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Abstract 

Many materials used for storage of museum artifacts have been found to cause damage to 

the items either through emitting harmful volatile gases or through direct contact. Harmful 

storage techniques can cause corrosion, discoloration, or deterioration of priceless artifacts. 

Museum enclosures made of hardwoods have been shown to emit acetic acid vapors that cause 

damage to the items being stored. In the present study, a review of the effects of acetic acid 

damage on museum artifacts was performed, and an evolved gas analysis and titration method 

were used to quantify acetic acid in various hardwoods.  
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Introduction 

Museum Artifact Storage       

 Items of cultural and historical significance stored in museums are priceless; 

unfortunately, the conditions in which items are stored can possibly cause corrosion or 

deterioration. It is important to prevent historical and irreplaceable artwork and artifacts from 

being damaged in museum environments due to storage conditions.  Museums utilize numerous 

conservation techniques in order to preserve collections.  

 The use of proper handling, displaying, and storing of historical artifacts is vital for 

preserving collections for future generations. Museum collections fall into two categories: 

inorganic and organic.1 Inorganic collections are those from nonliving materials such as stone, 

ceramics, and metals.1 Organic collections are those from animal products such as fur, wool, 

ivory, etc.1 In general, inorganic artifacts are more stable and, therefore, less susceptible to 

damage than organic artifacts.1 Paintings in art museums undergo changes due to both natural 

aging and damage.2 Aging can cause pigments to become more transparent and varnish to 

darken; however, some artists desire the aging of varnish and color in their paintings.2 Textiles 

such as tapestries, embroidery, and oriental carpets, some dating back to medieval periods, need 

to be handled with care and the knowledge of how storage of these can cause chemical and 

physical damage to the artifact.3 Methods of restoration of textiles are chosen based on the 

physical structure of the material, and it is useful to utilize microscopy in determining 

composition.3 

For the conservation of paintings, the original support on the canvas can be consolidated 

by attaching reinforcing fabric to the back of the painting using an adhesive.4 A common type of 

adhesive used for this process is a pressure-sensitive adhesive, which are typically synthetic 
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polymers.4 One study looking at these synthetic adhesives showed that thermo-oxidative aging 

causes three types of alterations: dehydration, oxidation, and cross-linking, which resulted in a 

significant loss of adhesive properties.4 Paper objects such as books, maps, drawings, and letters 

will suffer from discoloration and deterioration when mounted on an acidic material.5  

 Handling of artifacts by humans should be kept to a minimum due to the oils, salts, and 

acids from human skin that have been known to damage many types of materials over time.1 

When assembling a display or moving an object, it is vital for hands to be washed, lotion free, 

and to wear cotton or latex gloves.1 Moving one artifact at a time is ideal, and work space should 

remain clear to avoid contamination.1 The environment in which an artifact is stored is important 

for long-term preservation; moreover, numerous environmental factors can play roles in damage 

of artifacts. Environmental factors such as light, humidity, temperature, air pollution, and pests 

are all important considerations when storing an artifact in a museum.1 Museums should control 

for these factors throughout storage and exhibition of the items.  

Ultraviolet light, infrared light and visible light can all cause harm to artifacts, and UV 

light is considered the most harmful to objects.1 Light damage is both cumulative and 

irreversible.1 Light damage affects textiles, paints, and paper by weakening fading and darkening 

objects due to exposure.1 Temperature and humidity are also contributing factors to artifact 

damage that need to be controlled for. Temperature of storage should be tailored to the type of 

object being stored; however, many museums store mixed collections. A stable temperature for 

mixed collections is 68 to 72 degrees Fahrenheit with humidity levels of approximately 45–

55%.1 Gaseous and particulate air pollutants can be controlled for with an HVAC system and 

filters.1 

Air quality in display areas is of significant importance for preventative conservation of 
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art. Construction and decoration materials for exhibitions and showcases are often contributors to 

poor indoor air quality.6 For conservation of artwork, museums substitute specific raw materials 

known for corrosive emissions, such as wood-based products or felt and acid-curing silicone 

rubbers, with inert products that have low emissions.6 Air pollution can also cause pigments in 

feathers and ethnographic objects to fade.2  

It is important to utilize the correct materials for shelves and cabinets in display cases. 

