
Conservators are unique when it comes to health and safety concerns, particularly in 
how we adapt new and “innovative” materials into our treatments. This paper 
focuses on the use of cyclododecane to demonstrate how conservators are often 
confronted with materials that have inadequate toxicology and safety data.  
 
Using a literature review, interviews with conservators and health and safety 
professionals, and a survey of the AIC membership, we tried to assess how 
conservators interpret health and safety information.  
 
We will also provide some practical advice for how to take precautions when safety 
information is confusing or misleading. 
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Innovation is often ahead of health and safety--it’s not until people get sick that 
health information and safety regulations catch up.   
 
We now accept asbestos and radium are hazardous, but what about BPA? Having 
been removed from consumer plastics for health concerns, here is a recent 
promotion that no health risks are associated with exposure. Is it true? What about 
other chemicals in our plastics that haven’t been studied? What about all the 
chemicals in conservation that haven’t been studied?  
 
Of the roughly 100,000 commercial chemicals, less than 1000 have enough 
information to classify them as having cancer potential, and only several hundred 
have exposure limits. Phrases like “not a known carcinogen,” or “no known hazards,” 
or effects are “not expected” or “not considered” can be misleading--they suggest 
there is evidence showing something doesn’t cause cancer when it fact it means 
there isn’t any information at all.  
  
So how do we decipher the information that is out there? And why, as conservators, 
should we be particularly concerned?  
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Several circumstances make conservators unique health and safety cases. The first is 
that we know that conservators use weird stuff to do weird things. There is no health 
and safety assessment for working on mummies one day and waxing sculpture the 
next and no two conservators will have the exact same work situation. 
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We often adapt chemicals and techniques from other industries and use them in 
ways that are not intended by manufacturers.  Therefore no health and safety 
information is available for the particular way that conservators use that chemical.  
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Even for chemicals with documented health effects and exposure limits, there are no 
exposure studies that show whether a conservator using toluene on swabs, for 
example, reaches or exceeds those limits. Additionally, a cocktail of chemicals with 
low toxicities may result in a synergistic effect.  
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Many conservators don’t have reliable access to health and safety professionals—
making informed health and safety decisions difficult. While conservators in large 
institutions may have dedicated staff, conservators in smaller institutions or private 
practice, may not have access to these resources. Furthermore, conservators and the 
unusual hazards they face or their very existence may not be known by an 
institution’s health and safety staff. 
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We conducted a survey to get a better idea of how conservators are getting health 
and safety information. Of the 240 responses, here are the results for who is 
responsible for the health and safety tasks in their conservation labs.  
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Another question we asked was whether respondents felt they had adequate health 
and safety training and information--76% thought they did, and this was regardless of 
work environment. 
  
We then tried to determine if this perception was true, by asking people if they were 
getting very fundamental information that every conservator should know – that is, 
information about chemical labeling and safety data sheets.  We asked if respondents 
knew about OSHAs implementation of the Globally Harmonized System of Hazard 
Communication. 96% of the respondents said they use Safety Data Sheets to get their 
H&S information—so conservators are certainly familiar with and use them. 
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A little over 50% of the respondents were aware of these regulations. 
  

9 



Now if we look only at conservators with access to health and safety professionals; 
these individuals should have a better chance of knowing about these required 
regulations--but 37% didn’t know and only 40% had learned about them from their 
employers. 
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The last three points focus on how health and safety information is used and disseminated. 
  
Conservators are well-educated and are used to solving complex problems—so they may think why 
not tackle health and safety issues as well?  
 
From discussions on the list servs, interviews, and our survey we often found people attempted to deal 
with health and safety issues on their own or offer advice--sometimes with incorrect interpretations. 
People often make health and safety conclusions based on personal opinion or experience, even if 
they are aware of evidence that proves otherwise.  
  
This is not a phenomenon specific to conservators. Whether it’s vaccines, or climate change or acetone 
sensitivity—people rely on personal experience (right or wrong) to make health and safety decisions. 
For example, statements like, “I used to play with mercury all the time as a kid” or “I used toluene for 
20 years without a respirator”--and now I’m fine—marginalize the real risks associated with these 
materials. Just because you or anyone you know hasn’t gotten sick, doesn’t mean someone else won’t.   
 
There is often a disregard for chronic exposure when acute symptoms aren’t observed--assuming since 
there isn’t an immediate health affect there won’t be one down the line. 
  
These attitudes create a culture regarding health and safety in any profession. As an example in 
conservation--the discussion of chemical effects generally focuses first on the safety of artifacts and 
secondarily on the safety of the conservators.  Then there is even less on the safety of the public. If 
H&S discussions are occurring, they aren’t making it to publication. 
  
