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ABSTRACT

As part of eco-toxicological tests on Artemia salina, the impact of the most commonly used fertilizers in
Morocco was assessed (Ammonium Sulfate, Ammonium Nitrate, and a mixture of Nitrogen 10%, Phosphorus
30% and Potassium 10%), with Potassium Bichromate (K ,Cr,0,) as reference substance at different concen-
trations (10, 20, 40, 80, 160, 320 mg/l), for 24 hours. The results of the statistical study revealed that the
lethal effects caused by the three agrochemicals increase with the concentration and vary from one substance
to another in a significant way. There is a higher sensitivity to ammonium sulphate (the concentration that
kills 50% of the animals: 37.32 mg/l + 6.09) followed by ammonium nitrate the concentration that kills 50%
of the animals: 110.7 mg/l + 7.11), and a mixture of Nitrogen 10%, Phosphorus 30% and Potassium 10% (the
concentration that kills 50% of the animals: 143.13 mg/l + 23.12). Therefore, Artemia salina exhibits sensi-
tivity to agrochemicals and can be considered as a good biomonitoring tool for future toxicological analysis
of agrochemicals.
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INTRODUCTION

In addition, the agricultural sector is an essen-
tial pillar of the economy and society in Morocco,
contributing nearly 13% of GDP (DEPF, 2019).
However, to improve food productivity and pro-
tect crops, scientific studies carried out locally
show an extravagant and unjustified use of fertil-
izers to the detriment of the preservation of natu-
ral resources (ADA, 2018; Naamane et al., 2020;
Barua et Eslamian, 2021). This kind of human
intervention is one of the causes of water pollu-
tion (Barua et al., 2021), causing deterioration of

Nowadays, the rapid growth of the world
population and the environmental conditions
have contributed to the creation of great pres-
sure on the agricultural sector to ensure greater
food production (Gill et al., 2022). Indeed, to
meet food needs, agriculture uses large quanti-
ties of water as well as fertilizers and pesticides.
It is therefore one of the most important sources
of pollution of aquatic environments (ONU,
2019; Zambrano et al., 2022), affects the qual-

ity and quantity of water, its current and future
sustainability (Commission européenne, 2017)
and also harms aquatic biodiversity (Barreau et
Magnier, 2019).

aquatic systems (Piren-Seine, 2019).

Other studies have revealed the negative ef-
fects of agrochemical contamination on the diver-
sity of organisms with complex life cycles such as
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amphibians (Naamane et al., 2020; Suarez et al.,
2021; Zambrano et al., 2022).

A survey carried out in the agricultural ar-
cas of Casablanca-Settat showed that among the
chemical fertilizers most used for soil fertilization
are mixture of Nitrogen10%, Phosphorus 30%
and Potassium 10% (NPK 10-30-10), ammonium
nitrate and ammonium sulphate (Naamane et al.,
2020). These chemical fertilizers, which can be
found in fresh water because of contamination,
could reach the ocean environment as the final
destination of contaminated waters.

Anthropogenic inputs of chemical fertilizers
accelerate the pollution of surface waters with
a negative effect on aquatic biodiversity. To test
their short-term effects, one of the most sensitive
species was used: Artemia salina.

Artemia salina (AS) is a small crustacean liv-
ing in saline aquatic environments (Munteanu et
al., 2011) and is characterized by rapid develop-
ment and a transparent body as well as a variety of
development parameters that can be easily moni-
tored (Da Fontoura et al., 2021). Its permanent
presence (Artemia cysts) and its rapid results allow
it to be among the model organisms for experimen-
tal studies related to bioassays (Rajabi et al., 2015).

In this study, Artemia salina is used for the
first time as a test animal to assess the toxic ef-
fects causing lethal effects of chemical fertilizers
in the aquatic environment. The main objective
is the evaluation of the toxicity of three chemical
fertilizers (Ammonium sulfate, Ammonium ni-
trate, mixture of Nitrogen 10%, Phosphorus 30%
and Potassium 10%: NPK10-30-10) after a short-
term exposure (24h) in Artemia salina at different
concentrations in order to help understand the eco-
logical risk of agrochemicals on surface waters.

MATERIALS AND METHODS

Agrochemicals

Chemical fertilizers (NPK 10-30-10, ammo-
nium nitrate 33.5% N and ammonium sulphate
21% N) are obtained from farmers in the Casa-
blanca-Settat study region.

