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ABSTRACT 
 
 
 Arsenic-based pesticide residues have been detected on Arizona State Museum’s 

(ASM) Diné (Navajo) textile collection using a handheld portable X-ray (pXRF) 

spectrometer.  The removal of this toxic pesticide from historic textiles in museums and 

collections is necessary to reduce potential health risks to Native American communities, 

museum professionals, and visitors to these cultural institutions.  A leader in engineering 

innovative pesticide removal methods, ASM received federal funding support to continue 

essential research in removing heavy metal pesticides from cultural property.   

 The research objective was divided into three interconnected stages: (1) calibrate 

the pXRF instrument for arsenic contaminated cotton and wool textiles; (2) engineer a 

textile conservation aqueous washing treatment to remove arsenic from wool textiles; (3) 

demonstrate the aqueous washing treatment method on actual Navajo textiles known to 

have arsenic-based pesticide residues.   

 The calibration process consisted of a dipping method to produce known 

homogenous arsenic cotton and wool test samples saturated with solutions of 100, 500, 

1000, 2500, and 5000 parts per million (ppm).  A linear correlation between observed 

pXRF test readings and formulated arsenic solutions corroborated the instruments range 

of detection for arsenic on specific textile materials.  The calibration confirms that the 

pXRF is suitable instrument to measure the removal of arsenic from wool textiles.   

 Wool test samples treated with solutions of an arsenic concentration of 1000ppm 

were used to develop an optimal aqueous washing treatment exploring the effects of time, 

temperature, agitation, and pH conditions to efficiently remove arsenic while minimizing 

damage to the structure and properties of the textile.  Each conditional effect removed a 
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certain percentage of arsenic, although the most efficient aqueous washing treatment 

consisted of submerging a wool textile in deionized water at room temperature for ten 

minutes with the greatest level of agitation within reason to minimize damage the textile.   

 The final stage of the research applied the aqueous washing guidelines formulated 

from experimental research on three historic ASM Navajo textiles.  Two textiles 

contained low arsenic concentrations (<100ppm), and one tested with a high arsenic 

concentration (~1000ppm).  The aqueous washing treatment resulted in minimal change 

for low arsenic concentration textiles, and a 96% removal of arsenic on a high arsenic 

concentration textile. 

 The preliminary success of removing arsenic-based pesticide residues from 

historic Navajo textiles greatly impacts the future management of historic textile 

collections, and also raises questions to further refine the research methodology or pursue 

alternative related research such as engineering a closed circulating arsenic removal 

system to limit the quantity of toxic water.                                            
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Chapter 1 
 

INTRODUCTION 
 
 
 Heritage conservation is an interdisciplinary field supported by research and 

education to examine, document, treat, and care for cultural property (Definitions	  of	  

Conservation	  Terminology	  2014).  The preservation of cultural property motivates 

innovative research to conserve the past for future generations, sustaining cultural 

heritage.  The overarching premise of this research addresses the need to scientifically 

remove or mitigate heavy metal pesticide residues on historic cultural property by 

encompassing a process-structure-property-performance paradigm from the academic 

discipline of Materials Science and Engineering (MSE) within the context of heritage 

conservation. 

 Traditionally, museum collections were treated with various combinations of 

pesticides, which are now antiquated preservation practices to control pests, or living 

organisms, from using these historic materials for nourishment.  Various techniques were 

used to apply highly toxic pesticides creating potential health risks to museum personnel 

or Native American communities, the stewards, of these materials. 

 It is important to recognize that Native American communities generally regard 

many items in museum collections as embodying a living spiritual energy prompting 

concerns of sensitivity regarding the management of cultural items (Loma’omvaya 2001).  

The enactment of the Native American Graves Protection and Repatriation Act 

(NAGPRA) of 1990, Public Law 101-106; 25 U.S.C. 3001-3013, described and governed 

a process for federally funded institutions or agencies to return Native American cultural 

items including human remains, funerary objects, sacred objects, and objects of cultural 
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patrimony to lineal descendents, and culturally affiliated Indian tribes and Native 

Hawaiian organizations (National NAGPRA 2014).  In particular, NAGPRA Regulations 

Section 10.10 (e) mandates: 

 

The museum official or Federal agency official must inform the recipients of 

repatriations of presently known treatment of human remains, funerary objects, 

sacred objects, and objects of cultural patrimony with pesticides, preservatives, 

or other substances that represent potential hazard to the objects or to persons 

handling the objects (U.S. Electronic Code of Regulation 2014). 

   

 The United States Environmental Protection Agency (EPA) regulates pesticides 

by means of risk assessment, a four-step process to evaluate the health impact of a 

pesticide (Assessing Health Risks from Pesticides 2014).  Identifying various hazardous 

pesticides, determining dosage levels inducing negative health effects, and considering 

exposure routes (inhalation, dermal, or oral) are steps used to characterize acute and 

chronic human risk from pesticides.  The assessment of health risk is beyond the current 

scope of this research project, as to determine potential health risks; consultation with an 

experienced medical professional such as a medical toxicologist is a key element.  

However, given the health risks associated with arsenic, it can be assumed that its 

removal from cultural property, thus reducing dosage levels, decreases adverse health 

impacts.  

 Published information regarding the remediation or mitigation of heavy metal 

pesticide residues on cultural property in museum collections is limited.  Reported studies 
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generally pertain to museum pest management, pesticide treatment techniques to museum 

materials, and pesticide mitigation related to environmental or soil conditions (Odegaard 

2001).  Knowledge of arsenic removal on museum materials or cultural property has only 

been reported in the following investigations.  

 The Haudenosaunee (Iroquois Confederacy) of the Six Nations Reserve from 

Oshweken, Ontario, Canada conducted an aqueous washing and surface treatment on a 

set of repatriated sacred medicine (false face) masks to reduce detected arsenic levels.  

The process was reportedly effective in removal of arsenic by twice doing a HEPA 

filtered vacuum treatment followed by soap and water (Reuben 2010; Jemison 2001). 

 Investigation into the removal of arsenic and mercury related pesticide residues 

from museum artifacts via aqueous α-lipoic acid solutions established a conceptual 

framework for this research based on sorption and desorption characteristics of arsenic in 

relation to cotton and wool materials.  The sorption of arsenic onto cotton and wool was 

shown to be a physisorption process based on linear adsorption isotherms.  The study also 

concluded a maximum desorption of arsenic from wool was achieved within three 

minutes of being immersed into deionized water or a reduced α-liopoic acid solution 

(Cross 2007). 

 The New Mexico Museum of Indian Arts and Culture Laboratory of 

Anthropology analyzed a series of six treatment methods, using a pXRF analyzer to 

remove arsenic from woven Huichol textile ribbons.  All treatment methods removed a 

certain percentage of arsenic through a combination of suction and wet cleaning methods.  

Low suction HEPA filtered vacuuming removed the least amount of arsenic (~70%), and 

immersion into a deionized water-surfactant solution removed the greatest concentration 
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of arsenic (~95%).  The results are positive in limiting adverse health effects to museum 

personnel but require proper knowledge, skills, and abilities to safely manage suitable 

treatment of museum materials (Tinkman Hewett 2011). 

