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ABSTRACT

Analyses of UV-Vis spectrum and reflectance are useful tools to identify pearls of which color was naturally made
or chemically changed. Contents of some trace elements of pearls by using ED-XRF may give us the information
that the pearls were originated from marine shells or freshwater shells, and may give us whether the pearls were
chemically treated or not. Three types of chemically untreated pearls, freshwater cultured, Akoya cultured and
Tahitian cultured, were treated with silver nitrate. UV-Vis absorbance spectrum of Ag was changed after treatment,
and reflectance of pearls was decreased. Absorbance of natural black colored Tahitian cultured pearls at 400, 500
and 700 nm was observed. Natural black colored freshwater cultured pearls showed two characteristic absorption
patterns in UV-Vis spectra at 380-400, 480-500 nm. Unlike naturally black colored Tahitian cultured pearls, the
absorption spectrum at 700 nm could not be found from black freshwater cultured pearls. Manganese was not
detected in the pearls from marine shells, and strontium content of the pearls from marine cultured shells was
higher than that from freshwater cultured shells. According to ED-XRF analysis, Ag contents of silver nitrate
treated pearls increased as more time passed, because silver ion invaded to nacre layer of the pearls. Since Ag
content of the black pearls known as untreated ranged under 0.1%, analysis of Ag content may used to distinguish
the black pearls are treated or not in marketplace.

Key words: freshwater black cultured pearl, silver nitrate treatment, reflectance, color analysis.
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Fig. 1. Nine pearls for silver nitrate treatment. (a)

Freshwater cultured pearl (EF1, EF2, EF3); (b) Akoya

cultured pearl (EA1, EA2, EA3); (c) Tahitian cultured
black pearl (ET1, ET2, ET3)
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Fig. 2. Eighteen pearls for the color analysis. (a) Natural
black colored Tahitian cultured pearl (STN1, STN2,
STN3); (b) Akoya cultured black pearl treated with an
unidentified method (SAA1, SAA2, SAA3); (c)  Silver
nitrate treated Akoya cultured black pearl (SAN1,
SAN2, SAN3); (d) Freshwater cultured natural black
pearl (SFN1, SFN2, SFN3); (e) Silver nitrate treated
freshwater cultured black pearl (SFA1, SFA2, SFA3);
(e) Freshwater cultured black pearl treated with an
unidentified method (SFE1, SFE2, SFE3).
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Fig. 3. Color change of pearls by silver nitrate treatment. (a) Before treatment; (b) After 4 hours of
treatment; (c) After 8 hours of treatment; (d) After 16 hours of treatment.
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Fig. 4. UV-Vis spectra of freshwater cultured pearls. (a) Before silver nitrate treatment; (b) After 4 hours of
treatment; (c) After 8 hours of treatment; (d) After 16 hours of treatment.
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Table 1. Chemical analysis of various pearl specimens (ED-XRF).
Ton contents (%)
Pearls
Ca Mn Sr Ag Fe
o STN1 98.889 N.D. 0.777 0.073 0.211
Naturally colored Tahitian — gpnpy 98.673 N.D. 0.996 0.105 0.150
cultured pearl
STN3 98.646 N.D. 1.033 0.094 0.133
SAA1 98.719 N.D. 0.901 0.183 0.114
Akoya black pearl treated
with unidentified method SAA2 98.739 N.D. 0.737 0.251 0.183
SAA3 98.761 N.D. 0.908 0.123 0.121
SAN1 98.106 N.D. 0.746 0.906 0.182
Sliver nitrate treated
Akoya black cultured pearl SAN2 97.808 N.D. 0.805 1.041 0.303
SAN3 97.944 N.D. 0.971 0.569 0.459
SFN1 98.749 0.496 0.338 0.075 0.342
Natural black colored SFN2 98.984 0.141 0.599 0.104 0.105
freshwater cultured pearl
SFN3 99.095 0.116 0.537 0.102 0.112
S SFA1 94.955 3.121 0.542 0.304 1.036
Sliver nitrate treated black — gpyo 98.784 0.177 0.304 0.411 0.324
freshwater cultured pearl
SFA3 95.282 3.464 0.515 0.515 0.353
Freshwater cultured black SFE1 98.965 0.494 0.121 0.262 0.138
pearl treated with SFE2 98.920 0.426 0.291 0.190 0.135
unidentified method SFE3 98.906 0.446 0.273 0.199 0.139

N.D.: not detected.
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Table 2. Silver ion content of pearls after 4 to 16 hours of silver nitrite treatment.

Content (%) of silver ion after sliver nitrate treatment

Pearl 0 h 4h 8 h 16 h
EF 1 0.117 13.278 33.606 45.800
Freshwater EF 2 0.130 3182 8.484 24.210
cultured pearl
EF 3 0.080 24.417 28.951 42.287
EA 1 0.079 0.623 2.707 4518
Akoya cultured
o] EA 2 0.117 0.533 0.964 1.257
EA 3 0.086 1.024 3.551 5.745
N ET 1 0.109 0.498 0.722 0.735
Tahmi‘;a‘;‘fltured ET 2 0.112 0.585 1.272 1.680
ET 3 0.106 0.477 1.320 1.726
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Fig. 5. UV-Vis spectra of Akoya cultured pearls. (a) Before silver nitrate treatment; (b) After 4 hours of treatment; (c) After 8
hours of treatment; (d) After 16 hours of treatment.
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6. UV-Vis spectra of Tahitian cultured pearls. (a) Before silver nitrate treatment; (b) After 4 hours of treatment; (c) After 8
hours of treatment; (d) After 16 hours of treatment.
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Fig. 7. UV-Vis spectra of six groups of pearls. (A) Naturally colored Tahitian black cultured pearls; (B)
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