Health and safety practice is learned by example and it’s important to instill in our students and 
employees that health and safety is a priority.  
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As a case study to discuss complicated and frustrating health and safety issues, 
cyclododecane (CDD) is a good representation for the issues found with most 
chemicals we use in conservation.  It was selected for five main reasons:  
 
The first is that it is used across specialties.  There are various ways to apply it and 
each offers unique H&S issues.  
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Second, because it is adopted from industry, it provides a great example of off label 
use.  
  
Unless there is a study conducted on conservators, any Health and safety information 
is based on industrial use or other specific populations, which is likely very different 
than how it is used by conservators. For CDD, industrial use assumes there is very 
little public or worker exposure.   
  
The applications used by conservators and that we let it sublime are not even 
considered in the manufacturer literature. 
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The large number of articles and conference presentations allowed us to examine how conservators use 
CDD and perceive the H&S risks. 
  
Presentations and literature applaud the property of sublimation, but do not discuss where it goes once 
it sublimes. In some cases, large amounts of cyclododecane were being allowed to sublime into closed 
or public spaces. Following up on these cases with interviews, the fate of CDD after sublimation was not 
as much of a concern as exposure during application—with more concern on solvent and flammability 
issues.  
  
Journal articles consistently commented on the welfare of the object but not health and safety for CDD 
exposure, even if these concerns were discussed for other treatment materials with well-accepted 
hazards.  
  
CDD is a cycloalkane—perhaps if we thought of it more as a hydrocarbon we would consider the varying 
and concerning levels of toxicity that conservators already associate with using hydrocarbons. Instead, 
CDD is consistently casually referred to as a waxy material--perhaps there is some assumed safety 
associated with wax.  
  
The smell of CDD was often described as raising concern but not as unpleasant as certain solvents that 
people considered more hazardous. And smell was consistently and incorrectly used as a test of toxicity 
and exposure.   
  
The majority of publications that mentioned health and safety concluded that CDD was not toxic based 
on safety data sheet information or that it had been used in industry with little concern. 
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There are two publications and a recent conference that explicitly address health and 
safety of CDD, and, in contrast to the treatment based articles, these resources did 
raise concern about the safe use of CDD.  
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Kremer, who is the primary conservation supplier, told us that they will no longer 
carry CDD and the price is now significantly inflated because of supply issues. 
  
Generally there is no investigation into health and safety if a product no longer 
produced. 
  
We likely all have come across stocks of discontinued chemicals that we continue to 
use because we still haven’t found appropriate replacements. And then we have had 
to rely on distlist discussions or very old MSDS information.  
  
The desire to find a replacement with similar properties may encourage the use of 
materials that are even more hazardous or are promoted as quote “natural” or 
“safer,” but have equally limited toxicology information. 
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These days CDD may not be considered “innovative,” but conservators continue to 
find innovative ways to use it--there are three papers discussing CDD at this 
conference alone. 
  
And while we might think that CDD, or laser cleaning, or gel systems or even LED 
lighting aren’t necessarily groundbreaking anymore—for health and safety, it’s when 
these innovative systems start being widely used that we need to be worried about 
exposure.  
  
The nanoparticle emissions of 3D printing are now being discussed as serious health 
hazards as individuals, schools and conservation labs start to acquire these 
techniques. 
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I will describe the process I went through as a conservator to research this question, 
and then Julie, an industrial hygienist, will tell you how she might research the same 
issue. 
  
We first wondered how conservators thought of cyclododecane. 
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The majority of respondents indicating it was not safe did not reflect the general 
impression we got from reading case studies, which mostly reported few health 
concerns. 
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Then we asked respondents why they believed it was safe or not safe.  
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The percentages for each answer were roughly the same.  Around 15% thought it was 
safe or not safe based on information found in the SDS. In the conservation literature, 
the SDS was almost exclusively cited as a reason for why it was considered safe.  
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The most interesting was that the majority of people  are making decisions by what 
other conservators are doing, which is why it is so important to consider the impact 
of H&S culture in conservation.  
  
So what does the health and safety information actually say? 
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As we conducted our in depth research we found very limited toxicological 
information specifically related to CDD and none at all for breathing it in. We 
attempted to confirm all the data by finding the original studies, which took a lot of 
digging and some patient librarians. 
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But in resources that would be readily available to conservators, information is 
conflicting--no wonder there was no consensus on how people felt about its safety. 
The Kremer SDS contains none of this toxicology.  In fact, every SDS we found had 
different versions of this information. 
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The AIC wiki proclaims, in this summary from the Volatile Binding Media Conference, 
where a safety professional did the assessment, that “CDD is not poisonous” along 
with other claims that could be interpreted as CDD having low risk, but the toxicology 
says cycloalkanes are central nervous system depressants and aspiration hazards. 
  
