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STUDY SITES

- automotive

- metallurgy

- surface treatment

- robotics

- weapons

The Blacksmith’s House

Bronze age, Val Camonica 
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WORKERS

MANGANISM
• Clinical intoxication among workers, resembling Parkinsonism

• Main difference is the target site in the Basal Ganglia: globus pallidus 
instead of substantia nigra

• Not seen today but important to understand for preventive purposes 



WORKERS

• N° 300 

• Follow-up 1980-2006
o Annual air/bio-monitoring, lab profile, PFT

o DNA banked

o Cumulative Exposure metrics

o 6 data points neuropsychological testing (1980-1991-1993-1997-2001-
2006)
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PARKINSON DISEASE

A total of 430 PD patients (38% females) were frequency matched on age and hospital admission with 

446 controls with no known neurological disease. 

              Table 1. Characteristics of the study population 

Characteristics 
 

Controls Cases 

N % N % 

Age (years) 
    

40-50 16 3,6 9 2,1 

51-60 65 14,6 42 9,8 

61-69 137 30,7 114 26,5 

71-80 168 37,7 178 41,4 

81-90 60 13,5 87 20,2 

Gender 
    

Female 175 39,2 162 37,7 

Male 271 60,8 268 62,3 

Born in Brescia prov. 
    

Yes 373 83,6 392 91,2 

No 73 16,4 38 8,8 

Tobacco smoking 
    

Never 240 53,8 258 60,0 

Ever 206 46,2 172 40,0 

Parental history of PD 
    

Yes 8 1,8 26 6,0 

No 402 90,1 346 80,5 
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THE PHIME STUDY

720 Adolescent boys-girls (11-14 yrs)

255 Elderly men-women (65-75 yrs)

24          Pregnant women

Period: 2006-2014



THE PHIME STUDY

• Airborne PM10 PM2.5 (personal/stationary 
indoor/outdoor)

• Deposited Dust (indoor/outdoor/attic)

• Soil (surface – 10 cm layers)

• Dietary intake (Mn, Fe, Se, Zn)

• Leafy and root vegetables

• Water (public water supply/private wells)

• Biomarkers (blood, urine, hair, nails, saliva, teeth)



Items

Measures Anthropometrics (height, weight)

Questionnaires Lifestyle, SES (*subjects <18 years)

HOME environment (*subjects <18 years)

FFQ (*subjects <18 years)

Respiratory ISAAC

Motor/sensory testing Luria Nebraska (5 motor coordination subtests)

Pursuit aiming (hand dexterity)

Danish Product Development – tremor and sway

Swedish Performance Evaluation System – reaction time

Swedish Performance Evaluation System – finger-tapping

Sniffin Sticks [short PHIME-1 (10 min); full PHIME-2] 

Cognitive/behavioral 

testing

Wechsler Intelligence Scale for Children

California Verbal Learning Memory

Conners’ adolescent self-report scale 

Conners’ parent rating scale*/teacher rating scale**

Virtual radial arm maze

Kaufman Brief Intelligence Test

Cambridge Neuropsychological Test Automated Battery (CRT, RVP, SOC, CGT, SWM, PAL, ERT)

Brown attention deficit disorder scale (self-report)

Child Behavior Check List (*subjects <18 years)

Adult Behavior Check List (*subjects ≥18 years)

Social Responsiveness Scale*

Maternal testing Raven Matrices

Brain imaging fMRI finger tapping-working memory-olfactory stimul., T1-weighted scan, DTI, resting-state fMRI, coronal T2 FSE olfactory bulb 

volume,  axial T2 turbo spin echo, VFA 3D FLASH for T1 mapping, B1 mapping 2D TurboFlash

BioSamples Blood (CBC, hepatic/renal function, iron metabolism, PRL) 

Blood (Mn, Pb)

Teeth, urine, hair, nails, saliva (Mn, Pb)

Saliva (cortisol basal and after cold stress)

DNA/RNA

Environmental 

measurements

Air personal PM10 (TXRF-metals)

Indoor/outdoor deposited dust (ICPMS-metals)

Soil (XRF-metals)

*Questionnaires answered by mother in regards to child. **Questionnaires answered by teacher in regards to child.

