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Introduction  

In 1978, the Ontario Heritage Trust acquired the Macdonell-Williamson House, a           1

19th century homestead, located near the Ontario-Quebec border in Pointe-Fortune,          

Ontario. The village once spanned the border, homesteads having been erected on            2

both sides of the Ottawa River. Today, only a few buildings stand on the Ontario               

divide, the MacDonell house among them.  

      
Figure 1: The Macdonell-William house (left), Carl Bigras, ​http://www.mwhouse.ca/house.html​, date 
accessed October 16th 2019,  General view of the house (right) ​© ​Parks Canada Agency, 1969. 
 

The story of John Macdonell exhibits many defining aspects of 19th century Candian             

history. He immigrated from Scotland, arriving in the United States were he resided             

for a short period, leaving after the American Revolutionary War. For 19 years, John              3

worked as a fur trader, under the Northwest Fur Trade Company. In addition, he              

served as a British Captain during the War of 1812, before settling in Pointe-Fortune.              

Here, he became a businessman, a judge and a member of the Canadian House of               

Assembly. His wife, Magdeleine Poitras as a Metis woman who originated from an             4

1 The Ontario Heritage Trust is a non-profit organization which works to “promote and protect the  
  tangible resources of artifacts, properties, buildings, structures and landscapes…” which encompass  
  the heritage of the province of Ontario (Frank 1987) 
2 (Doroszenko 2016, Parks Canada n.d, Redfern n.d.) 
3 (Doroszenko 2016, Parks Canada, Redfern n.d)  
4 (Doroszenko 2016, Redfern n.d.) 
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English and French community. Subsequent families (e.g. Williamson) resided in the           

homestead between the 19th and 20th centuries. Today, the property serves the            

public as an historic house museum.  

 
Figure 2: Image of interior of house. A portrait of the father of John Macdonell sits above the fireplace.                   
Francis Labbe (Radio-Canada), 2017.  
 

To better understand the archaeological record on site as well as the significance of              

the property, archaeological excavations were conducted in 1982, and thereafter. In           5

1982, fragments of an early 19th century creamware plate was uncovered in the             

damp kitchen basement of the property. The layer of red-brown soil in which the              

sherds were discovered are contemporaneous with John MacDonnell, making this          

artifact one of the earliest recovered on site that can be exhibited.  

 

The intent of the museum was to have the artifact treated in time for the 200​th year                 

anniversary of the property in 2017 which coincided with the 150th anniversary of             

5 (Doroszenko 2016, Parks Canada n.d.) 
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Canada. Though this window has passed, it is likely that the object will be on display                

at some point during its continued life.  

 

Description of Artifact 

The ceramic is an early 19th century creamware plate with a plain rim. The object is                

broken into 30 pieces, though partially mended into four separate groupings. Each            

fragment is labelled with an identification number and each number is unique. The             

ceramic is dirty and broken; staining (purple and black) and discolouration is present             

throughout. There are missing fragments. The edges have small chips, cracks,           

missing glaze areas and spalls. The purple stain has been identified by the client as               

fusarium mould. The adhesive previously used is unknown but likely a Poly (vinyl             

acetate) solution (PVAc). Fusarium mould is a biological hazard. The client wishes            

for the mould to be removed. Personal protective equipment (PPE) worn during            

examination of artifact.  

      
   ​Figure 3: BT Recto (left) and Verso (right) of Plate. Germain Wiseman, CCI 2019.   6

6 Note: an additional two fragments were bagged with the ceramic and shipped to CCI for treatment.  
 These fragments do not belong to the plate, though they were documented with the vessel. Both  
 sherds were treated for mould due to their proximity, and bagged separate from the plate fragments.  
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Proposed Treatment  7

Treatment proposal was approved by client on September 13​th​, 2019.  

1. Determine adhesive used by solvent testing 

2. Remove identification numbers if necessary 

3. Remove old adhesive and clean joins 

4. Kill Fusarium mould 

5. Reduce or remove staining and clean 

6. Re-mend with suitable adhesive (likely Paraloid B-72) 

7. Fills only if structurally required 

8. Reapply identification numbers.  

 

Experimentation 

Poly (vinyl acetate) solutions (PVAc) are colourless, odourless, non-toxic         

thermoplastic resins that have been commercially available since the 1930s and           

have been used in the conservation field for various purposes such as paint             

consolidants and adhesives. PVAc’s glues are mechanically removed. This is a           8

tedious task. In lieu of this, I will experiment with alternative methods of adhesive              

removal: CO2 dry ice treatment. This method has been used to clean ceramics,             

among other archaeological materials, though it has not been used in the removal of              

adhesives from a ceramic object. In this project, I will test the effectiveness of this               9

technique when deployed on PVAc adhesives. 

