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Shun-Yao Hsu, Guoo-Shyng Wang and Sen-Shyong Jeng (1979) The occur-
rence and seasonal variations of Na, K, Ca, Mg and heavy metals in Taiwan’s oysters
and clams. . Bull. Inst. Zool., Academia Sinica 18(1): 11-20. For the purpose of finding
out the chemical properties of oysters and clams cultured in Taiwan, the contents
of the major elements, Na, K, Ca, Mg and heavy metals, Cd, Cu, Fe, Hg, Ni, Pb
and Zn in these shellfishes were investigated. Shucked oysters and marketed clams
were collected from 7 stations along the west coast of Taiwan from April 1976 to
February 1977. Na and K were measured with a flame photometer, and‘all other
elements were determined with an atomic absorption spectrophotometer. The mean
concentrations of Na, K, Ca and Mg were found to be 233, 187, 34.3 and 354 mg/100 g
in the fresh tissue of oysters, while in the fresh tissue of clams, they were. 349, 235,
37.5 and 353 mg/100 g, respectively. The one that had the most ‘interesting seasonal
variation among these major elements was Na in oysters. It was found that the
seasonal changes of Na and glycogen in oysters were almost identical. Hence, it is
supposed that sodium might have deep connection with spawning of oysters. The
heavy metal concentration in Taiwan’s oysters and clams could be divided into two
groups. The group which had higher concentration consisted of Zn, Fe and Cu, the
mean concentrations in oysters being 120.4, 86.1 and 20.4 ppm, and in clams being
149, 136.1 and 5.7 ppm. The other group which had lower concentration consisted

of Pb, Ni, Cd and Hg, the mean concentrations in oysters being 1.29, 0.55, 0.11 and

0.01 ppm, and in clams being 1.53, 1.09, 0.09 and 0.02 ppm, respectively. These con-
tents of heavy metals were not higher than the “normal” levels and should not con-
stitute a hazard for consumers. Among the heavy metals investigated, Fe, Cu, Pb
and Ni all showed noticeable seasonal changes both in oysters and clams, and the
highest contents occurred from May to September. It is speculated that such seasonal
changes arise from the fact that there are more available food and more land
drainage in summer along the west coast of Taiwan.

It is well known that Na, K, Ca and Mg
are the major elements of many organisms.
However, there is little information on the
occurrence and seasonal variation of these
elements in shellfishes. In order to find out the

chemical properties of the oysters Crassostrea
gigas and hard clams Meretrix lusoria cultured
in Taiwan, these major elements were studied.
Although the heavy metal concentrations of the
oysters of Taiwan have been reported by Jeng
and Huang®, the seasonal variation of these
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heavy metals is still not clear. In this inves-
tigation, the occurrence and seasonal variation
of Cd, Cu, Fe, Hg, Ni, Pb and Zn were also
studied.

MATERIALS AND METHODS

Sample and preliminary treatment

Shucked oysters and marketed clams were
collected from 7 sampling stations along the
west coast of Taiwan from April 1976 to
February 1977. The sampling stations were the
same as those reported before!®. Shellfishes
collected for proximate composition analysis
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were also used for major element and heavy
metal studies, i.e., the shellfishes were minced
and lyophilized, then. the dried samples were
used for analyses of protein, glycogen and ash;
Na, K, Ca and Mg; and Cd, Cu, Fe, Hg, Ni,
Pb and Zn.

Analyses of major elements and heavy metals

All samples were first digested by H,SO0,-
HNO,®, then determined by the following
methods:

Na and K; measured with a flame photometer.
Ca, Mg and Fe: measured with a Varian Model
1000 atomic absorption spectrophotometer

TAeLE 1
Sodium, potassium, calcium and magnesium concentrations (mg/100g
fresh tissue) in Taiwan’s oysters

