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exchanged or strands re-strung. At the 

same time, there is a growing interest in 

tracing cultured pearls through the supply 

chain, so that an end consumer knows 

which farm their cultured pearls came 

from. Producers who operate responsibly 

are investigating ways of marking their 

cultured pearls so that provenance can be 

guaranteed to the end consumer. 

Any method used to trace cultured 

pearls must largely be invisible so as to 

maintain the commercial value of the end 

products. Cultured pearls are produced 

both with a nucleus (e.g., Akoya, South 

Sea and Tahitian) and without a nucleus 

(e.g., Chinese freshwater beadless 

products); for general reviews, see for 

example Gervis and Sims (1992) and 

Southgate and Lucas (2008). Different 

labelling/traceability approaches may be 

required for these two types of cultured 

pearls, based on their internal structure. 

This article reviews a wide range of 

methods — chemical, physical and 

biological — that potentially could be 

used in tracing cultured pearls through the 

supply chain. 

Chemical marking
Pearls consist of fi ne polycrystalline 

calcium carbonate (CaCO
3
) crystals and 

traces of organic matter. The mother-of-
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Introduction
Branded jewellery products are more 

successful than non-branded goods 

(Kapferer and Bastien, 2009). There is 

continued demand from jewellery consumers 

for branded goods and increasing desire 

for traceability of products (Conroy, 2007; 

Ganesan et al., 2009). Cultured pearls 

are an interesting case study where some 

products are branded (e.g., Figure 1), but 

traceability to source is something that is 

diffi cult to verify independently at present. 

A cultured pearl strand with a branded 

tag does not provide a clear guarantee of 

origin for the end consumer, given that 

individual cultured pearls can easily be 
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pearl (also called nacre) surface of pearls 

is made up of aragonite tablets. A pearl’s 

porous structure means that it has a 

good potential for absorbing chemically 

doped or colour-doped solutions. A good 

example of this are dyed cultured pearls 

(e.g., Figure 2), which can be found in 

many different colours (Hänni, 2006; 

Strack, 2006). In a similar way, cultured 

pearls from selected producers could be 

marked using a colourless doped solution 

— that is unique to a pearl producer 

— after harvest. If chemically doped, 

these pearls could later be identifi ed in 

a gemmological laboratory using EDXRF 

spectroscopy (Hänni, 1981). However, the 

applicability of this approach is limited 

given that EDXRF spectroscopy is not in 

widespread use in the jewellery industry. 

Alternatively, rather than marking the 

cultured pearl after harvest, one could 

mark the nucleus before insertion using a 

specifi c solution. However, if the nacreous 

overgrowth is too thick, it may not be 

possible to identify the chemical signal 

from the nucleus. Another approach 

would be to remove a tiny amount of 

nucleus material from a drilled cultured 

pearl for chemical analysis. 

The authors have experimented with 

the diffusion of fl uoroamine (NH
2
F) 

into a cultured pearl, something a pearl 

farmer could easily do. The subsequent 

detection of fl uorine could then be linked 

back to that farm. Fluorine is a relatively 

light element that is not detectable by 

EDXRF spectroscopy, but is best analysed 

by nuclear magnetic resonance (NMR). 

However, NMR is cost-intensive and the 

instrument’s sample chamber is typically 

smaller than the diameter of a cultured 

pearl. 

If only a limited number of pearl farms 

are involved in such chemical marking of 

their cultured pearls, it could be viable 

to supply each of them with different 

cost-effective and nontoxic chemicals 

that could be detected in a gemmological 

laboratory. 

Labelling the nucleus or the 
surface of  a cultured pearl

Initial experiments using physical 

labels affi xed to a cultured pearl nucleus 

were carried out in 2010 by author HAH. 

Thin (0.05 mm) rings consisting of gold 

wire were affi xed to several Mississippi 

shell nuclei (the nucleus material 

commonly used in the pearl industry) and 

used to produce cultured pearls. The aim 

was to investigate the possible rejection of 

labelled nuclei by the molluscs and to see 

whether this gold label (or the associated 

adhesive) would infl uence cultured pearl 

growth. Results after six months showed 

that the labelling materials (gold and 

glue) had no infl uence on cultured pearl 

production and this spurred further efforts 

to investigate the production of nucleus 

logos. 

Any such logo marker must be 

extremely thin, be composed of noble 

metal (and therefore be resistant to 

corrosion) and have the same convex 

shape as the nucleus to ensure that the 

resulting cultured pearl is also round. 