 Most recently, the leader in engineering pesticide removal methods, The Arizona 

State Museum’s  (ASM) conservation laboratory, received federal research support from 

the National Center for Preservation Technology and Training (NCPTT) to develop 

guidelines for a pesticide residue survey and removal evaluation on textiles employing a 

handheld portable X-ray spectrometer (pXRF).  The NCPTT grant partially funded the 

acquisition of a cost-effective versatile pXRF instrument used in three interconnected 

phases of the project design: (1) survey over 600 well-documented ASM Diné (Navajo) 

textiles to detect and identify heavy metal pesticide residues; (2) develop an aqueous 

wash treatment to efficiently remove arsenic-based pesticide residues from textiles; (3) 

applying the aqueous washing protocol on actual historic textiles.  The grant initiative 

was a collaborative effort amongst diverse professions to respond to a complex museum 

issue (Anderson et al. In press). 

 Therefore, the purpose of this project is to systematically investigate the removal 

of arsenic and wool textiles, and create cost-efficient guidelines for the most favorable 

aqueous washing conditions to ultimately remove the greatest level of arsenic from a 

historic wool textile.  The benefit of this research in regards to past investigations is to 

systematically determine ideal time, temperature, level of agitation, and pH to minimize 

the damage to a historic textile while immersing into an additive-free bath. 

 An understanding of pesticides, arsenic, textiles, and pXRF are first explored 

followed by experimental research.  The experimental research will attempt to create 
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homogenous arsenic wool test samples, calibrate the pXRF instrument for arsenic on 

wool and cotton sample under wet and dry conditions, investigate the performance of 

four conditional effects to removing arsenic, and analyze post-wash arsenic solutions.  

These experimental steps will directly impact the washing process for three contaminated 

Navajo textiles.  The results will be reported followed by an interpretive discussion.  A 

conclusion outlines significant findings stimulating recommendations for future work. 
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Chapter 2 
 

BACKGROUND 
 
 
 The removal of arsenic-based pesticide residue from a textile involves a 

conceptual understanding of key variables used to appropriately design a well-defined 

experimental method.  Literary research in conjunction with MSE and heritage 

conservation courses, professional dialogues, and textile workshops (Appendix A and 

Appendix B) were instrumental to this research.  In addition, approximately ten years of 

professional experience using pXRF technology to identify, detect, and quantify heavy 

metal (arsenic, mercury, and lead) pesticide residues on a variety of ethnographic cultural 

materials at the Smithsonian Institution’s National Museum of the American Indian 

(NMAI) also established a background to the comprehending the complexity involving 

this research.    

    

2.1 Pesticides 

 Pesticides are defined to be toxins or poisons intended to control pests, living 

organisms deemed a nuisance or detrimental to human concerns.  The classification of 

pesticides is dependent on certain qualities such as chemical structure, function, and 

species of pest.  Generally, pesticides are grouped as either organic or inorganic based on 

their main chemical component.  Organic pesticides are carbon-based compounds, and 

are considered to be more complex than inorganic pesticides, whereas inorganic 

pesticides are simpler compounds that typically consist of heavy metal elements such as 

arsenic, mercury, or lead.  The chosen pesticide treatment relies on the type of pest being 
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targeted, and results in a variety of pesticides: herbicides-vegetation, insecticides-insects, 

fungicides-mold/mildew, disinfectants-bacteria, and compounds-rodents. 

 The concept of pesticides has evolved since ancient times with various strategies 

employed in the attempt to manage pests.  Early non-chemical pesticide strategies 

involved cultural rituals or practices including prayer and animal offerings to deter pests 

from crops (Cullen 2008, 61).  In contrast, chemical strategies utilized ashes, common 

salts, and bitterns for agricultural purposes (Love 1981).  The first generation of 

pesticides has a prolonged history mainly consisting of highly toxic organic and inorganic 

compounds.  The 1930’s established the second generation of pesticide development with 

the introduction of synthetic organic compounds to combat pests.         

 Museum collections are mainly composed of organic materials that can serve as a 

source of nourishment for pests.  Historically, this triggered the use of organic and 

inorganic pesticides as a conventional preservation treatment method designed to deter 

pests from damaging museum collections.  Approximately 90 chemical pesticides were 

applied to museum collections via spraying, aerosol, bombing, fogging, dusting, or 

fumigation, which included the use of arsenic (Odegaard et al. 2005).     

 

2.1.1 Arsenic       

 Arsenic (As), atomic number 33, is a chemical element derived from natural and 

anthropic sources creating worldwide environmental and human concerns.  The element 

is a metalloid, which has the unique properties of a metal and non-metal, and is gray-

colored, odorless and tasteless in its pure form.  Arsenic ranks 20th in natural abundance 

within the earths crust (Mohan and Pittman 2007; Mandal and Suzuki 2002).  Natural 
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weathering mobilizes the element in the form of oxyanions from soils and rocks, which 

are water-soluble species of arsenic (Mohan and Pittman 2007).  Arsenic exists in the 

following oxidation states: 3- (arsine), 0 (elemental arsenic), 3+ (arsenite), and 5+ 

(arsenate) (Mohan and Pittman 2007).  The element forms organic and inorganic 

compounds, with the inorganic forms presenting higher toxicity.    

 Arsenic was discovered in its mineral form, orpiment and realgar, during ancient 

times, and is known to first been isolated by Albertus Magnus, a German scholar, in 1250 

A.D.  The odorless, colorless, and tasteless properties of inorganic arsenic made it known 

as the “king of poisons” from the Roman Empire through the Renaissance Period.  The 

extensive human history of arsenic encompasses a range of applications pertaining to the 

lumber, agricultural, livestock, medicinal, and industrial sectors.   

 In the 1st century, Pliny the Elder, a Roman naturalist, proposed the use of arsenic 

as an insecticide in his encyclopedia, Naturalis Historia.  Chinese farmers also used an 

arsenic compound as an insecticide in the 16th century (Rathmore 2010, 1).  The 

treatment of artifacts and museum collections with arsenic was reported as early as the 

17th century and persisted until the United States banned its use in 1972 (Odegaard et al. 

2005).   

 

2.1.1 Inorganic Arsenic 

 Arsenite (As[III]) and arsenate (As[V]) are two species of inorganic arsenic, 

which are dependent on their redox potentials and pH.  Arsenite exists as arsenous acid, 

and is thermodynamically stable under mild reducing conditions and low pH, whereas, 

arsenate exists as arsenic acid, under oxidizing conditions and within certain pH intervals 
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(Vasudevan, et al. 2013: 164).  As[III] is stipulated to be 25-60 times more toxic than 

As[V] (Vasudevan, et al. 2013: 163-164), and is capable of oxidizing into As[V] under 

wet conditions.   

 Inorganic arsenic produces adverse health effects ensuing from exposure via 

inhalation, ingestion, and dermal contact.  Health effects consist of acute or chronic 

symptoms to several systems of the body.  Acute exposure is defined as a single exposure 

of 14 days or less resulting in gastrointestinal effects (nausea, vomiting, abdominal pain, 

diarrhea, etc.), neurological effects (headaches, dizziness, giddiness, etc.), chest pains, 

and respiratory problems (Inorganic Arsenic TEACH Chemical Summary 2007).  

 Symptoms of long-term exposure are generally visible with changes in the skin 

such as hyperpigmentation, lesions, sores, or hard patches on hands and feet (Arsenic 

Fact Sheet 2012; Inorganic Arsenic TEACH Chemical Summary 2007).  These 

symptoms are considered to be precursors of skin cancer (Arsenic Fact Sheet 2012).  In 

addition to skin cancer, chronic arsenic exposure may result in cancer to the bladder or 

lungs.  Consequently, inorganic arsenic is a carcinogen and causes health concerns for 

those exposed. 

