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Who is Joseph Zayed? 

Niobium mine and exposure to 
radon;

Power lines high voltage and 
exposure to electromagnetic 
field;

Highway construction and 
greenhouse gas emissions;

Pesticides for forest protection 
and environmental 
contamination and human 
exposure.

Risk assessment; 

Risk perception;

Risk communication.

Commissioner (n=6) or chair of commission 
of inquiry and public hearing (n=9)



Section 1

What about MMT?



MMT: Methylcyclopentadienyl
Manganese Tricarbonyl

� Used in Canada from 1976 to 
2003. 

� Antiknock agent in unleaded 
gasoline (72 mg MMT/L and 
18 mg Mn/L permitted).

� Canadian gasoline: 
~ 26 mg MMT/L 
~ 6.5 mg Mn/L
Ardeleanu et al., Water, Air and Soil Pollut 1999; 115: 411-
427.



Short Canadian Historical 
Background

In 1997, the Government of Canada banned both inter-
provincial trade and  importation of Mn-based substances, 
including MMT;

The Canadian government reworded the law in July 1998, so 
that manganese-based fuel additives were not included in the 
restrictions;

Petroleum producers voluntarily stopped using MMT in 2003, 
mainly because a potential obstruction of catalytic converters.



What we know
MMT

We don’t know a lot! 

MMT itself does not degrade as rapidly as claimed : 

Gas station : 1 to 25 ng/m3

Zayed et al., NeuroToxicology, 1999, 20 (2-3): 151-160.

Exposure of Gas Station Attendants : 
0.4 and 11.4 ng/m³
Keloun et al., Water Air and Soil Pollut 2002, 141:155-163.

Underground car park (Burlington): 14 to 128 ng/m3

Thibault et al., J Toxicol Environ Health 2002; 65:503-511.



What we should know
MMT

Since MMT is considered to have a high systemic toxicity �
Workers exposure  +  chronic human exposure, have to be fully 
studied.

Increase the performance of sampling method to avoid the 
presence of any ultrafine particles or nanoparticles.

Ideally, RfC should be established. 

Health effects of long term, low dose exposure to MMT. 



Section 2

Mn from MMT: 
particle characterization



What we know
Mn from MMT

Combustion 
products

ü Mn Phosphate
ü Mn Sulfate
ü Mn Oxide

Zayed et al., Environ Sc Technol 1999; 33 :3341-3346.



What we know
Mn from MMT

Particle size

200 – 10 000 nm
86% <<<< 1 000 nm (1 µm)

MMAD �  300 nm
(0.0003 mm or 0.3 µm)

Zayed et al., Environ Sc Technol 1999; 33 :3341-3346.



Particle deposition in the respiratory tract

Ref: Comité de la prévention et de la précaution, 2006.  
Adapted from International Commission on Radiation (ICRP, 1994).



What we should know
Mn from MMT

A better particle size characterization 
(Nanoparticles: 1 to 100 nm).

A follow-up of the combustion products.
what about Mn oxides?



Section 3

Mn emissions



What we know
Mn emission

4% to 41 % of the Mn
consumed is emitted.

Mn emission rate 
positively correlated 
with mileage.

About 100 000 kg/y of 
Mn from MMT source 
could be emitted in 
the Canadian 
environment.

Ardeleanu et al., Water, Air and Soil Pollut 1999; 115: 411-427.
Zayed et al., Sci Total Environ 2003; 312: 147-154.



What we know
Mn emission

Estimation of the quantity of Mn released into the Canadian 
atmosphere using three emission rate scenarios 1981 -1999
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What we should know
Mn emission

n An update of the information on recent 
cars. 



Section 4

Mn in the environment



What we know
Mn in different microenvironments

Indirect relation between Mn from 
MMT and Mn in the environment.

Correlation between atmospheric Mn 
and traffic densities.
Bankovitch et al., Sci Total Environ 2003; 308 (1-3): 185-193.



What we know
Mn in different microenvironments

Manganese concentration in three underground subway stations in 
relation to nearby automobile traffic density.

Boudia et al., Sci Total Environ 2006, 366 : 143-147.
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Jean Drapeau station : less than 1000 vehicles per day within 100 m.
Snowdon station : 23 861 vehicles per day within 100 m.
Namur station : 186 000 vehicles per day within 100 m.