CRT: Choice Reaction Time; RVP: Rapid Visual Information Processing; SOC: Stockings of Cambridge; CGT: Cambridge Gambling Task; SWM: Spatial Working Memory; PAL: 

Paired Associates Learning; ERT: Emotion Recognition Task; CBC: cell blood count; PRL: prolactin 
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Cut-off soil Mn ~1000 ppm 

Motor Coordination Odor identification Hand steadiness

Lucchini et al. Tremor, olfactory and motor changes in Italian adolescents exposed 

to historical ferro-manganese emission. Neurotoxicology. 2012 Aug;33(4):687-96
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Lucchini RG et al. Neurofunctional Dopaminergic impairment in elderly after lifetime exposure 

to manganese. Neurotoxicol 2014;45:309-17
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THE YOUNG ADULTS STUDY 
(PHIME COHORT FOLLOW UP)
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Benchmark Level of BPb associated with a loss of 1 
IQ-point (BML01) = 0.19 µg/dL
Lower 95% confidence limit (BMLL01) =0.11 µg/dL
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Dust Sampling

Dusts obtained from Ilva plant, and analyzed at Stanford University Stanford 
Synchrotron Radiation Laboratory (SSRL) and Canadian Light Source (CLS)

Taranto, Alto Forno 2 of Ilva plantTaranto, ACC1 area of Ilva plant Sampling  locations



Results: Ilva Dust Characterization: Mn
Speciation 

• High Temperature areas of 
the plant have a chemical 
form of Mn that is primarily 
(Fe,Mn)3O4

• The ore storage areas 
have Mn speciation that 
mirrors ore, is primarily 
oxidized MnO2

• The exposure and toxicity 
of MnO2 in ores is distinct 
from high T dusts, and 
each pose unique risksDust Mn (class)

High T, Mn spinel

Mixed T and redox state

Low T, oxidized MnO2



THE ONGOING STUDIES
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ISSUES

- COMMUNITY ENGAGMENT

- BIOBANKING

- TRACKING SAMPLES

- SETTING DATASETS FOR ANALYSIS 
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Rationale

• Mn absorption strictly adjusted to avoid toxicity

• Absorption mostly by inhalatation, especially in polluted areas

• Pollutants can be transported through the olfactory pathway

OUR PREVOUS RESULTS

- the olfactory function and anatomy are affected by 
occupational and environmental exposure to Mn in children 
and elderly residents in polluted areas





FUNDING
 NIH/NIEHS - R01ES019222-06A1, 2016 – 2021  Manganese Exposure Windows and Neurologic Function in 

Adolescence

 NIH/NIEHS - P30ES023515, 2019 – 2020  Manganese exposure, neuroimaging phenoypes and gut-microbiome
interactions: a pilot study

 NIH/NIEHS - P30ES023515, 2018 – 2019  Structural and functional brain imaging in ferromanganese workers to 
assess the impact of manganese exposure on neurophenotypes from early life to adulthood 

 University of Brescia - UNBSCLE 9015, 2016 – 2019  Health impacts of environmental exposure to airborne 
pollutants in the sites of Brescia and Taranto, Italy: increase knowledge to address preventive intervention of local 
and global relevance 

 NIH/NIEHS – R56R01ES019222-06, 2015 – 2016  Manganese Exposure Windows and Neurologic Function in 
Adolescence

 Istituto Superiore Sanità, Italy. 2014 – 2016  Biomonitoring and toxicity of pollutants in the territory of  Taranto, Italy

 NIH/NIEHS – R01ES019222, 2012 – 2016  Neurologic function in Children Exposed to Ambient  Manganese

 INAIL 60002.02/07/2012, 2012 – 2015 Interaction between genetic predisposition and occupational/environmental 
exposure to chemicals like metals, pesticides and solvents in the origin of Parkinson Disturbancies

 Lombardia Region, Italy, 2011 – 2012  Metals and Children

 EU/6th Frame Program – Food-CT-2006-016253/WPI6, 2006 – 2011  Effects of Manganese on the Brain 
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