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ABSTRACT 

Micropollution is a serious environmental problem caused by continuous entry of trace quantities 
of toxic chemical substances into the aquatic environment. In the present study, three trophic lev-
els of the aquatic ecosystems were used to evaluate the acute toxicities of environmentally im-
portant micropollutants including heavy metals, pesticides and drugs. There is a scarcity of infor-
mation on toxicity of the studied substances on marine water algae.  Among studied micropollu-
tants, the most toxic chemical to Daphnia magna and Danio rerio was found to be 1-Chloro-2,4 
dinitrobenzene with EC50 of 0.002 and 4.2 mg/L, respectively. Although this compound was also 
toxic to marine algae, Phaeodactylum tricornutum, arsenic showed the highest toxicity to the algae 
with EC50 of 2.4 mg/L. As compared to other organisms, D. magna was found to have higher 
sensitivity to all of the tested micropollutants.  
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Introduction
Micropollution is an important environmental problem char-
acterized by entry of a wide variety of chemicals into the re-
ceiving environments at trace concentrations (ng/L to µg/L). 
Thanks to the resent technological progress in chemical anal-
ysis, it is not hard to detect their presence in water (Metz & 
Ingold 2014; Hollender et. al. 2007; Schwarzenbach et al. 
2006). Continuous input of non-biodegradable, persistent and 
bioaccumulative micropollutants in receiving waters is an im-
portant problem threatening aquatic ecosystem. In spite of 
their hardly detectable low concentrations in receiving water 
bodies, most of them raise considerable toxicological con-
cerns (Schwarzenbach et al. 2006). They cause serious pollu-
tion issues like poisoning of fish and other aquatic organisms 
and disturbances in aquatic environment (Shao et al. 2019). 
Trcilosan which is a widely used biocide can be given as an 
example to this category. It is frequently detected in different 
water environments including streams and seawater at con-
centration ranging from 0.001 to 40.000 ng/L (SCCS, 2010). 
This bioaccumulative and persistent chemical has potential negative im-
pacts on human and animal health, it is also highly toxic to green 
algae, which is an organism having remarkable impact on the 
balance of the ecosystem (Dhillon et al 2015; Tatarazako et 
al. 2004). Growth deformities, immunodeficiency, neurobe-
havioral deficiency and cancer can be listed as important side 
effects of persistent micropollutants due to bioaccumulation 
via food chain (Yan et. al. 2018). The feminization of male 
fish is one of the most striking effect caused by discharge of 
estrogen containing wastewaters to receiving environments. 
Being an endocrine disrupting compound it gives harm to the 
reproductive performance of fish, which leads to disturb-
ances in their population development (Harris et al. 
2011). 

Global production of anthropogenic chemicals is reported 
to increase from 1 to 400 million tons per year in the last 
century (Gavrilescu et al. 2015).  It is reported that ap-
proximately 280 different micropollutants have been de-
tected in greywater (Etchepare & Van der Hoek 2015). The 
source of these compounds reaching receiving environments 
are mostly human activities such as agriculture, drug and 
cosmetic industry. Conventional wastewater treatment is re-
ported to be not very effective for removal of micropollutants 
such as pesticides, industrial chemicals or pharmaceutical 
products (Wilhelm et al. 2018; Falås et al. 2016; Margot et 
al. 2015). Because of insufficient treatment, large quantities 
of micropollutants are dumped into the water environments.  
It is essential to understand the impact of micropollutants on ma-
rine ecosystem and improve treatment technologies for their 
depollution (Villette et al. 2019).  

Study of the toxic effect of environmentally important mi-
cropollutants on different aquatic organisms reveals how haz-
ardous they are to the environment and increases knowledge 
on interactions between test organisms and the chemical sub-
stance. Microalgae with their high surface-to-volume ratio 
can show immediate response to toxic pollutants. Inhibition 
or enhancement of their growth due to the presence of con-
taminants provide valuable information about the possible ef-
fects of contaminants on the marine-coastal ecosystem. One 
of the most common standard test organism is the marine di-
atom Phaeodactylum tricornutum, which is also an important 
food source for zooplankton and other filter feeding organ-
isms. It is one of the few salt water phytoplanktonic model 
for toxicity standard tests (Libralato et. al. 2016; Wang & 
Zheng 2008). Microalgae, water fleas and zebrafish represent 
an aquatic food chain as primary producer, primary consumer 
and secondary consumer, respectively. Being inexpensive, 
small and easy to care for in large numbers zebrafish is pre-
ferred for determination of  the water quality and toxic effects 
of contaminants  (Lele & Krone 1996). It is reported that 70% 
of human genes coding for proteins are consistent with 
zebrafish, and 84% of these genes are found to be associated 
with human diseases. Thus, toxicology test results obtained 
on zebrafish, which is a vertebrate model, can give idea about 
the effect of toxicants on human health  ((Howe et al. 2013; 
Qian et al. 2018). 