However, the production of such round 

metal labels, generally 3–4 mm wide and 

0.05 mm thick, is relatively expensive. 

Different label production techniques 

were tested, such as galvanic production, 

pressing, etching and cutting with a 

Figure 1: A branded necklace of South Sea cultured pearls (12 mm in diameter) 
produced by Atlas Pearls in northern Bali and West Papua (Indonesia). 
Photo courtesy of Atlas Pearls, Claremont, Western Australia.

Figure 2: Cross-section of a ‘chocolate’ beaded cultured pearl. The light-
coloured bead (i.e., nucleus) and the darker overgrowth are clearly visible. 
It is evident in the enlarged image at the bottom right that the brown colour 
has been artifi cially added. This demonstrates the porosity of a cultured pearl 
and its potential for absorbing chemically doped or colour-doped solutions. 
The colour has penetrated approximately 0.5 mm. Photo by H. A. Hänni. 

Figure 3: Silver logo labels (3 mm in diameter) 
for a pearl farm. These can be affi xed onto the 
bead prior to insertion and later be used to trace 
a beaded cultured pearl back to its farm. 
Photo by H. A. Hänni. 
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laser or water jets; these are widely used 

techniques in manufacturing (Schultze and 

Bressel, 2001). The water jet technique 

was most precise for cutting the contours 

of the logo, but still considered too 

expensive. 

Several dozen logo tags (e.g., Figure 

3) were affi xed to shell nuclei and sent 

to different marine farms to be tested in 

cultured pearl production. After the usual 

12–18 month growth period, these ‘tagged’ 

cultured pearls were harvested and 

successfully examined with X-radiography 

(Figure 4). Due to the position of the logo 

in the peripheral part of a cultured pearl, 

there is only a statistically small chance of 

the logo being damaged during drilling. 

The production of such logo markers 

is relatively expensive, even if produced 

in large quantities. In addition, these 

cultured pearls need to be tested using 

X-rays, which is relatively unfeasible 

for a jeweller. (X-rays used for medical 

purposes, such as in dentistry, are not 

strong enough to visualize all required 

details within a cultured pearl of, e.g., 

10 mm.) Nevertheless, for beaded cultured 

pearls that use a nucleus (e.g., Akoya, 

South Sea and Tahitian), this method is 

an option. For beadless cultured pearls 

(e.g., Chinese freshwater cultured pearls), 

the introduction of a label together with 

the saibo (donor mantle tissue) would 

have the disadvantage of positioning the 

logo in the centre of the cultured pearl, 

resulting in a high likelihood of damage 

during the drilling process. 

Another approach is to mark the 

surface of the cultured pearl rather than 

the nucleus. This could involve either 

laser engraving with a unique number 

(similar to laser inscriptions on diamonds) 

that can later be used to identify its source 

or embossing a hologram onto the surface 

of the cultured pearl that can be read with 

a suitable reader. Both of these methods 

are currently being investigated in French 

Polynesia (‘Redonner ses Lettres…’, 2013; 

‘Le Tahiti Pearl Consortium Disparaît’, 

2013). These methods are slightly 

destructive to a cultured pearl’s surface 

and it remains to be seen if they are 

acceptable to the pearl trade.

RFID – radio frequency 
identification

Radio frequency identifi cation 

(RFID) technology has undergone rapid 

development in the past decade and 

is now a widely used method in many 

technology applications (Want, 2006). It is 

increasingly being employed in jewellery 

management solutions (Wyld, 2010). 

Through the miniaturization of RFID chips 

(transponders in millimetre sizes), the 

use of electromagnetic frequencies is a 

feasible option for the tagging/traceability 

of cultured pearls. Transponders are chips 

that contain relevant data which can be 

accessed with an RFID reader. These 

devices are inexpensive and they could be 

easily used in jewellery retail stores (‘June 

HK Fair Special…’, 2013). Information 

stored on the chips could include the 

production location, harvest date and 

details about the pearl farm. Additional 

information can be added to the RFID 

chip after a cultured pearl has been 

harvested, including its quality grade, 

inventory data and unique identifi cation 

information that could be useful for theft 

recovery. 

RFID chips have been introduced 

into commonly used Mississippi shell 

nuclei, which are currently being piloted 

by pearl farmers in the Pacifi c Ocean. 

