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In terms of potential health effects at incineration plants or landfills, the particle size distribution and the possible 

occurrence of contaminant trace elements are important factors in characterising the exposure of workers involved in 

the handling of combustion residues, such as ashes or bed sand materials. Potential contaminant trace elements 

associated with fine particles can generally penetrate, e.g., lungs much easier than coarse particles and hence have a 

greater potential biological effect. In addition, knowledge regarding the size distribution of combustion residues may be 

useful in evaluating possibilities for recycling and respective utilization of these residues. 

The trace element contents of a bed sand material from a Northern Finnish municipal district heating plant with a 32 

MW bubbling fluidized bed boiler (BFB) was hence investigated as a function of particle size. Prior to the sampling 

period the combustion temperature of the BFB varied between 810 and 830°C, with approximately 70.0% of the energy 

produced by the incineration of peat, and ca. 30% by clean forest residues (i.e., 10% of stump, 10% of sawdust and 10% 

of recycled wood). For particle size determination, the bed sand sample was dry sieved using an automatic sieve shaker 

and a stack of nested sieves to obtain the following size fractions: 31.5-16, 16-8, 8-4, 4-2, 2-1, 1-0.5, 0.5-0.25, 0.25-

0.125, 0.125-0.075, 0.075-0.045 and <0.0045 mm. The respective pseudo-total trace element concentrations were 

determined by HCl (3 mL) and HNO3 (9 mL) digestion using USEPA method 3051A and an inductively coupled 

plasma-optical emission spectrometer or a cold-vapour atomic absorption spectrometer (Hg). 

Based on the results, bed sand material trace elements were enriched in the particle size fraction <0.045 mm, since the 

highest concentrations for Cd (3.6 mg kg
-1

; d.w.), Pb (210 mg kg
-1

; d.w.), Cr (276 mg kg
-1

; d.w.), Zn (571 mg kg
-1

; 

d.w.), As (30.6 mg kg
-1

; d.w.), V (41.5 mg kg
-1

; d.w.), Ni (68.0 mg kg
-1

; d.w.), Ba (1990 mg kg
-1

; d.w.), Mo (8.6 mg kg
-

1
; d.w.), Mn (22.400 mg kg

-1
; d.w.) and Ti (910 mg kg

-1
; d.w.) were found in this fraction. However, the highest 

concentration of Cu (200 mg kg
-1

; d.w.) was observed in the particle size fraction to 0.25-0.125 mm. Although the 

weight percentage of particles <0.074 mm was low, the very high dry matter content (99.5%) coupled with the small 

particle distribution are a disadvantage, since these properties can cause dust problems during handling. The tendency to 

enrich in a specific size fraction was most evident in the case of S, Mn and Pb (<0.045 mm). In terms of human health 

risk assessment, we conclude that careless handling of this residue may pose a human health risk if, e.g., particles 

associated with trace elements enter the human gastrointestinal tract through  the inhalation of ash particles or 

inadvertent wiping of the mouth with dirty hands. 

 


