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We used a multistage PIXE inertial impactor with nine different aerodynamic diameter ranges (from a cutoff 

diameter of 16 µm down to 0.06 µm) to sample indoor particulate matter (PM) using 1 l/min flow rate. 48-

hour sampling was done in a residential apartment less than 200 m from a main Sharjah hospital. SEM and 

EDS analysis were performed on membranes with PM cutoff diameters 4, 2, 1, 0.5 and 0.25 µm. Elemental 

mappings (figure 1) show the membranes with particulates less than 0.25 µm having Ammonium Sulfate as 

a major constituent. For these ultrafine particles elemental maps clearly show very strong correlation among 

S, N, and O. Other elements such as Si, Ca, Fe, Al and Mg show up in smaller amounts at this size fraction. 

The membranes with PM cutoff diameters 0.5 and 1 µm, show that natural pollutants such as Si, Ca, Mg 

and Al are dominant while S still exists in smaller amounts. They also show good correlation between these 

elements and oxygen indicating that these elements exist in oxide forms. The absence of clear N signals and 

the correlation between the Ca and S maps indicate that S in these size fractions is not due to Ammonium 

Sulfate. The presence of Mg and small amounts of Na at these cutoff diameters show that they are due to 

salts originating from sea breeze.  

 

Elemental maps for the PM on the stages with cutoff diameters 2 µm and 4 µm show elements originating 

from dust storms, crustal materials and sea salts. The absence of fingerprints from anthropogenic sources 

such as Ammonium Sulfate is still noticeable. The amount of S decreases as the cutoff dimeter increases, 

with simultaneous disappearance of N. This is a good evidence that for cutoff diameters above 0.25 µm the 

S is mostly from natural sources, like gypsum.   

 

Ammonium Sulfate in the ultrafine fraction of indoor pollution appear as secondary pollutants through 

infiltration. We believe they form during the trasport of primary gaseous precursors such as SO2 with other 

natural and anthropogenic emissions. For example, SO2, a major gaseous emission from vehicles and 

enrgy power plants can follow the following reaction route:  

 

    SO2 +1/2O2 ⇄ SO3   

    SO3
+ +H2O ⇄ H2SO4  

   

Sulferic acid then reacts with Amonia to form Ammonium Sulfate:  

 

     2NH3 + H2SO4 ↔ (NH4)2SO4   (aqueous/solid) 

   

Therefore SO2 gas ends up in the atmophere either as an acid (causing acid rain) or as Ammonium Sultafe 

that exists in the ultra fine range with diamters less than 0.25 µm, as seen in figure 1. In a related study, we 

have observed the presence of Ammonium Sulfate in the X-ray Diffraction pattern of both indoor and 

outdoor samples. In that study, Ammonium Sulfate is the dominant phase in the absence of dust storms. It 

exists as a phase called Mascagnite (NH4)2SO [1, 2]. 

 

Figure 2 shows elemental maps for the sample with cutoff diameter of 2 µm. It shows the existence of 

elements originating from natural sources such as Si, Ca, Al, Mg and O. Smaller amounts of S show that it 

is not originating from Ammonium Sulfate because of the absence of N. We have also observed the 

existence of gypsum in the XRD pattern for several PM2.5 samples [1, 2]. 

 



In conclusion, SEM and EDS images and maps show that ultrafine fraction of indoor pollutants are 

originating from anthropogenic sources, such as traffic emissions and energy generation. We have also 

observed that natural sources contribute to fine and ultrafine pollutants and they constitute the main 

sources of particulates above 0.5 µm cutoff. We also observed smaller amounts of pollutants with 

aerodynamic diameters above 4 µm for an air-conditioned residence.  
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Figure 1. Elemental maps for particulates with cutoff diameters of 0.25 µm, show a strong correlation 

among S, N and O. The figure shows that natural pollutants such as Si and Ca also contribute to the fine 

and ultrafine fraction of aerosols. 

 

 

 
 

Figure 2. Elemental maps for particulates with cutoff diameters of 2 µm show a strong correlation 

between natural pollutants (Ca, Si). Correlation between S and Ca with the absence of N, indicate that S 

is originating mainly from gypsum, a natural pollutant.   
   

 


