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A B S T R A C T   

Like other phthalates, diethyl phthalate (DEP) is considered as a contaminant of emerging 
concern (CEC) due to its ease in migrating from a package to water and food, and hence 
contaminate consumers, being metabolized and excreted in the urine. Its presence has a negative 
impact on aquatic ecosystems, especially with respect to disruption of the endocrine system and 
to reproductive disorders in humans. It mainly enters water bodies via sewage effluents from 
effluent treatment plants, due to its incomplete or inefficient removal. The objective of this work 
was to evaluate the toxicity of DEP at different trophic levels and to analyze data on the incidence 
and concentration of DEP according to its solubility. The concentrations ranged from 12.5 mg L− 1 

to 500 mg L− 1 considering the response for toxicity at each trophic level and to determine the 
lethal concentration in 50% of the following organisms (LC50) (in mg L− 1): Lactuca sativa seeds, 
Artemia salina Leach nauplii and Zebrafish embryo larval stage (Danio rerio), being 41,057.58 after 
120 h; 401.77 after 48 h; and 470 after 96 h of exposure, respectively. As expected, higher or-
ganisms were more affected even at low concentrations, which shows the anthropological 
contribution of CECs to water bodies.   
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1. Introduction 

Since the nineteen nineties, environmental pollution by contaminants of emerging concern (CECs) has been gaining importance in 
the scientific literature. However, many countries, especially Brazil, are a long way from establishing sanitary control limits for treated 
effluents with regular monitoring. CECs are detected and quantified in all environmental matrices, especially in surface and subter-
ranean drinking water, but there is a lack of control requisites due to the high analytical costs [1–3]. 

Pesticides, personal hygiene pharmaceutical products, hormones, endocrine deregulators, sun shields/ultraviolet filters, illegal 
drugs, perfluoride compounds, disinfection subproducts, nanomaterials, microplastics, antibiotic-resistant genes and industrial 
compounds, amongst others [4–9] are amongst the most investigated CECs. They are identified by the USA Environmental Protection 
Agency (US-EPA) as having no regulatory status and of having a negative impact on the environment, human health and the health of 
all other live organisms. 

Phthalates are introduced into the food chain by way of plants that absorb them from the soil and have stimulated interest since 
they have been shown to present hepatotoxic, mutagenic and carcinogenic effects ′ [10–13]. For human beings, phthalates come from 
foods, beverages [14–18] and water [19], which represent more than 67% of the contribution for human exposure [20]. Phthalates and 
their metabolites have already been detected in the human body (breast milk, blood, urine, semen) [21–23] and their ingestion can 
interrupt the normal functioning of the endocrine system [24,25] amongst other adverse effects for human health [26–31]. 

A very limited number of studies with organisms as the target, dealing with acute phthalate toxicity, can be found in the scientific 
literature, using Vibrio fischeri [32,33], Danio rerio [34], and Daphnia magna [35,36], all little focused on long-term exposures and the 
observation of abnormalities in the behavior of the target organism. Studies on the toxic effects of phthalates in humans carried out in 
vitro as also the results obtained with animals, show that the adverse effects observed are related to the reproductive system, 
compromised spermatic functions [37,38], embryonic toxicity [39]; ocular irritation [40], and changes in the blood cell constituents 
[41–43]. The toxicity can act in different ways according to the target organism under study, and the conclusions made based on one 
target organism may not be applicable to others, requiring that specific tests be carried out for different species for a final evaluation of 
the risks [44]. 

Thus, the objective of the present work was to analyze the acute toxic effects of diethyl phthalate at three trophic levels Lactuca 
sativa seeds, Artemia salina Leach nauplii and the embryo-larval stage of Danio rerio (Zebrafish) and the lethal concentration in 50% 
(LC50) of the individuals exposed to the CEC using DEP as the model. 

2. Material and methods 

2.1. Reagents 

The following reagents were acquired: diethyl phthalate (DEP) and 3,4-dichloroaniline from Sigma-Aldrich®, zinc sulfate (ZnSO4) 
from Isofar®, sodium chloride (marine NaCl) from Maxxi Reef Plus® and sodium dodecyl sulfate (SDS) from Neon®. 

