
Phuket Marine Biological Center Special publication 2S(1): 243_246 (2001) 242

Tolerance of the oyster Saccostrea forskahlii to aerial exposure
after exposure to lead

Retno Hartati, Nur Thufiq spj, widianingsih & Chrisna A suryono

Hartati,R., N.Taufiq, widianingsih & C.A.suryono. 2001. Tolerance of the oyster
saccostrea forskahlii to aerial exposure after exposure to lead. - phuket Marine
Biological Center Special Publication 25(L): 243-246.

A laboratory study was applied for 30 days to get bioaccumulation data for
saccostrea forskahlii exposed to high concentrations of pb (0.05 and 0.1 ppm) and
natural concentration (0.003 ppm). Test of survival to aerial exposure time (LT59)
was conducted at room temperature (25 'c). Accumulated levels significaniiy
affected the tolerance of s. forskahlil to aerial exposure. Increased accirmulation
reduced the tolerance to air exposure. Calculated as time to reach 50% mortality,
0.003 ppm Pb gave LT56 : 144 hrs (6 days), 0.05 ppm gave LT56 : 120 hrs (5 dayi)
and 0.1 ppm gave LTSO = 96 hrs (4 days).
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INTRODUCTION
Many metals play indispensable roles in cell
growth and maintenance of metabolic
functions (Simkiss & Mason 1983). However,
when a metal with unknown biological
function competes with or replaces a
functional metaf it will act as a toxic agent.
Moreovel, toxicity of certain compounds may
change because of differences in acidity,
temperature, water hardness and other factors.
In recognition of these factorg the criteria set
for marine and fresh ecosystems were quite
distinct (Caroll & Voltaire 1989).

Lead is a toxic metal that can be found in
aquatic ecosysterns (Groot et al. 1976; Taufiq
1997).It occurs in its oxidised state and arises
from industrial-, mining-, or other anthropo-
genic activities. For aquatic organisms, lead is
simply a nonessential element. Some aquatic
organisms are very sensitive to small concen-
trations of lead, while some can accept more
than 370 mg lead l-t (Taufiq 7997).

The oyster Saccostres forskahlii is found on
rocky or hard substrates either in intertidal or
subtidally. Eertman & de Zw aan (199 4) stated

that this species of bivalve have a natural
ability to tolerate anoxic or hypoxic conditions.
When suddenly exposed to air, subtidally
acclimatized bivalves close their valves.
During prolonged aerial exposure, bivalves
suppress their metabolic rate and their
metabolic processes become predominantly
anaerobic. Eertman & de Zwaan (op. cit.) also
pointed out that field and laboratory
experiments have demonstrated that
accumulated contaminants reduce the
tolerance of bivalves to aerial exposure. This
is probably caused by a failure to reduce their
scope for metabolic depression and an
inhibited ATP production during anaerobiosis.
Theede et al. (1969) showed, that disturbance
of energy metabolism may result in a
decreased tolerance to anoxia. In areas in
which access to oxygen strongly fluctuates
(e.9. intertidal and strongly eutrophicated
zones), the success or failure of populations
may (partly) rely on their ability to survive
anoxic conditions. Our study aims to
determine the effect of accumulated Pb on
tolerance to air exposure by Saccostreaforskahlii.
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MATERIALS AND METHODS
The oysters, S. forskahlil were collected from
jepara coast (Central Java). The approximate
shell length and width were 3.0-3.5 cm and
3.5-4.0 :m respectively.

After 10 days acclimatisation in the aquaria
(2 individuals l-1), a bioaccumulation testwas
conducted for 30 days. TWo concentrations of
lead [Pb (NOe)z] 0.05 and 0.1 ppm were used,
and a control with natural seawater containing
about 0.003 ppm lead. Three replicates were
administered for each treatment with 70
oysters per aerated aquarium. The Salinity was
33 %' in a temperature range of 28 to 29 "C.
Daily measurement of temperature, salinity,
dissolved oxygery and pH were conducted.
Daily replacement of water was also
conducted to maintain water quality and the
Pb concentration.

