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Abstract 

Wooden artworks residing in churches for centuries inevitably suffered from decaying processes such as wood 

worm infestation. About 100 years ago, this process was ceased with a polluting coal tar extract “Carbolineum”, 

a treatment usually applied to railway sleepers. Nowadays, this lead to undesired effects not only of causing dark 

stains on the surface of the treated sculptures but also in unimpaired release of traces of harmful substances into 

the atmosphere perceptible as the typical smell of coal tar oil. To resolve this problem, the knowledge of the 

internal structure could provide a support for this effort. As an example, sculptures from an epitaph in a church 

in northern Germany were subjected to X-ray and neutron computed tomography (CT). The purpose of using 

neutrons was to get information about the distribution of the impregnant Carbolineum. It consists of a mixture of 

polycyclic aromatic hydrocarbons which should increase the absorption of neutrons. In contrast, X-rays are 

rather poorly absorbed by such substances as compared to the wood matrix. All radiographic approaches 

revealed traces of previous conservation measures that were not always documented in detail.  Comparing the 

neutron images with those from the X-ray interrogation some differences became obvious indicating varied 

material compositions. Nails e.g. were clearly visible in the X-ray images rather than in the neutron ones. Some 

less visibly stained parts of the sculptures correspond with obviously replaced materials in the inside. These 

results will be used to identify ways how to treat the infested artworks. 
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1.  Introduction 
 

May it be neglect or due to the typical wet climate of northern Germany, the wooden interior 

of the churches there from the Baroque time suffered severely from biological degradation, 

particularly wood worm infestation, at the time around 1900.  As a remedy, the wooden 

artworks have been treated with “Carbolineum” like the wooden railway sleepers in 1903.  

This oily coal tar extract contained polycyclic aromatic hydrocarbons ceased immediately any 

biological activity and hence inhibited any further degradation.  At that time, nobody was 

aware of the health and environment risk emanating from this material.  Today, it is not any 

more admitted for this kind of use, even outdoors.  Even after a century, the stench of odours 

still persists indicating that a pollution problem with a health hazard remains.  Moreover, the 

impregnant “Carbolineum” penetrated from the bulk of the wood through the painting to the 

surface causing a dark discolouration and thus giving the artwork a poor and degenerated 

appearance (see Figure 1).  As a consequence, there are two profound reasons to get rid of that 

substance originally intended to serve as a remedy, to provide a clean environment free from 

health hazards inside the church room and to regain the original beauty of the artworks.  

Resolving this means to eliminate a source of pollution while preserving the cultural heritage 

at the same time.   

 

Approaching this problem needs to attain knowledge about the nature of the pollutant itself 

and its distribution within the treated objects.  Since the chemical aspect will not be in the 

focus of this presentation, the analytical results should be summarised in the statement that 
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the four polycyclic aromatic hydrocarbons anthracene, phenanthrene, pyrene and fluoranthene 

are the main components of the historical Carbolineum in the epitaph. The absence of 

polycyclic aromatic hydrogens with lower molecular weight can be explained by slow 

evaporation over more than hundred years. 

 

 
Figure 1. The effect of Carbolineum impregnation after > 100 years 

 

The other aspect has been to obtain any information how the impregnant might be distributed 

in the inside of the object.  This is the point where non-destructive testing (NDT) starts to play 

a supportive, but never the less an important role in the whole decontamination process.  It 

will be shown that radiological methods produced essential information for the next 

conservation measures that have to be undertaken.  In general, tomography has been proven to 

be by far superior to plain radiography to study the internal structure of the artworks.  In 

addition to X-ray technologies, neutrons have been chosen since they allow material 

distinction and give particularly more contrast to hydrogen differences than X-rays [1].   

 

2.  Materials and Methods 
 

Removable parts from the baroque Reyer-Epitaph of the St. Laurentius Church in Tönning, 

Schleswig-Holstein, northern Germany, have been taken as specimens for this study 

(Figure 2).  Two different specimens will be presented here, the sculpture of a woman “Virtue 

of Hope” (VoH) and a model of a skull. Computed tomography (CT) was performed both, 

with X-rays and with neutrons for the reasons mentioned above.   

 

 
Figure 2. Reyer-Epitaph in the St. Laurentius Church and study objects 

 



The X-ray CT was carried out at BAM with a Comet X-ray tube type Y.TU 600-D01 set at 

160 kV and 4 mA.  The images were recorded with a Perkin-Elmer matrix detector type XRD 

1621AN16 with 2048 x 2048 pixels and a 200 µm pitch, 15 s exposure time per single frame.  

Further data for completing a CT were: source-detector distance 2343 mm and source-object 

distance 1692 mm, 1000 projections in the range of 0° - 360°, reconstruction with the 

Feldkamp-algorithm as implemented in the Volume Graphixs software VGStudio MAX 2.2 

(supplement for tomography).   

