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is the exposure to an environmental 
factor associated with an effect, or a 
change in the health status of 
population exposed? 



the aim is to estimate the effect of 

exposure of interest 

(the ambition would be to measure causal effects) 

Exp+ 

cases cases 

Exp- 



We need: 

1. an exposure that can be 
measured/estimated 

2. a completed pathway 

3. an exposed population (and an 
unexposed) 

4. a measurable effect that is 
plausibly related to the 
exposure 



MEASURING THE 

OCCURRENCE OF A 

DISEASE 



Basic measure: the absolute number 

How many individuals have a disease? 

useful (maybe) to plan services, to study 

the evolution of an epidemic, but in other 

contexts? 

counting is not enough!  

relate the numerator with the 

denominator! 



# cases period population

City a 58 1985 25.000

City b 35 1984-1985 7.000

 

 



# cases period population

City a 58 1985 25.000

City b 35 1984-1985 7.000

the time period 

the information 

 was collected 

the size of the 

population from which 

the affected individuals 

come from 



Rate 

• basic measure in epidemiology 

 

• the frequency with which an event 
occurs in a group of people 

 

• used to compare the occurrence of 
disease in different groups 

 



Example: Rates 

Rate = Number of events in a specified time period 

         Average population during the time period 

 

***the measure of time is a critical part of a 
rate! 

 

Such as, the number of newly 
diagnosed cases of lung cancer per 
100,000 residents during 1999. 



Common rates 

• mortality (death) rate is the number 
of deaths, in a defined group of 
people, during a specified time 
period. 

 

• birth rate is the number of live 
births, in a defined group of people, 
over a specified time period. 



Incidence 

• the number of new cases that develop 

in a group of individuals during a 

specific time period 

• calculated as the number of new 

cases divided by the population at 

risk over time 

 

                               # of new cases 

 CI  =   ---------------------------------------- 

        population at risk at certain time 



Cohort 

longitudinal approach 



events and person time 
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                                         # of new cases  

 IR =     ------------------------------------------------------------------------- 

            total person-time at risk 

estimate of the actual time-at-risk in years, 

months, or days that all persons contributed 

to a study throughout the observation 

period 



calculating person time for IR 

Time contributed by each subject:  

Subject A: 53 days  

Subject B: 70 days  

Subject C: 24 days  

Subject D: 70 days  

Subject E: 19 days  

Total person-days in the study: 

53+70+24+70+19=236 person-days  



Prevalence 

• measure of the burden of disease in a 

population 

• calculated as the number of individuals with a 

disease or outcome divided by the total number 

of individuals in a defined population at a given 

time 
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P = 
# of existing cases 

population 

at a given time 

 



  

“Prevalence” is the proportion of a 

population who have (or had) a specific 

characteristic at a specific point in time 

(point prevalence) or at any point during a 

given time period of interest (past 12 

months” is a commonly used timeframe) 

(period prevalence) 



Comparisons, effects, and 

associations 



the aim is to estimate the effect of 

exposure of interest 

(the ambition would be to measure causal effects) 

Exp+ 

cases cases 

Exp- 



from the ideal……  

the experience 

(the occurrence) in 

a population 

"exposed" 

what would happen to 

the same population in 

the absence of 

exposure 

the experience 

(the occurrence) in 

a population 

"exposed" 

the occurrence in 

another population, 

"unexposed" 

…… to real 



In the real situation it is possible to attribute 

with certainty to the exposure the differences 

observed? 

It depends on how well the experience of the 

unexposed population simulates what would 

have been the experience of the population 

exposed if it had not been exposed 

In this sense, we prefer to speak of 

"measures of association" 

from the ideal to the real 



Measures of Association 

• How much greater the frequency of 
disease is in one group compared with 
another. 

 



Relative Risk (RR) 

• Measures how likely the exposed 
group will develop a disease 
compared to the unexposed group. 

