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Abstract  The toxicological aspects of tartrazine 
yellow dye for human health are relatively well stud-
ied, but for aquatic environments, little is known. 
In order to understand whether the minimum and 
maximum safe concentrations for human ingestion 
(Codex Committee on Food Additives – CCFA) are 
also safe for aquatic biota, tests were carried out with 
Danio rerio, exposed to tartrazine yellow analytical 
standard 100% (AS) (50  mg. L−1 and 500  mg. L−1) 
and commercial standard 86% (CS) (50 mg. L−1) in 
multigenerational assays. Adults of D. rerio (F0 gen-
eration) were exposed (21  days) to the above con-
centrations, followed by mating and evaluation of 
the number of viable eggs laid (F1 generation). The 
remaining animals were exposed for 11  months. In 
both F1 and F2 generations, there was a surplus of 
eggs laid in the treatments in relation to the controls. 
However, embryos malformations and larval mortal-
ity rates were higher across the treatments. The multi-
generational effect of the tartrazine yellow dye on D. 
rerio was confirmed by the pairwise ANCOVAS that 
always showed much smaller numbers of embryos at 
96 hpf for the F2 generation. The results showed that 
concentrations considered safe for human ingestion 
represent risks to the aquatic biota.

Keywords  Azo Dye · Fish · Reproduction · 
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1  Introduction

Many commercial food dyes and their by-products 
were proved to be toxic, with chronic effects on 
human health, and for this reason, the food industry 
is currently considered as one of the main sources 
of environmental contamination (Nascimento et  al., 
2020). The production of dyes and pigments is esti-
mated to be around 800.000 t/year, with 10 to 20% 
of this total being discarded in effluents worldwide 
(Katheresan et al., 2018), which makes the excessive 
use, the inadequate management, and the difficulty to 
treat the effluents containing these highly soluble pol-
lutants of global concern (Januário, et al, 2021).

The tartrazine yellow dye is used in several indus-
trial segments such as textile, pharmaceutical, and 
alimentary, especially because of its color and high 
stability. It is produced by diazotizing aminobenzene 
4 acids with nitric acid and sodium nitrite, and the 
main components found in this dye are sodium chlo-
ride and/or sodium sulfate, calcium, potassium salts, 
and small amounts of potentially toxic metals such as 
mercury (≤ 1  mg  kg−1), arsenic (≤ 3  mg  kg−1), and 
lead (≤ 10 mg kg−1) (FDA 1985; European Commis-
sion Directive, 2008/128/EC).

The consumption of dyes is common in differ-
ent age groups, with greater exposure in children 
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compared to adults (Bradman, et  al., 2022) because 
of their incorporation in food, medicines, and vita-
mins (Lehmkuhler et  al., 2020; Thilakaratne et  al., 
2022). Studies on Wistar rats with doses equivalent 
to that permitted for human consumption evidenced 
that the tartrazine yellow dye acted as an endocrine 
disruptor, suggesting that its consumption could 
be among the causes of the increasingly precocious 
human puberty (Mindang et  al., 2022). Histopatho-
logical assays showed that this dye produced lesions 
in the kidney, spleen, and liver of rodents (Golli et al., 
2016). In the liver, it generated products with carcino-
genic properties, such as aromatic amines (Moutinho 
et al., 2007; Zhang & Ma, 2013), and caused signifi-
cant adverse effects on rat ileum and colon tissue (El-
Desoky et al., 2017), kidneys (Erdemli et al., 2021), 
brain (Gao et al., 2011), and testes (Visweswaran & 
Krishnamoorthy, 2012). Molecular research also indi-
cated the induction of systemic toxicity (Amin et al., 
2010); effects on metabolism and allergies (Axon 
et  al., 2012); interaction with hormone receptors 
(Kashanian & Zeidali, 2011); destruction of deoxyri-
bonucleic acid (DNA) (Matsuo et al., 2013, Merinas-
Amo et al., 2019); anxiety; headaches; blurred vision; 
and sleep disturbances (Saxena & Sharma, 2015).

