
INTRODUCTION

Bisphenol A (BPA, 2, 2-bis (4-hydroxyphenyl) pro pa -

ne; CAS# 80-05-07) is extensively used in the produc-

tion of polycarbonate plastics and the majority of e -

po xy resins, as well as an additive to other plastics and

as a component of fire retardants (Markham et al.,

1998; Staples et al., 1998). The annual production of

BPA in USA reached a volume of 2.4 billion pounds

in 2007 (Environmental Protection Agency, USA;

http://www.epa.gov/oppt/existingchemicals/pubs/actionplans/bp

a.html). Safety of BPA has been a controversial issue,

since it has been found to be an endocrine disruptor

due to its ability to interfere with endocrine activity

and is considered to be a reproductive, developmen-

tal and systemic toxicant in humans, experimental an-

imals and wildlife (Mountfort et al., 1997; Yamamoto

& Yasuhara, 1999; Hirano et al., 2004; Mihaich et al.,

2009).

To date there are reports describing the detection

of BPA in soil, while it is found widely dispersed in

the atmosphere (Fent et al., 2003; Fu & Kawamura,

2010). Furthermore, considerable amount of BPA to -

xicity testing has been focused on aquatic organi sms,

since the discharge from production, processing and

sewage treatment plants effluxes in aquatic environ-

ments (Cousins et al., 2002). The majority of testing
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Toxicity responses of Artemia franciscana to the endocrine disrupter bisphenol A (BPA) were in-
vestigated. Exposure of Artemia nauplii (instar II-III) to BPA for 24 hrs and 48 hrs demonstrated
LC50 values of 44.8 mg l-1 and 34.7 mg l-1, respectively. The length of nauplii was measured and
compared with that of untreated animals. BPA exposed nauplii were significantly shorter than
untreated individuals (24 hrs: 0.97 mm, 48 hrs: 1 mm) at a concentration range between 20 and
50 mg l-1 (24 hrs: 0.9-0.7 mm, 48 hrs: 0.92-0.71 mm). Furthermore, the length of nauplii decreased
as the dose of BPA increased for both 24 hrs and 48 hrs exposure periods. The results indicate
that A. franciscana does not consist a highly sensitive test animal for the acute toxicity bi o assays
with BPA in comparison to other aquatic organisms. However, it becomes obvious that an in-
hibitory effect on growth of Artemia nauplii can be estimated within a short exposure period (24
hrs), even at doses lower than the median lethal concentration. The latter finding points out that
A. franciscana may be an ideal model organism for further research on the physiological process-
es related to the inhibitory effect of BPA on the growth of crustaceans.
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has been undertaken on studies involving fresh water

fish (Caunter, 1998; Caunter et al., 2000; Yokota et

al., 2000; Sohoni et al., 2001) and invertebrates (Hill

et al., 2002; Hirano et al., 2004). In response to the

EU Technical Guidance document, Mihaich et al.

(2009) proposed a number of taxonomically diverse

species for BPA toxicity assessment in fresh water en-

vironments. 

However, the effects of BPA to marine organisms

and the health of human consumer might also be un-

der concern, since accumulation has been demon-

strated in edible marine fish and seafood (Basheer et

al., 2004; Mita et al., 2011). Previously, the effects of

BPA on marine life have been demonstrated mainly

on molluscs, but also on crustaceans and vertebrates

(Hirano et al., 2004; Ozlem & Hatice, 2008; Zhou et

al., 2011). Crustaceans and molluscs appear to be

more sensitive than fish to BPA and moreover the

for mers show developmental disturbances (Oehl -

mann et al., 2009). To date, the effects of BPA on the

larval development of marine planktonic crustaceans

have been limitedly studied, mainly on that of the co -

pepod Acartia tonsa (Andersen et al., 2001; Oehl -

mann et al., 2009). However, A. tonsa shows a restrict-

ed distribution to estuarine and coastal waters and it

is sensitive against increases in salinity (Cervetto et

al., 1999).