  

 

RR =  incidence in the exposed       
  incidence in the unexposed    



Measures of association in a 2 × 2 table 

Disease 

a b 

c d 

yes no 

a+c b+d 

yes 

no 

E
x

p
o

s
u

re
  

a+b 

c+d 

a+b+c+d  

 

RR = incidence in the exposed     =a/(a+b) 

  incidence in the unexposed  c/(c+d) 



0 1.0 + 

Negative association Positive association 

no association  

RR interpretation 



► high RR 

– benzidine / bladder cancer    RR = 500 

– tobacco (>25cig/d) / lung cancer   RR =   30 

 

►  High RR usually lead to severe and often 
specific health outcomes 

 

► They occur in well defined” populations: 

in space, in time 

with particular socio-demographic 
characteristics 

usually relatively small populations 
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► short term effect of AP on respiratory diseases  

 RR = 1.1 - 1.5 

 

► Magnetic fields (from power supplies (60 Hz) and 
children leukemia 

 RR = 1.3 

 

Does it mean that it’s not a real public health 
problem ? 
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Risk Differences  

RD = I1 – I0 

Difference between the risks 

(incidence proportion) of the 

exposed group and those of the 

unexposed group 

 

how much disease could be eliminated 

if you would remove the environmental 

exposure factor 



evaluating the 

association between 

an exposure and an 

outcome 



 

 

The question being asked determine the 
appropriate study architecture, strategy and tactics 
to be used -not tradition, authority, experts, 
paradigms or schools of though.” 

-Sackett, Wennberg 1997 

 

Good research starts with asking a clear, 
focused research question 
 

Research question 



Assessing the impact of industrial pollution: 
 

to describe the impact of AP in industrial areas in 
Italy (Integrated Environment and Health 
Approach) 

 

to study the association between thermoelectric 
plants in Brindisi (Apulia, South of Italy) and the 
health status of residents nearby 

(epidemiological approach) 

 



Health Impact 
Assessment of air 

pollution in the italian 
industrial 

contaminated sites 

www.viias.it 



 

Population 
(census data) 

Baseline 
 

 

PWE 
 

PM2.5, NO2 
dispersion 

models 
 

www.MINNI.org 

 

Health Impact: cause specific 
avoidable deaths 

 
Baseline 2005 

scenarios 
 

concentration/ 
response 
functions 

HRAPIE/WHO 
adapted 

crude mortality 
rates 

baseline 

 

Modeled estimates  
Baseline 2005 

scenarios 

conceptual framework 

www.INTARESE.org     www.integrated-assessment.eu 
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61 industrial sites 
(44 municipalities) 

44 SIN SENTIERI  
(298 municipalities) 

European Pollutant Release and 
Transfer Register (E-PRTR) 
 
”Revealing the costs of air 
pollution from industrial 
facilities in Europe”  
European Environmental Agency, 2011 
 

 

Industrial sites in Italy  



Industrial sites 

SIN Venezia-Porto Marghera (1 comune): 
• Impianto Termoelettrico Di Fusina 
• Raffineria di Venezia 
• Stabilimento di Porto Marghera 
• Centrale Termoelettrica Di  Marghera 

Levante 

SIN Laguna di Grado e Marano (6 comuni): 
• Centrale Termoelettrica Di Torviscosa 

SIN Laghi di Mantova e Polo chimico 
(2 comuni): 
• Centrale Termoelettrica di Mantova  

SIN Pitelli (2 comuni): 
• Centrale Termoelettrica di La Spezia  



SIN Falconara Marittima (1 comune): 
• Raffineria e impianto di gassificazione (IGCC) 

SIN Livorno (2 comuni): 
• Raffineria 

SIN Piombino (1 comune): 
• Centrali Termoelettriche 
• Stabilimento siderurgico 

Industrial sites 



SIN Brindisi (1 comune): 
• Centrali Termoelettriche 

SIN Taranto (2 comuni): 
• Stabilimento siderurgico 
• Centrale Termoelettrica 
• Raffineria 

SIN Priolo (4 comuni):  
• Raffinerie 
• Stabilimento chimico 

SIN Sulcis-Iglesiente-Guspinese 
(39 comuni): 
• Raffineria 
• Centrale Termoelettrica 

SIN Aree industriali Porto Torres 
(2 comuni): 
• Centrale Termoelettrica 
• Stabilimento chimico 

SIN Milazzo (3 comuni): 
• Centrale Termoelettrica 
• Raffineria 

SIN LITORALE DOMIZIO FLEGREO E 
AGRO AVERSANO (77 comuni): 
• Centrale Termoelettrica 

