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Abstract : Spatial variation of heavy metal accumulation was investigated in Manila clam Ruditapes
philippinarum collected from several tidal flats. Sediment metal levels varied highly among the sites, which
was attributed primarily to differences in Fe and organic carbon contents and in part to grain size.
Significant differences in metal concentrations also were found in the clam tissue among the different
sampling sites. However, except for a few metals (Mn, Zn, Pb), which showed some elevation, the
variations in the clam tissue were not related to the variations in the sediment. This is likely because most
metals in filter-feeding herbivores such as R. philippinarum accumulated as a result of feeding on suspended
particles such as phytoplankton and organic detritus in the water column, not in bottom sediment. In
addition, tissue weight for a specific shell size varied significantly among the sites, and increased tissue
mass indicating a good nutritive condition likely caused a subsequent dilution of body metals leading to
reduced weight-specific concentrations of some metals (Cd, Zn, Cu, Co).
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Irato et al. 2003).
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Fig. 1. The sampling sites. St. A: Tando, St. B: Buheung-li
p ung.

(Daebudo), St. C: Gapo (Masan Bay), St. D:
Cheonsu Bay. St. E: Gomso Bay. Ruditapes phil-
ippinarum were collected from these sites during
the non-reproductive periods from October 2002
through October 2004.
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Table 1. Analytical results of metal concentration (1g g! tissue dry mass) in the standard reference materials of oyster
(SRM 1566b, NIST, USA) and mussel (CRM 278, IRMM-BCR, Belgium) tissues. Values are mean + standard

deviation.
Oyster Mussel
Element
Certified Measured %Recovery Certified Measured %Recovery

Cd 2.48+£0.08 2.63+0.03 106 0.348+£0.007 0.363+0.012 104
Zn 1420 £ 46 1430+ 96 101 83.1x1.7 86.1 4.4 104
Cu 71.6+1.6 71.4+£3.0 100 9.45+0.13 9.80+0.24 104
Pb 0.308 £ 0.009 0.332£0.016 108 2.00+0.04 2.05+0.06 104
Cr - - - 0.78 +0.06 0.85+0.03 103
Mn 18.5+0.2 18.7+1.5 101 7.69+£0.23 7.90+0.48 109
Fe 206+ 6.8 210+ 12 102 - -

Co 0.371 £0.009 0.386 £ 0.012 104 - - -
Ni 1.04 +0.09 1.05 +£0.06 101 - - -
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Table 2. Comparison of the mud and organic carbon contents (%) and the metal concentrations (142 g’!) in the sur-
face sediments between the sampling sites. Figures in bold are the highest values. Significance: >; p<0.05, >>;
0.001<p<0.01, >>>; p<0.001 (n =4 except the one indicated). TOC: total organic carbon.

StA StB StC StD Significance

%mud 62.6+4.6 85.8+3.2 95.0 0.6 275+ 1.4 (0=3) C>>B>>>A>>>D
%TOC 0.327+0.074 0.258£0.013 1.929 4+ 0.087 0.182+0.014 C>>>A>D, C>>>B

Cd 0.041+0.003 0.040 £ 0.002 0.567 = 0.012 0.057 +0.004 C>>D=A=B

Zn 480+1.5 45.1£03 123+3 57.8+6.6 C>A=B

Cu 8.47+047 7.53+£024 285+09 16.5+0.6 C>>>D>>>A=B

Pb 127+03 10.8+0.2 34806 14.1+£0.5 C>>>D=A>>>B

Cr 18.1+0.7 162+0.2 22.8+0.2 20712 C=D>>A>B

Mn 868+ 90 535x11 704+ 76 656 + 107 A=C>B

Fe 23350+ 1006 21019 + 1931 41970 + 4220 26110+ 1824 C>>>D=A=B

Co 7.87+0.24 727 +0.04 9.87 +0.37 10,6 £04 n.s.

