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Abstract

The present study was aimed to test the toxicity of cadmium (Cd) on the viability and growth of the newly hatched juvenile snails 
Physa acuta. Also it was intended to investigate whether such parameter could be used as a suitable bioindicator for testing metal 
toxicity. Juvenile snails were used as a source of experimental material from the collected and cultured  P. acuta snails under 
laboratory conditions. Cd solution was prepared in two series of dilutions, viz., Series I - concentrations ranged from 0.03125 
to 0.5 ppm, and Series I I- concentrations ranged from 0.5 to 2.5 ppm. Approximately 15 - 20 juvenile snails were kept in each 
petridish with 60 ml of distilled water containing the Cd doses. Growth, viability and mortality of these juvenile snails were 
observed weekly for 12 weeks post-treatment. Overall, the lower concentrations of Cd in Series I was more toxic than that of the 
higher ranges in Series II. In both series of dilutions, the Cd effect on mortality rate of the snails was biphasic. Based on these 
findings, the present study suggests that the fresh water snail, P. acuta can be used as a bioindicator for testing metal toxicity under 
laboratory conditions.
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Introduction
Snails and slugs are among the most important terrestrial 
bioindicators of metal pollution because they are able 
to accumulate large quantities of metals in their tissues 
(Berger and Dallinger, 1989; Gomot, 1997; Gomot and 
Pihan, 2000). Terrestrial mollusks may play a major 
role in food chain transport of metals (Van Straalen and 
Ernst, 1991). Using snails in toxicity bioassays is an 
attractive method since they are easy to culture in the 
laboratory, and can be fed on artificial diets with the 
desired amounts of metals, and respond quickly to metal 
contamination in the range of sublethal doses (Swaileh 
and Ezzurghayyar, 2000). Freshwater snails have also 
been used to study Cd accumulation in their tissues 
(Ibrahim, 2006; Moolman et al., 2007). Gastropod 
mollusks are known to concentrate metals better than 
many of other invertebrates (Nicolaidou and Nott, 
1990).

The bioindication capacities of terrestrial snails have 
been assessed in laboratory experiments (Coeurdassier 
et al, 2000; 2001) but, generally, the route of exposure 
retained in the experimental design was the digestive one. 
However, in gastropods, uptake via the foot epithelium 
cannot be ignored because of the large wet surface in 
contact with polluted substrate (Dallinger, 1993). The 
intoxication of the snail can result from soil ingestion 
(Gomot et al., 1989) but also from epithelial absorption 
of the contaminats (Blackmore, 2000). Indeed, snails are 
considered as suitable diagnostic organisms for heavy 
metal contaminated sites (Laskowski and Hopkins, 
1996a; Pihan and Vaulfleury, 2000; Swaileh et al., 2001; 
Ibrahim, 2006; Moolman et al., 2007). This is because 
they are able to accumulate bioavailable metals in their 
organs and they present an important organotropism 
for the digestive glands and kidneys (Brooks et al., 
1992; Berger et al., 1993). Moreover, snails satisfy all 
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the conditions of a good biological indicator (Hellawll, 
1986; Hopkin, 1993). The fact that snail’s biological 
cycle is fully controllable, it facilitates the study of the 
toxic effects of agents on any of the essential phases of 
their life cycle. Recently, Manzl et al. (2004) reported 
toxic effect of Cadmium (Cd) on isolated hepatopancreas 
cells from the Roman snail Helix pomatia. The present 
study was designed to test the toxicity of Cd on the 
viability and maturation of the newly hatched juvenile 
freshwater snails Physa acuta. Also, it was intended 
to assess whether such parameter could be used as a 
suitable bioindicator for testing metal toxicity.

Materials and Methods
Collection and culture of snails 
Adult snails of Physa acuta were collected from the 
natural freshwater environment of Al-Hasa Oasis, the 
eastern region of Riyadh, Saudi Arabia. The natural 
aquatic vegetation, rocks and stone pebbles were also 
collected from the same site along with the snails. All 
collected materials were brought to the laboratory of 
Zoology Department, College of Science, King Saud 
University, Riyadh, under suitable aerated conditions 
and transferred to large aquaria in which they were 
maintained at room temperature. Prior to starting of 
experiment, snails of similar weight and size were 
selected, cleaned and kept in transparent aquaria 
containing conditioned distilled water, along with 
cleaned rocks and stone pebbles to provide minerals. 
Instead of natural vegetation collected from the site, 
fresh lettuce was provided as feeding material. The 
aquaria were placed under white fluorescent tube light 
with automatic diurnal (12/12h light/dark period) control 
system and a continuous aerating system as a source of 
oxygen supply. After two days of acclimatization, these 
snails were isolated individually per petridish along with 
conditioned distilled water, few pebbles and pieces of 
fresh lettuce. Each snail was observed daily until egg 
laying. Egg capsules were immediately transferred to 
new petridishes containing conditioned distilled water, 
small pieces of cleaned pebbles but no lettuce. The 
egg capsules were observed daily until hatching and 
emergence of juvenile snails.

