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Analysis of CaCOj; structure of marine bivalves using X-ray
diffraction
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ABSTRACT

This study investigated spectroscopic characteristics of shell crystals of eight marine bivalve species using X-ray
diffraction (XRD) analysis; moreover, the Family level relatedness of shellfish was investigated. In XRD analysis,
the shells of Ruditapes philippinarum, Meretrix lusoria, Anadara granosa, and Fulvia mutica were found to have
orthorhombic aragonite CaCOg; crystals, while shells of Patinopecten yessoensis and Crassostrea gigas had
trigonal-rhombohedral calcite crystals. The shells of Mytilus coruscus and Afrina pectinata were determined to
have a mixture of aragonite and calcite crystals. XRD information revealed the Family level-specific characteristics
of shellfish; the results agreed with the current taxonomic system. In conclusion, spectroscopic characteristics of
shell crystals indicated Family-level characteristics of shellfish and suggested a more intense species-level
investigation; this technology may be useful in identifying shellfish species using small quantities of shells.
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wop Astsl ARE F53 4 3ok (Gregoire, 1972;

Wilbur, 1972, Watabe, 1984, 1988; de Paula and
Silveira, 2009). =7} v|Al+x A+2} #sle] 2 Xray
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of4t OIDHINF DH2Fel CaCOsz 28 X0 CHet X-ray 812 24

% Aragonite, Calcite £+ 1 &30 7 FTAE| S0 &
2 A 9lt} (de Paula and Silveira, 2009). Rt} A5z oz
= 2 w7t Zhe XA9 s|A e} sl 54 slRe
ol we i 545 vEhd L o3 542 SR
AT EFEE FABAE 2R S8 o842 4 9l
So] 2x® u} it} (Cater and Clark II, 1985;
Chateigner et al., 2000; Fryda et al., 2010).
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1. A= &

2 Aol A AEE AREE A s A0
AN )8 F (Crassostrea  gigas), Z71E]¥]
(Patinopecten yessoensis), 71527l (Atrina pectinata), A%
A (Mytilus galloprovincialis), MZ™ (Scapharca
subcrenata), W3 (Meretrix petechialis), ¥VIAZ
(Ruditapes philippinarum), Mz (Fulvia mutica) £ A}
S3kgick 283 FElieh viAl g AR ATl A AR )
g ARG AR AlEEREA $1x= Table 13
2kt FvlE iE ANAste] AAF-E A7 F 1M HCL
Sollof] 24417k St ARG F SRR AHSGI olF A
oA Axg 7 2 fAPER b o] 3l Fafstl e
w, W 200 ¢m 2] sieve (Chung Gye Sang Gong Sa,
Korea)E 73t & A3l

2.5 24 ¥4 (XRD)

4244 FEegd 54 XA IAEAH7] Xeray
diffractometer, XRD, EMPYREAN, PANalytical,
Netherlands) & AM-3le] 4350t )& ¢35 200 mg
o} sz £-& XRD Fvjoll &2 5 Aldd) $14 300 rpm
© 7 3)AHAANH}. &4 A X-ray radiation sourceZE CuK
a (A = 15056 A) 7} AMg=3leH, Xrayd 347 2
theta(d) = 5-90° WM 0.2626°2 step sizes}
1.48°/min®] FAREEE XA IAREE SAsIGIH XA
348 <3t Hed A4 Highscore plus software
(PANalytical, Nederland) & ©|&3}s] =j7te] £ FA4A4
9] Ca, C, O, Mg, Al, Fe, Si, P, Sn, Mo, Mn, Cd, Ti,
B, Pb, Au, Ag, Ni, Co, Bi, Cu, Sr, Rb, As7} vbehd 2= 9}
= AAFx] 3 library (Crystallography Open
Database; www.crystallography.net) o4 B]w3}som,
T4 9] Rietveld methods o|&3te] ZA3lgic}
(Rietveld, 1969). ZF Al&2] XAl 3]A¢A- 33] w3}
I FHdzhE data? FE3)%c)
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o] T2t FATAIE 2RI o] F Sl3ke] 4 AR 24
intensity® Highscore plus software (PANalytical,
Nederland) & ©¢|€3}% background® A7 3} raw
dataZ excel ¥ (XLSX file format) & F&3}3ic}t. 1
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(normalized data) ©] #& EAolA AlLJslglet. 0%, 7+
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Table 1. Taxonomic position of the clams used in the present study

Class Subclass Order Family Species
Ostreidae Crassostrea gigas
Ostreoida
Pectinidae Patinopecten yessoensis
Eupteriomorphia
Pterioda Pinnidae Atrina pectinata
Mytiloida Mytilidae Mpytilus galloprovincialis
Bivalvia
Pteriomorphia Arcoida Arcoidae Scapharca subcrenata
Ruditapes philippinarum
Veneridae
Heterodonata Veneroida Meretrix petechialis
Cardiidae Fulvia mutica
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Fig. 1. XRD pattern of aragonite in clams. Asterisk (*),
species specific peak at 31.2°.
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Fig. 2. XRD pattern of calcite crystal in C. gigas and P.
yessoensis.
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o (Fig. 1), #27} 7}2)u]E= 32 calcite® o] oA |zt
< Bfele Zow Bl (Fig. 2). 23y AFaga
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calcite”} 3% AA oz FA=) (Fig. 3).
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Fig. 3. XRD patterns of mixture of aragonite and calcite
crystals in A. pectinata, M. galloprovincialis and the
references. Arrows, species specific peaks at various
angles of diffraction.
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Ruditapes phifippinarum from Eastern coast of Korea - 1
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Fig. 4. XRD patterns of R. philippinarum from the eastern
and the western coasts of Korea.
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22y Trinkler et al. (2011) 2] B.o 254 uvlx]2} (R.
philippinarum) 2] AldA A<l brown ring disease
(BRD) ©ll &l slizto] W= 79 XRD-3AE4 7 fAkgh
vHe]l Raman microspectrometry® AR Az} 3749
microstructure®] HFo] yepgs Flagle}. uleta o]z
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Fig. 5. Dendrogram of XRD patterns of bivalves used in the
present study.
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