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ABSTRACT: Shells and soft tissues of two different size groups of mussels (M. gallop-
rovincialis) collected seasonally (July 1989, October 1 989, January 1990 and April 1990)
Jrom Rumeli Fort were analyzed for Zn, Cu and I1g, I1g was analyzed only in soft tissues.
Concentrations of these metals were correlated with sizes and seasons.

Significant seasonal changes in the concentrations of Cu were not observed in both sizes
of shell samples. Maximum Zn concentrations in shells of small sized individuals were ob-
served in summer, although big ones didn’t show any significant seasonal changes.

In soft parts of both size groups highest concentrations of Zn and Cu were found in autumn.
Maximum Hg concentration was observed in autumn in soft tissues of big sized mussels, in
small sized individuals however the highest Hg concentration was measured in summer.
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_ MIDYENIN Mytilus galloprovincialis Lamark 3
I1Z METAL ICERIGININ BOY VE MEVSIMLERE GORE
DEGISiMI ‘

OZET: Rumeli Hisari'ndan mevsimsel olarak (Temmuz 1989, Ekim 1989, Ocak 1990 ve
Nisan 1990) iki farklt boy gruplarinda toplanan midyelerin et ve kabuk drneklerinde Zn, Cu
ve Hg analizleri yapildi. Ig analizi yalmzca et érneklerinde yapilnugtir. Orneklerdeki metal
miktarlarintn boy ve mevsimlere gére iligkileri saptandi,

Cu miktarlart her iki boy gruplarindaki kabuk érneklerinde Snemli mevsimsel degisim
gostermemigtir. Biiyiik midyeler Zn miktarinda énemli bir mevsimsel degisim géstermemesi-
ne ragmen, kiiciik midyelerde en yiiksek 7Zn miktar: yazin gizlenmigtir,

Kiiciik ve biiyiik boy midyelerin etlerincdeki en yiiksek Cu ve Zn miktarlari sonbaharda
bulunmugtur. En fazla Hg mikiari biiyiiklerde sonbaharda gaozlenirken, kiigiiklerde yazin bu-
lunmugtur,

Anahtar Kelimeler: Kirlilik, [z metallcr, Midye, Mytilus galloprovincialis.
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INTRODUCTION

Occanic waters and especially inshore waters, arc increasingly loaded with pollutants. He-
avy metals are one group of these pollutants which has significant influence on marine life.

Marine pollution monitoring programmes commonly employ bivalve molluscs as indica-
tor organisms to assess the degree of heavy metal pollution in their surrounding environ-
ment because of their sedentaryness, wide range distribution and also feeding mechanisms
(suspended feeders) (1). Environmental metal level is not the only factor affecting the metal
content of mussels as both the size of mussels (2-3) and the season markedly affect this pa-
rameter (4-5-6).

Present paper examines the relationship between trace metal content, shell length and
body dry weight for two different size groups of Mytilus galloprovincialis collected from
Rumeli Fort in Istanbul in different seasons.

MATERIAL AND METHODS .

Collected mussel samples were classified according to their size; 1-4 cm were considered
as small size and 6-8 cm as big size. The composite samples contained the soft parts of
three mussels from each size group. The shells of mussels were opened by a clean plastic
knife inserted into the adductor muscles according to the method described by Bernhard (7).

Certified samples obtained from Community Bureacu of References (BCR) were used for
the verification and the calibration of the methods.

Digestion of Soft Parts Samples

Approximately 1g of sample was placed into a teflon digestion vessel. 3ml concentrated
nitric acid were added for the digestion of organic matrix and then the vessel was closed.
Teflon crucibles were placed in a stainless steel block. The steel block was heated to
130°C on a thermostatic controlled hot plate for 19 hours. Then the steel block was remo-
ved from the oven and let cool to room temperature. After this procedure, the digested
samples were diluted to 25 ml with deionized distilled water. The heavy metal concentrati-
ons in these solutions were determined by Atomic Absorption Spectrophotometer (Varian-
Techtron Model AA6 and Model 1250).