Ni 122+04 10.8+0.2 16.1+02 13.3£0.5 C>>D>>A>>B

Table 3. Product-moment correlation coefficients between percentage mud and organic carbon and heavy metal con-
centrations in Ruditapes philippinarum habitat sediment. N = 16

% Mud % TOC Cd Zn Pb Cr Mn Fe Co
% TOC  0.629**
Cd 0.579*  0.993***
Zn 0.475 0.971***  0.988***
Cu 0.286 0.880*** 0.921*** (.956***
Pb 0.512%  0.983*** (0.995%** (.994*** (.946***
Cr 0.083 0.728***  Q.772%%% 0.834*%* (.934%** (.827*+**
Mn —0.037 0.092 0.059 0.063 0.046 0.114 0.263
Fe 0.422 0.920*+* 0.950%** 0.971*** 0.946*** 0.967*** 0.862*** 0.169
Co -0.372 0.364 0.375 0.423 0.351 0.376 0.227 -0.178  0.380
Ni 0.229 0.861***  0.891%** (0.930%** 0.968*** 0.929*** 0.969*** 0.259  0.942*** (.346

Significance: *, 0.01<p<0.05; **, 0.001<p<0.01; ***, p<0.001
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HE 7 A9E=E 242670414 AHsl] SF45E B4
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Table 49} Table 50l z}z} gelstdct. vl | A|5¢] &
& 23e A9 FYsdo A=A 9 AFFge AT
THSt. D) AlE7F FolaA Esich B A EA 9} wizib
A2 v g Aol 38 $35L CuE ALEa A
7o) FEEE ¥ 5 2jolE HYTh 2y EAEY] A
St. ColM FF4 TErt AntEos s Bdd A
g2, viAlgel e Znst Pos AL BE FHE 58
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Table 4. Comparison of shell length (SL, mm) and tissue dry mass (TDM, g) of R. philippinarum collected from four
different localities. While shell sizes were similar, the mean tissue weight value of the clams from St. D was
higher than those of the clams from the other three sites. n.s.; not significant

St A (n=24) St B (n =25) StC (n=24) St D (n = 26) sz::i‘.f;ﬁ‘c'e
Sampling date Oct. 24, 2002 Dec. 8, 2002 Nov. 24, 2002 Mar. 12, 2003
SL 34.11 £3.33 34.98+2.53 35.50+2.35 35.66 % 1.72 ns.
TDM 0.343 £ 0.089 0.446 + 0.096 0.427 +0.062 0.767 % 0.137 p<0.001

Table 5. Comparison of the metal concentrations (4 g tissue dry mass) in Ruditapes philippinarum between the
sampling sites. Clams were collected from October 2002 to March 2003. Figures in bold are the highest
values. Significance: >; p<0.05, >>; 0.001<p<0.01, >>>; p<0.001

StA (n=24) St B (n = 25) StC(n=24) StD (n =26) Significance
Cd 1.47+035 0.985+ 0.271 0.561+0.171 0.820+ 0264 A>>>B>>>C,D>>C, B=D
Zn 10219 91.3+28.1 144+ 37 69.9+8.1 C>>>A>B>D, A>>D
Cu 8.98 +1.92 8.35+5.68 6.96 £2.39 6.57+1.40
Pb 1.09+0.20 0.626 +£0.330 1.43+£0.61 0449+ 0.106 C>>A>>>B=D
Cr 1.55+0.24 0.995 +0.295 0.900 + 0.200 0.869+0.212 A>>>B=C=D
Mn 80.2+25.8 19.9+5.8 8.90+1.61 140+£5.0 A>>>B=D, B>C
Fe 789 + 159 444 + 151 323+ 64 334+ 130 A>>>B>D=C, B>>C
Co 3.71+£1.12 1.70 + 0.60 1.23+£0.31 1.59+£0.41 A>>>B=D, B>C
Ni 21.5+59 134 +6.1 7.81+231 4,74+ 1.50 A>>>B>>>C=D
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E57F B8 Holu(Usero ef al. 1997), 3] St. A B}A]
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TEHT 8 F& Fo|ti(Tables 5, 6).

zed HH 8o $F& w5 Holo) nixlE FFE =
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Mne HFE3 v 2% St AdA 7 Een,
Zns} Pbe] 4= HAHEY Fx7F 7P ¥& St ColA
vixghe] 5 A 7P ESi) oje) 2ol HYE W ¢

B 2350 A9t i 2L A4 4B FBE

Table 6. Comparison of metal concentrations (1 g tissue
dry mass) in Ruditapes philippinarum to those in
the same species and the representative marine
bivalves from other localities. Data from “hot
spots”, such as estuaries near mines and harbors,
were excluded.

