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Welcome to the 65rd WOAM Newsletter. It is special 
edition in order to share with you the question and 
answer sessions from the ICOM-CC Wet Organic 
Archaeological Materials Working Group Conference in 
Göteborg 2025 and is therefore slightly longer than 
usual. We know that these sessions are important for 
the dialogue in our group. As the publication for this 
conference was prepared as a pre-print, and given out 
to participants at the time of the conference, it was not 
possible to include the live Q and A sessions, so we are 
pleased to share them with you here.  

The abstract for each paper/poster has been included 
as a reminder of the subject under discussion and the 
questions and answers are then included, as 
transcribed from the recordings of the sessions. 

The papers and poster abstracts are available on ICOM-
CC Publications Online (icom-cc-publications-
online.org) 

 
 
 

 

This is my last triennial as Coordinator of this 
Working Group. It has been a great privilege to serve 
as your coordinator and I would like to take the 
opportunity to thank you all for your interest, 
participation and being the best of colleagues. A 
special thankyou to Assistant Coordinators Ingrid 
Stelzner, Margrethe Felter, Elsa Sangouard, Kate 
Sullivan, Dawa Chen and Natalia Vasiljeva without 
whom there would have been no conference 
proceedings from our meeting in 2022 in Mainz and 
2026 in Göteborg. 
 
Ida Hovmand 
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Abstracts 

Session I: Evaluation and Assessment 
 

Statistical analysis of waterlogged archaeological wood from the KUR database 

James Harvie  

 Institute of Conservation, The Royal Danish Academy, Architecture, Design, Conservation, Copenhagen, Denmark 

 
The Conservation and Restoration (KUR) project, led by Leibniz-Zentrum für Archäologie (LEIZA) from 2008 
to 2011, brought together numerous institutions to compare different methods of conserving waterlogged 
archaeological wood. The sample collection created by this project now provides our most comprehensive 
and well-documented collection of waterlogged archaeological wood (WAW). 
As part of the project, the samples underwent a wide range of material analyses, both before and after 
conservation. 83 samples from the KUR project's databank were also further analysed by the CuTAWAY 
project using 3D micro-computed tomography scanning and structure light 3D scans. 
This study will use the extensive data available from the KUR and CuTAWAY projects to provide statistically 
backed conservation-relevant insights into select areas of the treatment of waterlogged archaeological wood 
using polyethylene glycol (PEG). 

1. Degradation and PEG quantity - Statistical analysis has shown a high correlation between the degree 
of degradation, as measured by Umax, and the final quantity of conservation agent present within 
the samples as a percentage of the overall weight.  

2. Degradation and treatment success - The relationship between the degree of degradation of wood 
samples and treatment success, as evaluated by ASE, indicates that treated waterlogged 
archaeological wood objects with high levels of degradation are more likely to achieve ASE values 
near the optimal 100%. 

3. Internal damage and ASE - Samples identified as having internal damage present could be found at 
a range of ASE values, including those near 100%.  

 
Q and A: 
 
Vicky Richards, Western Australian Museum: Just wondering, with your samples that had less than four 
collapse, that slide, did you have a look at the differences in how they were dried? 
James Harvie, The Royal Danish Academy: Yes, so this is something that we're looking into in another paper. 
These were all freeze dried. I maybe should have said that prior, sorry. They're all freeze dried, however the 
length of freeze drying did change slightly between the different methods, which is something that's worth 
noting.  
Vicky Richards, Western Australian Museum: Yeah, because that makes a big difference. 
 
Ida Hovmand, Bevaringscenter Fyn v/Langeland Museum: Did you look at species? Is this related to species? 
James Harvie, The Royal Danish Academy: I have started to look into species, and there is a difference in the 
shrinkage values in species that is not directly related to the level of degradation. But preliminarily, it seems 
that the more degraded the samples are, the less that difference is noticeable. But that's just based on a 
couple of individual things I've started to look into. But yes, species does play a role, especially in terms of 
shrinkage. 
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Joanna Rivera, Clemson University: I'm just curious about your 3D scanning, how big were your samples? I 
think I missed that part. 
James Harvie, The Royal Danish Academy: Yes, so I should note this was all done by the KUR project. I didn't 
do the scans, but the samples varied. I think there's actually quite a nice website https://www1.leiza.de/kur/. 
Joanna Rivera, Clemson University: Just basically because some of the 3D scanners cannot really catch the 
surface or dimensions changes if the sample is too small. We can discuss this later, but just the type of scanner 
you were using, because we are running into that problem with scanning some of our objects.  
James Harvie, The Royal Danish Academy: The database also used callipers to do some more traditional 
measurements, and they differ in some ways, but the general trends remain the same. 
Joanna Rivera, Clemson University: Cool, thanks. 
 
Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien: It's not really a question, maybe just an 
idea for the work. If you want to look for the wood species and the shrinkage, maybe you can summarize the 
softwood and the hardwood, because they have other shrinkage behaviour. If you have no chance to look at 
each species, maybe it's a good idea to make a separation in this case. 
James Harvie, The Royal Danish Academy: Yeah, definitely. I think that's something that we would consider.  
 
Angeliki Zisi, Museum of Cultural History in Oslo: Which statistical program did you use? 
James Harvie, The Royal Danish Academy: It was R software. 
  

https://www1.leiza.de/kur/i
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European standards for cultural heritage - work of CEN/TC 346 

Jana Gelbrich 

Leibniz-Institut für Werkstofforientierte Technologien – IWT, Bremen, Germany 

 
European standardisation activities in the field of cultural heritage preservation are carried out in CEN/TC 
346 and are important to find a common, uniform scientific approach to the problems in this context. The 
use of standards in our sector is relatively new but is of great importance for the cross-border standardisation 
of terminology and approaches. The standards are seen as a framework for carrying out the work without 
restricting the professional judgement of specialist personnel. They create uniformity throughout the sector 
and promote the idea of ‘best practice’. 
Of the 44 standards already published by CEN/TC 346, there are currently two standards that relate directly 
to waterlogged archaeological wood. 
EN 16873:2016 provides important information for safeguarding waterlogged wood on terrestrial sites. It 
deals with the protection of the wood, from the time of exposure during and after excavation, until it reaches 
the conservation laboratory. 
EN 17852:2022 does not apply exclusively to archaeological wood, but also covers this topic in the context of 
the assessment and monitoring required for in-situ preservation. Therefore it can also be useful for reburial 
projects. 
A third European standard should be published soon, as the final vote has already been positively concluded. 
prEN 18056:2024 should be applied for management of wood discovered on waterlogged sites as a basis for 
designing further preservation strategies. It is intended to provide helpful guidance as to which analyses of 
the wood are at least necessary for the various possible conservation strategies.  
 
 
Q and A: 
 
Dawa Shen, China Academy of Cultural Heritage: My question is how to use these standards. Are these 
standards voluntary or mandatory? Should the users pay for these standards?  
Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien: If you are from China, you do not have 
to use European standards, but if you're interested, you can buy the standards at each national 
standardization body. There's a special room to buy it, and then you have all the content, and then you can 
work according to this content.  
 
Ida Hovmand, Bevaringscenter Fyn v/Langeland Museum: I think the question is also whether it's compulsory 
to follow them. They are guidelines, aren't they? 
Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien: You don't have to follow them, but it's 
advisable. You don't have to, but it's sometimes helpful if you want to uniform your work, if you want to say, 
for example, I want to characterize a wood, and you can say, I want to do it according to the standard. Then 
you can bring this argument to the other professions. That's a standard, what do you say, that's my part of 
what I want to do. It's your decision to do it like this. 
 
Amandine Colson, German Maritime Museum: I think it's following on this comment in saying, do you have 
some feedback at European level in Germany? But in all the member countries of how it is implemented and 
used? Are the public bodies, museums, professionals involved in the field? Are they ready? I hear you, this is 
very valuable work, it's not what I'm saying. It's just that we have to start to help the professionals, the 
museums, the institution involved to understand that investing these few hundred euros, it's really nothing, 
right? But they have to invest a few hundred euros that we can see this is implemented. So do you have some 
statistics? Do you have some feedbacks on that level? 
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Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien: Not really statistics, but I got this 
experience that it's not really common at the moment. We are starting now. We saw that the Cen/TC is just 
from 2004, so it's not really old. So it's not really common in each section that they exist and that they're 
already standard. So that's why we have to promote it.  
Amandine Colson, German Maritime Museum: That was one point I said we have to bring it, that it's more or 
less normal to use it. Yeah, and then one institute has to start, and then they know this is a normal thing, so 
to say. It's not only standardized, but it's a normal thing. And then the budget is there because it's planned 
in for now. I mean, the line in the budget, if you can go a few hundred euros, is not there yet, and therefore 
that's the issue. But I think it can be made. 
 
Gyllian Porteous, Canadian Conservation Institute: My question relates to ISO, so international standards, 
and whether or not you were familiar with the work currently ongoing. I believe it's based out of China, 
actually, at the moment of developing standards for conservation of cultural heritage for ISO.  
Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien: No, I didn´t. But there's no ISO level at 
the moment. So I know that other TCs cooperate with ISO as well, but for cultural, preserving cultural 
heritage, at the moment I think there's no working group on the international level, on the ISO level, and 
that's why we can't bring it. But everyone is welcome to use even the EN standards, even outside the EU. So 
if you're interested, look at it. 
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The Resistograph as a tool for assessing density profiles of waterlogged archaeological wood 

Nanna Rosenfeld Lauridsen, Petrea Donsted Engberg, Nanna Bjerregaard Pedersen 

 Royal Danish Academy, Institute of Conservation, Copenhagen, Denmark 
 
Understanding the degradation profiles of waterlogged archaeological wood (WAW) is essential for effective 
excavation, conservation, and preservation strategies. This study employed the Resistograph R650-SC 
(Rinntech, Heidelberg, Germany) to analyse the correlation between drilling resistance and basic density in 
water saturated wood across various species. Samples from eleven different recent and sound wood species 
with variable basic density served as samples for calibration between basic density and drilling resistance. 
Determination of both basic density and drilling resistance in sub-samples of five WAW samples of hard- and 
softwood with increasing density from surface to core served as test material to verify if resistance profiles 
can be used to obtain density profiles of waterlogged archaeological wood. The results indicated that while 
predicted densities based on resistance measurements aligned well with measured densities, individual 
differences varied significantly. This shows that the Resistograph provides valuable insights into degradation 
gradients in waterlogged wood, but using single resistance measurements to accurately determine basic 
densities is not feasible. 
 
Q and A: 
 
Angeliki Zisi, Museum of Cultural History in Oslo: I was wondering if you took into consideration when you 
were preparing the cubes the orientation of the rings and the rays compared to the surface you're actually 
introducing. 
Nanna Bjerregaard Pedersen, The Royal Danish Academy: Yes, I forgot to say that we measured the radial 
direction because that's actually how it was made. For the resistograph you have a living tree so you will 
always measure from the bark to the pit. So we tried the best we could to get the right direction.  
Angeliki Zisi, Museum of Cultural History in Oslo: So then that creates another question which I will finish with 
that then. So because we don't have a tree you can decide which direction you're going to shoot the needle. 
Nanna Bjerregaard Pedersen, The Royal Danish Academy: So maybe trying also going along tangentially 
maybe you have better correlations.  
Yes, that's the next project. 
 
Anthony Crawshaw, York Archaeology: How much does the machine cost and how much are the spares, i.e. 
the pins?  
Nanna Bjerregaard Pedersen, The Royal Danish Academy: We got it for 50 000 Danish crowns (6-7000 Pounds 
Sterling) or something like that. Then you of course need to buy new needles and we also bought a battery 
and stuff like that. But it's not heavy cost but of course if you are low on money then it's of course not an 
option. 
 
Johanna Elam, Research Institute of Sweden: I was just wondering if, because it appeared in some of your 
graphs, is there some kind of baseline shift or drift? Did you drill from both sides of the object?  
 
Nanna Bjerregaard Pedersen, The Royal Danish Academy: We were drilling from one side and maybe I didn't 
want to put it into this presentation. But you can see here that this is much higher than over here but the 
density is actually the same. And it doesn't happen every time you drill but sometimes you have kind of a 
shift and that's also why I think it's hard to actually do this correlation.  
Johanna Elam, Research Institute of Sweden: Do you think that you could remove that drift by taking one drill 
from one direction and then taking another from the other and overlapping them? 
Nanna Bjerregaard Pedersen, The Royal Danish Academy: Yeah, probably. 
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Johanna Elam, Research Institute of Sweden: Thank you. 
 
From the online chat (no name given):  In the output data, the curve goes up. This does not look like a knot. 
Could it be the result of accumulated turning resistance of the needle?  
Nanna Bjerregaard Pedersen, The Royal Danish Academy: It is that one. This is the specific high peak. 
The question may be why is it higher here? Is it probably due to more resistance as the needle goes further 
in? 
From the online chat (no name given): yes, exactly. 
Nanna Bjerregaard Pedersen, The Royal Danish Academy: You could of course then start smoothing your data 
but you don't know exactly how much, when it sets in and then you have to do some more work on this. 
 
 
 
 
 
 
 
 

 
Fig. 2. Nanna Bjerregaard Pedersen presenting (photo Ida Hovmand) 
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Quasi-non-destructive mechanical testing for waterlogged organic artifacts by TMA 

Mengruo Wu and Xiangna Han 

University of Science and Technology Beijing, China 

 
Archaeological organic artifacts are often fragile and have experienced significant degradation over time, 
leading to severe deterioration of their mechanical properties. Traditional assessment methods may not be 
fully effective, particularly because existing macro-mechanical characterization methods typically require 
large sample sizes, making it challenging to test the mechanical properties of severely degraded 
archaeological materials effectively. Moreover, many crucial mechanical reproducibility tests are difficult to 
conduct. To address this issue, building on the capabilities of the thermomechanical analyzer (TMA) as a 
foundation, we developed a micro-damage mechanical testing method for fragile archaeological materials, 
achieving testing accuracy for load and displacement of up to 9.8 μN and 0.01 μm, respectively. 
We applied this method to measure the bending strength of waterlogged wooden planks recovered from the 
800-year-old Nanhai No.1 shipwreck, and the 6000-year-old semi-waterlogged lacquer film excavated from 
the Liujiawa site. The dimension of the samples for the bending test was only 2 mm × 8 mm × 0.3 mm, which 
required merely about 0.5% of the total sample amount needed for traditional testing apparatuses. 
The results indicate that the mechanical strength data of fragile artifacts tested using the TMA method exhibit 
a consistent trend of diminishing strength as degradation increases. The standard deviation aligns with the 
uniformity of the samples, effectively characterizing the preservation state of the artifacts. Additionally, this 
method allows for a quantitative evaluation of the reinforcement effects provided by various protective 
materials, presenting potential applications in the selection and development of conservation strategies. 
 
Q and A: 
 
Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien: I was wondering about the small test 
sample sizes, especially in case of wood. Did you use always the same direction of the test? So, did you use 
tangential or radial or whatever direction sections? 
Mengruo Wu, University of Science and Technology Beijing: Well, yes. Now we always use the same 
directions. Let me go back to this slide. 
Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien: So, I can see the cross section in the A 
picture. So, and where the load comes to the sample. 
Mengruo Wu, University of Science and Technology Beijing: Yes, like the thickness is in the tangential. This is 
because we want to include both the early wood and late wood in our data. So, we take this section. 
Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien: Maybe just comment that the problem 
is for wood that the mechanical properties are also related to the fibers and the fibers are quite long. And 
the fiber directions you have to look for and maybe you can't manage it with the small samples. Maybe you 
can look at making tests with sound wood with the normal test correlation to this and then have maybe a 
correlation and you can make a clearer picture how your method works. 
Mengruo Wu, University of Science and Technology Beijing: Thank you very much. That's very important. 
 
Gyllian Porteous, Canadian Conservation Institute: Thank you so much for your talk. It was very fascinating 
and so cool to see it, how tiny a setup this is. I was just curious if you could share some information about 
how you were cutting your samples because they are so small and so precise. What was your methodology? 
Mengruo Wu, University of Science and Technology Beijing: We have like a cutting machine. It's for when we 
do identification of the wood species, we use the same machine and it can cut very thin slides of the wood 
and then we just hand cut it into the small samples. 
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Synergistic insights into waterlogged wood research by FTIR and Py-GC-MS  

Jeannette Jacqueline Łucejko1, Federico Paolino1, Antonio Martínez Cortizas2, 3, Olalla López-Costas2,4 and 
Mohamed Traoré5 

1Department of Chemistry and Industrial Chemistry, University of Pisa, Pisa, Italy 
2 CRETUS, EcoPast (GI-1553), Departamento de Edafoloxía e Química Agrícola, Universidade de Santiago de Compostela, 
Spain 
3 Bolin Centre for Climate Research, Stockholm University, Stockholm, Sweden 
4 Archaeological Research Laboratory, Wallenberg Laboratoriet, Stockholm University 

Stockholm, Sweden 
5 Fundación Centro Tecnológico de Investigación Multisectorial (CETIM), Parque empresarial de Alvedro 

Culleredo, A Coruña, Spain 

 

This study explores the chemical degradation of 8000-year-old waterlogged wood from the O Areal 
archaeological site in Vigo, Spain, using two complementary techniques: attenuated total reflectance-Fourier 
transform infrared spectroscopy (ATR-FTIR) spectroscopy and pyrolysis-gas chromatography-mass 
spectrometry (Py-GC-MS) analysis with hexamethyldisilazane derivatization. These methods were applied to 
analyse both cherry (Prunus sp.) and oak (Quercus sp.) waterlogged wood, revealing how long-term burial in 
acidic, waterlogged conditions affected their molecular structures. 
ATR-FTIR spectroscopy identified significant changes in lignin and polysaccharide contents, showing that 
cherry wood experienced more severe polysaccharide degradation, while oak wood showed changes in both 
lignin and polysaccharides. Likewise, Py-GC-MS results confirmed it, detecting the most reduced 
polysaccharide contents in cherry wood and an alteration of lignin structures in the ancient wood, with 
species-specific degradation characteristics.  
By combining these techniques, we gained a clearer understanding of how lignin and hemicellulose degrade 
over time, particularly through oxidation and breakdown of key structural components. The study 
demonstrates the value of using ATR-FTIR and Py-GC-MS together to detect wood degradation, providing 
essential insights that can be advantageous for conservators and archaeologists in preserving and 
understanding waterlogged wood artifacts and ecofacts. 
 
Q and A: 
 
Ian Godfrey, formerly the Western Australian Museum: I was just wondering about the actual context of the 
oak samples. Is it possible, for instance, that the samples that were very high in carbohydrates compared to 
lignin, which is quite unusual, were exposed to weathering, hence high UV light, which would have caused 
the loss of lignin in the first place prior to their burial? 
Jeannette Jacqueline Łucejko, University of Pisa: I think no, but we don't know. We don't know what was 
before, so we don't know. But probably it depends also if the wood in the burial condition stay in the water 
or stay in the soil, because the water obviously washing simply the degradation products in soil they stay 
there. But I think UV is important for a surface and not inside probably.  
 
Vicki Richards the Western Australian Museum: Do you think there was any preference with the derivatisation 
between your polysaccharides and your lignin? 
Jeannette Jacqueline Łucejko, University of Pisa: Derivatisation? Yes, if I not used the derivatisation, for 
example, polysaccharides, I observe only on one peak, this level glucosin, enormous level glucosin normally. 
In case of derivatisation, you can observe different forms that are formed during the pyrolysis with a different 
level of derivatisation. So I can perform some more evaluation of the state of the wood. In case without 
derivatisation, I observe only one big peak of polysaccharides. So it's probably chromatographic problems.  
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Vicki Richards the Western Australian Museum: What I was wondering though is, was your polysaccharides 
much higher in your PyGC mass spec because they actually derivatise easier and you're getting more 
derivatisation, so more products out than you are with lignin?  
Jeannette Jacqueline Łucejko, University of Pisa: Instantly, okay. The polysaccharides and lignin have the same 
time to be derivatised. And derivatisation is more related to the structure which is opened at the time of 
derivatisation. For those who observe, those, all of OH derivatised and sometimes not because they are 
opened, more prone to be derivatised at that moment or they are closed in the matrix. It's not related to the 
kind of molecules, but due to the form that are at the moment of derivatisation. It's not a lignin 
polysaccharide, the higher content of lignin is not due to the derivatisation, or polysaccharides is due to the 
derivatisation, yes. Because after the evaluation we observed that all polysaccharides are high, really high in 
percentage, but all of them are in the form of anhydrous sugars. This is for us is important in this technique. 
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Preservation state evaluation of wooden bodies of lacquerwares of Eastern Han Dynasty (25-220 AD) to 
Eastern Wu Period (229-280 AD) 
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In 2017, some lacquerwares were excavated from tombs in Nanchang City, Jiangxi Province, dating from the 
Eastern Han Dynasty to the Eastern Wu Period. In this study, 28 samples of the wooden body of these 
lacquerwares were taken to evaluate the state of preservation. The thermogravimetric (TG) method was 
utilized to measure the maximum water content (MWC) instead of the oven drying method, as the samples 
were too small. In the Fourier Transform-infrared (FT-IR) spectra, the ratio of peak area at 1509cm-1 and 
1370cm-1 was used to characterize the degradation of wood components. The microstructures were 
observed through optical microscopy under cross polarized light. Except for two samples which are covered 
with plaster, the MWC range from 264% to 1563%, and more than half of the samples have a MWC value 
exceeding 700%, which means the wooden body of the lacquerwares are greatly degraded. The results of FT-
IR and optical microscopy observations confirmed the results of the MWC measurement. In addition, Raman 
spectroscopy was used to analyze the pigments of the lacquer layer and fabric body. The result shows that 
the red pigment is cinnabar, and the green pigment is langite. It is supposed that the langite should be the 
corrosion product of bronze wares, which were buried together with the lacquerwares. This is the first time 
that the TG method is practically used for the MWC measurement of lacquerwares, and the results indicate 
this method is effective for measuring the MWC of precious archaeological waterlogged wooden objects. 
 
Q and A: 
 
Angeliki Zisi, Museum of Cultural History in Oslo: I was just wondering how are you going to conserve these 
objects now since it's wood and lacquer? What is your method? 
Dawa Shen, China Academy of Cultural Heritage: In China, most of the lacquerwares will be consolidated with 
a glyoxal method.  
Angeliki Zisi, Museum of Cultural History in Oslo: And that is a polymer?  
Dawa Shen, China Academy of Cultural Heritage: It's not a polymer, it's a monomer, but it will be polymerised 
during the consolidation.  
 
 Angeliki Zisi, Museum of Cultural History in Oslo: Can I ask another question? It's going to be applied while 
the object is waterlogged, right? So it's water soluble, this monomer? 
Dawa Shen, China Academy of cultural Heritage: Yes, this monomer can be used with the water in. But after 
that, there will be, after the consolidation, there will be dehydration.  
 
Ingrid Stelzner, Leibniz-Zentrum für Archäologie: This conservation method you talked about, is this 
irreversible or can you dissolve the conservation agent out of the object after you have conserved it and dried 
it?  
Dawa Shen, China Academy of Cultural Heritage: No, I'm sorry. 
 
Ida Hovmand, Bevaringscenter Fyn v/Langeland Museum: It's just a comment really, to say that there is a 
little bit more in the paper that Dawa has written about this method. So, we do get a little insight into the 
method which is in the paper in the publication. 
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Study on vacuum freeze-drying of archaeological waterlogged wood from China  
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In recent years, a substantial number of waterlogged wooden artifacts have been unearthed from 
archaeological sites in China, largely as a result of intensive surveys and meticulous fieldwork. This study 
centers on the severely degraded waterlogged wood samples, conducting drying experiments to evaluate 
their preservation and treatment potential. Initially, we selected the archaeological sites known for their 
waterlogged wood of varying ages and extracted the severely degraded samples. We meticulously cleaned 
the wood before identifying the wood species, assessing the water content and measuring the density of 
each sample. Then we utilized elemental analysis, infrared spectrometry, X-ray diffraction, and scanning 
electron microscopy to comprehensively evaluate the current state of preservation. Subsequently, we 
applied different polyethylene glycol (PEG) and trehalose solutions to consolidate the wood. Macroscopic 
and microscopic examinations were conducted to assess both the shape and appearance of the treated 
wood. We then employed vacuum freeze dryers to conduct drying experiments in the laboratory, with the 
goal of optimizing the vacuum freeze-drying process. Employing polynomial analysis on the results of an 
orthogonal experiment, we were able to determine, to some extent, the optimal parameters for vacuum 
freeze-drying waterlogged wood artifacts that have different water contents and degrees of degradation. 
 