Metal is a preferred material for storage and display because it is inert, nonflammable, and does 

not emit harmful vapors; however, metal shelves can be susceptible to rusting, so they should be 

covered by a protective enamel layer.5 Wooden shelves emit harmful vapors such as formic acid 

and peroxides, and should be sealed with a sealant or barrier foil.5 These paint-on sealants should 

be water-based polyurethane sealants, acrylic latex emulsions, or epoxy-resins.5 Barrier foils are 

impermeable to gases and are inserted between two layers of inert plastic.5 Glass cases in these 

museum environments should be scratch resistant, gas impermeable, and have UV-light filters.5 

The display of collections is just as important as the storage of those items. Exhibit cases need to 

be made of inert materials to prevent off-gassing from harmful substances given off by some 

types of wood.1 Generally, adhesives should not be used to mount artifacts, and the display 

should provide the least stress on the artifact as possible.1 All of these factors are vital 

contributors to preserving artifacts in a museum setting. 

 

Volatile Organic Compounds 
 

Volatile organic compounds, or VOCs, are hydrocarbons that are in a gaseous state at 

ambient temperatures.7 Sources of VOCs can range from solvent-based paints to varnishes and 

disinfectants.7 The United States EPA8 defines volatile organic compounds as “any compound of 
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carbon, excluding carbon monoxide, carbon dioxide, carbonic acid, metallic carbides or 

carbonates, and ammonium carbonate, which participates in atmospheric photochemical 

reactions.” VOCs have also been known to cause some health concerns such as eye irritation, 

nausea, and dizziness.9 Common symptoms of chronic exposure to high levels of VOCs over 

years to a life time include cancer, liver and kidney damage, and central nervous system 

damage.10  

 There are three types of volatile organic compounds which differ based on boiling 

point.11 These types include very volatile organic compounds (VVOCs), volatile organic 

compounds (VOCs), and semi volatile organic compounds (SVOCs).11 Some examples of 

VVOCs, SVOCs, and VOCs as well as boiling point ranges from the United States EPA are 

shown in Table 1.12 Volatile organic compounds can be found naturally in materials such as 

wood, as well as within components of building materials, glues, furniture, and other 

furnishings.11,13  Even humans visiting a museum are sources of VOCs that can be exhaled in 

breath and in skin emanations.14 
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Table 1. United States Environmental Protection Agency examples, boiling point ranges, and 
abbreviations for volatile organic pollutants.12 

 

 

 VOCs can cause harm to various types of objects. Many historically significant 

technologies made of rubbers and plastics have been created through the use of synthetic 

polymers with plasticizers and stabilizers.15 These rubbers and plastics in museum collections 

often show signs of degradation from storage within 5-25 years when introduced to VOCs.15 This 

material degradation occurs due to chemical degradation such as polymer chain scission and 

physical degradation such as loss of additives.15 Degradation of these objects can be evaluated 

through VOC emission analysis. Figure 1 shows the relationship between material degradation, 

damage, and VOC emission.  



Alexandria S Flora   10 

 

Figure 1. The relationship between damage to objects, VOC emissions, and material 
degradation.15  
 
 

Aldehydes have been indicated in damage of numerous materials such as metals, 

calcareous materials, and glass and enamels.7 Researchers believe that the process of aldehydes 

reacting to cause damage to an object occurs in a three-step process, which is illustrated in 

Figure 2.7 This process involves the aldehyde contaminating the atmosphere (off-gassed from 

display cases or construction materials), being transformed to an organic acid such as acetic acid 

or formic acid by the addition of an oxygen from an oxidant such as peroxide or ozone, then the 

organic acid harms the object chemically and loses hydrogen in the process resulting in an anion 

that can be identified in the damaged object.7 
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Figure 2. (a) An aldehyde in the atmosphere; (b) transformation to organic acid through addition 
of oxygen from an oxidant; (c) damage to object occurs and causes loss of hydrogen leaving 
behind an anion.7 

