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Abstract 
The study aimed to assess the short-term effects exerted by two inorganic arsenic species (arsenite and arsenate) on Artemia salina after 
24, 48 and 72 h. The dose-lethality curves obtained indicate that the lethality induced by arsenite was higher than by arsenate. The lowest 
observed effect concentration for arsenite (0.5 μg/mL) is similar with the no observed effect concentration for arsenate, thus indicating that 
the toxicity of arsenite is higher compared with arsenate. Also, the lethal concentration 50 values confirm that arsenite induced about 1.24-
fold higher toxicity than arsenate at 24 h and about three-fold higher toxicity at 48 h and 72 h of exposure. Both LC50 (lethal concentration 
50) values are indicating negligible effects exhibited by arsenic at this trophic level after short-term exposure. The predicted no effect 
concentration in the surface aquatic compartment corresponds to 10.38 μg/L, similar to the limit imposed by Directive 98/83/EC. 
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 Introduction 

During last decade, it was observed that standard 
toxicological profiles are not allowing the assessment of 
the global toxic effects exhibited by chemicals because 
from their leakage from landfills. As a result, increasing 
attention is now given to the incorporation of bioassays 
on aquatic organisms in the hazard assessment of waste 
sites [1]. These bioassays are mandatory in order to get 
a well-balanced picture of the environmental impact of 
certain chemicals. 

The marine crustaceans are a useful tool for the eco-
toxicological assessment. Different types can be used, 
such as adult and larval copepods, larval brine shrimps, 
larval barnacles or amphipods. 

Artemia salina (known as the brine shrimp) typically 
lives in hypersaline waters and has been considered a 
“standard test organism” along with Daphnia sp. [2], and 
is currently used to evaluate the acute toxicity of several 
contaminants [3]. Artemia salina has gained its popularity 
as a test organism because it is easily available as 
commercial cysts; it has short life cycle and high 
fecundity, small body size, high adaptability to various 
nutrient resources. Also, there is a considerable amount 
of information about this species [4]. In addition, taking 
into account the use of cysts as a primary source, the 
population has a similar age and genotype, therefore the 
variability is greatly reduced. These are certainly some 
important factors to promote the utilization of this 

organism in standard tests. Other advantages are related 
with the procedure involved, such as the use of a simple 
equipment for the measurements, resistance to manipulation, 
and the use of a considerable small amount of living 
organisms for the procedure. Artemia genus is subdivided 
into six generally recognized bisexual species. 

The general approach in the Artemia-based bioassays 
implies the incubation with a series of different dilutions 
of the tested substances. After a defined incubation 
period (24 h to 48 h), the number of organisms suffering 
a well-defined effect (e.g., death, growth, immobility) are 
recorded. The selected end-point depends on the nature of 
the investigated compound. Recently, long-term toxicity 
test on Artemia sp. were proposed as an alternative to 
Daphnia sp. for the assessment of the aquatic compartment 
[5, 6]. In spite of these advantages, the use of Artemia sp. is 
controversial for some authors, particularly to its supposed 
inadequate sensitivity to chemical exposure due to the 
intrinsic resistance to extreme salinity conditions [7, 8]. 

Extensive arsenic contamination of surface and 
groundwater has been reported in many parts of the 
world, generally due to the proximate geologic structure 
of the site. In aquatic systems, inorganic arsenic occurs 
primarily in two oxidation states, as oxyanions of trivalent 
arsenite [As(III)] or pentavalent arsenate [As(V)]. Both 
forms generally co-exist, although As(V) predominates 
under oxidizing conditions. 

The environmental fate of inorganic arsenic dependents 
on its mobility, biotransformation and bioaccumulation [9]. 
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Bioconcentration factors (BCFs) that have been measured 
indicate that some species (mainly marine algae and shell-
fish) tend to bioconcentrate arsenic compounds [10], but 
the effect is not biomagnified through the food chain [11]. 

Taking into account the bioaccumulation of arsenic 
in aquatic organisms, primarily in algae and lower 
invertebrates, it is important to investigate the short-
term effects of arsenic species at this trophic level. 

The aim of the present study was to assess the short-
term toxicity exhibited by two inorganic arsenic compounds 
(sodium arsenite and sodium arsenate) on Artemia salina. 
Both compounds are needed for the assessment of arsenic 
taking into account that are present in the water and 
contribute to the total aquatic effect. 

 Materials and Methods 

Artemia salina culture 

Artemia salina was used as test organism. The bioassay 
was performed according to protocols proposed by 
Meyer et al. (1982) [12] with some modifications [13]. 
Brine shrimp populations were obtained from dehydrated 
eggs purchased from a specialized store. 500 mg of 
brine shrimp cysts were incubated in artificial seawater 
for a 16 h photoperiod and 8 h of darkness at 250C. The 
controlled conditions were maintained using a Sanyo 
MLR-351H (USA) climatic chamber. A saturated oxygen 
condition was provided by an aquarium air pump. The 
artificial seawater was prepared using formula described 
by United States Environmental Protection Agency [14], 
slightly modified in order to obtain a final salinity of 
40 g/L [13]. After the 24 h period, hatched nauplii were 
selected and move in fresh aerated artificial seawater 
and maintained for another 24 h before tests. 