 

The neutron studies were carried out at two different sites, the NECTAR facility at the 

Forschungs-Neutronenquelle Heinz Maier-Leibnitz (FRM-II) in Garching, Germany, with 

fission neutrons showing a typical spectrum with its maximum about 1.8 MeV [2] and at the 

cyclotron of the Physikal-Technische Bundesanstalt (PTB) in Braunschweig, Germany, where 

neutrons with an energy up to 11 MeV were generated with accelerated neutrons on a 

beryllium target.  The reason for using both facilities is given below in the result section.  At 

both sites, the image detection system consisted of a fluoroscope equipped with an 

appropriate converter plate and a highly sensitive optical camera.  While the usual Feldkamp-

algorithm was applied for reconstruction at the PTB the practically parallel beam geometry 

with an L/D of 230 at the NECTAR allowed an alternative way for this purpose, the slice 

theorem [3] with an own PC program.  The advantage of this method was that it was less 

sensitive to artefacts raised by parts of the object not covered by the detector plane [4].  A 

general problem encountered in all neutron imaging technologies was the occurrence of spotty 

artefacts that have been automatically removed by an algorithm specially developed for this 

purpose [5].  Particularly in CT studies, stacks of up to nearly thousand images had to be 

processed which would not have been possible to achieve manually within an acceptable time 

and workload.   

 

3.  Results 
 

Both specimens, the VoH statue and the skull model were subjected to CTs with X-rays and 

neutrons.  It was possible to penetrate all wooden specimens with fast neutrons despite of the 

moderating property of this material as already previously shown [6].  As expected, the X-ray 

CT generally showed definitely more details of the internal structure than the neutron CT.  

However, it was not the purpose of applying neutron radiology for elucidating the internal 

structure but to trace for differences in hydrogen containing material fluctuations and 

differences in the material composition.  Therefore, the X-ray results are presented first to 

show how the inside is structured and then the neutron ones to locate the sites of differences 

in densities.   

 

3.1 X-ray-CT 
 

The view inside into the VoH-statue with X-rays as shown in Figure 3 revealed that parts of it 

have been totally replaced presumably at the conservation works in 1903 along with the 

Carbolineum treatment.  Remarkably, a replacement of heavily infested parts only has been 

suggested in the conservation reports.  Very obviously, the remarkably undamaged face of the 

statue matches with the structure of the attached piece of wood without any sign of biological 

infestation visible in the longitudinal section within the Figure 3.  The glued joint between the 

replaced head and the remaining body of the sculpture is also clearly visible.  The cross 

sections show a dense filling material in the region of the central axis of the statue and a piece 

of a nail, very obvious signs of previous conservation works presumably for the purpose of 

fortification.  The traces left by the woodworms are clearly visible in the shoulder region.  



 

 
Figure 5. X-ray CT of the VoH statue, longitudinal and cross sections. 

The positions of the cross sections are marked on the right, 

red arrows: damaged area, black arrow: painting cover, 

red circles: nails, turquoise circles, central fortification 

 

The section through the skull in Figure 4 revealed holes in the outer region as obvious 

leftovers from the biological degradation and cracks in the central region that could have been 

the consequences of potentially dry periods in the history of the specimen.  Since the whole 

skull was covered by the CT imaging the CT data were also used for calculating the volume.  

Together with the weight of the specimen, this resulted in a density of 0.88 g/ml that was 

remarkably high for the kind of wood the whole epitaph was made of, i.e. lime tree wood.  

Within the horizontal section in Figure 4, two holes are marked with a yellow circle that 

became of interest when comparing with the neutron results below.   

 

 
 

Figure 4. X-ray CT of the skull sculpture, vertical (left) and horizontal (right) section  

 

3.2 Neutron-CT 

 

In general, the neutron CT images as shown in Figures 5 and 6 were less informative in terms 

of structural details.  As already said before, that was not the reason for pursuing neutron 

imaging.  The aim was to obtain information on the materials present in the inside of the 

objects and about the distribution of hydrogen containing materials, i.e. whether there is a 

homogenous distribution of the impregnant within the wooden matrix or whether there might 

be local clusters of higher concentrations.  The latter could not have been discovered as 



shown in cross and longitudinal sections of Figure 5, but there were different densities of 

certain structures relative to the wooden matrix as compared to the X-ray results.  Nails e.g. 

are invisible in the neutron images (positions marked with a red circle).  Furthermore, the 

stuffing material in the axis region, the presumed fortification, appeared paler than in the X-

ray cross sections indicating the presence of a material that is more transparent to neutrons 

than to X-rays.  This could be attributed to some higher order elements such as calcium, but 

this remains a subject to further analysis.  As a result for this CT study, there is a different 

material present in the axis region.  A closer look to the surface region also reveals differences 

in the intensity and thickness of the outer layers (black arrows).  They appeared denser in 

neck region as shown in the longitudinal section with a lateral view in Figure 5.  This 

corresponds with a visible dark discolouration at the statue itself.  In addition, a longitudinal 

section with a lateral view is also shown within Figure 5.  Remarkably, the neck regions 

showed a high density at the surface in difference to the chin area coinciding with the 

different material the head is made of.   

