
 

       
       

       
         
        

     
        

      
        
       
       

         
        

      

      
      

       
       

         
    

    
       

      
        

       
    

        
       

      
      

     

 

 

 

             
                 

                 
                
                 

              
            

               
    

         
       

     

          
       
      

  

  

 

 

 

 

 

 

 

 

   
 

 

 

CULTURED PEARLS FROM 
LAKE KASUMIGAURA: PRODUCTION AND 
GEMOLOGICAL CHARACTERISTICS 
Ahmadjan Abduriyim 

FEATURE AR ICLES 

Although today’s global freshwater cultured pearl market is mostly dominated by Chinese products, Japanese 
freshwater pearl cultivation started in 1935. Lake Biwa in Shiga Prefecture supplied pearls in a wide variety of 
colors to the domestic and international markets until 1982. Due to water pollution and the depletion of Hyri-
opsis schlegelii, some of the pearl farms relocated to Lake Kasumigaura in Ibaraki Prefecture starting in 1962. 
Today the annual production of large nucleated cultured pearls at Lake Kasumigaura is below 40 kg, a small 
portion of which are supplied to the international market. This report investigates “Kasumiga pearl” culturing 
and describes the quality and production volume. UV-visible spectroscopy, fluorescence testing, and chemical 
analysis were performed on pearls in six different colors collected from the Hyriopsis schlegelii × Hyriopsis 

cumingii hybrid mollusk farmed at Kasumigaura. 

Since the initial success of culturing round pearls 
using the akoya oyster in the early twentieth 
century, there has been a consumer demand for 

pearls in a variety of colors, shapes, and sizes. Fresh-
water pearl culturing in Japan began in 1935, with 
commercial production of nucleated (beaded) pearls 
at Lake Biwa, Japan’s largest lake. These were pro-
duced using Hyriopsis schlegelii mollusks grown in 
Lake Biwa. After World War II, cultivation was shifted 
from beaded pearls to non-nucleated pearls. The an-
nual production of freshwater pearls in Japan peaked 
at seven tons per year between 1970 and 1980 (“Sta-
tistics of fishery and cultivation,” 2000), at the same 
time Chinese freshwater pearls were entering the 
market. 

In 1962, with natural resources of Hyriopsis 
schlegelii in Lake Biwa facing depletion, some Japan-
ese freshwater pearl farmers started moving to the 
Lake Kasumigaura region in Ibaraki Prefecture to set 
up a new cultivation base (figure 1). With the need 
for stronger pearl-producing oysters, Hyriopsis 
schlegelii and Hyriopsis cumingii were crossbred to 
produce a Hyriopsis hybrid (figure 2). This oyster can 

grow larger and more lustrous nucleated cultured 
pearls in various colors (figure 3). Current annual pro-
duction of freshwater cultured pearls in Lake Kasum-
igaura—Japan’s second-largest lake—remains low, at 
less than 40 kg, but these “Kasumiga pearls” are 
quite popular among buyers from Europe and the 
United States. This report examines current Japanese 
freshwater pearl culturing and the characteristics of 
the pearls produced at Lake Kasumigaura. 

See end of article for About the Author and Acknowledgments. 
GEMS & GEMOLOGY, Vol. 54, No. 2, pp. 166–183, 
http://dx.doi.org/10.5741/GEMS.54.2.166 
© 2018 Gemological Institute of America 

Figure 1. This map shows the location of the fresh-
water nucleated pearl culture farm in Lake Kasumi-
gaura, Japan’s second-largest lake, located 60 km 
northeast of Tokyo. 
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In Brief 
• Commercial freshwater pearl cultivation started at Lake 

Biwa in 1935. Between 1970 and 1980, seven tons of 
non-nucleated pearls were produced each year using 
Hyriopsis schegelii mollusks. 

• In 1962, a Hyriopsis hybrid mollusk was developed by 
crossbreeding Hyriopsis schegelii and Hyriopsis 
cumingii. Since then, a variety of colored nucleated 
pearls have been cultured at Lake Kasumigaura, though 
in limited quantity. 

• Cream, yellow, pink, purple, orange and golden with 
orient are the major colors, and these are sold in the 
United States and Europe without bleaching or dyeing. 

• The six color categories showed different Raman spec-
tral features. “Kasumiga pearls” produced by the Hyri-
opsis hybrid can be differentiated from Chinese 
nucleated freshwater pearls from the same species 
through the use of trace-element analysis. 

Figure 2. Several pearl culturing farms in Lake Kasumi-
gaura use a Hyriopsis schegelii × Hyriopsis cumingii hy-
brid that was developed in 1962. An 8.0–8.5 mm 
freshwater shell bead nucleus is seeded to the gonad of 
the mussel and cultivated 3.5 to 4 years to produce 
large pearls up to 15 mm in diameter. The shell shown 
here measures 220 × 160 cm, and the pearl is 14 mm 
round. Photo by Ahmadjan Abduriyim. 

Figure 3. Left: A high-luster round Kasumiga pearl necklace showing various hues of pink, purple, orange, light yel-
low, and cream. The pearls have diameters of 14 to 16 mm. Right: Recently harvested nucleated pearls from the 
Hyriopsis hybrid. The sizes (excluding the undergrown pearl specimen) range from 11 to 17 mm. Photos by Tet-
suya Chikayama (left) and Ahmadjan Abduriyim (right). 
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HISTORY OF FRESHWATER PEARL CULTURING 
IN JAPAN 
Lake Biwa. Freshwater pearl culturing dates as far 
back as the thirteenth century, when pearls bearing 
Buddhist images and hemispherical pearls were pro-
duced from Cristaria plicata in China (Ward, 1985). 

In Japan, freshwater pearl culturing started during the 
Meiji era (1904–1912) with Tatsuhei Mise using 
Cristaria plicata at Lake Kasumigaura followed by 
Tokujiro Koshida’s experiments with Margaritifera 
laevis at Chitose River in Hokkaido, but both trials 

ended in failure. Masao Fujita tried a number of ex-
periments in and around Lake Biwa and succeeded 
in commercial freshwater pearl cultivation using 
Hyriopsis schlegelii in 1935. His breakthrough was 
interrupted by World War II, and with the resump-



        
     

      
      

        
          

      
        

        
        

       
       

       
       
        

      
         

       
        

         
     

        
      

      
        

      
     

         
       

      
        

      
      

   

      
      

      
        
       
        

      
         

      

    
       

       
       

         
        

         
        
      

     
      

       
       
            

       
    

          
     

         
       

      
       

     
      

 

   
    

   
   

 
    

 
   

   
  

Figure 4. These Biwa 
pearls show a good lus-
ter and unusual color 
and shape. The Hyriop-
sis schlegelii mollusk 
was used to culture non-
nucleated freshwater 
cultured pearls in Lake 
Biwa since 1935. Photo 
by Satoshi Furuya. 
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tion of culturing operations came a shift from nucle-
ated to non-nucleated pearls, which eventually 
formed the foundation for modern freshwater pearl 
cultivation (Wada, 1974; Akamatsu et al., 2001). 

Due to war, the first year of recorded production 
at Lake Biwa was 1955. In that year, the Japan Min-
istry of Agriculture, Forestry, and Fisheries reported 
0.1 tons of freshwater cultured pearls. This figure in-
creased to between six and seven tons during the 
1970s, with exports going mainly to the Middle East 
and India (Toyama, 1991). More than 99% consisted 
of non-nucleated pearls, and less than 1% were 
beaded pearls. Farmers in Lake Biwa successfully pro-
duced different shapes (figure 4) such as “dragon,” 
cross, triangle, long stick, or triplet, in addition to 
conventional round or baroque shapes (Wada, 1999). 
In addition, large nucleated pearls over 10 mm in di-
ameter were cultured in very limited quantities. A 
wide variety of colors such as pink, purple, orange, 
brown, and blue, which were not possible by the tra-
ditional culturing method using Hyriopsis schlegelii, 
were achieved by grafting a piece of Anodonta calipy-
gos kobelt mantle tissue into Hyriopsis schlegelii. 