Date St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 Mean =+ SD
Na
1976 Apr. 22 194 103 104 154 355 64 269 178104
Jun. 28 384 790 449 795 820 ‘343 723 615+213
Sep. 1 117 397 313 356 137 72 472 266156
Oct. 31 . 137 44 212 125 93 55 108 11156
Dec. 30 75 59 126 266 62 102 46 10576
1977 Feb. 28 108 124 235 136 92 64 104 12354
K
1976 Apr. 22 186 114 134 210 227 92 160 16050
Jun. 28 195 328 204 360 254 203 275 26065
Sep. 1 147 421 334 390 298 165 352 301107
Oct. 31 139 - 55 141 85 96 76 106 10032
Dec. 30 167 79 209 306 154 179 83 16878
1977 Feb. 28 123 127 203 162 115 103 137 13934
_ Ca
19]6 Apr. 22 61.1 80.1 40.1 96.3 92.6 27.3 57.1 64.9+26.1
Jun. 28 14.8 51.9 16.4 43.7 43.3 5.2 8.1 26.2+19.4
Sep. 1 11.5 75.2 66.0 100.1 173.4 11.1 53.8 70.2:56.0
Oct. 31 4.0 0.9 36.4 3.7 5.1 11.8 12.1 10.6+12.1
Dce. 30 1.2 1.1 40.0 17.8 1.0 2.3 1.0 9.2+14.9
1977 Feb. 28 1.7 31.5 57.4 37.3 8.1 13.0 20.3 24.2+19.3
Mg
1976 Apr. 22 46.5 29.7 31.4 50.4 72.0 23.4 62.5 45.1+18.0
Jun. 28 29.4 58.8 25.9 47.3 35.0 18.4 35.9 35.8:x13.6
Sep. 1 29.0 100.5 70.3 81.6 50.7 19.1 95.6 63.8£31.7
Oct. 31 31.3 9.9 51.3 25.9 14.1 27.0 39.6 28.4+14.2
. Dec. 30 27.1 18.0 38.9 61.2 22.2 34.3 14.1 30.8+16.0
1977 6.9 7.9 13.7 9.5 6.6 1.5 7.3 7.6+£3.6

Feb. 28




Sodium, potassium, calcium and magnesium concentrations (mg/100 g
fresh tissue) in Taiwan’s clams .
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Date St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 Mean =+ SD
Na
1976 Apr. 22 716 355 430 591 469 563 638 546141
Jun. 28 473 250 250 268 193 160 189 2554104
Sep, 1 499 430 375 478 " 465 259 499 429487
Oct. 31 227 247 250 244 271 226 275 24919
Dec. 30 268 345 365 337 369 384 397 35242
1977 Feb. 28 423 354 415 341 83 112 107 262154
'K
1976 Apr. 22 241 185 204 201 191 225 192 20620
Jun. 28 324 278 278 319 244 200 214 6548
Sep. 1 332 345 301 297 345 209 291 30347
Oct. 31 105 126 117 129 121 127 129 1229
Dec. 30 289 276. 256 292 279 289 282 28012
1977 Feb. 28 293 187 230 238 247 201 227 232:+34
Ca
1976 Apr. 22 105.6 92.4 136.4 227.8 191.7 369.9 232.6 193.8::95.8
Jun. 28 3.6 9.7 9.7 16.1 7.9 7.6 11.7 9.543.9
Sep. 1 9.2 20.1 16.6 11.6 14.6 11.4 10.3 13.443.9
" QOct. 31 0.4 0.3 1.0 0.6 3.0 1.2 0.6 1,00.9
Dec. 30 2.9 2.5 3.2 3.9 3.5 4.8 2.0 3.3x0.9
1977 Feb. 28 3.4 3.9 3.6 5.9 5.4 2.4 3.3 4.0x1.2
Mg
1976 Apr. 22 105.8 23.9 58.4 87.9 34.3 85.6 81.2 68.2+30
Jun. 28 33.5 29.9 29.9 26.9 29.5 20.0 32.0 28.8x4.4
Sep. 1 78.7 74.0 67.4 69.3 17.0 42.7 9.6 51.2+28.4
Oct. 31 25.3 18.1 44.7 18.2 29.1 32.6 37.8 29.4+9.9
Dec. 30 58.2 73.0 90.1 55.8 84.6 82.4 82.9 75.3%13.5
1977 Feb. 28 19.3 16.6 18.0 15.8 21.3 19.1 20.3 18.6+2.0
TasLE 3
Mean concentrations +SD (mg/100 g fresh tissue) of sodium, potassium, calcium
and magnesium in Taiwan’s oysters and clams (The range of
concentration is shown in parenthesis)
. Na K Ca Mg
Ovster 233+197 18877 34,3:£26.8 35.4+18.7
y (44-820) (55-421) (0.9-173.4) (1.5-100.5)
Clam 349+120 23565 37.5x76.7 45.3+23.2
(83-776) (105-345) (0.3-369.9) (15.8-105.8)




14 S.Y. HSU, G.S. WANG AND S.S. JENG

(AAS). The contents of Fe in the shellfishes
were checked by the method of Barkan and
Walker(®, and it was found that the result was
very similar to that determined with AAS. -
Zn: measured with AAS®,

Cu, Pb and Cd: the digested samples were
further extracted with APDC-MIBK®, then
measured with AAS.