Industrial sites 



Annual premature deaths related to 
PM2.5 in the Italian industrial sites 

PWE 

(µg/m3)

mean N

OVERALL 25.5 328,078 4,516 441 263 - 553

NORTH 26.1 233,442 3,262 336 200 - 421

CENTER 18.6 39,503 561 32 19 - 41

SOUTH and 

ISLANDS
27.7 55,133 693 73 44 - 91

OVERALL 24.0 2,012,736 27,107 2,395 1,423 - 3,001

NORTH 25.6 1,273,397 17,299 1,689 1,004 - 2,116

CENTER 19.1 313,154 4,315 263 156 - 331

SOUTH and 

ISLANDS
22.9 426,184 5,493 442 264 - 553

Impact cell 

4x4 km

Impact 12x12 

km

2005

Pop>30 

years

Observed 

deaths

Premature deaths

95% CI

20.1 

24.5 

17.1 

16.1 

20.1 

24.5 

17.1 

16.1 

PM2.5 PWE for Italy  



Epidemiological studies in industrial areas and 
contaminated sites 

 Multiple sources 

 Different pathways 

 Variable time of contamination  

 

 

 

 Population size (and size of the exposed groups)  

 Socioeconomic status (environmental justice) 

 

 

 
 Occupational exposure 

 Outcomes definition and data collection 

 Enviromental worries and media pressure 



Study design – Residential cohort approach 

Other pollution 

sources 
Environmental 

monitoring 

t1 
Study area 

definition  

Municipality 

data 

Geocoding 

procedure 

Dispersion model 

(footprint) 

Follow-up 

Population cohort 

Epidemiological 

evaluation 

Exposure-response 

relationship 

Pollution source 

Socioeconomic 

level 

t0 

Meteorology Orography 

Occupational 

hystory Distance from other 

industrial sites 





Study area 

Environmental stressors: 

• Thermoelettric power plants 

• Petrochemical complex 

• Harbor  

• Airport  

• Landfills and Incinerator 

• Other plants  

• Traffic and biomass heating 



Background 

Effect of the industrial  pollution exposure 

 increasing carcinogenic risk among people resident close to 

residential zone 
Benedetti M et al. Cancer risk associated with residential proximity to industrial sites: a review. Arch Environ Health 2001 

 

 respiratory tract cancer, urinary tract cancer, cardiac disease, 

respiratory disease 
Mataloni F et al. Studio di coorte sulla mortalità e morbosità nell ’ area di Taranto A cohort study on mortality and morbidity in 

the area of Taranto , Southern Italy. Epidemiol Prev 2012 
 

 respiratory tract cancer, urinary tract cancer, cardiovascular diseas 
Bauleo L et al. Long-term effect of industrial and occupational exposure among people living in the area of Civitavecchia 

(Italy). Draft 

 

 cardiovascular effects 
Pascal L et al. Ecological study on hospitalizations for cancer, cardiovascular, and respiratory diseases in the industrial area 

of Etang-de-Berre in the South of France. J Environ Public Health 2013. 

 



Research  question 

Have the industrial emissions of 

power plants 

affected the health status of people 

living in the area of Brindisi? 



Study popolation 

223.934 people 
(2000-2013) 

Tarquinia 

Santa Marinella 

Allumiere 

Tolfa 

Civitavecchia 

98% address geocoded  

Not 

found 

High 

Middle-

high 

Middle 

Middle-

low 

Low 

Occupational categories

Ever worked 83240 37.2

Services industry 27641 12.3

Agricolture 33144 14.8

Constructions industry 10109 4.5

Naval and Mechanical constructions 9270 4.1

Chemical-Pharmacutical-Rubber 4343 1.9

Plastic 3098 1.4

Transports 2024 0.9

Electric construction 1607 0.7

Aeronautic 1476 0.7

Mineral processing 1145 0.5

Gas and power industries 893 0.4

Iron and steel industry 1147 0.5

Dock worker 752 0.3

Others 4564 2.0

Socio-economic position (SEP)

