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EDITORIAL: EXTRACTING THOUSANDS OF YEARS OF 
COLORFUL DYE HISTORY THROUGH ANALYTICAL 

SCIENCE

The study of ancient colorants from flora and fauna sources opens a historical window to the techno-
logical, scientific, and artistic developments of one of the most fascinating chapters in archaeological 
chemistry. Such interdisciplinary research of past cultures integrates history, archaeology, and religion 
with scientific fields encompassing botany, entomology, and malacology. Modern analyses of 
microscopic specimens of ancient dyes and pigments rely on advanced chemical, optical, and electro-
magnetic tools, such as those critiqued below, and are similar to the forensic science methodologies 
popularised by various televised police shows. 

Prior to critically evaluating various recent methods that have been used in dye analyses, I should 
discuss the philosophical and technical debate raging in museum circles with regard to the analysis 
of any culturally important heritage object. This is especially relevant to the study of archaeological 
artefacts, which often consist of small fragments. The question that the analyser asks is: to destroy 
or not to destroy? — that is, to perform analyses that will destroy the sample analysed or to utilise a 
method that does not alter the original object in any way. Unfortunately, some authors have made 
claims about their methods of analyses and state that they have performed ‘non-destructive’ testing 
(NDT) of the object. Their assertions are in some cases misleading and in others simply erroneous, 
even if the destruction is only on a micro-scale. These methods should be referred to as micro-
destructive, or even nano-destructive (i.e. destructive at the micrometre or nanometre level), depending 
on the scale involved. The misleading declarations of NDT are those that involve analysing a sample 
that was irreversibly removed from the object. Perhaps the sample analysed remains intact, but the 
original object certainly is not. Some micro-extraction methods have also been used for studying 
colorants, and while the substrate of the original object may not have changed, the sampling procedure 
nevertheless altered the object. These methods should be termed ‘micro-alteration’, but not 
non-destructive. 

The high-tech world of sophisticated chemical instrumentation has permeated into the field of 
analytical research of the natural colorants and associated technologies utilised in antiquity. Some of 
these recent methodologies are designated by idiosyncratic acronyms, such as, FAB, DESI, DART, 
HRMS, TOF, SERS, and even DAD (see below). The advantages and disadvantages of such highly 
responsive and resolving instruments are briefly evaluated below. 

The methods known as DART (Direct Analysis in Real Time), DESI (Desorption Electro-Spray 
Ionisation), FAB (Fast Atom Bombardment), and TOF (Time Of Flight), are all associated with the 
general methodology known as MS or Mass Spectrometry. In a highly responsive instrument, the 
technique is labelled as HRMS (High Resolution Mass Spectrometry). The method of mass spectrom-
etry dates back to about a century ago and was even used in the Manhattan Project for the separation 
of uranium isotopes. It is a technique whereby the molecules of a substance are vaporised in a vacuum, 
ionised, and manipulated by external electromagnetic fields. These fragmentary molecular ions can be 
separated from each other, based on their differing masses and charges and detected as such, and the 
computerised software can be used to virtually join the molecular pieces together, as in a chemical 
jigsaw puzzle, so as to reconstruct the original and identifiable parent dye molecule. Though this 
method is by definition destructive in character, nevertheless the quantities used for analyses are min-
iscule. Further, in the DART method, a small sample from an object is directly analysed without the 
need for any sample preparation.

