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specific diagnostic sensitive tests of subtle 

Subtle changes in 
neurophysiological & 
neuropsychological 

parameters

Neurologic and 
neuropsychiatric 

disorders

Sub-clinical signs & 
symptoms in individuals

A continuum of deterioration

dichotomous datacontinuous variables

large populations (or  
very high exposures)

possibility to carry out 
studies on small 
populations

specific diagnostic 
criteria

sensitive tests of subtle 
changes in performance



Neurobehavioral tests

What do they tell us? What do they tell us? 
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Letter size

Letter form

Writing and Grooved Pegboard results

(Bellinger et al. 2003)
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Rey–Osterriech complex figure

Bellinger et al, 2003
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Lead exposure & verbal IQLead exposure & verbal IQ

Needleman, Leviton, Bellinger. 1982. NEJM 306; 367.



Current studies on IQ lead exposure: an 

international pooled analysis

Current studies on IQ lead exposure: an 

international pooled analysis

(n = 1331)

7 cities: 
Boston, 
Cincinnati, 
Cleveland, 
Mexico, Port 
Pirie, 

Lanphear et al, 2005. Environ Health Persp. 113: 894-899

Mexico, Port 
Pirie, 
Rochester, 
Yugoslavia



� Executive function

� Attention/vigilance

� Reading and spelling

� Executive function

� Attention/vigilance

� Reading and spelling

� Hyperactivity

� Impulsivity

� Distractibility

� Hyperactivity

� Impulsivity

� Distractibility

Many studies throughout the world have 
shown relations between Pb exposure and 

children’s neurodevelopment for:

Many studies throughout the world have 
shown relations between Pb exposure and 

children’s neurodevelopment for:

� Pattern recognition

�Word recognition

� Fine motor movements

� Visuo-motor skills

� Pattern recognition

�Word recognition

� Fine motor movements

� Visuo-motor skills

� Social skills

� Antisocial behavior

� Social skills

� Antisocial behavior

� Evoked potentials

� Nerve conduction 
velocity

� Evoked potentials

� Nerve conduction 
velocity



Lead in air, water and food
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lead and health
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Old paint Gasoline additiveIndustrial wastes Old pipes 

Lead in air, water and food

Child’s blood lead

Child’s IQ

Mother’s IQ

nutritional status

socio-economic 

situation



Manganese in tap water

An interdisciplinary study of children’s 
exposure and effects in Quebec
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� Early studies among hyperactive and learning disabled children 
reported higher [Mn] in hair; no source of exposure was identified1,2

� In China3: children exposed to water from toxic dumpsite with Mn 
(240-350 ug/L) compared to matched-pair referents:
� Increased [Mn] in hair
� Significantly poorer performance on several neurobehavioral 
tests and  scores correlated with hair Mn

Neurotoxic effects of Mn in children:
studies raising cause for concern
Neurotoxic effects of Mn in children:
studies raising cause for concern

� Significantly poorer performance on several neurobehavioral 
tests and  scores correlated with hair Mn

� In Bangladesh4: exposed to Mn in water (4–3,908 µg/L; mean 795)
� ↓ IQ with concentration of Mn in well water

1 Collipp et al 1983, 2 Pihl et al 1977, 3 He et al 1994, 4 Wasserman et al 2006
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Conners 
subscales

Hair Mn (ug/g)

< 3.0      ≥ 3.0

n (%)     n (%)

Fisher’s Exact 

Test

(p)

Oppositional

(n = 45)

< 64 19 18 
0.014

≥ 65 0 8

Elevated Conners’ scores & elevated 

hair Mn

(n = 45) ≥ 65 0 8

Hyperactivity

(n = 45)

< 64 19 17
0.006

≥ 65 0 9

Cognitive problems 
(n = 40)

< 64 12 19
ns

≥ 65 5 4

ADHD Index

(n = 45)

< 64 17 15
0.024

≥ 65 2 11
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Follow-up after installation of a 
filtration system

0.6); no value exceeded the upper limit of the normal 

range (i.e. 3.0 ug/g).

�No significant relationship between hair Mn and 
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New study on manganese 
exposure through tap water 

and children’s and children’s 
neurodevelopment

Financed by CIHR
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�Communities chosen to form a gradient [Mn] water aqueduct (0 
- 1,230 ug/L)

�Total number of sites will depend on participation rate 
(estimate: 8 sites)
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Cognitive tests

� IQ: Wechsler Abbreviated Scale of Intelligence (WASI)

� Memory: California Verbal Learning Test–Children's Version

� Inhibition: D-KEFS Color-Word Interference Test 

� Attention/impulsivity: Conners' Continuous Performance Test II 
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Motor tests

Neurobehavioral Test Battery

� Items from the Luria Nebraska Motor Scale

� Manual dexterity: Santa Ana 

� Motor speed: Fingertapping

Questionnaires administered to parent and teacher

� Conners Rating Scales (long form; revised version)

� School motivation, psychosocial adaptation and school performance 

(Bouffard)

� Items from the Luria Nebraska Motor Scale

� Manual dexterity: Santa Ana 

� Motor speed: Fingertapping

Questionnaires administered to parent and teacher

� Conners Rating Scales (long form; revised version)

� School motivation, psychosocial adaptation and school performance 

(Bouffard)



Structured Interview with mothers:

� Raven (mother IQ)

� Beck Depression Inventory

� Hollingshead (socioeconomic status)

� HOME (stimulation at home)

Child medical history (including perinatal stress and birth weight, etc.)

Structured Interview with mothers:

� Raven (mother IQ)

� Beck Depression Inventory

� Hollingshead (socioeconomic status)

� HOME (stimulation at home)

Child medical history (including perinatal stress and birth weight, etc.)

Information collected

� Child medical history (including perinatal stress and birth weight, etc.)

� Exposure to neurotoxicants in utero and perinatally (alcohol, tobacco, 

lead, pesticides, etc.)

� Health services usage and school support

� Child medical history (including perinatal stress and birth weight, etc.)

� Exposure to neurotoxicants in utero and perinatally (alcohol, tobacco, 

lead, pesticides, etc.)

� Health services usage and school support



� Homes tap water sampling
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�89 boys and 72 girls�89 boys and 72 girls

�mean age= 8.8 y (SD 1.8, range 6 -13)�mean age= 8.8 y (SD 1.8, range 6 -13)
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Motor abilitiesMotor abilities

Luria Test Luria Test 
Score*

Log 10 Mn in 
water

*adjusted for age
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Special EducationSpecial Education

Has received 

Special Ed.

Water Mn tertiles

Lowest tertile 

<= 22 ug/L

Middle tertile

22 – 152 ug/L

Highest tertile

>152 ug/L Total

no Count 38 36 30 104

% 90% 69% 67% 75%

yes Count 4 16 15 35

Step 1: Logistic reg [Mn] continuous  p[Mn] =.003 Covariates: income, family rankStep 1: Logistic reg [Mn] continuous  p[Mn] =.003 Covariates: income, family rank

Step 2: Logistic on [Mn] grouped into tertiles;  OR for middle tertile = 6.3 

[1.7-23.8];  OR for highest tertile = 7.7 [2.0-30.0]

yes Count 4 16 15 35

% 10% 31% 33% 25%

Total Count 42 52 45 139

% 100% 100% 100% 100%



The cycle of 
environmental 
disease

The cycle of 
environmental 
disease

Using Indicators to Measure 
Progress on Environmental 
Health, WHO,UNEP, 2002
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