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Optical brightening agents (OBAs) are chemi-
cal compounds that can absorb light in the 
ultraviolet and violet region of the electro-

magnetic spectrum and emit light in the blue region 
as fluorescence, due to their extended conjugation 
and/or aromaticity. They are sometimes called fluo-
rescent brightening agents or fluorescent whitening 
agents, and have been frequently used to enhance the 
appearance of fabric and paper (Lanter, 1966; Leaver 
and Milligan, 1984; Esteves et al., 2004; Bajpai, 2018). 
While many types of brighteners are listed in the 
Colour Index (https://colour-index.com), only a 
handful are commercially important. Some examples 
are shown in figure 1. 

Photoluminescence is light emission from any 
form of matter after the absorption of photons. Fluo-
rescence is a type of photoluminescence in which a 
molecule dissipates its absorbed energy through the 
rapid emission of a photon, while phosphorescence 
is the emission of radiation in a similar manner to 
fluorescence but on a longer timescale, so that emis-
sion continues after excitation ceases. Fluorescence 

can be generated by exciting the substance via a 
range of energy sources. The molecule in the sub-
stance absorbs the source energy and once excited 
moves from a lower electronic state to a higher one. 
Immediately after absorbing energy, it loses the en-
ergy by emitting a photon; this process of photon 
emission is called luminescence. Typically, fluores-

cence occurs at a lower energy than the absorbed ra-
diation; this phenomenon is known as the Stokes 
shift (Lakowicz, 2006). 

Fluorescence occurs widely in nature. For exam-
ple, many kinds of gemstones such as rubies, emer-
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processed to improve their appearance. 

•  Long-wave UV radiation is a quick and useful tool to 
aid in the identification of some treatments. 

•  Optically brightened pearls appear white with the ad-
dition of agents, while bleaching makes pearls whiter 
by removing discoloration or pigmentation.  

•  Fluorescence spectroscopy is a quick and effective way 
of separating optically brightened pearls from bleached 
and untreated ones.
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alds, and diamonds can emit visible light when ex-
posed to ultraviolet light. For research purposes, flu-
orescence can be measured by fluorescence 
spectroscopy. The emission signal from the sample 
is collected by a spectrometer to monitor the distri-
bution in fluorescence intensity as a function of 
wavelength. Since fluorescence has a short lifetime, 
typically decaying within nanoseconds after the ex-
citation, the sample must be constantly illuminated 
to maintain its fluorescence signal.  

Fluorescence spectroscopy has been used exten-
sively as a basic tool in a wide range of research 
fields, including chemistry, biology, mineralogy, and 
gemology (Lakowicz, 2006). For example, structural 
defects in minerals usually result in characteristic 
fluorescence. A typical application is to use fluores-
cence spectroscopy to distinguish natural diamond 
from its synthetic counterparts (Tsai and D’Hae-
nens-Johansson, 2019). One important feature of 
fluorescence spectroscopy is its high sensitivity, 
which enables it to detect the luminescence signal 
from a near-zero background. Modern sensors make 
single-photon sensitivity possible. As a result, fluo-
rescence spectroscopy is extremely sensitive, allow-
ing for the detection of weak signals. Pearl, a 
biogenically originated material, inherits fluores-
cence characteristics typical of many organic mate-
rials, and the biogenic aragonite that constitutes the 
bulk of a pearl is well known for its fluorescence 
properties. These facts make fluorescence spec-
troscopy a potentially very useful tool for the iden-
tification of pearls from different species located in 
various areas. 

Since both pearls and OBAs possess characteristic 
fluorescence features, the use of fluorescence spec-
troscopy makes it possible to easily detect pearls 
treated by such agents. The traditional way to ob-
serve pearl fluorescence is to use long-wave UV 
(LWUV) and short-wave UV (SWUV) lamps to excite 

the sample and visually observe the fluorescence ef-
fect (color, intensity, distribution, etc.). Untreated 
white to cream-colored pearls generally show blue to 
greenish blue fluorescence under LWUV excitation. 
Akoya and freshwater cultured pearls, which are rou-
tinely processed, typically show strong bluish white 
fluorescence. Similar to these pearls, OBAs are also 
highly fluorescent. With exposure to UV radiation, a 
bright blue glow is visible from the OBA solution (an 
example is shown in figure 2). The use of fluores-
cence spectroscopy can easily separate the minor dif-
ferences in fluorescence color exhibited by some 
pearls and the OBAs. 
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Figure 1. Chemical 
structures of commonly 
used optical brighten-
ing agents.
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Figure 2. An example of blue fluorescence emitted by 
an OBA solution used in our in-house treatment ex-
periment under LWUV radiation. Photo by Chunhui 
Zhou.