Animals and breeding conditions

The cysts of Artemia salina were obtained
from an aquarium shop and whose origin is the
company ARFIDEL. Nauplii: Stage II were
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Figure 1. Preparation of brine shrimp for hatching

obtained after 30 hours by hatching the cysts in
separating funnels. Aeration and constant and
continuous lighting were provided by a bubbler
(RS-8801Pump 10W) and a lamp (70W) as well
as a salinity of 35% (artificial sea water) at a pH
of 8-9. After 30 hours with a temperature of 25 +
3 °C (Fig. 1), bubbling was stopped to harvest the
nauplii (Castro et al., 2003).

Toxicity testing

To perform acute toxicity tests on nauplii at
stage II, and to demonstrate a lethal effect follow-
ing exposure for 24 hours, 5 nauplii were trans-
ferred into pillboxes containing 10 ml of artificial
seawater in the presence of a standard pollutant as
a control, potassium dichromate (K,Cr,0O.). For
24 hours, stage II brine shrimp were subjected
to 6 increasing concentrations of the pollutant,
Ammonium Sulfate NPK 10-30-10, and Ammo-
nium Nitrate and Potassium Dichromate: 10, 20,
40, 80,160 and 320 mg/l. Concentrations chosen
are based on previous studies performed (Ortiz-
Santaliestra et al., 2012; Karaca et al., 2017).
These concentrations of agrochemicals would
correspond to the maximum concentrations that
are expected to appear in water bodies follow-
ing runoft from applied fertilizers in agricultural
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landscapes (Ortiz-Santaliestra et al., 2012 ; Ka-
raca et al., 2017). For each concentration, three
identical tests were carried out, with three repeti-
tions as well as controls for each product tested.
During the exposure period, there was no aer-
ation and the nauplii were not fed and they were
placed in an incubator at 20 °C + 2 in the dark.
Mortality was considered as the inability of
nauplii to swim for 15 s. Artemia mortality/immo-
bilization was counted and the LC50 (lethal concen-
tration that causes 50% mortality) was calculated.

Data processing

The lethal concentrations that cause 50%
mortality (LC50) were analyzed by linear regres-
sion using the probit method using Microsoft Of-
fice Excel 2010 software. Mann Whitney test and
Anova test were carried out to check if there is
a significant difference between the different rep-
etitions and the different pollutants used. Results
were presented as mean =+ standard deviation.

RESULTS AND DISCUSSION

The results of the acute toxicity tests obtained
in Artemia salina show that there is no significant
statistical difference for the different repetitions
carried out (P value > 0.05).

The LC50 value of Potassium Bichromate
(K,Cr,0,) during the 24 h duration of the test is
39.06 mg/L + 3.44. The LC50 value of this toxic
substance in acute toxicity tests on invertebrates
is expected to be between 0.067 and 59.90 mg/L
according to USPEA recommendations (Al-
bendin et al., 2021). The LC50 value of Potas-
sium Bichromate (K,Cr,0.) found is within this
range, which means that the population of 4rte-
mia salina was optimal for performing tests with
the different agrochemicals.

For an exposure period of 24 hours the results
reveal the negative impact of the agrochemicals
used (ammonium sulphate, ammonium nitrate and
NPK) compared to the controls in which no mor-
tality was recorded during the experimental period
in Artemia salina (Fig. 1). It is reported the pres-
ence of a very significant difference in sensitivity
in Artemia salina for the different agrochemicals
tested in Artemia salina, with a higher sensitivity
to Ammonium Sulfate compared to Ammonium
Nitrate and NPK which did not show a significant
difference in mortality between them (Fig. 2).

The observed lethal effects caused by the dif-
ferent agrochemicals increase significantly with
increasing concentration used (Fig. 3, 4 and 5).
Additionally, body length and swimming speed
showed a concentration-dependent decrease af-
ter 24 h of fertilizer exposure. Swimming inhibi-
tion can be caused by malformation of the gills.
As important morphological and ethological pa-
rameters, body length and swimming speed have
been widely used in the toxicity assessment of
nanoparticles. A similar phenomenon was report-
ed by the study carried out by Zhu et al. (2018)
on Artemia salina reporting that body length and
swimming speed showed a concentration-depen-
dent decrease after exposure to O-SWCNTs (oxi-
dized single walled carbon nanotubes) for 24 h
with gill malformation.

Regarding Artemia exposed to ammonium ni-
trate and NPK, the concentration of 10 mg/l did
not record any mortality. Indeed, during this con-
centration with no observed effect, all Artemia
still have the ability to swim. Nevertheless, the 10
mg/l concentration of ammonium sulphate is the
lowest concentration causing the death of brine
shrimp while it goes to the concentration of 20
mg/l for ammonium nitrate and NPK.

