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Introduction

The mission of the National Museum of the American Indian (NMAI) embraces
its special responsibility to protect, support, and enhance the development,
maintenance, and perpetuation of indigenous culture and communities
throughout the Western Hemisphere. When considering objects that go back to
the local community through repatriation or as loans there is a very direct
concern that we do not unknowingly send objects that may be hazardous to
people’s health (Johnson and Pepper Henry 2002). The problem of pesticide
contamination in museum collections is well known and well-documented in
museum literature (see, for example, Williams et al. 1986, Hawks and von Endt
1990, Goldberg 1996). Although manageable in the working environment
through personal protective equipment and other management strategies like
training, signage, and handling procedures (NPS 2002), these techniques are not
easily applicable when these same objects are returned to communities.

Staff of the NMAI have performed several projects to understand the
contamination problem in our own collections and the risk to our own staff,
identify specific heavy metal pesticide contamination on items returned to
communities, develop new techniques for identification of pesticides, and
support efforts to raise awareness of the problem in Native communities. This
paper reports on the work done by several individuals in different NMAI
departments and with our collaborators in other institutions.

NMAI is only one of several institutions working on these issues. There have
recently been several conferences on the topic of contaminated collections (see
Appendix) and several publications on this issue. NMAI was a co-sponsor of one
of these conferences in 2001 (SPNHC 2001). Among other things, these
conferences have been forums for individuals who have been actively working
on aspects of the problems to explore and develop coordinated methodologies for
testing, interpretation and reporting. Much of this work is ongoing and evolving
and is receiving input and review from the Native communities who are most
directly affected, hopefully leading to accurate information that is usable by the
communities dealing with this painful legacy.

Historical research and testing of storage areas

Most of the material in the NMAI was previously under the administration of the
Museum of the American Indian (MAI). This collection was primarily amassed
through the collecting passion of George Gustav Heye in the early 20th century
(Force 1999). It was taken over by the Smithsonian in 1989 through the auspices
of the National Museum of the American Indian Act (Public Law 101-185).

Conservator Marilen Pool was contracted in 2001 to begin to document and
understand the pesticide treatment history of the collection. She carried out a
historical review using MAI archives, staff interviews and other documentation.
The information she collected was documented in an unpublished report,
‘Pesticide Use History at the National Museum of the American Indian’ (2001).
Pool performed four levels of study:
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• Searched existing internal museum records from the most recent 35 years,
when staff recorded and documented their pest control-related activities.

• Searched in the NMAI archives for pest control and pesticide-related
information.

• Traced the backgrounds and activities of the museum staff, and some
collectors and dealers from the previous 60 or more years, through whom the
artifact collections were acquired. During this era, from 1904 to 1968,
documentation of pest control at MAI was extremely limited. This broader
research helped to find trends, influences, and references from secondary
sources and other related institutions with which many of the same individuals
had been involved.

• Developed more documentation using written questionnaires and oral
interviews with several of the current and former staff of the museum, to fill
in gaps in the more recent documented era and to search for more clues about
the earlier less documented one.

This research identified numerous pesticides that had been used over many years.
Naphthalene was the pesticide chemical with the longest history and the widest
use at the MAI/NMAI. Its known use was documented from 1918 to 1984 in the
museum records. Paradichlorobenzene was known to be selectively used between
1976 and 1984, but may have had more prevalent use before the 1950s though
this is not clearly documented. All of the ethnographic collections stored in the
Research Branch were treated at least twice with the pesticide chemical dichlorvos
(Vapona). In 1985, the Research Branch was tented and all artifacts stored there
at that time were treated with Vikane (sulfuryl fluoride). Additional artifacts taken
off exhibit were treated in trucks before they were transported to the Research
Branch between 1986 and 1989. Additional artifacts have been and continue to be
treated with Vikane if no viable freezing or anoxic alternatives exist (for example,
very large items like totem poles or before moving very large items from outside
locations to inside storage).

There was also documentation of several other pesticide chemicals being
applied to specific objects between 1944 and 1991. The building was also treated
with a variety of crack and crevice pesticides until it was closed in 2004.

There appears to be no documentation of the use of heavy metal based
pesticides (lead, mercury, arsenic or any other metal) by any staff member of the
MAI or NMAI from 1904 to the present. That is not to say with absolute
certainty that treatments were not performed. If they were, they were not
documented in the records still retained by the NMAI. However, it is suspected
that some artifacts from the North American and Central American collections
acquired before 1916, and in particular those acquired by 1912, may have been
treated with arsenical insecticides while on loan to another institution. It is also
suspected that collections that were exchanged from other large natural history
museums before 1950 into the MAI collections may have been selectively treated
with heavy metal pesticides such as arsenic or mercury, or other pesticide
chemicals.

