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Landrigan et al. The Lancet Commission on pollution and health. 

Lancet Oct 19, 2017 http://dx.doi.org/10.1016/S0140-6736(17)32345-0



Biomass fuel for cooking

Data from WHO in Lancet 2009, 374, 733-43
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Climate change and transport

• Climate change (global warming) is caused by progressive accumulation of 
“greenhouse gases” (CO2, …), emitted mainly from burning fossil fuels by
power plants, industry, transport, households and agriculture.  

https://www.europarl.europa.eu/news/en/headlines/society/20190313STO31218/co2-emissions-from-cars-facts-and-figures-infographics
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Climate change and road transport



Electric vehicles (EVs)

https://www.nytimes.com/2021/03/02/climate/electric-vehicles-

environment.html



The global auto industry now pretty much 

accepts that over the next two or three 

decades, the bulk of the 100 million new 

vehicles built every year will transition from 

fossil-fuel engines to electric power. 

https://www.forbes.com/wheels/features/forbes-wheels-

technology-of-decade-electric-cars/

https://www.forbes.com/wheels/features/forbes-wheels-technology-of-decade-electric-cars/


Electric vehicles (EVs)

No tail-pipe emission of CO2

+ reduced emission of NO2 and fine particles →  air quality (“co-benefit”) 

But:

- Electricity generation (fossil fuel / renewable sources)

- Life cycle emissions (vehicle production + use + disposal)

➢ “taking into account the average energy mix in Europe, electric cars are 
already proving to be cleaner than vehicles running on petrol. As the share 
of electricity from renewable sources is set to increase in the future, 
electric cars will become even less harmful for the environment”

(https://www.europarl.europa.eu/news/en/headlines/society/20190313STO31218/co2-emissions-from-cars-facts-and-figures-infographics)



We show that already under current carbon intensities of electricity generation, 

electric cars and heat pumps are less emission intensive than fossil-fuel-based 

alternatives in 53 world regions, representing 95% of the global transport and 

heating demand. Even if future end-use electrification is not matched by rapid 

power-sector decarbonization, it will probably reduce emissions in almost all 

world regions.

Published: 23 March 2020Nature Sustainability volume 3, pages437–447(2020)

https://www.nature.com/articles/s41893-020-0488-7#article-info
https://www.nature.com/natsustain


Rechargeable batteries ?



“The battery has enabled the development of cleaner energy technologies and electric vehicles, thus

contributing to reduced emissions of greenhouse gases and particulates.

Through their work, John Goodenough, Stanley Whittingham and Akira Yoshino have created the right 

conditions for a wireless and fossil fuel-free society, and so brought the greatest benefit to humankind.”

(https://www.nobelprize.org/prizes/chemistry/2019/summary/)

Lithium-ion battery

https://www.nobelprize.org/prizes/chemistry/2019/summary/




Cobalt
U.S. Geological Survey. Mineral Commodities Summaries. Jan. 2017

~ 10,500 tons (?) by artisanal mining





Lubumbashi
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Industrial mining in Katanga

• Belgian Congo (1908-1960)

• UMHK: mining + local

transformation of ores

➢Copper, cobalt, lead, zinc, ...

➢Uranium (→ 1945 A-Bomb)

➢ Manganese, gold, tin, coltan



Mining in Katanga

• Congo/Zaire/D.R. Congo:

• Gecamines
+ since ~ 2000: companies from

China, India, USA, Canada, 

Australia ... 

▪ industrial large-scale mining

+ transformation of ores

▪ artisanal mining by

thousands of “creuseurs”

➢ mainly for COBALT



Cobalt mining in Katanga

https://doi.org/10.1016/j.exis.2019.05.01
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8-Hydroxydeoxyguanosine (8OHdG)

(marker of oxidative DNA damage)
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Concerns expressed by doctors, NGOs, 

authorities, media, …  

“more babies born with severe birth defects, 

especially among creuseurs” 



Case-control study (KMC)

• Cases: infants born with visible birth defects

• Controls: infants without birth defects born from mother
of similar age

➢ Hypothesis: different exposure to metals



KMC study

• Notification system for all hospitals/maternities in Lubumbashi: 

each newborn born with visible birth defects (except isolated

polydactyly, club foot) to be notified to a central telephone 

number (+ back-up) 

• 4 MDs (T. Kayembe, L. Kabamba, S. Mbuyi, T. Lubala)

➢MD at hospital within 24h of notification

• detailed questionnaire

• diagnosis (photographs)

• sampling from mother, placenta, child (+ father) 

+ same procedure with healthy control newborn



Holoprosencephaly

Kayembe-Kitenge T et al. Birth Defects Research 2019 DOI: 10 1002/bdr2.1583



KMC study: methods

• Recruitment [11.11.11]: 01/03/2013 to 28/02/2015

• Final diagnosis of type of birth defect (photos)

• Prof. K. Devriendt

• Analysis of samples by ICP-MS

• April 2015: funding received from VLIR (250,000 €; 4 y)

• Prof. E. Smolders

• Statistical analysis (2017-2018)
• Dr. Daan Van Brusselen, Dr. Tony Kayembe-Kitenge



Lancet Planetary Health 2020, 4; e158-67



01/03/2013 to 28/02/2015

➢ 138 cases

➢ 108 controls

LUBUMBASHI



KMC study: results

CASES 

(n=138)

CONTROLS 

(n=108)
p-value

(t-test)
mean SD mean SD

Age mother 28.5 7.0 26.5 6.8 0.03

Parity 3.7 2.8 3.0 2.6 0.08

Gestational age 38.2 3.4 38.3 3.7 0.84

Birth weight 2816 92 3084 70 0.03

Age father 35.1 8.2 33.7 7.8 0.21

Adults in household 2.9 1.5 2.8 1.5 0.52

Children in household 3.2 2.0 3.2 2.5 0.84



KMC study: results

• Questionnaire data:

• No significant differences for most factors

• Vitamins during pregnancy: higher among controls

• Job of mother: more “paid job” among cases (not mining)

• Job of father: more “mining-related jobs” among cases (17%) 

than among controls (8%), p<0.05

• Trace metals: 

• High levels in both cases and controls

• Generally, no significant differences between cases and

controls

• Mn higher in cord blood and fetal placenta in cases 



KMC study: results

aOR (95%CI) 

Vitamins during pregnancy 0.3 (0.1 - 0.5), p=0.001

Mother with paid job 2.5 (1.2 – 6.9), p=0.02

Father with mining-related job 5.6 (1.2 – 25), p=0.025

Doubling of Mn in cord blood 1.7 (1.1 – 2.7), p=0.026

Multivariable model



KMC study: discussion

• Unique investigation of association between
environmental pollution and birth defects

• Effect appears to be mediated mainly by paternal
occupational exposure to mining (epigenetic effect ?)

• Exposure to Mn ?   

• Limitations: 

• Possible overmatching of cases and controls

• Biomonitoring at delivery (toxicokinetics!)

• No/limited biomonitoring of fathers



Conclusions

• To reduce CO2 emissions from traffic, Electric 

Vehicles represent a solution that must be integrated

within a broad transport policy (modal shift, taxation, 

road pricing, …)

• Equity issues :

• Subsidising expensive cars (Mattheus effect)

• Unsustainable production methods (environment, workers, 

residents) = “collateral damage”

• …      



Thank you for your attention
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