A number of studies also aimed to evaluate the 
use of other chemical substances that can minimize 
the harmful effects of tartrazine yellow. Essawy 
et al., (2023) evaluated the function of the neurohor-
mone melatonin to eliminate free radicals derived 
from tartrazine-induced neurotoxicity in the cerebral 
cortex and cerebellum of adult male rats, using oral 
doses permitted in human-consumed products. Alti-
noz et  al., (2021) evaluated the therapeutic effects 
of crocin (50  mg/kg/day) against oxidative damages 
induced by tartrazine (500  mg/kg/day) in tissues 
of the ileum and colon of rats. Although these sub-
stances were promising to reverse some toxic param-
eters for human health, studies addressing the effects 
of tartrazine yellow discarded in industrial effluents to 
aquatic organisms are scarce.

The solubility of tartrazine in water is related to 
the presence of chromophores, carboxylic, nitro, 
hydroxyl, and amino groups, which can increase 
the absorption intensity of the dye (Del Giovine & 
Bocca, 2003). It is classified as an azo dye, that are 
described in the literature as being genotoxic due 
to the interactions with blood molecules (Basu & 
Kuma, 2016; Golli et al., 2016), causing behavioral 

changes and developmental alterations in aquatic 
organisms (Gupta et  al., 2019; Jiang et  al., 2020; 
Joshi & Katti, 2017; Linskens, 2018). Furthermore, 
depending on the amount released into water bod-
ies, changes in water color can potentially imply 
in reduced photosynthesis and cascading trophic 
effects (Przystas et al., 2012).

No acute lethal ecotoxicological effects or mor-
phologically visible deformities were found for 
the fish D. rerio exposed to concentrations of 
0 – 26.7  mg. L−1 at the embryonic stage (Joshi & 
Katti, 2017). However, at concentrations of 53 
– 80 mg. L−1, it caused cardiac deformities; at con-
centrations above 80  mg. L−1, it caused bradycar-
dia, impaired heart rate, tail distortion, and yolk 
sac edema, and at concentrations of 133 – 267 mg. 
L−1, it increased lethality (Joshi & Katti, 2017). 
Using concentrations of 1.200 mg. L−1, Motta et al., 
(2019) observed embryonic deformations in devel-
oping D. rerio; increased germination but reduced 
sprouting rate in Cucumis sativus; as well as 
increased mortality and reduced mobility in Aarte-
mia salina. Gupta et al., (2019) studied the embry-
onic stages of D. rerio exposed to 0.1% tartrazine in 
100 µL with the enzyme superoxide dismutase and 
concluded that the dye induced oxidative stress and 
significant mortality at 96 h post-fertilization. Jiang 
et  al., (2020) exposed D. rerio to concentrations 
from 5 to 50  mM. (2.67 to 26.71  mg. L−1) of the 
dye and observed hatching difficulties and abnor-
malities in their development (26.71 mg. L−1).

The zebrafish D. rerio (Hamilton, 1822) is a 
small freshwater representative (5  cm) of the fam-
ily Cyprinidae (Eschmeyer & Fricke, 2015) which 
has gained a notable importance in scientific 
research as a test organism in recent years. It has 
been used as an alternative to other animals, such 
as rodents, in several areas of knowledge (Silveira 
et  al., 2012) because it presents high reproductive 
rate, fast development with the eggs evolving into 
larvae between 48 and 72  h after fertilization, and 
they become adults at only 3  months of age, with 
transparent embryos and 70% of genetic homology 
with humans (Howe et al., 2013). Furthermore, as a 
vertebrate model, D. rerio shares many anatomical 
characteristics with mammals (kidneys, brain, liver, 
intestine, heart, spine, eyes, mouth, ears, etc.), show-
ing similar functions and physiology in most organs 
(Macrae & Peterson, 2015).



Water Air Soil Pollut (2023) 234:724	

1 3

Page 3 of 14  724

Vol.: (0123456789)

Considering that, in terms of ecotoxicological 
knowledge of the yellow tartrazine dye in aquatic 
environments, the literary base is scarce and that 
results are based only on acute tests, this research 
intends to improve the knowledge about the poten-
tially harmful effects of this dye through multigen-
erational chronic tests for the D. rerio exposed to 
concentrations of an analytical standard and a com-
mercial standard of this dye. Specifically, we inves-
tigated the fecundity, as well as the morphology of 
embryos and larvae over three generations of the test 
organism exposed to concentrations currently consid-
ered safe for human daily ingestion, and we inferred 
whether these same concentrations, when present in 
water, could also be safe for aquatic organisms.