Q and A: 
 
James Harvey, The Royal Danish Academy: I was wondering, did you say that you used different freeze-drying 
temperatures depending on how degraded it was. What was the thinking behind that. 
Xiaoqi Wang, Nanjing University: That's a very good question actually for us because we find some like the 
pine we find the oak we find some species and even some kind of very rare wood. At the moment we think 
for the oak the very hard wooden is really hard to preserve but for some kind of soft wood it's we think it's 
OK. But also, something related to the soils like the pH at the moment we think our soil is around 6.4 to 7.8. 
Of course, when we do the conservation work we will reduce it like to make it in a neutral. But at the moment 
we think that we also influence our artefact especially no matter if it is hardwood or softwood. 
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Degradation of poly(ethylene glycol) via Kendrick mass defect analysis  

Scott Grayson and Brennan Curole 

Tulane University, New Orleans, USA 

 
Although waterlogged wood can be stable for thousands of years in aqueous environments, once it 
dehydrates, it can drastically shrink and warp. This is because the aqueous solubilization can remove some 
carbohydrates and microorganisms can also degrade a portion of the internal cellulose structures, though 
the lignin outer shell is largely preserved. Conservators replace the water with water-soluble consolidants to 
ensure that when the wood dries out there will only be a limited reduction of volume. Poly(ethylene glycol) 
(PEG) is a much more stable (and reversible) consolidant than many of the older stabilizers; however, PEG 
has now been used for more than 50 years, and its degradation rate can be surmised. The Vasa and the 
Batavia are two early 17th century ships that have been conserved with PEG. Using wooden samples from 
these two ships, PEG was extracted with chloroform and the molecular weight of the end groups was 
determined. One of the better ways of obtaining this data is with Kendrick mass analysis, sothat each of the 
end groups can be isolated (e.g. the ones with two hydroxy end groups, the ones with one formyl ester, and 
the ones with one carboxylic acid). However, although the majority of these were lower molecular weight 
compounds, there was a small percentage of higher molecular weight compounds (twice the molecular 
weight of the initial compound) that can increase the long-term stability of the conserved wood. 
 
Q and A: 
 
Ian Godfrey, formerly the Western Australian Museum: I'm just curious if you've got any thoughts on how 
you're getting this increase in molecular weight. And also; it's going to be pretty difficult to obtain: But is 
there any chance of getting original samples of the PEG that was used to compare with the samples you 
obtained from the extracts? 
Scott Grayson, Tulane University: Yeah well, we can get some samples. But like I said they're also 50 years 
old. It's hard to see exactly what they were like in that way. But the one thing we did do, like I said, we have 
this 4000 molecular weight. We actually try to understand if we're trying to increase this or decrease it by 
having hydrogen peroxide. And if we have it with hydrogen peroxide what we saw is yes about 30 40 percent 
decreases. But some of it actually increases and it looks like increases by twice that molecular weight. So, I 
think what's going on is you have two radicals. The two radicals are actually coupling, right and that's what's 
happening that you've got the radicals is degrading. But what happens is if you have some of them if two 
radicals join each other they will actually couple. And that's what we think is happening. 
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How melamine-formaldehyde treatment alters waterlogged archaeological wood  
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This study investigates the impact of melamine-formaldehyde (MF) resin treatment on the chemical 
composition of waterlogged archaeological wood, using a Roman waterlogged Abies cephalonica trunk as a 
case study. The aim was to assess the implications of MF treatment for the conservation of cultural heritage. 
A suite of analytical techniques, including FTIR, solid-state 13C NMR, Py(HMDS)-GC/MS, and EGA-MS, was 
employed to characterize the chemical changes induced by the treatment. FTIR analysis revealed the 
formation of amide bonds, substantial lignin modifications, and further degradation of the already 
deteriorated cellulose. Solid-state 13C NMR confirmed the resin’s deep penetration and strong chemical 
interactions with lignin, with higher retention observed in more degraded wood. Py(HMDS)-GC/MS showed 
that the lignocellulosic matrix had transformed into a new biopolymer, with negligible detection of lignin or 
cellulose pyrolysis products. EGA-MS highlighted increased thermal stability in the treated wood but also 
indicated a complete alteration of its chemical composition compared to fresh or untreated archaeological 
wood. 
The results demonstrate that MF treatment irreversibly alters the chemical structure of waterlogged 
archaeological wood, raising significant concerns regarding its authenticity and long-term preservation. 
Consequently, MF resin is deemed unsuitable for the conservation of cultural heritage objects, as it 
compromises both the integrity and historical value of treated artifacts. 
 
Q and A: 
 
Ian Godfrey, formerly the Western Australian Museum: Just a question on whether you have any thoughts 
on what those other things are that the wood is transformed to. I know you can identify the degradation 
products of the transformation. But have you done the work to actually try and identify the bonds the new 
bonds that form and the changes that take place.  
 
Joanna Rivera, Clemson University: I was wondering, maybe I missed this. If you test formaldehyde releases 
in the PISA wrecks because I remember we saw those wrecks. 
Jeannette Jacqueline Łucejko, University of Pisa: I don't treat wrecks. I treat a fragment of wood.  
Joanna Rivera, Clemson University: I understand. Do you test the samples from PISA? 
Jeannette Jacqueline Łucejko, University of Pisa: No. For those the experimentation was made because we 
not have a collaboration with any museum and we want to know something and we not have this 
information. So, for those we perform this experimentation in order to know something more because it's 
important for the people who work at the museum. If we have this is released, if we have the degradation of 
our shipwrecks and other objects treated. But we also want to know if we have really release of 
formaldehyde. 
Joanna Rivera, Clemson University: Because if I remember correctly those remnants of those PISA wrecks 
they were not in any specific environment. 
Jeannette Jacqueline Łucejko, University of Pisa: No.  
Joanna Rivera, Clemson University: It's just to give kind of recommendations of what to do in the future for 
them as sort of a storage. 
Jeannette Jacqueline Łucejko, University of Pisa: We don't know. I show you these results for the first time. 
We need to study more than the first time and we know some more. This is in normal air. The experiment 
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was made in normal air. The experiment in this is in a really small volume, and is not in the museum. It's 
interesting to know if this released or if not is in museum. We want to know. I think many of you want to 
know.  
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The analysis of fungi from the Nanhai Ⅰ by synchrotron radiation-based soft X-ray nano-computed 
tomography 
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The conservation of marine waterlogged wood is one of the key concerns of the research of marine artifacts 
but there is still a lack of in-depth understanding of the microorganisms in marine waterlogged wood and 
their interaction with the wood substrate. 'Nanhai No.1' is a wooden merchant ship of the Southern Song 
Dynasty (1127∼1279 CE) of ancient China, sunk approximately 20 nautical miles south of Dongping Port in 
Yangjiang City, Guangdong Province, southern China.  This shipwreck is famous as the earliest, biggest, and 
best-preserved ancient shipwreck ever found in China. After the 'Nanhai No.1' was salvaged from the seabed 
in December 2007 and stored in the museum, it was found that 'microbial diseases' appeared on the hull in 
certain places. In this paper, we use synchrotron radiation (SR)-based X-ray imaging, nano-computed 
tomography (nano-CT), and spectroscopy to analyze the dominant microorganisms in the diseased parts of 
'Nanhai No.1': Fusarium, and obtain three-dimensional structural information of microorganisms in the 
shipwreck with high resolution. We gain three-dimensional reconstruction by combining with other 
technological methods. By observing the changes in the subcellular structure of Fusarium spores through a 
three-dimensional perspective, we analyzed the fungal spore germination pattern and the influence of the 
environment on the life activities of Fusarium at the nanoscale, and our study focuses on the interactions 
and influence pathways between the wood matrix and the microorganisms, among other things. This 
research provides important scientific evidence for revealing and evaluating the impact of microorganisms 
on marine waterlogged wood, as well as the mechanism of 'microbial disease' generation and its prevention 
in marine artifacts. 
 
Q and A: 
 
Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien: I was wondering that the fungi you 
investigated is just an Ascomycete. So, did you found that it's degrading the wood or did you investigate it 
just because it was on the wood? Maybe you related reactions against humans or whatever. What was the 
reason for your investigation? 
Naisheng Li, National Centre for Archaeology: Okay. Before we do synchrotron radiation, we have to do some 
examination to find the fungi: Two kinds of fungi in the wood matrix. And follow, when we make sure about 
this fact. We do some frozen sections and these samples for the soft X-ray nano-computed tomography test. 
And the two conclusions we got, I just give in the presentation, shows the fungi can metabolize the sulfur 
and iron elements. 
 
Gyllian Porteous, Canadian Conservation Institute: I just had a quick question about the fungi and I think Jana 
mentioned it briefly as well. Are there any health concerns for humans from this fungi? Are there any, like, is 
it necessary if we were to say, employ it for the purpose of treating iron sulfur contamination? Would we be 
needing to consider personal protective equipment to protect ourselves from spores from the fungi? Just if 
there's any health and safety concerns for people working with the fungus? 
Naisheng Li, National Centre for Archaeology:  I think it is easy for it to reach from the air to our level. But we 
do try to prevent this polluted air by some clean things now in this site. But the most important thing is not 
the iron and sulfur, but the other harmful gases in the museum. Because, in the sea, and translated to the 
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museum, so many harmful gases were released to the museum. This is a big problem. Now we do so many 
things to clean this harmful gas. 
 
 
 

 
 

Fig. 3. Naisheng Li presenting (photo Ida Hovmand)  
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Condition assessment and treatment of two waterlogged lacquered ear-shape cups from the Warring 
States period (476–221 BC) 
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Two Warring States period lacquered ear-shape cups in The National Museum of China, immersed since 1998, 
underwent scientific condition assessment using optical microscopy (OM), Fourier-transform infrared 
spectroscopy (FTIR), gas chromatography-mass spectrometry (GC-MS), thermogravimetric-differential 
thermal analysis (TG-DTA), and X-ray computed tomography (X-CT). Results showed that both  ear-shape 
cups were made from a single piece of broadleaf wood, with the lacquer film of raw lacquer and drying oil. 
The water content exceeded 1000%, indicating severe wood degradation, and the immersion solution was 
water-based without preservatives. 
Based on these results, a customized conservation protocol was developed: cleaning → disinfection → 
dehydration reinforcement → drying and shaping → body restoration → lacquering → sealing. The 
dehydration process employed a 40% glyoxal compound solution over approximately 16 months with 8 
solution replacements, until their weight stabilized. An 11-month slow drying followed, and damaged areas 
were repaired with traditional lacquering techniques, followed by a protective sealant to prevent moisture 
and oxidation.   
By comprehensive evaluation, the dehydration and conservation treatment using a 40% glyoxal compound 
solution significantly reinforced the wooden body, improved dimensional stability and enhanced 
environmental adaptability across a wide range of relative humidity levels (30–70% RH). This interdisciplinary 
approach (materials science, chemistry, and traditional craftsmanship) provides a replicable framework for 
conserving severely degraded waterlogged wooden artifacts. 
 
Q and A: 
 
Vicki Richards, Western Australian Museum: How did you remove the excess cross-linked polymer from the 
surface of the lacquer? After it was dried. Once it's treated, it had a white precipitate on the surface. How 
did you get that off? Because if it's polymerized, how did you remove it? One on the top right of the slice you 
see the white precipitate on the lacquer? 
Xiaolin Cheng, Conservation Center of National Museum of China: The white is paper. It's for isolation during 
drying.  
Vicky Richards, Western Australian Museum: Okay, so there's no excess on the surface that has to be 
removed. 
Xiaolin Cheng, Conservation Center of National Museum of China: No. 
Vicky Richards, Western Australian Museum: Is there any excess consolidation on the surface that you have 
to remove? 
Xiaolin Cheng, Conservation Center of National Museum of China: Yes, there is some consolidation on the 
surface of the lacquer, but it can be removed just by water. Hot water. 
 
Kate Sullivan, Canadian Conservation Institute: Great presentation. I'm very curious, in your reconstruction 
section, you're saying you're putting it back together using new raw lacquer. In the future, if someone does 
analysis of this cup, are they going to be able to tell the difference between the new lacquer and the old 
lacquer? 
Xiaolin Cheng, Conservation Center of National Museum of China: No, no, different. 
Kate Sullivan, Canadian Conservation Institute:  Oh, interesting.  
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Xiaolin Cheng: Because we use the traditional technique and almost the same, the traditional. So 
documentation is very important.  
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Reconnecting with forest by-products: interdisciplinary perspectives on charcoal, resin, tar, and potash in 
the EU-PoTaRCh Network (CA22155) 
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The CA22155 Action “Network for Forest By-Products: Charcoal, Resin, Tar, Potash” (EU-PoTaRCh) brings 
together researchers, practitioners, and tradition bearers to explore, document, and preserve the rich 
heritage of key forest-derived materials: Potash, Tar, Resin, and Charcoal (PoTaRCh). These natural products 
played a central role in European history, contributing to everyday life, traditional crafts, and the 
development of early industries and landscapes. Today, EU-PoTaRCh provides a collaborative platform to 
better understand their historical importance and evaluate their relevance in the context of sustainable 
innovation. 
The Action emphasizes the value of traditional ecological knowledge, investigating how PoTaRCh materials 
were produced and used in the past, how their applications have changed, and how they might contribute 
to modern economic, environmental, and cultural challenges. It also examines the ecological and societal 
impact of their historical use. 
EU-PoTaRCh is organized into five working groups. These focus on defining PoTaRCh heritage (WG1), 
advancing scientific and archaeological research (WG2 and WG3), understanding environmental history 
(WG4), and exploring contemporary applications (WG5).  
Special attention is given to archaeological remains, especially organic materials preserved in wet conditions, 
offering insight into ancient technologies. The Action engages a wide range of stakeholders—craftspeople, 
forest agencies, museums, educators, and cultural institutions—bridging academic research and community 
practice. 
Aligned with COST values, EU-PoTaRCh promotes inclusion, gender balance, and leadership opportunities for 
young researchers. Through this interdisciplinary and respectful approach, the Action connects Europe’s 
forest-based heritage with today’s sustainable future. 
More: http://potarch.eu. 
 
Q and A: 
 
Magdalena Zborowska, University of Life Sciences: So, is there anybody who wants to apply for all this?  
Jeannette Jacqueline Łucejko, University of Pisa: I want to say something. For example, we have a question 
from our members. I want to do this analysis. I don't know where to do this. I sent, I spread the information 
in the same day I have three laboratories who receive this person to make the analysis. We gave money to 
stay and the person perform the analysis. It's really open action. 
 
Kristina Ponjavic Visnjic, Institute of Archaeology, Serbia: I saw my country here. I already know about your 
cost action. And I wanted to, prior to your last remarks, I wanted to ask if they're still open for application? 
We have some wooden finds, boats with moss between the seams of, between the planks. Is it possible to 
do identification if there is tar or pitch in the caulking? 
Magdalena Zborowska, University of Life Sciences: Yes. Yes, yes, we are able to differ these two kinds of 
materials. Yes, using analytical characterization. So, in the range of working group number two, analytical 
characterization, we have specialists in this area and we can do this. But you are member, no, you are not 
member of our cost section. 
Kristina Ponjavic Visnjic, Institute of Archaeology, Serbia: No, I'm not member, but I saw some people. 
Because application is open?  
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Magdalena Zborowska, University of Life Sciences: Yes, thank you very much. You can still participate, yes. 
Application is open to the end of this action. This is without limitations. 
 
 
 

 
 

Fig. 4. Magdalena Zborowska (right)  and Jeannette Jacqueline Lucejko ( photo Ida Hovmand) 
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Impact of climate change on wood collections buried in pile-dwelling sites 
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As part of the WoodPDLake JPI-CH project ‘Development of appropriate storage and evaluation methods for 
organic archaeological artifacts’ (Call for Conservation Protection and Use 2020-2023), this study focused on 
the impact of climate change on the preservation of cultural heritage collections still stored in natural 
environments, particularly pile-dwelling sites.  Given that the conservation of these archaeological materials 
is particularly threatened by climate change and anthropogenic pressure, this project aimed to address 
various aspects of pile-dwelling conservation. Specifically, an experimental modeling campaign was launched 
to continuously study (week by week) the degradation of archaeological wood samples buried or semi-buried 
in different configurations. This article primarily focuses on the simulations conducted in aquariums to study 
wood degradation and environmental changes under realistic conditions. The parameters varied included 
the degree of immersion, soil composition, and environmental conditions reflecting the four seasons of a 
continental climate in an outdoor setting.  To ensure accuracy, we used authentic archaeological materials, 
including silt-limestone sediments and wood from the La Draga archaeological excavation site (Catalonia, 
Spain), situated on the shore of Lake Banyoles. Characterization of the wood required gravimetric 
measurements to assess degradation (Umax), solid Nuclear Magnetic Resonance (NMR) to evaluate 
cellulose/lignin ratios, photogrammetry to track volume loss during drying periods, and year-long 
photographic monitoring of wood degradation.  The experimental modeling revealed the sensitivity of 
archaeological collections still buried in known or unknown humid natural sites to climate change. Critical 
parameters were identified in relation to conservation, and various biological cycles involved in the 
degradation process were detailed.  
 
Q and A: 
 
From the online chat (no name given):  Did the chemical conditions of the tanks change significantly over that 
year period between the different tanks as well? 
Xavier Matinez Carballal, ARC-Nucléart: No, you want to know the type of soil?  
From the online chat (no name given):  The pH and redox of the water?  
Xavier Matinez Carballal, ARC-Nucléart: The pH, it was level constant like 6, 7, so it was not, we waited for a 
difference between acidic soil and the others, but it was always neutral.  
 
Kate Sullivan, Canadian Conservation Institute: This is a great experiment. I apologize, maybe you said, but I 
missed it. Did you modify the water levels in the aquarium at all during the year, or did you just set them 
outside and let them go? 
Xavier Matinez Carballal, ARC-Nucléart: No, we controlled the level of the water all the time, so it depends 
on the aquarium. In the case one, I put always the water and the constant, it was a level constant of water. 
But in the case two, the hardest, I used in summer, it dried totally, and then I put the water to the same level 
of the beginning. And this was the hardest, but we have case five that it's just not water. We tried to do all 
of the different kinds of level waters.  
Kate Sullivan, Canadian Conservation Institute: No, you did a great spread. I'm assuming it does not get cold 
enough that your aquariums would crack during the winter.  
Xavier Matinez Carballal, ARC-Nucléart: During the winter? Did the aquariums crack? It's a good question. In 
winter, we put some bottles of plastic in the night, and like this, it observes the ice, because it can break for 
the ice. 
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Angeliki Zisi, Museum of Cultural History in Oslo: I'm trying to think your experiment, right, because it feels 
like you did all this preparation, like to control for all variables. You're setting your variables, like what 
samples, what conditions, what everything. And then as you were carrying on your presentation, I thought, 
ok, and these will be sealed now, right, every time you will close it. So, then you will control for these variables 
you're setting, right, and expose them in light, in temperature, and yeah, throw some conclusions. But you 
left them open, right, and then you had to do all these actions, as you said, like as the water was evaporating, 
you have to bring some fresh water. But that immediately then, you know, you bring more fresh oxygen or 
new water, so you're playing with your variables. So then maybe that is the point, right, that, you know, as 
maybe out in the field the water evaporates and then fresh water from the rain comes and all this. So, then 
I thought, ok, what is the difference then from having a real site and monitor that in contrast to these tanks 
you're preparing. My question is; would you, if you were to do it again, do you have some considerations, 
like how you would plan it next time, or was it easy to understand what's happening? 
Xavier Matinez Carballal, ARC-Nucléart: I think the next time it's better if we can do it in the field directly 
because, like you say, the level of oxygen in water, it's not very interesting in this experimentation because 
we needed to put a lot of water in the summer. So it was like this because we were limited, but it's better if 
we can do it in the field, in the excavation and in the lake. 
Angeliki Zisi, Museum of Cultural History in Oslo: I mean I really like the idea, I'm just wondering how is it to 
help me understand what's happening. 
And so maybe would you consider sealing those tanks, or do you think that would work? 
Xavier Matinez Carballal, ARC-Nucléart: If we did this, if we will do this in the tanks in the future, because the 
good idea, I think that it's ok, we stop it with this and the next experiment directly in the field. Yeah, because 
here we have a lot of surprise, it was great, but there are a lot of things that we're not expecting, the birds, 
the vegetation, the ice which broke, and directly in the lake maybe there are a lot of more things that we 
cannot expect. It will be not the same if we did this in the aquarium, maybe the different level of oxygen in 
water changes all of the parameters. The pH maybe is different too in another context. 
Angeliki Zisi, Museum of Cultural History in Oslo: Thank you. 
 

From the online chat (no name given):  Is there some experience to lakes being treated with geotextile 
materials? Is there some experiences to lakes being treated with geotextile materials to prevent 
degradation? 
Xavier Matinez Carballal, ARC-Nucléart: I use the geotextile material with case three and four for the different 
distribution in the aquariums. Because I needed something to, so inside of the aquariums, I put the structure 
and inside of this structure, I put the sediment. Like this, I can dig the bank of the lake. I needed the geotextile 
for stopping the sediment to go inside of the water. It was the only system to do this distribution of the 
sediment. To build the bank for the vertical wall. This is the geotextile that we use in the treatments with the 
fertilizing recall, so it's natural material.  
 
Vicki Richards, Western Australian Museum:  It's just a statement. Geotextile has been used quite widely in 
Switzerland with their settlement, what do you call them? Poles? E.g. Lake Constance.  
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Impact of reburial and environmental changes on waterlogged wood in Biskupin, Poland 

Magdalena Zborowska1, Mariusz Fejfer2, Henryk P. Dąbrowski², Magdalena Przymorska-Sztuczka², Natalia 
Bogdańska², Maciej Murawski³, Małgorzata Szwed4, Gilles Chaumat5, Mohamed Traoré6, Marco Mattonai7, 
Erika Ribechini7 and Jeannette Jacqueline Lucejko7 

1University of Life Sciences, Department of Chemical Wood Technology, Poznań, Poland 
2 Archaeological Museum in Biskupin, Gąsawa, Poland 
3 Department of Grassland and Natural Landscape, Poznań University of Life Sciences, Poznań, Poland  
4 Department of Meteorology and Climatology, Institute of Meteorology and Water Management-National Research 
Institute, Warszawa, Poland 
5 ARC-Nucleart CEA, Grenoble, France 
6 Fundación Centro Tecnológico de Investigación Multisectorial, Coruña, Spain 
7 Department of Chemistry and Industrial Chemistry, University of Pisa, Pisa, Italy 

 
The impact of reburial and environmental changes on the preservation of archaeological wood is examined 
using the Bronze Age settlement at Biskupin, Poland as a case study. The authors explore how conservation 
strategies and environmental factors have influenced the site since its discovery in 1934. Changes in climate 
are analyzed based on annual average and minimum temperatures, the number of days with negative soil 
temperatures, freeze days, and days with snow cover. The findings indicate that all these parameters have 
had an adverse effect on the preservation of wooden remains at the Biskupin archaeological site. Vegetation 
development is identified as the second significant factor contributing to the deterioration of the wooden 
remains. The vigorous growth of Phragmitetea, a plant community with wide ecological tolerance, poses a 
substantial threat to the wooden structures at the site. To create archaeological documentation, over 200 
wooden elements were extracted from an area of 60 m², with 100 of these samples used for species 
identification and degradation analysis. The analysis of wooden remains revealed heterogeneity in the 
degree of degradation. These differences were attributed not only to the type of wood but also to the 
elements' location within the site, taking into account factors such as burial depth, prior excavations, water 
levels, and the presence of reeds. This detailed assessment of the impact of reburial and environmental 
changes on the preservation of archaeological wood at Biskupin underscores the complex interplay between 
conservation strategies and environmental factors in determining the condition of the site’s wooden 
remains. 
 
Q and A: 
 
James Harvey, Royal Danish Academy. I was wondering if you knew precisely if the loss of material when you 
showed the two comparison maps, if that was all due to, that it all happened during reburial or if in between 
the planks being recorded and then the soil or the water being reintroduced there'd been any movement or 
mix up? 
Magdalena Zborowska, University of Life Sciences: Probably all the situations result with this effect, yes. 
Because as I mentioned this excavation lasted 40 years. Not perfect conditions. Without protection. So 
probably first bad situation, degradation effects these people observed during excavations. And so therefore 
probably they decided to finish archaeological investigation in 1974 and forget about this problem. And so 
probably this works, archaeological works and after works, archaeological works, as I mentioned this object 
were deposited in very uncomfortable environment. So without control because this measuring station were 
built five, maybe six years ago. We didn't know the situation, this environment situation. So probably all these 
impacts resulted with this final situation. 
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Gyllian Porteous, Canadian Conservation Institute: I was particularly interested in the choice to use grass carp 
to deal with invasive vegetation. Were you at all involved in the selection of the fish species? What kinds of 
things were considered in deciding to go with a fish, an animal to deal with invasive vegetation? 
Magdalena Zborowska, University of Life Sciences: This fish, this species of fish is safe for wood. This was the 
most important for us, yes. And because this fish eats only aquatic plants and don't eat meat, it's vegetarian. 
This application of grass carp, this is not first application of grass carp. Maybe at archaeological site it's a first 
one but in different aquatic area, I know that in New Zealand they applied also grass carp to clean some small 
lakes, etc. This is not first application. The most important is that this fish is safe for wooden remains and we 
don't need to apply chemicals, etc. 
 