2.2. Toxicology of DEP using a bioassay with Lactuca sativa 

2.2.1. Preparation of solutions and obtaining of Lactuca sativa seeds 
Five concentrations of DEP (330; 260; 200; 132 and 66 mg L− 1) were prepared in deionized water for the bioassay with Lactuca 

sativa seeds, according to the methodology proposed by IRAM (2003) [45] and Young et al. (2012) [46]. A non-chemically treated seed 
batch of the variety L. sativa was acquired from the local market and used for the test. The species Lactuca sativa (lettuce) is one of the 
vegetable species recommended by USEPA (1996) [47] to determine the ecological effects of pesticides and toxic substances and is 
commonly used in phytotoxicity studies [48–52]. The mean germination rate of all plant seeds should be above 90% [48]. The seeds 
were homogenized before carrying out the toxicity test. The parameters of pH and conductivity were evaluated for each solution using 
an AKSO Water Quality pH meter. 

2.2.2. Toxicity bioassay methodology 
The bioassay with Lactuca sativa seeds was carried out according to the methodology proposed by USEPA (1996) [47] adapted by 

Utzig et al. (2019) [53]. The American lettuce (Lactuca sativa L.) was selected as a common lettuce variety for salads and the study 
provided important information to evaluate the potential danger of plasticizers, specifically from DEP, on agricultural food safety. 

Seeds: 15 seeds were selected and placed on top of filter paper in Petri dishes with at least 1 cm distance between each seed [54]. 
The tests were carried out using filter paper lining the base of 90 mm diameter Petri dishes containing 4 mL of each sample of the 
positive (400 mg L− 1 zinc sulfate) and negative (deionized water) controls. The Petri dishes were covered, sealed with adhesive tape 
and placed in an incubator. Germination was interrupted after 120 h in the dark at room temperature, and the seed germination rate 
calculated by measuring the length of the rootlet (using a pachymeter). 

The final points of toxicity evaluated were the relative growth index = RGI, germination index = GI, and the lethal concentration in 
50% individuals = LC50. The seed was considered germinated when the appearance of the rootlet could be visibly detected [46]. The 
quality controls were germination above 90% and a variation coefficient for root lengthening below 30% in the control treatments 
[55]. The toxicity tests were carried out in triplicate at 22 ± 2 ◦C in the dark, taking the reading after 120 h of exposure. 

Calculations of the phytotoxicity indexes: The number of germinated seeds was used to calculate the LC50 of the effluent [56]. 
The root lengthening data were used to calculate the germination index (GI) according to Zucconi et al. (1981, 1985) [57,58] and the 
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relative growth index (RGI) according to Alvarenga et al. (2007) [59] and Varnero et al. (2007) [60]. The following equations show 
these phytotoxicity indexes: 

RGI =
SRL
CRL

(1)  

GI =
SRL x SGS x 100

CRL x SGC
(2)  

Where SRL is the sample rootlet length, CRL the control rootlet length, SGS the number of seeds germinated in the sample and SGC the 
number of seeds germinated in the control. The RGI values were differentiated into three categories according to the effects of toxicity 
(Table 1) (see Table 2). 

The effective concentration which reduced root growth by 50% (LC50) was estimated by linear regression (y = ax + b), and for 
comparative purposes, the linear regression data were adjusted by logarithmic application. The model proposed by Persoone et al. 
(2003) [61] was used to classify the toxicity, and all the toxicity values transformed into toxicity units (TU) according to the RGI (Eq. 
(1)). 

TU =
100
LC50

(3)  

2.3. Toxicology of DEP using a bioassay with Artemia salina 

2.3.1. Preparation of solutions 
Eight different DEP concentrations were used for the bioassay with Artemia salina as follows: 500; 357; 255; 182; 130; 93; 66 and 47 

mg L− 1, prepared in a 3.4% saline solution using Milliq water, shaking for 2 h. The parameters of pH and conductivity were evaluated 
for each solution using an AKSO Water Quality pH meter. 