High 23484 10.5

Middle-high 50647 22.6

Middle 62155 27.8

Middle-low 50671 22.6

Low 32880 14.7

Not found 4097 1.8
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Exposure assessment 

emission sources

chimneys PM10 SO2

coal deposits PM10

tracers



Emission of PM10 and SO2 (tons/year) from 

power plants 



Population weighted exposure PM10 (µg/m3) 

mean sd 5th 25th 50th 75th 90th 95th

1991 0.321 0.351 0.030 0.078 0.329 0.480 0.683 0.764

1992 0.279 0.332 0.025 0.065 0.279 0.414 0.593 0.673

1993 0.281 0.333 0.025 0.066 0.282 0.417 0.597 0.677

1994 0.299 0.341 0.027 0.070 0.300 0.446 0.637 0.718

1995 0.321 0.351 0.030 0.078 0.329 0.480 0.683 0.765

1996 0.324 0.432 0.027 0.071 0.315 0.479 0.703 0.808

1997 0.436 0.446 0.044 0.111 0.462 0.653 0.897 1.011

1998 0.304 0.251 0.033 0.082 0.337 0.451 0.585 0.648

1999 0.128 0.089 0.015 0.037 0.145 0.186 0.215 0.233

2000 0.121 0.088 0.015 0.036 0.132 0.174 0.214 0.249

2001 0.180 0.199 0.018 0.043 0.184 0.257 0.368 0.416

2002 0.165 0.193 0.017 0.042 0.170 0.230 0.337 0.386

2003 0.149 0.153 0.015 0.036 0.155 0.208 0.293 0.323

2004 0.219 0.264 0.019 0.043 0.228 0.304 0.440 0.525

2005 0.160 0.199 0.015 0.034 0.165 0.222 0.324 0.386

2006 0.115 0.118 0.012 0.027 0.129 0.168 0.212 0.265

2007 0.078 0.053 0.011 0.027 0.092 0.110 0.130 0.138

2008 0.056 0.040 0.009 0.022 0.064 0.075 0.094 0.108

2009 0.056 0.043 0.008 0.017 0.063 0.077 0.095 0.106

2010 0.050 0.037 0.008 0.018 0.056 0.066 0.084 0.097

2011 0.040 0.028 0.006 0.014 0.047 0.055 0.065 0.073

2012 0.030 0.022 0.005 0.011 0.034 0.041 0.051 0.058

2013 0.019 0.016 0.003 0.008 0.019 0.023 0.036 0.041

0.44 µg/m3 



Population weighted exposure SO2 (µg/m3) 

mean sd 5th 25th 50th 75th 90th 95th

1991 8.57 5.56 1.08 2.75 9.81 13.35 15.45 17.08

1992 6.65 4.30 0.85 2.16 7.73 10.23 11.92 13.15

1993 6.73 4.36 0.86 2.18 7.81 10.37 12.06 13.32

1994 7.56 4.92 0.95 2.42 8.60 11.76 13.64 15.07

1995 8.57 5.57 1.08 2.75 9.79 13.36 15.46 17.10

1996 7.93 5.15 1.00 2.54 9.05 12.35 14.30 15.81

1997 8.00 5.17 1.02 2.61 9.36 12.29 14.35 15.78

1998 4.23 2.71 0.55 1.40 4.94 6.45 7.52 8.18

1999 2.48 1.58 0.34 0.86 2.83 3.72 4.46 4.67

2000 2.30 1.46 0.32 0.82 2.70 3.37 4.02 4.23

2001 2.72 1.72 0.38 0.95 3.15 4.03 4.83 5.07

2002 2.54 1.60 0.37 0.92 2.95 3.65 4.34 4.58

2003 1.72 1.10 0.27 0.67 2.01 2.43 2.81 3.00

2004 1.54 0.98 0.24 0.59 1.78 2.20 2.50 2.70

2005 1.15 0.75 0.19 0.46 1.33 1.61 1.87 2.01

2006 0.98 0.65 0.17 0.40 1.11 1.32 1.55 1.77

2007 0.94 0.63 0.16 0.39 1.05 1.26 1.53 1.75

2008 0.91 0.62 0.16 0.38 1.02 1.20 1.49 1.71

2009 0.55 0.38 0.10 0.23 0.62 0.73 0.90 1.05

2010 0.58 0.41 0.11 0.25 0.64 0.75 0.98 1.15

2011 0.61 0.41 0.11 0.25 0.67 0.80 0.99 1.15

2012 0.55 0.40 0.10 0.24 0.60 0.70 0.94 1.10

2013 0.30 0.25 0.06 0.14 0.29 0.34 0.57 0.68

8.01 µg/m3 



PM2.5 concentration from power plants  



SO2 concentration from power plants  



Statistical analysis 

industrial 

concentrations from power 

plants 

Cause-specific 

mortality (2000-2013) 