Volatile organic compounds emitted from woods can cause environmental problems by 

contributing to the formation of photo-oxidants when in sunlight and nitrogen oxides.16 Photo-

oxidants have been known to cause human respiratory tract irritation and interfere with 

photosynthesis, which negatively impacts forests and crops.16 Natural emissions of volatile 

organic compounds from trees are typically monoterpenes, isoprene, and carbonyl compounds.16 

The VOC isoprene (C5H8) reacts with nitric oxides (NOx) to contribute to the formation of ozone 

(O3).17 

Acetic acid (CH3COOH), shown in Figure 3, is a known VOC emitted by hardwoods 

such as oak, cherry, and beech.13 Acetic acid can cause damage to objects it surrounds when it 

becomes volatile, and has been show to cause harm to museum artifacts due to storage 

conditions.5 Acetic acid has been indicated by numerous studies to be a major contributor to 

museum artifact contamination and damage.  

 

 

 

Figure 3. Chemical structure of acetic acid  



Alexandria S Flora   12 

 

Museum Artifact Damage 

 Materials encased in wood have been known to experience damage due to acetic acid 

emitted from the wood.18 The source of acetic acid in wood comes partly from the hydrolysis of 

acetyl group esters in the hemicellulose, which makes up approximately one-third of the 

carbohydrates in the wood.18 Wood has been known to contribute to the corrosion of metals, 

specifically to museum artifacts in direct contact with or stored in specific kinds of woods.19 

Corrosion is due to oxidation and occurs when there is moisture and oxygen interacting with a 

metal.20 For example, the overall reaction for the corrosion of iron in the presence of oxygen and 

water is shown in Figure 4. The cause of damage to these museum artifacts is often from 

corrosive vapors that are emitted from the storage container or objects stored together.19,21 

Raising temperatures of wooden storage boxes will increase humidity and, therefore, lead to 

corrosion.19  In addition to moisture, woods can emit volatile organic molecules such as 

carboxylic acids.19 Metals can undergo corrosion when in contact with volatile acids such as 

acetic acid. It is important to have storage conditions that protect from dust, outward 

contaminants, and humidity, while not emitting corrosive vapors.  

Acid corrosion of metal is caused by an electrochemical process.22 Metal corrosion 

typically requires a potential difference at points on the corroding surface, a mechanism for 

charge transfer between conductors, and a continuous path from cathodic and anodic centers.22 

Figure 5 illustrates the corrosion process of iron and the cathodic and anodic sites on the surface. 

This corrosion involves the diffusion of moisture, oxygen, and the acidic pollutant to the surface.  
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Figure 4. The overall reaction for the corrosion of iron in the presence of oxygen and water.21 
 

 

 

 

 

 

 
 

 
 
 
 
Figure 5. The corrosion of iron in the presence of oxygen and water with the anodic and 
cathodic sites on the surface of the metal indicated.23  
 

 

As seen in Figure 6, lead in artifacts is often heavily susceptible to corrosion from storage 

conditions, and in this case the inscribed lead plate was stored in a glass case that included 

wooden relics. Figure 7 shows another example of damage occurring due to storage with wooden 

material. This brooch displays white corrosion of cellulose acetate-nitrate. Severe corrosion due 

to acetic acid damage of lead historical museum objects can be seen in Figure 8. Some of the 

figurines in Figure 8 are broken and unrecognizable due to the acetic acid damage. Acetic acid 

can cause damage on a variety of metals as seen in Figure 9. Acid vapors from the wood can 

cause varying degrees of corrosion to metals such as steel, zinc, cadmium, copper, and brass.24  
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Figure 6. An inscribed lead plate from the Bishop Absalon’s grave in the Monastery 
Church at Sorø, Denmark. The artifact was stored in a brass and glass box with oak wood relics. 
Air and moisture interacting with the oak wood in the case caused corrosion of the artifact.19 