In the 1970s, freshwater non-nucleated pearl cul-
turing began along the Chang Jiang River in central 
mainland China, utilizing its favorable natural envi-
ronment and abundant freshwater mussel resources. 
About 13 tons were exported to Japan in 1980, based 
on statistics published by the Japanese Ministry of 
Finance. This greatly surpassed the total amount 
being produced in Japan (about seven tons per year), 
and Chinese annual production volume has grown 
larger every year, reportedly surpassing 1,000 tons 
(Akamatsu et al., 2001). 

Meanwhile, pearl culturing at Lake Biwa went 
into steep decline. Natural resources of Hyriopsis 
schlegelii were overharvested to depletion, and there 
has been no stable supply since around 1982, despite 
the development of an artificial seed oyster produc-
tion technique in 1975. The adverse effects of in-
breeding, water pollution, and ecosystem change are 
some of the causes of poor growth of the artificial 
seed oysters (Toyama, 1991; Strack, 2006). 

Lake Kasumigaura. Kazuhisa Yanase began pioneer-
ing work to cultivate 10 mm nucleated freshwater 
pearls at Kasumigaura in 1946. He personally tested 
the water, cultivated the mussels, and conducted a 
variety of studies, making it his life’s work to harvest 
pearls with wonderful color, shape, and size. In 1962, 
after the pearl cultivation in Lake Biwa was in de-
cline, 10 small pearl farms moved to Lake Kasumi-
gaura and started to culture the non-nucleated 
freshwater pearls (called Kasumiga keshi pearls) by 
using an artificial seedling Hyriopsis schlegelii mus-
sel in a laboratory setting. The yearly production 
would eventually increase from a few hundred kilo-
grams in the 1970s to more than 750 kg in the 1980s. 

Also in 1962, a few pearl farmers challenged 
themselves to produce high-quality bead-cultured 
pearls over 10 mm to rival South Sea pearls and, later, 
to compete with mass-produced Chinese freshwater 
pearls, an effort which began in the late 1960s. After 
a thorough investigation of potential for pearl farm-
ing, their experiments proved successful in culturing 
spherical beaded pearls by using a new Hyriopsis hy-
brid, produced by crossbreeding Hyriopsis schlegelii 
and Hyriopsis cumingii. Initial production was only 



          
      

       
       

      
         
       
        

        
         

   
       

      
          

          
         

       
         

       
      
       

        
      

      
         

      
       

        
        

         
    

       
       

         
       

         
           

     
     

    
 

       
    
      

         
          

      

                   
                
                    

      

       
       

       

Figure 5. From the 1970s into the 1990s, more than 10 farms cultured the Kasumiga freshwater pearls at the estu-
aries of the Onogawa, Sonobe, and Shintone Rivers, which empty into Lake Kasumigaura. The photos show the 
same location of the Toda Pearl farm at the Onogawa River, as seen in 1980 (left) and 2018 (right). Photos by 
Ryuichi Toda (left) and Ahmadjan Abduriyim (right). 

a few dozen grams per year. To minimize the risk of 
environmental damage to the mussels, the farms 
were located at estuaries of the Shintone, Sonobe, 
and Onogawa Rivers, which empty into Lake Ka-
sumigaura (figure 5). The culturing of non-nucleated 
pearls stopped at Lake Kasumigaura at the end of the 
1980s and shifted to solely nucleated culturing in 
1991. From that year until 2013, average yearly pro-
duction was 40–50 kg. Since 2013, production has de-
creased, with annual yields of less than 40 kg (R. 
Toda, pers. comm., 2017). 

Only beaded pearls are currently produced at Lake 
Kasumigaura. A small mantle tissue, usually in-
serted into a drill hole in the bead nucleus, is inserted 
in each mussel, forming a sac in which a pearl starts 
to grow. The nacre thickness of pearls that have been 
cultured for longer periods (3.5–4 years) reaches 3 
mm, which is much thicker than the nacre of akoya 
cultured pearls. The size of Kasumiga pearls typically 
ranges from 11 to 15 mm. 

One of the characteristic features seen in Kasumiga 
pearls produced by the hybrid mollusk is their col-
oration. The variety of bodycolors includes white, 
pink, purple, yellow, purple-red, orange, and brown 
with an iridescence (Komatsu et al., 1989) that is fre-
quently referred to as “rainbow.” Bodycolor prefer-
ences for these products differ between countries, and 
pink and purple colors command higher prices. In the 
U.S. and Europe, Kasumiga pearl is highly valued for 
its luster, variety of colors, and size, and the supply 
cannot keep up with demand. 

Unfortunately, only a few pearl farms are active 
at Lake Kasumigaura (R. Toda, pers. comm., 2017), 
and the pearl farmers who operate there today do not 
appear to have any successors. But the Kasumiga 

pearl, a source of Japanese pride, will surely be able 
to once again thrive if the farms are able to foster suc-
cessors and environmental protection measures are 
adopted, optimally with the government’s assistance. 

PEARL CULTURING PROCESS AT 
LAKE KASUMIGAURA 
Preparing the Donor Mantle. The farmers at Kasu-
migaura grow Hyriopsis cumingii × Hyriopsis 
schlegelii hybrid larvae in specially constructed pools 
for two years to protect them from any possible dis-
eases or threats (figure 6). A scalpel is inserted into the 

Figure 6. At Lake Kasumigaura, mollusk larvae are 
grown in specially constructed pools for two years 
to protect them from disease. Photo by Ahmadjan 
Abduriyim. 

CULTURED PEARLS FROM LAKE KASUMIGAURA                                                 GEMS & GEMOLOGY                                            SUMMER 2018 169 



       
       

          
         
       

           
          

       
      

      
         

        
        
       

        
       
         

      
       

        
      

     
        

       
      

      
       

         
       

         
         
        

       

         
      

         
          

         
         

        
        
       

 

     
   

      
    

   
 

  
 

  

          
        
         
       

    

Figure 7. A piece of tis-
sue, measuring about 4 
× 4 mm, is cut from the 
outer part of the mantle 
lobe of a one-year-old 
Hyriopsis hybrid donor 
mollusk to produce 
pink-colored pearls. 
Photo by Yosuke 
Sasaki. 

ventral margin of the donor shell of Hyriopsis hybrid, 
and the anterior and posterior adductor muscles are 
removed to open the shell wide. Next, a long slice of 
mantle is cut along the pallial line using scissors. The 
margins are trimmed to remove pallial mantle and 
shape it into ribbons 3 to 4 mm wide, which are fur-
ther cut into 4 × 4 mm squares (figure 7). Another 
method of preparing the piece, called “stripping,” was 
developed specifically for pearl culturing using Hyri-
opsis schlegelii. This method involves stripping either 
outer tissue that is in contact with the shell (“rear 
stripping”) or inner tissue that is deeper within the 
mussel (“front stripping” from the slice of mantle or 
directly from the pallial mantle). The mantle obtained 
by front stripping is thinner compared to rear strip-
ping. A pearl cultured through front stripping grows 
faster, but the surface of the pearl shows a wrinkled 
appearance. Therefore, the Kasumiga pearl farms now 
prepare pieces mainly through rear stripping to pro-
duce pink pearls with good luster, even though they 
tend to take longer to grow. 

Operation. Operating on freshwater cultured pearls 
does not require the preparation that is usually per-
formed in saltwater pearl culturing using akoya oys-
ters, such as high-pressure waterjet cleaning to 
remove any extraneous material from the surface. 
The shells for freshwater pearl culturing are simply 
washed to remove the mud from the surface the day 
before the operation. A nucleation operation to cul-
ture spherical pearls over 10 mm in diameter is per-
formed by inserting a piece of mantle tissue and bead 
nucleus (from a U.S. freshwater mollusk of the An-
odonta species, 8–8.5 mm in diameter) into a gonad 

that is either connected to the bottom of a digestive 
diverticulum or attached below a pericardial cavity. 
As the insertion area is not visible, the operator uses 
a bead that is drilled through. A metal pin is pushed 
through the bead with a piece of the mantle placed 
on the tip, to maintain a close contact between the 
mantle and the bead (figure 8). The operations gener-
ally take place in the winter season between October 
and March. They are suspended between May and 

Figure 8. The bead nucleus is drilled. A metal pin is 
pushed through the hole and a mantle “piece” is 
placed on the end to maintain a close contact be-
tween the piece and nucleus during the insertion 
process. Photo by Yosuke Sasaki. 
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September, when the water temperature exceeds 
20°C or during the fertile phase, as these conditions 
may result in higher mortality of the mollusks. Re-
cently, however, the mortality rate has been lowered 
by using antibiotics during the procedure, enabling 
nucleation throughout the year for some farmers. 