Preparation of cadmium (Cd) solution
A stock solution of cadmium chloride (analytical grade, 

Riedel de Haen, Germany), was prepared in double 
distilled water. From this stock solution, a required 
volume was collected and added to each experimental 
petridishes in such a way that each petridish had a final 
volume of 60 ml distilled water including the required 
concentration of  cadmium (Cd). The Cd concentration 
used in the present study ranged in two series of dilution 
ranges:-

Series I (lower ranges): Cd was prepared in lower 
concentration ranges including 0.03125; 0.0625; 0.125; 
0.25; and 0.5 ppm.

Series II (higher ranges): Cd was prepared in higher 
concentration ranges including 0.5; 1.0; 1.5; 2.0; and 2.5 
ppm.

Main testing of Cd toxicity
Immediately after hatching, a known number of active 
juvenile snails were transferred to new petridishes 
containing 60 ml of distilled water along with the 
required concentrations of Cd. Approximately 15 to 20 
juvenile snails were considered per petridish. Some small 
pebbles and pieces of fresh lettuce were provided in each 
petridish as a source of minerals and food respectively. 
Three replicates (containing 15 to 20 snails in each) for 
each concentration of Cd were included in this study. 
The controls were also run simultaneously without Cd 
in the test solution. The test solution containing Cd in 
each petridish was changed every 24 h, very carefully 
(without disturbing the number of juvenile snails in them) 
to maintain the required Cd concentration and to remove 
the waste substances. The number of juvenile snails in 
each petridish was counted on weekly basis for viability, 
growth and mortality, upto 12 weeks.  The percentage 
of survival in each petridish was calculated on weekly 
basis and for statistical analysis, the mean values of each 
concentration group were subjected to student’s-t test 
(Yamane, 1973) with respect to the control.

Results
The results of the present study clearly show that in 
series I, the lower concentrations of Cd were more 
lethal and harmful to the growing snails, than the higher 
concentrations (Fig. 1). The lowest concentration of 
Cd (0.03125 ppm) was the most significantly lethal 
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(p<0.001) lethal and 100% mortality of  P. acuta juveniles 
was observed within the ninth week post-treatment. 
The other lower concentrations of Cd (0.625 and 0.125 
ppm) were also lethal and the survival rate of the snails 
were significantly low (p<0.001) from the ninth week 
post-treatment and onwards. On the contrary, the higher 
concentrations of Cd (0.25 and 0.5 ppm in series I) were 
lesser harmful at the ninth week post-treatment, since 
the mortality rate was comparatively lower as compared 
to the control. Overall, the concentration range of Cd in 
series I showed a biphasic effect on the survival rate of 

the young snails (Fig. 1).
The concentrations of Cd in series II were in higher 

ranges as compared to that of series I. However, all 
concentrations in series II were comparatively lesser 
harmful than the concentrations in series I. The most 
lethal dose in series II was 2.0 ppm  which caused 100% 
mortality of the young snails at 10th week post-treatment 
and onwards (Fig. 2). The other concentrations of Cd 
lower as well as higher than 2.0 ppm were lesser harmful 
as compared to control, causing lower mortality of the 
snails. Thus, a biphasic effect was noticed in series II 

Fig 1.  Effect of different concentrations of Cd in lower ranges (Series I), on the survivorship of the newly hatched juvenile  snails 
Physa acuta. Animals were observed weekly until 12th week post-treatment. Concentrations of Cadmium (Cd) used were, Cd1=0.03125; 
Cd2=0.0625; Cd3=0.125; Cd4=0.25 and Cd5=0.5 ppm.
*, ** and *** represent statistically and significant difference at p<0.05; p<0.01 and p<0.001 respectively, as compared to the controls by 
Students t-test. 

Fig 2.  Effect of different concentrations of Cd in higher ranges (Series II), on the survivorship of the newly hatched juvenile  snails Physa 
acuta. Animals were observed weekly until 12th week post-treatment. Concentrations of Cadmium (Cd) used were, Cd5=0.5; Cd6=1.0; 
Cd7=1.5; Cd8=2.0 and Cd9=2.5 ppm.
*, ** and *** represent statistically significant difference at p<0.05; p<0.01 and p<0.001 respectively, as compared to the controls by 
Students t-test. 



Saudi Journal of Biological Sciences Vol. 14. No (2) December,  2007188

Mohammad  A.M.  Wadan

also (Fig. 2). 
Overall, the present results show that the juveniles 

start showing significant growth retardation from the 2nd 
week of post-treatment and onwards. Furthermore, the 
mortality rate also increases at a faster rate from 5th week 
of post-treatment and onwards.