Tested substances 

Two species of arsenic were used: arsenic trivalent 
(as sodium arsenite) and arsenic pentavalent (as sodium 
arsenate). Both standard substances (purity ≥98%,) were 
purchased from Sigma-Aldrich (Germany). Both com-
pounds were tested in 15 different concentrations ranging 
from 0.5 to 400 μg/mL. A standard stock solution 
(0.5 mg/mL) of each compound was used. Standard 
artificial seawater was used as dilution medium. All the 
reagents used in the assay procedures were of analytical 
reagent grade. 

Experimental design 

In Petri dishes with d=20 mm, appropriate arsenic 
stock solution volumes were added in order to obtain the 
concentrations: 0.5, 1, 5, 10, 20, 30, 40, 50, 100, 150, 
200, 250, 300, 350 and 400 μg/mL. Twenty nauplii were 
then added in 200 μL artificial seawater, and the volumes 
were completed to 4000 μL with the same solvent. 
Artificial seawater was used as control. 

The lethality as the critical end-point was counted at 
24 h, 48 h and 72 h of exposure to arsenic compounds. 
The larvae were considered dead only if they did not move 
their appendages for 10 seconds during observations. 
The nauplii were not fed during those periods since their 
digestive system is still non-functional. The test was 
performed in duplicate. 

Statistical analysis 

The average lethality percentage (L%) was calculated 
based on the death nauplii from the total number of the 
exposed organisms for each compound at 24 h, 48 h and 
72 h. L% was plotted against the logarithm of concent-
rations and the lethality–concentration curves were drawn 
using the least squares fit method. Based on the lethality–
concentrations curves, we determined the lethal concent-
rations that kill 50% of nauplii (LC50), their upper and 
lower limits of the 95% confidence interval (CI 95%). 
The correlation coefficient (r2), standard error of the 
logarithm of LC50 and the slope of the curves were also 
calculated in order to evaluate the goodness of fit and 
the relationships between the concentrations and lethality. 
All calculations were performed using GraphPad Prism 
version 5.0 software (USA). 

 Results 

The aim of the present study was to assess the short-
term toxicity exerted on Artemia salina population by 
two inorganic arsenic compounds. The lethality was picked 
as the key end-point of the study and it was investigated 
after different periods (24, 48 and 72 hours), in order to 
establish a possible dose-effect or time-effect correlation, 
and to calculate LC50. Based on the LC50 values, we 
compared the toxic potential of the tested compounds. 

The relevance of lethality 

The selected end-point is a decisive factor for eco-
toxicity testing. Most frequently, cyst-based toxicity assays 
involving Artemia sp. used a well-accepted end-point: 
lethality of the recently (II–III stage) hatched nauplii. 
The assessment can be done based on the lack of 
appendages movement or using phototactic response. We 
used the first approach, the investigating the appendages 
movement for 10 seconds (Figure 1). 

Some researches [17] evaluated several age classes of 
Artemia salina and concluded that a greater sensitivity 
is exhibited by the 48-hour-old specimens. Increased 
age resulted in increased toxicity expression; therefore, 
in our studies we used 48-hour-old populations. 

After 72 h of exposure to C3 and C4, we observed 
morphological alterations, as asymmetry of appendage size 
(Figure 1f), possible because of asymmetry in growth 
speed. 

Lethality of arsenite 

Results obtained for lethality are presented in Figure 2a. 
After 24 h of exposure, arsenite induced 100% lethality 
at the concentrations ranging from 150 to 400 μg/mL. 
At 100 μg/mL, as much as 55% lethality was registered 
and, below that concentration, the effect observed was 
similar to the control. Therefore, after 24 h the no observed 
effect concentration (NOEC) corresponds to 50 μg/mL. 
Complete lethality (100%) was obtained at 48 h of 
exposure at concentrations between 50 and 100 μg/mL. 
Comparing to the 24 h exposure, at 48 h of exposure 
arsenite induced a significant higher toxicity. For example, 
concentration of 20 μg/mL induced 27.5% lethality after 
48 h and no lethality after 24 h or exposure. The same 
observation can be done for the concentration corres-
ponding to 40 μg/mL. After 72 h, 100% lethality was 
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registered at 20 μg/mL, showing that the toxicity of 
arsenite depends not only on concentration, but also on 
the time of exposure. For the last endpoint (at 72 h), no 
NOEC could be derived, while the lowest observed effect 
concentration (LOEC) corresponds to the lowest concent-
ration tested (0.5 μg/mL). 