The use of OBAs in the cultured pearl industry is 
not unusual (Song and Fan, 1999; Japan Pearl Promo-
tion Society, 2014), as they are sometimes routinely 
applied to cultured pearls post-harvest along with 
other types of processes such as bleaching or maeshori 
(which refers to various types of luster enhancement), 
but very little has been written in the gemological lit-
erature about the identification of this process (Shor, 
2007). It is important to differentiate between the 
whitening effects due to bleaching and those produced 
by optical brightening, as they depend on two very dif-
ferent mechanisms: bleaching removes, or reduces the 
concentrations of, the color-causing pigmentations 
within pearls, while optical brighteners add an artifi-
cial optical effect to pearls, making them look less yel-
low by increasing the overall amount of blue light 
emitted due to these chemicals’ blue fluorescence 
properties. The focus of this study is to use fluores-
cence spectroscopy as an easy method to detect the 
presence of OBAs. Such a technique would be of great 
practical interest to the trade and public in order to 
faithfully differentiate treated from untreated pearls.  

MATERIALS AND METHODS 
Two groups of mostly white-colored akoya bead cul-
tured pearls ranging from 6.97 × 6.54 mm to 8.14 × 
7.48 mm were supplied by Orient Pearl (Bangkok) 
Ltd. One group (139 pearls) was reportedly treated 
with unidentified OBAs in addition to the routine 
bleaching process, while the other group (150 pearls) 
was only bleached and not treated with OBAs (figure 
3). In addition, three different types of white cultured 
pearls (akoya, freshwater, and South Sea) from GIA’s 
research collection (figure 4), as well as samples from 
an untreated akoya strand reportedly cultured in 
Vietnam, also from GIA’s research collection (figure 
5), were included in the study.  

One white South Sea cultured pearl was also 
treated in-house using a commercial laundry product 
(Rit Whitener & Brightener). According to the label, 
this product contained optical brighteners and 
sodium chloride. The pearl was immersed in the sat-
urated brightener solution (approximately 1 g of 
brightener powder per 100 mL of water) for 3 hours 
at a slightly elevated temperature (about 40°C), with 
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Figure 3. A group of op-
tically brightened and 
bleached white akoya 
cultured pearls (A) and 
a group of bleached-
only (no OBAs) akoya 
pearls (B) under normal 
daylight (A and B) and 
LWUV radiation (C and 
D). The samples ex-
posed to OBAs exhib-
ited a more intense 
bluish fluorescence re-
action (C). Photos by 
Nanthaporn Nilpetploy.
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occasional stirring. It was subsequently rinsed with 
tap water and air-dried before further examination. 

All the samples were initially examined using 
various standard gemological techniques, including 
a gemological microscope, ultraviolet-visible (UV-
Vis) reflectance spectroscopy, and Fourier-transform 
(FTIR) reflectance spectroscopy. Because these tests 
cannot consistently identify optical brighteners, the 
results are not shown here. For the purpose of this 
particular project, a fluorescence spectroscopy unit 
was designed to measure pearl fluorescence with the 
aim of detecting OBAs. The fluorescence spec-
troscopy unit included a 385 nm UV light-emitting 
diode (LED) as the excitation light source, a spec-
trometer for monitoring the visible light region as the 
fluorescence sensor, and a bi-fabricated fiber-optic 
probe that guided the excitation light to the sample 

and transmitted the collected fluorescence signal 
from the sample to the detector. The spectrometer 
was configured to monitor the spectrum from 400 to 
700 nm, which covers the fluorescence range needed 
to analyze reactions from untreated pearls and OBAs. 
Two optical filters were used to isolate the pearl flu-
orescence from the UV LED in order to avoid the ex-
citation light overwhelming the sensor, as well as to 
enhance the sensitivity of the system. A 390 nm 
short-pass filter was positioned behind the UV LED, 
and a 410 nm long-pass filter was positioned in front 
of the detector.  

In addition to fluorescence spectroscopy, visual 
observation of the fluorescence reactions was per-
formed under a conventional 5-watt LWUV (365 nm) 
lamp or a GIA-designed LWUV unit incorporating a 
narrow-band 365 nm UV LED source. 
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Figure 4. Three white cultured pearls—akoya (left), freshwater (middle), and South Sea (right)—shown in daylight 
(left photo) and exhibiting fluorescence under LWUV excitation (right photo). The freshwater pearl exhibited a dis-
tinctive blue fluorescence, which suggested it had been optically brightened. Photos by Sood Oil (Judy) Chia.

Figure 5. A strand of non-bleached and non-brightened akoya cultured pearls of various colors (left) and their var-
ied fluorescence reactions under LWUV radiation (right). Photos by Sood Oil (Judy) Chia.