Growing Pearl Mussels. After the operation, the 
shells are hung for a couple of days to recover, and 
then they are placed in a layered net-cage and trans-
ferred to the pearl farm. The cage may have two or 
three layers, in which shells are neatly placed in 
groups of two to four with their hinges facing down 
(figure 9). The net-cages are hung from horizontal 
bamboo sticks at two-meter intervals between 70 
and 100 cm below the water surface. The culturing 
period lasts about three to four years in general. 
Pearls grow between April and December, when 
water temperature is above 15°C. Harvesting starts 
gradually in the summer, in July or August, and en-
ters the peak season in October and November, when 
the pearls show the most lustrous color. 

SAMPLES AND ANALYTICAL METHODS 
For this study, the author extracted 25 bead-cultured 
freshwater pearls directly from Hyriopsis hybrid 

Figure 9. During cultivation, two to four shells are 
placed into two layered cage nets and suspended in 
the water at 70 cm to 1 meter depths. Photo by Ah-
madjan Abduriyim. 

shells at the Toda Shinju company’s pearl farm at 
Lake Kasumigaura (see table 1). The pearls ranged 
from round to baroque shapes with a width of 9.5– 
19.6 mm and a weight of 6.0–20.5 ct (figure 10). The 

Figure 10. Representa-
tive Kasumiga pearls 
from this study show a 
color range of cream, 
light yellow, pink, pur-
ple, orange, and golden 
with orient, in sizes 
ranging from 9.5 to 19.6 
mm and with round 
and baroque shapes. 
They were produced 
after a culturing period 
of two to four years. 
Photos by Tetsuya 
Chikayama. 
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   Sample no. 

KSM-W-001 

KSM-W-002 

KSM-W-003 

KSM-W-004 

KSM-MW-005 

KSM-MW-006 

KSM-MW-007 

KSM-MY-008 

KSM-Pink-009 

KSM-Pink-010 

KSM-Pink-011 

KSM-Pink-012 

KSM-Pink-013 

KSM-Ora-014 

KSM-Pur-015 

KSM-pPur-016 

KSM-Pur-017 

KSM-Pur-018 

KSM-Pur-TD 

KSM-GY-019 

KSM-GY-020 

KSM-GY-021 

KSM-GY-022 

KSM-GY-023 

KSM-Ora-
half-024 

KSM-SHELL-001 

KSM-SHELL-002 

KSM-SHELL-003 

Round 

Round 

Baroque 

Baroque 

Semi-round 

Semi-round 

Baroque 

Round 

Semi-round 

Baroque 

Baroque 

Baroque 

Semi-round 

Round 

Baroque 

Round 

Semi-round 

Round 

Semi-round 

Baroque 

Baroque 

Baroque 

Baroque 

Baroque 

Semi-round 

Section 

Section 

Section 

Cream 

Cream 

Cream 

Cream 

Light yellow 

Light yellow 

Light yellow 

Light yellow 

Pink 

Pink 

Pink 

Pink 

Pink 

Orange 

Purple 

Pinkish purple 

Purple 

Purple 

Purple 

Golden with 
orient 

Golden with 
orient 

Golden with 
orient 

Golden with 
orient 

Golden with 
orient 

Light orange 

Yellow 

Cream 

Purple 

6.08 

6.67 

7.74 

11.33 

9.52 

12.71 

11.64 

14.86 

8.52 

12.02 

13.47 

15.43 

22.19 

12.72 

10.02 

12.07 

14.24 

14.92 

12.30 

11.83 

12.92 

15.55 

20.52 

7.44 

20.20 

819 
(one side) 

859 
(one side) 

916 
(one side) 

None 

Pink 

None 

None 

None 

None 

None 

None 

Yellow 

Yellow 

Yellow 

Yellow 

None 

None 

Pink 

Pink 

None 

None 

None 

Pink 

Pink 

Purple 

Purple 

Purple 

None 

Purple 

Pink 

Pink 

9.48 × 9.41 

9.70 × 9.60 

11.69 × 9.98 

12.65 × 12.07 

11.30 × 10.55 

12.39 × 12.10 

13.34 × 11.75 

12.89 × 12.79 

10.89 × 10.13 

12.24 × 11.04 

13.23 × 11.48 

13.65 × 12.06 

15.43 × 14.28 

12.34 × 12.08 

12.20 × 10.75 

12.23 × 12.03 

13.27 × 12.15 

13.03 × 12.80 

12.49 × 11.46 

13.76 × 10.62 

14.89 × 12.09 

18.42 × 12.33 

19.64 × 14.37 

10.26 × 10.10 

15.48 × 14.40 

190 × 135 

195 × 135 

205 × 152 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

-

-

x 

x 

x 

x 

-

-

-

x 

x 

x 

-

x 

x 

x 

x 

Weak chalky green-blue/ 
Very weak green-blue 

Weak chalky green-blue/ 
Very weak green-blue 

Weak chalky green-blue/ 
Very weak green-blue 

Weak chalky green-blue/ 
Very weak green-blue 

Weak chalky green-blue/ 
Very weak green-blue 

Weak chalky green-blue/ 
Very weak green-blue 

Weak chalky green-blue/ 
Very weak green-blue 

Weak chalky green-blue/ 
Very weak green-blue 

Very weak chalky green/ 
Very very weak chalky green 

Very weak chalky green/ 
Very very weak chalky green 

Very weak chalky green/ 
Very very weak chalky green 

Very weak chalky bluish green/ 
Very very weak chalky bluish green 

Very weak chalky bluish green/ 
Very very weak chalky bluish green 

Inert 

Very weak chalky green/ 
Very very weak chalky green 

Very weak chalky green/ 
Very very weak chalky green 

Weak chalky green/ 
Very weak chalky green 

Very weak chalky green/ 
Very very weak chalky green 

Very weak chalky green/ 
Very very weak chalky green 

Very weak chalky green/ 
Very very weak chalky green 

Inert/Very very weak chalky 
green 

Inert/Very very weak chalky 
green 

Inert/Very very weak chalky 
green 

Inert/Very very weak chalky 
green 

Weak chalky green blue/ 
Very weak green blue 

Inert 

Very weak chalky blue/Inert 

Inert 

Color Shape Weight 
(ct) 

Overtone Diameter (mm) LWUV/SWUV reaction LA-ICP-MS X-
radiography 

TABLE 1. Characteristics of freshwater nucleated cultured pearls and shells from Lake Kasumigaura, Japan. 
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Figure 11. Three shells from Lake Kasumigaura were sliced for chemical composition analysis. The variable 
color and luster of the mother-of-pearl strongly influence the color of the pearl during cultivation. Photo by 
Ahmadjan Abduriyim. 

Figure 12. The Chinese 
freshwater nucleated 
cultured pearls in this 
strand from Lake 
Taihu, also cultured by 
the Hyriopsis schegelii 
× Hyriopsis cumingii 
hybrid, are 10 mm in 
diameter and show a 
color range and luster 
similar to Kasumiga 
pearls. Photo by Ah-
madjan Abduriyim. 

bodycolors of the Kasumiga pearls included white, 
cream, light yellow, pink, purple, orange, and golden 
with orient. Three shells of the Hyriopsis hybrid 
from which the pearl samples were extracted were 
selected and sliced into sections for chemical com-
position analysis (figure 11). Chinese samples (figure 

12) were also studied for comparison of chemical 
properties. These consisted of a Hyriopsis hybrid 
shell and 15 nucleated cultured pearls with 10 mm 
diameters, collected from the Zhong Shui Pearl Re-
search Institute. These pearls were cultivated at Lake 
Taihu in Hubei Province. 
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Figure 13. The surface nacreous structure of Kasumiga pearls. A: Cream-colored pearls show a rough, thick growth 
feature of aragonite platelets. B–C: Thin, parallel platelets can be seen in pink and purple pearls. D: A prismatic 
layer and brownish yellow pigment covered the nacreous layer of a golden pearl with orient. Photos by Ahmadjan 
Abduriyim; field of view 400 μm. 