Andrew Burley, Vindolanda Trust: That was a wonderful talk. I've got sort of two questions for you, I 
apologise. The first is that based on your current assessment of the site and implementation of the ground 
monitoring systems, how long do you assess the site has got left? And have you got any before you get sort 
of more degradation or total loss of wood? And the second question sort of related to that, is there a way or 
have you got plans to physically go back and check on the status of the wood? Check the status of the 
preservation, physically inspect or is it just now moved to a ground monitoring phase? 
Magdalena Zborowska, University of Life Sciences: You ask me if we are going to investigate the degree of 
degradation, yes? Yes, so this one slide which I presented with maximum water content and chemical 
properties, chemical structure. This is, to be honest, the beginning of this part of investigations. I hope that 
because these investigations, the results of these investigations are in our computers, to be honest, and we 
are going to prepare publications with this part of this investigation. We have, of course, other investigations, 
chemical and physical properties. 
Magdalena Zborowska, University of Life Sciences: This is new archaeological work lasted only a few months, 
not 40 years, one archaeological excavated season. And after the season, this area was covered with peat. 
And of course, this place is, of course, we monitor all parameters with formation because at archaeological 
site in Biskupin, you have six stations, monitoring stations in different places. And this information is collected 
from these different places. And also, in this part, we have monitoring station. Thank you very much. 
 
From the online chat (no name given):  What about invasive species like mussels? 
Magdalena Zborowska, University of Life Sciences: We didn't notice presence of mussels. To be honest, we 
didn't focus on this problem. Yes, I know that in lakes, in archaeological wood, in lakes, wood includes a lot 
of mussels, but to be honest, I don't notice this situation in archaeological site Biskopin. Yes, maybe this is a 
bit other kind of water, maybe other pH or something like this. I don't know. But we don't have problem with 
mussels, so far. 
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 Session II: Case Studies 

The Varberg cogs, Sweden: excavation, documentation and conservation 

Anders Gutehall1, Inger Nyström Godfrey2 and Madelene Skogbert2 

1 Visuell Arkeologi Norden, Veberöd, Sweden 
2Studio Västsvensk Konservering, Gothenburg, Sweden 

 
Just north of Varberg’s city centre, the small town Getakärr was established in the early Middle Ages. 
Getakärr was one of Varberg’s predecessors and existed until 1578 when it lost its privileges. A large 
infrastructure project – a new train station as well as a railroad tunnel in the old, now infilled, harbour outside 
Getakärr – called for archaeological excavations to be conducted between 2019 and 2022. 
In the spring of 2022, the wrecks of two cogs from the middle of the 14th century were found. The Varberg 
Cog 1 consists of the port side with part of the rigging preserved while the Varberg Cog 2 consists of the lower 
forward section of the hull. Finds such as spare parts for the ships as well as utensils and personal belongings 
of the crew were found in both shipwrecks.  
The excavation and documentation had to be carried out within a short and constricted space of time, with 
construction work all around the site. This provided a great challenge, furthermore compounded by the 
uncertain fate of the shipwrecks post excavation. Should they be conserved and exhibited or discarded? If 
conserved, who would be willing to take on such a long term and massive economical as well as managerial 
responsibility? 
The paper will give an overview of the excavation and documentation of the two cogs and the conservation 
of the finds as well as discuss the assessments undertaken and decisions made during the excavation in the 
hope of conserving the shipwrecks. It will highlight the problems that arise when streamlined contract 
archaeology meets a slower political process. 
 
Q and A: 
 
Amandine Colson, German Maritime Museum: Thank you for this great presentation. It's nice to see all the 
medieval ship around here because as you all know, we have the Bremen ship in our museum and we're 
still struggling with the presentation. 
But yeah, I would like to hear what you say about how the politicians received your comments. I mean, it's 
really nice to see. I really like your graphic with the decision-making. I think we really need that for 
discussion in this community. And would you think they were also tired of you getting back to them? 
Do you think they were listening when you came with this very structured approach and what would you 
think about the discussion and how they received your comments?  
 
Madelene Skogbert, SVK: I wasn't in direct contact with them, so I don't really have the real answer. What I 
understood was that nobody really dared to take any decisions. Everybody was like, oh wow, this is really 
interesting. But you know they had other things to do. It's too big a commitment really for such a long time 
and since the politicians some were very interested and said, but then at the same time, the museum 
wasn't that interested in having that all the timber from the wrecks. They had to collaborate and they had 
to agree together. So, I think that was kind of hard. I don't know if Staffan is here, you were engaged in the 
in the excavation and in the work around. Did you have any experience with the politicians and how they 
reacted to all the information? 
Staffan von Arbin: No, not really. I agree. I think they were quite enthusiastic, many of them, about the 
fines and the possibilities. But as you said, they didn't dare making any decisions and I mean. 
The economy for Varberg community is not that good either. So, I guess that contributed in this. 
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Amandine Colson, German Maritime Museum: Thank you. All what I wanted to say is that it seems that the 
commitment of course in money we all know is at the end of the day what decides on everything. But I 
think if one manages to have a constructive discussion with all the stakeholders at the same table. I mean, 
this is already a huge achievement and this was not always the case in the past or yeah. So, thank you.  
 
Angela Middleton, formerly Historic England: I would like to know how you practically went about disposing 
the remaining timbers, because going forward, I think we all have to make much stricter decisions in terms 
of selection and disposal, but we don't really share information on that. That would be interesting for me to 
hear. Thank you. 
Madelene Skogbert: Do you mean with the timber that were not to be preserved? It's kind of thrown away. 
Angela Middleton, formerly Historic England: So just air drying and then land fill? 
Madelene Skogbert: I don't know if they burned it, they didn't put it back into the ground. It's gone, I wasn't 
there (on site). We were just receiving all the timbers to be conserved at SVK at that time. They throw it 
away.  Yes, for destruction.  
Angela Middleton: OK. Thank you. 
 
Vicki Richards, WA Museum: It sort of leads on from Angela's question.  I'm just wondering, was in situ 
preservation ever put on the table at all as an option costed?  
Madelene Skogbert: No, no, never. And they were about to build a tunnel underneath, so nothing of area is 
left. So that wouldn't have been a possibility. I know people were talking about maybe if you could preserve 
the shipwrecks and you could have them in an exhibition in the tunnel or something, but not like on site 
conservation.  
 
From the online chat (no name given):  How did you mitigate problems with mould in the small tanks with 
wadding and X-lite? 
Madelene Skogbert: I haven’t really seen it as a problem. I stir the solution every now and again. I ahven’t 
had a problem.  

 

Fig. 5. Madelene Skogbert gives a presentation (photo Ida Hovmand) 
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Challenges and chances in mass conservation – Experiences from the Follobane project, Oslo, Norway 

Emma Emanuelsson and Rachel Altpeter 

Museum of Cultural History, University of Oslo, Oslo, Norway 

 
Conservation of very large numbers of finds, often described as mass conservation, is nothing unusual, but 
rarely the subject of dissemination and documented as a professional practice. Using the ‘Follobane project’ 
as a starting point, we present and discuss our experiences with mass conservation. 
Extensive archaeological excavations were undertaken in the oldest part of Oslo, Norway. As with many 
medieval town excavations, this yielded a large amount of finds, including a significant part made of materials 
in need of conservation such as different metals and waterlogged leather, textiles and wood. The 
archaeological excavations were carried out between 2013 and 2018. Conservation of the finds started in 
2020. 
Mass conservation may present some opportunities: Could the large amounts of objects be used to evaluate 
conservation methods? Mass conservation projects could also be seen as advantageous in terms of economy 
of scale and the efficient use of resources in batch treatments. 
On the other hand, there are several challenges: such as keeping track of objects and housing large volumes 
of objects. Although every object was individually assessed and cleaned, the conservation procedures were 
chosen to be good enough for most objects, rather than the optimal for every object. 
Nearing the end of the conservation project, we attempt an evaluation. How did the time budget hold up in 
reality? What could have been done differently? 
Thus, what experiences can be taken into the planning stage of other mass conservation projects. 
 
Q and A: 
 
Susan Braovac, Museum of Cultural History: I just wanted to say that I because I work with you, there's also 
something we never think about before, and that's equipment breaking down. And maintenance of 
equipment in that whole timeline, I know how much that affected you.  
Presenter: Yeah, actually that was the bit I cut out just saying, yeah, so, so we had problems with the with 
the freeze dryer, mainly technical issues. As probably most of you know, which is why we thought sort of 
planning in the buffer time would be great. Although in this project it worked out that we started on work 
from finds from the surrounding area and other excavations while continuing with delayed follow-up on the 
material. 
 
Joanna Rivera, Clemson University: So, I was wondering about your textile treatment you. 
Treated them with blocks of ice. Do you find that the ice cracked while they were freeze drying? Do you 
have any issues with that?  
Presenters: I don't think we had any issues. We froze them in the freezer room. We didn't freeze them in 
the in the freeze dryer. I don't think that we had any cracks if we had I don't think it mattered any. We 
didn't see any result on the textiles.  
Joanna Rivera, Clemson University: I have huge issues with the ice block cracking between the transition 
from the freezer to the freeze dryer, then we just freeze them in the freeze dryer. It still cracked and it kind 
of tore through the textiles. So, I was just wondering about that. 
Presenters:  I've seen it before on other things, but I don't think that we had any issue with it. There was a 
bit of cracking at the edges towards the box that it was in, but we didn't notice any damage due to that. 
 
From the online chat (no name given):  Has anyone experienced a difference when freezing textiles in a 
block rather that in a wet or swollen state? 
Gyllian Porteous, Canadian Conservation Institute: I'm going to share this comment, but it comes from both 
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myself and my colleague Kate Sullivan, who's here. Feel free to add after if I miss something, but we work a 
lot with textiles. 
Archaeological textiles and in the last couple of years we have been starting to use the ice block method for 
freezing textiles and we've noticed a big difference in the quality of the textile after freeze drying. 
When you go from a wet state to a frozen state, all that the forces of the water really flatten your textile 
and they take on the surf, like basically the texture of whatever surface you've placed them on. We 
generally have them on a piece of Mylar on top of a plastic board. 
And then one side of the textile especially will be just completely flat and take on almost like almost lose 
some of its even weave pattern. Like it's just so flat and it just looks stuck. And then you peel it off the 
Mylar and it's kind of crunchy and it doesn't like its life and it's not great, but it's something that we've 
done in the past and then trying to do this with the freeze drying in in blocks. Huge difference. They're very 
fun to watch freeze dry because they just gradually kind of grow out of the ice. It's like the ice shrinks 
around them. Yes, it's stressful because you're worried about. 
But the final product is a textile that actually has a drape to it, which is so rare in archaeological textiles 
because they're so crunchy usually. So, like having something that has like this lovely texture and weight to 
it, we actually started looking into it for freeze drying of furs as well. 
Since we were running into the same issues of the fur being really flat as a result of again freezing from just 
a wet state and it's really lovely. Also, kind of if you don't like textural things, freeze drying fur in a block is 
perhaps upsetting because it kind of the. 
Grow out of the ice in this really kind of creepy way, but it's actually very satisfying. Kate, do you have 
anything to add? I thank you very much. I'm just wondering. We've got a few more questions to go through. 
So, I think that's great. Thank you for that comment. That's fantastic. 
 
Johanna Klugel, Bern University of Arts and the Archaeological Service of the Canton of Bern: I was 
wondering if you know what criteria the conservators used to assess the leather. 
You know, you showed the chart with the different PEG impregnations and I was wondering if you know 
what criteria were used to assess the results. Do you remember?  
Presenters: Yeah, so we tried first to look at individual objects and give them scores. 
And had sort of several headings under which to give a sort of score from 1:00 to 4:00. And it was 
shrinkage, it was loss of material; fibres getting lost, flexibility and surface appearance. So, it was a range of 
criteria, but we found when several people went through them, that the problem when I tried to conclude 
which was best, there was very little agreement between the people who assessed it. So, it was a very wide 
range of people who said this is totally acceptable and this no, this is entirely and also the pretreatment 
condition of the objects we hadn't factored in at the beginning and that varied quite a bit and it was quite a 
small selection for which we managed to do this sort of in-depth looking at it. So, in the end we laid them 
out as groups and sort of more of general rank which of these groups you prefer and that's how we came to 
choose one of the groups. But as I said, we would have liked in retrospect to have a lot more time and to 
look at both in the evaluation to design it more closely from the start and to use more objective evaluation 
methods that would have been what we would like to do.  
Johanna Klügl: Thank you very much.  
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The history and treatment of ice-patch finds from the high mountains in Norway 

Margrethe Felter and Julian Post-Melbye 

Museum of Cultural History, University of Oslo, Oslo, Norway  

 
Ice patches in the Innlandet area of the high mountains of Norway have yielded thousands of organic and 
composite artefacts since the early 20th Century, associated with the gradual warming of the climate.  A 
particularly severe melting event in 2006 led to the discovery of hundreds of archaeological artefacts in that 
year alone.  The Glacial Archaeology programmewasestablished in 2011 to collect, conserve and study the 
multi-period finds.  More than 4000 finds have been collected to date.The finds are collected during summer 
surveys and then transported to Oslo for conservation treatment and further study.  The finds are largely in 
very good condition, with the organic materials such as leather, wood and textile having been preserved by 
natural freezing, also retaining materials which only rarely survive in conventional deposits such as feathers, 
tar and hair on untanned leather items. 
This paper will explore the history of the conservation and study project, the types of finds and their 
condition, and the conservation strategy which takes an extremely minimalist approach, as well as looking at 
preparing the material for display and long-term storage.   
 
Q and A: 
 
Ingrid Stelzner, Leiza. It was amazing. I was wondering if you observe any cracks in the wood when you 
freeze dried without impregnation? 
Margrethe Felter, Museum of Cultural History, Oslo: Not really. So over the years, I mean, I I'm just a recent 
addition to the project, but if you look at the material that's been freeze dried without impregnation over 
the years there's very little changes to the objects during drying.  
 
Joanna Rivera, Clemson University, US: I'm curious about your exhibit.  Can you talk a little bit about it?  
Margrethe Felter, Museum of Cultural History, Oslo: So, basically the objects, we have a sort of loan 
agreement with the Norwegian Mountain Centre in Lom which is in the Jottenheimen area. And so, they 
have a small selection of the material more or less on permanent loan to them. And this is the most recent 
exhibition actually that opened in, I think it was 2022. It's called Frozen in Time, and many of the objects 
are on display there. They've done a really good job in telling the story of the ice patches.  
And the skis, actually, they're going on display in in the new Viking museum. 
Yeah, some of the finds are going on display there as well. They lend themselves well to display because 
they are, they're so robust.  
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Reassembling Roman-period river barges 

Yardeni Vorst 1, 2 and Kim Bömer 3 

1 BIAX Consult, Zaandam, The Netherlands 
2 Museumpark Archeonn Alphen aan den Rijn, The Netherlands 
3 Saxion University of Applied Sciences, Enschede, The Netherlands 
 
About fifty years ago several large wooden river barges dating to the Roman period were discovered at places 
in Druten and Zwammerdam in the Netherlands, close to and along the Roman Empire's border in the north. 
The Zwammerdam vessels were taken from the ground and put into a conservation process. The ship of 
Druten was less well preserved and only part of this ship was lifted. Druten’s timbers were intended for 
experimentation, testing at the time the ‘new’ method of conserving archaeological timbers with PEG 4000. 
In the end all ship timbers were conserved with this method, including those of Druten. 
Fifty years on, the ship timbers are cleaned with infrared heat and with steam to remove excess PEG, and the 
many fragments of ship parts are puzzled and glued together. In this way, the ships are being reassembled. 
The restoration project is housed in a Dutch archaeological theme park exhibiting reconstructions based on 
actual archaeological finds. The project’s assignment is therefore not only to reassemble the remains of the 
ships but also to fill in those parts that are missing using modern oak wood. For the Zwammerdam ships, it 
will give an impression of what the river barges looked like in their working life, while for the smaller section 
taken out of the Druten ship a different display and way of telling the story is being developed. 
 
Q and A: 
 
Ida Hovmand, Bevaringscenter Fyn v/Langeland Museum: I didn't quite catch whether you both had PEG 
treated timbers and non-PEG treated timbers in the reconstruction. So, can you tell the difference visually?  
Presenters: We found that many, many museums, they always when they add modern oak wood, they do it 
in a lighter colour, especially in ship models, but the human eye goes to the light. So, we thought we want 
to have people look at the archaeological material. So, we've chosen a wood stain that's slightly darker. The 
people from Xanthe museum in Mainz have done the same.  They have also chosen a darker stain, but it's 
not common. You usually see modern oak wood added or modern wood added with a lighter color. So, 
when you look at the vessel, the aim was that when you come in you see a whole vessel and when you look 
closely you can still see the contrast and we also decided that for instance the port side of the ship is 
missing largely that when we added frames we didn't put all the nail holes in the new timbers. It’s sort of 
presents a shade of what is there so we didn't put all the construction of features in the new woods 
because first of all, we don't know whether they would have been there, so we didn't want to add a 
complete copy of the archaeological material in the modern wood. 
Ida Hovmand: Thank you.   
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Tips and tricks on how to conserve large constructions lifted in the block. 

Anette Hjelm Petersen, Anne Moesgaard, Jan Bruun Jensen and Kim Møller 

The National Museum of Denmark   
 

In 2019 an excavation took place in south-east Denmark, were a section (3 x 1.5 m) of a 5000-year-old fish 
fence, consisting of branches from hazel-, ash, linden- and oak was selected for conservation. These fences 
were originally standing on the seabed to help direct the fish into traps.  
We have earlier developed a lightweight fiber concrete method, specifically for block lifts of fishing fences 
and traps, where fiber concrete is cast on top of the fish fence block, then the block lift is turned over and 
the fish fence is excavated from the seabed side while resting on the fiber concrete, whereafter the wood is 
impregnated and freeze-dried while it is left in correct position on the fiber concrete cast. However, this 
technique did not work this time. The thickness of the block lift made it impossible to handle. We decided to 
use the seabed as a support. This was never done on such a large and complex object before. It turned out, 
with very good results, that it is possible to impregnate and freeze-dry the wood and the seabed in one block 
even in such a large scale. We learned a lot in the process and know now exactly how to advise the 
archaeologists to prepare the block lift and which materials to use during excavation. 
 
Q and A: 
 
Ida Hovmand, Bevaringscenter Fyn v/Langeland Museum: Did you have to consolidate the clay or try and 
stick it back?  
Anette H. Petersen: The bits which were it's hard as rock. 
Ida Hovmand:  OK, so you just left the features where it's sort of a fragmented. 
 Anette H. Petersen: Yeah, there's nothing to do about it. 
 
Yardeni Vorst: I was wondering on site how did they put the metal, the initial metal plates underneath was 
that with a big crane or a machine 
Anette H. Petersen: with a machine.  
Yardeni Vorst: So, it wasn't possible for you to reduce the clay body? 
Anette H. Petersen: No, because there was so much stone that when you try to, everything was moving. So 
that's why they dug deeper and deeper. And then under these metal sheets, there are some beams. 
Also, we also had to change them because they were also some square beams to lift with a crane, so it's 
only liftable by crane. Thank you. 
 
Angela Middleton, formerly Historic England: I'm just wondering, in your paper, do you give more 
information on the lightweight fibre concrete method?  
Anette H. Petersen: No, but I have in another paper that I give. I give the reference to the paper. 
Angela Middleton, formerly Historic England:  It's very smart. Well, that's why I need to know. Thank you. I 
mean, the method is very smart. 
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Lime sinter layers on waterlogged wood - a removal option 

Jörg Hägele-Masnick 

Thüringisches Landesamt für Denkmalpflege und Archäologie (TLDA) Weimar, Germany 
 
Due to the presence of Muschelkalk (mussel limestone), limestone layers are found on archaeological objects 

in Thuringia. These layers make it difficult to expose the objects. Methods must be found to remove the 

limestone layers from the objects without damaging them. An example is presented of the use of freeze-

drying to remove limestone layers from archaeological wood from Jena, Thuringia. This experiment utilizes 

the effect of minimal shrinkage during dehydration. The conservation treatment is described, and the results, 

including advantages and disadvantages, are subsequently discussed.  

 
Q and A: 
 
 
Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien: You said  you expected it to shrink just 
slightly or is it a result or both? 

Jörg Hägele-Masnick, Thüringisches Landesamt für Denkmalpflege und Archäologie (TLDA): Yes, we have tested 
with untreated wood and freeze drying and only little shrinking and the layers are put pick up. 

Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien: Why did you decided not to use any 
preservative agent? 
Jörg Hägele-Masnick, Thüringisches Landesamt für Denkmalpflege und Archäologie (TLDA): The good condition 
from the wood, they were so fine. 
Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien: Because the willow there is no 
shrinkage. So, I expected it for spruce of course, but it's nice result that the willow works as well. 

Jana Gelbrich, Leibniz-Institut für Werkstofforientierte Technologien::Thank you. 
 
 
Angeliki Zisi, Museum of Cultural History in Oslo: I was just wondering because it looks so beautiful at the 
end. It's such a simple object. Looking at it before and after conservation and it looks really pretty. So, I was 
wondering; what the archaeologists say when they see the object complete, did you get any feedback? 
Were they happy?  
Jörg Hägele-Masnick, Thüringisches Landesamt für Denkmalpflege und Archäologie (TLDA): The archaeologist was 
happy because the excavation and the conservation ended and he presentation it at the big exhibition. He 
was happy.  
Angeliki Zisi, Museum of Cultural History in Oslo: OK. Thank you. I hope you are too. Thank you so much. It 
was very nice result. Thank you for your work. 
From the online chat (no name given): Did you see any of the original wood come away with the sinter layer 
when you removed it after freeze-drying? 
Jörg Hägele-Masnick, Thüringisches Landesamt für Denkmalpflege und Archäologie (TLDA): No, I did not. 
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The conservation of a water pipe from Frederiksberg in Copenhagen 

Anette Hjelm Petersen, Kim Møller, Jan Bruun Jensen and Anne Moesgaard  

The National Museum of Denmark  

 
When a cloudburst tunnel was established in Copenhagen, the digging revealed a wooden water pipe made 
in sections from hollow pine (Pinus) tree trunks from 1600 AD. One of the pipe sections were chosen for 
conservation, 110 cm long and with a diameter of 35 cm. The end of the trunk was covered with a lead sheet 
attached by several iron nails that turned out to be impossible to remove without causing severe damage to 
the wood. 
We had to perform the impregnation with PEG 2000 and the subsequent freeze-drying without harming 
either the lead sheet or the iron nails. From the painting conservation department, we obtained a 120 cm 
long cardboard tube with a diameter of 55 cm intended for rolling painted canvas on. In addition, we found 
a tarpaulin to cover the inside of the tube and thus we had an impregnation tank that would fit the purpose 
and save a substantial amount of PEG compared to what we usually use in a conventional impregnation tank. 
The cardboard tube covered with tarpaulin was positioned upright and filled with PEG 2000 and water 
without a drop of it touching the metal. The conservation of the wood was a success, and the 400 years old 
wooden water pipe has returned to the office in Frederiksberg Utility Company.  
  
Q and A: 
 
Joanna Rivera, Clemson University: Quick question about your iron nails. Do you consider adding some 
corrosion inhibitor or some coating to the nails so they won't corrode? 
Annette H. Petersen, National Museum of Denmark: No.  
Joanna Rivera, Clemson University: Why not?  
Annette H. Petersen: Because it's not what they asked for. 
That it was the deal that we didn't do anything to them. Because it's a private company, so they decide. 
 
Vicky Richards, the Western Australian Museum: Just wondering, was there any X-ray?  
I know that would have been extra just to see if there was any residual metal left in the iron, because 
usually what you'll get is galvanic corrosion, so the iron should actually corrode away, and you probably 
won't have any residual iron left. So maybe you won't have any problems.  
Annette H. Petersen: There was iron. There was residual iron. Yeah. You know, with a magnet. A task from a 
private person, so you know it's not what we would usually do to a museum part, but people get what they 
ask for, absolutely.  
 