Despite the fact that no records exist of applications of heavy metal pesticides,
testing done between 1999 and 2004 by NMAI staff working on the move of the
objects from old storage at the Research Branch facility in the Bronx to the new
Cultural Resources Center near Washington, DC, showed that there was
significant contamination of arsenic, mercury, and lead in storage spaces.
Through a series of projects they conducted sampling of vacuum bags, wipe
samples of collections spaces, and blood and urine tests on employees.

In particular, one project provided a map of ‘hot spots’ of contamination
throughout the building. An outside contractor provided sampling for lead dust,
lead-based paint, and lead in the air based on the guidelines prepared by the US
Department of Housing and Urban Development. High lead levels were found
in storage areas and in HVAC ducts, though no lead paint was found in these
areas. It did, however, exist in other parts of the building. The lead dust in storage
appears to come from tracking lead paint from other areas of the building and
earlier contamination from vehicular gasoline exhaust from a highway directly in
front of the building (Arenstein et al. 2002).
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Identification of arsenic, mercury and lead on objects identified
for repatriation or loan to Native communities

Responding to requests from Native communities repatriating objects, NMAI
has done testing for heavy metal pesticides such as arsenic and mercury.
Originally starting with spot testing and atomic absorption on wipe samples, these
experiences led to a decision to purchase a portable X-ray fluorescence (XRF)
analyser. Based on the work and experiences of the Arizona State Museum
(Odegaard and Sadongei 2005) and the Burke Museum (Nason 2001), and the
desire to work collaboratively with more experienced institutions, the decision
was made to purchase the same brand of equipment from NITON LLC. We are
currently using a NITON LXi 700 with a Cd-109 radioisotope source.

Beyond the intricacies of learning to use the equipment, developing testing
strategies, and accurately interpreting results, we also have worked to develop a
reporting strategy that is usable for the individuals in the communities who are
responsible for the objects once they are returned. Our documentation is multi-
layered to provide both basic information that is easily understood and more
detailed information for those who need a broader understanding of the results.
Development of this documentation took place with the assistance of the Arizona
State Museum and the Smithsonian Centre for Materials Research and Education.

The report consists of:

1. A summary report that includes background on the project, a list of all items
tested and a list of those objects that test positive for contamination with
arsenic, mercury or lead.

2. A description of the XRF sampling and identification methodology used at
the NMAI.

3. A document that gives information on other possible contaminants that may
be present based on the historical research (as described above).

4. A glossary of technical terms and acronyms.
5. A technical report for each object with an identification of the object

(including photograph), information on the testing, a list of all the sampling
areas, and interpretation of results for arsenic, mercury, and lead (Figure 1).

New methodologies for identification of volatile organic
pesticides

Over the years several experiences have made NMAI staff aware of residual
organic pesticides in the collections. For example a Bear Crest Hat, of the Tlingit
Bear Clan of Klukwan, was repatriated in spring 1999 to the Chilkat Village at
Klukwan. Mr Joe Hotch, the rightful owner of the hat was photographed
wearing the hat for an exhibit at our New York facility, the George Gustav Heye
Center. During the photo shoot, as the hot studio lights heated up the room, and
Mr Hotch danced and sang in his wool regalia, the hat smelled more and more
strongly of mothballs the longer it was worn.

Also, when we use humidification and wet cleaning treatment techniques
(particularly in the textile lab) NMAI staff have noticed that the smell of
mothballs becomes more prominent. Though we have very efficient fume
extraction equipment in our labs, there have been instances when individuals
have been physically affected with nausea and headaches by the strong odour
emanating from the objects.

A historical review of archival records done by Marilen Pool (discussed above)
gave us the following information on the use of organic pesticides. Naphthalene
was the primary pesticide applied to much of the collection throughout the 20th
century. For example, there are receipts for the annual purchase of 100 and
200 lbs drums; 600 lbs were purchased in 1959, and 500 lbs were purchased in
1962. At times artifacts were packed in mothballs or stuffed with the flakes if they
were infested. In contrast, there is only one vague reference to paradichloro-
benzene being used in the 1920s.

In 1975, Phyllis Dillon became the staff conservator and argued for removing
all naphthalene out of health concerns. However, it was not until 1987 that all
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remaining drums of naphthalene at the Research Branch were removed by a 
toxic waste removal company. Dillon advocated using Dichlorvos as a pesticide,
both as Dichlovos bombs and enclosed chambers with Vapona strips. The last
recorded use of Dichlovos was for 6 weeks in 1987 for an infestation in the Arctic
vault.

In 1985, the Research Branch was tented and Vikane was used on the entire
building and its contents. Vikane was used subsequently (through 2004) to treat
large objects such as totem poles that could not be treated in other ways, such as
by freezing. Freezing was first used at the museum in 1988 and is the
predominant treatment method in use today. Additionally, NMAI acquired an
anoxic treatment (CO2) bubble in 2003 and uses it for very large objects or items
that might be damaged by freezing.