Hg: determined by flameless atomic absorption
spectrophotometry with a Colemen MAS- mer-
cury analyzer.

"RESULTS AND DISSCUSSION

Concentrations of Na, K, Ca and Mg

The concentrations of Na, K, Ca and Mg
in the oysters and clams are shown in Tables
1 and 2, respectively. When the concentrations
of these major elements were observed with
reference to the sizes of oysters and clams, it
was found that there was no significant relation
between the concentration and the size. In
addition to this, there was also no significant
difference in concentration among samples from
different stations. Table 3 summarizes the mean
concentration and range of Na, K, Ca and Mg
in the oysters and clams. It could be seen from
Table 3 that the occurrence of these elements
was in the order of Na, K, Ca and Mg and the
magnitudes of contents in oysters and clams
were very similar, especially Ca and Mg which
had almost the same mean concentrations.

‘Seasonal variation of Na, K, Ca and Mg

Since the patterns of seasonal variation of
the major elements from different sampling
stations were similar, the average values of - the
7 sampling stations were calculated. The seasonal
variations of the average values are shown in
Fig. 1.

In Fig. 1, K and Mg show almost identical
patterns in oysters and clams. This may suggest
that with oysters and clams, the seasonal vari-
ations of K and Mg may be mainly caused by
environmental factors rather than physiological
effect.

It was found in Fig. 1 that Na and Ca

showed quite different seasonal changes between
oysters and clams. The contents of Na in clams
and Ca in oysters were somewhat constant
through the year. - However, oysters showed
remarkable seasonal changes of Na, and clams
had noticeable changes of Ca. Although the
reason of high Ca content in clams in May is
not clear, the seasonal variation of Na in oysters
may have very close relation with spawning.
Fig. 2 shows the seasonal variations of sodium
and glycogen‘® in oysters. Surprisingly enough,
the seasonal changes of these two components
were almost identical. As mentioned before(®,
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the change of glycogen in oysters has significant
relationship with spawning. Therefore, the
results in Fig. 2 strongly suggest that sodium
might also have close connection with spawning
of oysters.

Concentration of heavy metals

The heavy metal concentration in the oys-
ters and clams of Taiwan could be divided into
two groups. One group consisted of Fe, Zn
and Cu which were in 10-100 ppm levels as
shown in Tables 4 and 5, and the other group
consisted of Pb, Ni, Cd and Hg which were in
I ppm or less than 1ppm levels as shown in
Tables 6 and 7.

Just as the major elements, the heavy metal
concentrations in Taiwan’s oysters and clams had
no significant relation with size or sampling
stations. The mean concentrations and ranges
of the heavy metals in the oysters and clams
are shown in Table 8.

3400

©3000

N
[«2)
o
o

Sodium content in dry meat(Mg/ng

1000

600

Fig. 2.

. TABLE 4
Iron, zinc and copper concentrations (ug/g fresh tissue) in Taiwan’s oysters

2
~

I

|
—
N

o0—o0 sodium

I
=
o

—e glycogen

] ] |
~ o) @

{ % ) 103w AIp ui uejuoo uabook|g

]
N

|
MAY JUL SEP NOV JAN MAR
1976 1977 .

Seasonal changes in contents of sodium
and glycogen in Taiwan’s oysters.

o

St. 4 St. 5 St. 6 St. 7 Mean =+ SD

Date St. 1 'St. 2 St. 3
1976 Apr. 22 198.9 174.5 53.2
Jun. 28 58.8 88.2 61.7
Sep. 1 59.4 157.1 151.9
Oct. 31 25.3 75.0 13.6
Dec. 30 3.6 130.2 51.2

1977 Feb. 28 29.0 25.6 30.4

1976 Apr. 22 . 225.9 253.2 201.6
Jun. 28 160.4 222.2 169.1
Sep. 1 31.2 124.6 168.9
Oct. 31 116.9 101.7 85.5
Dec. 30 126.8 132.3 131.7

