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Determination of the origins of imported Corbicula (shijimi) clams from the Korean Peninsula and its surrounding areas

Tetsuya AKASAKI* and Yasuyuki ENOMOTO*
*Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

We conducted a preliminary examination to evaluate the possibility of chemically determining the origins of imported

Corbicula (shijimi) clams from the Korean Peninsula and its surrounding areas. DNA-based analysis using a partial sequence

(510 nucleotides) of the mitochondrial cytochrome ¢ oxidase subunit I gene suggested that all the imported samples analyzed in

this study would be shijimi clam (Corbicula japonica). However, the analysis could not determine their origins because of no

distinctive grouping. On the other hand, principal component analysis based on the composition of minor-to-ultratrace elements

in the analyzed shijimi shells showed some differences among their countries of origin.
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Table 1 Corbicula (shijimi) samples used in this study

s Date of import
Coul?tljy Prefecture or District N declaration Abbreviation
of origin (shell fishery)
or purchase
Korea Gangwon-do (Sonjiho lake) 3 24 Jan. 2008 KS
Jeollanam-do, Yeosu 3 8 Feb. 2008 KY
Gyeongsangnam-do, 3 6 Nov. 2010 KH
Hadong-gun
Russia Vladivostok 3 2 Feb 2008 RVa
Vladivostok 3 6 Feb 2008 RVb
Vladivostok 3 23 Oct. 2010 RVce
Nakhodka 3 23 Oct. 2010 RN
Zarubino 3 30 Oct. 2010 RZ
China Dalian 3 5 Nov. 2010 CN
Japan Aomori (Lake Jyusan) 3 6 Oct. 2010 JA
Yamaguchi (Hushino river) 3 Middle Sep. 2010 Y
Ibaraki (Hinuma) 3 3 Nov. 2010 JH
Shimane (Lake Shinji) 3 20 Dec. 2010 JS

N indicates the number of samples analyzed in this study. The information about
the imported samples is based on the descriptions in their documents for import

declaration.
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Fig. 1 Geographic information about the production areas of the Corbicula
(shijimi) samples analyzed in this study
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A b r Ty MEEEER GO - TGRS
Tk (@A) : FEAIEEE
HRRIEARSEK (RFEHT) : R

PNEBEEHEF 10 ppm FEYEYRIR (Sc, Y, Ho)
V—z YA = A

2.3 SWEE
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(Accession No: AF457996), Corbicula fluminea (Accession No:
AF196270), Corbicula leana (Accession No: AF196268), Corbicula
sandai (Accession No: AF196272), Corbicula moltkiana (Accession
No: AY275657), Corbicula possoensis (Accession No: AY275662),
Corbicula australis (Accession No: AF196274), Corbicula matannensis
(Accession No: AY275663), Corbicula loehensis (Accession No:
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Fig. 2 Neighbor-joining tree based on a partial sequence (510 nt) of the
mitochondrial cytochrome oxidase I subunit gene from several Corbicula
(shijimi) samples
The numbers at the nodes indicate the bootstrap probabilities (>50%)
calculated by 1,000 replications. Geloina expansa (accession no. AB498812)
was used as an outgroup. Identification numbers were attached after the
abbreviations which represented the geographical information about the
samples.
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WA, BITEMAT 2 fFICAmR L7 b DAk E LT ICP-MS
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Fig.3 Matrix effect of calcium (Ca) to various elements

(A) Matrix effect of Ca to various elements under no internal standard
condition. The Y axis represents the difference of the count per second
(CPS) values of the measured elements between with matrix and without
matrix (Ca = 0 ppm). (B) Matrix effect to various elements with the
internal standards method. The Y axis represents the difference of the CPS
ratios of ‘“element/internal standard” between with matrix (Ca
concentrations: 100, 200, 300, 400, 500 and 600 ppm) and without matrix
(Ca = 0 ppm). The values of sodium and strontium were determined by
ICP-AES, while the values of other elements were determined by ICP-MS.
Scandium (¥Sc), yttrium (*Y) and holmium ('**Ho) were used as internal
standards for determining the values of “sodium (Na), strontium (Sr),
magnesium (Mg), potassium (K), iron (Fe), vanadium (V), copper (Cu)”,
“zinc (Zn), arsenic (As), rubidium (Rb), cadmium (Cd)” and “barium (Ba),
lead (Pb), uranium (U)”, respectively.