 

2.1.1.1 Sodium Arsenite 

 Sodium arsenite (NaAsO2) was initially used as an herbicide to manage weeds 

around the 1900; specifically the United States Corp of Engineers used sodium arsenite to 

control water hyacinth in the state of Louisiana (Sanders 1981).  Museums and collectors 

have documented the use of sodium arsenite as a traditional preservation material to deter 

pests (Odegaard et al. 2005).  For example, The Museum of New Mexico acknowledges 
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utilizing a mothproofing spray, Sibur, which was an approximate 10% sodium arsenite 

solution during a twenty-year period from the 1940’s through the 1960’s (Cullen 2008).  

In addition, The University of British Columbia’s Museum of Anthropology applied 

solutions of sodium arsenite to totem poles as a preservation treatment (Cullen 2008; 

Clavir 2001).  The reported use of the inorganic arsenic compound, sodium arsenite, for 

preservation purposes justifies the use of Fluka Sodium Meta-Arsenite (NaAsO2 Lot 

#71287) in the experimental methodology. 

 

2.2 Navajo Textiles 

 The people of the Navajo Nation are the largest federally recognized Native 

American tribe residing in the four-corner region (Arizona, New Mexico, and Utah) of 

the United States.  Archaeologically, the Navajo are reported to have migrated into the 

Southwest during the 14th century, which differs from community origin stories.  Initially 

hunters and gathers, the Navajo adopted elements from the Pueblo cultures, particularly 

weaving technologies (Geyla 2011).  The introduction of sheep by the Spanish in the 17th 

century influenced Navajo culture causing a shift to a pastoral life (Whitaker 2002).  This 

increased the production of wool-based utilitarian textiles such as garments, blankets, and 

trade items made by Navajo people. 

 Textiles are commonly identified and dated by analyzing its fibers, dyes, yarn 

composition, and weave structure.  Woven on a vertical loom, Navajo textiles are 

normally longer and wider than Pueblo and Spanish textiles.  They are highly regarded 

and distinguishable for its properties and structure such as a tighter weave, and visual 

presence of “lazy lines”, short diagonal lines in solid colored areas.  In 1844, Josiah 



	   JRA:	  22	  

Gregg, an author of Commerce of the Prairies described these textiles as,  “so close and 

dense a texture that it will frequently hold water almost equal to gum-elastic cloth.  It is 

therefore highly prized for protection against the rains” (Kent 1985).  These textiles have 

flourished through unwarranted changes in relation to the hardship the Navajo people 

have endured from colonization. 

 The Classic, “traditional”, period of Navajo textiles relates to three concepts: the 

textiles woven prior to 1865 served autonomous Navajos’ own needs; the patterns 

evolved from their own basketry designs without intrusion of foreign aesthetic; and the 

principal material was wool from weavers’ own sheep, which they processed and dyed 

(Kent 1985).  The introduction of Churro sheep by the Spanish produced wool that was 

naturally long and straight, making it a favorable material for weaving requiring little 

preparation (Morgan and Brako 1984).  The earliest Navajo blankets, termed Phase 1 

(Pre-1850), consisted of broad alternating horizontal bands of white and brown Churro 

wool with blue indigo or red cochineal dyed yarns.  Phase 2 (1850-1860) blankets 

incorporated smaller design elements placed over the wide horizontal bands of Phase 1 

blankets.   

 In 1864, The United States Government forced the deportation of Navajo people 

from their traditional homelands to Bosque Redondo, a reservation near Fort Sumner, 

New Mexico.  This governmental act permanently altered Navajo Churro wool 

production with the eradication of herds of Navajo Churro sheep. 

 The Transitional Period (1865-1895) changed the concept of Navajo weaving 

from blanket making to rug making.  The Navajos’ own needs and aesthetic to create 

textiles was transformed into producing non-utilitarian patterned rugs for an off-
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reservation Anglo-American market (Kent 1985).  The period also instituted new Navajo 

wool types from subsequent “improved breeds” of sheep provided by the government, 

causing cross-breeding over time, resulting in Navajo wools to be more crimpy, short 

stapled, greasier, and more difficult to handspin (Morgan and Brako 1984).  In addition, 

the introduction of aniline-dyed yarns that were milled in Germantown, PA initiated 

further change, or a Phase 3, in Navajo weaving.  The changes constituted to the use of 

new vivid materials, weaving techniques, and elemental designs expanding beyond 

horizontal bands on the top, middle, and bottom of the textile. 

  Post-Transitional Period has sustained the manufacturing of Navajo rugs for 

market distribution influenced by the loss of a national wool market, depleted herds of 

Navajo sheep from overgrazing traditional homelands, adoption of commercial cloth and 

factory-made clothing, introduction of Pendleton blankets, and the continued growth of 

the tourism industry (Kent 1985). 

 In retrospect, conventional western perspectives view Navajo textiles as a secular 

commodity stemming from trade and market driven distribution throughout the United 

States (M’Closkey 2002).  In comparison, Navajo weavers communicate mixed 

perspectives in regards to textiles.  One Navajo perspective conveys the process of 

weaving as encompassing the intangible cultural values, which diverges from the idea of 

the tangible product itself, the textile, possesses the living spiritual energy of the weaver 

(M’Closkey 2002).  Each perspective concerning Navajo textiles is reasonably respected, 

and a personal viewpoint regarding the scientific testing on cultural materials is best 

conveyed as follow: 
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 “The tribal perspective offers that there be a domain for the acknowledgement of 

 all things in this world, and it is with this sentiment that all things be respected. 

 The institutional perspective gives respectful acknowledgement to what is either 

 intellectually or scientifically derived, which in turn establishes the bounds of 

 what contexts can be applied. The challenge for both is to understand and respect 

 the other’s perspective. 

 

In light of this reality, discourse should be given with respect to both the physical 

and metaphysical states of an object, which may provide some alignment in 

understanding the pertinent sensitivities that are present with an object’s being as 

well as its importance to a community or people. The possession of these objects 

by a museum has established what state these objects are currently in because of 

institutional considerations, and those considerations are the issue of what is 

currently within the ethical bounds of a museum’s responsibility” (Kaminitz 

2001). 

 Terry Snoball, NMAI Repatriation Coordinator 

 

2.2.1 Navajo Textile Cleaning Methods 

 The cleaning of Navajo textiles varied in techniques and purpose.  Traditional 

cleaning methods consisted of absorbent and aqueous technique to remove soiling as 

described: 
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“The Navaho themselves have two methods of cleaning them.  One is to take the 

soiled blanket out into the sand of the cornfield, and then shovel damp sand upon 

it and allow it to remain buried for a day or so.  It is then well scrubbed with the 

sand, thoroughly beaten and shaken and allowed to fully dry and air in the sun.  

Where a more thorough cleansing is required the saponaceous roots of the amole 

are taken, macerated into shredded fibre, beaten up and down in a bowl of water 

until a rich lather is produced. With this suds and a rude brush made of shredded 

cedar bark the blanket is soaked and scrubbed on both sides, after which it is 

rinsed with as much water as these desert-dwellers can spare. If the colors are 

not well-mordanted this process naturally makes them run and commingle, and 

this often spoils a blanket, but where the colors are fast, or the wool of the blanket 

is the native white, black, gray, or brown, no injury can result” (James 1920, 

174). 