Unclear, conflicting, and non-existent information is frustrating for someone trying to 
do their due diligence. 
  
So now I wonder if the  conservation specific articles that do focus on health and 
safety have more helpful information. 
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The first article (that we will refer to as the Vernez article) is remarkable in many 
ways--the conservation field does not have the kind of exposure data that was 
obtained in this study for even our most frequently used chemicals (like acetone). In 
addition to recommending basic preventative measures related to their observations, 
they also describe scenarios of negative health effects associated with CDD use. 
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In the second article, the authors suggest that incorrect safety reports and SDSs from 
when the material first entered the field are responsible for the continuing 
impression that CDD is nontoxic.  
  
Their observation--reported in this chart--that values for flash point, ignition 
temperature, and vapor pressure varied significantly in the literature, raised further 
concerns about how conservators are realistically supposed to assess their risk.  
  
They also found some technical articles that raised concern about the toxicity of CDD, 
but like the Vernez article they were not easily accessible to the average conservator. 
  
This is the point where I turn to someone like Julie to help find some answers. 
  
She does not have a museum or art conservation background, so it was enlightening 
to work with her and see how she interprets what we do–and also why it’s critical not 
only that we discuss our practices with safety professionals, but how we discuss it 
with them. 
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As Kerith mentioned I am an Industrial Hygienist. I have been working in 
environmental health and safety for the past 32 years in a variety of industries and 
settings. Prior to prep for this presentation, I had never heard of cyclododecane.  
 
So I asked the google - starting with manufacturer/supplier information then drilling 
down from there to regulatory entities and  finally peer-reviewed literature. 

28 



In the US, the primary sources of chemical health and safety information intended for 
the end user are product labels and safety data sheets which are required by the 
OSHA hazard communication standard.   
 
Labels and SDSs are created using the GHS hazard classification system referencing 
hazards arising from the intrinsic properties of substances and mixtures whether 
natural or synthetic. That is an important concept to remember – and one directly 
applicable to conservation. The manufacturer may have an intended use for the 
product but has no idea what people will actually decide to do with it. The 
information on the SDS is based on intrinsic properties of the material – not your 
personal use of the material. 
 
Also consider that a manufacturer or supplier generates an SDS based on their 
specific formulations; therefore information may vary between manufacturers for the 
same product. Recall the chart Kerith showed from the Rowe/Roziek study with 
varying information about CDD.    
 
So the first place to look for safety info are labels and SDSs; always consider first the 
SDS from the manufacturer of the product you are using and maybe refer to some 
others for comparison to get a decent picture of the product. 
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Lets take a little closer look at process for developing SDSs and product labels using 
the GHS classification criteria. 
 
While there is a prescribed process for developing SDS and label information the 
process has built in flexibilities. Manufacturers have to identify and review relevant 
information but are not required to perform specific product testing; if they elect to 
test a product they may use any scientifically valid test method of their choosing and 
consider other factors such as previous classifications, expert judgement, etc. When 
you take a closer look at how SDSs are developed, you begin to see opportunity for 
discrepancies. 
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This slide is showing the one paragraph of the 500 and some page GHS document 
that is dedicated to language used on the SDS. If hazard information does not exist or 
is not available it should be stated on the SDS –  
 
This why manufacturers use terms like “none known”, “not available”, “no data 
available.” Safety Data Sheets are strewn with these phrases – this is the case with 
SDSs for cyclododecane. No data available or none known is not the same as saying 
there are no health hazards; it is saying they don’t know, or haven’t found any based 
on sources evaluated. If SDSs like those for CDD have a lot of “unknowns” it is 
probably prudent to dig a little deeper. 
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Where to look: The EPA Chemview database and Centers for Disease Control NIOSH 
international chemical safety cards are both sound resources for chemical health and 
safety information. However, neither had much on cyclododecane. 
 
National Library of Medicine has 2 great technical databases: PubChem and ToxNet. 
Here, there was information on CDD--listing suppliers, manufacturers, safety and 
health hazards, cites multiple toxicology studies, peer reviewed journal articles, 
further information sources, etc.  
 
The Peer reviewed articles identified here are specific to toxicology and health and 
safety – very different than Peer reviewed conservation articles. Even the Vernez 
Article Kerith referenced came from the International Archives for Occupational and 
Environmental Health. 
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By taking a much deeper dive into the literature, we found some interesting 
information - Patty’s Toxicology suggests that cycloalkanes (including CDD) are 
central nervous system depressants which paints a very different picture than the 
information on the SDSs. 
 