One nucleus manufacturer (Fukui Shell 

Nucleus Factory, Hong Kong) has already 

brought to market nuclei that contain 

RFID chips (see ‘June HK Fair Special…’, 

2013). Figure 5 shows such a ‘micro-chip 

embedded nucleus’ which, depending on 

its size, costs US$2–3 per piece. According 

to the manufacturer, these nuclei consist 

of two layers of shell material (i.e., 

laminated nuclei) and a 3 mm RFID chip 

that is located 1 mm below the surface of 

the nucleus (Figure 5). Figure 6 shows 

an X-ray shadow image of such chip-

embedded nuclei. 

One disadvantage of these nuclei is 

the relatively high cost of the chips, which 

would be wasted in cultured pearls of 

low quality. Also, the 3 mm size of the 

straight-edged chips is rather large when 

taking into account that the nucleus has 

a spherical shape. The size and position 

Figure 4: X-radiographs of three Tahitian 
cultured pearls with a branded nucleus. The 
farm-specifi c logos are in silver, which has a high 
density making it quite visible with X-rays. Three 
cultured pearls are shown in two slightly different 
orientations in this composite image. The 
diameter of the cultured pearls is approximately 
8 mm and the width of the logos is 3 mm. 
Image by H. A. Hänni. 

 Figure 5: A composite shell bead that has been 
sliced and polished to show a small RFID chip 
(3 mm long) embedded within it. The information 
on such a chip can be accessed using an RFID 
reader. Photo by H. A. Hänni.

Figure 6: X-ray shadow images of bead nuclei 
(7.5 mm diameter) consisting of pieces of shell 
with embedded RFID chips. These are being 
marketed by Fukui Shell Nucleus Factory. 
Image by H. A. Hänni.
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of these chips within the nucleus means 

they may often be damaged during the 

cultured pearl drilling process. Rapid 

developments in RFID technology are 

promising, but we may need to await the 

further miniaturization of the chips before 

they become a feasible option for the 

cultured pearl industry. 

Advanced fingerprinting of  
pearl and shell materials

Laser ablation–inductively coupled 

plasma–mass spectrometry (LA-ICP-MS) 

has become more widely used in the 

last few years in geosciences, even in 

gemmology (e.g., Saminpanya et al., 

2003; Abduriyim and Kitawaki, 2006). 

Many laboratories and researchers now 

employ it for the chemical characterization 

of gems because it has a low detection 

limit and can also detect light elements. 

With this method it is possible to carry 

out high-resolution spot analyses, which 

allows us to take into account possible 

chemical zoning in gem materials, 

including cultured pearls. The technique 

has been used for characterization of 

cultured freshwater pearls (Jacob et al., 

2006) and natural saltwater pearls from 

Australian Pinctada maxima molluscs 

(Scarratt et al., 2012). To our knowledge, 

there are no published LA-ICP-MS data on 

a wider range of cultured pearls or shell 

samples from various mollusc species.

For this study, a preliminary LA-ICP-

MS investigation of cultured pearls and 

shell material was undertaken at the 

University of Bern. The instrumentation 

used a 193 nm ArF laser, and synthetic 

glass (SRM612) was used as a standard 

for calibration before and after each 

round of measurements. This was also 

done to ensure the reproducibility of 

measurements and detect possible 

impurities in the chamber that might affect 

subsequent data. The pits produced on 

the surface of the samples during ablation 

had a diameter of 160 µm. As such, the 

technique is quasi-nondestructive.

Table I lists the results for the seven 

shell samples and three cultured pearls 

from different locations that were 

analysed. It is clear that further research 

is required to compile a useful LA-ICP-

MS database that might permit origin 

determination of cultured pearls from 

different species. 

Another possible (and nondestructive) 

method for chemically fi ngerprinting 

gem materials is particle-induced X-ray 

emission (PIXE), which has been applied 

to ruby and emerald (Calligaro et al., 

1999; Yu et al., 2000). More recently, PIXE 

was used on cultured pearls (Murao et 

al., 2013). Other studies have measured 

oxygen and carbon isotopic values of 

nacre and cultured pearls in an attempt to 

identify geographic origin (Yoshimura et 

al., 2010). However, all these techniques 

remain academic and expensive, and they 

presently do not fulfi l the requirements for 

a rapid and cost-effective tracing method 

for cultured pearls. 

