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Synthetic in vitro human body fluids such as sweat, gastric/gastrointestinal and saliva fluids can be used as extractants 

to predict the availability of trace elements for human absorption from a range of industrial by-products. Compared to 

real human body fluid (in vivo) tests, synthetic fluids are both rapid and inexpensive, and thus provide an appropriate 

means to evaluate potential bioaccessibility of trace elements from various materials. As the most important pathways 

for human exposure of trace elements include the oral/ingestion, respiratory and dermal exposure routes, the 

extractability of trace elements in artificial body fluids needs to be assessed in order to understand possible occupational 

risks associated with, e.g., ash handling. 

Hence, trace elements associated with the bottom and fly ash fractions of a large-sized (120 MW) bubbling fluidized 

bed boiler of a Finnish fluting mill power plant were extracted with artificial sweat and gastric fluids.The artificial 

sweat was prepared by dissolving 5 g NaCl, 1 g lactic acid and 1 g urea in 1 L of deionized water and adjusting the pH 

to a value of 6.53 with ammonia. The artificial gastric fluid was prepared by dissolving 60.06 g glycine in 2 L of 

deionized water and adjusting the pH to a value of 1.54 with HCl. The extraction was carried out in polypropylene 

bottles by shaking 1 g of ash on a dry weight (d.w.) basis with 100 mL of the extract (i.e., artificial sweat or artificial 

gastric fluid) for 1 hour by end-over-end mixing at 37 °C. After extraction, the extract was separated from the solid 

residue (i.e., the undissolved ash) by filtration through a 0.45 µm membrane filter. The pH of the extract was then 

measured, and the element concentrations in the extract were determined with an ICP-OES. For pseudo-total element 

concentration determinations, the dried samples were decomposed with a mixture of HCl (3 mL) and HNO3 (9 mL) in a 

microwave oven using USEPA method 3051A. 

Based on the results, the pseudo-total trace element concentrations in the fly ash sample were from 1.4 (Se) to 13.7 (As) 

times higher than in the bottom ash sample as the extractable concentrations by artificial gastric fluid were clearly 

higher than in artificial sweat fluid, except for Mo and Se. The extractable concentrations are reasonable as the pH of 

the gastric fluid was extremely acidic both prior to (pH 1.54) and post-extraction (bottom ash; pH 1.70; fly ash, pH 2.0). 

Mo and Se are generally able to form oxyanions and their extractability thus increases from acidic to neutral and 

alkaline conditions. Due to the relatively high recovery of certain trace elements from the fly ash sample by artificial 

gastric fluid, e.g., Al (19900 mg kg
-1

; d.w.), Ba (568 mg kg
-1

; d.w.), Pb (29.8 mg kg
-1

; d.w.), Ni (12.7 mg kg
-1

; d.w.), V 

(56.4 mg kg
-1

; d.w.) and Zn (372 mg kg
-1

; d.w.), careful handling of this ash residue is recommended in order to prevent 

potential ingestion and penetration of ash particles across the human gastrointestinal tract. 

 