 

 
 
 
Figure 7. A coral brooch and ornaments of cellulose nitrate were stored in an oak barrel for 
many years causing white corrosion of cellulose acetate-nitrate.19 
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Figure 8. (a) A lead statue heavily damaged by acetic acid. (b) Figurines have undergone 
corrosion as a result of acetic acid from the wooden display board.7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.  The effect of acetic acid concentration in ppm on metals from a study on corrosion of 
metals by acid vapors from woods by Clarke and Longhurst. (A) Steel, (B) Zinc, (C) Cadmium, 
(D) Copper, (E) Brass.24 

 

 

(a) 
 

(b) 
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Evolved Gas Analysis and Titrations 

Evolved gas analysis, or EGA, is an analytical method in which VOCs can be identified 

and quantified as a function of controlled changes in temperature.25 In order to determine which 

gas is being evolved, EGA is typically coupled with mass spectrometry or gas chromatography.26 

Mass Spectrometry is a technique that can identify and quantify an analyte by measuring the 

mass-to-charge ratio of ions.27 In gas chromatography chemicals are separated and identified 

based on differences in properties, allowing movement through a mobile and stationary phase at 

different times.28 

 Titrations are used to determine the concentration of an analyte by adding a solution of 

known concentration and letting the reaction reach neutralization.29 The analyte is typically 

dissolved in a solution and an indicator is added, commonly phenylalanine for titrations with a 

strong acid or base (in our case, base); and a reagent is titrated into the analyte and indicator 

solution.29 When the analyte solution changes color, the amount of acid or base used is recorded 

and the unknown concentration of the analyte can be calculated.29 

This study utilized evolved gas analysis and titrations to measure acetic acid present in 

various hard woods. The correlation between the data collected by two methods was then 

evaluated. The quantification of acetic acid in these wood samples will help to better inform and 

improve future museum artifact storage.  
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Materials and Methods 

Evolved Gas Analysis Method 

The calibration curve was created utilizing an Agilent Technologies 6890N GC-FID 

equipped with a homemade EGA oven inlet. Acetic acid was dissolved in acetone to a known 

molar concentration.  Aliquots of this solution were added to the EGA cup containing a glass 

filter and analyzed by GC-FID.  Analyses were performed in triplicate.  Peak areas were 

determined and a calibration graph of peak area versus nanomoles of acetic acid was created. 

 The wood samples red oak, thick plywood, medium density fiberboard, thin dark stained 

plywood, red elm, cedar, and coffee nut were attained from Northwest Lumber in Indianapolis, 

Indiana and were shaved down to uniform samples of approximately 8 mg and analyzed by 

evolved gas analysis. The method utilized a one minute injection time. The wood samples were 

analyzed in triplicate with four injections each in order to attain the nanomoles of acetic acid per 

milligram of wood sample.  Figure 10 shows the wood shaving process and evolved gas analysis 

equipment.  

Titration Method 

A titration method was performed in order to assess correlation between amounts of 

acetic acid from the evolved gas analysis. The method utilized 2 grams of shaved wood sample 

in 20 mL of deionized water and left to sit for a week. Figure 10B shows the wood sample 

container and 20 mL of deionized water used. An additional 20 mL of deionized water was 

added to this solution prior to titration. 10 mL of the solution was then titrated with 0.01 M 

sodium hydroxide and phenylalanine in order to determine the concentration of acetic acid. The 

data collected from this method was then compared to the evolved gas analysis method through 

statistical analysis with F and T tests.  
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Figure 10. (A) Wood shaving setup including razor for fine shaving of samples. (B) Titration 
preparation of 2 grams of red oak wood in 20 mL of deionized water. (C) Homemade EGA cup 
and hook for sample injections in the oven inlet. (D) Agilent Technologies 6890N GC-FID 
equipped with a homemade EGA oven inlet. 
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Results and Discussion 

With the current calibration curve for the EGA method, red oak, thick plywood, and red 

elm were above the limit of detection. With this evolved gas analysis calibration, MDF had 

signals below the limit of detection, meaning we could not detect acetic acid with confidence. 