2 � Material and Methods

2.1 � Ecotoxicological Tests

Adults of D. rerio were placed in 2-L aquariums with 
chlorine-free reconstituted water treated with activated 
carbon filters. The variables hardness and pH were 
adjusted to 44  mg CaCO3 L−1 and 7.5 ± 0.5, respec-
tively; the temperature was maintained at 26 ± 1  °C, 
and the photoperiod was 12-h light: 12-h dark (OECD 
2013). For the males, six aquariums containing three 
individuals each were used per treatment (18 males 
per treatment). Three aquariums were used per treat-
ment for the females, containing three individuals each 
(nine females per treatment). For the tests, solutions of 
500 and 50 mg. L−1 of the tartrazine yellow analytical 
standard 100% (AS) Dynatech® dye were prepared, 
and a solution of 50 mg. L−1 was prepared for the com-
mercial standard 86% (CS), Sigma Aldrich ®. During 
the tests, the adult organisms were fed Tetramin® fish 
food (97% crude protein) twice a day, and from the 
15th day of exposure (1 week before mating), Artemia 
salina nauplii were introduced as a food supplement, 
once a day “Ad libitum.”

The fish from the first trial (F0 generation), 
remained under the influence of the dye concentra-
tions for 21  days, while the control fish remained 
in reconstituted water only. The test solution was 
renewed every 48  h, with the organisms transferred 
to a new solution. On the 21st day, 18 males and 
nine females from each treatment were used for the 
analyses of reproductive aspects. Each mating tank 

contained three females and six males, that were 
exposed in triplicate in breeding tanks that were set 
up following ABNT NBR 15499 (2016). On the 22nd 
day, viable eggs from each of the mating tanks were 
exposed to a washing process in leaching solution 
(250 µL NaClO L−1) to avoid fungal contamination, 
and they were counted at 0 and 24  h after fertiliza-
tion. Larvae hatched 48 h after fertilization, and they 
started to receive compound food diluted in water 
with biological yeast when they were 7 days old. They 
were exposed to the potential contaminants since egg 
laying and their developments were monitored until 
adulthood. When they were 11  months old, this F1 
generation underwent mating tests as described for 
the F0 generation.

For qualitative morphological analyses, eggs and 
larvae of the F1 generation (the F2 generation) were 
placed into wells of cell culture plates (24 wells 2.0-
cm deep × 1.5 cm in diameter, each containing 2 mL 
of each solution or reconstituted water). They were 
analyzed 3, 24, 48, 72, and 96  h post-fertilization 
(hpf). Five eggs (3 hpf) were allocated in each well; 
embryos were observed 24 hpf, and larvae were 
observed 48, 72, and 96 hpf. In total, 120 eggs for 
each concentration and control, and 120 embryos 
for each concentration and control were analyzed. 
However for the larvae at the highest concentration 
(500 mg. L−1), only 75 survived until 48 hpf; six until 
72 hpf, and no larvae survived until 96 hpf. At the 
50 mg. L−1 AS concentration, at 96 hpf, only 42 lar-
vae remained. Observations were made under an opti-
cal microscope (Leica Application Suite—DM 3000 
LED) at 500- and 1000-µm magnification, and the 
deformities found in eggs, embryos, and larvae were 
photographed and described in detail. Morphologi-
cal abnormalities in larvae were described according 
to OECD, 236 (2013); Nagel (2002); Scholz et  al., 
(2008), and Beekhuijzen et al., (2015); and chemical 
parameters including pH, hardness, and conductivity 
(OECD 236) were monitored for each well during the 
time of the experiment (Fig. 1).

2.2 � Statistical Analyses

We addressed whether the relationships between hpf 
and the number of viable embryos/larvae differed 
between treatments using analysis of covariance 
(ANCOVA). To address whether the slopes of linear 
regressions have differed, we tested the significance 
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of the interaction between treatment (50CS, 50AS, 
500AS) and the predictive variable (hpf) (num-
ber ~ treatment + hpf + treatment:hpf); and to address 
whether the intercepts have-differed, we tested the 
significance of the independent variable “treatment,’’ 
holding the slopes equal (number ~ treatment + hpf). 
This approach was used for F1 and F2 generations 
separately, and we also used ANCOVAS for compar-
ing the relationships between hpf and number of via-
ble embryos/larvae between F1 and F2 generations, 
for each treatment separately (control, 50CS, 50AS, 
and 500AS). All of the ANCOVA analyses were per-
formed using the R package “car.’’.

