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Context:   
Recent epidemiological studies have clearly demonstrated an exacerbation of cardiovascular and neurological 
disease or cancer associated with short or long-term exposure to ambient particles (PM). The oxidative potential 
(OP) of PM has recently been proposed as a new metric for measuring the health impact of PM. The 
measurement of OP of PM is generally estimated from cell-free methods based on the measurement of the 
disappearance of antioxidants that are added to PM – the latter being extracted in a solution- to initiate the 
oxygen reduction chain which is catalyzed by PM redox-active components and which leads to the formation of 
ROS (Reactive Oxygen Species) that we aim to quantify. However, these (indirect) methods do not provide direct 
information on the nature and quantity of ROS produced during the test and in particular they do not make it 
possible to quantify the hydroxyl radical °OH which is without question the ROS whose action is the most 
deleterious for the organism. 
 
Objectives / scientific questions:  
The main objective of the MHYRIAM project was the development and implementation in the laboratory of a 
new method for measuring the OP of PM, specifically targeting the ROS with the most deleterious action for the 
organism: the hydroxyl (°OH) radical. 
 
Main results:  
Barely a dozen articles have been devoted, in whole or in part, to the measurement of °OH radicals induced by 
PM. The objective of this project was to develop and implement a method for measuring “OP°OH” at IGE. The 
method developed is based on the chemical trapping of °OH by TerePhthalic Acid (TPA) and the measurement of 
the adduct formed with °OH (i.e. hTPA) by spectrofluorometry using a microplate reader. 
The choice of antioxidant used in OP tests is crucial because it predetermines which constituent species (or 
combination of species) of PM will contribute most to the measured OP value. It therefore also largely 
predetermines to which sources of PM it will be more or less sensitive. We have shown that Ascorbic Acid (AsA), 
in contrast to DiThioThreitol (DTT) frequently used in indirect OP methods, was able to generate sufficient °OH 
radicals for the measurement of OP°OH to be possible at levels of PM concentrations that are both compatible (i) 
with the use of a limited surface area of the filter on which the PM is deposited and (ii) with the physiological 
concentrations of PM to be expected in lung fluids.   
At the highest PM concentrations, we were able to show that the kinetic profiles used for the OP°OH calculation 
could be strongly altered (Figure 1) and that this was related to the rapid disappearance of AsA during the 
experiment. The comparison of OP°OH measurements obtained for different samples seems to be relevant only if 
these measurements were carried out under conditions allowing to limit this phenomenon, i.e. at PM 
concentrations of at most a few tens of µg mL-1. 
Using artificial solutions made of common redox-active components, we also demonstrate the particular 
sensitivity of the test developed here to transition metals such as copper (originating mainly from brake wear in 
ambient air) or organic compounds such as quinones (originating from the oxidation of polyaromatic 
hydrocarbons, PAHs). This allows us to anticipate that our test will be more sensitive to PM from anthropogenic 
sources and in particular to the "mobile" source. This provisional conclusion will have to be re-evaluated in the 



light of a study that will have to be carried out on the synergistic effects (positive or negative) that may occur 
when the species tested here are mixed. The use of the microplate reader, by allowing the simultaneous analysis 
of many solutions, will be a real asset for such studies. 
The method was applied to an annual series of 130 PM samples (taken at an urban site in the Grenoble area, see 
Figure 2). The values measured were systematically above the detection limit of the method. The first results 
show a relatively marked seasonality with higher PO°OH values in winter than in summer. This unique set of data 
as well as those collected jointly for the other (indirect) OP tests and for the composition of the particles should 
make it possible, via statistical studies currently underway in the laboratory, to better identify the components of 
the PM and thus the sources of PM that contribute the most to their health impact.  
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Figure 1: Time profiles of °OH production (expressed in terms of [hTPA] equivalents) from PM solutions 
consisting of different concentrations of a PM reference material (NIST SRM 1648a). The PM concentrations 
shown are those of the extraction solution. The deviation from linearity observed for the most concentrated 
solutions reflects a rapid disappearance of the antioxidant used in the assay (in this case ascorbic acid) and 
makes it problematic to calculate OP°OH from such profiles. 

Figure 2: OP°OH values normalized in volume (for a better estimation of the health impact) obtained for the Urban 
Grenoble series. Insert: seasonal data for OP°OH values. Boxplot with median (horizontal line) and mean (x) 

Future of the project:  
The method developed in this project is now part of the panel of OP measurement methods available at the IGE. 
It is now planned to apply it to the numerous series of samples that the IGE receives each year within the 
framework of programs led by IGE members (ANR, LabEx, ...) or of various collaborations, in particular with 
French air quality monitoring associations. 
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