For LC50 (Fig. 6), the results of the statistical
study also reveal a significant difference (P Value
< 0.05) in sensitivity of brine shrimp to different
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Figure 2. Estimation of the effect of the different
chemical substances compared to the control in
Artemia salina, *** — significant difference (P value
< 0.05), ns — no significant difference (P value = 0.43)
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Figure 3. Estimation of the effect of
different concentrations of ammonium
sulphate in Artemia salina
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Figure 4. Estimation of the effect of
different concentrations of ammonium
nitrate in Artemia salina
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Figure 5. Estimation of the effect of

different concentrations of NPK in Artemia
salina, *** — significant difference
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agrochemicals. A concentration of 37.32 mg/l +
6.09 of ammonium sulphate generates 50% mor-
tality and it goes to the concentration of 110.7
mg/l + 7.11 for ammonium nitrate while it goes to
the concentration of 143.13 mg/1 £ 23.12 for NPK.

These chemical fertilizers can be ingested, ac-
cumulated and excreted by Artemia salina. When
the application of chemical fertilizers exceeds the
recommended limit, they can modify and alter the
environment that can in turn negatively affect hu-
man health.

These chemical fertilizers that end up arriv-
ing in rivers, lakes or the sea are responsible for
the phenomenon of eutrophication and the mas-
sive death of fish and other aerobic organisms
(Idrissi, 2006; Piren-Seine, 2019; Mustafa et al.,
2023), which has become a big problem in Mo-
rocco (Idrissi, 2006). The study carried out by
Wenninso (2016) reveals that chemical fertilizers,
more specifically urea and NPK, combined with
livestock manure (sheep, cattle, poultry) have an
impact on the quality of surface water which can
go from a state mesotrophic to a state of degrada-
tion. Water contaminated with fertilizers causes
low dissolved oxygen in surface waters, causing
fish and other aquatic life to suffocate (Mustafa et
al., 2023). In addition, disturbing changes in the
food chain including the loss of local species can
be noted (Idrissi, 2006). Therefore, the presence
of fertilizers in surface waters harms biodiversity,
with consequences for a large number of aquatic
animals and plants.

200+
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Figure 6. Estimate of the lethal concentration of
ammonium sulfate, ammonium nitrate and NPK
used which affects 50% of the population (LC 50) in
Artemia salina
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The toxicity of chemical fertilizers for aquat-
ic animals is considerable. Exposure to agro-
chemicals (ammonium sulphate and ammonium
nitrate) has been shown to have a negative im-
pact on aquatic species such as anuran tadpoles:
Bufo mauritanicus, Rana ridibunda (Naamane
et al., 2020) and Rana sylvatica (Burgett et al.,
2007) which are considered good bioindicators of
aquatic ecosystems (Feng et al., 2004). Indeed, a
high level of nitrates should have serious conse-
quences on aquatic life (Isaza et Rodgers, 2021).

Nitrogen-based fertilizers are commonly used
in agriculture and enter aquatic ecosystems through
runoff (Burgett et al., 2007). The study carried out
by Naamane and al. (2020) on anuran tadpoles
from the same study region (Casablanca Settat)
showed following a short-term exposure that a
concentration of 80 mg/L of ammonium sulphate
generates a 50% mortality in Bufo mauritanicus for
the earliest stage of development that is considered
the most susceptible (Stage 24). This concentration
increases to 68.07 mg/l for Rana ridibunda. In ad-
dition to survival, tadpole activity decreased with
increasing ammonium sulphate concentration.

For ammonium nitrate, the study carried out
by Burgett et al. (2007) on Rana sylvatica re-
vealed that survival as well as activity decreased
with increasing ammonium nitrate concentration.
In addition, a 50% mortality is generated by a
concentration of 75+25 mg/L of ammonium ni-
trate. Nitrates used in agriculture have been im-
plicated in the decline of frogs and salamanders
in Canada at water concentrations greater than 60
mg NO,/L, nitrate has lethal effects on the tad-
poles of many amphibians (P.G.C., 2001). Limb
and tail malformations with a significantly high-
er degree (p < 0.01) of nuclear damage in toads
(Sclerophrys regularis) were observed after ex-
posure to nitrate (Said et al., 2022). For fry, 50%
mortality is generated by a concentration of 1121
mg NO,-N/L for lake trout and 1903 mg NO,-N/L
for lake whitefish (McGurk et al., 2006).