7 Prior to treatment, object was documented: photographed and condition reported (see  
  Appendix I) 
8 (Cool Conservation 1994, Down 2007) 
9 (Molen ​et al. ​2011, Spur ​et al. ​1999) 
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Dry Ice blasting is a non-toxic, non-abrasive cleaning method. It utilizes a            

pressurized airstream which emits dry ice pellets or particles at a rate (psi) and              

particulate size selected by the user. This media consists of solid carbon dioxide             

(CO2) at a temperature of -78.5​० C. Once surface contact is made, no residue is left               10

by the blasting medium. This is in result of sublimation of the dry ice (i.e., it reaches                 

the gaseous phase) as it hits the surface of the object. This method of cleaning has                11

been widely used in the industrial field since the 1980s.  

 

The working properties in dry-ice blasting are dependant upon thermal and kinetic            

energy input as well as sublimation energy.  

 

 “The thermal energy supplied during the cleaning process leads [...] to a  

 regional undercooling of the part where the pellets hit the surface. As a result,  

 elasticity is lost and the adherding coating becomes embritted and shrinks  

 while forming cracks” (Spur 1999).  

 

The thermal expansion of the coating (e.g. corrosion, adhesive, etc.) is different            

from that of the substrate, resulting in a breakage of the bond between the object               

and the coating. In addition, kinetic energy of dry-ice pellets contributes to the             

separation between the object and coating. Long periods of localized usage of the             12

machine can lead to a reduction of the removal rate as the temperature difference              

between the surface of the object and the coating equalizes. In theory, the thermal              13

10 (Molen 2011, Spur 1999) 
11 (Spur 1999) 
12 (Molen 2011, Spur 1999) 
13 (Molen 2011) 
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expansion of the PVAc glue will differ from that of the ceramic body, this difference               

will allow for an easier mechanical separation of the two materials.  

 

 

     
Figure 4: Test fragments  from CCI Archaeology lab teaching collection, post adhesive application.  
 

A PVA glue (Helmibond 0847 Premium Solid Wood Glue) was brushed along the             

edges of ceramic fragments. Several fragments were mended. A singular sherd was            

selected for experimentation with CO​2 dry ice. Equipment selected: Cold Jet, i​3            

MicroClean​® ​which utilizes a dry ice block, releasing the material in small pellets.             
14

Nozzle was held three inches from ceramic fragment, (blast pressure 40 psi, feed             

rate 0.4 lbs/min). Testing was conducted under a fume hood, PPE (sound guard, eye              

protection) was worn at all times. The dry ice treatment was ineffective at adhesive              

removal. No changes were observed and the removal was not made easier.  

 

14 For further information regarding equipment used visit MicroClean Website:  
    ​https://www.coldjet.com/our-equipment  
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Treatment  

The extent of the ​fusarium ​mould is unknown. In order to properly assess and treat               

the contaminate, a reversal of previous mends is required. Mould is present within             

the fabric of the ceramic, and in between joints. Mends must be undone and all               

adhesive removed prior to mould eradication.  

 

The removal of an adhesive is dependent on identification of that adhesive. Physical             

properties such as colour or hardness, “[...] together with their solubility in a range of               

solvents, will enable identification of most adhesives.” PVAc’s have commonly          15

been used in the form of emulsions. Depending on the age of the adhesive, it may                

appear slightly brown, white or clear in colour. If clear, the PVA emulsion will turn               

white once immersed in water. The glue may feel brittle or slightly rubbery depending              

on its age and it’s original plasticity. Effective solvents for removal are warm water or               

acetone.  16

 

The adhesive present on the ceramic appears clear, though it is white and opaque              

in areas where excessive amounts were used. The solubility of the adhesive was             

tested by means of hand rolled cotton wool swabs immersed in warm water and              

acetone. Adhesive was found to be slightly soluble in both acetone and warm water. 