The air exposure procedure followed
Eertman & Zwaan (1994). After having
accumulated Pb, 30 oysters were placed in
open air at25 "C. The time for monitoring the
survival was conducted in every 12 hours.

An Anova single factor and a Tuckey
significance difference test were used to
analyse the eff ect of heavy metal
accumulation. A correlated regression test was
also used for analysing any relationship
between Pb concentration and bioaccumu-
lation level as well as the relationship between
Pb concentration and survival rate of S. for skahlii
during the aerial exposure.

RESULTS
Bioaccumukttion test. - As shown in Table 1, the
oyster S. forskahlii have ability to accumulate
lead during 30 days treatment. An exponential
equation was calculated for the data as shown

in Figure 1. The equation y :1,,2051g 1e.857r

described the relationship between added Pb
and bioaccumulation well. The coefficient of
correlation 12 was 0.9008.

Survival time in air decreased with
increasing Pb concentrations, where 0.003
ppm of Pb gave a LT56 of 144 hrs, 0.05 ppm
LT5e of 120 hrs, and 0.1 ppm LT5s of 96 hrs,
even though all of the treated oysters survived
100% for two days of air exposure at the start
of the experiment (Figure 2).
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Figure 1. Pb accumulation + sd in oyster Saccostrea

forskahlli exposed to 0.003 (control), 0.05, and 0.1
ppm concentrations of Pb for 30 days in 33 %o sea
water at 28 -29 "C.
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Figure 2. The effect of different Pb concentrations
on the aerial survival time of Saccostrea forskahlii at
25 oC. The concentration of 0.003 ppm is the control
(natural sea water).
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Table 1. Accumulation of lead (Pb) by oyster Saccostreaforskalli (in
triplicate 1-3) exposed to three concentrations for 30 days.

Pbconcentration accumulation(ppm)

0.003 ppm

0.050 ppm

0.100 ppm

0.43

3.81

10.65

2.67

2.t0

TO.T7

1.53

0.83

r0.66

average + sd

7.54 1..12

2.24 1.49

10.49 0.27

accurnulation

7a sur"wival



DISCUSSION
In natural sites, bioaccumulation occurs
through the feeding and general body surface.
Food containing metals is ingested and
deposited as an un-toxic element in the body
tissue. Gills, foot, mantle, and the alimentary
tract have all been implicated as sites of uptake
(Simkiss & Mason 1983). Unfortunately, a large
number of variables such as age, weight, size,
sex/ seasorL site of sampling, temperature, and
diet of the organisms all affect the accumulated
metal load of a mollusc (Phillips 7977).
Experimental studies using either the injection
or feeding of radioisotopes have shown that a
variety of metals become associated with the
kidney or the digestive gland rather thanbeing
distributed evenly around the body (Pentreath
1973). Kraak et al. (1993) showed that the heavy
metals are known to reduce the performance
of bivalve mollusc, include shell closure for
long period of time, production of fewer
byssus threads, reduced filtration rate, and
reduced rate of heart beat.

As mentioned in Table 1, Pb accumulation
in body tissue reached 70.496 ppm (on
average). Phillips et al. (1992) stated that health
standard of Pb in the aquatic organism is 2.5
ygg-1wet. wt. and Odzak, et at. (1994) argued
for 0 mg kg-1 of Pb in oyster tissue, 1.92 mg
kg-1 in mussel tissue, and 4.62mg kg -1 in fish
tissue. Most body load of metals is normally
concentrated in either the kidney or the
digestive gland. George (7982) stated that, as
metals accumulate in the soft tissue of the
bivalves, insoluble deposits may be voided at
certain times, such as reproductiory or even
infection.

The effect og Pb on survival in open air was
obvious, but it is not fully understood why this
was the case. Probably it is related to the
general toxicity of lead.
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