Lethality of arsenate 

Results obtained are presented in Figure 2b. Arsenate 
induced maximum effect at 24 h only at concentrations 
over 200 μg/mL. However, at 100, 150 and 200 μg/mL, 
the lethality ranged from 20 to 87.5%. At lower concent-
rations, the lethality percentages were similar with the 
control. Higher lethality was registered after 48 h and 72 h. 

Thus, at 48 h of exposure, 100% lethality was observed 
for 50 and 100 μg/mL and, after 72 h of exposure, the 
maximum lethality was induced by concentrations starting 
from 50 μg/mL. LOEC at 72 h corresponds to 1 μg/mL, 
while NOEC corresponds to the lowest concentration 
tested (0.5 μg/mL). 

Comparing the results obtained, the lethality induced by 
arsenite (Figure 2a) was higher than arsenate (Figure 2b) 
over the exposure period. However, after a period of 72 h 
of exposure at low concentrations (1.0–10.0 μg/mL), the 
toxicity of the two compounds was similar. The lowest 
tested concentration (0.5 μg/mL) did not produced lethality 
for none of the tested compounds after 24 h and 48 h. 
 

 
Figure 1 – Photographs taken of Artemia salina after 24 h, 48 h, and 72 h of exposure: (a) Initial, 100×; (b and c) 
After 24 h – (b) 40× and (c) 400×; (d–f) After 72 h – (d) 40×, (e) 400×, and (f) 400×. 

Figure 2 – Brine shrimps lethality [%] versus concentration [μg/mL] induced by arsenite (a) and arsenate (b) over the 
exposure period of 24, 48 and 72 h. Bars represent standard deviation of the two replicates. 
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Calculation of LC50 

LC50 values were calculated for the two-tested com-
pounds and the results obtained are included in Table 1. 

The lethality–log concentrations curves are also 
presented in Figure 3. LC50 of arsenite varied from 
98.65 to 10.38 μg/mL and LC50 of arsenate varied from 
122.52 to 28.08 μg/mL during the exposure period. 
Thus, LC50 of arsenite after 24 h of exposure is about 
ten-fold higher of the LC50 after 72 h, whereas LC50 of 
arsenate for the same testing moment is only four-fold 
higher than the value obtained after 72 h exposure. By 
comparing the LC50 of the two compounds over the 
exposure period, we observe that arsenite induced about 
1.24-fold higher toxicity than arsenate at 24 h and about 
three-fold toxic higher at 48 h and 72 h of exposure. 

The correlation coefficients (r2) were over 0.88 in all 
cases, which indicate a good dependence of the logari-
thmated concentrations with the toxic effect (lethality) 

in all cases. As shown in Figure 2, the 24 h curves for 
both arsenite and arsenate present a steeper slope than 
48 h and 72 h curves. This indicates that small increases 
in the low tested concentrations levels (between 50 and 
100 μg/mL for arsenite and between 100 and 250 μg/mL 
for arsenate) significantly increased the lethality, while 
for higher concentration the magnitude of effect is not 
changing to drastically. The 95% confidence intervals 
(α=0.05) of the LC50 were calculated for all dose–lethality 
curves and are also presented in the Table 1. 

The CI 95% of LC50 of arsenite is wider after 24 h 
period exposure than after 48 h or 72 h (72.86 μg/mL at 
24 h, 2.34 μg/mL at 48 h, and 1.66 at 72 h). For arsenate, 
the CI 95% are closer at 24 h exposure (15.97 μg/mL) 
than for arsenite. Wider intervals were obtained for 
arsenate at 48 h and 72 h, these being however acceptable 
(25.34 μg/mL at 48 h and 5.71 μg/mL at 72 h). 
 

Table 1 – LC50 values and 95% confidence intervals (CI 95%) obtained on Artemia salina 

CI95% of LC50 [μg/mL] 
Compound 

Exposure 
period [h] 

Log [LC50] 
Standard error of 

log [LC50] 
LC50 

[μg/mL] Upper Lower 
Goodness of fit 

(r2) 

24 1.99 0.0585 98.65 141.31 68.45 0.8877 

48 1.42 0.0093 26.41 27.56 25.22 0.9913 Arsenite 

72 1.02 0.0166 10.38 11.25 9.59 0.9813 

24 2.09 0.0136 122.52 131.39 115.42 0.9691 

48 1.93 0.0303 84.43 94.40 69.06 0.9375 Arsenate 

72 1.45 0.0214 28.08 30.94 25.23 0.9744 
 

Figure 3 – Concentration–lethality curves for Artemia nauplii exposed to arsenite (a) and arsenate (b). Bars represent 
standard deviation of the two replicates. 