Metal {(.udi.tapes Mytilt;s Crassostrea
philippinarum® spp- spp.*

Cd 0.47-3.6 0.03-3.7 0.1-3.7

Zn 58-123 2.14-273 21-5100
Cu 7.52-16 0.26-18 1.9-643
Pb 0.41-1.94 0.14-3.2 0.10-3.6
Cr 0.65-3.4 0.5-2.5 0.54-2.5
Mn 6.5-21.2 2.7-38 0.55-46
Fe 218-952 60-2640 4.7-700
Co 0.82-2.41 0.3-1.6 0.1-3.5

Ni 1.58-17.5 0.87-3.4 0.20-5.1

#Usero et al. 1997; Baudrimonut et al. 2005; Liang et al. 2004, Wet
tissue-based data were converted to dry tissue-based data by assuming
water content of 83% (Usero et al. 1997).

YFrstner & Wittman 1981; Lauenstein ez al. 1990; Choi et al. 1992; ©}
1994; O'Conner 1996, 2002; Liang et al. 2004; Szefer er al. 2004.
“Lauenstein et al. 1990; Choi et al. 1992; O'Conner 2002.
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Table 7. Comparison of shell length (SL) and tissue dry weight (TDW) of R. philippinarum collected from three
different localities. All the samples were collected on October 9, 2004. While shell sizes were similar, the
mean tissue weight value of the clams from St. D was higher than those of the clams from the other two sites.

St A (n =10) StD (n=15) StE (n=15) ..
Significance
SL (mm) TDW (g) SL TDW SL TDW
Mean 39.01 0.582 39.00 0.733%* 39.87 0.612 0.001< p<0.01
SD 2.37 0.165 2.23 0.160 1.82 0.176

Table 8(a). Comparison of the metal concentrations (g g’ tissue dry mass) in Ruditapes philippinarum between the
sampling sites. Clams were collected on the same date, October 9th, 2004. Figures in bold are the highest
values. Significance: >; p<0.05, >>; 0.001<p<0.01, >>>; p<0.001, n.s.; not significant

StA(m=10) StD (n=15) StE (n=15) Significance
Cd 1.23+0.28 1.02+0.27 1.38+0.31 E>>D
Zn 85.9+20.1 903114 78.6 +20.1 ns.
Cu 7.89+435 484125 5.70 + 1.56 A>D
Pb 0.716 + 0.157 0.265+0.070 0.583 +0.125 A>>>D, E>>>D, A>E
Cr 1.46+0.23 0.728 £ 0.071 125+0.24 A>>>D E>D
Mn 27164 5.04+1.36 242+6.8 A=E>>>D
Fe 684 1172 126 +39 609 = 186 A=E>>>D
Co 252+ 0.68 1.54+0.45 2.38+0.73 A=E>>>D
Ni 14.0+54 547+ 1.69 7.19+£331 A>>>E=D
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Table 8(b). Comparison of metal contents (ug clam™) in R. philippinarum tissues(total tissucs) from three different
sampling sites. All the samples were collected October 9th, 2004. >>> significant at p<0.001, >> or << at

0.001<p<0.01

St A (n=10) StD (n=15) StE(n=15) Significance
Cd 0.696+ 0.174 0.731+ 0.186 0.840+ 0.274 n.s.
Zn 49.0+12.8 65.8+14.2 476+ 14.7 A=E<<D
Cu 4.29 + 1.58 3.50+0.99 341097 A>E
Pb 0.409£0.113 0.191 £0.048 0.348 + 0.081 A=E>>>D
Cr 0.862 + 0.322 0.531+£0.118 0.744+£0.163 A>>>D, E>D
Mn 159+57 3.62+0.96 14.1+£3.1 A=E>>>D
Fe 400 + 153 89.8+£23.8 357+97 A=E>>>D
Co 1.47 £ 0.61 1.09+0.28 142+0.50 ns.
Ni 8.27+4.05 3.95+1.33 441 +2.82 A>>>E=D
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