What we know
Mn in different microenvironments

Outdoor MnR near expressway can 
be higher than RfC (0.07 mg/m3 vs
0.05 mg/m3).

Indoor MnR near expressway can be 
equal to RfC. 
Bolté et al., 2004, J Toxicol Environ Health 67:459-467.

Comparing RfC to the 95th 
percentile of atmospheric Mn in 
Montreal, it appears that 5% of a 
"theoretical population" generated by 
Monte-Carlo simulations would be 
exposed to a higher concentration.

Loranger and Zayed, SAR and QSAR in Environment
1997; 6:105-119.



What we know
Mn in different microenvironments

According to the model 
estimations, the contribution of 
direct emissions from motor 
vehicles to the atmospheric 
background Mn would be: 
~50 % at 25 m

< 8 % at 250 m.
Loranger et al.,  Atm Environ 1995; 29 (5): 
591-599.

n These estimations were confirmed 
with an in situ study using snow as 
environmental indicator. 
Loranger et al., Environ Pollut 1996; 92(2): 
203-211.



What we should know
Mn in different microenvironments

It was impossible to distinguish between directly emitted Mn 
from automobiles, Mn enriched road dust, and the naturally 
occurring Mn in crustal material : But we have tried!

� The real contribution of Mn from MMT source to atmospheric 
Mn. A direct relation between Mn from MMT and Mn in the 
environment. 

Since MMT is not used in Canada since 2003, what is the 
temporal profile of atmospheric Mn in Montreal. Ongoing 
research: during vs after. 

The chronic exposure of certain groups of the population, such 
as those living near a major highway.



Section 5

NOx and CO 
emissions



What we know
NOx and CO emissions

Zayed et al. Water, Air and Soil Pollut 1999, 109:137-145
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What we know
NOx and CO emissions

Previously:

¯̄̄̄ CO ~~~~ 3% and ¯̄̄̄ NOx 16%.
Lenane et al., Sci Total Environ 1994, 146/147: 245-251.

Later:

­­­­ CO 6% and ­­­­ NOx 10%.
Alliance of Automobile Manufacturers, 2002 



What we should know
NOx and CO emissions

A better answer about CO and NOx emissions.

But, is it possible?



Section 6

Mn toxicity



What we know
Mn toxicity

Mn is an essential element.
Food consumption : 2.9 and 3.7 mg/d 
Drolet and Zayed, Can J Nutr 1994; 55 (4): 184-187.

Inhalation may be more significant because Mn can avoid the intestinal 
barrier (and the elimination by the liver) and thus may be more 
bioavailable to the central nervous system.

Many studies in occupational environments have shown that high 
atmospheric Mn have significant effects on human health:  
neurodegenerative disorders similar to Parkinson's disease.

Exposure of the general population is a concern because Mn 
exposures from MMT would occur over the course of a lifetime, rather 
than during working years. If adverse effects do occur, it is likely that 
they will be subtle and difficult to detect.



What we know
Mn toxicity

Research program: Experimental animal model 
Inhalation toxicology

Mn3O4

Mn Metal

Mn Phosphate

Mn Sulfate

Mn Sulfate/Phosphate mixture



What we know
Mn toxicity

Objectives

n Dose-response.

n Locomotor activity assessment.
n Tremor assessment.

n Neuropathological analysis.



What we know
Mn toxicity

Chemical
Species

Mn304 Mn Mn phosphate Mn
sulfate

Mn
mixture

Brain Whole brain Cerebellum
Putamen
Frontal cortex
Globus pallidus

      PCA

Cerebellum
Frontal
cortex
Globus
Pallidus
Striatum

Normal

Idem +
Olfactory
  bulb

Idem Idem

Other
tissues

Lung
Kidney
Liver
Intestine
Feces
Pancreas
Muscle
Bone
Blood

Lung
Kidney
Testis
Liver
Blood

Idem Idem Idem idem

Tissue Mn concentration



What we know
Mn toxicity: some results

Tissue manganese concentration in control rats (C) and in rats exposed (E) 
to manganese dust after 13 weeks of inhalation

