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Objective: To evaluate the suitability of Palaemon adspersus (P. adspersus) as a bio-indicator
for 4 and 10 days of cadmium toxicity bioassays.
Methods: Four and ten days experiments were designed. CdCl2·2½H2O was dissolved in
distilled water and a stock solution was made. At 4-day bioassay, the larvae of Baltic prawns
were exposed to nominal concentrations of 0, 0.02, 0.05, 0.1, 0.5, 1.0 and 5.0 mg/L of Cd
for 4 days. The 4-day LC50 was calculated by the probit analysis. At 10-day bioassay, the
concentrations of 0.05, 0.1, 0.5, 1.0, 5.0, 10.0 and 20.0 mg/L were introduced into each of the
jars in triplicate treatments and 0 mg/L as control. Each tank containing 20 larvae was exposed
to test solutions.
Results: Results from probit analysis showed that the 96-h LC50 value was 0.14 mg/L for Cd.
The 10 days bioassays were conducted with nominal concentrations of 0, 0.05, 0.1, 0.5, 1.0,
5.0, 10.0 and 20.0 mg/L Cd. Mortality increased in parallel with the increase in concentrations
of Cd on Zoea – I stage of P. adspersus and time of exposure. The toxicity rate of the organism
is concentration-dependent. All organisms except the control group died at the end of 10 days.
Less than 25% of the animals survived at the 5 days of the exposure to concentrations of
0.5 mg/kg Cd or more. Only 20% of the organisms survived at the 7 days of the exposure to
concentrations of 0.1 mg/kg Cd or less in seawater with clean sediment.
Conclusions: The results showed that Cd was highly toxic to P. adspersus. When the larvae
were exposed to concentrations of Cd, they become slightly excited and swam erratically,
probably due to stress. However, behavioural and swimming patterns in control groups were
normal, and there was not any mortality during the course of the experiment.
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1. Introduction

16].

A variety of toxicity test methods have been developed and

4 and 10 days bioassays have a considerable status helping to
Environmental contaminants especially heavy metals have

measure the susceptibility and survival potential of organisms

detrimental effects on aquatic organisms [1] . Heavy metals

to particularly toxic contaminants such as heavy metals [13] .

as non-degradable contaminants are considered as a major

Bat et al.[17] showed that Palaemon adspersus Rathke, 1837 (P.

problem for marine ecosystems that receive them through

adspersus) is a suitable organism for Cu and Pb toxicity tests.

different anthropogenic and natural sources[2,3]. Non-essential

Baltic prawn, P. adspersus is a common inhabitant of the

metals such as Cd are very important in marine environments

Black Sea and is known to have omnivorous feeding on small

and many studies have focused on different aspects of their

crustaceans, polychaetes, algae and detritus [18,19]. The growth

toxicity for marine organisms[4-11]. Crustaceans are widespread

and biology of the coastal population of P. adspersus has been

ecosystems [12]

studied in the Black Sea[19], and it has been shown that there

and are thus interesting candidates for toxicological studies[13-

is an association between this species and phanerogam beds

and important components of marine coastal
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which are considered as soft bottom habitats[17,20]. It tolerates
a wide range of temperatures and salinities and it is distributed
in shallow water, often in estuarine conditions[17].
The current experiments were carried out using the
individuals of P. adspersus obtained from the Sinop Peninsula
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of the Black Sea. The objective of the present study is to

2.2. Experimental protocol

evaluate the suitability of P. adspersus as a bio-indicator for
4 and 10 days of cadmium toxicity bioassays. The study was

Four and ten days experiments were designed. CdCl2·2½H2O

carried out at the Hydrobiology Laboratory of Sinop University.

was dissolved in distilled water and a stock solution was made. The

The experiment was conducted using standard static bioassay

larvae of Baltic prawns were exposed to nominal concentrations

procedure. This involved controlled environmental conditions to

of 0, 0.02, 0.05, 0.1, 0.5, 1.0 and 5.0 mg/L of Cd for 4 days. The

define the response of the bioassay organism the Baltic prawn.

4-day LC50 was calculated by the probit analysis[22]. At 10 days
bioassays, the concentrations of 0.05, 0.1, 0.5, 1.0, 5.0, 10.0

2. Materials and methods

and 20.0 mg/L were introduced into each of the jars in triplicate
treatments and 0 mg/L as control[4,5]. Each tank containing 20
larvae was exposed to test solutions.

