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Gas chromatography/mass spectrometry (GC/MS) has also been used in the anal-
ysis of DDT (Glastrup 1987) and naphthalene (Palmer 2001) in museum objects.

X-ray Diffraction

X-ray diffraction (XRD) is a routine technique used in the analysis of museum
objects to identify compounds based on their crystal structure. An x-ray beam is
directed onto a sample. The x-rays are then diffracted off the atoms that form the
various crystal planes and the intensity is measured with an electronic detector
as a function of angle. Because the arrangement and spacing of atoms is unique
for each compound, the diffraction pattern serves as a fingerprint by which the
compound is identified. A database of approximately 85,000 experimental and
46,000 calculated diffraction patterns for standard compounds can be searched to
find a match for the unknown phase(s) in the sample diffraction pattern (ICDD
2000). The sample size required for x-ray microdiffractometry or Gandolfi camera
x-ray diffraction is similar to the size of a grain of sand. It is generally used in
combination with elemental data. “The limit of phase detectability by manual
x-ray powder diffraction is usually stated as being in the one to two percent
concentration range. . . . For many materials, detectability of 10 ppm is obtainable
in an overnight run” (Snyder 1992). This technique has been used to identify
arsenic trioxide, mercuric sulphide, borax, calcium sulphate, calcium sulphate hy-
drate and calcium carbonate which have been present as white surface residues
on natural history specimens (Sirois 2001).

Polarized Light Microscopy (PLM)

Polarized light microscopy is a technique routinely used for the identification
of particles and fibers. The use of microscopy in the analysis of residues assists
in determining the trace particles not always detected by other techniques. It can
be applied to any particulate material up to a maximum magnification of approx-
imately 2,000 times (Telle and Petzow 1992). Sample size can range from ap-
proximately 0.01 to 10 cm?. Slides of the samples arc preparcd by dispersing the
sample in a viscous medium of known refractive index for examination with
transmitted polarized light. The practical lower limit of accurate particle size mea-
surement with the light microscope is about 0.5 pm (McCrone 1993). One ex-
ample of a residue routinely found on natural history specimens which is partic-
ularly suited for this technique is cornstarch. It is easily distinguished by the
shape, colour, size, a refractive index of 1.53, the presence of air bubbles in the
center of each particle, and grey grains with well marked black crosses which are
observed between crossed polars (McCrone 1993).

Optical Spectrometry Methods
These techniques are used in the quantitative analysis of environmental samples
such as air filter samples and wipe test samples for the presence of arsenic (Cos-
tanzo 1999, Feniak 1995) and other elements such as lead and mercury. Both
techniques discussed below are types of optical spectrometry routinely used for
the analysis of mercury, lead, and arsenic.

Atonic Absorption Specirophotometry (AAS)

Atomic absorption spectrophotometry (AAS) is routincly used for quantitative
elemental analysis. This a total element technique and will distinguish the quantity
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of the Murray Pease Report of 1963 that even those institutions with conservators
began keeping consistent records of collection treatments. It would be interesting
to learn whether this was, in fact, the case or if any significant number of insti-
tutions were maintaining treatment records involving the application of pesticides.

In the absence of written records, contacts with former curatorial staff estab-
lished a brief oral history record of what had been used. As later testing would
show, this data on pesticide use prior to 1960 was definitely incomplete, but did
indicate that arsenic in some form was apparently used fairly commonly prior to
World War I, especially on leather and fur objects. Chloropictrin had been used
in exhibit and storage cases in the 1920s or 1930s. Paradichlorobenzene was used
from some unknown date prior to the 1970s, especially for textiles, fur, feather,
and leather objects which were usually placed in either sealed storage containers
or in very small storage rooms with containers of crystals. Naphthalene may also
have been used before paradichlorobenzene. There was no indication that DDT,
chlordane, lindane, or later organochlorine or organophosphate pesticides had ever
been used.

More recent curatorial records showed that paradichlorobenzene use was ter-
minated in the early 1970s and that hydrogen cyanide had been commercially
applied twice in large storage rooms, also in the 1970s. Methyl bromide had been
used by museum staff in the late 1970s for two years in a sealed in-house fu-
migation chamber. Dichlorvos (Vapona strips) had been used in some exhibit and
sealed storage cases from the mid-1970s to the early 1980s; and two floor spot
applications of Cyfluthin one percent had been made in the early 1990s in two
small storage areas. By the late 1980s, freezing had replaced virtually all on-
premise chemical treatments, with pheromone and other non-toxic traps used spo-
radically in the 1990s. Off-site commercial treatments had been limited from the
1970s to a few applications of cyanide and ethylene oxide for large objects or
large collections of infested materials arriving from overseas. These data, com-
bined with a general search of the literature. yielded a general listing of primary
pesticide agents of varying levels of persistence and toxicity that could have been
applied in the past to our collections (see Table 1).