Organ or tissue Group N Mean (mg/g) SD Ratio E/C 
      
Lung C 12 0.18 0.04 1.67 
 E 26 0.30** 0.12  
Kidney C 12 0.93 0.12 1.20 
 E 26 1.11* 0.26  
Testis C 12 0.25 0.11 1.00 
 E 21 0.25 0.12  
Liver C 12 2.14 0.40 1.04 
 E 26 2.22 0.33  
Cerebellum C 12 0.48 0.13 1.31 
 E 26 0.63** 0.05  
Putamen C 7 0.44 0.08 1.91 
 E 11 0.89** 0.10  
Frontal cortex C 9 0.47 0.05 1.79 
 E 18 0.84* 0.40  
Globus Pallidus C 6 0.55 0.20 2.33 
 E 13 1.28* 0.77  
Blood C 12 0.03 0.02 1.67 
 E 26 0.05 0.04  
 
* Significantly different from control group (P<0.05) 
** Significantly different from control group (P<0.01) 
 

St-Pierre et al., Inhal Toxicol 2001; 13:623-632.



What we know
Mn toxicity: some results

Time (H) Group N Mean (cm) SD 
     
1 to 12 (night)  C 12 36097 11314 
 E 25 45383* 13881 
13 to 24 (day) C 12 19292 10997 
 E 25 18481 11049 
25 to 36 (night) C 12 36825 14244 
 E 25 46976 21457 
 
* Significantly different from control group (P<0.05) 
 

Distance covered (cm) by rats (exposed E and contro l C) in a 36 
hour period (night-day-night cycle) following 13 we eks 

of inhalation exposure to Mn

St-Pierre et al., Inhal Toxicol 2001; 13:623-632



What we know
Mn toxicity: some results
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Effects on PCA rats suggest 
that persons with liver disease 

are likely to be a sensitive group.



What we know
Mn toxicity: some results

Mean Mn concentrations in brain tissues following 13 weeks inhalation exposure to metallic 
Mn, Mn sulfate, Mn phosphate or Mn phosphate / sulfate mixture at 3000 µg/m3

 
 Brain Mn concentration (ppm) 

Mn speciation Olfactory bulb Frontal parietal 

cortex 

Globus pallidus Striatum Cerebellum 

Control group  
 

0.66 ± 0.27  0.57 ± 0.20  0.61 ± 0.19  0.49 ± 0.08  0.56 ± 0.14  

Metallic Mn  
 
 

NM 0.69 ± 0.04 0.93 ± 0.06 a 0.86 ± 0.04 a 0.63 ± 0.04  

Mn sulfate 
 
 

2.31± 0.36 a 1.49 ± 0.29 
a,b,c,d 

1.20 ± 0.18 a,b 0.99  ± 0.16 a 0.80 ± 0.06 a,b 

Mn phosphate 
 

2.32 ± 1.22 a 0.87 ± 0.20 a 1.25 ± 0.23 a,b 1.06 ± 0.14 a,b 0.73 ± 0.05 a,b 

Mn phosphate / 
sulfate mixture 
 

2.30 ± 0.20 a 0.90 ± 0.16 a 1.51 ± 0.47 a,b 1.21 ± 0.09 a,b,c 0.84 ± 0.08 a,b,c 

a = significant difference with the control group (p < 0.05). 
b = significant difference with the group exposed to metallic Mn (p < 0.05). 
c = significant difference with the group exposed to Mn phosphate (p < 0.05). 
d = significant difference with the group exposed to Mn phosphate/sulfate mixture (p < 0.05). 
NM = Not measured 
 

Normandin et al., Toxicol Appl Pharm 2002, 183 :135-145.
Salehi et al., Toxicol Appl Pharm 2003 ; 191 (3) : 264-271.
Tapin et al. Toxicol Appl Pharm. 2006, 211: 166-174.
Tapin et al., In preperation.



What we will know
Mn toxicity: upcoming results

All the results should be submitted for 
publication in May 2008.

The importance of Mn specie.

What should be the protective level for 
each specie. 



What we should know
Mn toxicity

Toxicity related to particle size, focussing on fine 
particles, similar to those from MMT source.

Specific toxicity related to the olfactory route, through 
the olfactory neurons.

The existing scientific knowledge related to the use of 
MMT in gasoline has not addressed the specific 
question of health risk related to an environmental 
chronic exposure + sensitive subgroups � toxicological 
and epidemiological studies. 



Conclusion

ü Should we apply the precautionary 
principle? 

ü What is the alternative? Is it better?


