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Examination of Paints by Trace Element Analysis 

The examination of paint in this laboratory and many others is done, essentially, by 
two techniques. These are microscopy, for the physical characteristics and layer struc- 
ture, and pyrolysis gas chromatography (PGC), for the resin type. X-ray diffraction is 
often used as an additional examination for establishing the nature of  pigment and is 
effective in routine cases, particularly those involving automobile paint of varied colors. 
Microscopy, however, is of  limited value in cases involving white and black paints, 
whereas PGC is less effective than microscopy in dealing with household paints, most of  
which contain alkyd-type resins. The X-ray diffraction pattern of household paints 
generally shows only titanium dioxide (TiO0 pigment and is of limited value. For the 
examination of  white paints, therefore, we require an effective technique for differentia- 
tion. Analysis of the large number of  trace elements contained in paint has been shown 
to be a useful technique in the discrimination of  paints [1]. 

This project was aimed at discriminating white household paints by analysis of trace 
elements through neutron activation analysis (NAA). 

Experimental 

Neutron Activation Analysis 

The irradiations were done for 4 h at 5 MW in the nuclear reactor at McMaster 
University, Hamilton, Ontario, Canada. The counting was done using a 4096-channel 
pulse height analyzer connected to a Ge(Li) detector. The data were collected on 
punched paper tape and processed by a Sigma 3 computer to locate peaks and their 
areas. The elements were identified from their gamma ray energies and half-lives. The 
concentrations were calculated using standard samples. 

Household Paints 

White household paint samples in liquid form were obtained from major manu- 
facturers and were prepared by dipping a clean glass slide into each and air-drying the 
slides. Samples (less than 10 mg) were scraped off these slides for our experiments. 
At least duplicate samples were analyzed in each case. 

Results and Discussion 

The analysis showed the presence of  the following elements: ytterbium, molybdenum, 
titanium, lutetium, mercury, chromium, gold, zinc, tungsten, copper, arsenic, antimony, 
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gallium, silver, iron, manganese, cadmium, and sodium. Generally the (n,y) reaction 
was used. Under the conditions of our work, where the reactor is about 40 miles (64 
km) away, short-lived nuclides cannot be measured. Among the above elements only 
Ti produces a short-lived (n,y) product. However, it produces 47Sc as a result of  47Ti 
(n,p)47Sc reaction which is long lived and gives a gamma ray peak at 155 keV. Titanium 
analysis was therefore made by measuring the 47Sc produced. 

The results are given in Table 1. Nearly half the samples analyzed were alkyd-based, 
and the pigment was TiOz in all of them. The trace element composition of duplicate 
samples was generally within _+ 10%. Many of the samples are distinguishable on a 
qualitative basis. With several samples, however, quantitative data is necessary to 
distinguish them. 

In some cases, some of the trace elements such as Hg, Cr, and Au, are not repro- 
ducible. This may be due to sample inhomogeneity or to the concentrations being at the 
sensitivity limit. Some of  these problems can be solved by using larger samples or long 
irradiation times. In routine case work, it is advisable to analyze at least duplicates of  
each sample to determine what elements are significant and reproducible. 

Neutron activation analysis can be routinely applied to case work. Its advantages are 
that it requires little of the examiner's time, sample preparation is minimal, and after 
irradiation is done (which does not require the examiner's time) the samples are counted 
nearly automatically. By using modern equipment with computer assistance, multi- 
element quantitative analysis is done with a high degree of automation. 

Automobile Paints 

A set of 17 white and black paints from panels supplied by the manufacturer were 
analyzed, and the results are given in Table 2. The samples from different years by the  
same manufacturer were distinguishable, as were samples from the same year by dif- 
ferent manufacturers. Again, both qualitative and quantitative analysis were effective. 

Case Applications 

Trace analysis by NAA is a useful method for differentiating paint samples, par- 
ticularly with white and black paints and in those cases where samples are too small to 
give reasonably good quality pyrograms. 

An application of NAA to a specific case involved a hit-and-run accident between 
two vehicles of almost identical yellow color. The microscopic and pyrolysis GC re- 
suits were consistent. The gamma spectra are given in Figs. 1 to 4. The quantitative 
analysis of major peaks is given in Table 3. The major peaks represent significant 
quantities of the elements where the reproducibility in duplicates is within __ 10o7o. The 
results are consistent. The overlap of gamma spectra (which is equivalent to qualitative 
analysis) of control and suspect paints is noteworthy. 

Summary 

Trace element analysis using neutron activation analysis is effective and valuable, 
particularly in the examination of white household paint. Although physical appearance 
and resin composition are generally similar in these paint samples, trace element com- 
position provides an effective way of distinguishing among them. 

In the case of  automobile paint samples, NAA serves as an important additional 
technique for discrimination. The technique is important when sample sizes are very 
small. The technique developed takes a few minutes for sample preparation, a few 
hours of irradiation time (during which the examiner's presence is not required), and 
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FIG. 2--Comparison of  gamma ray spectra; (left) original refinish and primers from com- 
plainant's vehicle; (right) foreign paint found on suspect's vehicle. 
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FIG. 3--Comparison of gamma ray spectra; (left) refinish paint from complainant's vehicle; 
(right) foreign repaint found on suspect's vehicle. 
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then a few minutes for counting and obtaining quantitative multielement concentration 
patterns. A technician can easily handle 30 to 50 samples per day. 
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