Ida Hovmand, Bevaringscenter Fyn v/Langlands Museum: 
Sorry, were there any sort of health and safety issues with the lead? 
Annette H. Petersen: No, no, that was just it was just we didn't touch it. No, it didn't touch the PEG at all. 
Ida Hovmand: Thank you. 
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Conservation of a medieval sword scabbard from Aalborg, Denmark. A case study 

Ida Hovmand1 and James Harvie2 

1Bevaringscenter Fyn, Rudkøbing, Langeland, Denmark 
2Institute of Conservation, The Royal Danish Academy, Architecture, Design, Conservation Copenhagen, Denmark 

 
In 2019, archaeologists found an intact sword scabbard in the Danish city of Aalborg. The scabbard consisted 
of a wooden core wrapped in a leather sheath. The leather sheath had split along the seam, revealing a 
swollen wooden core that could no longer be fully covered by the leather and had split into several fragments.  
The scabbard was separated into component material groups for standard material treatments, with an initial 
goal being to reconstruct the object after conservation. After drying, treatment strayed from the standard 
due to the nature of the object and the warping of some of the wood material during drying. Subsequent 
treatment included reshaping the warped wood using a heated, high-humidity chamber and loss-fill of the 
leather components using coloured Japanese tissue paper.  
During treatment, it quickly became clear that the goal of reconstructing the scabbard would not be possible 
due to the swollen state of the wood, the condition of the leather and the shrinkage of the leather during 
conservation/drying. This challenged the applicability of standard material treatment methods on composite 
objects and the manners in which we judge a treatment to be successful. The success of an object’s treatment 
depends not only on the object itself but also on its future use in relation to research, display, and outreach, 
which became evident during the work on this object. 
 
Q and A: 
 
Lucy Altenberg from the archaeological units of the city of Paris: Thank you so much for the talk. I was just 
wondering if one day it is the goal to put it on display, right? Would you contextualize the issue you had, for 
instance, in the color changes so that visitors could understand what happened? 
 
Presenters: That could be a suggestion, but again, this is about cooperation and very, very often the 
conservators who actually conserve the things like here we are not involved in the in the exhibition. So, you 
can write a little note saying, you know, this would be nice, we suggest you do this. 
But we would never be involved with the exhibition and how the object is actually exhibited and certainly 
not the exhibition texts. I would have thought the choice would be no. 
 
Ian Godfrey, formerly the Western Australian Museum: Just wondering if you'd considered the, I guess it's 
fairly obvious one of just conserving the leather and the wood intact rather than separating.  
Presenters: Yes, we did actually consider that. 
But we had never done this before, but it was it was like a first option, but then Corona hit and that was 
also part of the reason for saying we are going to go with the safe option, something we know, because we 
don't know when we're going to go back in the lab. And we don't know what's going to happen and we 
would also need to have time for a bit of research to do that and that wasn't possible. So it was very much 
playing it safe. 
 
Presenters: We can ask the audience a question: If it was down to you guys here, just knowing only what 
we've told you, so maybe a bit biased, but would you guys have gone with, say, option A, which is leaving 
everything completely apart? 
Not assembling anything, just stabilizing the material. Would you have gone with option B, which is what 
we did, where it's maybe a middle ground? Or would you have gone with option C, which is maybe slightly 
more invasive, but you wanted to put everything back together again? And I know that it's putting you on 
the spot and you don't have everything you'd like to consider. 
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But could we maybe see hands for option A? So that's just stabilizing the material and leaving not adhering 
anything back together. 
OK, option B. 
So just putting things back together, but not putting reassembling it. OK. And then finally option C, which is 
reassembling it completely. Interesting. OK, have we got more time?  
Chair: No, unfortunately.  
Presenters: Oh, we were going to ask why. Thank you very much. Thank you. 
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The conservation journey of a civil war era waterlogged compass box 

Johanna Rivera and Melissa Allen 

Clemson University, Clemson, South Carolina, USA 

 
The conservation of a waterlogged compass box excavated from the American Civil War submarine H.L. 
Hunley (1864) has been one of the most difficult artifacts treated to date. The box made of sycamore wood 
held a compass and was found on the captain’s area of the submarine during the excavation of the vessel in 
the early 2000s. 
The compass box still holding the compass in its gimbal was mostly protected by woodborers as the 
submarine was filled with fine sediment after its sinking. After the excavation, the box was kept wet at 4 °C 
to prevent bacteria proliferation. The wood was extremely fragile, with a spongy consistency, and swollen 
state. The initial attempts to conserve the box were in the early 2000s, placing it in a solution of PEG 400. 
However, as the PEG concentrations increased, the box warped significantly showing signs of osmotic 
collapse, thus halting the treatment. Several more attempts over the years to impregnate the box in PEG 
were made without success. Bacteria and mold analysis were conducted as well as wood species and SEM 
analysis to understand the inability of the box to absorb PEG. Analysis showed that wood cells were occluded 
with iron corrosion products, likely hindering the impregnation of the wood by PEG. 
With the introduction of PEG 2000 in the US, and the identification of a supplier, the treatment for the box 
resumed once again. The results will be presented in this case study. 
 
Q and A: 
 
James Harvie, the Royal Danish Academy: It's quite a small object, so I imagine maybe not, but did you 
manage to take any samples for ash testing just to see how much?  
Joanna Rivera: No, because it's so small and it's the only one that we have and the archaeologists are like, 
no, you can't take any samples. So it's, you know, it's kind of your situation.  
James Harvie: OK. Thank you.  
Susan Braovac, Museum of Cultural History: I don't have extensive experience with this, but I do have. I did 
experience something long, thin in a freeze dryer that would warp if I didn't cover the ends and then when I 
did a next batch I covered the ends where the drying front goes much faster through the ends. And then I 
did not experience any long longitudinal cracking. 
So I just covered them with like a couple of layers of tissue paper like hand towel and it was enough to sort 
of balance out the direction of the movement. So maybe that can you can try that.  
Joanna Rivera: I will for sure. And I just did not mention the reason why we did not put weights on the 
boards was to avoid cracking. But then it's one of those situations. Do I prefer cracking or warping? I think 
at this point I prefer cracking and they just fill them.  Yeah. I might reshape the most difficult board with 
what you did and then try that. Thank you. 
Angeliki Zisi, Museum of Cultural History: Did I remember well, did you say Umax was 800 something, 834. 
So then I'm wondering what is causing the warping of the wood if it's so degraded, does the structure still 
have such an impact?  
Joanna Rivera: So that is extremely soft. And then you're right, it should not warp. And every time we can 
lift them they bent like paper when we were scanning them. 
So I don't know where that force to move came from because they are extremely degraded. So yeah, I 
don't know. And again, we can't do much testing on it. That's a problem. I'm wondering if there's some PEG 
400 remnants inside of the boards. 
It would be interesting to test, but I can't.  
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From the online chat (no name given):What are the considerations to 3D print the boards? Will it be done in 
wood filaments or plastics? Have you considered recreating them in wood? 
Joanna Rivera: The idea of scanning the wood was to 3D print as back in 2012 we were concerned that we 
would get catastrophic result. We have not yet figured out how we are going to print them. We want to 
consolidate the data we have from all 3 scanners over the years and to see if we can recreate a box and 
then by board. But we have to consider yet how we are going to do it, we were waiting for the results (of 
the conservation). Wooden boards sound great, honestly, that would be the best option. 
 

 

Fig. 6. Johanna Rivera presenting work about a compass box (photo Ida Hovmand) 
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Conservation of two wooden beams from a post-medieval shipwreck 

Anita Jelić 

International Centre for Underwater Archaeology, Zadar, Croatia 

 
Two wooden beams, parts of the ship's structure, were found during the underwater archaeological 
investigation on a 16th century shipwreck. The surface of the wood was significantly covered with orange 
stains that were interpreted as traces of metal, or specifically iron, corrosion. Since the presence of iron 
corrosion could compromise the stability of the wooden structure, the wood was treated prior to PEG 
treatment with solutions of 2% 2Na-EDTA and 2% oxalic acid useing poultices. The efficiency of the iron 
extraction process was controlled by EDS microanalysis of the composition using SEM. PEG treatment 
followed, but inability to procure various PEGs required re-use of already used PEG 4000. The amount of PEG 
in the solution was monthly increased until 70% of PEG in the solution was reached. The process lasted 
approximately 7 months, after which the beams were air-dried. Although the conservation with used PEG 
was questionable, the results of the procedure were good. Apart from the dark colour, more weight and the 
appearance of several small cracks, the beams are stable. 
 
Q and A: 
 
Vicki Richards, WA Museum: What did you use for the poultice, not the chemical, but the actual… 

Anita Jelić: cotton. 

Gillian Taylor, Teesside University: Could you expand on the HPLC? OK, was it PEG? I couldn't quite catch it.  
Anita Jelić: OK, maybe I didn't mention that all these analyses were actually done by other people. There 
was like a collaboration between institutions. For C-14, that was like Tomazs Gosler from the Poznan 
Radiocarbon Laboratory from Poland and the indentification of the wood because it was a shipwreck made 
of oak.  The analysis was done by Michelle Denis, German Archaeology Institute in Berlin, and the PEG was 
the analysis and that interpretation was done by Quoi Tran ARC-Nucléart in Grenoble. So, he said that there 
is some peak appearance but still usable for treatment. 
Ian Godfrey, formerly Western Australia Museum: I was just curious about the iron removal? 
Anita Jelić: It was probably just a surface removal. The sample that we took for analysis, it was also from 
the surface, not so deep. Yeah, so probably it was just for now it's OK. I don't know it's on the display. So, 
they didn't say that they notice any changes the museum staff. We told them to contact us if they observe 
any changes on the on the wood, but still they haven’t. 
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State of preservation of a medieval wooden causeway found in Berlin city centre 

Jana Gelbrich1 and Philipp Schmidt-Reimann 2 

1 Leibniz-Institut für Werkstofforientierte Technologien – IWT, Bremen, Germany 
2 Museum für Vor- und Frühgeschichte, Berlin, Germany 

 
In the centre of Berlin a wooden causeway was found in 2022. The three-layered, 65 m long and 6 m in with 
wooden construction consists mainly of pine (Pinus sylvestris L.) and oak (Quercus robur L.) was used in lesser 
quantities. Dendrochronological dating has shown that the dam was built from 1215 and used at least until 
1237, the year Berlin was first mentioned in a document. 
Due to its archaeological importance and no possibilities of in situ conservation it was decided to excavate 
and preserve a section of approximately 6 x 6 m. The majority of the wood was stored in tap water tanks and 
was characterized in order to plan a conservation strategy. 
Whole tree trunk slices were dried under continuous photo documentation in order to determine the 
shrinkage behaviour and extent for the entire cross-section by comparing the images before and after drying. 
Samples were taken from the slices covering the entire radius of the trunk so that the degree of degradation 
could be analysed via maximum water content, density, FTIR and light microscopy every 2 cm in the depth 
profile. 
All these characterisation results are at the core of this project and form the base for the conservation 
strategy to be developed. 
 
No Question 
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Fungal contamination of drying melamine consolidated waterlogged wood 

Katja Kavkler1, Miha Humar² and Marko Bajc³ 

1Institute for the Protection of Cultural Heritage of Slovenia, Restoration Centre, Ljubljana, Slovenia 
2University of Ljubljana, Biotechnical Faculty, Department of Wood Science and Technology, Ljubljana, Slovenia 
³Forestry Institute, Department of Forest Physiology and Genetics, Ljubljana, Slovenia 

 

During the air drying process of a large antique logboat excavated from Ljubljanica River (30 km south-west 
from Ljubljana, Slovene capital), we came across an unexpected issue: fungal growth on the surface of the 
wood. Melamine resin (Kauramin 800, BASF, Germany) consolidated early Roman logboat was wrapped into 
plastic foil for controlled air drying at room conditions. Once every month, the foils were opened to exchange 
air and consequently decrease the relative humidity (RH) within the plastic bags. Once a year selected pieces 
were released from their custom-made epoxy capsules to measure wood moisture content and observe the 
wood during the drying process. In autumn 2023, after four years of drying, extensive fungal growth was 
observed on some of the opened fragments. At the time of discovery of the mould, the RH within the foils 
was 60-70 %.  
Samples were taken to examine the mould and determine the fungal species. Morphology of the fungi was 
determined with a digital microscope and the depth of penetration of fungal hyphae was examined on 
samples extracted from selected logboat fragments. The fungal culture was identified as Paecilomyces 
variotii. This fungal species has been reported to be able to degrade aromatic compounds and polyurethane 
based insulation and it was feared that it might influence the wooden components or consolidant. In 
addition, the species has been reported as a weak human pathogen. Degradation tests showed that the 
respective fungi did not cause major decay on untreated, recent wood (beech - Fagus sylvatica, spruce – 
Picea abies, oak - Quercus) and melamine treated beech. Furthermore, it was established that a combination 
of boron and quaternary salts successfully inhibited fungal growth. Therefore, treatment with solution of this 
biocide was carried out on all logboat pieces to prevent further fungal growth and eventual deterioration of 
either wood or consolidant. 
 
Q and A: 
 
Ian Godfrey, formerly the Western Australian Museum:  I'm just curious, the fungus wasn't degrading the 
wood and it wasn't degrading the melamine. I'm just wondering what did you have any thoughts on the 
nutrient source for the fungi? 
Katja Kavlker: Well, I think it was still taking from the wood. I mean the wood is degraded, but not that 
much. You know we still saw some degradation of oak of recent oak when we infected it, I mean incubated 
it, it was about 2% decrease? in 10 weeks. So, I'm pretty sure that it used either dust or the excessive wood. 
I mean the degraded surface of the wood. I'm pretty sure that it still used this, but we mean there is no 
other possibility because there's nothing on the surface, nothing else. 
Ian Godfrey, formerly the Western Australian Museum: Thank you.  
 
Yardeni Vorst, Archeon: Hello, I was wondering when you looked into this, did you have more experience of 
fungi on wood before?  
Katja Kavlker: Not on the archaeological one, but as I told my colleague, my co-author, he's a specialist in 
wood degradation. So, they also take care of historical wood of timbers and roofs and everything. So, they 
have many experiences with historical wood degradation with fungi.  
Yardeni Vorst, Archeon: But on archaeological wood? 
Katja Kavlker:  I was looking for articles in Google and everything. I found two articles that just mentioned 
some fungi. One was in PEG solution, not even when drying and one I don't remember anymore. 
And then I was asking some people, for example, Markus Wittköpper from whom I learned the method and 
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he said, yeah, we also sometimes have fungi and we made once a test and there is nothing special. You just 
put by biocide on it and then it's OK.  
Yardeni Vorst, Archeon: I was just wondering because we I had fungi on one of my Roman timbers and I 
thought, Oh my gosh, I'm not a conservator. What do I do with it? I brought it to an institute and they came 
back very enthusiastic, because it was an unknown fungi for them. So, we published an article. 
But I yeah, what to do with fungi on archaeological wood is quite interesting to learn more about. So 
especially when you know what type of fungi it is.  
I work a lot with that, also my PhD was fungi on textiles. So, I work a lot with moulds in different ways. So, I 
had an idea, but still it's better to do to work together with some experts.  
From the online chat (no name given):Have you confirmed your theory that the fungi came from the statue 
by testing the statue's wood?  
Katja Kavlker: No, because the statue was by that time we came up with this theory already standing back 
on in the fields, because it went back to the original position. 
So we did not do the testing, but it was the most plausible, let's say, idea, we're not sure, but we think that 
we are right. Thank you.  
 
 

 

 

Fig. 7. Katja Kavlker presenting a paper (photo Ida Hovmand) 
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Reburial of a fluvial vessel as a method of preserving archaeological wood 

Kristina Ponjavić Višnjić, Ilija Danković and Dragana Gavrilović 

 Institute of Archaeology, Belgrade, Serbia 

In July 2023, remains of a wooden fluvial vessel were discovered during mining near Kostolac, Serbia, at a 
depth of eight meters in a former Danube riverbed. The ship, built of pedunculate oak (Quercus robur) and 
fastened with iron clamps and moss caulking, likely dates to the 17th–18th century AD. Due to site 
constraints, the vessel was dismantled and carefully extracted to prevent structural damage. 
With no immediate conservation options, reburial was chosen as a temporary preservation method. In 
August 2023, the parts were reburied at Viminacium Archaeological Park using sand from the original site 
and geotextile covering to maintain environmental stability. Photogrammetry and sampling were conducted 
to enable monitoring. Inspections will occur every six months to assess the wood’s condition through 
moisture, chemical, and structural analysis. 
 
Q and A: 
 
Vicki Richards WA Museum: Do you know what the moisture content was in the original site vs. the moisture 
content of the reburial site? 
Kristina Ponjavić Višnjić: Unfortunately no, because we had to move really fast as the mine was active. 
Vicki Richards WA Museum: How do you keep your reburial site wet? 
Kristina Ponjavić Višnjić: We have a sprinkle system around it. 
 
Amandine Colson, German Maritime Museum: I was wondering what kind of monitoring plan you installed? 
What is the situation on that front? 
Kristina Ponjavić Višnjić: We have decided to measure the water inside the wood and the soil, and to see if 
there is any changes of the iron inside the wood as be have a lot of iron elements. When we excavated the 
wood it was almost red. So that is a job as we plan to work with PEG. For now we are building the facilities 
for conservation, ans I have had training 
 
Angeliki  Zisi Museum of Cultural History in Oslo: You showed a photo  with the geotextile you said, you 
buried it. You dug at 50 centimetres, trench. This looks to be on the surface? Is this?  
Kristina Ponjavić Višnjić: Yes, but we have in this part, it is just grass here. We later cut that.  But we built, I 
don't have pictures, because it's this area is also not only part of at Viminacium but also where the eggplant 
is.  So, we built a wall on this side to keep the ground.  
Angeliki Zisi, Museum of Cultural History in Oslo: OK then I got one question; did you place the planks 
directly on the soil or did  you put the line with geotextile?  
Kristina Ponjavić Višnjić: We brought the sand from the original site. We first put that and then planks and 
then geotextile and again sand.  
Angeliki Zisi, Museum of Cultural History in Oslo: Would you consider wrapping individually every plank so 
just to protect it from? You know, rubbing against the soil and with each other. 
Kristina Ponjavić Višnjić: It wasn't really possible because we needed to just remove it and bury it. 
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Reflections on the conservation of an early glass mirror 

Sophie Courtiaud and Anthony Crawshaw 

York Archaeology, York, UK 
 
This poster describes the proposed conservation of a waterlogged early glass mirror from a terrestrial 
excavation, which still showed part of the reflective surface. The glass was itself a fragment from a larger 
broken mirror, which had, in turn, been reused in a purpose-made Scots Pine frame.  
A description of the various historical mirror-making processes will be followed by a discussion of the 
different components making up this composite object and any possible difficulties these may cause to the 
proposed conservation process. These components are wood, glass and the metallic reflective surface, 
together with the latter’s corrosion products.  
The mirror is one from the first widespread phase of glass mirror making, in which the reflective surface is a 
tin/ mercury amalgam. These amalgam mirrors were made between the sixteenth century and the end of 
the nineteenth century, approximately. Amalgam mirrors were slowly superceded by ones in which the 
reflective surface was metallic silver, which change happened from the middle of the nineteenth century. 
This poster will describe tests to confirm that the proposed consolidant is compatible with the tin/mercury 
amalgam reflective surface. In order to carry out these tests we have made a sample of the tin/mercury 
amalgam and this process will be described also. In addition, we discuss the safety implications of the 
tin/mercury process and the mirrors made using it, both for those who work with them, and also for those 
who curate them. 
 
No Questions 
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Study on microbiological control of the "Nanhai I" shipwreck of China   

jing Du1, 2, Naisheng Li2, Yue Chen2 
1 Joint International Research Laboratory for Environmental and Social Archaeology of Shandong University 
2 National Centre for Archaeology 
 

The environment has drastically changed in marine wooden wrecks that have been salvaged from the 

water. A large area of the hull is exposed to the air, which promotes the growth of microorganisms and can 

harm the wood's look. It also presents a risk to the conservation of cultural relics. 

The wooden merchant ship Nanhai No.1 dates to China's Southern Song Dynasty and is the earliest, largest, 

and most well-preserved ocean-going trade ship ever found. After being salvaged in 2007, archaeological 

excavation commenced indoors, where the consistently high temperature and humidity provided ample 

conditions for microbial proliferation. Microbial samples were collected from the ship hull, marine mud, air, 

and the solution of soaking relics. Molecular identification of the culturable microorganisms isolated from 

the samples was done by sequencing both 16S rRNA (bacteria) and ITS (fungi) gene regions. The results 

showed that Fusarium were prevalent at the excavation site, and Acremonium were also the dominant 

fungal species in the ship hulls, with the dominant bacterial species being Bacteroides. The dominant 

bacterial species in the air mainly included Penicillium, Aspergillus, and Trichoderma, 

while Acinetobacter was the main bacterial genus. 

Based on the results of the microbial disease survey, we examined the safety of Euxyl® K100 and used the 

disc diffusion method to pick it as the effective inhibitory reagent. By regularly spraying this antimicrobial 

agent and cleaning the wood surface, we have been able to effectively limit microbial development. 

 

In addition, through simulation experiments, we found that low relative humidity (65%) was conducive to 

inhibiting mold growth, while temperature and spray times had no significant effect on mould growth. In 

the temperature range of 25-30℃, more mold growth. Therefore, under the premise of ensuring the 

overall safety of the wooden shipwreck, we will build a new environmental control system to control the 

temperature and humidity conditions in the storage space as much as possible, and realize the overall 

bacteriological and mildew prevention through the use of antibacterial reagents combined with 

environmental control. 

Q and A: 

Yardeni Vorst, Archeon: If you keep the temperature below 25℃ does the growth stop? 

Jin Du: The growth slows down.  
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Session III: Collection care, storage, display and monitoring 

A transalpine collaboration 

Alexander Dittus1, Janet Schramm1, Stefanie Bruhin1 and Andreas Putzer2 

1Swiss National Museum, Collection Centre, Affoltern am Albis,  
2South Tyrol Museum of Archaeology, Bozen, Italy 

 
In 1991, two hikers discovered a frozen body in the alpine border region of Italy and Austria. The perfectly 
preserved clothing and equipment revealed that the man had died in the Copper Age (around 3258 BC). The 
find was nicknamed Ötzi due to the location of his remains in the Ötztal Alps. Ötzi remains one of the world’s 
best-known archaeological finds and is of enduring importance for the research on the European Copper Age.  
The finds comprise his clothes and equipment such as tools and hunting weapons. In the course of the 
discovery’s 30th anniversary, the archaeological conservation laboratory of the Swiss National Museum was 
asked by the South Tyrol Museum of Archaeology to perform an extensive condition report with a 
subsequent treatment of the objects in need.  
For 15 years, the showcases were equipped with temperature regulation and an inert nitrogen atmosphere. 
As the system proved unreliable, a passive climate control with conditioned silica gel and optimized 
temperature settings was implemented. 
The overall condition of the objects is very good. Nevertheless, dry cleaning was required. Furthermore, some 
objects received conservational interventions including securing and re-adhering. 
Customized supports were manufactured for fragile objects. For larger and flexible objects, supports from 
laser cut archival board were produced. To lift the finds onto their new supports, a new method was 
developed.  
Working with Ötzi's items was challenging partly due to previous conservation efforts, but it led us to develop 
innovative solutions that continue to be useful in future projects. 
 
Q and A: 
 
Gillian Porteus from Canadian Conservation Institute: Thank you so much. That was super interesting. My 
question is straightforward. What was the solvent you were using in your Klucel-Paraloid B72 mixture?  
Alexander Dittus: We have for the Klucel ethanol and for Paraloid acetone. The exact 
mixture/concentrations are in the in the paper.  
 
Margrethe Felter from Museum of Cultural History in Oslo: I was just wondering how the leggings were 
attached to the acrylic supports.  
Alexander Dittus: Yeah, that is interesting because there are not many needles. They would just have a few 
little needles that hold them in place. So, they were the supports were probably cast from acrylic glass and 
they were just matching and then there's like a few needles that hold them in place. 
 
Susana Bretzel from Munster, Germany: You said that they stopped putting conservation stuff on the 
leather fragments in 2016. Why? And what are you doing now with them?  
Alexander Dittus: I don't know exactly why they stopped at that point. 
The conservator left, they had a conservator first, but then he left. So maybe that might be the same time. 
At the moment there's no dressing emulsion being applied or anything, so they are just as they are, so 
they're in the safe climate and staying on there. The only thing that we did was placing the cardboard 
underneath and now we kind of monitor that, because as you've seen the cardboard is also soaking in some 
excess leather dressing, so we think it's obviously too much if you have this kind of excess material that 
shows up like that. 
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From the online chat (no name given): What should be considered when mixing crystal G and Paraloid B72? 
Alexander Dittus: The details are then in the in the paper. 
 