Age 

Gender 

Calendar period 

Birth place 

Socioeconomic 

position 

Occupational 

category 

Cox proportional hazard model 

Regional health 

database mortality 

Main analysis:  

fixed exposure 

(1997) 

Sensitivity analysis: 

time depended 

exposure 



Association between Pm10 1997 from power plants and 
cause-specific mortality. Adjusted hazard ratios (HRs and 

95% CI)  



N HR* Low Up HR* Low Up

Natural mortality (001-799) 19653 1.00 0.96 1.05 0.98 0.92 1.04

Malignant cancers (140-208) 5375 1.15 1.05 1.25 1.12 1.00 1.24

Stomach (151) 229 0.93 0.61 1.42 1.20 0.72 1.98

Colon and rectum (153-154; 159) 400 0.98 0.73 1.30 1.04 0.73 1.48

Liver (155-156) 267 1.02 0.74 1.40 0.98 0.68 1.40

Pancreas (157) 53 1.55 1.04 2.29 1.61 1.01 2.58

Larynx (161) 1103 0.80 0.33 1.93 1.11 0.40 3.05

Trachea, bronchus and lung (162) 41 1.14 0.94 1.38 1.01 0.81 1.27

Pleura (163) 305 1.08 0.38 3.10 1.25 0.37 4.21

Bladder (188) 209 1.52 0.98 2.36 1.24 0.75 2.05

Kidney (189) 98 1.12 0.59 2.15 1.41 0.64 3.09

Brain and other parts of CNS (191-192; 225) 214 1.08 0.69 1.67 1.03 0.60 1.76

Lymphatic and hematopoietic tissue (200-208) 427 1.21 0.89 1.64 1.13 0.78 1.62

Leukemia 185 1.29 0.81 2.05   1.37 0.80 2.36

Neurological diseases (330-349) 642  0.89 0.69 1.14 0.67 0.45 1.00

Cardiovascular diseases (390-459) 7695 0.88 0.82 0.94 0.91 0.83 1.00

Cardiac diseases (390-429) 5417 0.95 0.87 1.03 0.97 0.87 1.08

Acute coronary events (410-411) 530 1.24 0.94 1.63 1.45 1.07 1.95

Cerebrovascular diseases (430-438) 1865 0.75 0.65 0.87 0.79 0.66 0.94

Respiratory diseases (460-519) 1590 1.22 1.04 1.43 1.08 0.87 1.34

COPD (490-492, 494, 496) 867 1.19 0.96 1.47 1.12 0.85 1.48

Renal diseases (580-599) 398 0.75 0.54 1.03 1.07 0.71 1.61

CAUSE

SO2  EXPOSURE at 1997 SO2 EXPOSURE LAG 0

(95°p - 5°p = 14.758) (95°p - 5°p = 3.639)

*Hazard Ratio (HR) stratified by follow-up period (three classes) and gender and adjusted for age (time axis), SEP, region of birth, occupation.

Association between SO2 from power plants and cause-
specific mortality. Adjusted hazard ratios (HRs and 95% CI)  



Association between Pm10 (lag0) from power plants and 
cause-specific mortality. Adjusted hazard ratios (HRs and 

95% CI)  

  



Association between Pm10 (lag0) from power plants and 
cause-specific mortality. Adjusted hazard ratios (HRs and 

95% CI)  

 PM10 
+5% acute coronary events 
+ 7% COPD 
 
SO2 
+45% acute coronary events 
  



Conclusions 

Exposure to PM10 and SO2 from power plants 

are associated with  

increased mortality risks for cardio-
respiratory diseases and cancer 

in the cohort of people living in Brindisi 



Industrially Contaminated Sites: Complex 
problems and different disciplines 

• Multiple sources of pollution 

• Different pathways of exposure: soil, 
water, air, food…  

• Variable time of contamination 

• Different age groups at contamination  

 

• Population size (and size of the exposed 
groups)  

• Socioeconomic status  and          
environmental justice 

• Occupational exposure 

 

• Health Outcomes and data collection 

 

• Enviromental worries and media 
pressure 

 

• Environmental Science 

• Toxicology 

• Laboratory & biomonitoring 

• Statisticians  

• Epidemiology 

 

• Epidemiology 

• Statistics  

• Occupational Medicine 

• Industrial Hygiene 

 

 

• Medicine  

• Public Health  

• Comunication, Journalism and  Law 

Problems  Disciplines 
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