RESULTS 
The two groups of akoya cultured pearls exhibited 
similar external appearances in terms of their size, 
color, shape, luster, and surface condition. The group 
that had been bleached and treated with OBAs ap-
peared to be slightly whiter and more lustrous than 
the non-brightened group, although this could be due 
to the individual differences among the samples. No 
systematic before and after comparison on the ap-
pearances of the treated group was available. Under 
LWUV radiation, the group treated with OBAs 
showed a more consistent and stronger bluish reac-
tion (again, see figure 3). Some of the OBA-treated 
pearls (especially the cream samples) showed spotty 
and uneven reactions under LWUV, indicating the 
treatment concentrated in surface areas where blem-
ishes existed. This was confirmed by microscopy 
since the surface condition of the nacre was not per-
fect given the lower grade of akoya used in the exper-
iment. In order to see if OBAs were detectable, 
fluorescence spectroscopy was applied to selected 
samples from each group, and the results are shown 
in figure 6. All bleached-only samples tested showed 
broad fluorescence maxima at around 480 to 490 nm, 
while the bleached and OBA-treated samples showed 
narrower fluorescence maxima at around 430 to 434 
nm with an additional shoulder around 470 nm. The 

shifted fluorescence maxima are consistent with the 
fluorescence characteristics of commercially avail-
able OBAs (Lawson-Wood and Evans, 2018).  

The three white cultured pearl samples from GIA’s 
collection showed various fluorescence reactions 
under LWUV (figure 4, right photo). The South Sea cul-
tured pearl showed a moderate greenish reaction and 
the akoya cultured pearl a slightly bluish reaction, 
while the freshwater pearl exhibited the most distinc-
tive and strongest bluish reaction. These observations 
indicated that the South Sea cultured pearl was most 
likely not treated, the akoya cultured pearl was most 
likely traditionally processed with bleaching, and this 
particular freshwater pearl was also processed. Its UV 
fluorescence reaction looked very similar to the opti-
cally brightened akoya samples we studied. The fluo-
rescence spectra of these three pearls confirmed these 
predictions (figure 7). The South Sea cultured pearl 
showed a fluorescence maximum at around 494 nm, 
the akoya cultured pearl at around 482 nm, and the 
freshwater pearl at around 432 nm with a shoulder at 
around 465 nm. The fluorescence reaction and the 
spectrum of the freshwater pearl matched well with 
the OBA-treated akoya samples discussed earlier.  

Additionally, a piece of standard commercial white 
office paper was tested. Its fluorescence reaction under 
LWUV was found to be strong blue, and its fluores-
cence spectrum exhibited a maximum at around 439 
nm with a shoulder at around 474 nm, similar to the 
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Figure 7. The fluorescence spectra of a white South 
Sea cultured pearl (green), white akoya cultured pearl 
(purple), white freshwater cultured pearl (blue), and 
white commercial office paper (red). The freshwater 
pearl tested in this study and the white paper show 
fluorescence results consistent with those expected 
for OBAs.
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Figure 6. Fluorescence spectra of bleached and opti-
cally brightened (red) and bleached and non-bright-
ened (blue) akoya pearls. The non-brightened pearls 
show a broad fluorescence maximum at around 480 
to 490 nm, whereas the OBA-treated samples exhibit 
a narrower fluorescence maximum at around 430 to 
434 nm with a shoulder at around 470 nm.
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OBA-treated pearls studied. It was no surprise to see 
such features since optical brighteners are routinely 
applied to commercial white paper (Baj pai, 2018).  

In order to verify the results, several non-bleached 
and non-brightened akoya cultured pearls of various 
colors that included cream, light yellow, silver, and 
light gray were tested with the same fluorescence 
spectroscopy method. Untreated akoya pearls can ex-

hibit this same wide range of bodycolors when rou-
tine processing is not carried out (Otter et al., 2017). 
These pearls showed a variety of weak fluorescence 
reactions under LWUV radiation, with the weaker re-
actions the result of fluorescence quenching by their 
bodycolors (figure 5, right).  

Spectroscopic results showed that in keeping with 
bleached akoya pearls, these samples exhibited a flu-
orescence maximum ranging between 480 and 500 
nm (figure 8). These results and additional tests (data 
not shown) on GIA akoya and South Sea cultured 
pearls (master samples), as well as on untreated fresh-
water pearls of various colors from the GIA research 
collection, confirmed that non-brightened pearls flu-
oresce a weaker blue (cyan) color (480 to 500 nm), 
while OBA-processed pearls exhibit more intense 
blue and violet colors (430 to 440 nm).  