Exposure of Daphnia magna to phospho-
rus at increasing concentrations (0.5; 1; 2; 4; 8
mg/l) led to a progressive reduction in survival,
growth, longevity as well as delayed egg laying
size (Zvidzai, 2017).

The study carried out by Gueddouche (2017)
on a bioindicator invertebrate, the snail Helix
vermiculata which was exposed by contact for
8 weeks to fresh lettuce leaves soaked in fertil-
izer (NPK and urea) showed that these fertilizers
have an effect on energy reserves (carbohydrates,

proteins and lipids), growth, an induction of the
activity of antioxidant enzymes such as GST (glu-
tathione S-transferase), GPx (glutathione peroxi-
dase) and LDH (lactate dehydrogenase), in paral-
lel with an increase in the level of GST, LDH and
GPx, to a decrease in the level of AChE (acetyl-
cholinesterase). Fertilizer application that exceeds
the recommended limit alters the soil which harms
beneficial soil microorganisms. In the presence of
soil bacteria, nitrogen fertilizers can be convert-
ed into nitrous oxide which is a greenhouse gas.
These nitrogen oxides (NO, N,O, NO,) are re-
sponsible for heavy air pollution. Although these
chemical fertilizers help plants grow faster, these
plants are not strong and healthy because they
don’t have enough time to establish strong roots
and stems, or better quality fruits and vegetables.
Weak roots and stem lack a good immune system
and the weak plant will be more susceptible to
pests and diseases (Mustafa et al., 2023).

The nitrate that is used in these fertilizers is a
major component of polluted water that causes ma-
jor and fatal illnesses in humans. Consumption of
water contaminated with nitrates and nitrites causes
methemoglobinemia in children, blue discoloration
of the skin and cancer and even damage to the respi-
ratory and vascular system (Mustafa et al., 2023).

The poor practices of these agrochemicals in
crops affect the physico-chemical quality of wa-
ter, and therefore have a negative effect on the
biodiversity of aquatic environments. They lead
to flows of chemical nutrients and pathogens to-
wards water resources and upset ecosystems in a
damaging way (Lawani et al., 2017), and conse-
quent loss of habitats and degradation of environ-
mental quality (Suarez et al., 2021).

According to the results, even if chemical fer-
tilizers make it possible to maximize the output,
an inefficient management of these acts on the bal-
ance of the ecosystems. It is the source of pollu-
tion of surface water, groundwater and soil and can
enter the food web when absorbed by plants which
will then be consumed by animals or humans.
These agrochemicals affect both the environment
and human health. Indeed, in the face of a rapidly
increasing world population, a changing climate,
increasing natural disasters, this negative impact
of chemical fertilizers will be accentuated if we
do not carry out fundamental changes that do not
cause ecological and environmental imbalances.

Artemia salina plays an important role in the
aquatic ecosystem. It is more sensitive to expo-
sure to agrochemicals than some organisms that
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are considered good bioindicators of aquatic eco-
systems. In addition, it has a higher sensitivity
to ammonium sulfate compared to ammonium
nitrate and NPK. Besides its use in aquaculture,
Artemia salina which is characterized by a simple
anatomy, a short life cycle and a small size can
be considered as a good biomonitoring tool for
future toxicological analyses. Finally, to ensure
food security while protecting the environment
and human health, the excessive use of fertilizers
for high yields is not sustainable in the long term.
The adoption of measures to avoid or reduce ef-
fects that are potentially serious or irreversible is
necessary. Responsible use and management of
fertilizers in agriculture at the farm level would
help achieve the Sustainable Development Goals,
including enhancing food security and nutrition,
combating hunger and malnutrition, reducing
pollution and improving food safety.

Additional research efforts are needed to im-
prove our knowledge of the effects of agrochemi-
cals on Artemia in particular.

CONCLUSION

At the end of this work, which aims to assess
the toxicity of 3 chemical fertilizers (NPK, am-
monium sulfate, and ammonium nitrate) in 4rte-
mia salina, the results reveal that pollution by ag-
rochemicals presents acute toxicological effects
in brine shrimp. Artemia show a high sensitivity
to agrochemicals and they showed a significantly
higher sensitivity to ammonium sulphate com-
pared to ammonium nitrate and NPK.

To assess the ecological risk of agrochemi-
cals, it is therefore recommended to study their
toxicity on Artemia salina this would allow tak-
ing corrective measures to reduce or use these
products judiciously, in order to eliminate the
harmful effect of these synthetic chemicals on
the environment. Further research is needed to
increase the information available on the effects
of agrochemicals on aquatic systems in general
by testing with other taxa and with organisms at
different stages of development.
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