Micro-spectrometric techniques based on the Raman Effect as well as on the absorption of 
infrared radiation have also been used for dye analyses. The Raman phenomenon is a spectroscopic 
technique based on inelastic scattering of the monochromatic light irradiating the molecules. The 
difference between the energy of excitation and the energy of the scattered light can be used to 
characterise the molecules investigated. Thus the molecular structure and the identity of the dyes 
constituting the sample analysed may be identified. Micro-spectrometry utilises a microscope to direct 
the thin laser beam onto a miniscule area on the surface of the material being studied, and a resultant 
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spectrum is produced, which is dependent on the composition of the surface. The advantage of this 
method is that it can be non-invasive and used directly on the object without any chemical or 
mechanical sample pre-treatment, and thus not destroy the sample under investigation. This is assum-
ing that the measuring apparatus has a large enough sample area to accommodate large items; 
otherwise irreversible sampling from the object is needed. A major disadvantage of the Raman micro-
spectrometric techniques is that if other organic matter is also present, which is nearly always the case 
with archaeological samples, fluorescence can mask the Raman emission and the required electronic 
signal cannot be clearly detected.

The technique known as SERS (Surface-Enhanced Raman Spectroscopy, or Scattering) is based 
on the Raman Effect, and has also been recently used for the detection of historic dyes and pigments. 
This method involves coating a fibre that has been removed from the original textile with electrically 
conducting metallic nano-particles, which then causes a many-fold increase in the electronic response 
in the Raman spectrometric analysis. The advantage of this method is that, since only a single fibre 
is irreversibly altered, it can be considered to be truly nano-destructive. 

However, the advancement in the sophistication of electromagnetic chemical techniques does not 
automatically imply that their application to the study of ancient colorant sources is also advanced. 
There are various fundamental problems with these methods. The most serious drawback is that 
the above methods, especially the ones based on Raman spectroscopy, are inherently spectrometric in 
character. They generally produce an overlap of information — one spectrum graph, whether the 
sample analysed is pure, which is definitely not the case with soiled archaeological samples, or is 
composed of many dye components. Thus, while these methods may be able to identify the major dye 
component and, at best, a few others, they are in general incapable of detecting all the dyes present 
in a natural dyestuff, which can number into the tens. Mass spectrometry (MS) does provide some 
separate data based on different molecular masses, but it has difficulty in detecting the various equal-
mass isomeric molecules, which are also present in a number of natural dyestuffs. MS is also limited 
in its ability to provide clear data on all of the components present as some overlap of mass data may 
occur. Further, the high-energy typically used in the ionisation process in MS analyses will cause some 
of the molecules to fragment to smaller molecules, which may already be present in the original 
dyestuff. This is especially problematic in connection with the analyses of the famous Royal Purple 
pigments produced from various molluscs. For example, it is well known that in the most important 
Muricid sea snail species used in antiquity (Hexaplex trunculus) doubly- and singly-brominated indigoid 
dyes are present in the purple pigment produced from them. The MS ionisation process will 
artificially successively debrominate these components to produce related dyes, such as indigo, which 
are already present in the original sample. Hence, the original composition of the pigment and its 
malacological provenance cannot be unambiguously determined.

The optimum analytical method to be used in the analysis of organic dyes is the high-
performance liquid chromatographic (HPLC) technique. In this method, a dyed yarn of only a few 
millimetres is sampled and the dye extracted from it via an appropriate solvent. Injecting microlitres 
of this filtered solution into the HPLC instrument will result in a clearly separated spiked field of data 
with each detected colorant plainly visible as a discrete peak on the chromatogram time-plot graph 
produced. The spectrometric detection of the separated components is performed by means of a PDA 
(photo-diode array) detector also known as DAD (diode array detector). Higher instrument resolution 
allowing for an even smaller sample size can be achieved with the relatively new ultra-high performing 
UHPLC instruments. Though these analyses are micro-destructive they — more than any other 
method — can extract the maximum information regarding the origin of the dyestuff used.