Digestion of Shell Samples

The shell samples were first dried at S0°C for 24 hours, then weighed and graved in a
mortar to homogenize. After homogenization, samples of 0.4-0.7 g were weighed, transfer-
red to the teflon vessels and then 3ml concentrated nitric acid was added. The solution was
" heated for 8 hours until about its dryness and then 3ml of nitric acid and 1mi of concentra-
ted perchcloric acid were added in order to digest the organic materials. After readding 3ml)
of concentrated nitric acid to eliminate the chlorite, the solution was allowed to evaporate.
Finally, 2 ml of nitric acid was added and the sample was diluted to 10ml with deionize
distilled water (Modified from 8).

RESULTS AND DISCUSSION
The shell samples were analysed for their Cu and Zn contents while concentration of Hg
was also measured in addition to Zn and Cu in flesh samples.
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The scasonal fluctuations in temperature and salinity in the studied region and the sum-
mary of analytical results arc given in Table 1.

Table 1. Scasonal Fluctuations in Temperature and Salinity and Average Concentrations
(Mcan+SD in DW) of Cu, Zn and Hg in Shell and Soft Tissues of Mytilus gal-

loprovincialis.
Temparature Salinity  Shell length copper (11g/g) zinc (11g/g) mercury (ng/g)
scasons °c psu (cm) soft part shell soft part shell soft part

summer 23.5 1717 $=34102 147438 024001 25554432 37408 34274573
B=3.440.2 12410 0.11008  207.6465.1  1.440.1 115.24309

autumn 16.5 16.0 $=35402 149413 0.240.1 4325170.1 20104 145311738
B=7.140.5 134118 024003 966.61228.8 16103 194.2453.0

winter 50 18.3 $=3440.1 82111 031002 238311053 27102 104.0t128
B=6.7104 63t14 011006 311411814 16405 109.7416.3

spring 9.2 17.3 $=3.5403 84110 04102 271041708 'l.9i0.6 106.4424.1
B=6.6+0.4 84114 011001 37014184, 14402  96.2419.1

DW = Dry Weight S = Small size B = Big size

In order to determine whether metal concentrations differ among seasons for the two size

3 3 . . . . i .
groups, a single classification analysis of variance is performed and results are summarized
in Table 2.

Seasonal Variations

Zinc

As can be seen from Tables 1 and 2, whilst the concentrations of Zn were higher in
small-sized shell samples in summer, no significant seasonal changes could be detected in
big-sized ones. Zn concentration in soft tissues was higher in autumn in both size groups.

Copper

There is no significant seasonal changes for Cu concentrations in both size groups of
shell samples (Table 2). Cu accumulation in soft tissues of the small-sized organisms were
found to be higher in the summer and autumn months while high levels of this metal were
observed in soft tissues of big-sized mussels in autumn. (Table 1 and 2).
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Table 2. Single Classification of ANOVA Table for the Seasonal Concentrations of Cu, Zn

ang Hg.
Source of ' Soft Tissues Shell

Metal Size Variation Fs Fs
Cu B among seasons F[3,21] 26.45** F(3g) = 064

S among seasons Fia2 = 16.08** Fpag) = 094
Zn B among scasons Fj320) = 17.83** Fpag) = 020

S among scasons Flaan = 3.54+ Frag) = 4.51*
Hg B among scasons Fi323) = 10.12+* -

S among scasons Flaz23) = 68.38** -

S = Small Size B .= Big Size * =P<0.05 **=P< 0.01

Seasonal Variations

Zinc

As can be seen from Tables 1 and 2, whilst the concentrations of Zn were higher in
small-sized shell samples in summer, no significant seasonal changes could be detected in
big-sized ones. Zn concentration in soft tissues was higher in autumn in both size groups.

Copper

There is no significant seasonal changes for Cu concentrations in both size groups of
shell samples (Table 2). Cu accumulation in soft tissues of the small-sized organisms were
found to be higher in the summer and autumn months while high levels of this metal were
observed in soft tissues of big-sized mussels in autumn. (Table 1 and 2).