 

Ceramic fragments were submerged in a warm water bath. The adhesive present            

was softened, and joins were carefully separated. The chosen solvent (warm water)            

effectively softened and swelled the adhesive, allowing for the sherds to be pulled             

15 ​ ​(Oakley & Jain 2002) 
16  (Buys & Oakley 1993, Down 2007, Oakley & Jain 2002) 

8 



 

apart. Once wet, the clear glue appeared white and became gummy. These            

characteristics enabled the identification of this adhesive as a PVA emulsion. 

 

Mechanical removal of adhesive followed with a scalpel. Acetone was applied when            

required to further soften the glue. Care was taken during this removal to avoid              

scratching the ceramic; causing damage to the body and glaze. Following adhesive            

removal, sherds were swabbed with acetone and hand-rolled cotton wool swabs.           

Any accerations present were mechanically removed under a microscope.  

 

Mould Removal 

Fusarium ​is a large genus of filamentous fungi, consisting minimally of 70 recognized             

species. Fusarium requires wet conditions to form, and cultivates in damp areas.            17

Characteristically, the texture of this mold varies from flat to cottony, while the colour              

ranges from “white, tan and salmon to cinnamon, yellow, red-violet, pink or purple.”             18

Though, more commonly found outside, fusarium can form indoors. The mold           

multiples by the dispersion of airborne microscopic spores.  

 

17  (Cool Conservation 1994, Florian 2002, Ward 2018) 
18  (Ward 2018) 
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Figure 5: Microscopic image of pink fusarium hyphae. Image courtesy of Shutterstock.  
 

Fusarium molds will rarely affect the health of most individuals, however, those            

sensitive to mould may develop serious health symptoms if exposed. Fusarium is an             

allergen; spore inhalation may lead to sinusitis. In addition, a number of diseases             

have been linked in connection to this mold, “includ[ing] localized infections of the             

skin and nails (onychomycosis) and eye infections (keratomycosis), which commonly          

affect[s] lens wearers.” Furthermore, fusarium can lead to pneumonia,         19

thrombophlebitis, endophthalmitis, septic arthritis and osteomyelitis. Fusarium       

infection can potentially be deadly to those with a weak immune system, (e.g. cancer              

patients, etc.).   20

 

The mold is apparent on multiple fragments of the ceramic: present along break             

edges, the body as well as glazed areas. The fusarium is characteristically flat and              

pink-purple in colour. 

 

19 (Ward 2018) 
20 (Ward 2018) 
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Figure 6: Detail of mold present on several fragments of ceramic. Germain Wiseman, CCI 2019.  
 
 

Mary-Lou Florian (2002) suggests the use of alcohol and distilled water to remove             

mould, specifically 70% isopropanol or 70% ethanol to 30% water. The author claims             

that lower concentrations of alcohol are less effective than 70%.  

 

Following adhesive removal, ceramic fragments were submerged in a 70% isopropyl           

alcohol and 30% Reverse Osmosis (RO) water bath. The object was treated in the              

fume hood to reduce the potential spread of spores, and to prevent the inhalation of               

the alcohol which may cause drowsiness or dizziness if exposed to concentrations            

above the exposure limit. PPE included protective gloves (nitrile) and safety           21

glasses.  

 

Fragments were submerged for a period of 2.5 hours, followed by an overnight             

rinsing period in RO water. The holding tray was covered with fitted tupperware lid to               

lower the evaporation rate of the solution, thus lengthening the time of exposure to              

21 Appendix III Safety Data Sheet 
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the alcohol. It was observed that pink-purple ​fusarium stain was greatly reduced:            

about 95% of the stain had been removed by the mould remedial treatment.  

 

Stain Reduction  

Though active growth has been removed, discolouration and staining are present           

throughout the fragments. Cool Conservation (1994) notes, “many conservators         

have found that the only means to diminish dark yellow and purple staining caused              

by fungi is the use of bleaching solutions.” Hydrogen peroxide (H​2​O​2​) a bleaching             

agent, was selected for this purpose. Sherds were soaked in RO water for one hour               

prior to a 3% hydrogen peroxide bath. Fragments were pre-soaked in order to             

saturated the ceramic body and dissolve the stains present. Immersion was chosen            

in lieu of poulticing due to the degree of staining present throughout the body as well                

as the glaze interruptions: crazing, chips and areas of glaze loss. The holding tray              

was sealed with a fitted tupperware lid and fragments were soaked for a period of               

2.5 hours.  

12 



 

  
           ​Figure 7: Preparing sherds for 3% hydrogen peroxide soak. CCI, B. Houghton 2019.  
 
