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Figure 1. Thomas Hall on Bryn Mawr Campus, image courtesy of pixabay.com 

 

 

Introduction 

The Carey Thomas Library in the center of Bryn Mawr College’s campus was 

built in 1901 in a Collegiate Gothic Style with a cloister and an expansive courtyard. In 

1970, when the Mariam Coffin Canaday Library opened, the building’s library stacks 

were removed and repurposed to accommodate the Great Hall, classrooms, Special 

Collections, and faculty offices. Special Collections, created in 1985, oversees the storage 

and display of 50,000 archaeological and ethnographic objects ranging from Peruvian 

ceramics to Eskimo garments. Ethnographic Special Collections materials are stored on 
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the second floor, while Archaeological Special Collections storage shares space with 

faculty offices on the third floor.  

The Archaeological Special Collections storage on the third floor is regularly used 

and frequented by students for hands-on learning. Additionally, faculty must pass the 

storage area to access their offices. The storage facility has all exterior walls, making it 

more susceptible to temperature and relative humidity fluctuations. Additionally, there 

are several unfiltered windows, meaning ultraviolet light can penetrate the glass 

triggering chemical breakdown of exposed materials.  

The second floor ethnographic storage, also referred to as CC2, is a windowless 

room suspended halfway between the first and third floors. The room has all interior 

walls and wooden shelving dating to before the removal of the library stacks in 1970. It is 

unknown whether the shelves are sealed or coated. Ethnographic objects housed in the 

second-floor storage include leather garments, furniture, and gifts from the Japanese 

emperor stored in their original wooden crates.  

 The human activity and exterior climatic conditions on the third floor thus pose 

risks to the Archeological Special Collections. These climatic conditions may 

subsequently jeopardize the Ethnographic Special Collections storage on the second floor 

as the two storage areas are connected by open shafts, which allow air circulation through 

the entirety of the Thomas Library. Neither storage area is equipped with a dehumidifier. 

Bryn Mawr has requested that the temperature and relative humidity conditions within 

the two storage areas be assessed and that appropriate measures be outlined to promote 

the longevity of the collection. This report focuses on the issues observed in the second 

floor Ethnographic Special Collection storage area. 
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Overview of Climate-Induced Deterioration 

Uncontrolled relative humidity levels threaten the stability of organic materials 

especially those with a grain. Lignin, which is part of the structure of wood, expands 

when exposed to high relative humidity and contracts when exposed to low relative 

humidity. For this reason, wooden furniture tends to crack under fluctuating climatic 

conditions. It should be noted that the separate pieces of an interlocking wooden joint 

will expand at different rates, potentially warping the object permanently.  

 Wood tends to crack and lacquer is prone to becoming brittle at low EMC%, 

Percent Equilibrium Moisture Content. When relative humidity is too low, water is 

stripped from organic objects at a cellular level, causing them to become dry and brittle. 

Restoring normal relative humidity does not solve the problem of shrinkage and cracking. 

Very careful handling and display of brittle objects is necessary to prevent complete 

decomposition.  

Extremely high relative humidity introduces the threat of metal corrosion, a 

chemical reaction at the surface of a metal object in which more stable metal-oxide is 

formed from elemental metal molecules in contact with moisture. The formation of rust 

on metal nails, screws, hinges, and clasps can permanently alter the appearance of an 

object, make it unusable, or damage neighboring objects. In this way, corrosion 

negatively impacts both the aesthetics and the structural integrity of metal objects. 

 The Image Permanence Institute (IPI) Dew Point Calculator is an online resource 

that predicts damage based on temperature and relative humidity readings. Images from 

this resource are utilized in this report to communicate the complexity of risk associated 

http://www.dpcalc.org/
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with climatic conditions recorded in the Special Collections storage of the Thomas 

Library. 

 

Analysis of Climatic Conditions Data 

To assess the risk to the Ethnographic Special Collections materials in the second 

floor storage facility of the Thomas Library, a Veriteq data logger was installed on 

November 15th, 2013 at 12:05. It took readings every five minutes until January 15th, 

three months later, when it began taking readings every three hours. The logger continued 

to record every three hours until 8pm on October 29, 2014, providing a body of data 

spanning a period eighteen days short of a full year. From this information, a risk 

assessment of the most problematic times of year was created, the most pressing forms of 

deterioration were isolated, and solutions appropriate to the damage being caused by 

unregulated environmental conditions were proposed. 