The aim of this study was to estimate the effects

of BPA on the survival and growth of early larval

stages (instar II-III) of the crustacean Artemia, a ma-

rine non-target organism that has been very well a -

dapted to the laboratory practice. Brine shrimp larvae

are commonly used for cytotoxicity assays in pharma-

cology (Pelka et al., 2000), for testing marine natural

products (Carballo et al., 2002) or antifouling paints

(Okamura et al., 2000; Hadjispyrou et al., 2001; Ka-

tranitsas et al., 2003; Castritsi-Catharios et al., 2007),

for assessing potential toxicity of epiphytic species

(Aligizaki et al., 2009) as well as live feed in aquacul-

ture (Sorgeloos et al., 1998). We also evaluate the

use fulness of BPA toxicity testing with a marine or-

ganism that would require ease of application, due to

its ability to create a dormant state during its repro-

ductive part of its life cycle, precision, ability to repeat

toxicity tests with little variability, reduced scale of or-

ganisms, reduced test volumes, minimal amount of

produced waste and space needed to perform testing

protocols (Blaise, 1998).

There are two additional significant advantages of

the organism and its developmental stages selected

for our experiments. The first is that Artemia nauplii

(instar I) are not fed externally and nauplii 24 hrs af-

ter hatching (instar II-III) may remain unfed for a

further time interval of 48 hrs without obvious prob-

lems, while may exhibit increased mortality after 72

hrs of starvation (Castritsi-Catharios et al., 1987).

Thus, the effect of the nutritional status of the speci-

mens (nauplii instar II-III) prior or during the static

toxicity bioassays (up to 48 hrs) could be avoided,

which in turn affects the produced results. Bengston et

al. (1984) reported that one of the most important va -

riables in the performance of any biological experi-

ment is the nutrition of the test animals used. The se -

cond advantage is the short period within which brine

shrimp grows by performing several molts; e.g. the

adult stage is reached about three weeks after hatch-

ing by the completion of the 17th molt (Drewes C;

http://www.eeob.iastate.edu/faculty/DrewesC/htdocs/ARTEMI

A.PDF). At the high water temperatures that are ap-

plied during cyst incubation, freshly hatched Artemia

nauplii may develop into the second larval stage with-

in 6 to 8 hrs (Sorgeloos et al., 1998). Also, two-day old

nauplii grown at 28-30oC may reach the fourth larval

stage (Makridis & Vadstein, 1999). In addition, the

de velopmental stages of Artemia are well distingui sh -

ed by several morphological characters (Schrehardt,

1987; Criel & MacRae, 2002). 

A serious argument is the sensitivity of Artemia

and its usefulness as a reliable test animal. It is known

that its sensitivity, like most aquatic organisms, de-

pends on the developmental stage and its origin (Cas-

tritsi-Catharios et al., 1982, 1987). Castritsi-Catharios

et al. (1980) reported that dehydrated cysts are not

sensitive against specific pollutants and probably Ar -

te mia is not a reliable test organism, despite all its

other advantages. On the contrary, Βrix et al. (2006)

suggested that the hatching end point for A. francis-

cana seems the most sensitive up to date for testing

the toxicity of Cd and Zn in saline environment. 

Most frequently, cyst-based toxicity assays involv-

ing Artemia refer to a well-accepted end point as cri-

terion: mortality of the recently (instar II-III) hatched

larvae (Nunes et al., 2006). These instars have, in sev-

eral papers, been shown to be the most sensitive stage

(Sorgeloos et al., 1978; Vanhaecke & Persoone, 1984;

Sánchez-Fortún et al., 1996). Furthermore, Castritsi-

Catharios (1987) claimed that A. franciscana (Caroli-

na, USA) freshly-hatched nauplii were more sensitive

compared to those of a parthenogenetic Artemia popu -

lation (Messolonghi, Greece) to a dispersant and its

mixture with gas-oil. Due to both the geographical

origin and type (bisexual or parthenogenetic) of Ar te -
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mia populations, acute toxicity tests may lead to

wrong results because of differences in the sensitivity

of the cysts (Browne, 1980; Varó et al., 1998). Nunes

et al. (2006) concluded that the adaptability of Ar te -

mia genus to distinct environmental conditions might

turn Artemia, in the future, into a crucial test orga -

nism for ecotoxicology testing, particularly for saline

environments and provided suggestions to overcome

problems related to toxicity assessment. For the afo -

re mentioned reasons, in this study the instars II-III of

the bisexual A. franciscana were selected to be expos -

ed to BPA.