The acetic acid concentrations obtained for MDF wood samples cannot be accepted with 

confidence due to being below the limit of detection. Thin dark plywood, cedar, and coffee nut 

samples had signals below the limit of quantitation and are represented as semi-quantitative data 

in Table 2. Figure 11 shows the calibration curve for the evolved gas analysis method.    

Figure 11. A calibration curve of nanomoles of acetic acid versus peak area attained from 
evolved gas analysis.  

 

Of the wood samples analyzed that were above the limit of quantitation on the EGA 

calibration curve, the red oak was found to have the highest acetic acid concentration, followed 

by thick plywood, and then red elm. No acetic acid was detected in medium density fiberboard 
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(MDF) with the evolved gas analysis method. Table 2 shows levels of acetic acid found from 

both methods as well as statistical analysis of precisions and differences between means. From 

statistical analysis with T-tests, it was found that the EGA method and Titration method provided 

statistically similar means of acetic acid concentrations in the woods red oak, thick plywood, red 

elm, cedar, and coffee nut; this means that any difference between the averages of these methods 

can be attributed to chance. The mean acetic acid concentrations for thin dark plywood from the 

EGA and titration methods were found to be statistically different, meaning there was a 

difference in averages from the two methods for this wood sample. When precisions of the two 

methods were compared using an F-test comparing standard deviations of the triplicate samples, 

all wood types except MDF, which was not detected for EGA, were found to have statistically 

different precision. This F-test was comparing the variance of data points between the two 

methods for each wood sample.  

The evolved gas analysis method posed a few challenges. The cup and hook made 

injections of samples difficult when the cup fell into the system due to mechanical error; the 

procedure would then have to be redone. The titration method utilized a simpler preparation and 

took less time to perform than the EGA method. Excluding the preparation time for the titrations, 

all titrations could be performed in approximately three hours, which was a significantly shorter 

amount of time than the EGA method, which only allowed for the analysis of one to two of the 

triplicate runs of wood sample per day. If the EGA was equipped with an auto-sampler this 

method could be performed more easily as well. Because the titration method was less time 

consuming than the evolved gas analysis method, it would be the preferred method for further 

studies based on preparation time. The titration method is excellent for quantifying acetic acid, 
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but it may not necessarily be detecting volatile acetic acid only and could be detecting acetic acid 

from a different mechanistic pathway other than volatility. 

The red oak, red elm, and thick plywood should be prohibited from the museum 

environment due to higher concentrations of acetic acid vapors being emitted. The cedar, coffee 

nut, and dark stained plywood were below the limit of quantitation and would require further 

evaluation in order to determine concentration of acetic acid with confidence. For MDF, which 

showed signals below the limit of detection, more research would be needed to assess levels of 

acetic acid since our methods could not detect any with confidence.  

Future research should evaluate many types of hardwoods, and attempt other evolved gas 

analysis methods such as an evolved gas analysis coupled with mass spectrometry. Many of the 

hardwoods from this small sample showed volatile acetic acid and if used in a museum could 

negatively affect the objects that are sharing the same environment. Ideally, museums should 

prohibit the use of woods with any amount of acetic acid within because it is a highly volatile 

organic compound.  

 

 

 

 

 

 

 

 

 

 



Alexandria S Flora   22 

 

 

 

 

 

 

 

 

 

 

  

 
 

 

 

 

 

 

 

 

 

 

 

Table 2. C
oncentration of acetic acid in nm

ol/m
g found in various w

ood types from
 a titration m

ethod and an 
evolved gas analysis m

ethod. W
ood sam

ples below
 the lim

it of quantitation are represented as sem
i-

quantitative data w
ith asterisks. T values and F values are show

n to evaluate statistical m
eans and precisions.  