In this study generally high concentrations of Cu and Zn in the soft parts of both size
groups were found in autumn. This increase was probable due to the development of the
gonads during this season. Segar et. al., (9) found that the concentrations of many mefals in
the gonads of molluscs were higher than in some other organs. Uysal (10) pointed out that
the spawning of M. galloprovincialis occured from september to the end of may in Izmir
Bay. This shows us in autumn mussels are in spawning period. Highest concentrations of
most metals normally occur in kidneys if accumulation has taken place over a long period
of time, while shorter term accumulation usually results in increased concentration in the
gills (11). George and Pirie (cf. 4) have also suggested that, soluble Zn might be taken up
by the mantle which was quickly transported to kidneys for storage an excretion. In this ca-
se, gonads may be acting as a transit point for Zn but not as an organ of accumulation.

Mercury

Maximum Hg concentration in big-sized mussels was obtained in autumn while in small-
sized groups, the high value was observed in summer. Cunningham and Tripp (12) also si-
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mulated a temperature sensitive Hg enrichment during the summer months and Hg loss du-
ring the winter in the oyster Crosostrea virginica.

A certain amount of survey data also exists in which authors have reported the concent-
rations of Hg in both, soft parts and shell of bivalves taken from several sites (13-14),
They showed that, in no casc do profiles for metal levels in the shells match those for the
same metal in the soft parts. However, this does nat appear to be due to the regulation of
metal levels in the shells. The most probable explanation is that, the soft parts and the shell
of molluscs respond differently to various portions of the total trace metal load. Thus, for
example, the uptake of trace elements by shells may occur by adsorption from solution,
whereas those taken by soft parts are probably dominated in most cases by metals ingested
with food. However, this explanation relies on the assumption that trace elements in the
shell are derived mainly by surface adsorption from solution. In some -cases at least this
may not be the case, metals may actually be integrated into the matrix during the synthesis

the shell by the mantle. But these measurements are affected by the experimental errors.
Gryan and Uysal (14) found that, washing the animal with jet of top water, removed adhe-
ring sediment from the shell, a more firmly attached coating containing metals remained.
This could be removed by scrubbing the shell with a brush. Comparisons between washed
and scrubbed valves from 4 cm animals showed that scrubbing removed and additional
20% of Mg, 50% of Cu, 60% of Fe and 70% of Zn.

Effect of Size on the Uptake of Metals

Zinc

The results of the multiple regression analysis showed (Table 3), significant negative cor-
relations between Zn concentrations in the shell samples and length and weight in summer
and in winter (P<0.01). However, in autumn and in spring no significant correlation was fo-
und between length, weight and Zn concentrations.

Table 3. Correlation of Zn Concentration with Length (cm) and with Dry Weight (g) in
Shell and Soft Tissues of Mytilus galloprovincialis

Samples Scasons No of samples  Correlation  coefficient
Iength weight
summer 6 -0.90** -0.88%*
shelt autumn 6 -0.52 -0.55
samples winter 6 -0.85%* -0.88%*
spring 6 -0.47 -0.47
whole year 24 -0.65*+ -0.60%*
summer 12 -0.33 -0.34
soft autumn 12 +0.85%* +0.78%#*
tissue winter 13 +0.114 +0.002
samples spring 12 +0.27 +0.06
whole year 49 +0.26 -0.17

** 1 Highly significant (99%)
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During a period of one year, without considering the seasons, there was a negative signi-
ficant correlation between Zn against length (r = -0.65; P<0.01) and weight (r= -0.60;
P<0.01).

Table 3 shows also the correlation of zinc concentrations in the soft tissues with body
dry weight and shell length of Mytilus galloprovincialis. According to the results of the
multiple regression analysis, a positive significant corrclation was found only in autumn
between length (r = 0.85; P<0.01), weight (r = 0.78; P< 0.01) and Zn concentrations. Du-
ring a period of one year, regardless of the season no significant relationship was found
betweecn weight, length and Zn concentration. Boyden (3) pointed out that Zn concentration
was independent of body size in oysters.