MATERIALS AND METHODS

Acute toxicity tests were performed by slightly modi-

fying the standard method developed at the Artemia

Reference Center (ARC-Test) in the Laboratory for

Mariculture at the State University of Ghent Belgium

(Vanhaecke & Persoone, 1984). As test organism, a

well-defined Artemia strain was used (1710, Great

Salt Lake, Utah, USA). Cysts were hatched under stan -

dard conditions (temperature chamber: 25±0.5oC,

continuous illumination). Sea water was prepared by

using artificial salt mixture of Instant Ocean®, dis-

solved in distilled water, filtered through a 1 μm filter

and aerated (salinity 35±1 g l-1, pH 8.0±0.5 and oxy-

gen content above 90% saturation). Nauplii at instar

II-III stages (48 hrs after the start of the incubation)

were used in our experiments. The developmental

stages were confirmed through several morphological

characteristics of samples, like gnathobasic setae

(Abatzopoulos, 1989). The age homogeneity of the

population was checked in each test under a bi no -

cular stereoscope.

BPA solutions of different concentrations were

made according to the method described by Fan et al.

(2007). Then, 4 ml of each solution were transferred

to a well on a multi-well testing plate (Castritsi-Ca -

tha rios et al., 2007) (instead of Petri dishes previously

used in ARC-Test). Specifically, in each plate (twelve

wells), the controls were placed in the three wells of

the first column (each well contained 4 ml pure arti-

ficial sea water), while in each of the remaining nine

wells 4 ml of the different BPA solutions (one con-

centration per column of three wells) were added.

Twelve instar II-III larvae were transferred with a Pa -

s teur pipette (minimizing the water volume) in each

well and exposed to PBA for 24 hrs or 48 hrs. The

plate was covered and larvae remained unfed during

the bioassays. Static acute toxicity tests were conduct-

ed in a constant temperature chamber (25oC) under

continuous illumination. At the end, biometry was

performed under a binocular microscope equip ped

with a micrometric scale. The length of the live larvae

was measured. Larvae were considered dead if they

do not exhibit any internal or external movement in

about 10 s of observation. 

A series of preliminary tests were performed in a

broad scale of BPA nominal concentrations (1, 5, 10,

15, 20, 30, 40, 50, 100, 150 and 200 mg l-1) for deter-

mining those that cause average mortality higher than

20% and lower than 80% (data not shown) after 24

or 48 hrs of exposure. A definitive series of tests was

followed within the critical range of the organism de-

pending on the time of exposure, which was taken un-

der consideration for the calculation of the median

lethal concentration after 24 hrs or 48 hrs (LC50: con-

centration of toxicant that kills the 50% of the test

animals after exposure for a certain time period).

For the estimation of the LC50, 10-15 replicates

were used at each tested concentration of BPA. Re-

gression analysis was applied on the data of mortality

of Artemia nauplii versus the dose of BPA after expo-

sure for 24 hrs or 48 hrs, in order to estimate the re-

spective LC50 values according to Bliss (1938). Re-

gression analysis was also performed on the biometry

data versus the dose of BPA for both time periods of

exposure in the definitive tests. Normal distribution

was assessed before regression analysis (Kolmogorov

test). The significance (p < 0.05) of the differences

between the regression coefficients, as well as be-

tween the intercepts, was tested (ANOVA) for the

length obtained after 24 hrs or 48 hrs exposure of lar-

vae to different concentrations of BPA. The morpho-

metric data recorded at 0, 20, 30, 40 and 50 mg l-1 of

BPA in the preliminary tests were also analyzed using

the non-parametric tests of Mann-Whitney test for

two sample comparisons and Kruskal-Wallis test for

multiple sample comparisons. All analyses were per-

formed using Statgraphics Plus version 4 (Manugis-

tics Group, Inc).