A B C D 
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The 25 pearls and three shells from Lake Kasumi-
gaura were observed visually and microscopically for 
their surface growth structure and color. Their fluo-
rescence reactions were recorded under 4-watt long-
wave and short-wave ultraviolet light from a System 
Eickhorst MultiSpec UV-AC lamp. UV-Vis-NIR spec-
troscopy was performed on the surface of each sam-
ple using a Shimadzu UV-2600 spectrophotometer in 
diffuse reflection mode, with a resolution of 1 nm, in 
the 200–1000 nm range. The internal structure of the 
pearls was observed using a Faxitron CS-100 2D real-
time X-ray microradiography (RTX) unit (90 kV and 
100 mA X-ray excitation). 

Raman spectra were obtained by a Horiba Jobin 
Yvon XploRA Plus Raman microscope equipped 
with a 532 nm Nd:YAG laser. The laser beam was fo-
cused through the 300 µm aperture with a 10× objec-
tive lens. The measurements were recorded on 
LabSpec6 software using a grating of 1800 gr/mm and 
spectral resolution of ±2.5 to 3.5 cm–1 between 100 
and 1800 cm–1 . The instrument was calibrated with 
a Si 520 nm reference. 

Semiquantitative chemical analysis was performed 
using a Shimadzu EDX-8000 energy-dispersive spec-
trometer (EDS) equipped with an X-ray microprobe. 
Trace elements were measured by means of laser ab-
lation–inductively coupled plasma–mass spectrome-
try (LA-ICP-MS) analysis using a Thermo Scientific 
iCAP RQ quadrupole ICP-MS with a ESI UP 213 Nd-
YAG laser, a repetition rate of 7 Hz, an energy density 
of 10 J/cm2, and a spot diameter of 40 µm. The carrier 
gas was a mixture of helium and argon. All of the iso-
tope ratio signals were detected, and an analytical pre-
cision (relative standard deviation 1 sigma) within 
10% was achieved for all trace elements except P, 

which fell within 20%. Three to eight spots on each 
pearl sample and section of sliced shell were ablated, 
and the averaged data were calibrated. Microanalytical 
carbonate standards MACS-1 and MACS-3 pressed-
powder pellets and NIST glass 610 were used as exter-
nal standards. 

RESULTS AND DISCUSSION 
Shape and Size. Cultured pearls from Lake Kasumi-
gaura are produced in various shapes including 
round, semi-round, oval, and baroque, usually with 
very good luster. The most common shapes are 
round and semi-round. Larger pearls over 16 mm 
have been successfully produced, but the size typi-
cally ranges between 11 and 15 mm. 

Hue and Surface Structure. Cream pearls show weak 
luster and overtone, with irregular, interrupted, or dis-
torted growth layers of aragonite crystals that are ob-
served under magnification. In the studied samples, 
they were formed of layers of thick aragonite crystal 
platelets and a few black or brown organic sediments 
on the surface (figure 13A). Pink pearls are well pro-
duced by the Hyriopsis hybrid, showing strong luster 
and smooth surface reflection. They have compactly 
arranged layers of aragonite single crystals (figure 13B). 
The intensity of the pink color is determined by (1) 
the content of pale pigment inside the conchiolin that 
is a protein consisting of nacre, (2) the thickness of the 
aragonite single crystals, and (3) the overtone produced 
from the way the aragonite platelets are layered. The 
volume of pigment secreted differs according to the 
age of the shell and the water temperature, and it 
tends to increase when mussels are strong and 
healthy. Control of the shell’s physiology during cul-
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Figure 14. Pink Kasumiga pearls are shown before (left) and after (right) a fading test in these calibrated photos. 
The pearls were placed under a 100W tungsten lamp at less than 100°C for 30 minutes. The pink color has faded 
very slightly. Photos by Tetsuya Chikayama. 

turing is the key factor to the thickness and quality of 
the aragonite crystal layers (Komatsu et al., 1989). 

Some pink pearls are vulnerable to heat (Komatsu 
et al., 1989), and their color may fade slightly after 
one hour of exposure to strong incandescent light and 
heat at about 100°C (see figure 14, calibrated images 
before and after). Purple pearl samples showed a more 
violetish hue than the pink material, but with a 
somewhat lower luster. They contained smoothly 
piled growth layers of aragonite crystals with no in-
terstitial extraneous substance (figure 13C). 

Orange samples showed a very bright yellowish or-
ange and sometimes orange color. Observation of the 

cross-section revealed the sheet-laminated aragonite 
platelets and layers of yellow-brown pigment that had 
grown into the compact concentric structure (figure 
15). In the inner part of the pearl, where the bead nu-
cleus was removed to observe the initial growth struc-
ture on the nacre surface, an organic substance 
produced during the initial growth phase and a colum-
nar nacre were observed. The nacre displayed four cy-
cles of growth layers divided by white boundaries until 
it reached the pearl surface. This indicates a four-year 
culturing period, with growth interrupted in cold sea-
sons and resuming in warmer seasons (again, see fig-
ure 15). Their color did not fade with exposure to heat. 

8 

7 

6 
5 

4 
3 

2 
1 

Columnar nacre growth structure 

Figure 15. A light orange 
pearl (sample KSM-Ora-
half-024) was cut in half 
and its bead nucleus was 
removed. The sheet nacre-
ous layers show four differ-
ent boundaries (marked by 
red arrows), indicating a 
growth period of four years 
(red arrow). The inner part 
of the nacreous layer close 
to the bead nucleus shows 
a columnar growth struc-
ture of aragonite (con-
firmed by 705 and 1085 
cm–1 peaks in the Raman 
spectrum). Blue circles in-
dicate the LA-ICP-MS 
analysis spots. Photo by 
Ahmadjan Abduriyim. 
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Figure 16. These UV-
Vis-NIR reflectance 
spectra of six Kasumiga 
pearls—cream, light 
yellow, orange, pink, 
purple, and golden with 
orient―show increas-
ing absorption from 
484 to 526 nm with 
greater saturation of 
color from white to pur-
ple. The golden pearl 
with orient presents 
two broad absorption 
bands, at 320 to 460 
nm in the UV to blue 
range and at 580 to 820 
nm in the orange to 
near-infrared range. 
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It was learned that golden pearls with orient were 
actually pink-purple pearls covered with thin yellow-
brown organic prismatic layers, just several dozen 
microns thick, across the surface (figure 13D). The 
golden color with orient (rainbow-like iridescence) 
seen on the surface is supposedly produced from an 
overtone mixture of laminated pink-purple aragonite 
crystals, an overlaid organic layer formed by abun-
dant secretion from the shells in the growth period 
just before harvesting, and prismatic aragonite layers. 
In general, golden pearls with orient are characterized 
by very strong orient. 

UV Fluorescence. Cream to light yellow pearl sam-
ples showed weak chalky green-blue fluorescence 
under long-wave UV light, whereas pink-purple 
pearls and golden pearls with orient showed weak 
chalky green fluorescence. Under short-wave UV 
light, the reaction became much weaker. The fluo-
rescence appeared evenly distributed when the pearls 
were evenly colored. Orange pearls showed almost 
no fluorescence under both short-wave and long-
wave UV. 