 

 Discussion 

Starting from the observation that arsenic contami-
nation of surface and groundwater has been reported in 
many parts of the world and in aquatic organisms like 
marine algae and shellfish, arsenic is bioaccumulating, 
the aim of our study was to investigate the short-term 
toxicity exhibited by two inorganic arsenic species (sodium 
arsenite and sodium arsenate) on Artemia salina. We 
tested both arsenic species that are present in water as 
both are contributing to the effect at this trophic level. 

Artemia salina was chosen as the testing organism 
considering its availability, short life cycle, small body 
size, high adaptability to varied nutrient resources, low 
cost and low variability in the population. The study was 
conducted on 48-hour-old populations, based on previous 
studies [13, 15]. This population is the most sensitive 
compared with older or younger populations. 

The results obtained on brine shrimps confirm, at 

least partially, what is known on humans regarding the 
toxicity of trivalent and pentavalent inorganic arsenic 
[16–18], i.e., the toxicity was higher for arsenite than 
for arsenate. The dose–lethality curves obtained indicate 
that the lethality induced by arsenite was higher than 
arsenate over the exposure period (72 h). For arsenite 
only LOEC could be derived (0.5 μg/mL), while for 
arsenate LOEC but also NOEC were obtained. Taking 
into account that LOEC for arsenite is similar with NOEC 
for arsenate is obvious that the toxicity of arsenite is 
higher compared with arsenate. Also, the LC50 values 
confirm that arsenite induced about 1.24-fold higher 
toxicity than arsenate at 24 h and about three-fold higher 
toxicity following 48 h and 72 h of exposure. Our results 
for the LC50 values indicate a small magnitude of the 
effect at this trophic level. 

Some questions can be raised regarding the nature of 
arsenic species that exhibited toxicity in Artemia salina 
population, starting from the published data that indicate 
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that aquatic organisms transform inorganic arsenic species 
to different compounds, as organoarsenic compounds, 
arsenosugars, arsenolipids and methylated arsenicals [19]. 
For example, the major organic arsenicals found in marine 
fish and most other seafoods (shrimp, lobster, shellfish) 
is arsenobetaine [19]. Because inorganic arsenic species 
are about 10 to 60 times more toxic than organic com-
pounds, the methylation of inorganic arsenic is viewed 
as a detoxification process [20]. 

Taking into account that our tests where performed 
only on short period (up to 72 h) and the organism tested 
was immature (second larval stage) is unlikely that 
inorganic species are highly methylated or are bio-
accumulated. Suhendrayatna et al. [21] studied the bio-
transformation of As(III) by the Daphnia magna and red 
cherry shrimp (Neocaridina denticulata) after seven 
days under static conditions. Results showed that D. magna 
contained about 63–75% As(III) and 24–36% As(V), 
while the level of methylated arsenic was less than 2%. 
In contrast, the fraction of methylated arsenic in N. denti-
culata was markedly higher (about 7–32%) than that in 
D. magna. Other study [22] revealed that approximately 
80% remain in inorganic forms while less than 20% is 
biomethylated by shellfish or crustaceans. The observation 
regarding the low level of biotransformation after short-
term exposure explains only in part the results published 
by other researchers [23], which focused on the chronic 
toxicity (after 28 days of exposure) of sodium arsenate 
at concentrations of 4 to 56 mg/L on Artemia franciscana. 
The NOEC for survival corresponds to 8 mg/L, while 
LOEC to 15 mg/L dissolved arsenic. These values are 
significantly lower compared to our results, but this can 
be explained based on well-known bioaccumulation of 
arsenic that enhance its toxicity. 

Using our lowest LC50 value for arsenite (after 72 h 
of exposure), it was possible to estimate the predicted 
no-effect concentration (PNEC). This represents the 
concentration of the substance for which adverse effects 
are not expected to occur in the environmental compart-
ment of concern (surface aquatic compartment). The 
assessment factor of 1000 was used, taking into account 
the available short-term set of data, therefore the calculated 
PNEC corresponds to 10.38 μg/L, which is similar to 
the limit imposed by drinking water Directive 98/83/EC 
[24]. Further studies are needed to investigate the co-
exposure to arsenite and arsenate, taking into account that 
both are present in water so they are both contributing to 
the environmental effect [25]. 

 Conclusions 

The toxicity tests performed on Artemia salina indicate 
that both sodium arsenite and sodium arsenate exhibited 
weak toxic effects after short-term exposure. The dose–
lethality curves obtained indicate that sodium arsenite 
induced about 1.24-fold higher toxicity than sodium 
arsenate at 24 h and about three-fold toxic higher at  
48 h and 72 h of exposure. Both LC50 values indicated 
negligible effects exhibited by arsenic at this trophic 
level after short-term exposure. Calculated predicted no-
effect concentration in the surface aquatic compartment 
corresponds to 10.38 μg/L, similar to the limit imposed 
by Directive 98/83/EC. 
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