2.3.2. Experimental procedure 
The toxicity of DEP was evaluated using the bioassay with Artemia salina Leach of Meyer et al. (1982) [62], ABNT 16530 (2021) 

[63]. The assays evaluated the immobilization of A. Salina when faced with the acute toxicity [64]. All experiments were carried out in 
quintuplicate. 

Eggs: an egg batch estimated to contain billions of eggs (in 5 g) of the variety Artemia salina Leach was acquired from the local 
market and used for the test. 

Incubation: 0.15 g of A. salina eggs were weighed on an analytical balance and mixed with 100 mL of a 3.4% NaCl (marine) 
solution in a recipient with no photoperiod and no aeration for 48 h at a temperature of 27 ± 2 ◦C up to egg hatched. 

Immobility evaluation: After egg cracking, 15 test tubes were taken to evaluate the different plasticizer concentrations (500; 357; 
255; 182; 130; 93; 66; 47 mg L− 1). Aliquots of 10 mL of each test solution previously prepared in 3.4% marine solution (sodium 
chloride) were placed in the test tubes and 10 Artemia salina nauplii added with the aid of Pasteur pipettes. After 24 h of exposure of the 
nauplii to the different concentrations, the number of live and dead nauplii were counted, the percent survival calculated, and the 
dose-response curves constructed. Acute toxicity was evaluated by observing the effects of the compounds in the A. salina mobility test. 
The microcrustaceans were considered immobile when remaining at the bottom of the test recipient after 48 h of incubation and not 
starting to swim during 15 s of observation. The negative toxicity control was a 3.4% marine solution and the positive control different 
concentrations of sodium dodecyl sulfate (4.38; 3.13; 2.23; 1.59; 1.14; and 0.81 mg L− 1). 

Toxicity index calculations: the number of live nauplii in relation to the increase in concentration of the micropollutants was used 
to calculate the LC50 values. The data obtained were formed by the Probits method [65] and expressed as the LC50 (mean lethal 
concentration) and percent mortality. The concentration causing lethality in 50% of the nauplii (LC50) was calculated using the Probit 
method by way of statistical software with 95% of confidence. 

2.4. Toxicology of DEP using a bioassay with Zebrafish 

2.4.1. Preparation of solutions 
A stock diethyl phthalate solution was prepared and diluted to the chosen concentrations (12.5; 25; 50; 100 and 200 mg L− 1) based 

on the solubility limit of the compound, using water from the fish maintenance system. The positive control solution was prepared with 
3,4-dichloroaniline (4 mg L− 1) and the negative control was just water from the fish maintenance system. The parameters of pH and 
conductivity were evaluated for each solution using an AKSO Water Quality pH meter. 

Table 1 
Differentiation of the RGI values into three categories.  

Inhibition of root lengthening (IRL) 0 < x > 0.8 

No significant effects (NSE) 0.8 ≤ x ≥ 1.2 
Stimulation of root lengthening (SRL) x > 1.2, where x is the value obtained for the RGI (Eq. (1))  

M. Carolina de Almeida et al.                                                                                                                                                                                       



Heliyon 9 (2023) e18855

4

2.4.2. Maintenance of the adult Zebrafish (Danio rerio) and obtaining of the eggs 
The adult male and female Zebrafish were maintained in a Hydrus rack (Alesco) in the Environmental Toxicology Research Lab-

