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Nanostructured particles (NP) are particles having structures with a characteristic length 
below 100 nm which exhibit nanostructured-influenced properties [1]. For some materials, 
studies have shown that NP are more harmful than micro-scale particles at similar mass 
concentrations. Consequently, conventional exposure monitoring methods that typically rely 
on characterizing the mass of airborne particles do not seem appropriate to NP. The 
characterization of airborne exposure to NP is currently hampered by the lack of suitable and 
validated instruments and methodologies. Their development to assess exposure to engineered 
airborne NP is among the top research needs within the next few years [2]. 
Although there is not yet sufficient evidence to clearly identify which aspect of airborne NP 
should be measured (mass, number, surface-area concentration or something else) to 
determine health effects, current published informations show that surface-area could be an 
appropriate property for exposure characterization when lung inflammation is involved [3]. 
As a first step, the present paper attempts to explore the different approaches that might be 
applicable for characterizing surface-area of airborne NP. Figure 1 shows the different 
theoretical ways that have been identified. 
In the BET method, the specific surface-area aM, defined by the ratio of the geometric surface-
area to the mass of particles, is derived from the gas adsorption characteristic on the particles. 
Nitrogen is widely used as the adsorbed gas. The surface-area characterized is the one 
accessible to the nitrogen molecules. This method does not offer on-line capabilities and is not 
well suited for characterizing airborne surface-area of NP at low concentrations. However, it 
is used extensively in toxicological studies for the characterization of powders. 
Electron microscopy analysis provides different off-line methods through the detailed 
information of collected NP (primary particle size dpp, number of primary particle Npp, fractal 
dimension Df, projected area diameter dAP etc.). However, electron microscopy analysis is 
time consuming and has stringent collection and preparation requirements. 
Another approach is based on a combination of integral and independent measurements 
obtained simultaneously by direct-reading instruments (i.e. mass, number, current etc.). By 
assuming some of the distribution parameters the surface-area can be estimated with some 
knowledge of the response of the instruments. 
From size distribution measurements, the surface-area weighted distribution can be 
calculated. However, the transformation of the size distribution requires assumptions about 
particle morphology and/or density.  



Few on-line techniques have been designed to measure surface-area of airborne particles. 
These techniques all rely on attachment rate of airborne markers (unipolar ions or radioactive 
atoms) to particles. The measured property is the fraction of the geometric surface-area, which 
interacts with the airborne markers. For this reason, the term of active surface is used. 
 

Npp, 
dpp 

dAP 

S (active surface-area, or geometric surface-area) 

S(t) S(dp) 

I(t) N(t) N(dp) V(dp) M(dp) 

N V M 

α(t) 
ρ(dp) 

ρ 

a M
 

a M
(d

p)
 

S
(I

) 

S(
α)

 

S
(N

pp
,d

pp
,D

f) 

U(t) 

dp(U) 

 

Fig. 1 : Schema of the different theoretical ways for measuring surface-area of airborne NP. 
Dashed lines : hypothesis on particle size and/or shape. Dotted lines : hypothesis on particle-
size distribution. Double solid lines : theoretical or empirical relationship and/or experimental 
property between two parameters. 
 
This analysis suggests that several approaches yield the determination of different surface-
areas. However, most of them rely on strong hypotheses regarding airborne NP properties. 
Moreover, several methods are limited in their widespread application in the workplace. Most 
of the on-line techniques are recent and there is a lack of reliable data on the performance and 
on the parameters that could affect the response of the instruments. 
A next step of this study is to experimentally explore some of the identified approaches in 
laboratory conditions, but relevant with the ones encountered in the workplaces (size, 
morphology, concentration, chemical composition etc.). Specific experiments have been 
designed to evaluate and to compare recent developed techniques for estimating on-line 
surface-area of airborne NP against surface characterization by BET method and/or electron 
microscopy analysis. 
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