RESULTS AND DISCUSSION

Bisphenol A toxicity has been studied extensively in

literature; however, this is the first report on the ef-

fect on Artemia larvae. The LC50 values and their

95% confidence limits (LCL-UCL), calculated by the

respective linear regression equations of BPA doses

on the mortality of Artemia nauplii after exposure for

24 hrs or 48 hrs (Fig. 1), were 44.8 (44.6-45) mg l-1
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and 34.7 (34.5-34.9) mg l-1, respectively. At 40 mg l-1

of BPA the mortality (%) after 48 hrs of exposure

was much higher than that after 24 hrs, confirming

that the elongation of the exposure time enhances the

toxicity effects. LC50, EC50 and IC50 values of BPA

reported previously for other aquatic organisms are

much lower compared to those estimated in this study

for Artemia nauplii. They vary between 4.6 to 17.93

mg l-1 for fish and 0.3 to 10 mg l-1 for invertebrate

species (Staples et al., 1998; Ozlem & Hatice, 2008;

Mi haich et al., 2009). This difference in LC50 value

for Artemia could be possibly attributed to adaptive

mechanisms and higher resilience in environmental

pressures. 

Biometric parameters of Artemia cysts and nauplii

such as length, volume and weight are characteristic

for each particular strain and are considered to be

tools for strain characterisation (Vanhaecke & Sorge -

loos, 1980). Furthermore, Hirano et al. (2004) in their

study of acute toxicity of endocrine disrupters on the

aquatic crustaceans Americamysis bahia and Daphnia

magna pointed out that additional endpoints such as

growth, reproduction and molting should be consid-

ered in the future. In this study, the length of Artemia

nauplii decreased as the concentration of BPA in-

creased from 30 to 40 mg l-1 or 40 to 50 mg l-1 after

exposure for 48 hrs or 24 hrs, respectively, in compar-

ison to controls (Fig. 2). In both cases, the estimated

linear regression equations were highly significant (p

< 0.0001). In addition, comparison of these two re-

gression lines showed significant differences between

the intercepts (p<0.0001) and the slopes (p<0.01).

This indicates that the growth of nauplii was more se-

verely affected after 48 hrs than 24 hrs exposure to

BPA, particularly at doses higher than the LC50 at 48

hrs.
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At 20 mg l-1 of BPA the mean length of Artemia

nauplii exposed for 24 hrs (0.9 mm) or 48 hrs (0.92

mm) was significantly lower than that of the respec-

tive controls (24 hrs: 0.97 mm, 48 hrs: 1 mm) (Fig.

3A). Further increase of the BPA dose up to 50 mg 

l-1 provoked significant reductions in the length every

10 mg l-1 for both exposure periods. Moreover, the

animals were significantly shorter in length at concen-

trations 20 and 30 mg l-1 of BPA after 24 hrs exposure

than at the same concentrations after 48 hrs expo-

sure. However, at concentrations of 40 and 50 mg l-1

of BPA, no significant effects were found between the

two time periods of exposure. It seems that these

BPA concentrations greatly inhibited the growth of

Artemia nauplii, since their size remained at almost

similar levels from 24 hrs to 48 hrs of exposure. We

must point out that the controls exhibited one molt

after 24 hrs exposure and, at least, two molts after 48

hrs exposure. Specifically, the length of the controls

in the 24 hrs toxicity bioassays was similar to that of

two-day old fed nauplii of A. franciscana (Makridis &

Vadstein, 1999). On the contrary, at 50 mg l-1 of BPA

the length of the nauplii was found at levels reported

for instars II-III of several populations of Artemia

(Moraiti-Ioannidou et al., 2007).

Although the length of Artemia nauplii was re-

duced at 20 mg l-1 of BPA, the average survival (%)

was found at relatively high levels after 24 hrs (98.2%)

or 48 hrs (85.2%), as well as at 30 mg l –1 of BPA after

24 hrs (87.5%) of exposure (Fig. 3B). Thus, it beco -

mes obvious that an inhibitory effect on growth of Ar -

temia larvae can be estimated within a short time pe-

riod of exposure (24 hrs), even at doses lower than

the median lethal concentration.