Currently, we are working with Mark Ormsby, a chemist at the National
Archives and Records Administration, to develop an easy, quick sampling
technique that can be used for these kinds of volatile organic pesticides.
Preliminary work on this technique was reported at the Eastern Analytical
Symposium (Johnson et al. 2004) and will be published, along with other papers
from the symposium in Collection Forum.
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Object Nr.

Name Photo of Object

Culture Placed Here

Description

Testing for
inorganic pesticides,
Arsenic, Mercury, Lead

Photo of Object 

Date 27-Dec-04 Placed Here

Tested by Jessica S. Johnson

Method NITON XRF-Analyzer

Reason requested for repatriation

Reading Nr. Area tested Elements Interpretation
As - 
Pb - 
Hg - 

Information for industrial hygenist or medical toxicologist
Total surface area in cm²
Average amount on total tested area in µg/cm²
Approximate total amount present on surface

Table with selected XRF-testing data expressed in µµg/cm2

For reference of the areas tested please see attached image

Technical Report:
Results of XRF testing for inorganic pesticides

BDL - below detection limit
As - arsenic, Ba - Barium, Cr - chromium, Cu - Copper, 
Fe - Iron, Pb - lead, Hg - mercury, Rb - rubidium, 
Sr - strontium, Zn - zinc

Figure 1. XRF technical report



Ultimately, our goal is to find a technique that:

• makes sampling simple so that it can be done in-house
• places little physical stress on object
• is acceptable to Native communities
• gives quantitative information leading to toxicity information.

We are in the process of developing a methodology using solid-phase micro-
extraction (SPME) with gas chromatography–mass spectroscopy (GC–MS).
SPME uses a polymer fibre in a collection tool that looks much like a syringe.
Current work is being done using a Carboxen/polydimethylsiloxane
(CX/PDMS) fibre. The reusable fibre is pushed through a small hole in a bag that
contains the object to collect the sample. (It can also be used to take samples in
liquid.) The SPME fibre is then inserted directly into the GC–MS, no solvent
extraction is required. This work is being actively pursued by Heald and Chang
and results of this work will be presented at the North American Textile
Conservation Conference (NATCC) in November 2005 and in the presentation
at ICOM-CC 2005.

Development of information resources

We have also been developing information for the NMAI website. The
information on the site will include:

• background on why pesticides were used
• what kind of testing is available at NMAI for communities requesting

repatriation or loan
• links to other websites and a bibliography
• introductory information on pesticide testing techniques that is available

outside of NMAI.

The web-based information should be available by the ICOM-CC meeting at
http://www.nmai.si.edu.

Plans are also underway to develop more resources for Native communities on
this topic. Working with our Community Services Department, one researcher
working for his tribe has used our facilities to support his work on contaminated
materials that have already been repatriated. We have also participated in a
Pesticide Summit with the Yurok Tribe to provide information about the issue
to their community and neighbouring tribes.

Conclusion

NMAI is working in many different ways to make our collections available to
Native people through loans, repatriation, exhibits, and media presentations. But
making these things available also carries with it the responsibility to do all we
can to identify hazards they may carry. When objects go back to the community,
anyone may come into contact with the pieces: children, elders, people with
sensitivities and in ill health. Through this work and the work of our colleagues
we are beginning to find ways to provide information that allow people to
understand the problems, allays fears and find ways for the objects to be used
safely.
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Appendix

This is a list of recent US meetings and publications generated from the meetings
specifically on the topic of pesticide contamination of Native American
collections. This list does not include numerous smaller meetings, symposia, and
sessions held for tribal communities by several programs working through
museums. Nor does it include individual papers and posters that may have been
presented at other conferences.

March 2000. Contaminated Cultural Material in Museum Collections held at
the Arizona State Museum. (Odegaard et al. 2005 is a publication based in part
on this conference.) Also reported in Odegaard and Sadongei (2000).
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August 2000. Repatriation of Sacred Indian Artifacts Treated with Pesticides
and other Chemical Preservatives: Health Risks to Users and to Conservators. A
full-day session during the International Society of Environmental
Epidemiologists Conference in Buffalo, NY.

September 2000. The Contamination of Museum Materials and the
Repatriation Process for Native California held at the San Francisco State
University. Proceedings published by the Society for the Preservation of Natural
History Collections as Collection Forum 16 (1–2), winter 2001. Available at
http://spnhc.org/.

April 2001. Contaminated Collections in Museums: Preservation, Access and
Use. Held at the National Conservation Training Center in Shepherdstown,
West Virginia on 6–9 April 2001. Proceedings published by the Society for the
Preservation of Natural History Collections as Collection Forum 17 (1–2), fall
2001. Available at http://spnhc.org/.

January 2004. XRF Workshop. Held at the Arizona State Museum, Tucson,
Arizona. (No publication, but many of the participants at the previous three
conferences participated.)

November 2004. Contaminated Collections and Inherent Collection Hazards
– Testing for Contaminants. Session held at the Eastern Analytical Symposium.
Some papers from this session to be published by the Society for the Preservation
of Natural History Collections in Collection Forum.
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