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OBJECTIVE:

Estimate health risk due to the 
presence of PAH in a coastal 
lagoon: 
shellfish farmers



HEALTH RISK ASSESSMENT FRAMEWORK



HEALTH RISK ASSESSMENT FRAMEWORK



Health risk 
assessment:

Environmental 
levels

Exposure is made
through different routes



ESTIMATE ENVIRONMENTAL CONCENTRATIONS

Use models to complement environmental data 

Fugacity approach (Lewis (1901):

Given a concentration in one 
phase, what will be the 
concentration in another phase
that has been in contact with it 
long enough to achieve 
equilibrium?

Mackay, D., 1991. Multimedia environmental models: the fugacity approach. CRC Press, Boca 
Raton, FL, USA.



ESTIMATE ENVIRONMENTAL CONCENTRATIONS

The multimedia equilibrium model: 

C = Z . f

C = concentration (mol/m)
f   = fugacity (Pa)
Z = proportionality constant (fugacity   

capacity) (mol/mPa)



Health risk 
assessment:

Exposure

Risk is a function 
of exposure 
and hazard



EXPOSURE ASSESSMENT

Accidental sediment ingestion

Occupational contact with sediment



EXPOSURE ASSESSMENT

Occupational contact with water



EXPOSURE ASSESSMENT

Inhalation of vaporized contaminant

Ingestion of Fish/Shellfish



Health risk 
assessment:

Characterization

Risk is a function 
of exposure 
and hazard



RISK CHARACTERIZATION

 i

Excess Lifetime Cancer Risk (ELCR) due to inhalation of vaporized contaminant

Excess Lifetime Cancer Risk (ELCR) due to the remaining routes of exposure

= 1.5 (mg/kg/d)-1



COASTAL LAGOON 

(RIA FORMOSA)

SOUTH PORTUGAL

System of barrier islands that communicates with the sea 

through six inlets.

Case-study



Area: 14 500 ha

Extension: 55 km

Average depth: 3 m

Salinity: 35.5 – 36.9%o

Water average residence time: 12 - 48h

Population:  131 700 res

Discharged treated wastewater: 19.3 million m3

Area of shellfish farms: 3 400 ha

Nb. tourists: ca 10 350 hab-eq 

Ria Formosa lagoon



Health risk 
assessment:

Environmental 
levels



CASE STUDY

PAH concentration in sediment                                      in water

Range                   m±sd m



CASE STUDY

PAH concentration in shellfish 

Range            m±sd



CASE STUDY

The multimedia equilibrium model: 
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Calculated

Information about the media and substance: 
introduced by the modeller



CASE STUDY

PAH
Input 

(kg/h)

Input 

(kg/y)

Naphthalene 0.285 2496.6

Acenaphthylene 0.59 5168.4

Acenaphtene 0.62 5431.2

Fluorene 0.055 481.8

Phenanthrene 0.046 402.96

Anthracene 0.0048 42.048

Fluoranthene 0.033 289.08

Pyrene 0.037 324.12

Benzo(a)anthracene 0.077 674.52

Chrysene 0.0537 470.412

Benzo(b)fluoranthene 0.0179 156.804

Benzo(k)fluoranthene 0.017 148.92

Benzo(a)pyrene 0.039 341.64

Dibenzo(a,h)anthracene 0.042 367.92

Benzo(g,h,i)perylene 0.0145 127.02

Indene(1,2,3 cd)pyrene 0.0323 282.948

Environmental concentrations (mean error= 0.15%) 

Shellfish    Sediment    Water         Air           Soil

µg/g            µg/g          g/m3 g/m3 g/m3



Health risk 
assessment:

Characterization

Health risk estimated for fish 
farmers



CASE STUDY



CASE STUDY

Cameron, T. A., DeShazo, J. R., & 

Johnson, E. H. (2008). Willingness 

to pay for health risk 

reductions:Differences by type of 

illness. Department of Economics, 

University of Oregon.

𝑨𝒎𝒐𝒖𝒏𝒕 𝑎 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑜𝑢𝑙𝑑 𝑏𝑒 𝒘𝒊𝒍𝒍𝒊𝒏𝒈 𝒕𝒐 𝒑𝒂𝒚 𝒕𝒐 𝒔𝒂𝒗𝒆 𝒐𝒏𝒆 𝒔𝒕𝒂𝒕𝒊𝒔𝒕𝒊𝒄𝒂𝒍 𝒍𝒊𝒇𝒆 𝑖𝑛 𝑎 𝑦𝑒𝑎𝑟 =

= 𝑾𝑻𝑷 ∙ 𝑬𝑳𝑪𝑹 ∙ 𝒓𝒆𝒔

e.g., 8.66 ($/pm/res) ∙ 1.1 (pm) ∙ 600 (res) = 5 700 $/year

Or for the total population, = M€ 1.25/year



Thank you!!