1977 Feb. 28 131.1 157.6 244.5

1976 Apr. 22 "35.0 19.9 50.6
Jun. 28 12.0 24.8 23.0
Sep. 1 2.0 12.9 18.3
Oct. 31 4.2 7.0 16.0
Dec. 30 22.6 8.9 21.9

1977 Feb. 28 13.6 7.8 18.4

Fe

134.8 49.8 28.2 257.0 128.1+87.1
249.9 78.6 69.6 181.8 112.7+73.8
211.4 145.7 49.6 241.6 145.2+71.1

22.2 53.1° 22.8 37.5 35.6£21.6

37.4 82.8 110.6 25.4 63.0+46.4

31.1 29.7 28.7 51.6 32.3x8.7
Zn

210.2 166.0 61.5 88.0 172.3+72.0
108.6 116.3 33.6 89.1 128.5+61.3
65.6 110.7 96.2 81.4 96.9+44.1
22.0 25.3 30.0 29.3 58.7+41.0
283.4 66.2 64.3 33.4 119.7+82.2
143.7 132.5 92.5 133.1 147.9::47.0

Cu
50.6 52.5 19.9 62.5 + 41.6x16.8
36.6 36.7 . 6.8 39.4  25.5+12.8
9.2 11.3 22.3 15.0 13.0+6.5
4.8 6.1 9.5 8.2 8.0+4.0
24.1 22.3 18.3 12.3 18.6+5.8

22.2 16.0 15.9 18.4 16.0x+4.5
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TABLE 5

Iron, zinc and copper concentrations (ug/g fresh tissue) in Taiwan’s clams

Date St. 1 St. 2 St. 3 St. 4 St. 5§ St. 6 St. 7 Mean + SD
Fe
1976 Apr. 22 337.6 83.3 304.7 45.3 135.2 40.4 56.7 143.3%125.9
Jun. 28 243.3 200.2 257.3 353.3 165.5 181.4 118.7 217.1£76.1
Sep. 1 195.6 239.1 123.4 170.8 174.2 163.8 257.4 189.2+46.0
Oct. 31 103.4 130.9 65.0 92.4 51.7 18.4 127.7 84.2+41.4
Dec. 30 136.5 67.5 94.7 193.9 97.2 122.9 135.5 121.23:40.6
1977 Feb. 28 38.2 46.6 88.0 77.0 64.3 38.4 78.6 61.6+20.6
Zn
1976 Apr. 22 18.8 13.9 28.6 15.6 11.5 13.3 1.3 16.1£6.1
Jun. 28 20.7 18.2 20.7 17.7 16.6 12.6 14.5 17.3+3.0
Sep. 1 19.2 19.2 28.5 13.9 19.5 16.7 15.0 18.9+:4.8
Oct. 31 11.8 9.8 11.5 7.8 7.8 8.9 9.0 9.5+1.6
Dec. 30 11.9 16.7 11.5 12.9 11.3 14.6 11.6 12.9+2.0
1977 Feb. 28 14.2 '14.5 17.0 17.0 13.3 13.8 14.5 14.9+1.5
Cu :
1976 Apr. 22 15.7 13.6 15.2 15.1 23.6 19.2 9.0 15.9+4.6
Jun. 28 8.5 3.4 3.4 5.6 2.1 3.7 2.9 4.3+2.2
Sep. 1 2.0 1.9 3.1 2.0 2.4 4.1 2.0 2.5+0.8
Oct. 31 1.4 1.3 1.5 2.4 1.1 1.5 1.4 1.5+0.4
Dec. 30 5.4 9.2 4.0 3.8 7. 7.7 4.2 6.0£2.2
1977 Feb. 28 3.0 3.5 2.0 2.0 3.2 4.8 3.6 3.2=1.0
TABLE 6

Lead, nickel, cadmium and mercury concentrations (ug/g fresh tissue) in Taiwan’s oysters