FEICAEORMRN EORE, ~ M) v 7 A RERBTE D
DOHRGELTZ & Z A, WEEHELZ W2 nigE (Fig3A) Tl
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7272, TR UAZOWTE, AEBREHEICBITL~ MY v 7
APREE (K9 150 ppm (FEEMME) ) 123BWNT, NEMEAEE T H RO
BREOK 1.6 (EOEIZESND Z LB LizT=, 4 EIOH
EILEM DRI LT,

34 #&YR LIEE & AMEYLEER

ARG Td D3 ¥ I O B AL U 7o 8RR M T 708
W= BN, RGO ZYEMROTE L LT, BEED
U IEEHE HWTC 14 fE (Sr. Fe, Mg, K. V. Mn, Cu, Zn,
As, Rb, Cd. Ba, Pb, U) OHIETLHEICDOWTOFIMEDOHERK
OB EER D 7% 1T > 7= (Table 2),

Table 2 Multielements determination results of minor-to-ultratrace elements in a
Korean Corbicular shell

El Wavelengthb) ) g
ement Concentration” RSD, % Detection limit” % Recovery
or m/z

Sr 407.7 nm 1368 £29.8 22 0.9 112
Fe 238.2 nm 171 £3.1 1.8 15 92
Mg 24 74.0 +1.4 2.0 0.07 78
K 39 42.1 £2.3 5.6 24 99
Sc? 45 - - - -
A% 51 0.083 +0.007 9.1 0.02 88
Mn 55 61.7 £1.3 19 0.02 87
Cu 63 1.5 £0.03 2.1 0.02 89
Zn 66 3.0 £0.13 4.0 0.06 96
As 75 0.45 £0.01 2.6 0.02 103
Rb 85 0.040 +0.002 42 0.003 98
Y 89 - - - -
Cd 111 0.015 +0.001 8.2 0.002 82
Ba 137 31.8 +0.82 4.0 0.02 125
Ho" 165 - - - -
Pb 208 0.17 +0.009 5.8 0.005 86
U 238 0.011 £0.0007 7.1 0.001 88

