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A risk assessment to determine whether amber Is altered by miCr'd or

confocalmicroscopy studies
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INTRODUCTION

Amber is a fossil tree resin that representsan invaluable *SJu %o
preserving 3D fossil inclusions The study of animal remains (mostly
Insects) plant structures,pollenor microorganismsZ s (E %n %e ofiginal
resinhasproveninvaluableto our understandingpf ancientlife.

Important amber samples are therefore subject to considerable demand
by researchers wishing to examine the trapped specimens.

Typicallyorganicinclusionsare hollow, with few organicremainspreserved
(Edwardset al., 2007). The study of amber inclusionsoffers information
about the preservedorganismsincluding their morphology,ecologyand

mode of life andtheir aswell (Ross2010.

The use of standard optical techniques for the
examinationof amberinclusionss not alwayspossibleor
accuratedue to the characteristicoof amberitself, which
may be opaque, or contain air bubblesand flow lines,
Inclusionsof limited or no scientific interest and other
undesirablampurities

Althoughpu-CTand CLSMare exceptionallyvaluable
for the Investigationof amberinclusions,they have
the potentialto physicechemicallyalter ambetr

Thus, access to collections for investigations
utilising novel methodologies is currently
hampered by a lack of understanding of their
potential harmful effects on amber samplesvhich
may consist of specimens of considerable historical
Importance andpalaeontologicararity.

Theaim of this studyis to ascertainthroughanalyticalmeans,the impact
of these technigues on different amber and copal types, and to
Investigatetheir long-term effectsuponthe ambermatrix.

Photographs show specimens from the collections of the National Museum of Scotland, Edinburgh

courtesy of Dr A. Ross and the Natural History Museum, London.

IVIATERIALS
Baltic, Burmese, Dominican amber, Columbian and East
Africancopal

Samples selected based on age, maturation stage,

provenance, palaeobotanical origins and palaeontological
significance, reflecting range of fossil resins frequently
examinedby researchers

Each sample cut into subsamples for p-CT and CLSM
exposure Twosamplegsrradiatedwith synchrotronX-rays

Confocalmicroscopy(CLSM)s a well-establishedoptical technique for the 3D visualisationof
specimensncludedin amberwith aresolutionat or beyondthe diffractionlimit of light.

Fossilan amber exhibit strong autofluorescence often maintained evenafter the organismhas
decayed(Comptonet al., 2010, that can be used as a source of emitted photons for CLSM
visualisations(Bokerand Brocksch 2002, Clarkand Daly,2010.
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Figurel. Confocalimagesof a fossilisedfig waspembeddedin amber A. Detailsof the head (20x). B and C View of one of the pollen
pockets(20x and 40x respectively) D. Detailedimageof the pollen pocketof a modern specimenfor comparison(40x). Imagestaken
from Comptonet al., 2010

EXPERIMENTAL
Baseline characterisationson amber and copal samples using Raman spectroscopy and FTIR

spectroscopyat V&A),whichyieldthe mostinformation aboutamberand its degradationpathwaysand
products(Becket al., 1965 Edward<set al., 1996 Brodyet al., 2001; Pastorelliet al., 2013).

Exposureto repeatedhigh dosesof X-raysin a p-CTscanner(at NHM), to hard synchrotronX-rays (at
DiamondLightSource Oxford),andto laserilluminationusinga confocalmicroscopgat NHM)

Reexaminationto look for chemicaland opticalchangesavhichmight havetakenplace

East Africarcopal Baltic amber

Aesthetic characteristicsof amber

Q and copal samplestested using p-
CTand CLSMappearedunaffected

s no undesirable colour alterations

g or visible bleaching could be
distinguished

é Samples exposed to highflux

< synchrotronX-ray radiation, clearly

(% appearedto havedarkened

Both Ramanand FTIRspectroscopyproved ideal for the characterisationand differentiation of
ambers and copals but FTIRspectroscopywas better at discriminating between different
provenancesgegradationand maturationstages

X-ray irradiation in the Yu-CTscannerand laser illumination using CLSMdid not produce any
damageobservableto either the nakedeye or by either Ramanor FTIRspectroscopyln samples
exposedto synchrotronX-rayschemicalchangescould be detectedin FTIRspectraonly.

MICRO-CT

X-ray micro-computed tomography (U-CT)is a non- | A
destructive method for digitising, investigatingand
categorisingpiologicalinclusiongDiericket al., 2007).

Minute morphological details and important
taxonomicfeaturescanbe imagedwith micron-scale
resolutionand minimal preparation

3D reconstructions can be viewed from multiple

angles, virtually dissected and used to visualise the

iInternal morphology. Individual Xay slices can help
Interpret finer features difficult to resolve.

L-CTovercomesproblemssuchasthe darkeningand
formation of white emulsioncoatingsthat renderthe
iInclusiondifficult to view usingtraditional methods

Analysisusing synchrotron X-rays with propagation D
phasecontrast is increasinglycommon (e.g. Soriano
et al., 2010, asit allowsfor increasedcontrastover
absorptiontechniqgues,detecting inclusionsinvisible
usingtraditional CT

Figure 2 Anapidspider Anapidaefamily) in Baltic amber. A. and Bhotographs taken with a stereo
microscope. C and D. Transparent ad sol{@Tuscan reconstructions. Images from Penney et al., 2011.

CONCLUSIONS
Ourresultsmakea fundamentalcontribution to the risk assessmentor the

analysif fossilresinsby p-CTand CLSM

Thesetechniquesdo not seemto impart a detectable damageto copal
and amber samples, which appeared aesthetically and chemically
unaltered when usingthe parametersspecifiedin this work.

Hard synchrotron X-rays caused both colour
alterations and chemicalchangesin amber (as
revealed by FTIR),and their use should be
discourageduntil further experimentsare done,

If the aestheticof the amberisto be preserved
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