 
When bleaching with hydrogen peroxide, stains may potentially be rendered 

colourless and inaccessible cracks and break edges may be cleaned. As it is 

exposed to air, the hydrogen peroxide breaks down, forming water and active 

oxygen; the organic residues are oxidized, causing the removal of colour.  22

 

22 (Oakley & Kamal 2002, Rodgers 2004)   
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   ​Figure 8 : RO water rinse, following 3% hydrogen peroxide soak.  
 

Following the use of the bleaching agent, the objects must be thoroughly soaked in              

water to remove any remaining stain residues. Treatment was successful in           23

brightening the fragments, though stain reduction was minimal. The ceramic fabric in            

particular was significantly lightened. To address the staining, a poultice method           

utilizing cotton wool saturated in 3% hydrogen peroxide was selected. The stained            

sherds were wrapped in cotton wool, followed by plastic wrapping and then sealed             

into a polyethylene bag.  

 

A poultice works by mobilising the dirt or stain with the use of a solvent. The solvent,  

“[...] together with the dirt can be drawn out into a poultice or a pack. Evaporation of                 

the solvent at the surface of the poultice leaves the dirt remaining in the poultice               

rather than the body and dissolves the stain.” Fragments were poulticed for a             24

23 (Buys & Oakley 1993, Oakley & Jain 2002: 53, Rodgers 2004) 
24 (Oakley & Jain 2002)  
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period of 3 hours. No changes to the ceramic body were observed during this time.               

No discoloration was present on the poulticing materials; cotton wool remained           

white. Poulticing was ineffective.  

 

Gellan Gum  

In the field of paper conservation, the use of polysaccharide hydro-gels is becoming             

increasingly popular. Gellan gum, a water soluble, naturally occurring, straight chain           

polysaccharide, forms a gel in aqueous solutions. There are two grades of gellan             25

gum: high and low acyl content. The acyl group dictates many of the gel’s properties,               

including firmness and elasticity. Low acyl gel is more common place in the             26

heritage conservation field. In its raw form, the gum is a white, non-toxic, odourless              

powder. When mixed with water and heated, the gel becomes hydrated. Once            

cooled, a clear and transparent gel is formed. Low-acyl gum hydrates between            27

75-100​o​C and sets below 50​o​C. Gellan gum remains stable with the addition of             

various additives. It can be utilized as a carrier for a variety of chemical treatments,               

and is useful for localized application as a poultice material.  28

 

Staining on archaeological ceramics can arise from a number of factors including            

burial environment and porosity of the ceramic body. The use of chelators such as              

ethylenediaminetetraacetic acid (EDTA), ​diethylenetriamine pentaacetic acid (​DTPA)       

and sodium citrate are frequently recommended for the removal of iron stains.            29

25  (Maitland ​et al. ​2018, Baron & McGrath 2019)  
26 ​ ​(Baron & McGrath 2019) 
27  (Maitland ​et al. ​2018) 
28  (Maitland ​et al. ​2018 & Porteous 2018:5) 
29  (Buys & Oakley 1993, Oakley & Jain 2002, Rodgers 2006, Selwyn and Tse, 2008) 
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Chelating agents work by mobilizing metal ions from their insoluble compounds,           

combining with them and forming complexes that are then rinsed from the artifact​.             30

Care should be taken when using a chelating agent as it may attack metal ions that                

naturally occur within the ceramic glaze and body. ​A study by Selwyn (2013) found               

that a combination of a chelator and the reducing agent SDT (sodium dithionite)             

enhance the reduction of iron stain removal. Reducing agents reduce the insoluble,            

rust-coloured iron (III) ion to the colourless, soluble iron (II) ion, becoming more             

accessible to the chosen chelator. Following treatment, the ceramic must be           31

thoroughly rinsed as any iron (II) ions remaining in the body of the ceramic will               

reoxidize over time, becoming the rust-coloured iron (III) ion and reforming the  

stain.   32

 

Following a study carried out at the Winterthur Museum wherein poulticing was            33

determined to be the most effective method in stain removal, Porteous (2018)            

undertook an exploratory project utilizing the use of gellan gum for reduction of iron              

stains on ceramics. Her study explored the use common chelators: EDTA, DTPA            

and sodium citrate, in combination with sodium dithionite, a reducing agent, applied            

in a gellan gum poultice. Her results found the combination of DTPA and SDT to be                

the most successful.  34

 

 

