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Traceability...

ast of this remote island ??
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Traceability is
an issue for consumers
for many products...
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@ Origin determination (“traceability”)
' in the jewellery trade

a ...is known for coloured gemstones i-,-; >

: For pearls it is rather a new issue... e
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The colour spectrum of corundum
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Finding traceability solutions....

For the Public

,2branding”

- by technology
- by a certification
scheme

- create transparency for consumer
- add further ,emotions” to pearls
- create added value

For the Laboratory

Developing
detection method

For both,
cultured or
natural pearls

- create transparency for consumer
- confirm the provenance of a pearl
- detect ,forgeries”



For the Public _— For the Laboratory
it e, G e

- easy branding process - (quasi) non-destructive method

- forgery-proof label - distinct discrimination possible

- not affecting the beauty of the pearl - low costs and fast

- easy to read label at selling point
(e.g. retailer)



Methods for ,,branding™

Photos © H.A. Hanni, Gemexpert

Possibilites:

- Identity chips
- Micro-sized engraving

Metallic label of pearl farm
attached to bead before grafting
and radiography of cultured pearl
with such a metallic label.

Radio-frequency ID-chip in an
assembled shell nucleus and
reader for RF ID-chips (by Fukui
Shell Nucleus Factory, Hong
Kong).




Methods for ,,branding™
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Possibilites:

Chemical markers

Dyed Akoya cultured
pearl with distinct colour
concentration around

drill hole.

Instead of colour, any
liquid chemical or
biological marker could
be used.
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Analytical steps in a laboratory

Provenance

Age of pearl

Population

Species

altwater c '
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Identification
Cultured Pearl / Natural Pearl
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Identification of natural pearls
and cultured pearls

Natural pearl (P. radiata)

, 2
3 ‘f
Scanco uCT 40 Scanner at SSEF

e.g. by using X-
ray micro
tomography to
visualize
internal
structures
of pearls in 3
dimensions.




Separation of freshwater pearils
from saltwater pearils

e.g. by using trace element analysis
Analysis report chemistoy (EDXRF)
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Which species ?




Species identification with UV-Vis reflectometry

UV-Vis Reflectance
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UV-Vis reflectance spectra of pearls of natural
colour from Pinctada margaritifera

W00 0 200 600 /00 8500

Wavelength (nm)




identification
with

Raman mic
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Raman spectra of Conch pearls (Strombus
gigas) of different colour and saturation.



Research breakthrough:
DNA analysis of pearls
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DNA Fingerprinting of Pearls to Determine Their Origins
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Abstract

We report the first successful extraction of oyster DNA from a pearl and use it to identify the source oyster species for the

three major pearl-producing oyster species Pinctada margaritifera, P. maxima and P. radiata. Both mitochondrial and nuclear -

gene fragments could be PCR-amplified and sequenced. A polymerase chain reaction-restriction fragment length r O a I l a e er eS earC S S O Clate
polymorphism (PCR-RFLP) assay in the internal transcribed spacer (ITS) region was developed and used to identify 18 pearls . )

of unknown origin. A micro-drilling technique was developed to obtain small amounts of DNA while maintaining the
commercial value of the pearls. This DNA fingerprinting method could be used to document the source of historic pearls

and will provide more transparency for traders and consumers within the pearl industry. O f S S E F p r e p a ri n g S a m p l e S fO r D N A
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,quasi“ non-destructive sampling by using powder from drill-hole

Figure and photos from Meyer et al. 2013 SSER 3
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P. maxima P. radiata P. marqgaritifera
g f = P. radiata

Table 2. Sequencing success rate associated with different molecular markers from pearl DNA extracts of Pinctada margaritifera, P.
maxima and P. radiata using methods A, B and C (Fig. 2).

Total % of
successfully
Method A® 16S rRNA cox1 ITS1 ITs2 identified pearls

P. margaritifera 86% (6/7)> 71% (5/7) 43% (3/7) 100% (7/7) 100% (7/7)
P. maxima 60% (3/5)° 20% (1/5) 0% (0/5) 60% (3/5) 60% (3/5)°
P. radiata 83% (5/6) 67% (4/6) 50% (3/6) 100% (6/6) 100% (6/6)

Total % of successfully sequenced  78% (14/18) 56% (10/18) 33% (6/18) 89% (16/18) 89% (16/18)
markers

Method C?® practically “non-

Our study has shown that
species identification is

P. margaritifera 100% (7/7)> © 100% (7/7)° 100% (14/14)¢ 92% (11/12)

p 0SS lbl e b ase d on D NA P. maxima 60% (3/5)° 80% (4/5)° 70% (7/10)° 58% (7/12)

P. radiata 100% (6/6) 100% (6/6) 100% (12/12) 92% (11/12)
fro m p e arl S Total % of successfully sequenced 89% (16/18) 94% (17/18) 92% (33/36) 81% (29/36)
] markers

%in methods A and B the pearls were broken open using forceps to expose the inner material used to extract DNA. In method C the powder used for DNA extraction was
obtained by drilling a 1-mm diameter hole in the pearls and the hole was enlarged internally using a 0.9 mm drill head.