Ingrid Stelzner, Leiza: Thank you very much for this nice presentation. What method did you use for 
mapping the condition of the leather?  
Alexander Dittus: For the for the leather condition, we thought about checking with the shrinkage 
temperature but that wouldn't work with the amount of dressing that is in there. So we just monitored 
how flexible it was and how it looked and how it behaved. Yeah, because in some areas, for example, for 
the quiver, there's so much dressing solution that it also looked the leather look quite fibery, it turned out 
this was a lot of dust that was also attracted on there. So, it's difficult to get the original condition of the 
leather because there's the dressing is in there as well. Thank you. 
 
 

 
 

Fig. 8. Alexander Dittus presenting (photo Ida Hovmand) 
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Object characteristics to consider when identifying appropriate climate conditions for conserved 
waterlogged archaeological wood 

James Harvie and Nanna Bjerregaard Pedersen 

Institute of Conservation, The Royal Danish Academy, Architecture, Design, Conservation, Copenhagen, Denmark 

 
Waterlogged archaeological wood is an extremely heterogeneous material that varies based on the material 
properties of the wood, degradation type and extent, deposition environment, conservation agent and 
treatment methods. Despite this heterogeneity, the climate recommendations given for objects made from 
this material rarely consider this. More often than not, the recommendations are general to all wood material 
or, even more broadly, all organic material.  
This paper synthesises the information available in the fields of conservation and wood material science to 
highlight how these characteristics can greatly impact what storage/exhibition conditions are appropriate 
and safe. It highlights that some objects may be at greater risk than others of damage due to inappropriate 
climate and that the decisions made during conservation can greatly impact the future stability of these 
objects. This paper shows that providing exact value recommendations for the humidity and temperature at 
which all waterlogged archaeological wood should be stored is not possible, given the inherent variability of 
the material. Instead, the aim is to aid conservators in making more informed decisions about what climate 
conditions are appropriate for the objects under their care, whilst also highlighting the need for further 
research in this field.  
 
Q and A: 
 
Amandine Colson, German Maritime Museum: These were actually some of the topics that we approached 
when we had our European working group, the MOPS on monitoring ships and there was of course one 
topic that we were mentioning in this small group. So, working on this and piling up what we already have 
on the larger structures that already provided some interesting results that could be very useful.  
 
Joanna Rivera, Clemson University: Thank you for your presentation. It's very interesting. At the Hunley Lab 
we have two storage rooms. One is for organic materials is kept between 40 and 50%, the other one is for 
metals, about 30%. 
And what we have done with our objects that all of the organic materials are completely contaminated 
with iron is to just kind of see which one have the most iron content like the death gauge or a hammer and 
those are stored as With the metals, we are really considering at this point almost metal objects, especially 
the hammer, since the majority of the wood has completely absorbed iron and it's even magnetic. So, at 
that point it's just metal and we have seen not much changes as long as we were kept at that humidity. But 
I know you mentioned at the beginning about going to more green, sustainable. It's not possible for some 
of my objects. There's no way. It has to be very, very strict in terms of humidity and temperature otherwise 
and we have seen some changes in some of them that have been kept, let's say for exhibit, it's very difficult 
to keep those parameters. So, we kind of at least in my collection, we had to be kind of super strict.  
It's just a comment. It's not a question, I guess. 
 
James Harvie:  No, but I think that that's one of the reasons we were kind of interested in this is we feel 
that more and more museums are wanting to move to this storage system, especially in Denmark. It's 
becoming very big And it's maybe hard to argue against if you don't have the full, if you're not able to say, 
look, here's the work that we've done and here's why we know it. So I think more experience like hearing 
about situations like this is definitely helpful. 
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Joanna Rivera, Clemson University: Right. And something to notice about our storage is that having rooms 
that it could with, especially in South Carolina, which is humidity horrendous, it's really difficult to keep the 
storage rooms at a certain condition. So, what we did was marine containers. 
That were used to transport food and they were retrofitted. So they,  are 40 foot, I don't know what's that 
12 meters containers are retrofitted one for organics, one for metals and that is so much easier to keep 
these parameters than an actual room. 
 
Kate Sullivan, the Canadian Conservation Institute: So, at CCI, we deal with a lot of clients who have 
minimal resources and actually don't have great climate control at their institutions. 
So I confess I'm looking at this from the other direction of OK, if we don't need such tight climate controls, 
are there recommendations I can make to our clients of ways they can mitigate this. 
This is very interesting and I'm very curious if like if we don't have to maintain such tight climate controls, 
how useful that would be for our clients who have limited resources and don't necessarily have tight 
climate controls in their buildings. A lot of times they're in historic buildings that yeah, you're lucky if you 
have an HVAC system. 
 
James Harvie: I think that's one of the things we found looking into this. We don't really know how big an 
issue some of these things might be. We tend in the literature to focus on what's gone wrong which makes 
sense because that's the stuff that we're needing to work with. But one of our theories is that maybe if 
we've got quite degraded wood that is well treated, however you define that, it might be more stable to 
this fluctuating climate. 
Than more extreme examples such as when we've got a lot of iron or contaminants and we really need to 
be keeping it as low as possible. So that's something that's not an answer, but we don't have an answer yet, 
at least I don't, but it's something that we think is worth looking into and we're hoping to do that. 
 
Susan Braovac from Museum of Cultural History, Oslo: Thank you, James. That was interesting. Just to 
continue where Kate left off, I wonder if we can also think about if we have a choice of types of treatments 
we can use if we know the object is going back into an uncontrolled environment. So maybe you just fully 
impregnate it with PEG for example. I've done some also on work on moisture interaction with PEGs and I 
see that wood is that saturated with high molecular weight PEG it's very low reaction to humidity until that 
certain point above 65 or around 70. So it's kind of like getting to know the material and connecting it to 
your conservation method and understanding the difference between the surface and the core. Maybe we 
can start picking apart the knot a little bit that way. 
James Harvie: And I'll cheekily link it back to me and Ida’s question that we asked before and that's what is 
our chosen endpoint and exactly if maybe we know this is going into a climate that's uncontrolled. 
Maybe we care more about the long-term preservation than we do preserving this optimal anti shrink 
efficiency or whatever we're basing off of. Maybe there's a more important factor which we consider 
exactly. 
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Systematic collection surveys: advancing large scale archaeological projects 

Lesley Haines, Amelia Hammond, Olivia Haslam, Laurie King, Molly K. McGath and Elsa Sangouard 

The Mariners' Museum and Park, Newport News,Virginia, USA 

 
 
The conservation team at The Mariners' Museum and Park, in Newport News, Virginia, USA, surveys 
USS Monitor artifacts awaiting treatment on a three year rotation, grouped by material type: waterlogged 
organics, copper alloys and miscellaneous inorganics, and iron artifacts. Each survey ranges from 200-500 
containers housing one or more objects.  
The waterlogged organics survey in particular includes:  

• preliminary analyses of pH and presence of lead of storage solutions 
• collection of storage solution samples  
• ion chromatography (IC) for chlorides and sulfates 
• ultraviolet-visible light spectroscopy (UV/Vis) for iron content 
• total reflection - X-ray fluorescence spectroscopy (TR-XRF) of lead-positive samples to determine 

concentration of lead and iron ions  
• condition check and photography of objects 
• change storage solutions  
• update container labels 
• data analysis 
• update object records 
• final report 

The entire survey takes several months to complete and is often balanced with other laboratory needs. Tasks 
are divided so that the survey can progress alongside other projects. While there is considerable staff time 
and resources expended on surveying the collection, the work provides crucial benefits. Changes in artifact 
condition over time can be monitored and treatment prioritization is organized based on the survey's 
analytical results. It also improves our understanding of the scope of the collection and the context of 
individual objects. Finally, regularly scheduled changes of storage solutions result in passive rinsing and faster 
extraction of free iron and sulfur for which the laboratory has set a rinsing endpoint below 5 ppm. Ultimately, 
this means less active treatment will be required, reducing both the cost of time and chemical supplies. 
 
Q and A: 
 
Ida Hovmand, Bevaringscenter Fyn, Denmark: You might have said this. How often do you undertake these 
surveys? Is it like every two years or is it rolling? 
Elsa Sangouard:  We rotate between each material, so it can be every three years, it can be every two years. 
It depends. If we see that we haven't done the copper alloys in a while, we're going to, you know, work on 
that and then so on average every three years.  
 
Elsa Sangouard:  Do you guys monitor at all? Did you test the amount of sulfur and iron ions in your solutions?  
No? OK. (Several people in the audience says no or shake their head) 
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Vicki Richards, WA Museum: We look at our iron levels especially, because most of our organics are full of 
iron. We wouldn't extract down to five PPM that would take forever. We still look around about 20 to 50 
PPM. That works too. Because it's stable at some point, we have climate-controlled storage as well. So, we 
can probably have a little bit more iron in there than maybe if you didn't have a controlled storage 
environment. 
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Deformation monitoring of waterlogged archaeological wood during conservation 

Amandine Colson1-2, Robin Rofallski3, Blanca Berenguer de Icanza1and Thomas Luhmann2  
 
1DENKMAL3D GmbH & Co. KG (D3D); 2German Maritime Museum – Leibniz Institute for Maritime History; 
3Insitute for Applied Photogrammetry and Geoinformatics (IAPG) – Jade University.  
 
 
 
Abstract  
The main goal in the conservation of waterlogged wood is to keep the object’s dimensions and to exchange 
the water with a conservation agent to maintain the shape, in order to study and store the artefacts safely.  
Although wood conservation methods are well established, the assessment of the wood condition before 
and after treatment remains challenging. When can we consider the treatment to be a success? How can we 
objectively compare all our results with other colleagues?  
Looking at the geometry, three-dimensional acquisition methods have been implemented such as structured-
light scanning or micro computed tomography (𝜇CT) to assess archaeological wooden samples before and 
after treatment. However, they remain not always feasible, either because the hardware/software or the 
expertise is lacking. On the other hand, the work done on archaeological wooden ships using surveying 
techniques proved that the artefacts must be monitored accurately after conservation treatment. 
The on-going project “OptiKons” has developed a system to acquire the wood geometry during the PEG 
impregnation and the drying process. The system uses two cameras facing the conservation tank, mounted 
on an automated biaxial measurement unit, controlled remotely with a Raspberry Pi. Metrological analysis 
stated a high overall accuracy on the submillimeter scale, stating length measurement errors of 0.1 mm. 
This modern method can support the optimization of treatments by providing tools to evaluate results 
objectively. This research focuses on providing a photogrammetry-based monitoring protocol that could be 
adapted to other laboratories and help conservation professionals.  
 
Q and A: 
 
Angeliki Zisi from the Museum of Cultural History in Oslo: This is really exciting. This is very nice. And I was 
thinking that, so you're scanning one surface or do you also scan the bottom surface because this is going 
on top of it, right? 
So one question is what happens? What do you get data from underneath? And then also what about the 
height of the wood, right? So, if you have a plant like that and then you have like a curve underneath, 
because you just get the profile, the maximum, let's say, but what happens underneath?  
Do you capture that? Do you flip the object? And then also if you flip them, then does that mess up your 
points because then you have many. We're looking at a 2D plus monitoring obviously because we don't 
want to touch anything? 
Amandine Colson: Right. And when we actually, fun facts, when we added PEG over last autumn and 
winter, we were extremely careful with how we did that because obviously when you add the PEG. 
You think you do a very small wave and you induce in your solution very little current, but you actually 
move something clearly and we had to be extremely cautious doing this. And then every time we did that 
then it was documented. Then Robin could check the data set. Are we fine? Is something moving? 
We had to readjust in February, March, exactly the time where I was changing position. It was very stressful 
how to be sure that the scale bars are not moving at all. So, it was tricky. Yes, this is 2D plus. So we take the 
position and the profile of what we have. 
We have laid there, so it's not 3D monitoring completely, but we thought we have to start something 
somewhere. So, it's a pilot project. That's just to summarise this stuff. 



 

55 
ICOM-CC WOAM WORKING GROUP ISSN: 2708-6704 NEWSLETTER NO 65 

 

 
Dawa Shen from China Academy of Cultural Heritage: Thank you, Amandine. That's a very interesting job. 
My question is, is there any effect of the solution on the imaging precise because the solution has the 
refraction? 
Amandine Colson: Thank you. Beforehand, I provided Robin with some PEG solution and also, he did some 
tests for the reflection factors which was of course important to figure out. And we have one paper from 
last year and then one paper in the pipeline from his part. So, this aspect will be covered there. I don't have 
the physics background to tell you about this, but yes, this was of course an issue, but this is taken care of. 
 
 

 

 

Fig. 9.  Amandine Colson presenting (photo Ida Hovmand) 
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Freeze drying archaeological soil samples - A solution to storage problems? 

Elisa Ahverdov 

The National Museum of Finland 

 
Archaeological soil samples are vastly used in archaeological research to discover evidence about for example 
nutrition, environment, insects and remains of highly decomposed textiles and furs. Hundreds of soil samples 
are collected in Finland yearly. Unfortunately, getting the samples to analysis often takes several months, 
sometimes even years, due to the limited number of professionals with the required training. Meanwhile, 
microbial activity continues, and mold growth may occur in moist samples despite cool storage. This study 
aimed to test freeze drying soil samples as an effective solution to the problem. Freeze drying, being a gentle 
way of drying, could enable processing soil samples dry without compromising sample quality. Safety of 
sample analysis would improve, since mold growth in samples could be averted. Samples could also be 
processed for long-term preservation for future research by this method. Ecological sustainability could be 
improved, as coolers and freezers for sample storage use a lot of energy compared to the few days of running 
a freeze drier. 13 test samples were divided into two subsamples; one was analyzed wet and the other after 
freeze drying. By comparing the readability of remains within the subsamples, the effect of freeze drying on 
them could be evaluated. The sample bags were rolled open and an acid-free antistatic wipe was fastened 
with a rubber band to the opening to prevent cross-contamination. The drying lasted 8 days. The analysis 
provided promising results, since no apparent differences were discovered between the subsamples. Further 
testing is still required for verification.  
 
Q and A: 
 
Katia Kavkler, Institute for Protection of Cultural Heritage: I would just maybe make more of a comment 
than just a question. I saw you did the microscopy with optical microscope. Am I right? 
Elisa Ahverdov: The microscopy of fibers, Yeah, it depends a lot on what's available for the project.  
Katia Kavkler: No, because usually we microscope fibers in water, so maybe that's why you don't see 
difference because you need to water also dried fibers later so. 
I think that's the reason that they get wet again, so they you see both. So maybe I think it's great idea to 
keep the samples to preserve the samples, but for analysis I think it's useless to dry them before because 
you need to wet them again later. So it's just a comment. 
 
Elisa Ahverdov: Yeah. And that was something I kind of thought about, whether it's actually makes sense to 
dry them and then rewet them for analysis. But I kind of expected that maybe there would be some 
evidence of whether there were was any degradation caused by the drying anyway, but I'm not sure. So 
thank you for the comment. That's a good point. 
Gillian Taylor, Teesside University: Really honestly commendable. I apologise because I never filled in the 
questionnaire you sent. I never seen it. But we in the laboratory, we freeze dry all our samples for fatty acid 
and chemical analysis. That's our standard storage preparation. 
So it's really good to see this that you're testing against wet and dry. We often split ours. It's more of a 
comment than a question, but we often split ours into microbial samples, put keep them because they 
need tiny amounts. 
And then freeze dry the rest and the analytical procedures will work absolutely fine. It reduces our storage. 
The one thing about contamination, we've noticed that as well and we've switched to parafilm instead of 
anything cotton above there to stop anything going into the sample. 
So happy, happy to discuss things. Can I ask, do you so you freeze dry with the parafilm? Do you make 
holes?  
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Elisa Ahverdov: Yes, little pin holes on the top and maybe just one or two pin holes for each sample.  
I will probably try that. The King Wipe in itself is like wooden fibers, so there shouldn't be any cotton 
coming out of that. But I think at some point during the preparation process something has happened. 
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Session IV: Sustainability 

Trehalose – an alternative treatment method for wood/iron composites recovered from a marine 
environment 

Vicki Richards1, Kalle Kasi1,Kouji Ito2, Setsuo Imazu3, Jun Kimura4, Ikuno Fujii5 

 
1 Western Australian Museum, Shipwrecks Museum, Fremantle WA, Australia 
2 Tohoku University of Art and Design, Japan 
3 Nara University, Japan 
4 Tokai University, Japan 
5 Teikyo University, Yamanashi, Japan 

 
Since the 1970s, the Materials Conservation Department, Western Australian Museum have used 
polyethylene glycol (PEG) as the primary treatment method for waterlogged wood and wood/iron composite 
artefacts recovered from shipwreck sites. As a consequence, the typical post treatment acid formation 
problem associated with iron impregnated PEG treated organic objects has been observed on many of our 
wood and wood/iron composite objects, especially those treated 30-50 years ago. Since the early 2000s, 
particularly in Japan, conservation treatments using sugar substances, including trehalose, have been 
developed and studied extensively.  
In 2023, a joint international collaborative research project between scientists from the Western Australian 
Museum and Japanese researchers was initiated to investigate the suitability of trehalose as an alternative 
treatment for waterlogged materials, including wood/iron composite artefacts. The preliminary results of 
this research will be presented.   
 

Q and A: 

James Harvie from Royal Danish Academy: This maybe a question for everyone as well, because I know that 

it was a little bit easier for us to find Trehlose at WAM because we're quite close to Japan and there's a lot 

of production there, but has anyone in Europe been able to find supply of it? That's not ridiculously 

expensive. We had a little nosy to see if we could find it and we only found very expensive small amounts. 

Emma Emmanuelson, Cultural History Museum in Oslo:  Yeah, we did find some that's quite expensive, but 

if you can reuse the one, the thing that you haven't used, it could be sort of reasonable. I have tested on a 

composite as well.  I have little technical issues with the reuse as well, but it can be done. But it's expensive. 

 

James Harvie from Royal Danish Academy:  And then an actual question for you, Vicki. Was it difficult to get 

all the equipment that you required for the setup or did you have more or less everything already available 

in the lab?  

Vicki Richards: No, we had to buy it all, OK, because we didn't have it. The worst thing was we didn't have a 

big enough hot plate. 

So I had to use 4 hot plates and that was a bit hard dialling them up to get the right temperature, you know, 

sort of thing with a mirror so I could see the dials, you know, sort of thing and they heat it different and 

then the electricity went off because it happens and yeah, interesting. But yeah, the stuff to use is pretty 

easy. It was just a it was a big stainless steel cooking, you know, thing. So you go to the. 

Kitchenware store. And so it wasn't anything out of the no specialist. It's all pretty standard stuff that you 

can buy besides maybe the truck.  

Angeliki Zisi from Museum of Cultural History: I was wondering then since you said could it be is it just poor 
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impregnation? You think that is the reason why it cracked? 

Vicki Richards: Yes, that is what our colleagues said it probably was. And when you see the graph, I can see 

that in none of the phases where we've changed the concentration had the weight stabilized and 

plateaued. -It didn't solidify actually, because you only have to heat the last two percentages. 

 

Sarah Gainsford (from the chat): What makes the drying take such a long time in ambient climate and fans? 

Vicki Richards: It's really degraded and it's really wet. 

Julia Couple (from the chat): How did you decrease the drying time during the first drying step to keep the 

trehalose crystals small? 

Vicky Richards: What we did, what you have to do is that you have to dry it quickly to keep them small.  It's 

just simple crystallization chemistry. The longer it dries the big the size of the crystals. We don't want that. 

So, you want it really quickly. So that's why the fans are on it in a fume cupboard. 

 

 

 

 

 
 

Fig. 10. Vicki Richards presenting (photo Ida Hovmand) 
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Comprehensive study on the conservation treatment of shipwrecks using trehalose 

Akira Kobayashi1, Kouji Ito2, Yumi Yasuki3 and Setsuo Imazu4 

1 Kyushu Historical Museum, Mitsusawa Ogori City, Japan 
2 Tohoku University of Art and Design. Kamisakurada, Yamagata City Japan 
3Matsuura City Board of Education, Satomen, Shisa-cho, Matsuura City, Japan 
4Nara University, Sanryo-cho, Nara City, Japan 

 
Our research team has been investigating the trehalose method and has made significant achievements. In 
particular, it has been a great achievement to expand the scope of conservation treatment from wooden 
objects excavated at inland sites to wood-iron composite objects, and then to wood-iron composite objects 
excavated at underwater sites (Ito 2019). In this paper, we report the stability results after conservation 
treatment using the trehalose method from the following two perspectives. 
The first perspective is to understand changes over time. Wood-iron composite objects excavated from 
underwater sites that have been conserved by the trehalose method have remained stable with no changes 
in appearance after conservation treatment. X-ray Computed Tomography (CT) was used to observe the 
internal condition of the objects. After several years of monitoring, it was found that neither the wood nor 
the iron part had been deformed or cracked due to aging. 
The other approach is looking at the iron parts. Res earch into iron artefacts excavated from submarine sites 
is underway, and the stability of these artefacts after treatment will be reported. 
The cases presented in this paper demonstrate the stability of trehalose in the conservation treatment of 
objects excavated from underwater sites and the possibility of comprehensive conservation treatment with 
trehalose. 
 
Q and A:  
 
Joanna Rivera from Clemson University: I'm just trying to understand what's happening to the iron. Are you 
transforming corrosion products? That's why you're not seeing any deterioration. Or are you actually 
desalinating the iron with trehalose? 
Akira Kobayashi (through translator): He thinks coating the surface of the iron prevent corrosion to occur 
on the iron surface. 
Joanna Rivera: OK. So, it's more like just a coating rather than transforming corrosion products then that's 
that's, I mean, I think I understand.  
Translator: They also think it's because it's trehalose has a low conductivity of the electricity so it's kind of 
preventing occurrence of the corrosion. 
Thank you. 
 
Ian Godfrey, formerly the Western Australian Museum: I noticed in Vicki's presentation with the wood 
when the trehalose was on the surface, it was a white. It looked like a white powder, a white coating, but 
the trehalose on the metal was quite clear and glass like. 
I'm just curious as to how you control the technique to get the difference in the final appearance of the 
surface coating. 
Akira Kobayashi (through translator): So as for the wooden parts, he wants to crystallize the trehalose so it 
appears white. When they treat the surface, the white crystal disappear they change because of a change 
to the glass transition. So, it appears transparent. So, as for the iron parts they make the trehalose appear 
transparent because of the glass transition. So, in his presentation that the reason that the iron part looks 
transparent. 
 
Gillian Portous, CCI: My question, I was really interested to see how the objects held up over time, 
especially the arrow bundle which you showed over 10 years time 
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What were the environmental storage conditions for it during that time? 
Akira Kobayashi (through translator):  We use special stores. So average temperature was 20-25° Celsius 
and Range of the relative humidity is 40% to 60%.  
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Introducing green conservation protocols for the preservation of waterlogged wood     

Edith Joseph1, Mathilde Monachon1,3, Friederike Moll-Dau2, Charlène Pelé3, Janet Schramm4, Katharina 
Schmidt-Ott4, Sabine de Weck1,2 and Sathiyanarayanan Ganesan1 

1Haute Ecole Arc Conservation-restauration, University of Applied Sciences and Arts Western Switzerland HES-SO, 
Switzerland 
2Archaeological Service Canton of Bern, Bern, Switzerland  
3Research and conservation laboratory ArcAntique (AA), Nantes, France 
4Swiss National Museum (SNM), Affoltern am Albis, Switzerland 

 
Between 2016 and 2023, a Swiss-funded project aimed to enhance the conservation of waterlogged wood 
by developing a bacterial extraction method prior to polyethylene glycol (PEG) impregnation and freeze-
drying. The protocol employed siderophores and bacteria to remove harmful iron and sulfur compounds (BT), 
in comparison to a chemical extraction (CT) using sodium persulfate and ethylenediaminetetraacetic acid 
(EDTA). Tests conducted on 500 waterlogged wood samples assessed the efficiency of sulfur and iron 
removal, as well as changes in wood color. 
The subsequent consolidation involved sequential PEG 2000 baths (8%-40%) at room temperature or 40°C 
for larger samples, monitored using refractometers and pH checks. Freeze-drying parameters were adjusted 
to critical temperatures to preserve wood morphology. Biological treatment resulted in wood reddening, 
while chemical treatment caused bleaching. The anti-shrinkage efficiency exceeded 75%, with an average of 
90% for freshwater samples. 
In parallel, previously consolidated and dried wood samples were treated with a 3% agarose gel containing 
either chemical or biological reagents at 35°C. Treated samples exhibited discoloration, whereas control 
samples retained their original color. Infrared spectroscopy confirmed PEG retention in the consolidated 
wood, with no observed swelling. XRF analysis revealed iron removal exclusively in BT-treated samples. BT 
also demonstrated potential for chlorine trapping and effective sulfur removal, even in previously preserved 
wood. 
The study highlights the advantages of green extraction methods in reducing toxicity, health risks, and energy 
costs during conservation, offering a sustainable approach to preserving archaeological waterlogged wood. 
 