In this study, acute toxicity tests for 13 micropollutants in-
cluding heavy metals, pesticides and drugs were investigated 
on marine algae, water flea and zebrafish. Among these com-
pounds, polychlorinated biphenyls has great concern. 2,4-
DCP, a widely used chlorinated phenolic compound for syn-
thesis of agricultural biocides and pharmaceuticals, are a ma-
jor source of worry for both human and ecological health 
(Zhang et al. 2018). Heavy metals studied are vanadium, tita-
nium, arsenic and antimony. The chemicals and the potential 
sectors discharging these micropollutants were listed in Table 
1. The micropollutants selected are widely used in our coun-
try and have scarce acute toxicity data in literature on marine 
algae. The other criteria for selection is their logKow value 
lower than 3 which results in increased solubility in water. 
Previously, the Annual Mean Environmental Quality Stand-
ards (µg/L) of these micropollutants were determined in a 
Project on detection of dangerous micropollutants for Turkey 
coastal and transitional waters. Their bioavailability, annual 
quantity of usage in the country (import or production) and 
ecotoxicity were among the important criteria for EQS deter-
mination (Tübitak 2017). The extremely hazardous chemical 
tested in this study with annual mean EQS value of 0.05 µg/L 
is Azinphos-methyl, which is an organophosphate pesticide. 
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EQS values of n-Butyltin Trichloride, Triadimenol and Va-
nadium are also low so they are regarded to be dangerous with 
their low mean annual EQS values (1-2 µg/L).   

Material and Methods 
Test Compounds 

All the chemicals listed in Table 1 were supplied by Sigma 
Aldrich. Stock solutions of the micropollutants were prepared 
in distilled water. EC50 values for each chemical was deter-
mined for five different concentrations diluted from their 
stock solutions. 

Toxicity Tests 

Water fleas (Daphnia magna): Water fleas were cultured in 
a 2 L beaker containing 1  L of distilled water and fed with 
Chlorella vulgaris. The photoperiod was applied as16 h L and 
8 h D, and the temperature was 20 °C (Bernot et al. 2005). 
This culture was used for inoculation 100 mL of test solution 
containing toxic chemical of interest. All experiments were 
initiated with 24 h old organisms. The animals were not fed 
during the tests.  The test solutions containing required 
amount of toxic chemicals were prepared by making dilutions 
from stock solutions in appropriate concentration range. For 
each concentration, 100 ml of test solutions was prepared in 

two beakers and 10 Daphnia magna were placed into each 
beaker and monitored for 96 hours.  The measured toxic ef-
fect was death of organisms recognized as immobilization for 
15 s after stimulation by a bright light. 

Marine algae (Phaeodactylum tricornutum): Microalgae 
are cultured in vessels containing only nutrient medium (as 
controls) and nutrient medium to which the test micropollu-
tant is added. The algae cells was cultured in F/2 medium 
which contains 75g/L NaNO3, 5.65g/L NaH2PO4.2H2O, 
12.9g/L Na2SiO3.5H2O, 0.005g/L CuSO4.5H2O, 0.011g/L 
ZnSO4.7H2O, 0.005g/L CoCI2.6H2O, 0.090g/L 
MnCI2.4H2O, 0.909g/L FeCI3.6H2O (Guillard 1975). Appro-
priate volumes of nutrient medium were placed in flasks and 
algae were then introduced into the flasks and standardized 
light and temperature conditions are provided. Algae cultiva-
tion is carried out with an initial cell density of 106 cells/mL 
and the experiment is continued for 96 hours. Algae cells at 
the logarithmic phase are used for toxicity tests. Experiments 
were performed in a light-dark cycle for 12 hours with 2000-
3000 lx illumunation, at 21 ± 2 ° C, pH 7.1 for 12 hours. Data 
of algae growth during the test are obtained in each day for 
96 hours (Sun et al. 2016). The results of the test are calcu-
lated as % effect, based on final versus initial population den-
sity. 