 

 Additional traditional techniques consisted of a seasonal snow treatment used in 

the same manner as the damp soil technique described previously, or mechanically 

rubbing cornmeal into localized soiled areas of the textile.   

  The current cleaning treatment of historic Navajo textiles is preferably no 

treatment, in order to prevent any damage.  If a cleaning treatment is necessary, the least 

invasive method is best practiced.  For example, vacuuming would be preferred over 

washing, and vacuuming should be done on a flat surface to prevent any stress or strain 

on the fibers of the textile (Odegaard 2014).   
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 Wet washing is not recommend as many dyes are water soluble, detergents may 

deteriorate the protein component of the wool, water can weaken the wool and increase 

weight causing strain or stress on the fibers, and agitation may cause surface and texture 

changes.  The process of dry cleaning removes natural oils from the wool, and could 

cause damage to the dyes if not tested (Odegaard 2014).  The experience of conducting a 

mock aqueous washing treatment at the Smithsonian Institution’s NMAI conservation lab 

put these practices into context as discussed in Appendix A.    

 

2.3 Handheld Portable X-ray Fluorescence Spectrometry (pXRF) 

 The introduction of pXRF technology has made significant contributions to field 

of heritage conservation due to its portability, fast detection, and differentiation for a 

broad range of elements, and more importantly its non-invasive technique to analyze 

museum collections for a variety of elements.  The non-invasive approach minimizes 

damage to historical objects and supports sensitivity toward cultural property.  In 

addition, the instrument has economical advantages over other quantitative elemental 

instrumentation.  The combination of these attributes distinguishes pXRF as a viable 

measuring tool for the purposes of this research. 

 X-ray fluorescence was established as an alternative method to resolve issues 

involving the electron excitation source originally used in X-ray spectrometry.  The 

theory utilizes short wavelength and high-energy electromagnetic radiation such as X-

rays, which are directed at a material, and ionizes the atoms within the material.  An X-

ray dislodges an electron from an inner orbital shell causing the atom to become unstable.  

A higher energy electron from the outer orbital shell fills the vacancy of the dislodged 
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inner orbital shell electron and stabilizes the atom.  The difference in energy between the 

outer and inner orbital shell is emitted as an X-ray, which is defined as fluorescence.  

Each element of the periodic table has a unique X-ray fluorescence spectrum that is 

measured to determine elements within a material.  Thus, pXRF is capable of 

determining elemental composition of a material, but is not sensitive enough to 

distinguish among arsenic species. 
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Chapter 3 
 

EXPERIMENTAL AQUEOUS WASH TREATMENT 
METHODOLOGY 

 
 
 Safety is a priority considering each experimental step requires the handling of a 

toxic element and radioactive instrument.  Therefore, it is imperative to conduct this 

process in a controlled certified laboratory environment, use appropriate personal 

protective equipment, and have proper certification or training in chemical safety and x-

ray producing machines.     

 During concurrent research activity of the ASM project, Martina Dawley 

(graduate student in American Indian Studies, University of Arizona) conducted a 

comprehensive pXRF Navajo textile survey, which provided a framework of preliminary 

arsenic concentrations to consider in the following experimental design.  The 

experimental design is a sequential series of steps starting with an investigation into the 

wetting and drying properties of cotton and wool test materials, which lead to the creating 

a range of homogeneous arsenic test samples used to calibrate the pXRF instrument 

under wet and dry conditions.  Four conditional effects (time, temperature, agitation, and 

pH) were analyzed and post-wash solutions for each test conducted were retained to 

further investigate the removal of arsenic from wool textiles. 

 

3.1 Test Samples Preparation 

 Initial fabric samples were purchased from Testfabrics, Inc. (415 Delaware Ave. 

West Pittston, PA 18643), precut 55mm diameter, and contained a dry mass of 

approximately 0.4 grams (g). The fabric samples were unbleached cotton interlock knit 
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(Style #460U, Lot#9740) and wool jersey knit (Style #532, Lot #97696).  They were first 

evaluated for their wetting and drying properties with deionized water treated from a 

Culligan mixed bed single tank system. The wetting and drying investigation started with 

a droplet technique and transitioned to traditional pesticide treatment methods such as 

dipping and spraying due to initial undesirable results. The investigation concluded that 

each test fabric was hydrophobic and a wetting agent was needed.  In addition, the 

curling effect while wetting the wool sample was not ideal for preparing homogenous 

arsenic test samples.   

 The wool from Testfabrics, Inc. was replaced with undyed handwoven Chimayo 

wool acquired from Ortega’s Weaving (53 Plaza Del Cerro Chimayo, New Mexico 

87522). The Chimayo wool directly correlates with the properties of Navajo textiles, and 

exhibited improved wetting and drying properties making it an ideal resolution. Swatches 

of Chimayo wool were hand cut to 55mm diameter samples, with an approximate dry 

mass of 1.5g. 

 A glass micropipette was used to add a drop of a nonionic surfactant, 

Conservation Materials Triton XL-100 (1395 Greg Street, Suite 110, Sparks, Nevada 

89431) to approximately 400mL of deionized water to resolve wetting issues of each test 

fabric.  The mixture improved the rate and uniformity of absorption for both test fabrics.  

McCormack food coloring was also added to the deionized water and Triton XL-100 

solution to visually confirm homogeneous absorption by the test samples. 
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Illustration 1. Homogenous Sorption of Food Coloring on Cotton 

 

3.2 Solutions 

 A comprehensive pXRF survey was carried out to detect and identify heavy metal 

pesticides on ASM’s Navajo textile collection (Anderson et al. 2014 in print).  The 

survey provided the arsenic data used to guide the concentration limits of arsenic in this 

research.  

 Deionized water was pretreated with a surfactant, Triton XL-100, to improve the 

wetting properties.  A measured amount of sodium arsenite was dissolved into the pre-

treated deionized water to create a 100mL arsenic solution with a concentration of 10,000 

parts per million (ppm).  Five 50mL arsenic solutions were prepared by diluting 
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10,000ppm to produce concentrations of 5000ppm, 2500ppm, 1000ppm, 500ppm, and 

100ppm. 

 

3.3 Handheld pXRF Calibration 

 The pXRF instrument is capable being calibrated using expected (given) 

elemental concentrations vs. calculated elemental concentrations, termed empirical 

calibration (Shackley 2011).  This calibration technique is necessary since there are no 

industry reference standards for arsenic in wool and cotton substrates currently available.       

 The Olympus Innov-X handheld pXRF calibration process starts with an internal 

calibration normally conducted when powered on.  The testing of cotton and wool 

controls prior to any set of measurements, as well as a background reading of the testing 

surface showed no detection of arsenic by the instrument.   

 A pXRF arsenite calibration curve with 68% confidence intervals was constructed 

for both Testfabrics, Inc. cotton (Figure 1) and Chimayo wool (Figure 2).  A total of 15 

wool samples were contaminated with a known arsenic concentration.  A concentration 

set consists of three wool samples dipped into one of five prepared arsenic solutions: 

5000ppm, 2500ppm, 1000ppm, 500ppm, or 100ppm.  Each contaminated wool sample 

was pXRF tested, wet and dry, in five different areas to ensure uniformity and quality of 

concentration.  Each pXRF reading was conducted in the manufacturer’s “Soil” mode for 

a period of 90 seconds with beam settings at 40kV for 60 seconds and 15kV for 30 

seconds.  This generated a total of 150 wet and dry wool measurements partitioned into 

five-controlled concentration sets.  The process was repeated with 15 samples of cotton.  
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The difference between cotton and wool mass and thickness implies an increase of pXRF 

arsenic detection on dry wool samples. 