oratory (EnvTox) of the Pharmacy Faculty of the Federal University of Goiás (Brazil). The rack had a water recirculation system with 
automatic regulation of the water quality parameters, such as a temperature of 26 ◦C, pH value of 7.5 ± 0.5 and electric conductivity of 
0.7 ± 0.1 mS. The fish were fed three times a day with commercial fish food (Tetra Color Flakes) and live Artemia salina organisms, and 
maintained in a 12:12 h light:dark cycle using a temporizer. To obtain eggs, the day before spawning, females with bulging bellies and 
slender males were selected and placed in reproduction aquariums in a proportion of 1 female to 2 males. This pre-contact of adult fish 
is fundamental, since it stimulates an increase in the reproduction rate. In addition, for reproduction to occur, the water quality and 
feeding parameters must be rigidly followed [66,67]. Mating started soon after illumination of the reproduction aquariums the next 
morning, and spawning occurred about 30 min later. The eggs were collected and transferred to Petri dishes in system water to be 
analyzed using a Leica S9i stereomicroscope (Wetzlar, Germany). Viable fertilized eggs were selected for the tests and non-viable 
(non-fertilized) eggs discarded. 

2.4.3. Acute toxicity test using the test compounds with Zebrafish embryos and larvae 
The acute toxicity test with Zebrafish embryos and larvae was carried out according to the guidelines nº 236 of the Organization for 

Economic Cooperation and Development (OECD) (OECD, 2013) [68]. Twenty-four well plates were used for the tests, and for each 
plate 4 wells were used for the internal control, adding 2 mL of system water to each, while the other 20 wells were used for exposure to 
diethyl phthalate, adding 2 mL of each solution per well for each of the concentrations (12.5; 25; 50; 100; and 200 mgL− 1). The 
embryos were added to all the plates, one embryo per well. 

The experiments were carried out in triplicate, each replicate being one plate with 20 embryos: negative control (maintenance 
system water), each diethyl phthalate concentration tested and a positive control (4 mg L− 1 3,4-dichloroaniline). The plates were 
incubated at 26 ◦C ± 1 with a 12:12 h light:dark photoperiod and the development of the Zebrafish embryos and larvae evaluated daily 
at 24 h intervals up to 96 h post-fertilization (hpf). The following lethal parameters were evaluated every 24 h: coagulation of the 
fertilized egg, non-somite formation, loss of heartbeat and the non-detachment of the tail from the yolk sack. Other sublethal pa-
rameters were evaluated according to the development such as: non-eye formation, absence of body pigmentation, problems with the 
yolk sack absorption, hatching failures, backbone deformities and alteration of larval size [69,70], amongst other development 
abnormalities. 

The embryo (n = 20) heart rates were also evaluated after 48 hpf, the heartbeats being counted for 15 s and multiplied by 4 to 
analyze a 1 min period [69,71]. The larval lengths were measured using an adaptation of Chen et al. (2017) [72], whereby the larvae 
(n = 20) were photographed using a Leica S9i stereomicroscope (Wetzlar, Germany), the length being measured using the internal 
scale of the microscope. 

2.4.4. Ethics Commission 
The project was first submitted to the Ethics Commission for the Use of Animals of UFG (CEUA/UFG) where it was approved under 

the protocol number of 072/2017. 

Table 2 
Toxicity classification.  

TU Toxicity 

<0.4 No acute toxicity 
0.4 < TU < 1 Mild acute toxicity 
1 < TU < 10 Acute toxicity 
10 < TU < 100 High acute toxicity 
TU > 100 Very high acute toxicity  

Fig. 1. Growth index induced by Diethyl phthalate in Lactuca sativa seeds after 120 h of exposure at 22 ± 2 ◦C with no photoperiod.  
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2.5. Statistical analysis 

All statistical procedures were carried out using the GraphPad Prism software version for Windows (version 5.0, GraphPad Soft-
ware, San Diego, CA, USA). The Student t-test with 5% significance was used for the bioassay with Lactuca sativa seeds; the linear model 
for the analysis of variance (ANOVA) followed by Tukey’s test for the bioassay with Artemia salina; and for the Zebrafish bioassay, 
comparisons between the different experimental groups were obtained by ANOVA followed by the Dunnett multiple comparison tests 
(α = 0.05). Each experiment was compared with its respective negative control. Toxicity was expressed as the mean lethal concen-
tration (LC50) values determined on the GraphPad Prism. 