 

Figure 2. Average Temperature and Relative Humidity 
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Figure 3. Original, Unedited Data1 

 

Analysis of Temperature Readings in CC2 

The temperature in Ethnographic Special Collections storage stays fairly constant, 

never varying more than 5 degrees from the average temperature (70°F) during the data 

collection period (November 15, 2013 to October 29, 2014). In Figure 1, temperature is 

represented by a blue line where one data point indicates the average temperature reading 

for each month. Figure 2 shows all of the data collected by the Veriteq data logger 

unedited, where temperature is again represented by a blue line. There are two regions on 

Figure 2 where temperature deviates sharply from the norm. These regions correspond to 

the date ranges: December 23rd to January 1st and April 11th to the 19th. The first period of 

                                                 
1 Grey dashed lines were superimposed over the unedited data in Figure 2, above, to indicate 

regions where it is assumed the Veriteq data logger began to malfunction. The two dates in which 

the readings rise considerably, January 15th and July 23rd, are nearly equally spaced, indicating 

that the Veriteq data loggers may have run out of power, needing to be replaced. Because the 
climatic data was otherwise very consistent, this report assumes the data on these days does not 

reflect actual fluctuations in the storage environment. 
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unregulated temperature aligns with Bryn Mawr College’s Winter Holiday while the 

second occurs roughly around the institution’s Spring Break2. It can therefore be assumed 

that on extended holidays, when classes are not in session, the temperature regulating 

system in Thomas Library is purposefully lowered. This caused a drop in temperature 

from 70°F to 65°F during the Winter Holiday and a rise in temperature from 70°F to 

75.25°F during the Spring Break. 

 

Analysis of Relative Humidity Readings in CC2 

The average and standard deviation of the relative humidity readings (26.38  10.74) give 

a sense of the wide range of climatic conditions collected, a range that spans both 

extremely high and extremely low relative humidities. While each of these extremes has 

associated risks for the structural integrity of the Special Collections, the trend of 

fluctuations between these extremes is just as worrisome. Therefore, the percent relative 

humidity findings collected by the Veriteq data logger reveal sources of preventable 

deterioration of the Bryn Mawr’s Special Collections. Key examples of sources of 

preventable deterioration and potential solutions to these issues are outlined below.  

 

Daily Fluctuations in Relative Humidity  

The range of relative humidity values measured in January (47.8%) was the largest of any 

month for which data was recorded in Ethnographic Special Collections Storage. 

Furthermore, the transition from the lowest to the highest humidity values is swift rather 

than gradual. This can be seen occurring on January 10th, the percent relative humidity 

                                                 
2 The exact dates of Bryn Mawr’s Spring Break or any other activity causing the Thomas Library 

to close from April 11th to the 19th could not be confirmed. 
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readings rose from 16% to 56%, spanning nearly the whole range of readings for that 

month in just 24 hours. Such spikes in relative humidity are seen in Figure 2 occurring as 

many as 6 times per month. Such fluctuations in the environment of the Thomas Library 

storage facility may be subjecting fibers, lignin, and interlocking components of the 

organic materials in the collection to undue stresses.  

 

Seasonal Extremes in Relative Humidity  

Each season poses risks to the longevity to the collection.  In Figure 3, showing 

the data collected over the winter months of 2013 for clearer viewing, dangerously low 

relative humidity readings are observed in addition to rapid fluctuations. As illustrated in 

the Overview section, low humidity makes organic objects susceptible to mechanical 

deterioration, particularly embrittlement; fabrics, textiles, and leather lose flexibility and 

become prone to tearing. Raising or lowering the temperature in the instance of low 

relative humidity does not remedy the negative effects. The lack of water present in the 

air itself must be addressed.  