2.1. Collection of animals

The pH of the solutions was daily measured with the pH meter,
The crangonid shrimps appear during the winter and spring

temperature with mercury-in-glass thermometer, dissolved oxygen

and the numbers of individuals increase to reach their highest

with a digital DO2. The exposure lasted for 96 h. Animals mortality

abundance in mid-winter and

mid-spring[21].

Specimens of the

was monitored and recorded hourly for the first 3 h and for the

Baltic prawns were collected from Sinop Peninsula in 2013

next 24 h and subsequently every 24 h for the next 4 and 10 days.

(Figure 1).

If there was any dead individual within first 3 h, the experiment
was terminated. The inability of the larvae to respond to external
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stimuli was used as an index of death. Dead organisms were
removed immediately with a scoop net to avoid contamination
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2.3. Statistical analysis
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Statistical analyses were performed using SPSS software (ver.
21). Data were analysed by One-way of analysis of variance
(ANOVA). Means were compared by Duncan multiple comparison
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Gerze
42°45'

42°45'
35°00'

35°15'

3. Results

35°30'

km
0
5 10
Figure 1. Collection area.

Control animal groups did not show significant differences
during the present study. Figure 2 shows Zoea – I stage of P.
adspersus, and Figure 3 shows mean size of P. adspersus during
the course of the experiment.

P. adspersus gravid females (20–35 individuals) were
collected by beam trawl from Sinop Peninsula. They were
stored in an aquarium tank (0.5 m × 1 m × 1 m) supplied by
water recirculated through a gravel filter. The shrimps were fed
pellet. Water temperature of the aquaria was kept at (23 ± 2)
°C

by a thermostatically controlled heater. The newly hatched

larvae were stocked at a density of 10 larvae into 1-L roundbottom fiberglass tank. Larvae were fed with newly hatched
Artemia salina nauplii at 10 mL –1 during the experiment.
Larvae of P. adspersus are carnivorous and they die in 2–3
days when they are starved in laboratory conditions (personal
observations).

Figure 2. Zoea – I stage of P. adspersus.
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6

of heavy metals include salinity, temperature, and dissolved

5

oxygen. These factors may either influence the physiology of
the organism especially larvae or may alter the form of the Cd

4

in seawater. None of the control larvae died, indicating that the

3

holding facilities and handling techniques were acceptable for

2

conducting such bioassays, as required in the standard EPA/

1

COE protocol where mean survival should be 90%[23]. Mortality
of P. adspersus increased in parallel with the increasing Cd

0
RTL (mm)

CL (mm)

AL (mm)

1st day
5th day
8th day
10th day
Figure 3. Size of P. adspersus during the course of the experiment.
RTL: Total size with rostrum; CL: Carapace length; AL: Length of
abdomen.

concentrations in the seawater.
Results obtained from the 4 and 10 days bioassays obviously
demonstrated that Cd is highly toxic to larvae of P. adspersus.
The most important effects of sub-lethal exposure of organisms to
the metals include changes in growth, development, morphology

The 4 days static bioassay was used to determine the median

and behaviour [4,5] . It was found in the present study that,

lethal concentration (LC 50 ) and the value was 0.14 mg/L.

when the larvae were exposed to concentrations of Cd, they

Mean mortality was 0%, 30%, 47%, 55%, 65% and 95% in

become slightly excited and swam erratically, probably due to

the concentrations of 0.02, 0.05, 0.1, 0.5, 1.0 and 5.0 mg/L,

stress. However behavioural and swimming patterns in control

respectively.

groups were normal, and there was no mortality during the

Mean number of Baltic prawn %

course of the experiment. These results agree with the toxicity
20
Control
0.05 mg/L
0.1 mg/L
0.5 mg/L
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10.0 mg/L
20.0 mg/L

15
10
5

studies conducted on other invertebrates [25-27]. Moreover, Bat
et al.[17] showed that Cu was 4.25 times more toxic than Pb to
P. adspersus. In this study, the toxicity of Cd for larvae of P.
adspersus increased with increasing concentration and exposure
time. The 4 day LC50 values of Cd for aquatic organisms differ
from species to species and according to the type of heavy
metals [13]. These results also agree with the finding by other
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Figure 4. Mean numbers of P. adspersus surviving in seawater containing
cadmium concentrations. Each concentration included three replicates.

authors [4,5,25-27]. Chandurvelan et al. [7] found that acute 96 h
lethal concentration of 0.405 mg/L was derived for Paratya
curvirostris, placing it among the most tolerant of fresh water
shrimp species.