UV-Vis-NIR Reflection Spectroscopy. The reflection 
spectra of pearls in each color are shown in figure 16. 
Cream pearls showed no distinct absorption except 
for a vague absorption band around 484 nm, while 
the absorption center was shifted to 498 nm in the 
light yellow pearls and appeared as a weak but broad 
absorption band. On the other hand, the purplish 
pink pearls colored by pigment contained in the 
nacre showed a large absorption band centered at 

around 506 nm, which became intense as the color 
became more saturated, with an increase in absorp-
tion between 415 and 820 nm. Study of the pearls 
with strong purple color revealed that general absorp-
tion between 415 and 820 nm appeared greater and 
the absorption band centered at 526 nm became 
stronger. Orange pearls showed a stronger absorption 
band near 498 nm, similar to light yellow pearls. The 
strong yellow pearls displaying rainbow iridescence 
that are rarely produced from the Hyriopsis hybrid 
showed two characteristic absorption regions. One 
was between the ultraviolet and the visible range at 
320–460 nm with a maximum at 373 nm, and the 
other was in the visible range at 580–820 nm with a 
maximum at 640 nm. 

As noted above, these reflection spectra showed an 
absorption band centered around 484–526 nm, indi-
cating a feature characteristic to orange, pink, and pur-
ple pearls cultured from Hyriopsis hybrid mollusks. 
The absorption intensity increased with color satura-
tion. In contrast, golden pearls with orient showed a 
different type of spectrum. Its golden yellow bodycolor 
with strong rainbow iridescent layers was supposedly 
produced by the absorptions in the blue and red re-
gions between the UV and the visible range. Also, 
these pearls showed thick yellow-brown organic lay-
ers and prismatic layers that were formed close to the 
pearl surface, whereas the orange, pink, and purple 
pearls may be colored by pigment contained in their 
nacre. The author will continue to test a large number 
of samples to draw a detailed conclusion of the color-
ing pigment in pearls from Lake Kasumigaura. 
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Figure 17. Microradiographic images of undrilled shell-nucleated cultured pearls from Lake Kasumigaura. A drill 
hole seen within the bead nucleus of the round and semi-round pearls showed the thickness of the nacre, ranging 
from approximately 2 to 3 mm (A–C). The baroque-shaped pearl (D) had an approximately 8.7-mm-thick nacre in 
its long axis. Photos by Kwanreun Lawanwong. 

Microradiography. X-ray images of an orange round 
(sample KSM-Ora-014), a pink near-round (KCM-
Pink-013), a purple near-round (KCM-Pur-017, show-
ing circular growth structure), and a rainbow golden 
baroque (KSM-GY-022) cultured pearl from Lake Ka-
sumigaura are shown in figure 17. All the samples 
tested with X-ray were confirmed to contain a drilled 
bead, and the organic layer distributed along the 
boundary between the bead and nacre was very thin. 
The pearls shown in images A, B, and C had a similar 
nacre thickness, typically averaging 2 to 3 mm. Near-
round pearls tended to grow a thicker nacre on one 

side, 1 mm on the thinner side and 5.6 mm on the 
thicker side. The thickest nacre observed in the 
baroque pearls reached approximately 8.7 mm. In the 
nacreous growth layer of all the pearl samples, three 
boundaries of organic layers were confirmed, reveal-
ing a culturing period of three years or more. 

Raman Spectrum. Raman spectra of pearls with the 
six representative colors (cream, light yellow, pink, 
purple, orange, and golden with orient) are shown in 
figure 18. Each spectrum displays a series of peaks re-
lated to the aragonite crystal lattice at 138, 148, 187, 

Figure 18. Raman spectra of six colors of Kasumiga pearl showed aragonite-associated peaks at 138, 148, 187, 210, 
268, and 280 cm–1; a doublet peak at 701 and 705 cm–1; a weak single peak at 1462 cm–1; a strong aragonite peak at 
1085 cm–1; and polyene-related peaks at 1017, 1132, 1295, and 1522 cm–1 . 
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210, 268, and 280 cm–1; a strong peak at 1085 cm–1 

that indicates symmetric stretching of (CO3
2–); a dou-

blet at 701 and 705 cm–1 from plane stretching; and a 
weak peak at 1462 cm–1. Peaks related to the pigment 
(polyene, an organic compound) were confirmed at 
1017, 1295, 1132, and 1522 cm–1 (Karampelas et al., 
2007; Sturman et al., 2014). The peaks at 1132 (C-C 
single-bond stretching vibration) and 1522 cm–1 (C=C 
double-bond stretching vibration) tended to be 
weaker in cream and light yellow pearls and stronger 
in pink, orange, or purple pearls. The peaks at 1017 
and 1295 cm–1 did not appear in the paler pearls with 
cream and light yellow color. The spectrum back-
ground in the golden pearls with orient was generally 
high, with weaker main peaks at 1085 and 701 cm–1 

that indicated an aragonite crystal, confirmation that 
the outermost nacreous growth layers on these iri-
descent pearls were prismatic layers formed of arag-
onite, not calcite. A pigment-related peak at 1522 
cm–1 was also clearly observed. 

Chemical Composition. X-ray fluorescence analysis 
can nondestructively measure a pearl’s composition 
of major and trace elements to assist in the determi-
nation of some mollusk species and the culturing en-
vironment. This semiquantitative technique is also 
advantageous in identifying the composition of a his-
torical or highly valuable pearl that cannot be sub-
jected to destructive tests. In X-ray fluorescence 
analysis of the 25 pearl samples, CaO was detected 
as the main component, but organic components and 
water cannot be detected by this technique. A small 
amount of Na was detected, with an Na2O content 
of 1.50–5.90 wt.%. Trace elements Mn, Fe, and Sr 
were detected, with MnO = 0.06–0.40 wt.%, Fe2O3 = 
bdl–0.02 wt.%, and SrO = 0.10–0.14 wt.%. The ele-
ments Mg and K showed values close to the detec-
tion limit of the EDX-8000 spectrometer (detection 
limits: MgO = 0.067 wt.%, K2O = 0.016 wt.%, and 
Fe2O3 = 0.014 wt.%, respectively). Among these ele-
ments, Mn showed higher content in freshwater than 
saltwater pearls, whereas Sr tended to have higher 
concentration in saltwater pearls, consistent with 
previous studies (Wada and Fujinuki, 1976). The 
chemical composition results from energy-dispersive 
X-ray fluorescence (EDXRF) analysis indicate a 
slightly lower concentration compared with the re-
sults from LA-ICP-MS analysis, based on the differ-
ent reference standards used in this study. 

To investigate trace-element distribution using 
LA-ICP-MS, we ablated the surface of all 25 pearls, 
the section of one pearl, and the section of three 

Hyriopsis hybrid shells with a laser spot 40 µm in di-
ameter, collecting analytical data on three to eight 
spots on each sample. The average of each detected 
trace element is shown in table 2. 

From the LA-ICP-MS analysis on the pearls in 
each color and the shell from Lake Kasumigaura, 
minor and trace amounts of 18 elements in total (7Li, 
11B, 23Na, 24Mg, 27Al, 31P, 39K, 45Sc, 47Ti, 55Mn, 57Fe, 59Co, 
60Ni, 63Cu, 66Zn, 69Ga, 88Sr, and 137Ba) were consis-
tently detected. In all the pearls tested, Na, Mn, Sr, 
and Fe showed rather high concentrations, ranging 
from 3100 to 9700 ppmw (avg. 7363 ppmw) for Na, 
790–5800 ppmw (avg. 1146 ppmw) for Mn, 800–1540 
ppmw (avg. 836 ppmw) for Sr, and 920–1290 ppmw 
(avg. 702 ppmw) for Fe. P was detected as another el-
ement of high content, between 147 and 870 ppmw. 
Other elements such as Mg, Al, and K showed low 
concentrations, between 6 and 432 ppmw. B, Ti, and 
Zn were below 22 ppmw, while Li, Sc, Co, Ni, Cu, 
and Ga were below 10 ppmw. Interestingly, Al and 
Ti were only detected in the outer layer (the pris-
matic growth area) of shell. In the analysis on the 
cross-section of a nacreous pearl (sample KSM-Ora-
024), the nacre from the pearl’s surface to the inner 
side of the columnar nacre layer close to the bead nu-
cleus showed no distinct element partition gradient 
except the enrichment of Na, Mg, and Fe in the 
columnar aragonite layer close to the bead nucleus 
area. Pearls produced from the Hyriopsis hybrid in 
Lake Kasumigaura contain less Li, Na, Mg, and Sr 
but much more Mn than the Japanese saltwater 
akoya cultured pearls from Ehime and Nagasaki Pre-
fectures, showing the characteristic feature of fresh-
water species (past study data by the author). From 
these analysis results, there was no consistent rela-
tionship between the color of the pearls and the type 
and amount of transition metal elements. Thus it is 
reasonable to think the principal cause of color of the 
nacre, in the pearls or the shells, is organic pigment. 