 In addition, “Detection limits are function of testing time, sample matrix, and 

presence of interfering element” (Delta Professional Handheld XRF Analyzers).  A 

Silicon drift detector (SDD) enables a limit of detection for low-density arsenic samples 

such as soils, powders, and liquids to <5ppm based on 1-2 minute tests with a detection 

confidence of 99.7%.  This provides a high level of confidence for arsenic detection in 

low-density wool textiles samples. 

 

 

Figure 1. pXRF Calibration for Cotton Samples 
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Figure 2. pXRF Calibration Curve for Chimayo Wool Samples 

 

3.4 Conditional Effects 

 Conditional effects were based on traditional textile conservation variables 

involving aqueous washing treatments. Time, temperature, agitation, and pH were 

investigated in removal process of arsenic from Chimayo wool.  Sample preparation and 

pXRF testing procedures developed in the calibration phase were used.  Each conditional 

effect used samples with an initial arsenic concentration of 1000ppm, a value based on an 

ASM textile survey of preliminary arsenic levels detected on Navajo textiles. 

 Each investigation utilized a 2-liter Tupperware Square Pick-A-Deli Container, 

timer, thermometer, and Horiba LAQUAtwin compact pH meter (Illustration 2).  

Approximately 200mL of deionized water was used to investigate time, temperature, and 

pH effects.  Approximately 400mL was used to conduct agitation experiments.  Two lift-
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up strainers of different dimensions assisted in retaining a fixed sample position during 

deionized water submersion and extraction (Illustration 3).  The sample was pXRF tested 

wet, air-dried, and retested with pXRF.  Approximately 10mL of post-wash water was 

preserved to conduct an arsenic paper test as a supplementary method to assess arsenic 

removal. 

 

 

Illustration 2. Conditional Effect Testing Setup 

 

 



	   JRA:	  35	  

 

Illustration 3. Testing Apparatus Setup with Chimayo Wool 

 

3.4.1 Time 

 The evaluation of time was presumed to be the most straightforward test since 

temperature (23°C), agitation (none) and pH level (~7.0) were all held constant.  

Published research suggested a minimum and maximum range of time for a textile to be 

in an aqueous solution (Cross 2007; Rice 1972).  A total of 15 wool samples were 

divided into five sets of three samples.  Each sample set was immersed in 200mL of 

deionized water at a respective time interval of 1, 5, 10, 15, or 20 minutes.  Samples were 

pXRF tested wet and dry, and results plotted with 68% confidence intervals (Figure 3). 
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Figure 3. Effects of Time 

 

3.4.2 Temperature 

 The effects of temperature were evaluated with time (15 minutes), agitation 

(none) and pH (~7.0) held constant. The effects of time determined that temperature 

studies to be conducted for 15 minutes. Published research established an upper 

temperature limit to minimize potential structural damage of the wool (Rice 1972). 

 A bench top Corning combined stirrer and hot plate (Model PC-101) was 

employed to slowly increase the temperature of the water to 30°C and 40°C. The 

Tupperware container was filled with 200mL of deionized water and placed into a larger 

pool of water to maintain the desired temperature for duration of the test (Illustration 4). 

Sample testing was initiated when the temperature of the larger pool of water and 



	   JRA:	  37	  

measured water within the Tupperware container reached equilibrium. The data was 

analyzed and plotted with 68% confidence intervals (Figure 4). 

 

 

Illustration 4. Temperature Testing Setup 
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Figure 4. Effects of Temperature 

 

3.4.3 Agitation 

 The effect of agitation was investigated with temperature (23°C) and pH (~7.0) 

both held constant.  The premise was to determine if a minimal steady agitation would 

increase arsenic removal over time.  If initial results were promising then further 

evaluation of agitation effects would be conducted at an elevated level. 

 The bench top Corning combined stirrer and hot plate (Model PC-101) was used 

to generate constant agitation.  A stirring bar, 4 centimeters in length, was centered at the 

bottom of the plastic Tupperware container, with four rubber stoppers placed in the 

corners of the plastic container.  This generated space between the stirring bar and sample 

testing apparatus (Illustration 5).  A volume of 400mL of deionized water was used to 

account for the added height of the testing apparatus. 
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Illustration 5. Agitation Testing Setup 

 

3.4.3.1 Low-Agitation 

 The Corning instrument’s stirring dial was set to 2.5 notches, which caused 

minimal movement of the water surface.  Three samples were tested at a respective time 

intervals of 1, 5, 10, or 15 minutes for a total of 12 samples.  The pXRF data was 

analyzed and plotted with 68% confidence intervals (Figure 5). 

 

3.4.3.2 High-Agitation 

 The Corning instrument’s stirring dial was set to 4 notches, which caused a more 

aggressive movement of the water surface.  Three samples were tested at respective time 



	   JRA:	  40	  

intervals of 5, 10, or 15 minutes for a total of 9 samples.   The pXRF data was again 

analyzed and plotted with 68% confidence intervals (Figure 5). 

 

 

Figure 5. Effects of Agitation 

 

3.4.3 pH Case Study 

 The effect of pH was studied with time (15 minutes), temperature (23°C) and 

agitation (none) held constant.  One wool sample was tested in an acidic solution with a 

pH level ~5.3.  A second sample was tested in a base solution with a pH level ~8.6.  

Preliminary effects of pH on arsenite removal from wool produced no significant change 

(Table 1).  
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Average Arsenite (As[III]) Removed on Chimayo Wool 

pH Wet (%) Dry (%) 

~5.3 85 88 

~8.6 87 86 
 

Table 1. pH Case Study Results 
 

3.5 Arsenic Post-Wash Study 

 Desorption of arsenic from the wool textile into an aqueous solution presents the 

subsidiary hazardous arsenic waste issue.  Testing the post-wash solutions for each 

condition tested provides a supplementary method to substantiate desorption of arsenic 

from the wool, and potentially creates an alternative method to measure the amount of 

arsenic removed.  In addition, dialogue with the Dr. Jim Farrell, University of Arizona 

Department of Chemical and Environmental Engineering, was initiated just before 

completion of the experimental investigation in regards to hazardous post-wash arsenic 

waste and potentially devising a closed circulating post-wash arsenic water treatment 

system to reduce hazardous aqueous to safe levels such as drinking water.  

 Therefore, approximately 10mL of post-wash water for each conditional effect 

test was preserved (Illustration 6).  ASM volunteer chemist, Stephanie Watson conducted 

a supplementary analysis with the EM Science Arsenic Paper Test Kit (Odegaard et al. 