 

W
o
o
d
	Typ

e	
Titratio

n
	(n

m
o
l/m

g)
EG

A
	(n

m
o
l/m

g)
Tcalc

Ttab
le

Fcalc
Ftab

le
R
ed

	O
ak

1
9
.1
2
	±	0

.2
1
6
.9
1
4
	±	1

.3
2
.9
3
4

3
.1
8
2

3
3
.1
9
2

1
9
.0
0
0

Th
ick	P

lyw
o
o
d

2
.9
7
	±	0

.1
3
.9
3
7
	±	0

.8
2
.1
4
1

3
.1
8
2

2
6
.9
5
0

1
9
.0
0
0

M
D
F

4
.4
6
	±	0

.1
N
o
n
e	D

etected
N
/A

N
/A

N
/A

N
/A

Th
in
	D
ark	P

lyw
o
o
d
*

0
.9
8
	±	0

.2
4
.4
4
3
	±	1

.3
4
.5
1
9

3
.1
8
2

4
4
.4
0
5

1
9
.0
0
0

R
ed

	Elm
	

0
.9
6
5
	±	0

.1
1
.2
9
9
	±	2

.0
0
.2
9
0

3
.1
8
2

1
0
7
7
.1
1
5

1
9
.0
0
0

C
ed

ar*	
1
.4
7
2
	±	0

.0
3

3
.5
8
1
	±	3

.1
1
.1
8
6

3
.1
8
2

1
1
3
4
7
.5
2
3

1
9
.0
0
0

C
o
ffee	N

u
t*	

1
.6
7
9
	±	0

.1
2
.4
7
8
	±	3

.3
0
.4
2
5

3
.1
8
2

1
2
1
5
.3
4
9

1
9



Alexandria S Flora   23 

 

References 

1. Texas Historical Commission. Basic Guidelines for the Preservation of Historic  
Artifacts. 
http://www.thc.texas.gov/public/upload/publications/Basic%20Guidelines%20for%20the
%20Preservation%20of%20historic%20artifacts%202013.pdf (accessed March 6, 2017). 

2.  Carrier, D. Art and Its Preservation. J. Aesthetics and Art Criticism. 1985, 43, 291- 
300. 

3. Lehmann, D. Conservation of Textiles at the West Berlin State Museums. Studies  
in Conservation. 1964, 9, 9-22.  

4. Roche, A. Pressure-Sensitive Adhesives for the Attachment of Reinforcing Canvases  
to the Back of Paintings. Studies in Conservation. 1995, 41, 45-54. 

5. Museums Australia Victoria. The Effects of Storage and Display Materials on  
Museum Objects.  
http://www.mavic.asn.au/assets/Info_Sheet_7_Effects_of_Storage.pdf (accessed Jul 10, 
2016). 

6. Schieweck, A.; Salthammer, T. Emissions from Construction and Decoration  
Materials for Museum Showcases. Studies in Conservation. 2009, 54, 218-235. 

7. Grzywacz, C. M. Monitoring for Gaseous Pollutants in Museum Environments. Getty  
Publications: Los Angeles, 2006.  

8. United States Environmental Protection Agency. Definitions of VOC and ROG.  
https://www.arb.ca.gov/ei/speciate/voc_rog_dfn_11_04.pdf (accessed Sep 10, 2016).  

9. U. S. Environmental Protection Agency. Volatile Organic Compounds’ Impact on  
Indoor Air Quality. https://www.epa.gov/indoor-air-quality-iaq/volatile-organic-
compounds-impact-indoor-air-quality (accessed Sep 10, 2016). 

10. Minnesota Department of Health. Volatile Organic Compounds in Your Home.  
http://www.health.state.mn.us/divs/eh/indoorair/voc/ (accessed Mar 14, 2017). 

11. CETEC. Volatile Organic Compounds (VOC) Facts.  
http://www.cetec.com.au/services/voc.html (accessed Mar 14, 2017). 

12. United States Environmental Protection Agency. Technical Overview of Volatile  
Organic Compounds. https://www.epa.gov/indoor-air-quality-iaq/technical-overview-
volatile-organic-compounds (accessed Mar 31, 2017).  