An extraordinary example of the powers of the HPLC technique involves an astonishing ana-
lytical discovery regarding a miniscule textile that was excavated by the dean of Israeli archaeologists, 
the late Yigael Yadin, in the early 1960s. This buried weave was found atop the famous Judean 
Desert palatial fortress of Masada built by King Herod I in the late 1st century BCE. Based on the 
detailed multi-component chromatographic fingerprint of the purple dye from that weave, I discovered 
that the dyestuff used was the authentic purple produced from the specific molluscan species men-
tioned above. This Royal Purple dyeing was befitting of a regal authority, and its weaving style implied 
that the whole fabric from which it originated — a cloak or mantle — was dyed and constructed in 
this fashion. The archaeological, historical, chemical, and weaving evidence are all consistent with the 
conclusion that this tiny purple fabric was a fragment from the royal mantle of King Herod himself, 
and it can be identified as the Biblical Argaman dye of royalty and High Priests.
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Notes and News

exhibition: The exhibition on Lawrence of Arabia. Genesis of a Myth, mentioned in the last issue of PEQ, 
opened on 21 November 2010 at the Landesmuseum für Nature und Mensch in Oldenberg, Germany 
(http://lawrence.naturundmensch.de/). It then moves to Cologne (Köln), where it reopens in April 
2011 at the Rautenstrauch-Joest-Museum. The exhibition, curated by Prof. Dr. Detlef Hoffmann of 
the University of Oldenburg, explores the biography of T.E. Lawrence and the events of world his-
tory in which he played a significant part, and also the process of the creation of the public persona 
of ‘Lawrence of Arabia’. It attempts to extract the historical Lawrence from the legend, determining 
what about the man and his actions were real and what creations of romantic imagination.

The PEF’s involvement in the ‘Lawrence Story’ consists of his employment, together with C.L. 
Woolley, on the Wilderness of Zin survey of the Negev in the winter of 1913–14 (Fig. 1), shortly before 
the outbreak of World War One. Artefacts from this survey, flints, ceramic shards, as well as drawings 
and photographs, are included in this exhibition. However, the PEF has also loaned a significant 
quantity of material from other parts of its collection, including survey equipment used on the Survey 
of Western Palestine, and many watercolours and drawings executed by Claude R. Conder during 
that same survey (Fig. 2), including of some of the famous Shapira or Moabite forgeries. These 
are displayed alongside Roberts’ lithographs and Photochrom tinted photographic prints from the 
museum’s own collection. The purpose of this part of the exhibition is to illustrate how the Levant 
was sometimes presented and perceived by westerners — the colourful and dynamic amateur paintings 
by Conder contrasting effectively with the romantic and elegant execution of the Roberts prints. 
Therefore, as well as exploring the history and mythology of Lawrence, this exhibition presents 
a unique opportunity to see the PEF’s collection of Conder’s watercolours displayed together. The 
exhibition also includes loan material from numerous other collections and private individuals.

future events: iECS 2011, the International Edelstein Color Symposium: The Science & Art of Color is being 
hosted by the Shenkar College of Engineering and Design, Ramat Gan, Israel, from 27–28 February, 
2011 (see www.edelstein-center.com/color-symposium). At the symposium, leading experts will discuss 
the nature of pigments and dyes, as detected by scientific methods, and the role of colour in use in 
Herodian palaces, ancient European textiles, historic paintings, and medieval manuscripts. Presenta-
tions on the use of colour in modern design, urban lighting, architecture, painting styles, women’s 
fashion, as well as the psychology and philosophy of colour will also be given. Additionally, the scien-
tific discovery of the first authentic Biblical Tekhelet (generally translated as ‘blue’) from ancient Israel 
will be announced.

recent finds: In November, Syrian archaeologists announced that several dolmen tombs dating back 
to the 5th millennium BC (the Neolithic period) have been unearthed at Ein Zakkar, Tsil, al-Bakkar, 
Enkhil, and Jibilieh to the west of Daraa, al-Maysara of southeast Daraa (see e.g. www.archnews.
co.uk/featured/3946-dolmen-tombs-found-in-syria.html). Other dolmen tombs have been found to the 
northwest of Nawa city where there are several Neolithic cemeteries. A dolmen is a prehistoric burial 
chamber consisting of upright stones supporting a large flagstone roof. Originally, this would have 
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