2005).  The study confirms desorption of arsenic from the wool textile into deionized 

water. However, the results from the arsenic paper test were not sensitive enough to 

provide reliable quantitative data to the arsenic concentration in the post-wash solution 

(Illustration 7). 
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Illustration 6. Conditional Effect Post-Wash Solutions 

 

 

Illustration 7. Post-Wash Arsenic Paper Test Study 
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Chapter 4 
 

DINÉ (NAVAJO) TEXTILES AQUEOUS WASHING TREATMENTS 
 
 
 Three late nineteenth and early twentieth century ASM Navajo textiles were 

selected based on size (small) and arsenic content from a textile survey. Pre-wash 

investigation for each textile consisted of documentation of physical properties 

(dimensions and mass), a colorfastness test to determine potential reactions of dyes with 

deionized water, and thorough pXRF testing of both sides of the textile.  A photo of each 

textile was annotated with pre-wash pXRF test locations, and was retested post-wash in 

the approximate pre-wash test locations to determine effectiveness of removal.  

 Experimental research established preliminary guidelines that suggest submersion 

of the wool textile in deionized water at room temperature for at least ten minutes with 

constant mechanical agitation. The washing conditions predict approximately 95% of 

arsenic would be removed from the textile.     

 

4.1 Washing Treatment 

 The washing treatment consisted of three distinct yet interrelated methods in 

relation to time (10 min), temperature (23ºC) and mechanical agitation. The first washing 

treatment submerged textile with a low arsenic concentration (<100ppm) textile (ASM 

catalogue #3917) in a minimal volume of deionized water with a gentle hand agitation 

(Illustration 8). 
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Illustration 8. ASM Navajo Textile Aqueous Washing Treatment 1 

 

 The second washing treatment immersed a textile (ASM catalogue #8423) with a 

higher arsenic concentration (~1000ppm) into a recalculated volume of water based on 

experimental research and mass of the textile, which is discussed in Chapter 6.  The 

increase in the volume of water required a larger washing container, and allowed for an 

increase in mechanical agitation in a vertical and tilted motion (Illustration 9). 
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Illustration 9. ASM Navajo Textile Aqueous Washing Treatment 2 

 

 The final wash treatment (ASM catalogue #2322) encompassed an arsenic 

concentration identical to the first textile (ASM catalogue #3917) with the recalculated 

volume of water used in the second wash treatment (Illustration 10).  The same 

mechanical agitation from the second washing treatment was reapplied. 
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Illustration 10. ASM Navajo Textile Aqueous Washing Treatment 3 
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Chapter 5 
 

RESULTS 
 
 
 The experimental aqueous washing wet treatment of wool-based textiles and 

actual washing of three historic Navajo textiles from the ASM collection provided 

positive preliminary results.  The experimental aqueous washing treatment correlated 

with one Navajo textile washing treatment.  Further interpretation of the results will be 

discussed in the following chapter. 

 

5.1 Experimental Aqueous Washing Methodology 

 Linear regression analysis strongly correlates observed wet and dry pXRF 

readings with prepared arsenic cotton and Chimayo wool test samples for cotton and 

Chimayo wool.  The linear relationship is supported with a coefficient of determination 

(R2) value near 1 for both wet and dry test samples.  The increase in observed pXRF dry 

Chimayo wool readings in relation to wet readings are attributed the heavier mass than 

cotton samples.   

 Each conditional effect resulted in removing a certain percentage of arsenic from 

wool samples with an initial concentration of ~1000ppm. Time indicates the greatest 

percentage of arsenic is removed within the first ten minutes. Increasing temperature does 

not increase the percentage of arsenic removal for a washing period of 15 minutes. 

Agitation significantly increases the removal of arsenic within the first 5 minutes, and 

increasing agitation moderately improves arsenic removal. Increasing or decreasing pH 

does not increase the effectiveness of arsenic removal. 
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5.2 ASM Diné (Navajo) Textile Aqueous Washing Treatments 

 The following results for arsenic-based pesticide residues on historic Navajo 

textiles are considered preliminary (Table 2). The first water treatment is considered to 

have removed minimal or no arsenic. The second water treatment removed approximately 

96% of arsenic. The third water treatment removed minimal or no arsenic. 

 

Wash 
Treatment 

ASM 
Catalogue 

No. 

Total 
pXRF 

Readings 

PRE-Wash 
Overall 

AVG. (ppm) 

POST-Wash 
Overall 

AVG. (ppm) 

Arsenic 
(As[III]) 
Removed 

(%) 
1 3917 18 44 43 2 
2 8423 10 967 41 96 
3 2322 13 44 38 14 

 
Table 2. ASM Navajo Textile Aqueous Washing Treatment Results 
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Chapter 6 
 

DISCUSSION 
 
 
 Traditional conservation care of historic textiles is a progression of strategies with 

the preferred initial approach being no treatment since any degree of handling induces 

irreversible effects. Circumstances however, may require some form of treatment in order 

to stabilize or decelerate deterioration, which should be minimal.  An aqueous washing 

treatment is a major treatment due to the variety potential irreversible effects; 

nevertheless this may be necessary to reduce health hazards for cultural, occupational, or 

scholarly reasons. 

 Removing arsenic from historic Navajo textiles is a complex, yet practical, 

museum conservation issue.  The aqueous washing process is a collaborative effort 

starting with a complete pXRF Navajo textile survey providing a framework of 

preliminary arsenic levels in the collection.  Approximately two years of experimental 

research coincided with the Navajo textile survey to develop a cost-efficient and 

conservation conscious aqueous washing treatment for a wool-based textile with a high 

level of arsenic concentration (~1000ppm).  Experimental research identified ideal 

conditions to administer an actual aqueous washing treatment on three irreplaceable 

Navajo textiles. 

 Each ASM Navajo aqueous washing treatment produced unique post-wash results 

that prompted a comprehensive reassessment of conditions prior to next treatment. The 

first wash treatment evoked a team re-evaluation of procedures due to unanticipated 

initial results.  The minimum volume of water used in the washing was considered to be 
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not sufficient in relation to ratio between the mass of wool test samples and the volume of 

water used in experimental tests.   

 Prior to the second washing treatment of a textile containing a higher arsenic 

concentration, a new volume of water was calculated.  The recalculation was based on 

experimental liquid/solid ratio multiplied by the mass of the second Dinè (Navajo) 

textile.  The recalculated volume of water exceeded the largest container available in the 

lab, and the rate to fill the container with deionized water was too time-consuming.  This 

resulted in approximately 70 liters of deionized water being used for the second aqueous 

washing treatment. 

 The initial results of the second washing directly correlated with predicted 

experimental data.  The second aqueous washing method did, however, result in minimal 

dye loss in red colored yarns, which did not correspond with the colorfastness test done 

prior to washing.  This indicates the dyes on the second ASM Navajo textile are water-

soluble after several minutes of exposure, and therefore, future aqueous water treatments 

should be avoided to prevent further damage.        

 The final washing treatment utilized the same approximate volume of water from 

the second wash treatment for a textile with a low arsenic concentration (~44ppm).  The 

results once more did not produce substantial removal of arsenic as anticipated.  This 

implies that some arsenic may be irreversibly bonded to the wool fibers, and a lower limit 

for arsenic removal may have been attained.      

 Administering aqueous washing treatments to three historic Navajo textiles 

demonstrates the initial concentration of arsenic, volume of water, and mass of the textile 

are crucial elements in the arsenic removal process. Minimal water volume with low 
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arsenic concentrations removed minimal or no arsenic.  In contrast, high arsenic 

concentrations with a greater volume of water effectively removed arsenic.  This 

indicates arsenic diffuses into a certain volume of water, which was confirmed by arsenic 

post-wash chemical spot-test paper tests, but the quantity was indeterminate. 