 

Table 1. Micropollutants studied and their source of pollution 

Micropollutant Cas No Industrial usage 
1-Chloro-2,4 dinitrobenzene 
97-00-7 

Detecting and determining nicotinamide adenine dinucleotide (NAD), refrigerant in air 
conditioning systems, main toxin in pesticide and herbicide products (Santos et.al., 2021) 

Azinphos-methyl 86-50-0 Pesticide, agro-chemical product (Zhang et al., 2019) 

2-Amino-4-chlorophenol 95-85-2 Industrial gases, chemical fertilizers, nitrogen compounds, paints and varnishes 
(NCBI,2021) 

Sulfamethoxazole 723-46-6 Applied as a bacteriostatic drug (Dirany et al., 2011) 
n-Butyltin Trichloride 1118-46-3 Plastic raw materials manufacture, processing and coating of metals (NCBI,2021) 
3-Chlorophenol 108-43-0 Tire treading and reprocessing (Wang et al., 2011) 
2,4-Dichlorophenol 120-83-2 Pesticides, herbicides, and bactericides (Zhou, et al., 2020) 
Triadimenol 55219-65-3 Agricultural fungicide (Li et al., 2014) 

Arsenic 7440-38-2 Manufacture of pesticides and other agro-chemical products, construction of ships and float-
ing structures (NCBI,2021) 

Vanadium 7440-62-2 
Manufacture of industrial gases, chemical fertilizers, nitrogen compounds, paints, plastic 
raw materials and steel alloys, battery and superconducting materials (NCBI,2021) 

Titanium 7440-32-6 Manufacture of plastic bag, bag, sachet, sack, box, carboy, bottle and reel (NCBI,2021) 

Antimony 7440-36-0 Flame-retardants, rubber vulcanization, plastic stabilization, white pigment, textile finish, 
glass manufacture, ceramic enamels   (Paoletti et al., 2001) 

Iron 7439-89-6 Manufacture of basic iron and steel products and ferroalloys, chemical fertilizers and nitro-
gen compounds (NCBI, 2021) 
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Zebrafish (Danio rerio): Aerated tap water was used for the 
preparation of serial concentrations of the chemicals to be 
tested for toxicity and for the pond containing the Danio re-
rio. In the experiment, ten Danio rerio were placed in a 2 L 
glass beaker containing 1 L of solution and the fish were mon-
itored for 96 hours after the addition of chemicals. The num-
ber of dead fish was recorded every 24 hours (Sun et al. 
2016). 

Calculation of %Effect for Micropollutants 

% effect vs chemical concentration graphics for all the chem-
icals on three different organisms were given in Suplemen-
tary file. % Effect values are calculated by using following 
equation 

%𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 =
# of death organisms in test
# of alive organisms in control

 𝑥𝑥 100 

Results and Discussion 
In the present study, three trophic levels of the ecosystems in-
cluding producers (P. tricornutum), primary and secondary 
consumers (D. magna and D. rerio), were used to evaluate 
the toxicities of environmentally important micropollutants 
listed in Table 1. Micropollutants which has rare or no tox-
icity test results on marine algae were selected for determina-
tion of their toxicity. Benthic microalgae play a key role in in 
biogeochemical cycles and are important for the control of 
marine resources. Marine organisms living in estuarine and 
coastal sediments will be the first targets of toxic pollutants.  
They are exposed to a number of natural and synthetic pollu-
tants, including trace metals, pesticides, various PAHs, bio-
cides, and other pollutants coming from plastic or cosmetic 
industry (Tato & Beiras 2019). The toxicity of micropollu-
tants such as PAHs and metals on marine organisms has been 
widely investigated (Brown et al. 2004; Company et al. 2004; 
Singh et. al. 2004; Morlon et al. 2005). However, only a few 
compounds are subject to legal regulations (Rogowska et. al. 
2020) and unfortunately large number of contaminants are 
still discharged into the nearest river or sea without removal 
from wastewater. Toxic contaminants including most of the 
micropollutants threat survival of aquatic organisms and dis-
turb marine ecosystem. Drastic changes in the ecosystem may 
result in difficult-to-reverse circumstances. For example, ef-
fect of micropollutants on microbial loop functioning is re-
ported to a cause of mucilage problem in Meditteranean Sea 
(Danovaro et. al. 2009). To protect marine life, determining 
the pollutants with high toxicity and characterizing the eco-
logical risk to aquatic organisms is critical. Although predic-
tion tools using quantitative structure activity relationship 
(QSAR) models such as Ecological Structure Activity Rela-
tionships (ECOSAR) can also be applied for risk assesment 