Finally, one white South Sea cultured pearl was 
treated in-house using a commercial laundry product 
(Rit Whitener & Brightener) containing OBAs and 
sodium chloride, as indicated on its label. The main 
ingredient listed on the manufacturer’s website for 
this type of product is linear alkylbenzene sulfonate 
(CAS No. 25155-30-0). The simple method described 
in the Materials and Methods section resulted in an 
increased bluish fluorescence under LWUV, and also 
a slightly higher luster and whiter appearance for the 
pearl (figure 9). Its fluorescence changed to shorter 
wavelengths from around 500 nm to around 443 and 
478 nm as expected, similar to the fluorescence results 

WHITENING AND BRIGHTENING OF PEARLS                                                       GEMS & GEMOLOGY                                            SUMMER 2020     263

Figure 8. Fluorescence spectra of variously colored un-
treated akoya pearls, showing fluorescence maxima 
ranging from around 480 to 500 nm. The small sharp 
peaks shown near 540 and 610 nm are due to the am-
bient environment (room light and computer monitor 
light reflection).
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Figure 9. External ap-
pearances and fluores-
cence reactions under 
LWUV of a white South 
Sea cultured pearl be-
fore (left) and after 
(right) in-house treat-
ment using a commer-
cial brightener. Photos 
by Sood Oil (Judy) 
Chia.



obtained for the OBA solution itself (figure 10). How-
ever, the exact OBAs applied for routine pearl treat-
ment in the trade are most likely different from the 
one applied in the in-house experiment, and the actual 
methods are probably much more sophisticated and 
time sensitive. This likely explains why the fluores-
cence maximum of the pearl treated in-house differs 
from the treated samples obtained from the trade.  

DISCUSSION 
The application of OBAs to pearls is not new in the 
pearl trade, but it is sometimes not regarded as a 
treatment (Japan Pearl Promotion Society, 2014). 
OBAs are usually applied in conjunction with bleach-
ing and are thus considered part of routine process-
ing. Little has been discussed in the gemological 
literature on the identification of this process, even 
though optical brightening and bleaching utilize two 
different mechanisms to enhance the appearances of 
pearls. In this study, the authors focused on the iden-
tification of this process using fluorescence spec-
troscopy in combination with visual fluorescence 
observations under LWUV radiation. Both methods 
proved useful, but the spectroscopic method has the 
advantage of accurately distinguishing OBA-
processed pearls from routinely processed pearls, re-
gardless of their colors, which might affect the visual 
appearance and intensity of their UV fluorescence. 
While bleaching may make their fluorescence inten-

sities stronger, OBAs often change the fluorescence 
properties of the pearls more dramatically for both 
the fluorescence hues and intensities. These changes 
are consistent with the original fluorescence proper-
ties of the OBAs (shifting the fluorescence maxima 
to shorter wavelengths in the blue and violet range). 
Since there are many different types of OBAs in the 
market and the exact process is unknown, the effects 
of OBAs are not within the scope of this study, al-
though we observed a slight increase in luster and 
white appearance for the South Sea cultured pearl 
treated in-house. With more sophisticated methods 
and better chemicals, these effects could be more 
prominent. The extent of such a process used in the 
trade is also not clear; the authors have heard some 
sources in the trade say it is used less often than it 
was many years ago. Similarly, the stability of such 
a process also requires better sample comparison and 
prolonged observation, which has not been fully ad-
dressed in this study.  

In addition to the detection of OBAs in pearls, flu-
orescence spectroscopy could potentially have appli-
cations in the detection of other color treatments 
used on pearls (Tsai and Zhou, 2020). Furthermore, 
differences in the fluorescence characteristics of var-
ious types of pearls may also be used to separate 
pearls from different host mollusk species, as previ-
ously reported (Ju et al., 2011). While the optimal UV 
excitation wavelength for pearls has not been fully 
investigated, the excitation source used in this par-
ticular study has proved quite effective. The full po-
tential of this advanced technique for pearls and 
other gemstone identification scenarios warrants 
greater attention. 

CONCLUSIONS 
This study proves that fluorescence spectroscopy, in 
combination with visual fluorescence observation, 
may provide a quick and easy way to detect the pres-
ence of different optical brighteners that have been 
applied to various nacreous pearls. The samples ex-
amined generally showed a strong fluorescence peak 
at around 430–440 due to OBAs, while non-bright-
ened pearls usually exhibited a fluorescence peak at 
around 480–500 nm. While cultured pearls may be 
subject to routine processes involving various types 
of chemical agents, it is important for the trade to be 
aware of this particular component and its identifi-
cation criteria.  
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Figure 10. Fluorescence spectra of the white South Sea 
cultured pearl before (red) and after (purple) in-house 
brightening treatment. The OBA solution’s spectrum 
is also shown in blue.
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