This history reflects what we see in the literature as commonplace practice in
museums during this period, and for the pre-1940 period certainly follows Otis
T. Mason’s advice for American Indian basketry collectors: *“Above all they
should be poisoned with a weak solution of corrosive sublimate or arsenic dis-
solved in alcohol.” (Mason 1902). At the same time, smaller institutions in our
area used more over-the-counter commercial products intended for garden and
household use, including pesticides such as chlordane, lindane, and dieldrin. In
general, we could be fairly certain that arsenic and a limited number of other
agents had been periodically used prior to 1940 and perhaps after that date. This
suspicion was reinforced by such statements as the comment made in the National
Park Service’s Musewm Handbook: **. .. arsenic and mercuric chloride have a
long history of topical application to ethnographic objects . .. and their residuals
remain extremely active for long periods of time. All specimens collected prior
to 1970 should be examined for evidences of these pesticides before being han-
dled.” (NPS 1990, I'l:11). In summary, the literature search and limited oral
history had shown that our collections were likely to have had pesticides applied
to them; that many of these could be present as persistent and toxic residues; and
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ppm, with most between 600 to 3,000 ppm. Lead residues tested from a low of
60 ppm to a high of 31,000, with most between 200 and 1,000 ppm. Thus, a
significant number of objects tested positive for arsenic, mercury, and lead resi-
dues at levels apparently well above current regulatory limits, bearing in mind
that further experimentation is required to assess actual health risks. Since 11
percent of objects tested contained both arsenic and mercury, it is possible that
private collectors who ultimately donated materials to us might have been re-
sponsible for some of the treatments with one or both of these pesticides. The
source of these pesticides becomes clearer if we examine more closely these data
by object material type and collection history.

Of the leather, fur, and feather objects from the Northwest Coast, Arctic, Plains
and Plateau, and Eastern Woodlands as well as from the Pacific, Mexico, and
Egypt, 60 percent had arsenic and/or mercury residues, with 74 percent of those
testing positive for mercury, nine percent for arsenic, and 17 percent for both
arsenic and mercury. Virtually all of these objects were originally collected before
1950, including a number not acquired by the museum from donors until after
1970, which implies that collectors had applied the pesticides for at least those
objects. All of the objects in some single source collections appear to have been
treated, probably at the same time, including a 1910 Blackfoot collection and
1893 collections made by the same collector from the Makah and Quinault
tribes—collections that went to the world’s fair that year in Chicago. This tends
to confirm the suspicion that collectors were responsible for pesticide treatments.

Of the Northwest Coast, Arctic, and Plateau objects made of marine mammal
ivory, bone, whalebone, and mammal claw, 29 percent had residues, 75 percent
of these with arsenic and 25 percent with mercury. All of the contaminated objects
were collected around 1900 and acquired, with few exceptions, by the museum
prior to 1960, thus leaving open the question of who had applied the treatments.

Some 31 percent of basketry items representing some 30 tribes tested positive
for residues, with 14 percent having arsenic, 77 percent mercury, and 9 percent
both arsenic and mercury. Not all baskets from the same source had been treated
with pesticides, and no basketry items collected in the field by museum staff in
the pre-1950 period had either arsenic or mercury residues, suggesting that mu-
seum staff did not routinely apply pesticides to collected objects. All of the objects
in some private collections assembled before 1940 but not acquired by the mu-
seum until the 1990s were contaminated, implying that their private collectors
were entirely responsible for much or all of the pesticide treatments for these
materials.

Of the sampled wooden objects from the Northwest Coast, Arctic, Plateau,
Plains and the Pacific Islands (Samoa, Fiji, Palau, Solomon Islands, Philippine
Islands) 67 percent tested positive for residues, 65 percent with mercury, 23 per-
cent with arsenic, and 12 percent with both arsenic and mercury. All of these
objects had been collected prior to 1950 and some objects with residues had been
acquired by the museum from private collectors after 1970, again implying col-
lector treatment at least in some cases. But since not all objects from the same
source tested positive for residues, museum staff could have been responsible for
some pesticide applications after acquisition.

Similarly, 67 percent of textile and plant fiber materials from the Northwest
Coast, Southwest, Eastern Woodlands, Mexico, the Pacific Islands, and China
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CONCLUSIONS

I began this report with four key questions: (1) what can we find out about
pesticide use in our collections?; (2) are there non-destructive tests to discover
which pesticides have left residues on objects in our collections?; (3) do these
residues represent a toxicity hazard through handling or use?; and, (4) can these
residues be removed or mitigated? While pesticide use data for the last several
decades is complete, museum records do not exist for earlier periods and oral
history data has been shown to be unreliable. The use of XRF equipment has
proven successful as a non-destructive way of establishing the absolute presence
or absence of arsenic, lead and mercury residues. Wipe tests have shown that
residucs can be removed through handling, but air saumpling tests also show that
these residues are not entering the air environment in our museum. To what degree
these residues represent a health hazard remains unknown, as does the question
of the degree to which they can be removed or reduced on objects. Our research
in collaboration with the Environmental Health Laboratory on both of these points
is continuing, with further tests scheduled for the next several months that may
shed additional light on both issues.