Discussion
The results of the present study provide a convenient 
experimental design which can be useful for easy 
and quick assessment of metal exposure, under 
laboratory conditions for various ecological, biological, 
behavioural, biochemical and histochemical parameters 
for metal toxicity. Further, this design could be helpful 
in assessing the body concentrations of Cd as a useful 
endpoint to characterize the level of intoxication and 
adverse effects. The present short-term toxicity test using 
juvenile P. acuta snail, could be an important component 
of the routine battery of tests to evaluate toxicity of 
chemicals, support registration of pesticide products for 
outdoor application, monitor effluents, establish water 
quality criteria and provide aquatic safety assessments 
for chemicals, similarly as proposed by Bitton et al., 
(1995), using other macro invertebrate like daphnids. 
However, P. acuta have an advantage over other models, 
since gastropods are known to concentrate metals better 
than many other invertebrates used as bioindicators 
(Nicolaidou and Nott, 1990; Moolman et al., 2007).

Although it is evident from the present study that Cd 
has a biphasic lethal effect at various concentrations on 
P. acuta, the reason for such an effect of Cd is far from 
clear. However, it is likely that Cd interferes with the 
growth of P. acuta resulting into mortality. According to 
Gomot (1997), the mechanism involved in the inhibition 
of growth of snails fed on metal-supplemented food 
is not known. However, it is known that in snails, a 
growth hormone, necessary for growth, is secreted 
by the neurosecretory cells of the mesocerebrum-
supraoesophageal area of the nerve collar (Gomot et al., 
1992). Cd may disturb the function of the neurosecretory 
cells of the mesocerebrum causing “growth stoppage” 
(Gomot, 1997) and finally leading to death. Deaths 
were distributed almost among all concentration of 
Cd, including the control, in the present study. Thus, it 
appears that Cd concentration has a relationship with the 
mortality rate of P. acuta. On the contrary, Laskowski 

and Hopkins (1996b) found no relationship between 
mortality of juvenile or adults and concentrations of 
any metal or combination of metals. The mortality of 
snails in the present study occurred in a progressive 
manner from 2nd week until 12th week of incubation. It 
is possible that toxicity of Cd contaminated medium 
to snails is irreversible as suggested by Swaileh and 
Ezzughayyar (2000). It can be concluded that juvenile P. 
acuta snails are suitable for laboratory toxicity testing of 
heavy metals, since the juveniles start showing response 
to Cd  contamination in the medium in the form of 
growth retardation from the 2nd week post-treatment and 
onwards. Also the mortality rate increases at a faster 
rate from 5th week post-treatment and onwards. Further 
studies are required to find out if the present mortality of 
P. acuta in Cd contaminated medium is due to inhibition 
in growth or due to some other factors, and also whether 
this effect is reversible or irreversible.
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 قوقع المياه العذبة Physa acuta : مؤشر حيوي مناسب لاختبار سمية الكادميوم

محمد أحمد الودعان
العربية المملكة  الرياض ، 11451  الملك سعود ، ص.ب 2455  ، جامعة  العلوم   كلية   ، الحيوان   قسم علم 

السعودية

الملخص

 ǌ Physa " تهدف هذه الدراسة إلى اختبار التأثير المسام العنصر الكادميوم  على بقاء ونمو صغار القواقع حديثة الفقس
acutaكما تهدف إلى النظر في مدى إمكانية استخدام مثل هذا الأمر باعتباره كاشفا بيولوجيا مناسبا لاختبار التأثير السام 
للمعادن. وقد تم استخدام صغار القواقع كمادة للتجربة من القواقع التي تم تجميعها وتربيتها تحت ظروف معملية. تم إعداد 
محلول الكادميوم على سلسلتين من التخفيفات. السلسلة الأولى وفيها تراوح التركيز من 0،03125 إلى جزء من المليون 
والسلسلة الثانية وفيها تراوح التركيز من 0،5 إلى 2،5 جزء من المليون. تم الإبقاء على 15-20 من صغار القواقع 
اطباق بتري تحتوي على 60 ملل من الماء المقطر مضافا اليه جرعات الكادميوم. تم متابعة النمو والقدرة على البقاء و 
نسبة النفوق للقواقع الصغيرة بشكل اسبوعي ولمدة إثنا عشر إسبوعاً. بشكل عام كانت نسب التراكيز الأقل في السلسلة 
الأولى أكثر ضررا على القواقع من السلسلة الثانية ذات التراكيز الأعلى. وفي كل السسلتين كان تأثير الكادميوم على نسبة 
 Physa acuta  الوفيات بين القواقع على مرحلتين. إعتماداً على نتائج الدراسة الحالية ، يمكن استخدام قوقع المياه العذبة

كمؤشر حيوي مناسب لاختبار التأثير السام للمعادلة تحت الظروف المعملية. 