Q and A: 
 
Anthony Crawshaw, York Archaeology: One of your first slides appeared to show you treating the stuff with 
nitric acid. Was this correct? You said an equation where you're treating iron sulfide with nitric acid. 
Edith Joseph: No, I don't think so. This one you mean?  
Anthony Crawshaw, York Archaeology Yeah, there we go.  
Edith Joseph: This is part of the metabolism of a bacteria.  
Anthony Crawshaw, York Archaeology: Is that nitric acid you're using is not is. You don't use any nitric acid?  
Edith Joseph: It's the bacteria which is nitrate deficient bacteria which use nitrate in the environment to do 
this.  
Anthony Crawshaw, York Archaeology: All right. Thank you so much. 
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Ethical and sustainable alternatives to iron reduction/chelation for wetsite basketry 

Hope La Farge1,2,3,4, Crystal Maitland1, Maeve Moriarty1, Gyllian Porteous1, Sue Rowley3, Dave Schaepe4, Leona 
Sparrow2, Heidi Swierenga3, and Mauray Toutloff3 

1 Museum of Anthropology 
2 Canadian Conservation Institution,  
3 Musqueam 
4 Sto’:lo Natio 
 
 
The basket was found embedded in the bank of the Fraser River by a young man from the 
Musqueam Nation. The rim, just visible above the eroded bank, revealed a basket covered in a 
thick layer of black-veined Fraser River silt; evidence of the many years it had been nestled 
below the surface. Its discovery speaks not only to the deep connections Musqueam people 
have with the land and river, but also to the enduring presence of ancestral belongings across 
the territory. 
 
This basket, like many cultural belongings uncovered in the region, reflects a broader concern 
shared by Musqueam and other First Nations communities: the ongoing threat to heritage items 
in increasingly industrialized and ecologically vulnerable areas along the river. With numerous 
First Nations located along the Fraser, these issues are not isolated-they are part of a larger 
conversation about preservation and cultural protection in the face of environmental risk. 
Musqueam youth in particular have played a key role in this process, asking vital questions and 
cultivating expertise. Their curiosity and commitment have helped push forward research 
questiions that we now look to answer. 
 
The basket's condition, coloured by black iron (Fe III) which turned a striking rust hue once 
cleaned and placed in freshwater, prompted the newly established Wet Organics Partnership 
-driven by the needs and direction of Indigenous communities- to seek a safe and sustainable 
method for treating iron-infused wet-site basketry. Drawing on Seth Irwin's work with sodium 
metabisulfite for reducing and chelating iron in cellulosic materials like paper, researchers are 
now exploring its application to basketry. It is hoped that the poster presented here will generate 
conversation and ideas to further this goal. 
 
Q and A: 
 
Susan Braovac from the Museum of Cultural History, Oslo: On one of your graphs you show both the 
extraction, the concentration of iron extracted. Also, you see calcium there. Can tell us a little bit about why 
is that there?  
Gyllian Porteous, Canadian Conservation Institute (presenter): It was an option for us to look also at calcium 
extraction and we were kind of interested to see what other kinds of minerals might be being extracted 
from the basketry at the same time. So, we were also just kind of keeping an eye on calcium. We're going 
to be looking more into that in the future to see if particularly for those basketry fragments that were 
extremely damaged by the chelation process, if it's just purely the fact that the iron contamination is 
actually contributing somewhat to their stability after the fact, or whether or not it's actually that we're 
extracting. 
Other minerals from the basketry that might actually be contributing to that deterioration, if that makes 
sense. So it was just something we were tracking and seeing what was going on there.  
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Gyllian Porteous, Canadian Conservation Institute (presenter): I will just say if anyone else is measuring iron 
extraction, I know Elsa already mentioned this, but we are also very interested to know if people have 
methods that are working for them, so please come see me if you do. 
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Session V: Salt issues 

Evaluating sulfur mobility for extraction from waterlogged organic objects  

Brian S. Kim, Lyndi Kiple, Molly K. McGath, and Elsa Sangouard 

The Mariners' Museum and Park, Newport News,Virginia, USA 

 

Waterlogged archaeological wood and other organic materials are plagued by the “sulfur problem.” Sulfur- 
and sulfate-reducing bacteria in the marine environment contaminate organic materials with sulfur, 
introducing the potential for long-term degradation of archaeological objects. Sulfur oxidizes upon 
reintroduction to atmospheric oxygen, which eventually acidifies and degrades the organic materials. Ships’ 
iron components promote additional modes of acidification in waterlogged wood; and since iron ions are less 
stable than sulfur compounds, most previous research has focused on extracting iron ions from waterlogged 
organics. The aim of the study presented here was to determine suitable methods for extraction of sulfur 
and sulfur compounds from organic matrices while the objects are still wet, as a preventive method.  

During a National Center for Preservation Technology and Training funded fellowship at The Mariners’ 
Museum and Park, a cross-disciplinary literature review was followed by a set of chromatographic 
experiments. Information regarding existing sulfur extraction research and experiments exploring sulfur’s 
affinity for a variety of solvents was gathered. Many solvents did not facilitate mobility of sulfur compounds 
in organic matrices; however, experimental challenges produced new ideas for elemental sulfur extraction. 
Thin-layer chromatographic experiments on Whatman paper demonstrated that iron(II) sulfide showed the 
greatest affinity for low molecular weight polymers with active hydroxyl groups such as polyethylene glycol 
(PEG).  

The combined results from the literature review and preliminary experimentation contribute to an ongoing 
research project at the Museum. 

 
No Questions 
 
 
  



 

66 
ICOM-CC WOAM WORKING GROUP ISSN: 2708-6704 NEWSLETTER NO 65 

 

Genesis and impact of ferrous mineralization of archaeological wood 

Gilles Chaumat, Loïc Caillat and Frederic Fabre 

CEA-Grenoble, ARC-Nucléart, Grenoble, France 

 
After undergoing preservation treatment, certain collections of archaeological wood may exhibit acidic 
mineral efflorescence during storage or museum display, especially when climatic conditions are not 
adequately controlled, with relative humidity exceeding 70% for significant periods. This surface 
efflorescence are typically caused by unstable iron/sulfur mineral salts present within the object. This study 
contributes to a better understanding of the genesis of these unstable and unfortunately common salts by 
identifying the roles of various agents, including metallic iron (Fe³⁺, Fe²⁺), sulfate ions (SO₄²⁻), sulfide ions (S⁻, 
S2-), iron sulfides (FexSy), hydrogen sulfide (H₂S), hydrogen ions (H⁺), oxygen (O₂), water (H₂O), and soil 
bacteria. Polyethylene glycol (PEG) and its oxidation by-products, which are highly hydrophilic, also play a 
role. These by-products contribute to maintaining the wooden substrate in moist conditions, thus fostering 
chemical reactions such as hydrogen supply for acidification and ion transport.  The aim of this study is to 
model the chemical activity within wood in three successive stages: i) an iron/wood composite object 
exposed to outdoor conditions, showing active iron corrosion and the diffusion of iron by-products into the 
porosity of the wood; ii) burial in anaerobic conditions, which promotes specific bacterial activity; and iii) 
indoor storage or display under museum conditions. The experiments were conducted on waterlogged 
archaeological samples heavily contaminated by iron/sulfur components under harsh environmental 
conditions (RH > 70%). The results indicate that future acidification is not solely due to the presence of pyrite 
(FeS2) but also depends on other iron ions. This study emphasizes the importance of selecting suitable 
characterization techniques and preservation conditions for wooden composite archaeological artifacts, 
thereby improving conservation practices. 
 
 
Q and A: 
 
Ingrid Stelzner, Leiza: Thank you very much for this nice present lecture. I was wondering if you have 
experiences in isolating agents to make stable complex around the iron? 
Gilles Chaumat: We have a strong activity on it and we have a big experience. We tried different protocols, 
some of them are were very aggressive and we never succeed in removing all the minerals, so we consider 
it is impossible to do it and at one moment we have to take the decisions to stop the extraction treatment 
because it becomes too dangerous for the object. So it's not very comfortable because we leave behind us 
some acidic and wet pockets in the wood that continues the degradation. 
They should, but there is no abuse. 
Decision to take. 
Susan from Museum of Cultural History; Oslo: Just to continue on this question, can you tell us if this 
spreads further and further beyond the nails or do you have experience in seeing how large these areas 
become if you don't do anything? 
Gilles Chaumat: So for only superficial mineralizations concerning the surface of the  object or the interface 
between the nail and the wood so you can remove all the concretion so we can do it. You perform 
mechanical cleaning by cutting one millimeter deep and you finish the job by chemical extraction to 
remove the last disseminate iron or sulfate or sulfide ions in the porosity of the wood. So, it works and we 
can do this. It's long, it's not always easy to do, but it's possible to stabilize and to solve mainly the problem. 
But for deep mineralization, more than several millimeters; centimeters, it's not used at all, because in this 
case only heavily disputable, even painful decision can be taken. 
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Angeliki Zisi from the Museum of Cultural History, Oslo: What would be the ideal relative humidity to 
preserve this type of wood? And could we help it with the passive?  
Gilles Chaumat: The acceleration point is the water condensation is essential for the propagation of the 
acidity. So, when we overcome this critical threshold that permits the water condensations, they are very 
important parameters to take into account, and one of these parameters is relative humidity. So, if the 
relative humidity increase, you increase the volume of the acidic pockets. 
And the other parameter that has to be considered, perhaps the quality of the PEG you put in the wood. It's 
very important. If you put a lot of PEG in a small size, more hydrophilic, it could be more sensitive and the 
acidified area increase in consequence. 
 
Sarah Gainsford (from the chat): In high humidity, uncontrolled storage environment, would chemical 
extraction be a waste of time and money in combination with PEG treatment? 
Gilles Chaumat: Yes. You have to control the relative humidity to perform this cleaning work. It is very 
important. So, we see the limit of the PEG use. 
So the hydrophilic property of this molecule, so amplifies this problem of acidity. So, we have to be careful 
in the environmental conditions. 
 
Ian Godfrey, formerly the Western Australian Museum: A quick comment. I think one of the critical things is 
the actual molecular weight of the PEG. Because as you know, if you're using the higher molecular weight, 
they're not going to absorb, they'll absorb minimum moisture up to about relative humidity. So, I don't 
want people to just get the idea you can't use PEG. But there is a lot of anecdotes.  
Gilles Chaumat:  yes, you're right. The problem when this degradation begins, it begins slowly, but we 
accumulate all the byproducts and among these byproducts we have the product issues of coming from the 
degradation of PEG and when the PEG is degraded the size decrease. So, at the end even if you made the 
treatment with a good PEG; PEG 2000 and PEG 4000, but due to the degradation induced by the starting of 
the acidification, rapidly, the PEG short more and more locally, locally, very close to the concretions.  And 
so this problem amplifies and we can due to the degradation of PEG add some oxalic acid. It's very critical 
situation because it's very hydrophilic and very acidic too, because the PKA is very low for this acid. 
 
Ian Godfrey, formerly the Western Australian Museum: If I can just make one further comment. They have 
studied the PEG from Vasa for over 60 years and found that there was very little degradation over that 
period. So the rate of degradation is relatively slow and also it does tend to degrade from the edges. So, it's 
going to be interesting I think with longer term studies, especially in light of Scott Grayson's work where 
you're actually getting some dimerisation and trimerisation of PEG, which could go some way towards 
counteracting that to confirm.  
Gilles Chaumat: So, in all this part the PEG remains in a good state (pointing to the slide). I speak only of 
PEG in this part (pointing to another part of the slide, so it's a reduced volume, but in this part with pH 
between 2 and 3, the health of the PEG is debatable. 
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Study of iron deposits on marine archaeological wood from shipwrecks of China 

Hongying Zhang1, Dawa Shen2, Qinglin Ma3*, Zhiguo Zhang4, Zhuo Wang1, Jianfeng Zhu1, Tao Jin5 and Yue Chen4 
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Unearthed Cultural Heritage Conservation, Shaanxi University of Science & Technology, Xi’an, China 
2China Academy of Cultural Heritage, Beijing, China 
3School of Materials Science and Engineering, Beijing University of Chemical Technology, Beijing, China 
4 National Centre for Archaeology, Beijing, China 
5Ningbo Cultural Heritage Management Research Institute, Ningbo, China 

 
Waterlogged wood from three marine archaeological shipwrecks, namely Nanhai I, Cixi Ship, and Xiaobaijiao 
I, were selected as research objects to study the formation and enrichment of iron compounds in the 
bulkhead in proximity to iron artefacts. Scanning electron microscopy/energy dispersive spectroscopy (SEM–
EDS), X-ray diffraction (XRD), and X-ray photoelectron spectroscopy (XPS) analyses revealed the presence of 
iron deposits in the wood of the Nanhai I, Cixi, and Xiaobaijiao I shipwrecks including pyrite and iron 
hydroxide. Iron deposits on waterlogged wood from the three marine archaeological shipwrecks were 
speculated as follows. In a buried environment with a high concentration of iron and sulfides, a reaction 
between the two elements produces iron sulfide compounds. After the waterlogged wood was salvaged, the 
iron sulfide compounds in the wood structures were oxidized under aerobic conditions and then converted 
into various compounds, including FeSO4, Fe2(SO4)3, FeOOH, KFe3(OH)6(SO4)2, and NaFe3(OH)6(SO4)2. In an 
iron-rich buried environment with a low sulfide concentration, other anions in seawater reacted with iron to 
produce iron oxides and iron salts, such as FeCO3, FeOOH, and Fe3O4. This study provides insight into the 
scientific protection and restoration of marine archaeological wood in China. 

 

 Q and A: 
 
Yadeni Vost from Museum Park Archeon:  You mentioned there's a difference between the iron sulphide 
compounds and iron oxide compounds on the ships from China and from the other examined shipwrecks. 
Do you think that's related to different environments that were founded or it also to different wood species 
used on the shipwrecks? A question is what types of wood were used for the different shipwrecks also for 
China? 
Honying Zhang: The difference of iron deposit is related to the position of the formation mechanism. The 
wood species in Chinese ship wrecks is quite different from in Europe. We use soft wood, but I think the 
main reason of the difference of the deposit is that there are a lot of iron, iron goods, you know the iron 
objects on the ship. So, I think the reaction is more complex.   
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IR spectroscopic study of Vasa leather: salt precipitations and degradation 

Åke Henrik-Klemens1, Johanna Sandström2 and Anette Larsson1 

1 Applied Chemistry, Chemistry and Chemical Engineering, Chalmers University of Technology, Kemigården 4, SE-412 96 
Göteborg, Sweden. 
2 Vasamuseet, Statens maritima och transporthistoriska museer. Box 27131, 102 52, Stockholm 

 
Recent analyses of leather recovered from the royal warship Vasa revealed the accumulation of sulfur 
species, a phenomenon previously observed in waterlogged wood, including the Vasa itself. In wood, this 
accumulation is attributed to sulfur-reducing bacteria, which produce hydrogen sulfide (H₂S) that precipitates 
within the wood structure, often in combination with iron ions. It remains unclear whether the same 
mechanism is responsible for the sulfur species found in Vasa leather; however, the finding is concerning, as 
reduced sulfur species can oxidize upon excavation, leading to a highly acidic environment (pH~1). Acidic and 
redox-active conditions can lead to hydrolytic and oxidative cleavage of polypeptides, respectively. The 
previous analyses of Vasa leather identified sulfate salts and low pH values, indicating that sulfuric acid 
formation has occurred and may continue. Despite a previous conservation treatment with polyethylene 
glycol (PEG), the leather has become stiff and brittle, highlighting the severity of the degradation. In this 
study, we aim to elucidate the effects of salt precipitation and acidic environments on the chemical integrity 
of the Vasa leather. Samples exhibiting varying degrees of degradation and pH are analyzed using attenuated 
total reflectance (ATR)-FTIR spectroscopy. Structural changes in collagen, corresponding to acid hydrolysis, 
were found by examining amide bands. The degree of hydrolysis varied in the sample, suggesting that 
degradation is still taking place.   
 

Q and A 

Ian Godfrey, formerly the Western Australian Museum: I was just wondering if you had the software or 
whatever to deconvolve the spectra as well. And if so, did you find any evidence of denaturation as well as 
hydrolysis?                                                                                                                                                                         
Åke Henrik-Klemens:  So, the spectra are very messy and also in this paper that I described they see 
different shift as well. We did try some deconvolution peak fitting, but I didn't really deem them very 
trustworthy because we have a lot of other compounds in the mix as well, but the ratio I thought was 
pretty consistent. Yes, it is liky that there is denaturation, but I could not say based on my results here I'd 
say.                                                                                                                                                                                     
Max Fulmer (from the chat): You concluded that the acidification of the leather led to stiff and brittle 
leather. How did you know that this was the cause and not other factors such as slow dehydration of the 
leather, a lack of dressing, etcetera, etcetera? 
Åke Henrik-Klemens: Of course, I don't know this. Perhaps, yes, it's dehydration, but I mean there are parts. 
I mean, so this is obviously very limited, but for example, as we can see here the part that has a higher pH. 
And the amid to ratio is lower was still flexible. So I mean that's an indication that this is just one object. So 
of course I don't know, but it seems reasonable to assume that these very low pHs would cause massive 
damage, but of course there may perhaps be other problems there as well. But on the other hand, we have 
all of these softening agents, PEG and fats in there. 
Ida Hovmand, Bevaringscenter Fyn in Denmark. Now you have looked at this. Are there any plans at the 
museum to deal with this? 
Åke Henrik-Klemens: I can't really speak for the Vasa Museum. I don't know if there's somebody who can, 
not that I'm aware of, but I don't know anything about the ongoings in the Vasa Museum. 
Johanna Sandström (from the chat): Johanna, one of the co-authors who work at the Vasa, writes that the 
brittleness and stiffness of the leather objects coincides with the iron sulphur  
effluorescence and low pH. Objects that don't have them and have higher pH are generally softer and more 
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flexible, so there is a correlation. She also says: ‘the next stage for me is to conduct a more thorough 
inventory of the leather collection and then possibly pick out a good candidate to try out some kind of 
reconservation treatment. Not sure what yet’. 
 

 

 

 

Fig. 11.  Åke Henrik-Klemens presenting (photo Ida Hovmand) 

 

 

 

 

 

 

 

 

 

 

 



 

71 
ICOM-CC WOAM WORKING GROUP ISSN: 2708-6704 NEWSLETTER NO 65 

 

Stabilization treatments of iron/organic composites: trade-off between dechlorination efficiency and 
impact on organic matter 

Charlène Pelé-Meziani, Souhela Krabis, Julie Gallais, Sylvie Labroche, Elodie Guilminot, Gwenaël Lemoine and 
Aymeric Raimon 

Arc’Antique conservation and restoration laboratory, Nantes, France 

The conservation of composite materials is complex since appropriate treatment for one material may not 
be suitable for others. Iron/organic composites are of particular concern since without stabilization 
treatment by dechlorination, the iron would corrode away completely. Ferrous objects are frequently 
dechlorinated by immersion in a sodium hydroxide/sodium sulfite solution; however, its pH is incompatible 
with many organic materials. In 2021, we tested six chemical solutions: NaOH/ Na2SO3, Na2SO3, 
HNaCO3/Na2CO3, NH2OH, KNO3 and NH4OH. They were tested on bone, wood, horn, ivory, and leather over a 
9-month period. The results revealed incompatibilities between the solutions and organic materials. 
Arc'Antique Laboratory then experimented combining organic materials with chlorinated ferrous elements 
to determine the potential influence of ferrous compounds on organic materials and evaluate the 
dechlorination efficiency of the chemical solutions on the same archaeological ferrous corpus. Fourier 
Transform Infrared-Red (FTIR) analyses gave us a better understanding of the chemical degradation of these 
materials and the impact of treatments. These analyses will be coupled with a visual evaluation of the organic 
materials, and two conservators will assess the state of conservation. Additionally, a study of the mechanical 
impact of these solutions on the organic samples has been launched in order to assess and characterize their 
mechanical properties. 
 

 Q and A: 
 
Ingrid Stelzner from Leiza: I was wondering, could you clarify why did you use hydroxylamine for the 
desalination? Why did you choose this method?  
Charlene Pelé-Meziani: We choose this method only because there is a great Greek team who use 
hydroxylamine to dechlorinate iron objects. The test and the result were not good. We just tested it to 
compare with our classical methods. 
Ingrid Stelzner from Leiza: I know that it (hydroxylamine) oxidizes iron and so it's clogging the pores and so 
it's not an effective desalination agent in my opinion. 
Charlene Pelé-Meziani: We took all publications and we checked all techniques were all solutions which can 
permit to extract chloride in ion objects mere mentioned. Well we just tested. 
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Session VI: Non-wood and composites 

The effect of freeze/thaw cycles on archaeological bone 

Emmett Schødt Culmsee1, Nanna Bjerregaard Pedersen1 and Henning Matthiesen² 

1Royal Danish Academy, Institute of Conservation, Copenhagen, Denmark 
2Environmental Archaeology and Materials Science, The National Museum of Denmark, Brede, Denmark 
 
Repeated freezing and thawing may cause mechanical damage to wet porous materials. In Arctic regions, 
archaeological materials in the uppermost soil layers are subjected to freezing and thawing as the seasons 
change, and climate change is currently increasing the thickness of these active layers. However, the effects 
on buried archaeological materials is largely unknown. 
The state of preservation of 824 faunal bones from Nunalleq in Southwestern Alaska was examined visually 
and graded on a preservation scale and the preservation was correlated to the find location. To simulate 
freeze/thaw cycles, archaeological reindeer rib bones were placed in closed containers with soil (n=24) or air 
(n=4) and cycled between -20 °C and +5 °C. After 95 cycles and 200 cycles the bones were evaluated visually 
by monitoring pre-existing and new microscopic and macroscopic cracks before and after the freeze/thaw 
cycles. Oxygen consumption was measured before and after freeze/thaw cycles, to monitor potential 
changes in reactivity caused by microcracks that may increase the porosity of the bone. 
The investigations showed that bone preservation at Nunalleq was very good, with well-preserved bones 
concentrated in areas with deeper cultural layers, and poorly preserved bones concentrated in areas with 
thinner deposits. The visual evaluation of the bone post-freeze/thaw showed that damage to bone buried in 
soil was minimal but slightly higher for bones exposed to air. Additionally, there was no change in oxygen 
consumption before and after the freeze/thaw process, suggesting minimal if any change in porosity and 
microbial activity as a result of these cycles. 
  

Q and A: 

Gyllian Porteous from Canadian Conservation Institute: Thank you very much for your talk. It was very 
interesting. And, also a question that certainly I've had we in working with our some of the organic 
materials that come from excavations we frequently store frozen. 
And of course, we do get those questions, which is when we're taking them in and out of the freezer, are 
we necessarily potentially putting them at more risk? So, it's really great to see that, at least from what you 
guys were looking at, that it doesn't seem to have a huge impact unless I've totally misunderstood, in which 
case, please correct me. 
But my question was, I'm going to be undertaking a research project soon, also looking at the effects of a 
treatment on bone, and one of the things we were planning to do is look at like the microstructure under 
microscopy and changes. And as you were saying, it wasn't all that consistent. Do you have any tips or 
tricks? Do you have a plan for the future? Like any advice for someone who also was going to probably try 
and do that? 
Emmett Culmsee: Well, first of all I can say that yes, this material didn't appear to really be damaged by free 
thawing, but it's important to note that this is rib bones and they are quite porous already and I you know it 
would definitely seem that less porous material would be more prone to cracking based on a few other 
experiments done on this before. So, this is definitely not applicable to all materials or even all bone 
material. But for tips for evaluating the damage, I would actually be interested in that as well. This method 
was supposed to be easy and I suppose it would have been easy if we did see a lot of cracking. It would be 
much more easy to see and measure the cracks, but it didn't really turn out that way. I think what I did 
from the beginning, I took a lot of pictures of the bone surface and I think that ends up confusing it a little 
bit because then you focus a lot on these like smaller areas of the bone and then it can be a bit difficult to 
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like evaluate. Does anything actually change? I think looking at it as like overall type of picture might be 
better, but yeah, I would be curious about. 
 
Angela Middleton, formerly Historic England: Emmett, could you just tell us something? Sorry, it's me about 
the burial depths of these bones at the site.                                                                                                            
Emmett Culmsee: As I said, nothing was measured specifically. It was at the end of the excavation, when we 
went through all the cultural layers, it was, I would say, between a meter and a meter and a half in depth 
and then towards the western side near the ocean, it's a lot more shallow. You can see (points to the slide) 
this is actually already finished and it's maybe only half a meter in depth there.  

Angela Middleton, formerly Historic England: And did you observe any differences in the bone condition 
according to the depths? 

Emmett Culmsee: Yes, These are the density charts (showing slide), in the these squares 40 and 41, those 
are the squares near the profile like towards us in the picture. And they're the deeper squares. 

