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Methyl Bromide & Bromine Sources 

pXRF Results 

Feathered Maori cloaks in the Wellcome collection at the Fowler 
Museum. 

XRF data acquired from both plant and feathered substrates 
from an individual cloak. This data provides an indication of the 
range of peak heights observed throughout an individual object. 
All locations provided clear evidence of the presence of 

bromine.  

XRF data from feathered cloak with wool border. The largest bromine 
peak in our study was acquired on the wool border of this cloak.  

XRF data acquired from shipping crates and packing 
foam. The wooden crates contained bromine, though the 
ethylene packing foam did not. The crates were known to 
have been fumigated with methyl bromide after packing.  

XRF data from the artwork Shield by Vivan Sundaram, acquired 
on a fiberglass mannequin, on leather, and painted wood, known 
to be fumigated with methyl bromide prior to shipment. The 
organic materials contained bromine, while the fiberglass 
mannequin did not.  

XRF data acquired from synthetic materials in artworks by Vivan 
Sundaram, known to be fumigated with methyl bromide prior 
to shipping.  All synthetic materials tested provided positive 
results for bromide. This may be due to bromine residues from 
fumigation, or from treatment of synthetic fibers with flame 

retardants during or after their manufacture.  

XRF data acquired from HVAC filters at the Fowler Museum. 
The carbon filters contained bromine while the white pre-
filter did not. The white pre-filter was tested after ten days of 
its use. Carbon filters were installed over about one year 
prior to analysis.  These filters appear to contain significantly 
less bromine compared to the same type of carbon filter 
prior to its use.  

The presence of residual or applied pesticides is an 
ongoing health concern for workers in contact with 
objects that have been treated to prevent or 
mitigate biological attack, and methods of 
detection, risk assessment, and elimination are 
necessary. A number of fumigant pesticides have 
been used in the museum environment, including 
methyl bromide. Methyl bromide is a clear and 
colorless halogenated hydrocarbon gas which 
rapidly kills insects, mites, microflora and 
nematodes, and penetrates porous materials such 
as wood.  
 
The use of portable x-ray fluorescence spectroscopy 
(pXRF) is a relatively fast and easy method to detect 
the elemental composition of materials, and has 
been used to identify pesticides on objects in the 
museum environment (Aaron N. Shugar 2012). The 
presence of bromine on organic material in 
museum collections has been identified in 
numerous organic objects from the Fowler Museum 
at UCLA that were treated by students of the 
UCLA/Getty Program and in other collections as 
well, which has spurred this current investigation 
into potential sources of bromine on organic 
objects to inform those handling objects with 
potential fumigant residues.  

Introduction 
The presence of residual or applied pesticides is an ongoing 
health concern for workers in contact with objects that have 
been treated to prevent or mitigate biological attack, and 
methods of detection, risk assessment, and elimination are 
necessary. A number of fumigant pesticides have been used in 
the museum environment, including methyl bromide. Methyl 
bromide is a clear and colorless halogenated hydrocarbon gas 
which rapidly kills insects, mites, microflora and nematodes, and 
penetrates porous materials such as wood.  

Methyl bromide came into use in the 1930’s, mainly finding use 
in agriculture for soil sterilization, but also for combatting pests 
in stored products. Its use as a pest fumigant in museums began 
in the 1940s-1950s and it was in use in this capacity through the 
late twentieth century, leaving inorganic bromide residues on 
collections fumigated with this chemical (Goodall et al. 2013). 
Fumigation with methyl bromide eventually fell out of use due to 
the restrictions and eventual banning of the chemical by the 
Montreal Protocol because it is a known ozone depleter 
(Schneider et al. 2003). 

There are a number of additional sources of methyl bromide and 
other bromine containing compounds in the environment which 
can be detected using pXRF. Methyl bromide is produced 
naturally in the ocean and in bogs as a biological byproduct of 
bacteria and phytoplankton (Fields and White 2002).  The 
chemical was first described in the literature in 1938 and it has 
been used extensively throughout the globe as a pesticide in 
agriculture since (Pool, Odegaard, and Huber 2005). Brominated 
flame retardants are a class of bromine containing compounds 
applied to a wide range of products. They are now an ubiquitous 
contaminant in both indoor and outdoor environments due to 
their wide use and resistance to degradation. Bromide derived 
from agricultural use and brominated flame retardants are 
known to bio-accumulate (de Wit 2002, Yates, Gan, and 
Papiernik 2003) and are therefore potential sources of bromine 
in organic material analyzed using pXRF. 

Whether the detection of bromine on organic objects is from 
past treatment with methyl bromide is difficult to assess given 
the ubiquitous nature of bromine in the environment due to 
other sources. Bromide pollutants such as those generated by 
agricultural use of methyl bromide, accumulate in biomass and 
this is a potential source of bromine detected in organic 
museum objects. Additionally, brominated flame retardants 
have become a ubiquitous source of bromine contamination in 
both indoor and outdoor environments, due to the resistance 
to degradation of this class of compounds. To this point, the 
data obtained from the HVAC filters was not sufficient to 
determine if bromine is being filtered out of the intake air at 
the Fowler Museum, given that the unused carbon filter also 
contained bromine. It is likely that the carbon filters in the 
HVAC system are treated with a bromine containing material, 
such as a brominated flame retardant. It is unknown if the 
HVAC filters are a potential source of volatile contaminants.  
 