We have thus far spent approximately 42,000 staff hours and more than $1.2
million dollars in operations costs at our museum on NAGPRA related work since
the passage of the law in November, 1990. We know now beyond question that
we need to fully examine our anthropological research and teaching collections
for pesticide residues which may pose health hazards for staff and other users,
especially Native American recipients of repatriated materials. The XRF testing
reported here, while far more time efficient than wipe tests, will nonetheless re-
quire a minimum of at least two years of dedicated staff time for two staff, or
about 6,000 hours, to completely assess arsenic and mercury residues in just our
ethnological collections. How much more time will have to be devoted to the
testing of relevant materials in our 1.5 million archaeological objects is not clear,
but it is certainly substantially more.

We began our research by testing a sample of our collections, ensuring that
objects of differing material types, provenience, and ages of acquisition were a
part of the sample. This approach has the advantage of quickly establishing a
sketch of what might be present. This has been followed by testing all objects
slated for repatriation, or in a clearly repatriatable category as well as all education
materials. This must be a priority given our need to provide advance notification
to tribal community representatives, and to work out possible options for miti-
gation and future use, as well as to ensure that materials being made available
for hands-on use are not contaminated. Our next priority has been the testing of
all newly acquired historic materials, since we now know that these were often
treated by collectors or others in the past; all objects intended for exhibition or
other public use; and, all objects being used in research projects. Beyond this we
will be systematically testing particular types of objects that are likely, on the
basis of our test results, to have been treated, notably leather, fur, textile and
basketry materials. These kinds of prioritizing decisions on testing will have to
be made by institutions given the scope of collections and limitations of resources.
It is also worth noting that while collections numbering in the hundreds of thou-
sands could be tested by using random sampling formulas, the results would be
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non-physical). The latter point relates directly to the spiritual naturc of many
objects and is an essential conservation concern for many if not all Native Amer-
ican communities.

My preliminary research in 1998, prior to the initiation of the testing reported
here, ended with six recommendations:

1) Our museums should review all available institutional records about pesti-
cide applications in order to establish what has been used, how often it has
been used, and how it has been used.

2) We should begin as soon as feasible the testing of the most relevant eth-

nographic objects to determine whether or not there are residue levels that

represent a health concern.

We should prepare written information for tribal representatives that outlines

our concerns and whatever firm data we have about toxic residues that are

present, along with our recommendations regarding removal or mitigation
options and ultimate tribal use or disposal options.

4) We should, based on available test data, undertake a program of appropriate
and systematic cleaning of any contaminated objects, beginning with those
most likely to be repatriated and continuing through all of our holdings,
including in this the appropriate disposal of all potentially contaminated
plastic bags, acid free tissue, or other storage materials.

5) We should report our findings to our colleagues in other institutions, espe-
cially in those cases where we have exchanged collections with other mu-
seums.

6) And, finally, that we add to our inquiry list for new donors questions about
whether they ever used pesticides in the storage or treatment of the objects
they are now transferring to us.

)
~

To these [ would now add several other matters for consideration. First, we should
also concern ourselves with the status of objects now being used in hands-on
education kits. These often contain materials that have either been transferred
from our research collections, acquired from collectors, or purchased from auc-
tions or dealers—all of which could be sources of contaminated specimens. Sec-
ond, we need to reinforce existing standards for personal protection and hygiene
in the handling of museum collections, and continue to promote those practices
in smaller local institutions where they are more commonly breached than obeyed.
Third, we need to conduct workshop sessions that fully explore these issues for
the benefit of our tribal colleagues as well as others, workshops like the one
recently organized by Nancy Odegaard and sponsored by the Arizona State Mu-
seum in March, 2000. Fourth, we need to adopt changes in professional codes of
ethics that clarify the obligation of our institutions to more fully assess the con-
tamination status of their collections. And last, we need to explore with medical
and environmental health experts the desirability of instituting routine monitoring
ol our work environments and perhaps of staff health.