To compare statistically the numbers of morpho-
logical deformities found in the embryos/larvae of F2 
generation between treatments, we counted the num-
bers of deformities found in samples with a maximum 
of 120 individuals that were chosen aleatorily in the 
respective aquariums at 3, 24, 48, 72, and 96 hpf, 

with the health individuals returned to the aquariums. 
For this comparison, all of the types of deformities 
were pooled together, and when an embryo or larvae 
presented more than one type alteration, they were 
all counted. Because the numbers of available indi-
viduals varied with time due to mortality, we used the 
proportions of the total number of deformities subdi-
vided by the number of available embryos/larvae of 
each treatment/hpf for statistical comparisons, with 
the non-parametric Kruskal–Wallis test, followed by 
Dunn post-test, using the approaches implemented in 
the software Past 4.03 free.

3 � Results

The slopes and the intercepts of the relationships 
between hpf and the number of viable embryos/lar-
vae among the different treatments have differed 

Fig. 1   Experimental design used for investigating the multi-
generation effects of tartrazine yellow dye in different devel-
opmental stages of Danio rerio exposed to concentrations of 

50 mg. L-1 CS e AS (commercial standard and absolute stand-
ard) and 500 mg. L-1 AS (absolute standard) attachment
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significantly in both F1 (slope: F = 36.56, P < 0.0001; 
intercept: F = 3.92, P = 0.03) and F2 generations 
(slope: F = 10.33, P = 0.001; intercept: F = 3.92, 
P = 0.03) (Fig. 2).

When we compared F1 and F2 generations, the 
regressions of the controls have not differed in the 
slope (F = 3.45, P = 0.11), but they have differed in 
the intercept (F = 9.07, P = 0.02) (Fig. 3a); the CS50 
treatments have differed in the slope (F = 55.23, 
P = 0.0003), but not in the intercept (F = 2.29, 
P = 0.17) (Fig. 3b); the AS50 treatments have differed 
in the slope (F = 7.82, P = 0.03), but not in the inter-
cept (F = 5.18, P = 0.06) (Fig.  3c), and the 500AS 
treatments have not differed in the slope (F = 0.006, 
P = 0.94), but they have differed in the intercept 
(F = 20.89, P = 0.003) (Fig. 3d).

3.1 � Morphological Observations of D. rerio Larvae

The proportions of the total numbers of deformities 
subdivided by the number of embryos/larvae analyzed 
across hpf (Table  1) have differed significantly among 
treatments from the F2 generation (KW = 10.7, P = 0.01). 
Dunn-post test revealed that all of the treatments (50CS, 
50AS, and 500AS) have differed significantly in relation 
to the control (P = 0.03, 0.03, and 0.001, respectively), 
but they have not differed among them.

Normal larvae and embryos, as well as the differ-
ent types of deformations observed in F2 generation 

exposed to the different treatment conditions, are 
described and explained in details in Figs. 4, 5, 6, 7, 
8, and 9. At 24 hpf, the main deformities observed 
in the embryos exposed to the concentrations were 
embryos without movement; yolk sac deformity; and 
tail curvature (Fig.  5); at 48 hpf: body malforma-
tion, impairing tail movement; diffuse pigmentation 
of the body and tail; head malformation and edema 
formation (Fig. 6); at 72 hpf: head malformation; tail 
sprain; edema formation in the pericardial edema 
with irregular heartbeat; and leakage of fluid from the 
heart (Fig. 7); at 96 hpf: edema formation in the yolk 
sac; formation of pericardial edema; and malforma-
tion on the body, without pigmentation (Fig. 8).