 Inherently, this raises the question if post-wash arsenic solutions are at a level that 

is considered non-hazardous waste.  The United States regulatory level for arsenic 

hazardous waste is 5.0 mg/L or ppm or greater (Hazardous	  Waste	  Characteristics-‐A	  

User	  Friendly	  Reference	  Document	  2009).  The Environmental Protection Agency 

(EPA) drinking water standard for arsenic is 10 parts per billion (ppb).  Therefore, post-

wash solutions need to be legally and safely managed and disposed of as non-hazardous 

waste, and meet for drinking water standards.  Calculation of an approximate arsenic 

concentration in post-wash solutions can be derived by: 

 

[As detected on dry textile (ppm) × Mass of textile (g)] ÷ 106 = As on textile (g) 

[As on textile (g) ÷ Volume of deionized water (L)] = As in post-wash solution (g/L) 

 

   Recent exploration to the post-wash issue has used alternative methods to 

quantitatively measure arsenic concentrations such as Inductively Coupled Plasma-

Optical Emission Spectrometry (ICP-OES).  The University of Arizona Department of 

Chemical and Environmental Engineering (Dr. Jim Farrell and team) expressed interest in 

collaborating on a sorption system.  A closed-loop sorption system would be beneficial in 

working with larger textiles with limited space.                
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Chapter 7 
 

CONCLUSION 
 
 
 This project considered the links in pesticide residue type and distribution with 

other historic details of the collection.  This study provided broader information for the 

ASM collection and we anticipate there is a potential to predict the presence of pesticide 

residues in other institutional collections. 

 This research project successfully removed arsenic from a historic Navajo textile. 

The experimental process established preliminary guidelines for a cost-efficient aqueous 

washing treatment of three Navajo textiles from ASM collection.  In addition, the 

aqueous washing treatment of wool-based textiles was aware of concerns involved with 

textile conservation aqueous treatments.  

 Experimental research developed an effective process to create homogenous 

cotton and wool arsenic test samples using a dipping method, a traditional pesticide 

preservation technique.  Controlled testing of time, temperature, agitation, and pH effects 

all removed varying percentages of arsenic from the wool samples.  Submerging the wool 

textile in deionized water at room temperature (23º C) for a minimum of ten minutes with 

a reasonable level of constant agitation removed approximately 95% of arsenic from 

textiles having relatively high initial arsenic content.  

 The ASM Navajo textile with an initial high concentration of arsenic (~1000ppm) 

had an approximate 96% success rate of removing arsenic.  ASM Navajo textiles with an 

initial low arsenic concentration (~45ppm) had minimal arsenic removal.  The aqueous 

washing treatment of the three textiles provided distinctive results, but confirmed that the 
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concentration of arsenic, mass of textile and volume of deionized water are key factors in 

the washing process.     

 A complete pXRF survey of ASM’s Navajo textile collection created a 

framework of knowledge for arsenic-based residues on Southwest textiles such as 

identifying trends relating to time period and collector information, and motivated 

experimental research to remove arsenic through an aqueous treatment. 

 The success of this research project supports essential cultural, occupational, and 

scholarly needs to remove a toxic element that constitutes a potential health hazard.  This 

research contributes to an underrepresented complex issue of museum conservation in 

regards to handling of collections treated with heavy metal pesticides.  These preliminary 

results are sufficiently promising to continue future work with textiles as well as seek 

other innovative solutions for the mitigation or removal of heavy metal pesticides from 

cultural items that would benefit traditional owners, museum professionals, visitors, etc. 

at the local, national, and international levels.    
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Chapter 8 
 

FUTURE WORK 
 

 
 The effectiveness of removing arsenic from a historic textile via an aqueous 

washing treatment is a substantial success, but much needs to be done to completely 

implement this washing technique in the field of museum conservation.  Most evident 

future work would conduct investigation of conditional effects on alternate materials such 

as cotton or feather arsenic samples, test other levels of arsenic concentrations on 

removal effectiveness, or a study regarding volume-mass ratio to determine minimum 

volume of water needed to sustain 95% removal efficiency.  There is also a need to 

investigate dyes in relation to the removal aqueous washing process.  Conversations in 

regards to engineering a chemical absorption-water recirculation system have been 

carried out with the Department of Chemical and Environmental Engineering which is 

essential work to remove arsenic from post-wash water to safe levels.          

 Overall, the preliminary result from this aqueous washing technique provides 

favorable future work in the removal of arsenic.  However, one successful wash is not 

sufficient to indicate the viability of this washing process, in comparison to a larger 

collection set with its own unique properties that contain arsenic residues. 
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Appendix A 
 

Smithsonian Institution’s National Museum of American Indian 
(NMAI) Aqueous Textile Washing Workshop 

 
 
 In August 2013, NMAI textile conservator, Susan Heald, graciously staged a one-

day individual textile wet cleaning treatment exercise at the Smithsonian Institution’s 

National Museum of the American Indian Conservation Laboratory.  The purpose of this 

personal exercise was to gain invaluable practical experience in simulating an aqueous 

washing treatment from the perspective of a textile conservator.  This process directly 

correlates to this research initiative in regards to technical knowledge and skills used to 

address issues in the need to perform an aqueous washing treatment on a textile.  The 

exercise outlined three principle steps: dry surface cleaning, aqueous washing treatment, 

and drying of the textile.   

 The selected object was a contemporary small handheld cylindrical cotton bag 

exhibiting a variety of problems stemming from a 2005 fire (Illustration 1).  Visual 

examination and documentation records distressed fabric from fire, smoke, and water 

damage resulting in fungal growth (mold and mildew) and staining (smoke and rust).  In 

addition, visible insect carcasses within the bag are conceived to be from the storage 

environment.  Pre-treatment preparations involved the removal of the interior plastic 

lining for washing purposes, and cutting the bag to replicate a two-dimensional surface. 

Neither destructive technique would be recommended if the item had significant value. 
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Illustration 11. Contemporary Bag with Fire, Smoke, and Water Damage 

 

A.1 Dry Surface Cleaning 

 The first step was an overall dry surface cleaning with a low suction HEPA 

vacuum cleaner in a well-ventilated environment (a fume hood) to remove loose surface 

particulates.  It was recommended to vacuum perpendicular to the textile surface area, 

and in the direction of the most prominent weave or lay to minimize surface damage from 

abrasion.  A larger vacuum head with natural bristles was used with a screen barrier to 

target larger particulates (Illustration 12).  Smaller particulates and folds in the fabric 

were then vacuumed with a smaller vacuum head and no screen barrier (Illustration 13). 
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Illustration 12. HEPA Filtered Dry Vacuuming for Large Surface Particulates 
	  
	  

	  
 

Illustration 13. HEPA Filtered Dry Vacuuming for Small Surface Particulates and Textile 
Folds 
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A.2 Aqueous Washing Treatment 

 The aqueous wash treatment utilized a plastic container with a spacer at the 

bottom, to allow dispersed particulates to settle.  The textile was placed on top of an 

insect screen mesh for additional structural support, and then placed on top of the spacer.  