Take a look at the information regarding oral administration of high doses to animals 
– we are going to circle back to this in a moment. 
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At some point, you have to make a decision regarding the usefulness of further 
information gathering, in the case of CDD we reviewed more than 100 sources and 
still did not have a definitive answer. While Kerith, Anne & I may have started at 
different points, we ultimately ended up in the same place. 
 
So begin with manufacturers information, if that is lacking move on to reliable EHS 
information databases; if still no definitive information; peer reviewed H&S 
publications. 
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I want to shift gears for a moment and talk about interpreting H&S information as it relates to exposure and 
exposure assessment. Exposure as indicated on the slide, is the opportunity for the body to receive a dose. It may 
be through inhalation, ingestion skin absorption or some combination of these depending on the physical 
composition of a material and how it is being used. Exposure monitoring methods vary depending on route of 
exposure. 
 
Other terminology to consider is that associated with results of exposure studies or toxicological studies and the 
various units and terms that you may see on SDSs or other H&S sources. TLV/PEL are exposure limits.  These are 
based on 8 hour time weighted average exposure.  They may be expressed as parts per million for vapor or 
mg/M3 for droplet or particulate.  In the case of CDD it seems possible to have vapor or mist/droplet exposure, 
but there is no TLV or PEL for CDD. 
 
LC50 are results from inhalation toxicology studies; LD 50 are results from ingestion or skin absorption. With 
regard to CDD we did find reference to toxicology studies listing LD50 associated rats/mice; recall the information 
about oral administration of high doses to animals. 
 
What does all of this mean to you? Cyclododecane is described as a waxy substance; recall that SDSs are based on 
the intrinsic properties of the material. As a waxy substance the probable routes of exposure are ingestion or 
possibly skin absorption. 
 
Conservators however may melt the stuff and apply it with a brush or purchase it in a form that may be spray 
applied or create their own formulation that may be spray applied; all of these methods create a greater potential 
for inhalation exposure. 
 
Then there is the issue of sublimation. CDD sublimation seems to be common knowledge in the conservation 
community but nothing on an SDS or any of the other resources I reviewed indicates this material sublimates; 
again potential inhalation exposure that would not be considered in general assessment. 
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Let’s go back to this health and safety assessment from the Volatile Binding Medium 
Conference where the conclusion was that CDD was not poisonous. Was this 
conclusion wrong? If I were to do what might be considered due diligence research I’d 
probably come up with a conclusion similar to the one posted. Limited available 
literature focuses on health effects of a waxy solid intended for use as a chemical 
intermediate.  
 
But it says nothing about how a conservator would be exposed—therefore, it 
cannot be stated definitively that CDD is non-toxic for conservation use. 
 
While it probably does not make sense for you to spend days doing research on 
chemical toxicity, it also does not always make sense for you to use information 
based on exposure scenarios unrelated to what you do. 
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So, What should you do? How do you protect yourself from chemical exposure in 
situations where there is insufficient information or the material has no hazard 
designation or you use the material in a different way than previously evaluated?  
 
One suggestion is to treat all to treat all chemicals as if they may be hazardous. 
Everyone works with different combinations of materials; different quantities, 
frequencies; everyone has different body chemistry.  
 
The best rule of thumb is to avoid all chemical exposure. This slide is showing two 
concepts, borrowed from radiation and biosafety exposure scenarios. Why not 
extrapolate this thinking to chemical exposure and maintain all exposures as low as 
possible; treat every chemical as being potentially harmful? 
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Although we have focused our comments on CDD, lessons learned may correlate to other chemicals as well. 
 
If the safety information you are finding is inconsistent, err on the side of caution. 
 
If you have the ability to monitor your exposure—do it.  Particularly for materials that have published exposure 
limits for comparison. 
 
The proper respirator for cyclododecane would be an organic vapor cartridge with a particulate filter.  Although 
even then this may not be providing adequate protection.  Selecting the appropriate respirator is based upon 
knowing the concentration of the contaminant you are using.  This is an issue with every chemical that 
conservators use.  The half mask respirators that conservators commonly use are only rated to provide 
protection up to a certain limit. 
 
As noted in the Vernez article, engineering controls really do work. It was clear that using a fume hood 
significantly reduced exposure levels of CDD. 
 
Remember that exposure to cyclododecane isn’t just limited to application.  You should consider proper 
ventilation protocols for the entire time that it will be sublimating.   
 
If CDD is sublimating whether in a laboratory environment or storage space or in public spaces—it’s important to 
notify people that they are being exposed to a potential hazard, even if you personally have decided to accept 
the risk.  
 
MAKE HEALTH & SAFETY A PRIORITY.  Health and safety concerns should be discussed in conservation literature.  
Our survey showed that people are overwhelming interested in knowing about their health risk. 
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