4 � Discussion

In the present research, the multigenerational toxic-
ity of tartrazine yellow dye on Danio rerio was evi-
denced for both commercial and analytical products 
at different concentrations, and these results were 
supported by survival and morphological biomarkers 
of embryos and larvae. The higher numbers of eggs 
laid by parents exposed to the dyes when compared to 
the control in both F1 and F2 generations suggested 
that these dyes have stimulated spraws. It was an 
unexpected result, and possible explanations could be 
the stress caused by changes in the color of the water, 

Fig. 2   Comparison of the relationship between hpf and numbers of eggs/embryos/larvae across treatments for F1 (a) and F2 (b)
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Fig. 3   Comparisons of tehe relationship between hpf and numbers of eggs/embryos/larvae for each treatment between F1 and F2 
generation. a (control). b (50CS). c (50AS) d (500AS)

Table 1   Numbers of 
morphological changes 
observed in eggs (3 hpf), 
embryos (24 to 48 hpf), and 
larvae (72 to 96 hpf) from 
F2 generation allocated 
into wells of cell plates 
for qualitative-quantitative 
analyses (Control; 50 mg. 
L−1 SC; 50 mg. L−1AS; 
500 mg. L−1AS)
HPF, hours post-
fertilization

Number of changes/number of organisms

Treatments 
(mg. L−1)

Control 50 CS 50 AS 500 AS

HPF F2 F2 F2 F2

3 65/120 = 0.54 101/120 = 0.84 87/120 = 0.72 97/120 = 0.80
24 64/120 = 0.53 68/120 = 0.56 100/120 = 0.83 105/120 = 0.87
48 5/118 = 0.04 81/120 = 0.67 47/120 = 0.39 20/25 = 0.80
72 5/98 = 0.05 66/120 = 0.55 53/67 = 0.79 2/2 = 1
96 2/86 = 0.02 74/79 = 0.93 14/14 = 1 0
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stimulating egg laying. This effect was previously 
reported by Fontana et al. (2021), who exposed fishes 
to different classes of pollutants, or the dyes can act 
as endocrine disruptors capable of inducing egg lay-
ing, but these effects are still to be investigated. How-
ever, it did not reduce the harmful effects of these 

dyes once the numbers of viable larvae and embryos 
declined much faster within the treatments than in 
the control, in such a way that at 96 hpf, the numbers 
of viable embryos and larvae became higher in the 
control. The idea of a multigenerational effect of the 
tartrazine yellow dye on D. rerio was confirmed by 

Fig. 4   Photos and graphs describing the types of deformities 
observed and the number of embryos/larvae with and without 
alterations in the offspring of the F2 generation of D. rerio 

exposed to different concentrations of the tartrazine yellow dye 
(50 mg. L−1 CS, 50 mg. L−1 AS, and 500 mg. L−1 AS) at 3 hpf

Fig. 5   Photos and graphs describing the types of deformi-
ties observed and the numbers of embryos with and without 
alterations in the F2 generation of D. rerio exposed to differ-

ent concentrations of the tartrazine yellow dye (50 mg. L−1 CS, 
50 mg. L−1 AS, and 500 mg. L−1 AS) at 24 hpf
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the pairwise ANCOVAS, that always showed much 
smaller numbers of embryos at 96 hpf for the F2 
generation.

In fish, the chorion (a cellular membrane that sur-
rounds the embryo until the moment of its hatching) 
is obtained by the secretion of the enzyme choriolysin 

Fig. 6   Photos and graphs describing the types of deformities 
observed and the number of embryos/larvae with and without 
alterations in the F2 generation of D. rerio exposed to differ-

ent concentrations of the tartrazine yellow dye (50 mg. L−1 CS, 
50 mg. L−1 AS, and 500 mg. L−1 AS) at 48 hpf

Fig. 7   Photos and graphs describing the types of deformities 
observed and the number of larvae with and without alterations 
in the F2 generation of D. rerio exposed to different concentra-

tions of the tartrazine yellow dye (50 mg. L−1 CS, 50 mg. L−1 
AS, and 500 mg. L−1 AS) at 72 hpf
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in the glandular cells (HGCs) of the perivitelline 
space (PVS), together with spontaneous movements 
of the developing embryo (Baran et  al., 2021). The 
difficulty of hatching could be explained by neuro-
muscular deficiencies that cause the weakening of 
spontaneous muscle movements, triggered by the 
presence of external chemical substances (De la Paz 
et al., 2017). Some authors have argued that the cho-
rion could provide physical protection against pol-
lutants of high molecular weight (Chen et al., 2016), 
but this structure has pores between 0.5 and 0.7 mm 
in diameter and, therefore, only partially isolates the 
embryo from the environment (Medeiros et al., 2017). 
In the case of azo dyes, with high solubility, they can 
easily break this barrier and change hatching rates.