Ppercentage (%) of successfully identified pearls (identified pearls/total pearls tested).

“from a total of twelve P. maxima and P. margaritifera samples analyzed in method A or in method B, one pearl that was predicted to belong to P. maxima based
morphological criteria was identified as P. margaritifera according to the DNA fingerprint.

doi:10.1371/journal.pone.0075606.t002

Figure and table from Meyer et al. 2013 SSEF 3




DNA research outlook:

We are currently starting DNA analysis for discrimination of populations within

same species. The aim is to find genetic markers which enable to determine the
geographical zone where the pearl has formed !
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Age of pearl ?

...to support the documented historical
provenance of a pearl




The principle of radiocarbon 14C age dating

AGE DETERMINATION OF PEARLS: A NEW APPROACH FOR PEARL TESTING

AND IDENTIFICATION

Michael S Krzemnicki 0 0 o Q
S al Institute SSEF, Falkners!

jemmolog asse 9, 4001 Basel, Switzerland. Email: gemlab(

. Hajdas o o 0 °
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ABSTRACT. For this radiocarbon study, 7 saltwater pearls and 3 § rom pearl oysters have been analyzed. The declared G eh d t an (-’ =B 4 nac h
ages of the s:dmp] from .the miq Al 9th ntury to very recent formations. The analyzed data show the potential of the O \-l aq ren I C n Ub
bomb peak time ma to provide additional i on when tes arls. The analyzed pearls could be nctly ~

rated in pearls of pre- and post-bomb peak ages, in agreement wi i on based on the declared ages. The analyzed

data further reveals the potential of this method to provide supporting evidence for the historic provenience of a pearl or as

an indication of a natural or cultured formation of a

INTRODUCTION

Due to their beauty, pearls have been used for adornment since prehistoric times and are among the
most prized jewels, as they connote not only beauty and rarity, but also status and have thus been
used as means of representation in many cultures since ancient times (Kunz 1908). Famous historic
jewels and ornaments with pearls are known from the treasures of the royal courts in Europe, Russia,
the Middle East, India, and China (Bennett and Mascetti 2007; Scarisbrick 2008).

With the development of pearl cultivation in the beginning of the 20th century, pearls have gained a

much-increased accessibility and popularity when compared to previous ages. Now the pearl trade

is a multibillion share of the worldwide jewelry market. Its products range from low-quality and

inexpensive freshwater cultured pearls to rare and highly sought after natural pearls of historic prov- . 1 4 1 2 .

enance, such as the La Peregrina pearl (Figure 1). This natural pearl was sold in December 2011 for By g th C / C t g t
11 million US dollars at auction (Christie’s 2011), the highest price ever paid so far for any pearl. m e aS u rln e ra 10’ We e
The price for this pearl is mostly linked to its historic provenance, being documented and depicted

in paintings since the 16th century (Hans Eworth 1554, in Cooper 2008; Diego Velazquez 1634, in aCC e S S tO th e age O f O rganis m S .

Lopez-Rey 6; Finlay 2007).

Published July 2013 in the Journal Radiocarbon

Radiocarbon




Radiocarbon dating of recent pearls:

Shell from Pinctada maxima (Silverlip pearl oyster) from
the Philippines, collected 1990 (pers. comm. H.A. Hanni)

Ongoing research
project with pearls
from ca. 1950 -2012 in
collaboration with
Paspaley.




Radiocarbon dating of historic pearis:

Figure 4. Calibrated of ages of two historic pearls ETH-46322 and ETH-46323 that were
formed before the bomb peak. Both pearls originate from the Arabian Gulf, and were
calibrated using marine calibration curve INTCALO9 (Reimer et al. 2009) and AR=190+180

VyIS.

Ongoing research
projects with antique
pearls from ca. 900
AD, and pearls from
17t and 18%™ century.




Conclusions:

For consumers (in developed markets), the traceability of products they
buy is getting more important.

Thus “branding” of pearls may be valuable for producers to market their
product better and for a better price.

Several strategies for branding are currently being tested, but none is used
on a large scale so far.

Analytical methods to independently determine the most common pearl
species are accessible for well-equipped labs.

DNA and radiocarbon age dating open up new possibilities to support the
traceability of pearls throughout the supply channel in the future.
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