Date St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 Mean = S.D
Pb
1976 Apr. 22 1.75 0.21 - 0.68 <0.01 2.34 <0.01 <0.01 <0.71
Jun. 28 4.12 7.72 4.58 1.63 5.26 4.42 6.17 4.84:1.88
Sep. 1 0.70 <1.90 <0.01 <0.01 <1.62 1.12 <1.65 <0.99
Oct. 31 0.43 0.12 0.20 0.22 0.34 0.26 0.08 0.24+0.12
Dec. 30 0.43 0.14 0.44 0.35 0.68 0.16 0.22 0.35+0.19
1977 Feb. 28 0.43 0.60 0.96 0.14 0.07 0.10 0.19 0.36+0.33
Ni
1976 Apr. 22 0.19 0.10 <0.01 0.05 0.31 <0.01 0.14 <0.11
Jun. 28 1.10 1.70 1.20 1.80 0.90 1.00 1.40 1.300.35
Sep. 1 0.18 0.69 0.71 0.73 0.44 0.15 0.65 0.51+0.25
Oct. 31 0.51 0.3t 0.65 0.32 0.35 0.35 0.45 0.42+0.13
Dec. 30 0.32 0.66 0.75 0.37 0.26 0.20 0.24 0.40+0.22
1977 Feb. 28 1.13 0.68 1.19 0.31 0.18 0.15 0.33 0.57+0.44
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Date St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 Mean + SD
Cd
1976 Apr. 22 0.05 0.16 <0.01 0.15 0.16. <0.01 <0.01 <0.07
Jun. 28 0.08 0.13 0.07 0.20 0.18 0.11 0.23 0.140.06
Sep. 1 0.04 0.13 0.12 0.24 0.16 0.12 0.19 0.14+0.06
Oct. 31 0.03 0.03 0.11 0.17 0.15 0.14 0.18 0.12+0.06
Dec. 30 0.11 0.05 0.09 0.11 0.11 0.01 0.12 0.09+0.04
1977 Feb. 28 0.07 0.01 0.05 0.03 0.06 0.23 0.07 0.07+0.07
Hg
1976 Apr. 22 0.01 0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01
Jun. 28 0.02 <0.01 <0.01 0.01 0.01 0.01 0.02 <0.01
Sep. 1 0.01 <0.01 <0.01 <0.01 0.03 -0.01 0.06 <0.02
Oct. 31 0.02 0.01 0.02 0.01 0.01 <0.01 <0.01 <0.01
Dec. 30 0.02 0.01 0.08 0.02 0.03 <0.01 <0.01 <0.03
1977 Feb. 28 <0.01 <0.01 <0.01 0.01 0.02 <0.01 <0.01 <0.01
TABLE 7

Lead, nickel, cadmium and mercury concentrations (ug/g fresh tissue) in Taiwan’s clams

Date St. 1 St. 2 St. 3 St. 4 St.5  St.6 St. 7 Mean + SD
Pb
© 1976 Apr. 22 2.46 <0.01 <0.01 <0.01 2.18 2.61 <0.01 <1.04
: Jun. 28 6.07 6.17 7.29 6.47 4.84 3.49 4.89 5.62+1.27
Sep. 1 <1.57 <1.73 <1.47 <1.43 <1.46 <0.01 <0.01 <1.09
Oct. 31 0.30 0.18 0.44 0.42 0.38 0.36 0.36 0.35+0.09
Dec. 30 0.35 0.22 0.66 0.73 0.24 0.48 0.48 0.45x0.20
1977 Feb. 28 0.36 0.29 0.94 0.28 0.20 0.01 0.31 0.34+0.29
Ni
1976 Apr. 22 0.92 <0.01 0.79 <0.01 0.41 0.52 <0.01 <0.38
Jun. 28 2.70 1.40 2.20 2.00 1.70 2.30 1.80 2.01+0.43
Sep. 1 0.65 1.09 1.81 0.78 1.33 1.10 0.93 1.100.39
Oct. 31 0.60 0.94 1.12 0.91 0.67 0.58 0.66 0.78=0.21
Dec. 30 1.65 2.20 1.49 1.56 1.55 2.20 1.37 1.72+0.34
1977 Feb. 28 0.93 0.91 1.61 1.46 1.44 2.04 2.99 1.62:£0.72
Cd i
1976 Apr. 22 0.21 <0.01 0.25 <0.01 0.19 0.19 <0.01 <0.12
Jun. 28 0.13 0.02 0.09 0.12 0.09 0.18 0.08 0.10+0.05
Sep. 1 0.06 0.07 0.06 0.04 0.05 0.08 0.06 0.06+0.01
Oct. 31 0.04 0.04 0.05 0.05 0.04 0.06 - 0.06 0.05+0.01
Dec. 30 0.05 0.02 0.05 0.08 0.06 0.08 0.07 0.06+0.02
1977 Feb. 28 0.13 0.09 0.09 0.08 0.09 0.13 0.09 .0.10+0.02
Hg
1976 Apr. 22 0.01 0.02 <0.01 <0.01 <0.01 0.01 0.01 <0.01
Jun. 28 0.01 0.01 0.01 0.02 0.03 0.01 0.01 0.02
Sep. 1 <0.01 0.02 0.02 <0.01 0.02 0.04 0.02 <0.02
Oct. 31 0.03 0.02 0.01 0.04 0.02 <0.01 <0.01 <0.02
. Dec. 30 <0.01 0.01 0.02 0.03 <0.01 <0.01 <0.01 <0.01
1977 Feb. 28 <0.01 0.02 0.02 0.03 0.05 <0.01 0.04 . <0.02
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TaBLE 8
‘Mean concentrations +SD (ug/g fresh tissue) of heavy metals in oysters and
clams of Taiwan (The range of concentration is shown in parenthesis)