Berges et al. (1990) tested several key enzymes in

Artemia larval development and demonstrated that

size of larvae is strongly associated with the activity of

nucleoside diphosphate kinase. Although the specific

effect of BPA on nucleoside phosphate kinase is un-

resolved, it has been shown that other polyphenols

exhibit a strong inhibitory effect (Malmquist et al.,

2001). Another possibility for BPA action on Artemia

may be related with cascade mechanisms of ecdysis

and growth of the organism. In arthropods, including

crustaceans, ecdysosteroids, such as 20-hydroxyecdy -

so ne, participate as endocrine-signaling molecules

and function in the control of molting, reproduction

and embryogenesis (LaFont, 2000; LaFont & Math-

ieu, 2007). BPA has been demonstrated as a weak

ecdysteroid antagonist in insects (Dinan et al., 2001)

and in daphnids (Mu et al., 2005). Interestingly, expo-

sure of Artemia in municipal effluents with ecdysos-

teroid characteristics, as well as in 20-hydroxyecdy so -

ne, resulted in increasing acetylcholinesterase activity

and changes in the shell protein composition, interac-

tions that are associated with embryogenetic events

(Gagné & Blaise, 2004). 

In this study we investigated the responses of Ar -

te mia nauplii to BPA activity. Overall, this study sug-

gests that Artemia is resilient to BPA in comparison

to other aquatic organisms. However, it demonstrates

detrimental effects of BPA on the nauplii size, which
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may be associated with alterations in the activity of

specific enzymes and shell protein composition in-

volved in the development and growth of Artemia.

Further research is required on this issue, as Artemia

seems to be a suitable organism for testing sublethal

effects of BPA, particularly on the mechanisms of ec -

dysis in crustaceans.

ACKNOWLEDGEMENTS

We would like to kindly thank Professor Dr. Patrick

Sorgeloos for the donation of the Artemia strain used

in the current study.

REFERENCES

Abatzopoulos TJ, 1988. Study on Artemia populations orig-

inated from N. Greece. Ph.D. Thesis, Aristotle Univer-

sity of Thessaloniki.

Aligizaki K, Nikolaidis G, Katikou P, Baxevanis AD, Abat-

zopoulos TJ, 2009. Potential toxic epiphytic Prorocen-

trum (Dinophyceae) species in Greek coastal waters.

Harmful Algae, 8: 299-311.

Andersen HR, Wollenberger L, Halling-Sorensen B, Kusk

KO, 2001. Development of copepod nauplii to copepo -

dites – a parameter for chronic toxicity including endo -

cri ne disruption. Environmental Toxicology and Che mi -

stry, 20: 2821-2829.

Basheer C, Lee HK, Tan KS, 2004. Endocrine disrupting

al kylphenols and bisphenol-A in coastal waters and su-

permarket seafood from Singapore. Marine Pollution

Bulletin, 48: 1161-1167.

Bengtson DAS, Beck AD, Lussier SM, Migneault D, Olney

CE, 1984. International study on Artemia. XXXI. Nu-

tritional effects in toxicity tests: use of different Artemia

geographical strains. In: Persoone G, Jaspers E, Claus

C, eds. Ecotoxicological Testing for the marine environ-

ment  – Volume 2. State University of Ghent and Insti-

tute of Marine Scientific Research, Bredene: 399-412.

Berges JA, Roff JC, Ballantyne JS, 1990. Relationship be-

tween body size, growth rate, and maximal enzyme ac-

tivities in the brine shrimp, Artemia franciscana. Biologi -

cal Bulletin, 179: 287-296. 

Blaise C, 1998. Microbiotesting: an expanding field in a qua -

tic toxicology. Ecotoxicology and Environmental Safety,

40: 115-119.

Bliss CI, 1938. The determination of dosage mortality curve

from small numbers. Quarterly Journal of Pharmacology,

11: 192-216.

Brix KV, Gerdes RM, Adams WJ, Grosell M, 2006. Effects

of copper, cadmium and zinc on the hatching success of

brine shrimp (Artemia franciscana). Archives of Environ-

mental Contamination and Toxicology, 51: 580-583.

Browne RA, 1980. Acute response versus reproductive per-

formance in five strains of brine shrimp exposed to cop-

per sulphate. Marine Environmental Research, 3: 185-

193.

Carballo JL, Hernández-Inda ZL, Pérez P, García-Grávalos

MD, 2002. A comparison between two brine shrimp as-

says to detect in vitro cytotoxicity in marine natural

products. BMC Biotechnology, 2: 17.