The decrease in hatching rate in D. rerio exposed 
to tartrazine yellow dye was also observed by Joshi 
and Katti (2017), who exposed embryos to dye dilu-
tions of 0, 0.1, 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 75, 
and 100 mM, and analyzed their developments from 
the gastrulation stage (5.25 hpf) to the seventh day. 
At concentrations of 20 mM (53 mg.L−1) and 30 mM 

(80  mg.L−1), the dye caused anomalies such as car-
diac deformities, and embryos exposed to concentra-
tions greater than 30 mM (80 mg.L−1) had heartbeat 
mismatch and tail distortion followed by yolk sac 
edema. At the highest concentrations (50–100  mM 
equivalent to 133 mg. L−1 and 267 mg. L−1), embryo 
development stopped, causing mortality. The authors 
concluded that the tartrazine yellow dye was terato-
genic or embryotoxic for D. rerio at the mentioned 
concentrations, corroborating the effects observed 
in the present study at similar concentrations, how-
ever, over a longer period of exposure. Kiziltan et al. 
(2022) exposed Danio rerio to the azocarmoisine 
dye, in doses of 4 to 2000 ppm for 96 h and detected, 
among other embryonic alterations, the reduced 
capacity for movement and hatching, attributed to the 
difficulty in breaking the chorion.

Jiang et  al., (2020) studying the toxicity of 
azo dyes tartrazine, sunset yellow, amaranth, and 
Allura red in D. rerio embryos, in 96  h, veri-
fied the teratogenic potential in the development 
of embryos in concentrations of 5 to 50  mM. At 

Fig. 8   Photos and graphs describing the types of deformities 
observed and the number of larvae with and without alterations 
in the F2 generation of D. rerio exposed to different concentra-

tions of the tartrazine yellow dye (50 mg. L−1 CS, 50 mg.L−1 
AS, and 500 mg. L−1 AS) at 96 hpf
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concentrations of 10 to 50  mM (5.34–26.7  mg. 
L−1), the dyes induced difficulties in hatching and 
abnormal developments, such as cardiac edema, 
slow heart rate, yolk sac edema, and in spinal 
development, including spinal curvature and tail 
distortion. At 100 mM (53.4 mg. L−1), there were 
few survivors and the azodye group was lethal 
to embryos. In the present research, expressive 
lethality was observed in the F2 generation, from 
the concentration of 50  mg.L−1, and the same 
morphological alterations described by the above 
authors were detected.

In embryo development, important factors to 
be considered are the yolk deformities, which 
can selectively aggregate lipophilic xenobiotics 
from the surrounding aquatic environment in fish. 
Some studies have quantified the bioaccumula-
tion of xenobiotics specifically in the yolk, such 
as aqueous exposure to estradiol (Paige Souder & 
Gorelick, 2017), selenium (Dolgova et  al., 2016), 
graphene oxide (Chen et  al., 2015), and hydro-
gen sulfide (Choi et  al., 2016). The main content 
of the yolk is vitellogenin, and due to its chemical 

composition (lipoglycoprotein), it can associate 
with toxic substances from maternal exposure and 
modify its configuration, compromising the reab-
sorption capacity of fish embryos (Ulhaq et  al., 
2015). D. rerio is purely lecithotrophic, dependent 
on a finite supply of yolk. The, if yolk absorption 
transporters are inhibited by pollutants, yolk utili-
zation will be impaired, resulting in malnutrition 
(De la Paz et al., 2017). In the present study, defor-
mations were detected in the yolk of embryos at all 
dye concentrations in the F2 generation, which may 
have influenced the significant reduction of viable 
eggs in relation to the initial number of eggs.

Also noteworthy is the fact that the high solubility 
of azo dyes in water can interrupt the osmotic balance 
in the yolk sac in D. rerio (Sant & Timme-Laragy, 
2018). This causes excessive water intake forming 
edema (Jiang et al., 2020; Motta et al., 2019). It can 
explain the yolk sac edemas observed in our study 
with tartrazine yellow.