3. Results and discussion 

3.1. DEP toxicology in the bioassay with Lactuca sativa 

Fig. 1 shows the germination index (GI) of the Lactuca sativa seeds exposed to different concentrations of diethyl phthalate (DEP) for 
120 h, and Table 3 shows the results obtained for relative germination (RG), relative growth index (RGI) and germination index (GI). 

The results obtained experimentally for the impact of the exposure of Lactuca sativa seeds to the plasticizer diethyl phthalate (DEP) 
at concentrations of 66 to 330 mg L− 1 showed no significant negative impacts. There were no significant effects for the inhibition of 
root lengthening of the species Lactuca sativa, with the RGI values varying from 0.33 to 0.65 and more than 93% of the seeds 
germinating. According to Ref. [73], the phytotoxicity of crude and treated beer effluents when applied to L. sativa showed a coefficient 
of variation (CV) of 5.35% for the root length of the control sample with 97% seed germination, so the criteria established for the 
validation of the bioassay were accepted, and the GI for the crude effluent was 74 ± 5.9%. Also found higher GI values in the more 
diluted samples of industrial landfill leachate (treated, non-treated) and glycerin (mixtures) in the proportion of 95:5 (v:v), and di-
lutions (1; 1/2; 1/5) with values above 60%, and the lowest indexes, close to zero, were found in the crude samples [74]. 

For DEP, the lethal concentration that reduced root growth by 50% (LC50) can be estimated by linear regression (y = ax + b), 
obtaining a value for R2 = 0.9996 and for LC50 after 120 h of 41,057.58 mg L− 1. The model proposed by Persoone et al. (2003) [61] was 
used to classify the acute toxicity of DEP for Lactuca sativa, and the toxicity unit (TU) was below 0.4, showing there was no acute 
toxicity at DEP concentrations varying from 66 to 330 mg L− 1. In this study, exposure to DEP promoted a decrease in total root length, 
in root surface area, when compared with positive and negative controls, which from 200 mg L− 1 DEP, there was no significant 
difference, because it did not increase phytotoxicity in lettuce roots. 

Also observed that microplastics inhibited root growth of broad beans (Vicia faba), interfering with the absorption of water and 
nutrients by the roots and, therefore, making root growth and development difficult [75]. Root activity generally refers to absorption, 
synthesis and the oxidation and reduction capacities of the roots, representing a physiological index. 

Zhang et al. (2021) [76] stated that the maximum dose of dibutyl phthalate (DBP) for ingestion is 0.01 mg kg− 1. day− 1 [77–79], 
assuming a man of medium weight (≈60 kg) with a daily ingestion of fruits and vegetables of 0.345 kg, considering a fraction of the 
mean weight of the foods of 4.23 mg kg− 1 to be phthalates. The highest DBP residue found in lettuce leaves was 0.055 mg kg− 1, 
indicating that the DBP content in lettuce leaves did not exceed the standard. According to the carcinogenicity of phthalates, the 
non-carcinogenic risk of DBP, reference dose of DBP (0.1 mg kg− 1 dia− 1 [80] and mean daily dose of DBP (mg kg− 1 dia− 1) were 
evaluated. The non-carcinogenic risk of DBP was 0.0013 and a non-carcinogenic risk index >1 is considered harmful to human health 
[81], suggesting that the DBP in lettuce leaves is not harmful to human health. Nevertheless, the potential risk to human health caused 
by the bioaccumulation of phthalates cannot be ignored. 

3.2. DEP toxicology in the bioassay with Artemia salina 

The results obtained in the mortality assay for Artemia salina nauplii in the II-III instar stage were considered valid since the percent 
mortality of the control sample was 0%. It was noted that in the negative control (3400 mg L− 1 of marine salt), carried out in quin-
tuplicate, the movement of the nauplii was not affected by the exposure time. This experiment was carried out in quintuplicate for each 
contaminant concentration and the results showed that nauplii mobility remained constant after 24 h exposure at concentrations of 47 
to 255 mg L− 1. Nauplii mobility was only affected by the existence of toxic compounds from 24 h of exposure at concentrations above 

Table 3 
Variation in the diethyl phthalate (DEP) concentration and its impact on the germination and development of Lactuca sativa 
roots, expressed as relative germination (RG), relative growth index (RGI) and germination index (GI).  