Castritsi-Catharios J, 1987. Short term toxicity tests with

oil-dispersant mixtures using two Artemia strains. In:

Sorgeloos P, Bengtson, Decleir W, Jaspers E, eds.  Arte -

mia research and its applications, Volume 1, Morphology,

Genetics, Strain characterization, Toxicology. Universa

Press, Wetteren: 332-333. 

Castritsi-Catharios J,  Karka A, Moraiti M, 1980. Toxicité de

détergents et d’un dispersant sur Artemia salina Leach.

Revue des Travaux de l’ Institut des Pêches Mari ti mes, 44:

355-364.

Castritsi-Catharios J,  Kiortsis V, Moraiti-Ioannidou M,

1982. Influence toxique de trois détergents et d’un dis -

per sant sur Artemia (LD 48
50). VIes Journées d’études sur

les Pollutions, Cannes: 813-815.

Castritsi-Catharios J, Katsorchis T, Marakis S, Koukoulis

D, Kafetzidakis A, 1987. Acute toxicity tests with dis -

per sants and oil dispersant mixtures. MAP Technical

Re ports Series (UNEP), no 10 / UNEP, Mediterranean A -

ction Plan, FAO, Rome: 89-107.  

Castritsi-Catharios J, Bourdaniotis N, Persoone G, 2007. A

new simple method with high precision for determining

the toxicity of antifouling paints on brine shrimp larvae

(Artemia): First results. Chemosphere, 67: 1127-1132.

Caunter JE, 1998. Bisphenol A: effect on the embryo-larval

developmental stage of the Fathead Minnow (Pi me pha -

les promelas). Brixham Environmental Laboratory, Ze ne -

ca Ltd: BL6421/B. 

Caunter JE, Williams TD, Hetheridge MJ, Evans MR,

2000. Bisphenol A: multigeneration study with fathead

minnow (Pimephales promelas). Brixham Environmental

Laboratory, Zeneca Ltd: BL6878/B.

Cervetto G, Gaudy R, Pagano M, 1999. Influence of salini -

ty on the distribution of Acartia tonsa (Copepoda, Ca -

la noida). Journal of Experimental Marine Biology and E -

co logy, 239: 33-45.

Cousins IT, Staples CA, Klecka GM, Mackay D, 2002. A

mul timedia assessment of the environmental fate of

bis phenol A. Human and Ecological Risk Assessment, 8:

1107-1135.

Criel GRJ, MacRae TH, 2002. Reproductive biology of Ar -

te mia. In: Abatzopoulos TJ, Beardmore JA, Clegg JS,

Sorgeloos P, eds. Artemia: Basic and Applied Βiology.

Kluwer Academic Publishers, Dordrecht: 39-128.

Dinan L, Bourne P, Whiting P, Dhadialla TS, Hutchinson

TH, 2001. Screening of the environmental contami-

nants for ecdysteroid agonist and antagonist activity us-

ing Drosophila melanogaster BII cell in vitro assay. En-

vironmental Toxicology and Chemistry, 20: 2038-2046.

Fan J, Guo H, Liu G, Peng P, 2007. Simple and sensitive

                      Jeanne Castritsi-Catharios et al. — Toxicity effects of bisphenol A to Artemia franciscana                  43



flu orimetric method for determination of environmen-

tal hormone bisphenol A based on its inhibitory effect

on the redox reaction between peroxyl radical and rho-

damine 6G. Analytica Chimica Acta, 585: 134-138.

Fent G, Hein WJ, Moendel MJ, Kubiak R, 2003. Fate of
14C-bisphenol A in soils. Chemosphere, 51: 735-746.

Fu PQ, Kawamura K, 2010. Ubiquity of bisphenol A in the

atmosphere. Environmental Pollution, 158: 3138-3143.

Gagné F, Blaise C, 2004. Shell protein characteristics and

vi tellogenin-like proteins in brine shrimp Artemia fran-

ciscana exposed to municipal effluent and 20-hydrox-

yecdysone. Comparative Biochemistry and Physiology -

Part C: Toxicology & Pharmacology, 138: 515-522.