Mechanical damage risk was worst in Ethnographic Special Collections storage in 

January when the temperature minimum was 65.26°F and the percent relative humidity 

minimum was 8.6%. Using the IPI Calculator, the relative humidity had to be raised 

substantially to 23% in order to hypothetically remove the possibility of mechanical 

damage, indicated by the second row of the Preservation Evaluation panel in Figure 4. 

Methods for raising humidity in this way are proposed in the conclusion of this report.  
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Figure 4. Winter Temperature and Relative Humidity Readings  

 
Figure 5. January 2014 Readings Assessed using the IPI Calculator 
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 Conversely, in summer, high relative humidity introduces the risk of metal 

corrosion and hastens visual aging. Using readings taken in Thomas Library’s 

Ethnographic storage and the IPI Calculator, it is possible to extrapolate how much 

humidity must be changed to dramatically reduce these risks.  

 In the summer of 2014, the climatic conditions over the duration of the month of 

July posed the highest risk to the Ethnographic Special Collections. The maximum 

temperature was 73.12°F and the maximum humidity was 60.0%. These conditions 

terrifyingly create an environment for the collection that is a mere two degrees from the 

Dew Point, the point at which condensation forms. Additionally, the IPI Calculator, 

shown in Figure 7 below, indicates how these conditions introduce the risk of both metal 

corrosion and significant visible aging, the latter in as little as 23 years. To remove the 

risk of metal corrosion according to the IPI Calculator, the humidity need only be 

lowered from 60% to 58%. To correct natural aging, both temperature and humidity must 

be adjusted; if humidity is lowered slightly to 57%, then the temperature must be 

restricted to 65°F to reach an acceptable rate of aging. However, if the humidity were 

regulated in such a way that it could be kept at 40% or lower, then the temperature could 

be held at a more comfortable 72°F with acceptable aging and no risk of metal corrosion. 

For the sake of the employees and students working and using this space, greatly 

reducing the percent relative humidity while only minimally reducing temperature will 

produce in the best outcome. 
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 Figure 6. Summer Temperature and Relative Humidity Readings 

 

  

Figure 7. Highest Temperature and Relative Humidity Conditions in July 2014 
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Spring and Fall provide the worst fluctuations in percent relative humidity. In 

Figures 7 and 8 below, it is clear that the amplitudes of the relative humidity fluctuations 

grow in magnitude as Fall progresses. Similarly, relative humidity fluctuations become 

more exaggerated as Spring progresses. Furthermore, as the peaks and troughs of these 

fluctuations reach extreme highs and lows, they indicate the susceptibility of Special 

Collections to deterioration by mechanical damage in the Fall and conversely metal 

corrosion in the Spring. In this way, it can be concluded that no season is without risk, 

and a relative humidity regulation system should be implemented year-round in the 

storage facility for the best results.  

 

 
Figure 8. Fall Temperature and Relative Humidity Readings 
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Figure 9. Spring Temperature and Relative Humidity Readingst 

 

t The difference in the appearance of the flucutations in the two graphs above is the result of a change in 

data collection procedure initiated on January 15th. Readings were taken more frequently in the Spring 

(every five minutes) than the Fall (every three hours), causing the peaks in the latter to be wider. 

 

 

 Relative Humidity 

Max 

Relative Humidity 

Min 

Relative Humidity 

Range 

November 2013 56.9 13.5 43.4 

December 2013 59.9 15.0 44.9 

January 2014 56.4 8.60 47.8 

February 2014 35.9 8.90 27.0 

March 2014 42.3 10.4 31.9 

April 2014 54.7 13.3 41.4 

May 2014 60.0 20.5 39.5 

June 2014 55.7 34.5 21.2 

July 2014 55.9 41.0 21.7 

August 2014 56.8 43.8 13.0 

September 2014 56.7 35.2 21.5 

October 2014 57.9 24.5 33.4 
Table 1. Max, minm and range % Relative Humidity                      risk: Natural Aging, Metal Corrosion, Mechanical Damage 

 The table above illustrates the seasonal risks associated with each month by 

listing the maximum and minimum relative humidity values, the range between these 
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values. The greatest risks associated with these conditions are communicated using color 

identifiers. Red symbolizes significant natural aging. Blue symbolizes risk of metal 

corrosion, which always coincides with the high humidity values that cause natural aging. 

