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Ferroalloy production (Si-Mn, Fe-Mn, Fe-Cr)
Exposure = Mn (MnQO,, Mn;0,), Fe, Pb, Zn, Cu, Cr, Cd
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Luria Nebraska Motor Battery




Logarithm Base 10 Transform: LURIA - Thumb and Fingers Non-dominant
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Figure 23: Dose Response Relationship between LURIA Thumb and Fingers and Exposure

Subgroup: Workers That Consume More Than 23.75 Grams Of Alcohol Per Day
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Lucchini et al. Long Term Exposure To “Low Levels” Of Manganese
Oxides And Neurofunctional Changes In Ferroalloy Workers.
Neurotoxicol, 1999; 20 (2-3): 287-298
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BMCL:'s & NOAELS

bmchks or NOAEL (ug/m3)
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Parkinsonism
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Study site Cases | Population | Stand | Bayesian
prev SMR
Valcamonica 324| 77,708 /194 1.25
Rest of the Province | 2,353 826,289 321 1.00
Total Province 2,677| 903,997 407
Average ITA-EU 1150/
SMR = 1.58; Cl=1.41-1.76

Lucchini et al., High Prevalence Of Parkinsonian Disorders Associated To
Manganese Exposure In The Vicinities Of Ferroalloy Industries.
Am J Ind Med 2007; 50: 11: 788-800
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SMR Parkinsonism vs. Mn in dust

Full Bayesian SMR
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Parkinson’s Disease

Pathological hallmarks:

1. degeneration of dopaminergic neurons of
pars compacta of the substantia nigra

2. accumulation of alpha-synuclein protein
in the form of Lewy bodies

Wirdefeldt et al Epidemiology and etiology of Parkinson's disease: a review of the evidence
Eur J Epidemiol. 2011 Jun;26 Suppl 1:51-58
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Fibrils of a-synuclein deposited in the neuronal body form
round lamellated eosinophilic cytoplasmic inclusions,
Lewy bodies cause neuronal degeneration and death




Metals and alpha-synuclein

Physiologically poorly structured “unfolded
protein” — fibril formation — LB

Al(I1), Cu(ll), Cd(ll) Fe(lll) induce fibrils
through protein oxidation by ROS formation
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PD case control

Agecat (65,72)

1,49 (0,97 - 2,3)

Agecat (72,78)

2,11 (1,33 - 3,35)

Agecat (78,97)

2,44 (1,52 - 3,9)

Sex (M vs F)

1,04 (0,74 - 1,48

Smoking (yes vs never)

0,76 (0,54 - 1,06

Parents with PD

SNCA (TC vs TT)

SNCA (CC vs TT)

2,27 (1,41 - 3,66

Metals exposure

2,25 (1,26 - 4,02

Pesticides exposure

0,48 (0,09 - 2,65

Born in the province of Brescia

(

(

( )

( )
4,75 (2,61 - 8,63)
1,36 (0,96 - 1,92)

( )

( )

( )

( )

1,62 (0,97 - 2,72

(Preliminary unpublished data )
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The PHIME Network
Public Health Impact of Metal Exposure

COLUMBIA
UNIVERSITY

e 720 adolescents aged 11-21 yrs
e 255 elderly aged 60-75 yrs
* 30 pregnant women pilot
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Exposure Assessment
. Airborne PM10 PM2.5 (personal/stationary

indoor/outdoor)
. Deposited Dust (indoor/outdoor/attic)
. M (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)
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Personal 24h sampling at 10 I/min flow
rate (skc Leland Legacy)

Personal
Environmental
Monitor
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Motor coordination

EPA and Health Canada Rfc
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Lucchini RG et al. Neurofunctional Dopaminergic impairment in elderly after lifetime
exposure to manganese. Neurotoxicol 2014;45:309-17



Olfactory discrimination

Parametric: Estimate Std. Error zvalue Pr(>[z|)
(Intercept) 1.4153 0.1738 8.144 0.0000
Smoke -0.4189  0.2531 -1.656  0.0978
Gender -0.1899  0.2132 -0.891  0.3732

Non parametric edf Ref.df Chisq p

s(MnSoil) 3.886 4.734 18.623
s(log(PM10)) 1.000 1.000 0.589 0.4428
s(log(MnAir)) 1.151 1.282 0.228 0.7357
s(age) 4567  4.897 30.724 m

Adjusted effect of Mn on the
olfactory test (semi-parametric
GAM logistic model)

proportion of correct answers
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L=N mean score

Motor/odor effects in adolescents

Motor Coordination Odor Identification Hand Steadiness
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Lucchini et al. Tremor, olfactory and motor changes in ltalian adolescents exposed
to historical ferro-manganese emission. Neurotoxicology. 2012 Aug;33(4):687-96
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From neurodevelopment
to neurodegeneration

O Adolescent

10 -

9,5 -
9 /
8,5 -

7,5 T I

Exposed Controls

Zoni et al. Olfactory functions at the intersection between environmental exposure to
manganese and Parkinsonism.J Trace Elem Med Biol. 2012;26(2-3):179-82.
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Challenges to estimating prenatal exposure

» Variable partitioning across
placenta

* Maternal biomarkers may
not reflect fetal exposure

* Not feasible to obtain fetal
tissue during pregnancy

42



X
p
(o)
S
u
re
ti
m
in
Jd
llretr
(o)
S
p
e
C
ti
Vv
e
ly
l)
21

;'I III
1!..'{;':';'

|,.
. il F'




LUBSAS LEE

Bupuy eiuswdogaasg

Aysuaiu)

asauebuey

Arsusu

|

BUIS JLUNS S LOZE AoBalsy P

.I e g e eg
lgjawosoeds ssew o) e?

[BUSIEW PolBIgY o
@& . . .I_ “..x

g

o




Mount Refer a Patient  Make a Gift 1-800-MD-SINAI ©

Request an Appointment Our Locations Patient Care

Manish Arora, PhD &

Positions: ASSOCIATE PROFESSOR | Environmental Medicine & Public Health,
ASSOCIATE PROFESSOR | Dentistry

m) National Institutes of Health
Turm'ng Drscwery Into Health

Health Information Grants & Funding News & Events Research & Training

Home » Mews & Events » News Releases

NEWS RELEASES

Thursday, June 1, 2017

Baby teeth Iink autism and heavy metals, NIH study
suggests

Arora et al., Fetal and postnatal metal dysregulation in autism.
Nature Communications. 2017; 8: 15498.
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Virtual Radial Arm Maze (VRAM)

 Computerized test with joystick
* Objective: find reward in 4 of 8 arms, across 8 trials

* Four performance measures per trial:
— Time/Latency :
— Distance traveled
— Working memory errors
— Reference memory errors

* L[ower scores = better performance

Mount Sinai / Presentation Slide /
February 17, 2017 47



Prenatal Mn & VRAM:

Sex-specific associations

Working Memory Reference Memory

Time

p<0.001

Distance

p<0.001

Ln Tooth Mn Levels

Errors

p<0.001

N
<]

10

05

00

05

05

00

05

40

20

Errors

p=0.40

=0.46

Bauer .IA Iin progress GAIVIMs adjusted for age, SES, In-blood Pb, tooth attrition, videogame use, trial




Summary

» t prenatal Mn: better motor function in boys
- body stability (Sway test)
— hand/finger coordination (LURIA test)
— eye-hand coordination (Pursuit Aiming)
t prenatal Mn: worse body stability in girls

» 1 prenatal Mn: 1 tremor frequency in girls;
t childhood Mn: 1 tremor frequency in boys

» These data potentially support the sex-specific associations and
existence of critical windows depending on the measured domains

49
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