DEP Concentrations (mg L− 1) RG RGI GI 

330 0.93 0.33 30.66 
260 1.00 0.41 41.40 
200 1.00 0.49 51.14 
132 1.00 0.57 59.23 
66 1.00 0.65 64.76 
NC 0.93 0.91 85.65 
PC 0.90 1.0 90 

*NC = negative control (ZnSO4 - 40 mg L− 1); PC = positive control (water). 
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357 mg L− 1 of DEP. 
Fig. 2 shows the mortality rate for Artemia salina nauplii exposed to DEP for 48 h. The mortality rate was concentration-time- 

dependent, with significant lethality as from a concentration of 357 mg L− 1. 
The results obtained for the mean lethal concentration showed a LC50–48h of 401.77 mg L− 1 greater than that found by Call et al. 

(2001) [82] for aquatic organisms (LC50 4.21–102 mg L− 1), which classifies it as non-toxic. Artemia acute toxicity tests have low 
sensitivity when compared to other aquatic organisms. However, the present study wanted to obtain the LC50 due to the importance of 
studying the consequences of biocides on Artemia and their aquatic environment that could endanger the survival of other organisms 
[83]. The LC50–24h for exposure to the positive control (SDS) was estimated as 5195.78 mg L− 1 by the model with the best fit, which is 
within the limits proposed by Svensson et al. (2005) [84]. The toxic effect of DSS was as from 3130 mg L− 1, where the nauplii showed 
66% lethality after 48 h. The LC50 after 48h was estimated as a LC50–48h of 2952.74 mg L− 1, and the LC50 after 48 h for DEP was 7.35 
times smaller than the value of LC50 for SDS. In addition, the values obtained in the experiment were significantly different from the 
hypothetical values according to the test carried out (p < 0.05). The nauplii were not affected at concentrations of 182; 130; 93; 66 and 
47 mg L− 1 and maintained 100% of their mobility according to the hypothetical curve when exposed to DEP above 500 mg L− 1. 

In study the toxic effect of organophosphate pesticides on the lethality for Artemia salina, also used a limited range of from 0.2 mg 
L− 1 to 3000 mg L− 1 depending on the toxic compound tested. In this study the values for LC50 were calculated with high sensitivity 
using more extended scales [85]. 

Also, Artemia salina species have been reported as being organisms that accumulate toxic compounds with no effect on their life 
cycle [86]. reported that the Artemia species are tolerant to exposure to cadmium with LC50 values varying from 93.3 to 280 mg L− 1 

and showed differences in acute cadmium toxicity between nauplii belonging to different species of Artemia and among populations of 
the same species. 

Artemia salina species have been used in many scientific experiments in toxicity tests for toxic materials including pesticides [87], 
leached materials [84], dental materials [88], fungal toxins [89] and anti-fouling biocides [90]. 

3.3. DEP toxicology in the bioassay with Zebrafish 

The lethality rate of Zebrafish embryos and larvae exposed to diethyl phthalate in the period of 96 h is shown in Fig. 3. It was 
observed that the mortality rate is concentration-time-dependent, where there is a significant lethality from the concentration of 50 
mg L− 1. 

For the analysis of the average lethal concentration, it is possible to observe Table 4, in which Diethyl phthalate has an LC50–96h 
equal to 470 mg L− 1. 

Fig. 4 shows the hatching rate of Zebrafish embryos in the periods of 72 and 96h. It is observed that there was an increase in the 
hatching rate and normal development of the fish. 

For the sublethal effects, Fig. 5 shows the embryonic alterations in the period of 96 h of exposure to DEP, being that pericardial 
edema, yolk sac edema, and tail alterations were found. The tail change is significant at the concentration of 50 mg L− 1 DEP when 
compared to the negative control. 

The length of Zebrafish larvae exposed to DEP is shown in Fig. 6, it was observed that there is significant inhibition of the growth of 
Zebrafish larvae at the concentration of 50 mg L− 1 of DEP negative control. 