 

 
Figure 5. Neutron CT of the VoH statue, longitudinal sections from the front (top left) 

and from the side (bottom left), the positions of the cross sections are indicated (top right), 

the damaged areas are indicated with red arrows as in Figure 4, 

black arrows indicate dense areas in conjunction with the paint cover, 

fortifications (turquoise circles) appear fainter, nails are invisible (positions of red circles). 

 

Attempts to penetrate the skull with the fission neutrons available at the NECTAR instrument 

with an energy range of 1.5 ot 2 MeV failed.  As a consequence, this specimen was taken to 

another instrument with neutrons of a higher energy located in the PTB in Braunschweig.  

The resulting images show different density distribution than X-ray ones with a rather cloudy 

appearance as shown in the vertical and horizontal sections of Figure 6.  The two holes 

marked with a yellow circle in the previous Figure 5 look differently, i.e. the one in the 

central position with a quadratic shape is clearly visible whereas the other more laterally 

located one is less visible in spite of a similar size.  In addition, some areas in the void of the 

central crack appear more heterogeneously transparent than in the X-ray image within the 

vertical section.   

 



 
Figure 6. Neutron CT of the skull sculpture, vertical (left) and horizontal (right) section 

 

3.3 Exploitation of the CT results  

 

While the neutron imaging studies primarily were of an investigative nature the X-ray CT 

results were exploited for taking samples for both, chemical and histological analysis and for 

small scale experimental decontamination procedures.  As such, they serve as guidance for the 

still ongoing work on the conservation of the artwork.  A sample of this kind is given in 

Figure 7 where a cut with a saw has been set exactly at the tip of a nail inside a specimen that 

could not have been removed.  Remarkably, the holes left from the previous woodworm 

infestation clearly shown in the CT cross-section were barely visible in the physical cut.  

Rather obviously, the voids of the holes were filled with the dust left from the woodworms 

which was subsequently soaked with the impregnant at the occasion of the preservation 

measures.   

 

 
Figure 7. Using X-ray CT for determining a site for cutting.   

The holes (red arrows) are filled with dust and therefore barely optically visible 

 

4.  Conclusion and Outlook 
 

Tomography was chosen as the appropriate tool for revealing the internal structure of the 

investigated objects since mere radiography was found insufficient for this purpose.  

Particularly the damages of the past biological degradation and the details of the previous 

conservation works could only be visualised in detail with a spatial resolution.  There was no 

chance to detect the woodworm holes in a simple radiograph if they were not exactly aligned 

with the beam direction, a case that really rarely occurred.  It has been the X-ray CT that has 

revealed the internal structures showing both, the degree of damages from the previous 

woodworm infestation and detailed traces of conservation works that have not been reported 

in such a full extend.  Fortifications and the replacement of whole parts of the statues have not 

been mentioned in detail, such measures only were suggested.  With the X-ray CT result at 



hands (see Figure 3), it is now very obvious why the face of the VoH statue remained larely 

undamaged without discolouring in difference to the other parts of the object and other 

sculptures (see Figure 1).  The whole head must have been replaced with non-impregnated 

material.   

 

The comparison with the neutron CT results gave some clues on the materials that have been 

used in the previous conservation works.  The extend and the heterogeneity of the distribution 

of the impregnant Carbolineum became more obvious in the skull sculpture than in the VoH 

statue.  The former seemed to be more heavily soaked as already indicated by the unusual 

high density of the material as determined by the weight and the volume that has been 

determined with the aid of the CT data.  The cloudy appearance of the density distribution in 

the neutron CT sections that differs markedly from that one found in the X-ray CT may 

indicate a heterogeneous distribution of the impregnant within the wooden structure as 

presented in the X-ray image.  The observation made after cutting a specimen as shown in 

Figure 7 that the holes apparent in the X-ray CT section are physically hardly visible may 

explain that these holes are barely seen, if at all, in the neutron CT results.  This also applies 

to the differences seen at the yellow encircled holes within the sections of the skull model of 

Figures 5 and 6.  The hole in the central position with a rather squared shape may be derived 

from a nail that may have been previously in this position, in difference to the other one in the 

more marginal position and with a round shape rather obviously left from a woodworm.   

 

Finally it should be mentioned that the radiological methods just support the conservation 

efforts without a conserving effect by itself.  However, a support can be essential or even 

crucial for the success of an effort.   
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