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When Moss Reflects Air Pollution 

Despite the increasing research into and recognition of the role of particulate 
matter in the excess mortality caused by air pollution, it is still poorly 
understood. A research team from Inserm and Université Versailles Saint-
Quentin-en-Yvelines used an innovative method based on the biomonitoring of 
metal levels in mosses in rural France. Over 15 years, the team mapped levels 
of metals − including lead and cadmium − in mosses. The results were then 
compared with mortality data from the Gazel cohort. Their findings, published 
in Environment International, point to a link between long-term exposure to 
atmospheric metals and excess mortality, even in areas remote from major 
sources of emissions. They confirm the utility of moss biomonitoring as a tool 
to evaluate the effects of exposure to air pollution. 

 
External air pollution has been recognized as being responsible for 4.2 million 
premature deaths in 2016, and scientific evidence continues to accumulate in regard 
to the role played by particulate matter. Produced by both human activity and natural 
sources, particulate matter contains various metals. Its role in morbidity and mortality 
however is poorly understood, with little research into the health effects of exposure 
to atmospheric metals. Often limited by the absence of widespread monitoring 
stations, studies focus on areas of high exposure or population density (cities, 
proximity of major roads or polluting industries). 

 

Biomonitoring metal levels in moss1 is an approach which, although it does not 
measure them directly, is able to evaluate over time the level and variations of 
atmospheric concentrations of heavy metals deposited on mosses. 

 

1 In France, the BRAMM program, managed by the French National Museum of Natural History, uses 
moss biomonitoring for many atmospheric metals, with the objective of monitoring levels of these 
metals mainly in forests and areas remote from major industrial, urban and traffic sources. This 

monitoring involves sampling mosses at sites across France, recording the location of each collection site and 
analyzing their metal content in the laboratory. 

https://www.sciencedirect.com/science/article/pii/S0160412019301321?via%3Dihub


A research team from Inserm and Université Versailles St-Quentin-en-Yvelines 
compared moss biomonitoring data in France with epidemiological data from the 
Gazel cohort in order to deepen its understanding of the effects on mortality of long-
term exposure to atmospheric metals in areas with low levels of exposure to human 
emissions. 

 
Over 15 years – from 1996 to 2011 – the researchers mapped levels of 13 
atmospheric metals (aluminum, arsenic, calcium, cadmium, chrome, copper, iron, 
mercury, sodium, nickel, lead, vanadium and zinc) in mosses using readings taken as 
part of the French National Museum of Natural History moss biomonitoring program. 
They distinguished between metals of natural origin and those of anthropogenic 
origin (human activity) – the latter being lead, cadmium, copper, mercury and zinc. 
The health data of over 11,000 Gazel cohort participants living in rural and suburban 
areas were compared with this mapping. 

 
The researchers observed an increased risk of death from natural causes for the 
simultaneous exposure to all of the anthropogenic metals. Exposure at shorter 
distances from major roads appears linked to a higher mortality increase than 
exposure at longer distances, which could indicate a link between exposure to 
atmospheric metals produced by road traffic and mortality. 

 
Some atmospheric metals produced by human activities could therefore be linked to 
excess mortality even in the areas where exposure to air pollution is low. " Previous 
studies within the Gazel cohort had shown that those living in urban areas were a lot 
more exposed to particulate matter than those living rurally and so had a high 
likelihood of exposure to atmospheric metals, states Bénédicte Jacquemin, the 
Inserm researcher having led the study. City-dwellers are therefore probably more 
subject to the health effects of atmospheric metals. " 
And to conclude: The results of this study confirm the utility and relevance of moss 
biomonitoring as a tool to evaluate the effects of exposure to air pollution. Further 
studies are needed in order to specify which of the metals contained in the particulate 
matter are likely to affect human health, which would give us a deeper understanding 
of the effects of atmospheric pollution on health. " 
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