Considering the embryo hatching times, which for 
D. rerio is 72 hpf, there is a consensus in the litera-
ture that exposure to tartrazine advances the process 

Fig. 9   Changes found in Danio rerio embryos and larvae at different observation times in control and at concentrations of 50 mg. 
L−1 CS; 50 mg. L−1 AS, and 500 mg. L−1 AS
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by 24 h, that is, hatching occurs at 48 hpf, which was 
also detected in the present research for the F1 and 
F2 generations (after multigenerational exposure), 
except for the controls. It is possible that the dyes 
can produce physical and chemical signals capable 
of activating the chorionase enzyme, which initiates 
the deterioration of the inner layer of the chorion and 
stimulates the embryo’s movements, culminating in 
premature hatching. In this sense, Motta et al. (2019) 
exposed embryos to 1.2  g. L−1 of tartrazine yel-
low after 6 hpf, and at 48 hpf hatching rate was 60% 
higher than in the control. The authors proposed two 
hypotheses to account for these findings: first, the dye 
could have altered the osmotic equilibrium, increas-
ing the pressure inside the chorion envelope; second, 
the dye could have directly affected the structure or 
composition of the chorion, reducing its resistance.

In the present study, we observed curvature of 
the spine in larvae of the F2 generation. Gupta et al., 
(2019) reported that D. rerio embryos exposed to 
tartrazine and erythrosine dyes at concentrations of 
5 mg. L−1, showed a delay in bone and muscle devel-
opment, considering embryos aged between 3.5 and 
10 dpf (days after fertilization). Locomotor activity, 
controlled by the nervous system, is susceptible to 
different endogenous/exogenous disturbances, and 
changes in locomotor activities may indicate changes 
at the neuromuscular junction. Studies revealed that 
the malformations observed due to developmental 
toxicity in D. rerio larvae exposed to xenobiotics 
affected locomotor activity, compromising the sur-
vival of the species in natural environments (Abe 
et al., 2017; Sulukan et al., 2021; To et al., 2021).

In this study, another evident alteration in the F2 
generation (500  mg. L−1) was the accelerated heart 
rate, evidencing pericardial edemas, and, in some 
cases, a total disruption of the pericardial region was 
detected. The solubility of tartrazine yellow dye in 
water can impair the osmotic gradient, and excessive 
water absorption can lead to the formation of car-
diac edema (Jiang et al., 2020). Heart rate and blood 
flow rate are valuable parameters used to determine 
developmental toxicity and regulate heart rate in the 
environment through branches of the sympathetic and 
parasympathetic autonomic nervous systems (Li et al., 
2017). Corroborating with the results obtained in the 
present study, Wang et al., (2020) studied the effects 

of two commonly used food additives, the natural dye 
cochineal red and brilliant blue, belonging to the class 
of triphenylmethane dyes (usually used together with 
tartrazine yellow dye to impart a green color to food), 
and they demonstrated that, by exposing D. rerio from 
4 to 6 hpf to 0.2‰ of the brilliant blue food additive, 
the heart rates were 10% higher than in the control 
group, and in the cochineal red additive, they were 
32% higher than in the control group.

The absence of pigmentation in the head, body, 
and tail found in this study in the F2 generation from 
48 hpf onwards may be related to individuals who had 
deficiencies in somite formation, detected in individu-
als at 24 hpf. There are no descriptions in the current 
literature of this type of effect associated with dyes 
(Stickney et al., 2000).

5 � Conclusion

The reproductive and morphological biomarkers of D. 
rerio, exposed to commercial and analytical standards of 
tartrazine yellow, observed in chronic multigenerational 
assays showed the toxicity of the referred dye, in all gen-
erations and suggest that concentrations considered safe 
for human consumption pose risks to aquatic biota.

Therefore, in order to establish ranges of safe con-
centrations of exposure to aquatic biota of tartarzine 
yellow, in addition considering to the ecotoxicologi-
cal data generated here and in others studies present 
in the literature, risk analyses with species of different 
trophic levels and further studies of biological revers-
ibility are still needed.
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