Copper

When the effects of length and weight on the uptake of Cu in shell samples are conside-
red, significant seasonal changes occurred only in winter (Table 4).

Table 4. Correlation of Cu Concentration with Length (cm) and with Dry Weight (g) in
Shell and Soft Tissues of Mytilus galloprovincialis.

Samples Seasons No of samples  Correlation coefficient
length weight
summer 6 -0.30 -0.21
shell autumn 6 -0.49 -0.44
samples winter 6 -0.88** -0.84**
spring 6 -0.60 -0.61
whole year 24 -0.47* -0.43*
sumimer 12 -0.80** -0.76**
soft autumn 12 -0.42 -0.28
tissue winter 13 -0.64* -0.66*
samples spring 12 +0.05 +0.18
whole year 49 -0.34* -0.52**

* & Significant (95%)
** . Highly significant (99%)

In the soft tissues there was no significant corrclation between length, weight and Cu
concentrations in autumn and spring. In summer and in winter, negative significant correla-
tion existed between length, dry weight and Cu concentrations. Without considering the sea-
sons, negative significant corrclations were found between length (r= - 0.34; P<0.05), we-
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ight (r= 0.52; P<0.01) and Cu concentrations. In gencral Cu showed negative significant
correlations against length and weight in the present study. Boyden (3) also showed that
small individuals cquilibrate relatively rapidly (within S months) when exposed to enhan-
ced environmental Cu concentrations, whilst large individuals do not adjust so rapidly.

As can be scen from Tables 3 and 4, the conceiitrations of Cu and Zn in the shell samp-
les decrease with increasing size. The small size individuals have large surface to volume
ratio. Trace metals in the shell are derived mainly by surface adsorption from the environ-
ment (15). This can be an explanation for the higher levels in small sized individuals.

Mercury
The results of the multiple regression analysis for Hg with length and also with body dry
weight are shown in Table 5. :

Table 5. Corrclation of g Concentrations with Length (cm) and with Dry Weight (g) in
Soft Tissues of Mytilus galloprovincialis

correlation coefficient

seasons No of samples length weight
suminer 12 -0.89*+* -0.85%+*
autumn 12 +0.56* ‘ +0.53*
winter 13 +0.11 -0.007
spring 12 -0.24 -0.24

Whole year 49 -0.22 -0.41**

: Significant (95%)
** - [lighly significant (99%)

There was no significant corrclation between Hg-length and Hg-weight in winter and in
spring. In summer negative significant correlations were found between length (r = - 0.89;
P<0.01), weight (r= 0.85; P<0.01) and Hg concentrations. Positive dignificant relationships
were found between dry weight, length and g concentrations (P<0.05) in autumn. A singi-
ficant correlation existed only between Ilg concentration and body dry weight (r = - 0.41;
P<0.01) if the scasons are not taken into consideration.

Dewolf (cf. 15) found that, mercury concentrations in the mussels, M. edulis, collected
from two sites in Europe did not differ considerably with age. In general, authors studying
the kinetics of Hg in bivalves maintained under laboratory conditions have found that,
small individuals respond more rapidly to changes in ambient levels of mercury. The accu-
mulation from solution was more rapid in small individuals than in larger ones in the oys-
ter, Crassostrea virginica and the mussel,” M. galloprovincialis (12). Therefore, smaller
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individuals appear essentially to time-intcgrate ambicnt Ilg levels over a shorter period
compared with large bivalves of the same species. Also smaller individuals have a greater
surface area to volume ratios than larger mussels. Because of the possible surface surption
effects, the trend of enhanced Hg uptake by smaller individuals must be examined in the
soft tissues of the mussels before carrying out any metabolic observation, as has been sug-
gested on the uptake of other heavy metals by M. edulis (2).

Haugh ct. al. reported that (cf. 16) the uptake of metals by mussels in proportional to the
metal concentrations in the environment. It is generally belived that, bivalves are excellent
indicators of heavy metal pollution since the internal tissue concentrations often reflect inc-
reases in the environmental concentrations.
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