Hadjispyrou S, Kungolos A, Anagnostopoulos A, 2001. To -

xi city, bioaccumulation, and interactive effects of or ga -

no tin, cadmium, and chromium on Artemia franciscana.

Ecotoxicology and Environmental Safety, 49: 179-186.

Hill M, Stabile C, Kraig Steffen L, Hill A, 2002. Toxic ef-

fects of endocrine disrupters on freshwater sponges:

com mon developmental abnormalities. Environmental

Pollution, 117: 295-300. 

Hirano M, Ishibashi H, Matsumura N, Nagao Y, Watanabe

N, Watanabe A, Onikura N, Kishi, K, Arijono K, 2004.

Acute toxicity responses of two crustaceans Americam-

ysis bahia and Daphnia magna, to endocrine disrupters.

Journal of Health Science, 50: 97-100. 

Katranitsas A, Castritsi-Catharios J, Persoone G, 2003. The

effects of a copper-based antifouling paint on mortality

and enzymatic activity of a non-target marine organism.

Marine Pollution Bulletin, 46: 1491-1494.

LaFont R, 2000. The endocrinology of invertebrates. Eco-

toxicology, 9: 41-57.

LaFont R, Mathieu M, 2007. Steroids in aquatic invertebra -

tes. Ecotoxicology, 16: 109-130.

Makridis P, Vadstein O, 1999. Food size selectivity of Ar te -

mia franciscana at three developmental stages. Journal

of Plankton Research, 21: 2191-2201.

Malmquist NA, Anzinger JJ, Hirzel D, Buxton IL, 2001. El-

lagic acid inhibits nucleoside diphosphate kinase-B ac-

tivity. Proceedings of the Western Pharmacology Society,

4: 57-59.

Markham DA, McNett DA, Birk JH, Klecka GM, Bartels

MJ, Staples CA, 1998. Quantitative determination of

bisphenol-A in river water by cool-on-column injection

gas chromatography mass spectrometry. International

Journal of Environmental and Anaytical Chemistry, 69:

83-98.

Mita L, Bianco M, Viggiano E, Zollo F, Bencivenga U, Sica

V, Monaco G, Portaccio M, Diano N, Colonna A, et al.,

2011. Bisphenol A content in fish caught in two differ-

ent sites of the Tyrrhenian Sea (Italy). Chemosphere,

82: 405-410.

Mihaich EE, Friederich U, Caspers N, Hall AT, Klecka

GM, Dimond SS, Staples CA, Ortego LS, Hentges SG,

2009. Acute and chronic toxicity testing of bisphenol A

with aquatic invertebrates and plants. Ecotoxicology and

Environmental Safety, 72: 1392-1399.

Moraiti-Ioannidou M, Castritsi-Catharios J, Miliou H, Ko -

tza manis YP, 2007. Fatty acid composition and biome-

try of five Greek Artemia populations suitable for aqua-

culture purposes. Aquaculture Research, 38: 1664-1672. 

Mountfort KA, Kelly J, Jickells SM, Castle L, 1997. Inves-

tigations into the potential degradation of polycarbon-

ate baby bottles during sterilization with consequent re-

lease of bisphenol A. Food Additives and Contaminants,

14: 737-740.

Mu XY, Rider CV, Hwang GS, Hoy H, LeBlanc GA, 2005.

Covert signal disruption: anti-ecdysteroidal activity of

bisphenol A involves cross talk between signaling path-

ways. Environmental Toxicology and Chemistry, 24: 146-

152.

Nunes BS, Carvalho FD, Guilhermino LM, Van Stappen

G, 2006. Use of genus Artemia in ecotoxicity testing.

En  vironmental Pollution, 144: 453-462.

Oehlmann J, Schulte-Oehlmann U, Kloas W, Jagnytsch O,

Lutz I, Kusk KO, Wollenberger L, Santos EM, Paull

GC, Van Look KJW, Tyler CR, 2009. A critical analysis

of the biological impacts of plasticizers on wildlife. Phi -

lo sophical Transactions of the Royal Society B –  Biologi-

cal Sciences, 364: 2047-2062.