 
 
 

Discussion/ Conclusions Bibliography 

Abstract 
The presence of bromine on organic materials has been 
identified regularly using portable x-ray fluorescence 
spectroscopy (pXRF) on collections borrowed by the 
UCLA/Getty Master’s Program in the Conservation of 
Archaeological and Ethnographic Materials, which raised 
concerned about previous treatment with the fumigant 
methyl bromide.  This observation spurred an 
investigation into potential sources of bromine on 
organic objects including residues from fumigation with 
methyl bromide.   

This study took place at the Fowler Museum at the 
University of California Los Angeles to determine 
potential sources of bromine detected using pXRF.  A 
collection of ten Maori feathered cloaks accessioned by 
the museum in 1965, several artworks and packing crates 
that were known to have been recently fumigated with 
methyl bromide, and filters from the Fowler Museum’s 
HVAC system were analyzed using pXRF.  

A literature review on history and uses of methyl 
bromide both industrially and in a museum environment 
and on other sources of bromine in the environment 
shed light on the interpretation of our study results. 
Potential sources of bromine include fumigation with 
methyl bromide, air pollution as a result of agricultural 
use of the pesticide, and contamination from brominated 
flame retardants.  The results of this study suggests 
residues from methyl bromide fumigation does not 
appear to be an immediate health concern for people 
handling museum objects. Whether the detection of 
bromine on organic objects is due to past treatment with 
methyl bromide is difficult to assess given the ubiquitous 
nature of bromine in the environment due to other 
sources. This is useful information for conservators and 
museum professionals, as there are other possibilities 
besides fumigation to account for the presence of 
bromine on organic museum objects. 

 Analysis of a Maori feather cloak at the Fowler Museum (left) and of a Vivan Sundaram artwork “Poisoned Robe” on exhibit at the Fowler Museum 

XRF data was acquired with a portable Bruker Tracer III-SD with Rh tube using a 
“red” filter (0.001” Cu, 0.001” Ti, 0.012” Al) acquired for 120 seconds at 40kV and 
38μA without a vacuum. Data was acquired for qualitative analysis as opposed to 
quantitative. The presence of bromine was determined based on the presence of 
bromine peaks, the heights of which were used as a relative indication of quantity 
detected comparable within the sample set, so long as the background scatter was 
similar.  
 
 

Analysis included ten Maori cloaks made of feathers, plant materials and wool that 
were accessioned into the Fowler Museum in 1965 as a part of the Wellcome 
collection. Data was acquired from several locations on each cloak and from the table 
and housing material below the cloaks for comparison. The study also included five 
modern artworks by Vivan Sundaram and shipping crates that had been treated with 
methyl bromide from the exterior after packing and prior to shipment from India. Spot 
locations included a wide range of materials such as synthetic fibers, leather, wood, 
fiberglass, and rubber. We chose works to be analyzed that displayed a range of 
material types in order to assess their susceptibility to retention of bromine residues 
after treatment with methyl bromide.  

Finally, HVAC air intake filters at the Fowler Museum were also analyzed and compared 
to new filters, using single points of acquisition in order to determine whether bromine 
was being filtered out of the air intake of the museum. The carbon filters analyzed in 
situ were installed approximately a year before analysis, and an unused carbon filter 
was analyzed for comparison. The pre-filters were installed ten days prior to analysis. 

Materials and Methods 

Bromine was detected on all ten Maori 
cloaks, with the largest peaks obtained 
from wool. The crates contained bromine 
on both the interior and exterior surfaces, 
though the packing foam (Ethafoam) did 
not contain bromine. A range of bromine 
levels were detected on artworks shipped 
in the crates. The synthetic fiber pieces  
had among the highest levels of bromine 
found in this study, while the fiberglass 
contained no bromine. Other materials 
were found to contain bromine peaks 
between these two levels. 
Two different filter types of air intake 
filters were analyzed in the HVAC system 
at the Fowler. The HVAC pre-filter installed 
ten days prior to analysis contained no 
bromine. The two carbon filters that were 
installed a year ago contained bromine, as 
did the unused carbon filter. The unused 
carbon filter contained significantly more 
bromine than the used filters 
  

Reviewing the literature about bromine pollution in the 
environment as well as the past usage of methyl bromide in 
museum fumigation campaigns has helped to shed light on some 
possible sources for the presence of bromine on collections, when 
it is not suspected that they were treated with pesticides in the 
past. This is useful information for conservators, as there seem to 
be many other possibilities other than fumigation of the object for 
the presence of bromine. Because exposure to bromine seems to 
be prevalent in the environment, and because it has been applied 
directly to food sources in agriculture, it is possible that exposure 
to the bromine that is present on objects is not of major concern 
regarding toxicity to museum workers. However, as it is not known 
how much of a contaminant may be present and whether 
exposure over time may lead to accumulative effects so it is 
always recommended to take the usual safety precautions of 
using Personal Protective Equipment such as gloves and lab coats 
when handling organic materials in collections. 
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 Analysis of shipping crates for Vivan Sundram exhibit shipped from Inida (left) and analysis of HVAC filters at the Fowler Museum (right) 