) The elements “**Sc”, “**Y” and “'®*Ho” are internal standards for determining
the concentrations of the elements “Mg, K, V, Co, Cu”, “Zn, As, Rb, Cd” and “Ba,
Pb, U” by ICP-MS, respectively. ; ® The wavelengths were respectively used for
determining the concentrations of the elements “Sr” and “Fe” by ICP-AES with
internal standard method using the element “Sc”. ; © Mean + Standard Deviation
(ng/g) (n=7) ;9 Analytical detection limit (ug/g)
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Table3  Analytical results for minor-to-ultratrace elements in the Corbicula (shijimi) shell samples from various production areas
Concentration® ( 19/ b o)
Element Japan Korea 2 China Russia Mem” ov
Lake-Jusan Hushino-river Hinuma Lake-Shinji Gangwon-d llanam-do G ] Dallian Viadivostok Nakhodka Zarubino (g/®) (%)
Mg 470 £117 596 +1.9 73.9 205 522433 74.5 123 73.1 168 833 452 75.7 +4.4 716 £123 80.9 +11 722 6.0 69.5 16.6
K 748 47.3 385 1.5 189 54 519 76 71.8 £12.5 547 2127 44 422 39 £0.32 57.9 £13.6 51.3 +4.1 438 111 49.7 317
v 0.047 £0.032 0072 £0.013 019 £0.13 0.074 0.05 0.12 0049 0042 20011 0.12 £0.026 0.18 0.063 0075 £0.049 0.1 £0.04 0.068 £0.011 0.10 49.8
Mn 62.6 +20.8 37.2 432 357 251 822 £15 56.8 +16.7 50.8 £19.2 724 £25.9 123 £29.4 404 £235 588 £13.9 62.5 £29.2 92.1 98.6
Fe 51.9 £26.1 36.1 484 255 +220 272 119 163 88 78.6 +24.5 263 106 202 £92 127 486 163 +51 79 £50.5 154 56.3
Cu 20 £0.31 2.4 £0.33 1.4 £0.074 12 %018 1.9 £0.32 1.6 £0.34 1.5 £0.25 1.5 £0.14 1.6 2032 1.8 £0.24 1.5 £0.032 17 19.8
Zn 13 2045 25 +0.74 1.0 0.53 0.66 £0.23 6.2 +85 0.79 £0.34 3.5 +19 043 £0.039 0.81 £0.60 053 £0.06 0.52 +0.065 17 108
As 007 20025 005 %0017 023 202 031 £0.08 2.0 £0.98 030 £0.24 048 £0.16 1.9 £0.91 15 414 1.6 £0.67 047 £0.50 081 94.8
Rb 0030 £0.006 0034 £0.009 0017 +0.013  0.023 £0.012 0079 £0.019  0.036 0.007 0.030 £0.001 0.052 £0.004 0042 £0.017 0071 £0.019  0.049 0010 0.042 459
Sr 1023 £141 1031 %61 1548 288 1617 #31 854 +56 1152 £488 1370 +64 1452 +85 715 +202 1300 +58 1215 4246 1207 236
Cd  0.021 £0.007  0.004 £0.0005  0.004 £0.003  0.003 +0.0002 015 %025  0.004 £0.005 0016 £0.004 0.003 £0.0001 0.008 £0.009 0003 £0.001 0,002 %0.002 0.020 220
Ba 29.3 47.1 156 £1.7 221 477 19.3 £4.0 344 438 400 %281 37.5 445 8.1 £1.9 18.1 £12.4 6.7 0.40 17.3 £7.0 226 50.1
Pb 0025 0002  0.083 +0.009  0.067 £0.051  0.038 0.015 046 0066 0.1 20.041 023 £0.061 0.18 £0.041 028 +0.17 0.11 +0.032 021 £0.065 0.16 788
U 0.0090 0.013 _ 0.0063 0.0008 _ 0.024 £0.009 0026 *0.016 0.015 £0.008 0.0040 #0.001 0016 £0.007 0013 £0.001 0.0070 +0.004 _ 0.0080 +0.0007 _0.0060 +0.003 0012 60.6

a) Mean + Standard deviation (n=3); The highest and lowest concentrations in the analyzed samples were indicated in bold and in Italic, respectively. b) The mean value was
calculated from 11 geographically different Corbicula (shijimi) shell samples. ¢) CV = coefficient of variance, which was estimated for the mean value of 11 geographically

different Corbicula (shijimi) shell samples.
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Fig4 Concentrations of 14 minor-to-ultratrace elements in the analyzed Corbicula (shijimi) shells whose data were grouped according to their countries of origin

The upper and lower values of the narrow bar attached to each colored bar represent the maximum and minimum values of each element concentration.
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Factor 1

Fig. 5 Scatter diagram of Corbicula (shijimi) shell samples based on the first and
second principal component scores

Fig. 6 Three-dimensional plots of Corbicula (shijimi) shell samples based on the
first, second and third principal component scores
PC 1, 2 and 3 mean the first, second and third principal components,
respectively. Blue, red, green and pink dots indicate the scores of Japanese,
South Korean, Chinese and Russian Corbicula (Shijimi) shell samples,
respectively.

Table 4 Factor loadings of the first, second and third principal components

Factor 1 Factor 2 Factor 3
Mg 0.353356 0.330499 -0.236119
K -0.628306 0.245994 -0.097566
Mn 0.800571 0.103162 0.173169
Cu -0.629353 0.107717 0.269655
Zn -0.174032 0.631024 0.675012
As -0.082629 0.734200 -0.524406
Ba -0.236909 0.186449 0.506484
Pb -0.222654 0.741314 -0.364111
U 0.729082 0.210555 0.203248
Sr 0.732256 -0.286351 0.145116
Fe 0.694448 0.543426 0.025890
A\ 0.724361 0.525685 -0.045474
Rb -0.222552 0.731711 -0.247599
Cd -0.214821 0.635230 0.597343
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