A bivalve shell is generally composed of three lay-
ers of ostracum (outer, middle, and inner). These are 
divided into tissue structures that include prismatic, 
columnar, nacreous, foliated, crossed lamellar, and 
complex crossed lamellar structure (Boggild, 1930; 
Kobayashi, 1971; Barthelat et al., 2009). The mollusk 
shell of the Hyriopsis hybrid from Lake Kasumigaura 
consists of an outer shell layer with prismatic struc-
ture and middle and inner shell layers with nacreous 
structure. As shown in the Raman analysis above, 
however, the Hyriopsis hybrid shell consists of pris-
matic and nacreous structures, both made of aragonite 
(figure 19). The shell of the Japanese akoya oyster con-
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Figure 19. The shell of the Hyriopsis hybrid from 
Lake Kasumigaura consists of an outer shell layer 
with prismatic structure and a middle and inner 
shell layers with nacreous structure. Photo by 
Ahmadjan Abduriyim. 

sists of a prismatic structure made of calcite and a 
nacreous structure made of aragonite (Nakahara, 1994; 
Wada, 1999; Liu and Li, 2015). The trace-element par-
tition of the Hyriopsis hybrid shell from Lake Kasum-
igaura revealed high Na and Fe contents and the trace 
elements Al, Ti, Co, Ni, Cu, and Zn in the outer shell 
layer (prismatic structure) and high Mn in the nacre-
ous structure. To find out the relationship between 
the ostracum of a shell and the trace-element con-
tents, the factors in the secretion function in a tissue 
or in ostracum that control the content of trace ele-
ments should be analyzed in the future. The content 
of trace elements such as B, Mg, and P seemed to be 
somewhat lower in the shell than in the pearls. 

Large amounts of Chinese freshwater bead-cultured 
pearls showing Kasumiga-like colors have recently 
been supplied to the global market. We analyzed 15 
beaded freshwater pearls in each color (cream, light yel-
low, pink, purple, and orange) and the cross-section of 
a Hyriopsis hybrid shell from Hubei to compare the 
features of trace elements. 

LA-ICP-MS analysis detected distinctly higher 
amounts of Ba and Ga in the Chinese pearls of all six 
colors and in the shell. The content ranges of other 
metallic elements such as B, Mg, K, Mn, Fe, Sr, Co, 
Ni, Cu, and Zn were similar to those of Kasumiga 
pearls. The analyzed chemical data were plotted on 
the chemical fingerprint diagram in figure 20 using a 
combination of the trace elements Ba and Ga to dif-
ferentiate the freshwater pearls and shells of the 
Hyriopsis hybrid from both Japan and China. Ba and 
Ga values for the freshwater pearls and the Hyriopsis 
hybrid shell from Kasumigaura were concentrated in 

the lower region and clearly distinguished from the 
Chinese counterparts from Lake Taihu without over-
lap. Despite the use of the same species of Hyriopsis 
hybrid oysters in both countries, they showed differ-
ent concentrations of heavy metal ions (Ba2+, Ga2+) in 
both the pearls and the shells, presumably in direct 
proportion to that of the aquatic habitat, as those 
ions are contained in extracellular fluid in the man-
tle. The application of this diagram to freshwater 
pearls and shells from China or other countries is 
subject to validation in future studies. 

Future Outlook for the Kasumiga Pearl Industry. 
Since the late 1980s, the mass production and inex-
pensive price of Chinese freshwater cultured pearls 
has transformed the Japanese pearl industry. Although 
it is almost impossible to compete with China in the 
present circumstances, a few farmers are dedicating 
their efforts to improving culturing techniques, grow-
ing shells with great care, and strictly monitoring 
water quality, prioritizing quality over mass produc-
tion. Kasumiga pearls started attracting attention from 
Europe and the United States in the 1990s but are 
scarcely sold in Japan’s domestic market. Improve-
ments in the quality of the pearls, as well as stronger 
marketing and branding, are critical to eliminating 
cheap Kasumiga products and maintaining a higher 
price point. 

Figure 20. LA-ICP-MS analysis on 25 pearls and 
three shells from Lake Kasumigaura, along with 15 
pearls and one shell from Lake Taihu in China, plot-
ted according to Ga vs. Ba. There is clear separation 
of both samples from the two locations. Kasumiga 
pearls and shells had lower Ga and Ba contents 
overall, while these elements were enriched in Chi-
nese pearls and shell. 

LA-ICP-MS ANALYSIS 

G
a 

(p
pm

w
) 

Kasumiga pearls 
Kasumiga shells 
Taihu pearls 
Taihu shells 

Kasumigaura, 
Japan 

Taihu, China 

0 

20 

5 

25 

40 

10 

30 

15 

35 

0 500 1000 1500 2000 

Ba (ppmw) 

CULTURED PEARLS FROM LAKE KASUMIGAURA                                                 GEMS & GEMOLOGY                                            SUMMER 2018 179 



 

 
 

  
  

  

  
  

  
  

  
  

  
  

  
  

  
  

   
  
 

 

  

 

   
  

 

 

   
 

  

 
 

                    
         

Lake Kasumigaura, 
Japan: Pearl 

KSM-W-001 

KSM-W-002 

KSM-W-003 

KSM-W-004 

KSM-MW-005 

KSM-MW-006 

KSM-MW-007 

KSM-MY-008 

KSM-Pink-009 

KSM-Pink-010 

KSM-Pink-011 

KSM-Pink-012 

KSM-Pink-013 

KSM-Ora-014 

KSM-Pur-015 

KSM-pPur-016 

KSM-Pur-017 

KSM-Pur-018 

KSM-Pur-TD 

KSM-GY-019 

KSM-GY-020 

KSM-GY-021 

KSM-GY-022 

KSM-GY-023 

Outer part of 
nacreous layer of 
pearl, spot 1 

Near the inner 
layer, spot 2 

Near the inner 
layer, spot 3 

Near the inner 
layer, spot 4 

Near the inner 
layer, spot 5 

Near the inner 
layer, spot 6 

Near the inner 
layer, spot 7 

Inner part of the 
layer (near bead, 
spot 8) 