Green symbolizes mechanical damage caused by low humidity. While the red and blue 

identifiers appear scattered through the chart, the green mechanical damage identifier 

clearly is limited to winter and spring. 

 

Regulating Relative Humidity 

 With the resources of Bryn Mawr Special Collections in mind, the means chosen 

for regulating humidity in Ethnographic storage should be a long-term solution, requiring 

few demands of staff. A dehumidifier is not a foolproof solution. Traditional 

dehumidifiers that convert moisture in the air to water to be collected in a tank, must be 

closely observed. When the tank is full, the machine shuts off, creating an environment 

with unregulated humidity and a brimming source of moisture. In this way, a traditional 

dehumidifier could cause worse fluctuations than those it was meant to solve. A more 

modern dehumidifier connects to plumbing already in the building or leads directly to the 

outside to drain collected water. Though more secure, this method could backfire if 

plumbing or tubing leading to the outside were to become clogged or otherwise fail to 

deliver the water away from the storage area.  

If the dehumidifier were installed in Ethnographic storage with no other 

alterations, the machine would be tasked with regulating all of Thomas Library’s air 

supply as all the building’s rooms are connected by shafts. In order to make Ethnographic 

storage an easily regulated space that is not subject to humidity fluctuations in the 
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classrooms below or in the sunlit storage above, these shafts should be blocked. This will 

aid in the regulation of low as well as high relative humidity, but will require air 

conditioners be installed in the second and third floor storage areas.  

To solve low humidity conditions, if the temperature is held constant at 70°F and 

the shafts connecting the floors are blocked, a source of moisture must be introduced in 

the space when humidity drops below 23% relative humidity. Some museums have used 

bowls of water to introduce sources of moisture in such circumstances. Though cheap, 

such bowls must be regularly checked to see if they still hold water, and the relative 

humidity should be checked with a tool such as a thermohygrometer that gives immediate 

feedback on current conditions. If the relative humidity were to rise above 44% with 

temperature held at 70°F, then the moisture source should be removed immediately, 

because risk of unacceptable natural aging is introduced.  

Alternatively, if the air shafts were blocked and the ethnographic storage were 

given its own air conditioner, then the temperature could be lowered below what would 

be comfortable for a learning environment or office space. For example, if the 

temperature were held at 60°F instead of 70°F, the acceptable range of relative humidity 

that avoids risk of natural aging and mechanical damage widens from 23-44% to 23-56%. 

This wider range accommodates significantly more of the maximum relative humidity 

readings in Table 1, indicating that lower temperatures have the potential to lessen the 

ramifications of unregulated relative humidity. 

 

 Before a long term solution is pursued, objects identified as being most at risk in 

the ethnographic collection should be placed in multilayered insulating packages. These 

will buffer objects from the worst humidity and temperature fluctuations. Archival 
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materials to consider when creating the inner layers of storage include 100% cotton 

muslin and Microchamber board. A useful non-archival materials to be used in outer 

layers of storage includes balled-up newsprint; this can correct for minor changes in 

temperature and moisture. For particularly fragile objects, Marvel Seal bags can be 

implemented to prevent any change in percent relative humidity. However, this constant 

percent relative humidity could lead to the formation of condensation inside the bag. 

Condensation could form if the temperature dropped dramatically in the manner shown in 

Figure 4. Therefore, it is expected that the more conventional and rudimentary layering 

materials listed above would best protect the collection in CC2.  

 

Conclusion 

 This analysis has assessed the conditions in the Ethnographic Special Collections 

storage facility of the Thomas Library on Bryn Mawr campus and has proposed solutions 

to the extremely high, low, and fluctuating percent relative humidity observed. It is up to 

the institution whether the next step in ensuring the longevity of the college’s Special 

Collections is rigorous or minimally invasive. Some combination of the proposed  

solutions – acquisition of a humidity regulator, blocking of air circulation within Thomas 

Library, use of moisture sources in winter, and multilayered insulating packaging around 

the most fragile objects – would be most effective. If implemented, natural aging and 

mechanical damage could be reduced, and metal corrosion could be prevented.  

 