Cd Cu Fe Hg Ni Pb Zn
Ovster 0.11+0.03 20.4+11.9 86.1+=48.9  <0.02 0.55+0.40  1.25+1.78 120.6+39.7
y (<0 01-0.24) (2.0-62.5) (3.6-257.0) (<0.01-0.08) (<0.01-1.80) (<0.01-7.72) (22.0-283.4)
Clam 0.08+0.03 5.7+5.3 136.1+59.8 <0.02 1.2740.62  1.48+2.06 14.9x3.4

(<0.01-0.25) (1.1-23.6) (18.4-353.3) (<0.01-0.04) (<0.01-2.99) (<0.01-7.29) (9.0-28.6)

Table 8 indicates that the mean concen-
trations of Cd, Hg and Pb were almost the same
in the oysters and clams, and the concentrations
of Fe and Ni were not too different. The great
difference of concentration between oysters and
clams occurred in Cu and Zn. Oysters had
about 4 times as much of Cu, and 8 times as
much of Zn as clams. Since thé concentrations
of Zn and Cu in the oyster of Taiwan are quite
low as compared with the values of oysters in
other parts of the world, it could be said that
the higher concentration of Zn and Cu in the
oysters may primarily come from physiological
requirement.

The present study of heavy metal concen-
tration in the oysters and clams of Taiwan was
compared with a similar study 6 years ago,
performed by Jeng and Huang®. It was found
that the results were quite similar. This means
that the heavy metal concentrations of the
oysters and clams of Taiwan are not higher than
the “normal” levels and should not constitude
a hazard for consumers.

Seasonal variation of héavy metals

The seasonal variation of Fe, Zn Cu and
Pb, Ni, Cd Hg in the oysters and clams of
Taiwan are shown in Figs. 3 and 4, respectively.
Aniong these heavy metals, Fe, Cu, Pb and Ni
showed noticeable seasonal changes both  in
oysters and -clams. These variations may not
be caused by the reproductive cycle, because
with a certain heavy metal, the pattern was
almost the same with oysters and clams. Most
probably these variations come from environ-
mental factors. It could be seen from Figs. 3
and 4 that high concentrations of Fe, Cu, Pb
and Ni all occurred in the summer (May to

September). The possible factors may include
temperature, availability of food and land
drainage'®. In summer, the seawater temperature
on the southwest coast of Taiwan is around
28°C, a temperature that does not differ greatly
from that in winter, around 20°C®, It has been

mentioned before®:™, that there is a great deal
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of river water flowing into the west coast of
Taiwan in summer as compared with little
drainage in winter. Therefore, it is thought

that the change in food and land drainge is-

more important than temperature. Figs. 3 and
4 indicate that the high concentrations of Fe
occurred from July to September, of Cu in May,
and of Pb and Ni in July. It is speculated that
the difference may arise from the fact that the
absorption and excretion rates of metals were
different in the shellfishes.

Fig. 3 indicates that oysters and clams had
different seasonal concentrations of Zn. For
oysters, higher concentration of Zn occurred
from March to May, but clams showed almost

constant concentration of Zn the whole year.
As shown in Fig. 4, Cd showed no apprecible
seasonal changes in the shellfishes, and in most
cases Hg in the shellifishes was too low to be
detected; hence, whether there are seasonal
changes of Hg in the shellfishes is not clear.
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