Cream 

Light yellow 

Pink 

Orange 

Purple 

Golden with orient 

Light orange 
KSM-Ora-half-024 

0.09 

0.11 

0.09 

0.07 
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376 

300 

229 

257 

342 

237 

245 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

2510 

777 

1079 

4156 

1355 

5671 

2158 

5551 

1014 

1919 

1318 

1695 

1401 

1725 

3155 

3098 

4357 

1091 

913.4 

821.8 

3176 

636 

2483 

1911 

1401 

378.2 

293.3 

391.8 

361.3 

302.8 

519.3 

423 

1111 

1105 

1254 

1112 

1098 

1103 

1093 

1120 

1026 

994 

979 

898 

980 

1011 

1170 

1069 

1098 

913 

858 

563 

1042 

544 

1036 

520 

603 

579 

542 

550 

638 

627 

654 

735 

0.415 

0.381 

0.439 

0.414 

0.395 

0.365 

0.439 

0.467 

0.393 

0.363 

0.363 

0.316 

0.363 

0.428 

0.43 

0.383 

0.403 

0.323 

0.221 

bdl 

0.391 

bdl 

0.418 

bdl 

0.258 

0.203 

0.14 

0.175 

0.24 

0.246 

0.177 

0.268 

2.02 

1.73 

1.99 

1.81 

2.04 

1.91 

2.16 

1.96 

1.71 

1.83 

1.7 

1.56 

1.95 

2.18 

2.35 

2.02 

2.28 

1.89 

1.6 

0.92 

1.94 

0.8 

2.07 

0.82 

1.17 

0.96 

1.14 

1.12 

1.11 

1.21 

1.35 

1.33 

0.687 

2.464 

4.577 

0.922 

2.805 

1.99 

0.822 

1.876 

0.482 

0.652 

0.708 

0.492 

0.853 

0.568 

1.004 

0.855 

1.467 

1.059 

1.055 

0.653 

10.83 

0.908 

14.34 

1.362 

0.756 

0.847 

0.719 

0.781 

0.646 

0.869 

0.77 

0.825 

bdl 

bdl 

11.4 

1.6 

14.4 

0.44 

2.33 

2.68 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

6.37 

5.83 

6.68 

6.85 

7.81 

11.5 

1.93 

3.48 

0.78 

9.95 

10.8 

14.2 

5.93 

7.34 

8.16 

12.3 

15 

7.94 

0.86 

0.56 

0.74 

1.02 

0.96 

1.06 

0.69 

1.1 

0.54 

0.83 

0.79 

0.74 

0.97 

0.7 

0.81 

0.74 

1.22 

1.27 

0.99 

0.84 

1.3 

0.84 

1.57 

0.75 

1.33 

0.64 

0.52 

0.49 

0.48 

1.35 

0.75 

0.98 

1172 

1175 

1131 

1201 

1275 

1045 

1083 

1090 

816 

1080 

1163 

974 

1179 

1245 

1457 

1338 

1436 

1129 

1058 

775 

1459 

560 

1461 

662 

1000 

780 

695 

659 

710 

996 

876 

941 

45Sc 47Ti 55Mn 57Fe 59Co 60Ni 63Cu 66Zn 69Ga 88Sr 

28.492 

44.157 

37.816 

62.453 

58.306 

62.176 

40.634 

36.484 

41.937 

29.377 

44.679 

29.224 

40.78 

35.091 

49.78 

33.17 

75.731 

24.305 

20.116 

18.732 

24.169 

36.186 

42.906 

32.398 

13.423 

45.249 

49.173 

70.857 

30.94 

6.3969 

31.584 

60.375 

0.18 

0.212 

0.146 

0.161 

bdl 

0.182 

bdl 

0.129 

0.13 

bdl 

0.125 

bdl 

bdl 

bdl 

0.1 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

0.438 

0.266 

bdl 

bdl 

bdl 

0.21 

0.432 

0.498 

31P 39K Sample 

Outer part of shell 
spot 1 (prismatic) 

Spot 2 

Spot 3 

Inner part of shell, 
spot 4 

KSM-SHELL-001 
Cut surface position 

0.24 

bdl 

bdl 

bdl 

5.815 

4.525 

4.244 

3.365 

12872 

9144 

7279 

6143 

47.5 

27.67 

12.26 

33.01 

28.25 

13.2 

bdl 

bdl 

267 

155 

147 

191 

13.5 

4.34 

bdl 

bdl 

883 

722 

556 

731 

395.2 

972.1 

797.3 

1574 

810 

625 

474 

403 

0.335 

0.191 

0.16 

0.14 

2.12 

1.27 

1.07 

0.81 

5.078 

1.249 

0.252 

0.226 

9.91 

4 

0.25 

bdl 

0.49 

0.56 

1.32 

0.3 

62.625 

77.46 

28.027 

92.327 

bdl 

bdl 

bdl 

bdl 

Lake Kasumigaura, 
Japan: Shell 

7Li 11B 23Na 24Mg 27Al 45Sc 47Ti 55Mn 57Fe 59Co 60Ni 63Cu 66Zn 69Ga 88Sr 31P 39K Sample 

TABLE 2. Chemical composition (in ppmw) of trace elements of freshwater pearls and shells from Lake 
Kasumigaura (Japan) and Lake Taihu (China), analyzed by LA-ICP-MS. 
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137Ba 

45.93 

24.94 

31.47 

49.81 

48.93 

51.45 

38.1 

48.7 

30.19 

42.37 

44.27 

39.42 

46.08 

32.57 

40.92 

38.29 

58.83 

52.82 

46.04 

43.02 

68.6 

46.91 

73.25 

47.05 

72.01 

33.35 

26.26 

23.06 

22.06 

55.41 

39.66 

42.42 

137Ba 

32.42 

29.22 

65.81 

22.94 



     

   
  

 

 

 

 

 

 

   
 

   
  

 

 

 

   
 

  

  

 

 

 

 

 

 
 

 
 

   
  

 

 

 

 

   
 

  

 
 

 

  

                    
         

0.33 0.52 

Outer part of shell 
spot 1 (prismatic) 

Spot 2 

Spot 3 

Spot 4 

Spot 5 

Spot 6 

Spot 7 

Inner part of shell, 
spot 8 

Outer part of shell 
spot 1 (prismatic) 