Okamura H, Aoyama I, Liu D, Maguire RJ, Pacepavicius

GJ, Lau YL, 2000. Fate and ecotoxicity of the new an-

tifouling compound Irgarol 1051 in the aquatic environ-

ment. Water Research, 34: 3523-3530.

Ozlem CA, Hatice P, 2008. Effects of bisphenol A on the

embryonic development of sea urchin (Paracentrotus

lividus). Environmental Toxicology, 23:387-392.

Pelka M, Danzl C, Distler W, Petschelt A, 2000. A new

screen ing test for toxicity testing of dental materials.

Journal of Dentistry, 28: 341-345.

Sánchez-Fortún S, Sanz F, Barahona MV, 1996. Acute

toxi ci ty of several organophosphorous insecticides and

protection by cholinergic antagonists and 2-PAM on

Ar te mia salina larvae. Archives of Environmental

Contami na tion and Toxicology, 31: 391-398.

Schrehardt A, 1987. A scanning electron-microscope study

of the post-embryoninc development of Artemia. In: Sor -

geloos P, Bengtson DA, Jaspers E, eds. Artemia Research

and its Applications. Morphology, Genetics, Strain cha -

racterization, Toxicology. Universa Press, Wetteren: 5-52.

Sohoni P, Tyler CR, Hurd K, Caunter J, Hetheridge M,

Wil liams T, Woods C, Evans M, Toy R, Gargas M,

Sump ter JP, 2001. Reproductive effects of long-term

ex posure to Bisphenol A in the fathead minnow (Pi me -

pha les promelas). Environmental Science and Technolo-

gy, 35: 2917-2925.

Sorgeloos P, Remiche-Van Der Wielen C, Persoone G,

1978. The use of Artemia nauplii for toxicity tests - a cri -

tical analysis. Ecotoxicology and Environmental Safety,

2: 249-255. 

44               Jeanne Castritsi-Catharios et al. — Toxicity effects of bisphenol A to Artemia franciscana



Sorgeloos P, Coutteeau P, Dhert P, Merchie G, Lavens P,

1998. Use of brine shrimp, Artemia spp., in larval crus-

tacean nutrition: a review. Reviews in Fisheries Science,

6: 55-68.

Staples CA, Dorn PB, Klecka GM, O’Block ST, Harris LR,

1998. A review of the environmental fate, effects and

ex  posures of bisphenol A. Chemosphere, 36: 2149-2173.

Vanhaecke P, Soorgelos P, 1980. International Study on

the Artemia. IV. The biometrics of Artemia strains from

different geographical origin. In: Persoone G, Sor ge -

loos P, Roels O, Jaspers E, eds. The brine shrimp Ar te -

mia – Volume 3 – Ecology, Culturing, Use in Aquacul-

ture. U niversa Press, Wetteren: 393-405. 

Vanhaecke P, Persoone G, 1984. The ARC-Test: A stan-

dardized short-term routine toxicity test with Artemia

nauplii, methodology and evaluation. In: Persoone G,

Jaspers E, Claus C, eds. Ecotoxicological Testing for the

marine environment-Volume 2. State University of Ghent

and Institute of Marine Scientific Research, Bredene:

143-157.

Varó I, Serrano R, Navarro JC, López FJ, Amat F, 1998.

A cu te lethal toxicity of the organophosphorous pesti-

cide chlorpyrifos to different species and strains of Ar -

temia. Bulletin of Environmental Contamination and To -

xi cology, 61: 778-785.

Yamamoto T, Yasuhara A, 1999. Quantities of bisphenolA

leached from plastic waste samples. Chemosphere, 38:

2569-2576.

Yokota H, TsurudaY, Maeda M, OshimaY, Tadokoro H,

Na kazono A, Honjo T, Kobayashi K, 2000. Effect of

bis phenol A on the early life stage in Japanese medaka

(Oryzias latipes). Environmental Toxicology and Chem-

istry, 19: 1925-1930.

Zhou J, Zhu X-S, Cai Z-H, 2011. The impacts of bisphenol

A (BPA) on abalone (Haliotis diversicolor supertexta)

em bryonic development. Chemosphere, 82: 443-450.

                      Jeanne Castritsi-Catharios et al. — Toxicity effects of bisphenol A to Artemia franciscana                  45