A fi nal method that is very new but 

merits description is DNA fi ngerprinting of 

cultured pearls. Oyster shells and pearls 

have a biological origin and contain 

small amounts of organic matter between 

aragonite layers and in the form of organic 

pockets. A recently published study 

described how DNA can be extracted 

Figure 7: The Atlas Pearl farms that produced the necklace shown in Figure 1 are located in Bali 
(shown here) and West Papua, Indonesia. Giving consumers access to the origin of their cultured 
pearls may create additional value for pearl farmers. Photo by L. Cartier.

from this organic material in cultured 

pearls in a practically nondestructive 

manner (Meyer et al., 2013). The DNA 

can be used to identify the oyster species 

of the cultured pearl and the authors 

also proposed that geographic origin 

determination might also be possible 

using next generation sequencing (NGS) 

techniques in the near future. A similar 

approach has been used for geographic 

origin and species determination of ivory 

(Wasser et al., 2004).

Conclusion
The aim of this review is to show 

the range of currently available methods 

that potentially could be used to trace 

cultured pearls through the supply chain. 

Supply chain accountability and product 

traceability are becoming increasingly 

important issues in the jewellery industry. 

The branding strategies of various 

producers, wholesalers and jewellery 

companies would benefi t from additional 

support through an effi cient traceability 

method. Furthermore, there is a potential 

for responsible pearl farmers (e.g., 

Figure 7) to capture greater value for 

their products if they can be traced all 
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the way to the consumer, but the supply 

chain accountability and provenance need 

to be guaranteed (Conroy, 2005; Cartier 

2012; Cartier and Ali, 2012). As technology 

continues to evolve, the search for 

methods to trace cultured pearls through 

the supply chain should be addressed 

in collaboration with the gemmological 

community and the focus should be on 

developing cost-effective solutions that 

are feasible for those at all levels of the 

supply chain (producer, wholesaler, 

retailer and consumer).

Acknowledgements
We are grateful to all the pearl farmers 

who were most generous with their 

time, advice and support of our research. 

Special thanks go to Arthur and David 

Wong (Fukui Shell Nucleus Factory, 

Hong Kong), who have been generous 

in sharing their knowledge of cultured 

pearl and nucleus traceability, as well as 

samples. We thank Prof. Thomas Pettke 

at the University of Bern (Switzerland) for 

performing LA-ICP-MS analyses. Finally, 

Damian Hostettler (Basel, Switzerland) is 

thanked for logistical assistance. 

References
Abduriyim, A., and Kitawaki, H., 2006. 

Determination of the origin of 

blue sapphire using laser ablation 

inductively coupled plasma mass 

spectrometry (LA-ICP-MS). Journal of 

Gemmology, 30(1/2), 23–36

Calligaro, T., Poirot, J.P., and Guerré, G., 

1999. Trace element fi ngerprinting 

of jewellery rubies by external beam 

PIXE. Nuclear Instruments and 

Methods in Physics Research Section B, 

150(1), 628–34

Cartier, L.E., 2012. Challenges and 

opportunities in the black cultured 

pearl industry. GIT Bangkok 2012 

Proceedings, 312–6

Cartier, L.E., and Ali, S.H., 2012. Pearl 

farming as a sustainable development 

path. The Solutions Journal, 4(3), 30–4

Conroy M.E., 2005. Certifi cation systems 

as tools for natural asset building: 

Potential, experience to date, 

and critical challenges. Political 

Economy Research Institute Working 

Paper Series No. 100, University of 

Massachusetts, Amherst, 27 pp

Conroy, M.E., 2007. Branded!: How 

the ‘Certifi cation Revolution’ is 

Transforming Global Corporations. 

New Society Publishers, Galbriola 

Island, Canada, 335 pp 

Ganesan, S., George, M., Jap, S., Palmatier, 

R.W., and Weitz, B., 2009. Supply 

chain management and retailer 

performance: Emerging trends, issues, 

and implications for research and 

practice. Journal of Retailing, 85(1), 

84–94

Gervis, M.H., and Sims, N.A., 1992. The 

Biology and Culture of Pearl Oysters 

(Bivalvia: Pteriidae). Overseas 

Development Administration of 

the United Kingdom (London) and 

International Center for Living Aquatic 

Resources Management (Manila, 

Philippines), ICLARM Studies and 

Reviews 21, 49 pp

Hänni, H.A., 1981. Energiedispersive 

röntgenfl uoreszenz-analyse in der 

gemmologischen diagnostik. Zeitschrift 

der Deutschen Gemmologischen 

Gesellschaft, 30, 207–9

Hänni, H.A., 2006. Update on ‘chocolate’ 

Tahitian cultured pearls. Gems & 

Gemology, 42(4), 270–2

Jacob, D.E., Wehrmeister, U., Häger, 

T., and Hofmeister, W., 2006, 

Herkunftsbestimmung von 

Süsswasserzuchtperlen mit Laser 

Ablation ICP-MS (Provenance 

determination of freshwater cultured 

pearls using laser ablation ICP-MS). 