studies (Li et. al. 2021), data based on ecotoxicological tests 
is primarily preferred. 

Being dominant in most marine ecosystem, the diatom P. tri-
cornutum appears as a good model to study the interactions 
between toxic contaminants and marine ecosystem (Poirier et 
al. 2018). Phytoplanktons (microalgae) are the primary pro-
ducers at the base of the aquatic food chain, so that they are 
the first targets to be affected by pollution (Satoh et al. 2005). 
Algae are ecologically important organisms and generally 
sensitive to test substances. Also algal tests are rapid and cost 
effective (Arensberg et. al.1995).  

Table 2 presents 96h acute toxicity test results for 13 mi-
cropollutants on three trophic level. EC50 and LC50 values 
were obtained by measuring the effect of at least five concen-
trations of the chemical on the test organisms. Graphics for 
determination of EC50 and LC50 values can be found in the 
Supplementary file. Figure 1 shows %effect graphics for the 
most toxic chemical for each individual test organism. Tox-
icity experiments on three trophic level revealed that D. 
magna is the most sensitive organism to all of the tested mi-
cropollutants except 2,4-Dichlorophenol (Table 2). This sub-
stance together with 1-Chloro-2,4 dinitrobenzene showed 
their highest toxicity to zebrafish (Figure 1 C). 1-Chloro-2,4 
dinitrobenzene, an intermediate solvent used in many sectors, 
was shown to be highly toxic to all organisms but it was found 
to be toxic to D. magna the most (Figure 1 A). In a previous 
study, 48h EC50 of 1-Chloro-2,4 dinitrobenzene was re-
ported to be 0.8 mg/L for Chlorella pyrenoidosa, a freshwater 
green algae (Maas-Diepeveen &Leeuwen 1986) and 0.49 
mg/L for D. magna (Dierickx & Vanderwielen 1986). In our 
study, EC50 for D. magna was found to be 0.002 mg/L, much 
more lower than previous studies. Toxicity of other chlorin-
ated compounds, 2,4-Dichlorophenol and 3-Chlorophenol, 
were not as high as 1-Chloro-2,4 dinitrobenzene for D. 
magna, however, all the chlorinated compounds including 
these two were shown to be highly toxic to zebrafish. Tox-
icity of a chemical substance may differ with respect to the 
test organism due to the difference in their cell structure and 
function, and level of organization. Vertebrates possess enzy-
matic and non-enzymatic antioxidant systems as defense 
against oxidative stress (Fontagné-Dicharry et al. 2017). 
There is not much toxicology data for 1-Chloro-2,4 dinitro-
benzene for zebrafish in the literature. Some material safety 
data sheets report LC50 as 0.32 mg/L for zebrafish, however 
we have obtained 96h LC50 as 4.2 mg/L for this organism. 
There is a detailed acute toxicity data for 2,4 dichlorophenol 
(Moermond &Heugens 2009) in which LC50 value was given 
as 3.9 mg/L for zebrafish for 96h (Guillard 1975). We ob-
tained similar EC50 value for 2,4 dichlorophenol for 
zebrafish. The pesticide, Azinphos-methyl, which is accepted 
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as extremely hazardous was found to be highly toxic to D. 
magna with EC50 of 6 µg/L but its toxicity to marine algae 
is not higher than heavy metals. In the present study D. magna 

was found to be sensitive to micropollutants more than ma-
rine algae. 