There was no mortality in the control treatment after 10 days of

It is known that fish feed on these contaminated benthic

exposure, demonstrating that the holding facilities, water, control

invertebrates, thereby accumulating heavy metals. These toxic

sediment and handling techniques were acceptable. There were

contaminants are then further accumulated by fish consuming

significant differences (P < 0.05) on the effect of concentration.

people. Therefore, these toxicants should not be allowed to enter

Mortality increased in parallel with the increase in concentrations

the water bodies of the coastal marine ecosystems.

of Cd on Zoea – I stage of P. adspersus and time of exposure.
The toxicity rate of the organism is concentrate-dependent. All

Conflict of interest statement

organisms except the control group died at the end of 10 days
(Figure 4). Less than 25% of the animals survived at the 5 days

We declare that we have no conflict of interest.

of the exposure to concentrations of 0.5 mg/kg Cd or more. Only
20% of the organisms survived at the 7 days of the exposure to

Acknowledgments

concentrations of 0.1 mg/kg Cd in seawater with clean sediment
or less.

This work was supported by the University of Sinop, Fisheries
Faculty, Department of Hydrobiology (Grant No. S.049).

4. Discussion

This study was presented as a poster in the 3rd International
Symposium on EuroAsian Biodiversity (SEAB-2017), Belarusian

The primary criterion of a toxicity test is the survival after

State University, Faculty of Biology, 5-8 July 2017- Minsk,

exposure to water with contaminated Cd concentrations and

BELARUS. Authors would like to thank Dr. Derya Ürkmez for

control[23,24]. Environmental conditions which affect the toxicity

correcting the English of this manuscript.

378

Levent Bat et al./Journal of Coastal Life Medicine 2017; 5(9): 375-378

References

and polychaetes. Turk J Fish Aquat Sci 2005; 5: 119-39.
[14] B enradia H, Berghiche H, Soltani N. Measure of environmental

[1] Bat L. Heavy metal pollution in the Black Sea. In: Düzgüneş E, Öztürk

stress biomarkers in the shrimp Palaemon adspersus from the Mellah

B, Zengin M, editors. Turkish fisheries in the Black Sea. Istanbul:

Lagoon (Algeria): spatial and temporal variations. Fresen Environ

Turkish Marine Research Foundation (TUDAV); 2014, p. 71-107.

Bull 2016; 25(7): 2563-6.

[2] Bat L, Özkan EY. Chapter 13. Heavy metal levels in sediment of

[15] Lozano G, Herraiz E, Hardisson A, Gutiérrez AJ, González-Weller

the Turkish Black Sea coast. In: Bikarska I, Raykov V, Nikolov

D, Rubio C. Heavy and trace metal concentrations in three rockpool

N, editors. Progressive engineering practices in marine resource

shrimp species (Palaemon elegans, Palaemon adspersus and

management. Hershey: IGI Global; 2015, p. 399-419.

Palaemon serratus) from Tenerife (Canary Islands). Environ Monit

[3] Bat L, Özkan EY, Öztekin HC. The contamination status of trace
metals in Sinop coast of the Black Sea, Turkey. Caspian J Environ
Sci 2015; 13(1): 1-10.
[4] Bat L, Raffaelli D. Sediment toxicity testing: a bioassay approach
using the amphipod Corophium volutator and the polychaete
Arenicola marina. J Exp Mar Biol Ecol 1998; 226: 217-39.

Assess 2010; 168(1): 451-60.
[16] S ilva C, Oliveira C, Gravato C, Almeida JR. Behaviour and
biomarkers as tools to assess the acute toxicity of benzo (a) pyrene
in the common prawn Palaemon serratus. Mar Environ Res 2013; 90:
39-46.
[17] Bat L, Bilgin S, Gündogdu A, Akbulut M, Çulha M. Individual and

[5] Bat L, Raffaelli D, Marr IL. The accumulation of copper, zinc and

combined effects of copper and lead on the marine shrimp, Palaemon

cadmium by the amphipod Corophium volutator (Pallas). J Exp Mar

adspersus Rathke, 1837 (Decapoda: Palaemonidae). Turk J Mar Sci

Biol Ecol 1998; 223(2): 167-84.

2001; 7: 103-17.

