Slope 

factor

(mg/Kg-

day)-1

Source

IARC Classification end references

Benzo[a]pyrene 8.70E-02* WHO
3.05E+02

-
1 vol.92, 100F -2012

Naphthalene 8.70E-05 WHO
3.05E-01 - 2B Voll.82  - 2002

Dioxins(TEq) 3.30E+01 US-EPA 1.50E+05
- 2B Vol. 11, Sup 7, 71 - 1999

PCB 1.00E-04 US-EPA 3.50E-01
- 2A Vol. 18, Sup 7 - 1987

Benzene 6.00E-06 WHO
2.10E-02 - 1 Vol. 29, Sup 7. 100F , -2012

As 1.50E-03 WHO
5.25E+00

- 1 Vol. 23, Sup 7, 100C  -2012

Cd 1.80E-03 US-EPA 6.30E+00
- 1 Vol. 58, 100C -2012

Cr (VI) 4.00E-02 WHO 1.40E+02
- 1 Vol .49, 100C 2012

Ni 4.00E-04 WHO 1.40E+00
- 1 Vol.49, 100C  - 2012

Pb - US-EPA 4.20E-02 OEHHA
2A Vol.87-2006



Annual average concentration b(a) p predicted by SPRAY

Fig. 9 Annual average concentration b(a) p predicted by SPRAY

Situazione 2010 AIA 2011 (I AIA) Riesame AIA (scenario 2016) 2010 (before new IPPC permit) 2011 IPPC 2016 (after new IPPC permit)

Year Tons of steel

Before new IPPC 

permit

2010 6,963,671

IPPC 2011 * 2011 8,432,100

After new IPPC 

permit**

2016 8,000,000

*IPPC - DVA-DEC-2011-0000450 04/08/2011 

** IPPC - DVA-DEC-2012-0000547 26/10/2012

Year B(a)P

[kg/year]

Before new IPPC permit 2010 178,36

IPPC 2011 ()* 2011 159,46

After new IPPC permit** 2016 125,51



Cancer Risk Isopleths of b(a)p in Taranto. Year 2010



Cancer Risk Isopleths of b(a)p in Taranto. Year 2016



Fig. 10 Cancer Risk Isopleths in Taranto

In “red area”, the  
inhalation cancer risk
is higher than

Aggregated (i.e., all chemicals combined) lifetime inhalation cancer risk

2010  
(before new IPPC permit)

Cancer Risk Isopleths in Taranto. Year 2010

is higher than
2:10,000

In “yellow area”
the  inhalation
cancer risk is
higher than
1:10,000



In “yellow area” the 
inhalation cancer risk
is higher than

2016  
(after new IPPC permit)

Cancer Risk Isopleths in Taranto. Year 2016

Fig. 11 Cancer Risk Isopleths in Taranto

Aggregated (i.e., all chemicals combined) lifetime inhalation cancer risk

is higher than
1:10,000



US-EPA Comprehensive Residual Risk 
Report to Congress (1999)

• 1 x 10-4 threshold selected as maximum individual lifetime
cancer risk (upper end of acceptability range)

CONCLUSION

• 1 x 10-6 threshold chosen to provide an ample margin of safety

• Recommended that actions be taken when residual risks are
between 1 x 10-6 and 1 x 10-4



In the last example,  assessment shows the efficacy of IPPC permit

reduced emissions resulting in decreased lifetime cancer risks in the 

town population, even though there is still a residual risk to be 

CONCLUSION

managed