30 (Rodgers 2006, Selwyn & ​et al. 2013) 
31 (Selwyn 2013) 
32 (Porteous 2018) 
33 (Pouliot ​et al. ​2013) 
34 (Porteous 2018) 
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Application of Gellan Gum Poultice  

A study by Selwyn (2013) found that, with the addition of the reducing agent SDT,               

varying the concentration of the selected chelator between 2-4% had little effect, nor             

did the sequence in which the reducing agent and chelator were applied. In her              

study, Porteous (2018) immersed ceramic sherds in a 1% low acyl gellan gum,             

containing 5% SDT and 2% DTPA. In 2008, a study investigating the use of sodium               

dithionite in conservation, conducted by Selwyn and Tse found a 10% SDT solution             

paired with the chelator DTPA effective in the removal of iron stains from             

archaeological ceramics.  

 

For this study, both concentrations (5% and 10% SDT) were tested in an effort to               

determine if the greater concentration of SDT is more effective at iron stain             

reduction.  

 

Preparation of Gellan Gum Poultice  

KelcoGel, a pure low acyl gellan gum, sourced from Talas, was selected. A two step               

dilution method was used to form the gellan gum poultice. A solution containing  

2 grams of chelator DTPA and 50 mL of RO water was heated to 50​o​C on a on a hot                    

plate and monitored. At this time, two grams of reducing agent SDT was weighed              

and set aside. In a separate beaker, 0.04 g of Calcium acetate (CaAC) was stirred               

into 50 mL of Reverse Osmosis water. Two grams of KelcoGel was added to this               

solution and whisked. This solution was individually heated in a microwave oven to             

hydrate the gel (approximately 1 minute). Following the hydration of the gel, the             

heated chelator solution was added to the gellan gum immediately followed by the             

17 



 

premeasured SDT, minimizing the heating of the SDT and it’s exposure to air. These              

factors contribute to the oxidative degradation of sodium dithionite. The solution           35

was quickly stirred and casted. Once set, a 2% low acyl gellan 

gum, containing 10% SDT and 2% DTPA was formed. The same procedure was 

repeated, using a halved amount of SDT to form a 2% low acyl gellan gum 

containing 5% SDT and 2% DTPA. Once set, the poultice was cut to size and placed 

directly onto the stained sherds, wrapped in saran wrap and placed in a polyethylene 

bag. 

     
Figure 9: Gellan gum applied to sherds, wrapped in plastic cling wrap and sealed within a 
polyethylene bag.  
 

Sherds were left under the gellan gum poultice for varying time periods (1 day - 8                

days) depending on the severity of the stains. The sherds were then rinsed for a               

period of 3-5 days in reverse osmosis water (RO). Water was changed three times              

per day. No difference in effectiveness was observed between the 5% and 10%             

poultice. 

35 (Porteous 2018) 
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Figure 10: Sherds after 8 days of poulticing. Note the yellowing of the gellan gum.  
 
 
 
Treatment Observations 
 

 
Figure 11: Sherds prior to gellan gum treatment (left), sherds following treatment.  
 
Treatment was successful. All sherds selected for poulticing were lightened. Stains  
 
were significantly reduced and/or removed completely. The gellan gum turned a mild  
 
yellow to dark rust colour as materials were leached out of the sherds.  
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 Figure 12: Plate rim fragment before treatment (top) after treatment (bottom).  
 
 

    
 ​Figure 13: Plate fragments before treatment (left) after treatment (right).  
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Figure 14: Plate fragments before treatment (left) after treatment (right). 
  
 
The cleaned sherds were air-dried at room temperature. Following the drying period,            

fragments were consolidated with 5% w/v B-72 in acetone. The registration numbers            

for the sherds were reapplied. Labels were printed on printer paper (Arial 6) cut to               

size and adhered to each fragment with 5% w/v B-72 in acetone. Excess adhesive              

was removed with hand-rolled cotton wool swabs and acetone. The ceramic was dry             

21 



 

fitted prior to repair. Joins were adhered together with 50% w/v B-72 in acetone. The               

process was documented as requested by the client.  

 

In summary, the treatment was successful: ​fusarium ​mould was removed, stains           

were greatly reduced and the ceramic was consolidated and repaired. The use of             

CO​2 dry ice in the removal of adhesive was ineffective. Gellan gum, combined with a               

chelator and reducing agent was determined to be an effective poulticing material in             

the reduction of iron stains from archaeological ceramics.  
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