The heartbeat of Zebrafish embryos and larvae exposed to DEP at different concentrations, analyzed over 48 h, can be seen in Fig. 7. 
It is possible to identify that there was no significant difference in the heart rate of embryos and larvae exposed to DEP when compared 
to negative control. 

In the research by [100] DEP was applied to Zebrafish embryos through the microinjection technique, using concentrations of 5 and 
10 μM, which presented mortality of 55 and 48%, respectively, in the period of 48 h. They also observed skeletal changes in embryos 

Fig. 2. Mortality induced by toxicity of Diethyl phthalate for Artemia salina nauplii after 48 h of exposure.  
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Fig. 3. Diethyl phthalate-induced mortality rate on Zebrafish embryos and larvae during 96h of exposure.  

Table 4 
Mean lethal concentration values (LC50) and confidence interval after 96 h of exposure to Diethyl phthalate 
(LC50–96h).  

Composto CL50–96h (mg L− 1) Intervalo de confiança 

Diethyl phthalate 470 0.041–0.053  

Fig. 4. Hatching rate of Zebrafish embryos exposed to Diethyl phthalate in the period of 72 and 96 h of exposure. At concentrations of 100 and 200 
mg L− 1, there was lethality (#) of the embryos before the period of 72 and 96 h. 

Fig. 5. Embryonic changes caused by Diethyl phthalate during 96 h of exposure.  
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and larvae exposed to DEP. Still in this research by [91], another form of exposure was evaluated, in water, in which embryos were 
exposed to DEP at concentrations of 11 and 22 ppm, which showed a mortality of 64 and 94%, respectively, within 72 h. Skeletal 
changes were also found in this form of exposure in embryos and larvae exposed to DEP, as in the present work, indicating that DEP 
causes teratogenicity during embryonic development. In the study by [92] mortality was evaluated up to the period of 168 hpf, in 
which a lethality of 25% was found at a concentration of 100 mg L− 1, unlike the present study, which presents an LC50–96h of 47 mg 
L− 1. Another evaluation that obtained different results was heart rate, where at concentrations of 10 and 100 mg L− 1, [92] found a 
significant difference when compared to the negative control, but in the present study, there was no difference between the con-
centrations (12.5; 25; 50 mg L− 1 respectively) tested. Regarding body length, [92] found a significant difference in the concentrations 
of 10 and 100 mg L− 1 when compared to the control, with the larvae showing an increase in growth. In the present study, there was also 
a significant difference in body length, at a concentration of 50 mg L− 1, but there was an inhibition of larval growth. [93] observed in 
their study that DEP has a CL50 in 7 days close to 10 mg L− 1. This also observed inhibition of heart rate at the highest concentrations (8 
and 10 mg L− 1) tested, as in the present study (50 mg L− 1). Furthermore, [102] also found tail changes, pericardial, and yolk sac edema 
as teratogenic changes, these changes being significant at the concentration of 8 mg L− 1. While the present study shows significant 
results for the tail change at the concentration of 50 mg L− 1. 

4. Conclusion 

The analysis can provide information about the plasticizer contaminant Diethyl phthalate (DEP) which varied according to the 
bioassay. For Lactuca sativa seeds to the plasticizer showed no significant negative impacts and for Artemia salina and Zebrafish the LC50 
obtained were close values of 401.77 mg L− 1 and 470 mg L− 1, respectively. Although these values were higher than those reported in 
the literature, the bioassays are important to study the consequences of plasticizers in aquatic environment, moreover the possibility of 
a cumulative effect of the toxic compounds cannot be ignored. Therefore, there is a need for research and partnership investments, and 

Fig. 6. Mean length of Zebrafish larvae exposed to Diethyl phthalate after 96 h of exposure.  

Fig. 7. Mean heart rate of Zebrafish embryos exposed to Diethyl phthalate in 48 h.  
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search for new ways to deal with residues, which will surely have more value and preponderance in the productive processes of the 
future. 
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