[6] G ao H, Li Z, Lai X, Xue B, Yan B, Cheng H, et al. A new heat
shock protein 70 gene (HSC70) and its expression profiles in
response to cadmium stress and after different post-moulting

[18] F ish JD, Fish SA. A student’s guide to the seashore. 2nd ed.
Aberystwyth: University of Wales; 1996, p. 473.
[19] B ilgin S, Samsun O, Ozen O. Seasonal growth and reproduction

times in Exopalaemon carinicauda (Holthuis, 1950) (Decapoda,

biology of the Baltic prawn, Palaemon adspersus (Decapoda:

Palaemonidae). Crustaceana 2016; 89(3): 321-36.

Palaemonidae), in the Southern Black Sea. J Mar Biol Assoc UK

[7] C handurvelan R, Marsden ID, Gaw S, Glover CN. Acute and

2009; 89(3): 509-19.

sub-chronic effects of sub-lethal cadmium exposure on energy

[20] B ilgin S, Ozen O, Ates AS. Spatial and temporal variation of

metabolism in the freshwater shrimp, Paratya curvirostris.

Palaemon adspersus, Palaemon elegans, and Crangon crangon

Ecotoxicol Environ Saf 2017; 135: 60-7.

(Decapoda: Caridea) in the Southern Black Sea. Estuar Coast Shelf

[8] Nadukooru N, Yallapragada PR. Carotenoid as a sensitive indicator
of sub lethal cadmium toxicity in Penaeus monodon post larvae.
Ecotoxicology 2015; 24(2): 339-45.
[9] Yu YY, Chen SJ, Chen M, Tian LX, Niu J, Liu YJ, et al. Effect of
cadmium-polluted diet on growth, salinity stress, hepatotoxicity of

Sci 2008; 79: 671-8.
[21] Bilgin S, Gönlügür Demirci G. [The shrimps of the Sinop coasts of
the Black Sea]. Sci Eng J Firat Univ 2005; 17: 143-50. Turkish.
[22] Finney DJ. Probit analysis. London: Cambridge University Press;
1971, p. 327.

juvenile Pacific white shrimp (Litopenaeus vannamei): protective

[23] A merican Society for Testing and Materials. Standard guide for

effect of Zn (II)–curcumin. Ecotoxicol Environ Saf 2016; 125: 176-

conducting 10-day static sediment toxicity tests with marine and

83.

estuarine amphipods. Philadelphia: American Society for Testing and

[10] B oudet LC, Polizzi P, Romero MB, Robles A, Marcovecchio

Materials; 1990, p. 1-24.

JE, Gerpe MS. Histopathological and biochemical evidence of

[24] Environmental Protection Agency. Evaluation of dredged material

hepatopancreatic toxicity caused by cadmium in white shrimp,

proposed for ocean disposal. Testing manual. Washington, DC.:

Palaemonetes argentinus. Ecotoxicol Environ Saf 2015; 113: 231-40.

Environmental Protection Agency; 1991. EPA-503/8-91/001.

[11] C resswell T, Mazumder D, Callaghan PD, Nguyen A, Corry M,

[25] Bat L, Sezgin M, Gündogdu A, Çulha M. Toxicity of zinc, copper

Simpson SL. Metal transfer among organs following short-and long-

and lead to Idotea baltica (Crustacea, Isopoda). Tr J Biol 1999;

term exposures using autoradiography: cadmium bioaccumulation

23(4): 465-72.

by the freshwater prawn Macrobrachium australiense. Environ Sci
Technol 2017; 51(7): 4054-60.
[12] Bilgin S, Yılmaz N. Population dynamics of Philocheras trispinosus
(Crangonidae) with abundance of other caridean shrimps (Crustacea:
Decapoda) caught by beam trawl in the Southern Black Sea, Turkey.
J Coast Life Med 2016; 4(5): 358-63.
[13] Bat L. A review of sediment toxicity bioassays using the amphipods

[26] Bat L, Gündogdu A, Sezgin M, Çulha M, Gönlügür G, Akbulut M.
Acute toxicity of zinc, copper and lead to three species of marine
organisms from Sinop Peninsula, Black Sea. Tr J Biol 1999; 23(4):
537-44.
[27] Bat L, Çulha M, Akbulut M, Gündogdu A, Sezgin M. Toxicity of
zinc and copper to the hermit crab Diogenes pugilator (Roux). Turk
J Mar Sci 1998; 4: 39-48.