Angeliki Zisi, from the Museum of Cultural History in Oslo: I was wondering, where did you base your the 
temperature range of thawing and freezing your plus 5 degrees, -20 degrees? 
And the days of your how many hours your cycles last in in in in conjunction with being able to see results. 
I'm wondering if you are within a a a range where you won't see anything anyway. 
Is the first part of the question and the 2nd is if you because you use the real archaeological material that 
has already been a bit exhausted, let's say from maybe these kind of cycles, do you think that it is maybe 
exhausted makes it to not respond to? 
Any further like or they're so minor that you don't see them. So that was it. Thank you. Yes. Emmett 
Emmett Culmsee: So for the first question, the temperatures, how we decided those they were based on. 
Climate data from sites in Greenland and but mainly actually the the five degree thawing temperature was 
based on just not wanting mould on the samples, so we didn't want to go any higher. 
But the they were frozen. I did some preliminary experiments just to make sure that the samples would be 
fully frozen and fully thawed in each phase. So and also to be able to do as many cycles as possible, so the. 
The freezing stage was 4 hours I believe, and the samples would get fully frozen and stay frozen for a while 
during that and then to thaw them it was 8 hours. 
And they would get fully thought. And the second question about the like, were they too degraded the 
bones basically? Yeah, I definitely think that's possible, I think. 
I think one of the considerations after the experiment was that the porosity of the bone is a much larger 
contributor to this sort of experiment than we maybe initially thought. So yeah, and when it's more 
degraded, the porosity is higher and I do believe. 
That higher porosity will mean that the like freeze damage is less likely to happen. So yeah, I think that's 
that's part of it for sure. That's good news.  
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Controlled air-drying of archaeological antler: a comparison between untreated, polyethylene glycol 400 
and glycerol-treated antler finds from Swiss lakeside settlements 
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During the drying of archaeological antler finds from wet environments, cracks, deformations and flaking can 
occur. In the present work the following question is addressed: can the hygroscopic, low-molecular 
impregnating agents polyethylene glycol (PEG) and glycerol compensate the fluctuations in relative humidity 
within the artefacts and therefore reduce damage in archaeological antler during controlled air-drying and 
storage? 
The test material consisted of approximately 380 wet archaeological antler artefacts from three Swiss 
Neolithic lakeside dwellings. The state of preservation was analysed histologically, using Attenuated Total 
Reflectance Fourier-Transform Infrared (ATR-FTIR) spectroscopy and porosity measurements. Four out of five 
test groups were each treated for two weeks with PEG 400 or glycerol, 5 or 10% (v/v) in water. The fifth group 
remained untreated. Subsequently they were dried in a climate chamber over a period of approximately five 
months.  
After drying, the impregnation behaviour of the two products was examined using ATR-FTIR spectroscopy 
and staining reactions. The formation of new damage was statistically and macroscopically evaluated. 
Additionally, another 279 already conserved antler objects were assessed for damage after air-drying and 
several years of storage. 
The evaluation showed that both glycerol and PEG 400 had penetrated the objects very insufficiently. No 
difference for successful damage prevention between the differently impregnated and air-dried only 
fragments was noticed. Overall, the use of PEG 400 or glycerol does not contribute to damage reduction in 
the controlled air-drying of archaeological antler.  
 

Q and A:       

Ian Godfrey formerly WA Museum: Thanks for the talk. Enjoyed it. I may have missed it, but I was just 

wondering in case you did say it, how long you dried the objects for and how you dried them?              

Nikola Wills: I dried them in a climate chamber and I dried them with a velocity of 0.35, respectively 0.4% 

relative humidity per 24 hours, and I dried them until 70% relative humidity and 10 degrees Celsius and 

then when we had 70% relative humidity we slowly came to room temperature to inhibit microbial action 

and it was quite successful. There were I think two or three objects which had little bit of mould growth if I 

could afterwards just clean but otherwise we detected no problems. 

 

Angeliki Zisi from Museum of Culture History Oslo: I don't know much about what we look for in 

waterlogged bone or the conservation. I was wondering how much information does the water in the bone 

give you as to understand the preservation state of the bone? What kind of benchmarks do you use to 

basically understand the state of preservation of the bone and therefore a treatment method that we use 

for wood is the first part of the question. The 2nd is given that bone as you said is 25% organic, 75% 

inorganic. Does it still fall under treatments for waterlogged wood which is more or less fully organic.  I'm 

wondering if the approach towards a more mineralized type of material is going by that of organic 

conservation. Your thoughts? Yeah, if I made sense.  

Nikola Wills: So why we chose these two agents? The point was, - I know this is also used in the leather 
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conservation. We hope that we could stabilize also remaining collagen again, one of the biggest points was 

the problem of the shrinkage and therefore we have the drying damage. With both again I think especially 

the stiff mineral component as I said 75% and the hope for us to buffer with these hygroscopic agents, the 

relative humidity if the middle is more wet and the outer most part we have a beginning drying. We hope 

that the impregnation agents and outer most part could possibly reabsorb the diffusing moisture and the 

inside of the objects that we had generally more steading and slower drying. We didn't stabilize, especially 

the mineral component. The main problem is we just don't get something inside the object. So even if you 

think about impregnation especially for the mineral component, the property is just we don't have 

something that is small enough and able to consolidate the material. I think this it really is the main 

problem which showed in this presentation and therefore we just said OK, we are not able to bring a real 

consolidation agent inside the objects, but possibly we can make this a little bit more gentle, the drying 

process and therefore just lessen the damage. 

 

Lucy Altenberg from the City of Paris: Thank you so much for your talk. I was wondering, we've had some 

cases where with ivory, for instance, we would dewater. So we would place some water with ethanol and 

then gradually bump up the level of ethanol. Do you think it would work with antlers since it's a relatively 

similar composition?  

Nikola Wills: It is done. Here we concentrated on a method for the air drying because if you use ethanol or 

you can leach antler a part of the antler. The antler can bleach because you leach something out of it and it 

is considered with health problem, environment problems, everything else you have to look - which 

equipment do you use? You have to look what do you do afterwards with the ethanol and therefore we 

wanted to investigate if there isn't a better method for the controlled air drying. But as you say, the drying 

with ethanol, stands another thinking method. I think there are more methods which are stand beside. 

 

Elisa Ahverdov from the National Museum of Finland: I was just curious to know whether you saw any 

differences, as you said, some of the antler pieces didn't have that much collagen left and some did. So, did 

you see any differences in that sense?  

Nikola Wills: I think this was an interesting thing. Because of the FTIR analysis where we looked not only 

after the collagen content but also at the crystallinity of mineral phase, the condition of the collagen 

comparing the amide I and amide 2 phases we would say that the objects from Mythenquai were the most 

and were the best preserved objects and especially these showed this damage and I think this is an 

interesting case where you see. We had only disconnection with the logical examinations, but from the FTIR 

analysis we would have say they showed the less damage and they showed the most damage in fact. So, I 

think this is a very interesting thing and we can't say why, especially these objects are that bad. We think 

something during burial, but we can't say why. But we saw a good like it's mentioned in the literature. In 

the case of if we had the best color game preservation, we also had in the other FTIR explanation. 

The best conservation of the mineral components, the best condition of the collagen itself. So yeah, but 

why? That’s remain the question. 

 

Anthony Crawshaw from York Archaeology, UK: What are you right in saying it was Neolithic? Were your 

your birds on the antlers? What's the age of the antler?  

Nikola Wills: The age was 3300 to 2000 to 2000 BC and we had objects from the Corded Ware culture as 

well as the Hogna time. 
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The role of enzymes and metal ions in microbiome-mediated degradation of proteinous archaeological 
materials 

Jannie Amsgaard Ebsen1, 2 

1Institute of Conservation, Royal Danish Academy – Architecture, Design, Conservation, Copenhagen K., Denmark  
2Research Center CENTRUM/Department of Preservation, Museum Odense, Odense, Denmark 

 
Since antiquity, proteinous materiale, such as horn and leather, has been a fundamental part of our material 
culture. Hence, theese organic materials are a valuable knowledge source of cultural heritage, the materials 
are strongly underrepresented in the archaeological finds material, as they deteriorate far more rapidly in 
archaeologcial sediments compaired to inorganic materials. Concurrently, most archaeological metal objects 
corrode during their deposition in the ground and the consequentially formed inorganic metal compounds 
(metal ions) seem to affect and increase the preservation potential of the present organic materials.  
The aim of this Ph.D.-project is to investigate the impact of microbiological enzymatic activity and 
archaeological metal ions, in terms of degradation/preservation of the proteinous materials, horn and 
leather, deposited in soil microbiomes. This is undertaken by creating research-based knowledge on (1) the 
chemical composition of archaeological copper alloy objects and preserved associated horn and leather 
remains, (2) the biogeochemistry of soil microbiomes, and the micromorphology and microbiology of horn 
and leather after deposition in soil with/without metal compounds (3) the enzymatic activity of proteases and 
the effect of metal ions.  
The Ph.D.-project will be carried out from 1st May 2025-30th April 2028 in collaboration with specialists in 
conservation and archaeology from the Royal Danish Academy, Museum Odense, University of Copenhagen 
and University of Reading, and in microbiology and enzyme technology from University of Southern Denmark 
and Technical University of Denmark. 

 
No Questions 
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Characterising the degradation of leather through the decades: evidence from 50 years of excavations at 
Vindolanda Roman fort 

Gillian Taylor1, Barbara Birley2, Andrew Birley2 and Elizabeth M. Greene3 

1School of Health and Life Science Teesside University, Middlesbrough, UK  
2Vindolanda Trust, Chesterholm Museum, Bardon Mill, Hexham, Northumberland, UK 
3University of Western Ontario, Department of Classical Studies, London, Ontario, Canada 

 
Vindolanda Roman fort is an archaeological site preserved with both anaerobic and waterlogged deposits 
which is undergoing rapid changes due to extremes in climate change.  Excavations began in the 1970s, 
uncovering some of the greatest finds from the Roman Empire, including organic artefacts of leather, wood 
and textile. The Vindolanda Museum holds nearly 7500 leather objects, including shoes, equipment, horse 
tack and manufacturing waste. Leather is an organic material that is vulnerable to rapid environmental 
change which impacts on its in-situ preservation. In this paper, we present data obtained from archaeological 
leather recovered during excavations from 1970 to 2023. The leather was subjected to a multi-analytical 
approach including Scanning Electron Microscopy (SEM), portable X-Ray Fluorescence (pXRF) and Fourier 
Transform Infra-Red (FTIR). Visualisation (100 µm - 20 µm) using SEM indicated changes of ordered collagen 
fibrils in the leather discovered in the 1970s and 1980s to more fragmented, less ordered collagen fibrils from 
leather recovered in more recent years. These structural changes clearly indicate increasingly poor 
preservation for in-situ leather artefacts recovered from the site. Finally, the evidence presented challenges 
the idea that buried archaeological remains are ‘safe’ and that we should reserve sites for a future that may 
bring better scientific opportunities. If archaeological deposits are proven to have an increasingly limited 
lifespan, the strategies for their recovery, recording and analysis need to consider moving from ‘preservation 
in-situ’ to ‘rescue before loss’. 
 

Q and A: 

Vicki Richards, Western Australian Museum: With the cultural layers that are closer to the surface, 

obviously there's more oxygen diffusion into those layers and therefore you're getting more oxidative 

degradation of your leather. What are the moisture contents? Changes with your cultural layers is because 

that'll make a huge impact, probably even bigger than the amount of oxygen. 

Presenters: Yeah, that's probably what we've got. We've got 9 moisture sensors at different depths right 

the way through the site as well. So, we're looking and monitoring that on a constant basis. So, one of the 

major problems is that that moisture is changing so dramatically. So right, you go from anaerobic to aerobic 

because of these massive and much more intense periods of rain and drought that used to be much more 

regular. 

 

Susanna Bretzel From Munster: I was just wondering, so you had all the treatments, the different 

treatments from the leather objects. Which did you like best? Like from now? What can you say? What is 

like looking or like feeling or what would you say?  

Presenters: Yeah, well, the PEG leather from the 70s is terrible. 

We have a couple pieces that we call the hockey puck and but of course we don't know. We don't have the 

exact records because it was an offsite lab and that was 50 years ago, 50 plus years ago. But that stuff is in 

terrible shape. That's the only way I can put it. It's hard. It's not reversible. It's stinky. It's sticky. It's terrible. 

And that is one of the primary reasons also to be able to deal with such a massive amount that was coming 

out. So, they worked with Jim Jackson back in the 70s and into the 80s, and he developed. He's a chemist, 
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right? And he developed a way for Vindolanda to move a lot of leather through the lab and they got an on-

site lab. So everything from the 80s, 90s in every sense, it looks great. I think one thing just to add to that is 

we have checked and we added species analysis on some of the PEG samples, does it impact? We've got 

mixed results so far, so it's sort of telling us if samples are treated with ‘…(unclear)…’can we get out other 

information at a later date? Another impact actually is I have a PhD student who's been doing a lot of 3D 

scanning, 3D imaging on shoes and she can't really work with the PEG ones because there's too much 

reflection coming back at her on 3D structured light scanning at least. I'm not sure. We haven't put a PEG 

shoe into a micro CT yet, so we'll see. 
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Challenges in conserving archaeological chrome-tanned waterlogged leathers with a cellulose nitrate 
finish: a case study of two leather coats from the Nazi Era  

Mayumi Matsukawa1, Tracy Niepold2, Andrea Funck1, Anna Micheluz3 and Stephanie Dietz1 

1Stuttgart State Academy of Art and Design, Stuttgart, Germany 
2Bavarian State Office for Heritage Management, Bamberg, Germany 
3Deutsches Museum, Munich, Germany 

 
Two Nazi-era leather coats were found at Berghof, a former country estate and place of residence of Adolf 
Hitler in Obersalzberg, Germany. The coats had a surface coating. Their conservation at the conservation 
department of the Bavarian State Office for Heritage Management (BLfD) revealed that the finish reacted 
poorly to polyethylene glycol (PEG). When treated with 20 % PEG 600 in water, the finish softened and could 
easily be removed with a cotton swab. The leather itself appeared oversaturated. This master’s thesis, 
conducted at the object conservation program at the Stuttgart State Academy of Art and Design (ABK), aimed 
at both analysing the condition and production techniques of the coats and the interactions of the coating 
with PEG. The study involved PEG immersion tests, various analytical methods such as X-ray fluorescence 
spectroscopy (XRF), Fourier-transform infrared spectroscopy (FTIR), Scanning electron microscopy with 
energy dispersive X-ray analysis (SEM-EDX), Gas chromatography coupled with mass spectrometry (GC-MS) 
analysis and Raman spectroscopy as well as cross-section analysis and documentation of the condition of the 
coats. The results indicated that PEG might have acted as a plasticizer, softening the cellulose nitrate-based 
finish. The strong bonding of chrome-tanning agents with collagen, along with chromium's toxicity to 
enzymes, likely slowed the leaching and hydrolytic degradation of the leather, contributing to the good 
preservation of both coats. Additionally, the inability of PEG to bind effectively to the chrome leather may 
have been due to a lack of available polar groups, resulting in unbound PEG migrating to the surface.  
 
 
Q and A: 

Rachel Altpeter from the Museum of Cultural History in Oslo: Thank you so much for your talk. I was 

wondering, you mentioned that the actual coats, not your samples, but the rest of the material was actually 

dried without impregnation. How did that turn out? Were you happy with the results? Because if it might 

not be necessary to put anything in, so. So how did that treatment turn out?  

Mayumi Matsukawa: Well, I would say it did turn out well, but there was quite some shrinkage actually, 

surprisingly, which is also actually a question for future research whether the chrome leather tends to swell 

more than other leathers because there was shrinkage of around 20% and 15% in these coats, which is 

quite high. So yeah, there was huge shrinkage, comparatively big shrinkage and also, they are a little brittle 

now, but so I would say it was not ideal, but in the end the coats are in a very good state. You know, you 

could, you have the colour, you have, you could still reconstruct everything. I mean, compared to what you 

usually encounter, these were in a very good state of reservation. So, I think it would maybe, well, we can 

argue about that, but maybe it is a compromise worth making instead of, you know, just consolidating it 

with something. But yeah, the swelling question, whether maybe the shrinkage is so high because chrome 

leather tends to swell more than other leathers. That is also a question worth investigation, I think, but 

yeah. 

 

Amadine Colson, German Maritime Museum: Thank you very much for the presentation. Do you know if 

there are any initiatives in Germany in working group kind of thing where people come together? I mean, 

it's definitely getting an issue in commercial archaeology at the moment, a lot of sites from Second World 

War are popping up all over, and this is definitely going to be a big topic for Germany and beyond. So, do 
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you know if there is any sort of collaboration between all the Landesämter, the local authorities and 

conservation schools or labs to discuss this? 

Mayumi Matsukawa: Well, not really a big collaboration. It does really depend on what the main focus of 

the institution is and these kind of objects are not the real focus of many institutions. Maybe just for 

personal reasons sometimes, but just institutional, you know, it's just not the kind of focus for some. But 

there are some, for example, the people in Munich are very active in that part. They have a huge 

collaboration going on with Stuttgart. Andrea Funck (one of the co-authors) is quite interested in that topic 

as well. And then with I think the Austrian Frostenburg memorial concentration camp memorial, I think 

these three are the ones that are planning to do something similar to a small conference. 

I can definitely ask them if there's anything more going. But that was the last I heard is that they are 

planning something. To get together everyone who has an interest in this kind of thing. But again, it's not 

everyone's cup of tea really. It's because of course as well the materials are quite tough to work with. Like 

it's not just ethical considerations, but the materials you need like plastics and modern materials to deal 

with materials like that. 

 

 

 

Fig. 12.  Mayumi Matsukawa (photo Ida Hovmand) 
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Observations on the conservation of chrome tanned leather recovered from a World War II Barracuda 
aircraft 

Angela Middleton1 and Diana Davis2 

1Fort Cumberland Laboratories, Historic England, Portsmouth, UK 
2National Museum of the Royal Navy, HM Naval Base PP66, Portsmouth, UK  

 
Leather artefacts, especially clothing items or anything connected to a person, evoke emotional responses. 
Artefacts with such personal connections were recovered from a WWII Barracuda aircraft that crashed in the 
Solent, Hampshire, UK. The newspapers reported on two Barracuda aircraft lost within that area in a short 
space of time, but which aircraft did the wreck represent? Paint remains on the leather were used to 
positively identify the aircraft wreck as the Fairey-built Barracuda LS473. There are no surviving Barracuda 
aircraft in existence, hence these remains are highly significant. With knowing the make of the aircraft, 
archival research confirmed that aircraft LS473 of 817 Squadron was flown by Sub Lieutenant (Air) Sandes 
Royal Navy Volunteer Reserve (RNVR) and crashed shortly after take-off on 6th January 1944. There were no 
other aircrew present when this aircraft went down and Sub Lieutenant (Air) Sandes swam to shore, so there 
were no casualties. 
The leather artefacts recovered from Barracuda LS473 constitute aircraft components such as seat and 
equipment covers, as well as personal items such as shoe remains. This paper reports on the conservation 
treatment and analysis of the tanning method, which revealed that this assemblage consists of vegetable- 
and chrome tanned leather. A critical examination of the conservation method applied here, concludes that 
the treatment worked well, but the impregnation solution became discoloured. This is possibly due to the 
method used to tan or care for the leather. Leather finds dated to after 1850 should be carefully examined 
as they may be chrome tanned. These objects should be impregnated separately from vegetable tanned 
leather. 

 
 

Q and A: 

Anthony Crawshaw from York Archaeology: Thank you for a good talk. Are there any implications for the 

long-term storage of a Chrome leather as opposed to a vegetable tanning? The reason for asking this is that 

chromium is like iron, a transition metal and may cause possible further deterioration.  

Angela Middleton: It's a very good point. I can't answer this question at the moment. I would look into, you 

know, more historic or social history collections and see how those leathers actually have or behaved over 

storage in in collections now. But I'm wondering whether the burial does something extra to the 

preservation of those leathers. 
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Mapping Roman leather shoes using a controlled vocabulary 

Anja Cramer1, Lena Klar2, Kristina Fischer1 and Ingrid Stelzner1 

1Leibniz-Zentrum für Archäologie, Mainz, Germany 
2Akademie der Bildenden Künste, Stuttgart, Germany  

 
The storage of research data in accordance with the FAIR principles (i.e., findable, accessible, interoperable, 
and reusable) is a fundamental requirement for effective data exchange. Within the German National 
Research Data Infrastructure (NFDI) the multidisciplinary consortium NFDI4Objects 
(https://www.nfdi4objects.net/) addresses the challenges of the heterogeneous research data landscape in 
the context of the material heritage of approximately three million years of human and environmental 
history. A significant aspect of ensuring the interoperability and reusability of research data is the utilisation 
of a controlled vocabulary. The documentation of archaeological excavations in the Geographic Information 
System (GIS) is common practice and can also be used for the documentation of block excavations. 
The objective of this project was to develop a semantically modelled thesaurus and its integration into a 
Geographic information system (GIS) application for the description of mapping template for archaeological 
leather. To implement the vocabulary, a Roman leather sandal discovered in Mainz in the nineteenth century 
was 3D digitised using Structure from Motion (SFM). Orthometric 2D views are derived from the 3D data. 
Manufacturing technology and condition were referenced with the controlled vocabularies on the projected 
2D views using the open-source software QGIS.  
While the developed thesaurus involves a high workload, it is both reusable and sustainable, facilitating 
comparability with other objects. The thesaurus remains a work in progress, allowing for ongoing extensions 
and refinements as it is applied to additional objects. 
 

Q and A: 

Elizabeth Green, University of Western Ontario: I just have a quick question. How much are you using 
information from other countries that already exists for this sort of thing? In England there are a whole 
bunch of data sheets through the Roman finds group and other groups and they kind, of nothing with 
conservation so that's a great addition, but there are terms that are being used by everyone, let's say in 
England. And so, I was just wondering how possible is it for you to bring together how people are 
categorizing things in different places already and sort of bringing that all into one place for say, shoes or 
something or any category really? 
 

Ingrid Stelzner: So, we try to collect everything what exists. There's a very big research programme in 
Germany. According to the research data management, I think in UK you are a little bit further than we are, 
but we try to integrate also the conservation topics into this, because it's good to have everything in one in 
one data set. And the collaboration of this is it because this is a very huge project and it was developed 
from the from bottom up. So firstly, to define the needs and it's taking I think two years now. 
It's a very cooperative project, but there's not so much money for positions and that's all voluntary work. 
My colleague Christina, which is also coauthor, she's in this project and so we try to combine these things, 
the QGIS which is the knowledge which exists at Leiza and the knowledge that it's is created during the 
NFDI project and the conservation, the specific conservation topic, that is my area. 

Elizabeth Green, University of Western Ontario: Very commendable. It is as you say a huge project and 
that's amazing that you're doing this. But also adding the conservation, none of the sheets I know, I don't 
think they sort of deal with other than a basic condition assessment. Thank you very much. 
Angela Middleton, National Museum of the Royal Navy, UK: How many artifacts are you aiming to record in 
this way? And can you give us an average of how long it takes for one artifact? 
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Ingrid Stelzner: So, we do not have a standard at the moment. It was a student work. So, I can't tell you 
that. But for the digitalisation I think it takes I would say two hours. And then we had also all of this 
development work because all this literature research that was done by the student. So, I can't exactly say 
what working load this is, but I think if you get a routine in this, it will become faster and faster. She made 
another project work also with us and there she digitalized and documented and restored everything. 
That was done in three months and there were about 20 objects. But the project from my colleague from 
Christian Mix, there are hundreds of leather finds and we have to see what is worth to be documented 
like that, because maybe not every fragment has that much information.  

James Harvey, Royal Danish Academy: I was wondering if you'd thought about the applicability of maybe 
doing some machine learning. Once you've got a large enough data set, do you think it would be remotely 
possible that you could take that?Ingrid Stelzner: That would then be the next step if we have everything 
categorized. It would be very interesting, especially the condition to include it and to learn something 
about the use of these things. Yeah, that would be nice.  
 
Elizabeth Greene, University of Western Ontario: That's really interesting, because when you think about it, 
a lot of people already have these big databases. I wonder how we deal with existing databases that kind of 
already have all their terms set out, and then because I've been thinking, and this is another big idea, but I 
want to have really just a Roman Empire wide database of Roman shoes. And I've been talking with some of 
the folks in the Netherlands about this. And so, we've been trying to make our language similar and how we 
categorize different parts of the shoe, again, not with conservation. So that would be, I think, one of the 
challenges. Have you guys thought about that? What already exists out there and how to deal with the 
existing databases and having to then ask people to change those? Or do we try to integrate all that 
together? I mean. Such a big challenge, isn't it? 