Gemmologie: Zeitschrift der Deutschen 

Gemmologischen Gesellschaft, 55(1/2), 

51–8

June HK Fair Special: Seminar on 

pearls with RFID tags, 2013. 

www.jewellerynewsasia.com/en/

pearls/7983/june-hk-fair-special-

seminar-on-pearls-with-rfi d-tags.html, 

posted 19 June, accessed 05 Oct. 2013

Kapferer, J.-N., and Bastien, V., 2009. The 

Luxury Strategy: Break the Rules of 

Marketing to Build Luxury Brands. 

Kogan Page, London, 408 pp

Redonner ses Lettres de Noblesse à la 

Perle de Tahiti, 2013. La Dépêche, 23 

Oct., 24 

Meyer, J.B., Cartier, L.E., Pinto-Figueroa, 

E.A., Krzemnicki, M.S., Hänni, H.A., 

and McDonald, B.A., 2013. DNA 

fi ngerprinting of pearls to determine 

their origins. PLOS ONE, 8(10), e75606

Murao, S., Sera, K., Goto, S., Takahashi, 

C., Cartier, L.E., and Nakashima, K., 

2013. Optimization of PIXE quantitative 

system to assist the traceability of 

pearls and other gemstones. PIXE 

2013: 13th International Conference 

on Particle Induced X-Ray Emission, 

Gramado, Brazil, March 3–8, 145

Saminpanya, S., Manning, D.A.C., Droop, 

G.T.R., and Henderson, C.M.B., 

2003. Trace elements in Thai gem 

corundums. Journal of Gemmology, 

28(7), 399–415

Scarratt, K., Bracher, P., Bracher, M., 

Attawi, A., Safar, A., Saeseaw, S., 

Homkrajae, A., and Sturman, N., 

2012. Natural pearls from Australian 

Pinctada maxima. Gems & Gemology, 

48(4), 236–61

Schultze, J.W., and Bressel, A., 2001. 

Principles of electrochemical micro-

and nano-system technologies. 

Electrochimica Acta, 47(1), 3–21

Southgate, P.C., and Lucas, J.S., 2008. The 

Pearl Oyster. Elsevier, Oxford

Strack E., 2006. Pearls. Ruhle-Diebener-

Verlag, Stuttgart, Germany

Le Tahiti Pearl Consortium Disparaît, 2013. 

Tahiti Infos, www.tahiti-infos.com/

Le-Tahiti-Pearl-Consortium-disparait_

a77015.html, posted 20 June, accessed 

13 Nov. 2013 

Want, R., 2006. An introduction to RFID 

technology. Pervasive Computing, 

IEEE, 5(1), 25–33

Wasser, S.K., Shedlock, A.M., Comstock, 

K., Ostrander, E.A., Mutayoba, B., and 

Stephens, M., 2004. Assigning African 

elephant DNA to geographic region of 

origin: Applications to the ivory trade. 

PNAS, 101(41), 14847–52

Wyld, D.C., 2010. 24-karat protection: 

RFID and retail jewelry marketing. 

International Journal of UbiComp, 

1(1), 1–14



The Journal of Gemmology / 2013 / Volume 33 / No. 7–8

Page 245

Tracing cultured pearls from farm to consumer: A review of potential methods and solutions

Yoshimura, T., Nakashima, R., Suzuki, 

A., Tomioka, N., and Kawahata, H., 

2010. Oxygen and carbon isotope 

records of cultured freshwater pearl 

mussel Hyriopsis sp. shell from Lake 

Kasumigaura, Japan. Journal of 

Paleolimnology, 43, 437–48

Yu, K.N., Tang, S.M., and Tay, T.S., 2000. 

PIXE studies of emeralds. X-ray 

Spectrometry, 29(4), 267–78

The Authors
Prof. Dr Henry A. Hänni FGA

Professor Emeritus of Basel University and GemExpert GmbH, Postfach 921, 

CH-4001 Basel, Switzerland

email: h.a.haenni@gmail.com

Laurent E. Cartier FGA

Department of Environmental Sciences, University of Basel, Bernoullistrasse 30, 

CH-4056 Basel, Switzerland

email: laurent.cartier@unibas.ch 



The Journal of Gemmology / 2013 / Volume 33 / No. 7–8

Page 246

Tracing cultured pearls from farm to consumer: A review of potential methods and solutions