The repatriation of Native American cultural objects and human remains has
highlighted pesticide residue concerns for many of us, and has prompted new
investigations into this problem. While the immediate focus of our attention has
and should be on Native American collections, and especially on those collections
subject to repatriation, we should not lose sight of the fact that the repatriation
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be applied to chronic low-level exposures over time.) Or should the public
health community redirect its resources to perfecting decontamination and
remediation methods, as well as risk communication sessions to discuss per-
sonal protection while using objects suspected of contamination? Tribal com-
munities may be interested in participating in a prospective study of the long-
term effects of exposure. However, it could be argued that we have a moral
imperative to offer these types of studies after ensuring that remediation
measures (developed between the returning museum and the tribe) have been
applied to the objects in question. The value of any prospective studies then
becomes a measure of the effectiveness of controls, for use within both the
museum and tribal communities in future repatriation efforts.

5. Collaborative studies, between museum or university risk health and safety
departments, are necessary to pool resources and infrequent monitoring oppor-
tunities, and create a database suitable for generating a statistical valid exposure
profile for collections-care tasks. Museums or other collection institutions that
have a safety and health office should request repetitive monitoring sessions (not
Just a single, compliance-oriented survey) to truly understand the task exposure
profile. Occupational exposure limits are not intended as community-based stan-
dards for the general population, and it is doubttul that correlations can be drawn
between museum workers and tribal community members. However, when inter-
preted by a public health professional, exposure studies of collections handling
by museum workforces might be useful as a first approximation of risks from
comparable ceremonial handling.

6. Current occupational limits are not always appropriate to the population at
risk in the museum/university/cultural resource setting. There appears to be jus-
tification for creating occupational exposure limits for this “industry.” The chem-
icals in question will need to be identified after consideration of the toxicological
basis for the existing limits.

7. Recommendations for collections-care health hazard control policies must
also be developed, to include not only collections handling, but public programs,
shipment declarations and incoming loan restrictions, labeling and general hazard
awareness for visiting users of the collections. In the case of repatriated sacred
objects, these policies are to respect the cultural and religious practices of the
recipient tribe.

CONCLUSIONS

The collections-care workforce in museums, universities, and cultural institu-
tions is potentially exposed to a myriad of health hazards, both in present appli-
cations and from residuals of past practices. Many acquired hazards are unknown
to the user, as documentation of preservative treatments is often poor. Concern
over health risks to museum workers, and to recipients of treated objects, such
as those repatriated to Native American communities, has resulted in more recent
literature detailing past chemical usage. However. rigorous occupational health
studies are needed to fully characterize workplace exposures within this ‘‘indus-
try.” Institutions with in-house industrial hygiene resources should seek out these
opportunities, such as in university academic collections and federal and state
museums and park service sites, to add to the exposure database. Peer-review
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but rather to be considered precautionary for safeguarding all those who
handle or use collections.

Any collection materials known to be contaminated should not be used for
hands-on interpretation in the museum, especially by children, persons with
weakened immune systems, pregnant women, or the elderly, because they
are considered to be more susceptible to arsenic, mercury, lead and other
toxins. Individuals with diseases of the skin, blood, hair, liver, kidney or
central nervous system should avoid any risk of exposure to arsenic.
Enclose exhibited specimens inside display cases to keep particulate residues
from dispersal into the air.

Do not eat, drink, or smoke in the storerooms or around collections.

Do not handle contaminated collections with bare hands. Handle specimens
by their mounts, trays or other supports as much as possible.

Use nitrile rubber gloves and discard them appropriately afier use. Do not
use cotton gloves as they absorb the contaminants that you are trying to
provide a barrier against.

Keep hands away from face where inhalation, ingestion. or absorption of
particulate residues are possible.

Wash hands and exposed skin after handling specimens, before eating, smok-
ing, or applying cosmetics.

Wear protective clothing such as a lab coat and launder it separately from
other fabrics.

Wear a fit-tested respirator equipped with a high efficiency particulate air
(HEPA) filter. As an alternative, a dust particle mask will work as a barrier
against airborne particles, but not fumes. Before wearing any respirator (de-
fined as any close fitting face mask). it is important to have a medical eval-
uation and a fit-test.

Work in a well ventilated area; clean work surfaces after use with a HEPA
vacuum.

Give a clear, written set of instructions for handling contaminated materials
to all staff and researchers to read.

Storage and Record Keeping

Clearly label museum storage cabinets housing collections known to be con-
taminated.

Keep written records of individual collection objects that are tested for con-
taminants with accession and collection information, such as repatriation and
conservation treatment reports. Data should include the date of the test and
its results, what procedure was followed, who conducted the test, and con-
clusions drawn from the sampling method and results.

Use identifying labels and sealed plastic bags to isolate contaminated objects
and prevent dispersal of residues and fumes. Ideally, store contaminated ma-
terials in separate areas to lessen the risk of contaminating other items in the
collection. Actions taken should be relative to the level of contamination.
For instance, if the materials are highly contaminated or il levels of contam-
ination are lower than short-term exposure limits (STEL). different decisions
might be made.
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