Ingrid Stelzner: Yes, it is. But this is part of the NFDI project and I think because there are several topics, my 
colleague Christina, she's in this task area for protecting and there are other task areas and there are also 
specific task areas about archaeological descriptions and so on. It must fit together somehow.  

Elisabeth Greene, University of Western Ontario: Are you planning a consultation process like where instead 
of just looking for the resources and having a student gather things, but where you might bring everyone 
together? I know, I know this is another big step. 
That, but everyone who's, let's say, working on this sort of thing or has, let's say, large assemblages of a 
certain type of object to kind of come together in a Zoom room and talk about how things are already being 
done and how they might integrate something new, how difficult or easy that might be, things like that. 
Maybe some sort of consultation would be handy.  Let me know if I can help. We can keep contact.  
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ArchaeoBark is a three-year research project running from 1 October 2024 to 30 September 2027 to 
investigate the identification, relevance and conservation of prehistoric bark objects. The project will focus 
on linden bark from the 6th millennium BC to the Bronze Age.  This poster will present the project's initial 
findings, particularly the conservation methods used in the past and present for waterlogged linden bark 
objects. These results are based on the analysis of an exceptional collection of early bark vessels from the 
Linear Pottery wells, as well as a series of Late Neolithic and Bronze Age cylindrical vessels found in Saxony 
and in circum-alpine lacustrine settlements. Describing the past and contemporary conservation methods is 
part of a wider aim to understand the morphology, chemical composition, and degradation pathways of bark 
objects, as a basis for assessing conservation methods and developing alternatives. 

 

Q and A: 

From the online chat (no name given): What is the survey you like us to fill out? 

Johanna Klügl: Right, the survey it's on the conservation of archaological bark objects and everybody who 

has worked with bark. We would be very happy if you fill the survey because we would like to try to figure 

out which methods are used and which are 

the problems and if it was possible to identify the wood species or the genus. Yeah, so please participate. 

And if you are interested, we also have an Insta account, so please follow us. 

 

Survey: www.archaeobark.org/survey 

 

  

http://www.archaeobark.org/survey
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Conservation of archaeological cedar bark at the Canadian Conservation Institute  

Kate Sullivan 

Canadian Conservation Institute, Ottawa, Canada 

 
The Canadian Conservation Institute (CCI), a special operating agency of the Department of Canadian 
Heritage based in Ottawa, operates one of the few laboratories in Canada equipped for the conservation of 
wet organic archaeological materials. Among the most frequently encountered material is waterlogged cedar 
bark, primarily in the form of basketry and cordage. These come from the west coast of Canada where, for 
thousands of years, Indigenous People have utilized the area’s large western red cedar forests, for cordage 
and basket making. The basketry fragments and cordage that arrive for conservation treatment at CCI 
represent the history of this cultural tradition, ranging in age from between 150 to 2000 years old. This 
presentation outlines the current conservation methodology employed at CCI for the treatment of these 
materials, detailing the process from the receipt of freshly excavated, waterlogged materials to their final 
stabilized, dry state. Particular attention is given to the practical strategies developed for managing large 
assemblages of basketry fragments. Batch treatments have become the standard procedure due to the large 
size of assemblages that arrive at CCI for conservation treatment. Most of the waterlogged cedar bark 
basketry and cordage pieces are cleaned, placed in bathes of polyethylene glycol (PEG), vacuum freeze dried, 
consolidated and repaired as necessary, and packaged for storage and shipping. Packaging is of a particular 
concern as the basketry and cordage pieces not only need to be accessible for study and reference by 
Indigenous Peoples but also need to be properly supported for long distance shipping.  Decisions on 
conservation treatment are made in collaboration with Indigenous partners and clients, with source 
communities having the final say on the care of their belongings.  
 
Q and A: 
 
Rachel Altpeter from the Cultural Museum of History, Oslo: Thank you so much. I was wondering, you 
mentioned consolidation after drying. Was that mainly the little wraps you talked about or could you 
elaborate on that a bit more?  
Kate Sullivan: So, in the cases where we have been given the OK to use adhesives and consolidants after 
PEG impregnation and after drawing, we are typically using Klucel G in ethanol. Well, it's usually about 2.5% 
solution and we find that works very nicely, it's usually ends up being a couple layers will very nicely keep 
any of the friable pieces from going. But we have been typically doing repairs if there's actual pieces to 
adhere back together. A lot of times we're using Paraloid B72 as we don't want to reintroduce a water-
based adhesive, although Gyllian (Porteous) and I have discussed it and we are very intrigued to try what 
the Swiss National Museum was doing where they're mixing their Klucel G and Paraloid B72. 
 
Elisa Ahverdov, National Museum of Finland: I wanted to ask about the packaging. Is it just for 
transportation? Will it be taken out of that when it arrives or will it stay? 
Kate Sullivan: What we are hoping they do is that they leave the baskets in the packaging. We are trying to 
create long term housing. So that's why we're using the silk crepeline because we're finding that it's fine 
enough that you can pick it up and look at it from the other side. And if you want to see the underside of 
the basketry, it is reasonably visible. But honestly, once these things go home, I have no control over what 
people do. If they want to cut them out of the packages, that is their prerogative. We advise them not to. 
It's like, please leave it in its housing. They take kind of a while to make, so you know. 
 
From the online chat (no name given): How long does the basket spend in the freeze dryer? 
Kate Sullivan: We base all of our drying on weights. The method we follow is that we freeze everything, we 
weigh it, we put it in the vacuum freezer, and then we actually release the vacuum and we weigh 
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everything on a daily basis. And when the weight stabilizes, that's when they come out. The baskets we're 
dealing, I'm going to say we're usually two weeks of drying time is kind of what we can estimate. It depends 
on the size of them. The little ones are done in like 2 days.  
 
Johanna Rivera; Clemson University: So, these baskets get sent back to communities. Are they going to little 
exhibits or museums? How does that work? 
Kate Sullivan: OK, so the baskets all have to go back to repositories and we're now having cases where 
some of the, I'm sorry, indigenous Communities are putting in applications and they're getting their own 
repositories, like they're becoming an official provincial repository, so their own belongings can go back to 
that repository and be housed on their traditional lands. Otherwise, in British Columbia, there's a few 
museums that are considered the official repositories and all the material has to go to one of them. But we 
are starting to see more of the First Nations gain status to have their own repositories, which is we think 
very positive. Like this is the catch with CCI. Your conservation services are free. It's all subsidized. This is 
Canadian tax dollars at work as long as everything's going to be in a publicly accessible collection. So that's 
why we can do work for CRM firmly, we call them CRM firms, it's contract archaeology because otherwise 
you have to pay for that. But as long as it's ending up in a publicly accessible collection, it can, it can come 
to CCI and the client only pays for the shipping. 
 
Johanna Klügl from Bern: Just thank you very much for your talk. You just described that you are weighing 
before and after drying.  Do you have an idea or can you give a number? How much water is in the 
basketry?  
Kate Sullivan: Does it vary much? I honestly don't know. And this is terrible because I've had it pointed out 
to me by someone here that we have all these weights of everything. 
We've actually not looked at our data in terms of how much water is coming out, how much PEG is going in. 
We don't weigh the baskets before treatment. But no, this is data I'm going to go home and analyze and 
see what comes up with. Yeah, that will be very interesting. Thank you. 
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Sailing into history: analysis of ropes from two shipwrecks in southern Italy 

Gabriella Longhitano1, Giovanni Quarta2, Maurizio Masieri2 and Milena Primavera1 

1 University of Salento, Italy 
2 CNR-ISPC LECCE, Italy 

 
This work presents the results of the ongoing Arakne project, carried out at the University of Salento, which 
focuses on the analysis of ropes recovered from two waterlogged archaeological contexts in Southern Italy. 
The first case study concerns a mid-third century BC Punic shipwreck discovered off the eastern coast of Sicily 
in 1971 during underwater excavations led by Honor Frost. The second is a third–fourth century AD shipwreck 
at the underwater site of Torre Santa Sabina (Brindisi, Puglia region), initially identified in the 1970s and later 
excavated by the University of Salento in 2020–2021. 
This poster illustrates the results of the analysis carried out on rope fragments from both sites using an optical 
microscope and a scanning electron microscope (SEM), with the aim of identifying the plant fibres used in 
their manufacture. 
The research also addresses the methodological challenges associated with studying and conserving organic 
materials from waterlogged environments. In some cases, the presence of consolidants has significantly 
interfered with microscopic analysis by creating a reflective layer that obscures anatomical features. Current 
efforts are aimed at developing effective methods for removing these substances to enable more accurate 
fibre identification. 
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14th-century archaeological cordage: conservation and analysis of methods based on Lootsi 8 wreck 
findings 

Maria Pommer 

Estonian Academy of Arts, Tallinn, Estonia 

In the Spring of 2022, a shipwreck was found in Tallinn, Estonia, during the construction of an office building 
at 8 Lootsi Street. A Bachelor thesis was written about the ropes that were found on the wreck. The primary 
goal of that work was to preserve the plant fibre cordage from the wreck and to analyze chosen conservation 
methods in the Estonian context. In the theoretical part, different studies and papers focused on preserving 
similar material were examined. The practical conservation consisted of cleaning, immersing and drying. 
Three immersion solutions and three drying methods were used: 5% PEG 400, 1% cellulose ether (Ethulose) 
and 2% glycerin; 5% PEG 1500 and silicone oil and drying in normal pressure, solvent dehydration and vacuum 
freeze drying. Both PEG solutions yielded satisfactory results: the cordage remained relatively strong and 
retained shape and form. The best results showed the PEG treated ropes that were dehydrated in a vacuum 
freeze dryer or in a regular freezer. The vacuum freeze dryed ropes retained their shape, dimensions and 
color, but dried out too much and were light and delicate. Ropes dried in the freezer kept their shape and 
flexibility. Treatment with silicone oil did not yield desirable results. The ropes remained oily, dark in color 
and fragile, as the oil polymerization did not occur to the expected extent. Based on the outcome, silicone 
oil may have potential, but there is little experience with this material in Estonia. 
 

Q and A: 

Joanna Rivera, Clemson University: if you have to do this again, will you try silicone oil or you just go with 
PEG?  

Maria Pommer: Well, I mean, silicone oil does have probably its potentials, but it's quite expensive and it's 
really toxic and time consuming regarding that you have to put all those special respirators and everything.  
I mean we also thought that perhaps with cordage.as it is waterlogged and quite mushy on its own, perhaps 
silicon oil is not the best solution, but we would rather go with 1500 for this particular case with the PEG. 
Joanna Rivera, Clemson University: We have had horrible experience with silicon oil, so I will not 
recommend it. You can scratch off of the final whatever answers. But yeah, we have rope treated by the 
people who wrote this method and it was terrible. I just want to say that.  

Maria Pommer: Thank you. But it is nice to know because we were really confused about the method. And 
then we didn't have any idea what went wrong. But then it turned out it was also the oil, but the method as 
well. So yes. 
Angeliki Zisi, Museum of Cultural History, Oslo: Thank you for your patience. I have to comment here 
actually. The thing is it didn't work because actually it never polymerised, it never cross-linked. We have in 
2009 a paper in Studies in Conservation exactly breaking down Wayne Smith's silicone oil treatment. I 
apologize, I've never presented it in WOAM so far, but I promise to do it next time. 
To cut it short, what we found from that research was that silicone oil, the way Wayne Smith recipe doesn't 
work is the wrong sequence of chemicals. Wayne Smith says silicone oil and MTMOs and then apply the 
catalyst, but that never gets you to an end product and that's why your rope is still mushy because actually 
the silicone never fully cross-linked; you didn't have an end product. But to cut it short, the work we've 
done in in Greece puts it in the right order and it is basically that the Silanol (polymer) together with the 
DBTDA (catalyst) is the impregnation material and then you cross-link the solution by exposing it to vapours 
of MTMOS (crosslinker). So, I would encourage you to have a read of the 2009 paper from Studies in 
Conservation to find out what happened.  I promise to present it another time. Thank you. 
Ian Godfrey, formerly Western Australia Museum: Just curious about the tar. Did you do any analysis on the 
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tar that you removed?                                                                                                                                                
Maria Pommer: Yes, because there was a lot of it. Everything was covered in tar. Once I was working with 
it, we did send it out to the laboratory and it turned out to be just plain pine tar.                                                                                                 
Kate Sullivan, CCI: This is great. For your PEG solutions, you said you did six weeks of impregnation time. 
How did you settle on that time frame?                                                                                                                 
Maria Pommer: We used the reference that was done by in conservation of the cordage from Cog Peter. So 
they used a method with the 5% PEG 2% cellulose and then the 1% of glycerin. And then in that sequence it 
was kind of six weeks, but it also differs with the size and the condition of the material that you're working 
with, but we kind of knew the errors that occurred there. We kind of took it from there and then added 
those other methods as well with the just plain PEG. 
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The difficulties of stabilizing waterlogged archaeological rubber 

Sophie Fierro-Mircovich (presented by Stephane David) 

ARC-Nucléart, Grenoble, France  

 
Over the past 40 years, modern conflict archaeology has developed and gradually expanded to all areas of 
contemporary life (objects, landscapes, buildings, material heritage, ‘garbology’, etc.). Such growth has led 
to the excavation of contemporary materials from industrialization. In such a burial context, the degradation 
processes of synthetic products coming from the organic chemistry remain unknown. This lack of knowledge 
about such alteration patterns limits the range of sound conservation strategies. 
During excavations in Stenay, France, of a World War II camp, an American pair of boots made of waterlogged 
leather associated with metallic rivets and rubber soles was excavated. In 2021 ARC-Nucléart became 
responsible for stabilizing the material within a short time to allow its display in an exhibition. 
Facing the lack of bibliographical sources dedicated to the conservation of such industrial materials, the team 
developed a treatment strategy. Approaches to stabilization of regular waterlogged leather and 
archaeological rubber preservation were combined in this project. 
Both conservation publications and industrial documentation helped to define the suitability of the regular 
waterlogged leather stabilization process with rubber archaeological preservation. Due to its compatibility 
with elastomers and its use in the rubber industry, the boots could be impregnated in a solution of 
polyethylene glycol (PEG 400) in water. Thanks to the cryoprotective nature of PEG and the very low glass 
transition temperatures of most rubbers, the shoes could be freeze-dried.  
 

Q and A: 

Johanna Rivera, Clemson University: Just a practical question. Why did she only have six months to treat the 
shoes?                                                                                                                                                                                    
Stephane David: Because the object was scheduled for an exhibition and the yeah, that's a little bit 
frustrating, but that was a well, that's eventually the reason why we got to choose also got the shoe 
Vicki Richards, WAM: Thank you for that talk because we're just found a rubber boot and so we're starting 
a research project too. But now that's actually done a lot of my work for me, so I'm extremely happy and 
we'll be contacting Sophie, I think, in the future. 
Ebba Phillips from the City Museum of Gothenburg: I just wonder what kind of corrosion inhibitor you used 
during the PEG bath. 
Stephane David: I don't know.                                                                                                                                   
Scott Grayson, Tylane University: So I was curious, you had PEG 400, but that is polar and your your rubber 
was nonpolar. Why don't you have something that's nonpolar? That make sense? 
Stephane David: I'm not sure I catch your point.                                                                                                    
Scott Grayson: Well, so the PEG, it's polar, your rubber that's 90 or 100% nonpolar. So shouldn't you have 
something nonpolar going into something that's nonpolar? I was just curious about that. We can discuss 
later. 
Ida Hovmand, Bevaringcenter Fyn;DK: I suppose it's also whether you wanted to have a chemical effect or 
you just wanted to really sort of go in and keep the flexibility so it's more of a physical effect that it enters 
the structure. Because normally with leather PEG 400 is thought to chemically bond through hydrogen 
bonds, but it can also act physically as a lubricant to give flexibility to the material. 
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At the 16th ICOM-CC Conference 3 Lifetime Achievement Awards were given. Each recipient had been put 
forward by a nominator with 2 additional letters of support. Extracts from the nomination and letters of 
support have been published below. 
  

Gilles Chaumat  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13.  Gilles Chaumat receiving the Award from Coordinator Ida Hovmand (photo Ingrid Stelzner) 

 

Since 1996 Gilles has been responsible for waterlogged treatments and associated R&D in the ARC-Nucléart 
workshop. Therefore, Gilles have in 2026, about 30 years of experience in studying the conservation methods 
applied for preserving cultural heritage artefacts containing waterlogged organic materials. He has played a 
central and very important role in ARC-Nucléart's activities: he has become the expert not only on 
archaeological wood and leather, but also on other less common organic materials (ropes, basketry, amber, 
bone...), in France and abroad.  
 
At ARC-Nucléart, he has made major contributions to establishing and optimizing treatments for 
archaeological organic materials. In collaboration with other members of the ARC-Nucléart team, he has 
developed the necessary analysis and monitoring protocols for PEG impregnations, and has studied the 
influence of numerous parameters on PEG “aging”, in conjunction with other international work in this field, 

Lifetime Achievement Awards 

 

Lifetime Achievement Awards 
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all with a view to ensuring that consolidation was as effective and controlled as possible: - Influence of 
additives such hydrogen peroxide, citric acid, UV light, etc.  Influence of mineral or organic species released 
by objects that have been buried for centuries, - Selection of analyses required for regular monitoring of 
impregnation baths, and implementation of complementary rapid and practical testing techniques. Gilles is 
also in charge of freeze-drying treatments, and pilots the drying of objects entrusted to us. In this field too, 
numerous studies have been carried out.  
Gilles has been responsible for studying the behaviour of wood containing pyrite, and has played a major role 
in understanding (still under study) the acidification-related behaviour of archaeological wood. More 
specifically, he has contributed to knowledge and protocols for preventive and curative treatments, which 
are now applied to several collections entrusted to ARC-Nucléart:  
He has developed a preventive treatment based on sodium sebacate salts for stabilizing composite woods, 
such as the LSG4 (Lyon Saint Georges 4) boat, which slows or eliminates the diffusion of sulphuric acid should 
it form. 
In collaboration with a restorer, he is continuing to develop a curative treatment to limit the spread and 
continuation of acidification, once it has started on an object that has already stabilized and dried.  
 He participated in and managed many different European RTD projects. 
Gilles is also very involved in training and dissemination: he has always welcomed at least one or two 
trainees a year. He is also very committed to the many visits made to ARC-Nucléart (secondary school pupils, 
students, professionals, participation in the Journées Européennes de l'Archéologie and Journées 
Européennes du Patrimoine, at ARC-Nucléart stands at external events such as the Fête de la Science...). 
 
He comes across as quiet and self-effacing, but his impact on the field has been notable. He is the author of a 
large number of papers (20 in the past 15 years alone!!) on the scientific investigation and conservation of 
waterlogged organics and has made us all consider new and unusual materials for treating these materials. 
Our WOAM network and our successful conferences strongly relies on members who bring their research 
and results to the table – not always necessarily for applause, but also for open discussions, scepticism, 
pondering or questions. But most of all for inspiration. The recipient has willingly shared his results and his 
ideas with the colleagues and has been a constant and dedicated participant in the WOAM conferences. 
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Inger Nyström Godfrey 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. Inger receiving the Award while her former employer Sara Roberts looks on (photo Ingrid Stelzner) 

 

Inger holds a BA in archaeology and as well as a BSc in conservation, both from the University of 
Göteborg. She was employed at Studio Västsvensk Konservering (SVK) in 1990 and has throughout her 
career worked with conservation of archaeological finds. At the end of the 1990’s, focus on the maritime 
underwater heritage was dominant in Sweden, and large archaeological excavations took part in west 
Sweden, run by the Bohuslän museum: In Marstrand Harbour the quays were being reinforced opening 

the history of the 17th century naval activities on the Island. The excavation of the ship Fredricus, and 
many cubic metres of layers containing rare remains like rope and textile, along with of course wood, 
leather and inorganic materials. In Göteborg Harbour, during 2001, the fareways were going to be 
extended to be able to bring larger cargo vessels into the harbour. This opened up for the final 
excavations of the remains of the Eastindian ship Götheborg that sunk in the harbour 1745. Outside the 
harbour the remains of a Danish Man-of War ship, Stora Sophia who sunk 1645, also undertook a final 
excavation before covering the wreck site to pretend the remaining parts i.e. the hull from deterioration 
and eroding from the now larger ships entering the harbour. 

These actions created the needs for much larger conservation facilities and recourses, both by knowledge 
and staff, and was the start of the establishment of the lab and operations to manage and develop marine 
archaeological research in Sweden. Inger was the responsible and driving force behind this development 
and because of that, SVK has become the largest and most significant center of knowledge for 
conservation of waterlogged archaeological materials and served purpose to archaeological projects and 
research in Sweden and abroad. Inger has at SVK managed several hundreds of conservation projects and 
objects involving wet organic materials. 
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Complementary to Inger’s exemplary conservation skills, is her ability to initiate, co-ordinate and complete 
complex research programmes, such as the RAAR project, which included six sub-projects and nine sub-
project co-ordinators. She also has the innate ability to communicate research findings in a coherent, 
scientific but very understandable manner in both Swedish and English.  
From 2002-2013, Inger worked part-time at SVK and also at the Materials Conservation Department at the 
Western Australian Museum on short-term temporary contracts, where she mainly treated maritime 
archaeology objects recovered from our Dutch and colonial shipwreck sites. However, due to her vast 
experience in a wide variety of conservation areas she also worked on the Wilkes site hut remediation project 
in Antarctica and participated in the rescue expedition to Galle Habour in Sri Lanka after the horrific tsunami 
disaster in 2004, to assist the Maritime Archaeology Unit recover maritime archaeological artefacts, re-locate 
their treatment facilities and re-establish their treatment programs.  
In addition, Inger worked part-time at the Department of Conservation at the Göteborg University where she 
was responsible for planning and co-ordinating conservation courses for 3rd and 4th year Conservation 
students including supervising student projects and teaching archaeological conservation.  
 
Inger’s professional career spann over 34 years, include imparting her extensive conservation knowledge to 
students and colleagues, participated in capacity building efforts in developing countries, such as Sri Lanka 
and she has contributed to in-situ preservation of waterlogged archaeological materials research and 
regularly participated in our WOAM conferences sharing her research and knowledge. 

 

Markus Wittköpper 

 

Fig. 15.  Ingrid Stelzner receiving the Award on behalf of Markus (photo James Harvie) 
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Markus Wittköpper has been employed at Leiza for almost 40 years. During which time he has made 
significant contributions to the conservation of wet, organic archaeological materials. Following the 
completion of his training as a conservator of archaeological artefacts at LEIZA in 1989 he undertook object-
based conservation research there, and worked with this predecessor on the following projects: 

• The reconstruction of ceremonial chariots from the Hallstat period , Ohnenheim and Vix, France. 

• Conservation of equipment from the Iceman in South Tyrol, Italy 

• Conservation of Roman shipwrecks from Mainz and shipwrecks from Oberstimm, Bavaria,  

In 1991 he became the head of the Wood Conservation Labs at Leiza where he not only continued to work 
on conservation of waterlogged wood, but he has also been an inspiring mentor to many students since then. 
 
For many years, being a fixed, important, and essentially indispensable part of the "WOAM family" through 
his contributions and personal presence.  
The recipient, who originally trained as a stonemason has been a pioneer in the field of conservation of 
waterlogged wood.  
When the majority of the waterlogged wood conservators tended to use Polyethylene glycol for the 
treatment of waterlogged wood, he focussed on investigating and refining the ‘Kauramin method’, which has 
been his preferred method throughout his career. The Kauramin method was met with scepticism in the 
WAW field. To fill in some of the knowledge gaps and learn more about the Kauramin method, the recipient 
initiated the KUR project, “Mass Finds in Archaeology” (2009- 2011), a huge comparative study of nine 
waterlogged wood conservation methods and materials. The KUR project investigated a large number of 
parameters on different wood species in varying states of degradation and the methodology and the findings 
were stored in an online open access database. The results were also disseminated and discussed in 
conferences and workshops leading to an open minded and healthy dialogue in the WOAM group on the pros 
and cons of different conservation approaches. Through his work in the development and establishment of 
the Kauramin treatment, he significantly expanded the range of methods available, especially for areas 
without the possibility of freeze-drying or for unclimatised exhibition conditions. It is crucial for the 
conservation communities to be able to openly discuss its methods and their applicability. When standing 
with unique archaeological waterlogged wooden finds, we need to know what the options are and the 
expected results and consequences. For the WOAM group, the KUR project, with the recipient in the heart 
of it, represents an important step in this direction. 
The recipient, an incarnate football fan, is by one of his nominees described emboding the ideal central 
midfielder in conservation of waterlogged wood. Thanks to his good overview, endurance, and versatility, he 
is able to act professionally in a wide variety of (games) situations within the field and exemplifies a 
combination of research and practice, rather than defense and offense. 
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