Spot 2 

Spot 3 

Spot 4 

Inner part of shell, 
spot 5 

KSM-SHELL-002 
Cut surface position 

KSM-SHELL-003 
Cut surface position 

bdl 

0.05 

0.13 

0.1 

0.08 

0.09 

0.09 

0.11 

0.06 

0.05 

bdl 

0.05 

bdl 

3.096 

4.157 

4.456 

4.831 

5.001 

5.391 

5.502 

5.389 

3.44 

10.25 

11.57 

7.965 

9.947 

9891 

6744 

6751 

6358 

6747 

5143 

4844 

4436 

13519 

9069 

8097 

7943 

7154 

42.07 

40.12 

60.67 

81.53 

45.03 

34.76 

27.95 

43.82 

73.72 

87.25 

35.83 

27.97 

21.84 

10.2 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

139.6 

bdl 

bdl 

bdl 

bdl 

385 

375 

372 

366 

371 

368 

367 

368 

410 

258 

197 

211 

206 

12 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

21.8 

5.83 

bdl 

bdl 

bdl 

563 

475 

490 

632 

514 

577 

617 

632 

1096 

1092 

746 

823 

961 

427.9 

517.2 

610.4 

677.5 

949.9 

705.1 

780.2 

1240 

1065 

1165 

1192 

1435 

1641 

801 

689 

707 

727 

693 

594 

516 

501 

894 

703 

631 

571 

592 

bdl 

0.104 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

0.52 

0.217 

0.179 

0.201 

0.193 

1.69 

0.97 

1.09 

1.23 

1.64 

0.64 

bdl 

0.85 

3.2 

1.61 

1.36 

0.92 

1.61 

26.95 

0.507 

0.424 

0.345 

0.311 

4.424 

0.126 

9.511 

7.756 

1.202 

0.266 

0.391 

0.537 

20.4 

3.98 

4.83 

1.84 

4.33 

86.2 

4.35 

0.2 

14.2 

0.92 

0.68 

bdl 

0.65 

0.58 

0.23 

0.28 

0.62 

0.3 

0.3 

0.36 

0.24 

1.02 

0.75 

0.41 

0.35 

0.73 

25.178 

44.251 

72.393 

74.44 

91.306 

83.539 

107.76 

118.64 

104.13 

30.605 

75.058 

39.239 

70.981 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

0.332 

bdl 

bdl 

CN-FW-P1 

CN-FW-P2 

CN-FW-P3 

CN-FW-P4 

CN-FW-P5 

CN-FW-P6 

CN-FW-P7 

CN-FW-P8 

CN-FW-P9 

CN-FW-P10 

CN-FW-P11 

CN-FW-P12 

CN-FW-P13 

CN-FW-P14 

CN-FW-P15 

Pink 

Cream 

Light yellow 

Pink 

Cream 

Light yellow 

Purple 

Cream 

Light yellow 

Purplish pink 

Cream 

Light yellow 

Purple 

Cream 

Orange 

bdl 

0.27 

bdl 

bdl 

bdl 

0.05 

bdl 

bdl 

bdl 

0.21 

bdl 

bdl 

bdl 

bdl 

bdl 

14.71 

11.88 

13.6 

12.58 

10.8 

10.89 

16.76 

13.81 

13.52 

12.49 

15.94 

12.06 

10.45 

12.26 

11.24 

7050 

6381 

6757 

6379 

5765 

5758 

6523 

5978 

6992 

8411 

7359 

5943 

6528 

6930 

6335 

131.1 

150.3 

72.75 

63.22 

122.3 

148.7 

60.73 

122.8 

143.5 

111 

236.9 

108.9 

96.14 

131.4 

116.5 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

433 

472 

346 

397 

442 

419 

601 

583 

387 

453 

588 

405 

439 

457 

391 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

1108 

802 

1042 

812 

806 

967 

795 

1151 

1318 

767 

1112 

1025 

883 

1104 

1001 

1693 

2390 

1144 

1316 

2034 

2386 

1250 

2889 

4333 

393.7 

2653 

2959 

2063 

2136 

2388 

1137 

1098 

1132 

1019 

997 

1034 

1197 

1054 

1107 

1187 

1167 

979 

908 

1102 

956 

0.563 

0.519 

0.477 

0.456 

0.426 

0.474 

0.554 

0.45 

0.408 

0.441 

0.513 

0.381 

0.396 

0.456 

0.379 

1.89 

1.98 

1.9 

1.71 

1.59 

1.82 

2.28 

1.66 

1.68 

1.73 

2.07 

1.76 

1.57 

1.64 

1.84 

1.037 

1.594 

0.418 

1.617 

0.864 

1.639 

1.416 

0.563 

0.652 

0.87 

1.288 

1.566 

0.814 

0.602 

1.12 

3.87 

1.71 

1.36 

4.71 

0.98 

1.36 

0.61 

3.93 

5.63 

5.42 

3.76 

bdl 

3.22 

1.67 

0.21 

11.9 

4.24 

6.25 

3.86 

3.17 

5.51 

5.97 

13.1 

36.1 

5.45 

13.1 

9.72 

18.5 

11.7 

8.18 

41.481 

39.228 

109.53 

30.397 

41.533 

81.917 

61.337 

39.319 

55.757 

85.281 

102.86 

130.33 

48.445 

76.369 

29.85 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

Lake Taihu, 
China: Pearl 

7Li 11B 23Na 24Mg 27Al 45Sc 47Ti 55Mn 57Fe 59Co 60Ni 63Cu 66Zn 69Ga 88Sr 31P 39K Sample 

Lake Kasumigaura, 
Japan: Shell 

7Li 11B 23Na 24Mg 27Al 45Sc 47Ti 55Mn 57Fe 59Co 60Ni 63Cu 66Zn 69Ga 88Sr 31P 39K Sample 

Outer part of shell, 
spot 1 (prismatic) 

Spot 2 

Spot 3 

Spot 4 

Spot 5 

Inner part of shell, 
spot 6 

China-SHELL-001 
Cut surface position 

bdl 

0.11 

0.1 

bdl 

bdl 

0.08 

12.64 

4.768 

4.543 

5.235 

2.767 

3.87 

8841 

8203 

7499 

5815 

5354 

7186 

116.8 

35.81 

17.38 

26.38 

38.84 

20.57 

10.31 

29.72 

bdl 

bdl 

bdl 

bdl 

198 

195 

122 

144 

165 

112 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

2731 

1029 

588.4 

814 

5291 

2190 

612 

572 

479 

744 

315 

432 

0.394 

0.171 

0.191 

0.144 

0.104 

0.13 

4.81 

1.08 

1.16 

0.76 

0.73 

0.83 

5.613 

1.588 

0.993 

0.774 

0.726 

0.46 

10.7 

3.34 

6.32 

3.58 

0.21 

bdl 

6.73 

4.89 

2.06 

2.03 

3.23 

2.79 

862 

514 

463 

745 

837 

711 

159.33 

57.733 

55.342 

67.59 

96.771 

77.982 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

Lake Taihu, 
China: Shell 

7Li 11B 23Na 24Mg 27Al 45Sc 47Ti 55Mn 57Fe 59Co 60Ni 63Cu 66Zn 69Ga 88Sr 31P 39K Sample 

0.05 1.95 9.73 0.46 4.03 0.1 3.15 27.8 0.1 0.29 0.2 0.1 0.36 32 3.24 Detection limits 

bdl=below detection limit 
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137Ba 

18.79 

11.1 

14.6 

23.13 

19.85 

19.04 

21.15 

22.39 

53.14 

37.03 

22.43 

21.99 

36.01 

137Ba 

768 

271.2 

365.6 

216.8 

217.1 

299.3 

332.4 

819.1 

2314 

307.5 

777 

630.6 

1094 

735.9 

552.9 

137Ba 

459.7 

274.9 

115.6 

135 

225.5 

150.7 

0.1 



     
       
        
         

         
         

       
        

       
     

     
    

     
      

      
       

        
       

        
         

      
      

      
        

         
        

       
         
         

        
       

      
       

          
        

       
      

        
      

       
  

     
        
        

       
          

         
       

         
          

         
      

         
      

        
       

     
        

      
      
        

    
    

 

  
       

        
  

 
           

          

           
          

 
           

        
        

       
      

    
         

        

 

       
        

         
         

       
         

    

CONCLUSIONS 
The production of nucleated freshwater cultured 
pearls from Lake Kasumigaura has subsided in recent 
years, but large Kasumiga pearls with thick nacre and 
strong luster in pink or purple colors are highly val-
ued in the international market. In this study, the au-
thor visited the Toda Shinju pearl farm at the Ono 
River, which empties into Lake Kasumigaura, to har-
vest pearls and shells directly and analyze them. The 
pearls were analyzed by means of absorption and 
Raman spectroscopy, observation of internal struc-
ture, and quantitative compositional analysis for 
major and trace elements. 

The freshwater nucleated cultured pearls collected 
from Hyriopsis hybrid shells were divided into six 
groups of representative colors: cream, light yellow, 
pink, purple, orange, and golden with orient. The 
nacreous growth layer in the cream and light yellow 
pearls showed thick layers of aragonite platelets and 
laminated irregularity with low tone, and a vague ab-
sorption band between 480 and 500 nm in the visible 
region of the UV-Vis-NIR reflectance spectrum. Pink, 
purple, and orange pearls demonstrated the nacre’s 
very fine crystalline structure with neat lamination 
and very good luster. They showed a strong absorption 
center in the range between 480 and 530 nm, which 
increased in intensity as the color tone and saturation 
of the pearl became stronger, marking the character-
istic increment in a wider range between 415 and 820 
nm. The surface of the golden pearls with orient was 
covered with a thin prismatic layer of aragonite that 
was rich in yellow-brown organic substance, and these 

pearls were characterized by strong orient. They 
showed two absorption regions in the visible range, 
one at 320–460 nm centered at 373 nm and the other 
at 580–820 nm centered at 640 nm. Raman spec-
troscopy detected a pigment contained in the nacre. 

Kasumiga pearls generally do not undergo treat-
ments such as bleaching and dyeing, and the samples 
showed very weak chalky green-blue fluorescence or 
no reaction under UV irradiation, providing proof of 
natural color. 

Semiquantitative analysis of the Kasumiga pearls 
detected a main component of CaO, followed in de-
scending order by Na, Mn, Sr, and Fe. LA-ICP-MS 
analysis detected 18 minor and trace elements, of 
which Na, Mn, Sr, and Fe were in the highest con-
centration (over 1000 ppmw). P, Mg, Al, and K were 
in the second-highest group (several hundred to sev-
eral dozen ppmw). B, Ti, and Zn were under 22 
ppmw, while Li, Sc, Co, Ni, Cu, and Ga were de-
tected in trace amounts (under 10 ppmw). Al and Ti 
were only distributed in the prismatic aragonite 
growth layer on the outer part of the mollusk shell. 
All the metallic elements detected were confirmed 
to be unrelated to the color of the pearls. 

In Lake Taihu, China, large volumes of freshwater 
beaded cultured pearls using Hyriopsis hybrid shells 
of the same species used at Lake Kasumigaura have 
been produced for the international market. Chemi-
cal analysis by LA-ICP-MS demonstrated that chem-
ical fingerprinting using the Ba to Ga ratio was 
effective in distinguishing freshwater nucleated 
pearls from these two countries. 
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