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A series of synchrotron-based µXRF/µXRD and µFTIR analyses revealed that a group of Bamiyan wall 

paintings has multiple layers of colourants with various organic components such as oils, resins, proteins 

and plant gums. These organic substances act as binding media, glazes, and perhaps sizing layers in the 

wall painting structures. However, the above synchrotron-based techniques are not enough to identify 

each and every organic material present among the many kinds of oils, animal glues, egg yolks/whites, 

caseins, and other substances. In order to carry out further detailed study, GC/MS and ELISA (Enzyme-

Linked Immunosorbent Assay) analyses were conducted under a cooperative research project with the 

Getty Conservation Institute. Three settings were applied for the GC/MS in order to detect fatty acids, 

amino acids, and polysaccharides. ELISA is a biochemical technique used to detect the presence of 

antibodies or antigens in a sample, and thereby allows for the identification and quantification of the ppt 

order of specific proteins.

52 samples of fatty acids, 29 samples of amino acids, and 2 samples of polysaccharides were 

successfully analysed using GC/MS. Two of 25 samples were successfully analysed using ELISA. Paintings 

were identified as belonging to one of two groups: drying oil based paintings, or water soluble (protein or 

plant gum) based paintings. Drying oils were detected in the paintings of 12 caves and all showed similar 

P/S values indicating the presence of either walnut or poppyseed oils. Such cases of drying oil based 

paintings are specifically characterised by a lead white layer as white ground. These can be identified as 

having been created with the ‘oil painting’ techniques of Bamiyan. 

The ELISA indicated the presence of egg yolks and egg whites in each of two samples where amid 

acids were detected using GC/MS. Protein or plant gum based paintings always incorporate the use of 

gypsum as white ground; This group of paintings, however, was depicted using ‘water soluble’ painting 

techniques. 
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