Prior to immersion in deionized water, the textile was sprayed with deionized water at an 

approximate temperature of 100º F (~ 38º C) to reduce the shock to textile fibers 

(Illustration 14).  The container was filled with a minimum volume of water, capable of 

immersing the textile below the water surface (Illustration 15).  A washing mixture of a 

suspending agent (CMC), non-ionic surfactant (Triton XL-80), and detergent (Orvus 

Paste) was used in conjunction with three sponges with varying porosity.  The three 

sponges acted as three partial vacuums with larger pore sizes creating minimal surface 

suction and smaller pores generating greater suction force.  First, a natural sponge with 

the greatest porosity was dipped into the washing mixture, and gently compressed and 

released perpendicular to the textile surface to generate minimal suction (Illustration 16).  

The process was repeated with two commercial-made sponges with smaller pores sizes. 

 A sample of rinse water was placed into a glass vial, vigorously shaken, and 

visually examined to determine if soapsuds were produced (Illustration 17).  A fan spray 

nozzle was used to gently rinse the washing mixture from the textile, slowly reducing the 

temperature back to room temperature (Illustration 18).  The textile was gently turned 

over onto its reverse surface with the use of a polyethylene foam rod (Illustration 19).  

The rinse process was continued until no soapsuds were produced in the vial, which 

indicated the washing mixture was completely rinsed from the textile (Illustration 20). 
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Illustration 14. Spraying Deionized Water onto Textile to Reduce Fiber Shock 

	  

	  

Illustration 15. Textile Immersed in a Minimal Volume of Deionized Water 
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Illustration 16. Sponge Washing Technique 

	  

	  

Illustration 17. Glass Vial with Visible Soapsuds 
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Illustration 18. Rinsing with Fan Spray Nozzle 

	  

	  

Illustration 19. Textile Turned Over with Polyethylene Foam Rod  



	   JRA:	  62	  

	  

Illustration 20. Glass Vial with No Soapsuds Indicating Complete Rinse  

 

A.3 Textile Drying 

 A dry cotton towel was placed over the rinsed textile (Illustration 21), transferred 

to a towel covered flat surface (Illustration 22), and blotted with additional dry towels 

until damp (Illustration 23).  To assist the drying process a lace material was utilized to 

reshape the textile, and a section of flannel placed over the damp textile produced a 

capillary action to help further remove any stains as the textile dried.  In addition, a hair 

dryer used in a cool setting mode with a diffuser was utilized to remove wrinkles. 
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Illustration 21. Dry Cotton Towel Placed over Wet Textile 

	  

	  

Illustration 22. Textile Transferred to Flat Surface 
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Illustration 23. Blot Dried with Cotton Towels 

	  

	  

Illustration 24. Lace Material Assists in Drying and Reshaping Textile 
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Illustration 25. Flannel and Hair Dryer with Diffuser Assists in Drying Textile 

 

 Simulating an aqueous washing treatment was an important personal practical 

experience to improve the condition of a textile with severe fiber damage.  The washing 

process resulted in notable visual differences within stained regions, opposed to dry 

surface cleaning.  The progression of treatments was a key element to the exercise, and 

the substantial quantity and quality of specialized knowledge and technical skill shared 

by Susan Heald was beneficial in understanding variables to consider in devising an 

aqueous washing treatment for a toxic textile.   

 For example, when devising an aqueous wash for historic wool textiles, it is 

important to note that wool becomes heavy due to water retention, which requires a 
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structural support system to minimize strain and stress on the textile.  In addition, early 

synthetic and contemporary dyes tend to bleed quickly. It is beneficial to use indirect air 

circulation from a fan as well as an abundance of well-laundered towels, cotton mattress 

covers, cotton sheets, or cheesecloth to assist the drying process.  In particular, the 

prominent weave for a Navajo textile is along the weft (horizontal threads), opposed to 

the warps (vertical threads) in relation to construction on an upright loom, which is 

meaningful information in relation to this research.    
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Appendix B 
 

Arizona State Museum 
Workshop on Textiles from Mexico and the Southwestern United States 
 
 
 In November 2012, Dr. Ann Lane Hedlund, Curator of Ethnology at the Arizona 

State Museum led a two-day interactive workshop relating to Spanish-American, Pueblo, 

Navajo, and Mexican textiles associated with the United States Southwest and Mexico.  

Textiles from these regions undertake many roles and are a fabric of societies used to 

protect or shelter them from environmental elements, project or reinforce social 

identities, provide economical support, and promote collective or individual expressions.  

The workshop addressed various topics such as cultural foundations for textile traditions, 

characteristics, and structures used to identify the cultural origins and time periods of a 

woven textile.  In addition, numerous textile examples were selected from an extensive 

ASM collection, and made available for close examination and discussion in the 

conservation lab. 

   Cultural basis for textile customs are influenced by geographic environment, 

political agendas, and historical events.  Textile practices are also shaped by cultural 

exchanges such as trading of domestic and imported goods.  Domestic goods may include 

native fibers, dyes, and tools, whereas imported goods include introduced Spanish sheep 

and Mexican indigo dye.  The exchange of technological advancements of weaving 

looms, hand tools, and techniques are also shared amongst culture groups.  

 The characteristics of each textile are unique and assist to distinguish between 

Spanish-American, Pueblo, Navajo, and Mexican textiles.  Examination of the fibers 

(wool or cotton), yarns (handspun or raveled), dyes (none, native, or synthetic), structure 
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(loom traits, weave, thread count, or lazy lines), and finishing techniques (tasseled or 

fringed on ends or edges) are key properties to help identify cultural origin and time 

period.  For example, the use of a vertical loom by the Navajo produces wider and longer 

textiles with a tighter weave, unlike Pueblo and Spanish-American textiles   

 Southwestern wool production generated colors of white, black, and brown.  

Chemically, wool is warmer to the touch, and better absorbs dyes with less lanolin, a 

natural fatty substance of wool.  Microscopically, wool has a scaly appearance, whereas 

cotton has a tubular shape and is cooler to the touch.   

 The hand spinning of Southwestern fibers into yarn was an important skill 

ingrained into the twist and ply of these textiles.  The twist is characterized by the 

direction of spinning resulting in either “S” or “Z” twists.  Twisting two or more strands 

of yarn, or plying, generates a thicker strand of yarn.  The yarn was woven on a loom 

with warps, vertical threads, interlaced with wefts, horizontal strands of yarn. 

 Southwestern yarn is commonly twisted in a “Z” direction, with varying plies.  In 

particular, Navajo weavers most often use two strands with three-ply chords, whereas 

most other utilitarian textiles are constructed from two strands with two-ply chords.  

Introduced commercial plied yarns were normally handspun again by Navajo weavers to 

achieve a preferred thicker density.       

 Dr. Hedlund has written multiple books on the subject of Navajo textiles, in 

which she indicates that the Navajo people immigrated into the Southwest during the 14th 

century.  Widely settled with seasonal movements, the Navajo people are regarded as 

farmers, hunters, and sheepherders who adopted elements of weaving, such as the loom, 

from neighboring Pueblo communities.  Early Navajo textiles consisted of banded 
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blankets alternating the use of Native cotton as a white background with brown and black 

wool used as a foreground.  Banded Navajo blankets put emphasis on the center and 

corners, opposed to Spanish fancy symmetrical designs or the Pueblo simplistic no 

designs.  The most distinguishable feature of Navajo textiles is the use presence of “lazy 

lines”, expansion joints, or gaps, caused from sectional weaving. 

 Participating in this workshop provided a wealth of background and visual 

information in regards to textiles, particularly Navajo textiles.  This information was 

important in identifying variables associated with the textiles that need to be considered 

during the experimental design.  
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