13. Risholm-Sundman, M.; Lundgren, M.; Vestin, E.; Herder, P. Emissions of Acetic  
Acid and Other Volatile Organic Compounds from Different Species of Solid Wood. 
Holz Als Roh- Und Werkstoff: European Journal Of Wood And Wood Industries. 1998, 
56, 125-129. 

14. Amann, A; Costello, B.; et al. The human volatilome: volatile organic compounds (VOCs) in  
exhaled breath, skin emanations, urine, feces and saliva. J. Breath Research. 2014, 8, 1-
17. 

15. Curran, K.; Strli ̆c, M. Polymers and volatiles: Using VOC analysis for the  
conservation of plastic and �rubber objects. Studies in Conservation. 2015, 60, 1-14. 

16. Granström, K. Emissions of Volatile Organic Compounds From Wood. Karlstad  
University Studies Division for Engineering Sciences, Physics and Mathematics 
Department of Environmental and Energy Systems. 2005: 6.   



Alexandria S Flora   24 

17. Pier, P. A.; McDuffie, C. Seasonal Isoprene Emission Rates and Model Comparisons  
Using Whole-Tree Emissions from White Oak. Journal of Geophysical Research. 
1997,102, 23963-23971 

18. Gibson, L. T.; Watt, C. M. Acetic and Formic Acids Emitted from Wood Samples  
and  
Their Effect on Selected Materials in Museum Environments. Corrosion Science. 2010, 
52, 172-178.   

19.  Padfield, T.; Erhardt, D.; Hopwood, W. Trouble in Store. Conservation Physics.  
[Online] 1982, 24-27. http://www.conservationphysics.org/tis/tis.pdf (accessed Feb 23, 
2017). 

20. Umney, N. Corrosion of Metals Associated with Wood. Victoria and Albert Museum  
Conservation Journal. [Online] 1992, 4 
http://www.vam.ac.uk/content/journals/conservation-journal/issue-04/corrosion-of-
metals-associated-with-wood/ (accessed Feb 23, 2017).  

21. Chemical Formula. Corrosion Reactions.  
http://www.chemicalformula.org/chemistry-help/corrosion (accessed Apr 4, 2017). 

22. Viles, H. A. Acid Corrosion (of Stone and Metal). Environmental Geology. 1999, 1-1. 
 
23. Chemistry LibreTexts. Corrosion Basics II.  

https://chem.libretexts.org/Core/Analytical_Chemistry/Electrochemistry/Case_Studies/C
orrosion/Corrosion_Basics_II (accessed Apr 4, 2017). 

24. Clarke, S. G.; Longhurst, E. E. The Corrosion of Metals by Acid Vapours from  
Wood. J. Appl. Chem. 1961, 11, 435-433. 

25. Rigaku. Evolved Gas Analysis Products. http://www.rigaku.com/en/products/ega  
(accessed Sep 10, 2016). 

26. Instrument Specialists, Inc. Innovative Solutions for Thermal Analysis. Evolved Gas  
Analysis EGA. http://instrument-specialists.com/applications/evolved-gas-analysis-ega/ 
(accessed Sep 10, 2016).  

27. Thermo Fisher Scientific. Overview of Mass Spectrometry for Protein Analysis.  
https://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-biology-
learning-center/protein-biology-resource-library/pierce-protein-methods/overview-mass-
spectrometry.html.html (accessed Sep 10, 2016). 

28. Harris, D.; Lucy, C. Quantitative Chemical Analysis, 9th ed.; W. H. Freeman and  
Company: New York, 2016. 

29. Libre Texts: Chemistry. Titration.  
http://chem.libretexts.org/Core/Analytical_Chemistry/Lab_Techniques/Titration 
(accessed Sep 10, 2016). 
 
 
 
 
 
 

  


	Quantitative Analysis of Acetic Acid in Hard Woods as a Way to Improve Museum Artifact Storage
	Recommended Citation

	20170421_113602
	FloraAllieThesis