 

Table 2. Half-maximal effective concentrations of micropollutants on three trophic levels 

Micropollutant Daphnia magna 
EC50 (96 h) (mg/L) 

P. tricornutum 
EC50 (96 h) (mg/L) 

 Danio rerio 
LC50 (96h) (mg/L) 

2,4-Dichlorophenol 17.7 16.7 4.2 
3-Chlorophenol 12.3 25.5 34.1 
n-Butyltin Trichloride 5.8 7.9 65.6 
Iron 4.0 53.7 335.6 
Sulfamethoxazole 2.2 114.7 235.5 
Triadimenol 1.3 5.4 135.3 
Antimony 0.08 4.9 103.5 
Titanium 0.055 3.7 118.4 
Vanadium 0.050 6.2 124.2 
2-Amino-4-chlorophenol 0.023 65.2 5.5 
Arsenic 0.023 2.4 21.9 
Azinphos-methyl  0.006 8.6 11.7 
1-Chloro-2,4 dinitrobenzene 0.002 5.2 4.2 

Underlined values are the highest, bold ones are the lowest toxic concentrations for a species. Half maximal effective concentration for each chemical were calculated from the 
equations obtained from %effect vs concentration graphics (Supplementary file) 

 
                           Daphnia magna                                                     Phaeodactylum tricornutum 

                                 
                                                                                Danio rerio  
Figure 1. %Effect of the most toxic micropollutants studied on three trophic level A) 1-Chloro-2,4 dinitrobenzene for water flea Daphnia 

magna, B) Arsenic for marine algae Phaeodactylum tricornutum, and C) 1-Chloro-2,4 dinitrobenzene for zebrafish Danio rerio. 
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Heavy metals (e.g., copper, lead, mercury) are one of the 
most widely used contaminants and serious forms of environ-
mental pollution. Except for iron, studied heavy metals in the 
present work were determined to be highly toxic for water 
flea and marine microalgae. As an higher level consumer, 
zebrafish, is more resistant to heavy metals as compared to 
the chlorinated organic compounds. Arsenic showed high 
toxicity to D. magna and P. tricornutum. Concentrations as 
low as 23 µg/L was found to be enough to give harm to water 
fleas. Among the substances examined in this study, arsenic 
was shown to be the most toxic chemical for microalgae, P. 
tricornutum (Figure 1 B). Vanadium also showed remarkable 
toxicity to D. magna and P. tricornutum. It was reported that 
the growth of an aquatic plant is stimulated by trace quantities 
of vanadium (1-10 μg/l), but concentrations above 100 μg/1 
are toxic. Power and beat producing industry using fossil 
fuels (such as petroleum, coal and oil) cause the most wide-
spread discharge of vanadium into the environment 
(Venkataraman & Sudha 2005). 

Conclusion 
Ecotoxicity of 13 environmentally important micropollutants 
including heavy metals such as arsenic, titanium and vana-
dium, pharmaceuticals including sulphametaxazole; indus-
trial solvents used in plastic raw material manufacturing in-
cluding 2,4-dichlorophenol and n-butyltin trichloride, and 
chemicals used in pesticide manufacturing like azinphos-me-
thyl were tested on marine water algae, water flea and 
zebrafish. Although those micropollutants are not priority mi-
cropollutants they are hazardous or extremely hazardous sub-
stances used in various industries at high quantities. The re-
sults of the study showed that water flea, D. magna, is most 
sensitive organisms to almost all of the micropollutants 
tested. Among the tested micropollutants, 1-chloro-2,4 dini-
trobenzene which is used in paint and agricultural chemical 
manufacturing industry was found to be the most toxic com-
pound to all tested species. Arsenic and azinphos-methyl 
were also found to be highly toxic to all the organisms used 
in this study. Marine microalgae used in this study is shown 
to be affected remarkably by heavy metals which are one of 
the major causes of marine pollution in our country. 

Result of the study will be useful for validation of environ-
mental quality standards for micropollutants entering marine 
environment. We dramatically experienced a mucilage prob-
lem in Marmara Sea in 2021 and understand how microalgal 
community change and dominance of harmful species can 
have devastating results in sea ecosystem. Stress exerted by 
toxic pollutants on plankton community not only cause death 
of organisms but also make them increase exopolysaccharide 

production which turns into mucus at the end. In order to pro-
tect marine ecosystem, environmental quality standards 
should be strictly applied for the micropollutants entering the 
water bodies from various industries.  
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