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Abstract
Textile dyeing consumes high volumes of water, generating proportional number of colored effluents which contain several
hazardous chemical. These contaminants can implicate in significant changes in aquatic environmental, including several adverse
effects to organisms in different trophic levels. The present study was developed to assess the ecotoxicological effects of textile
effluent samples and reactive Red 239 dye (used in cotton dyeing) to aquatic organisms Vibrio fischeri bacteria,Daphnia similis
crustacean, and Biomphalaria glabrata snail (adults and embryos). Chronic assays with lethal and sublethal effects for Daphnia
similis were included and performed only for textile effluents samples. The mutagenicity was also evaluated with Salmonella/
microsome assay (TA98, TA100, and YG1041 strains). V. fischeri bacteria was the most sensitive to reactive Red 239 dye (EC50
= 10.14 mg L−1) followed by mollusk embryos at all stages (EC50 = 116.41 to 124.14 mg L−1), D. similis (EC50= 389.42 mg
L−1), and less sensitive to adult snails (LC50= 517.19 mg L−1). The textile effluent was toxic for all exposed organisms [E(L)C50
< 15%] and B. glabrata embryos showed different responses in the early stages of blastulae and gastrulae (EC50 = 7.60 and
7.08%) compared to advanced development stages trochophore and veliger (EC50 = 21.56 and 29.32%). Developmental and
sublethal effects in B. glabrata embryos andD. similiswere evidenced. In the chronic assay with effluent, the EC10/NOEC = 3%
was obtained. Mutagenic effects were not detected for dye aqueous solutions neither for effluents samples. These data confirmed
the importance of evaluating the effects in aquatic organisms from different trophic levels and reinforce the need for environ-
mental aquatic protection.
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Introduction

Chemical dyes are usually visible in natural waters, even at
relatively low concentrations, affecting transparence of water

among other negative damages they introduce to the aquatic
system, such as changes in photosynthetic activity and toxic
effects to living organisms. In 2012, textile production intro-
duced nearly 200 billion liters of colored effluents by year into
rivers, representing about 20% of the aquatic pollution in
many countries (Kant 2012; Zaharia and Suteu 2012).

The type of dyes and chemicals used in the textile industry
differs depending on the fabrics that are manufactured.
Reactive, direct, naphthol, and indigo dyes are some of the
dyes used to dye cellulose fibers. Cotton, one of the most
widely used fibers, is dyed mainly using reactive dyes
(Ghaly et al. 2014). Over 630 thousand tons of reactive dyes
were consumed in 2017 (Textile Colourant Market 2017).

Reactive azo dyes are the most used in dyeing cotton, ac-
counting for >70% of the global industrial demand, 9 million
tons, approximately. They are characterized by nitrogen-to-
nitrogen double bonds (-N=N-), good solidity to wet
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treatments, high photolytic stability, and versatility of appli-
cation. As examples of reactive dyes that have been widely
used in the textile process of dyeing cotton fiber, Red 239,
Blue 222, Yellow 145, and Black 5 can be mentioned (Ghaly
et al. 2014; Rawat et al. 2016; Rosa et al. 2019).

Textile effluents are complex mixtures of different dyes,
surfactants, salts, and peroxides, which are usually toxic to
aquatic ecosystems and contribute with important changes to
water quality, decreasing dissolved oxygen and severely af-
fecting the dynamics of the ecosystem of the receiving water
bodies (Rawat et al. 2016; Yousef et al. 2019; Tkaczyk et al.
2020). Dyes in waters, sediments, and soils have been identi-
fied in several regions around the world. In Taiwan, rhoda-
mine 6G and rhodamine B (both basic synthetic dyes) were
detected in concentrations of 0.0013 and 0.0048 μg L−1, re-
spectively, in river water samples (Chiang et al. 2012). In
Brazil, the disperse dyes, Red 1, Blue 373, and Violet 93, were
detected in water samples of São Paulo state, with concentra-
tions up to 3.5 μg L−1 (Zocolo et al. 2015; Vacchi et al. 2017).

Adverse effects in aquatic organisms can include peroxidation
of algal cells due to excessive reactive oxygen species related to
textile effluents (Cai et al. 2020). Acute and sublethal effects to
crustacean Daphnia similis, such as reproduction rate reduction,
dye deposition in eggs, and malformations, were also described
due to exposure to effluents (Garcia et al. 2020). Physiological
alterations inDanio rerio fish embryos, disturbance in swimming
activity, included skeletal deformities, and toxic cell effects due
the exposure to several types of dyes were reported (Basic Red
51; Disperse Red 60, Disperse Red 73; Disperse Red 78; Congo
Red) (Abe et al. 2018; Meireles et al. 2018; Hernández-Zamora
and Martínez-Jerónimo 2019).

Other effects were also demonstrated to distinct classes of
organisms including Vibrio fischeri luminescent bacteria,
Brachionus plicatilis rotifer, Scenedesmus obliquus, and
Desmodesmus subspicatus alga (Borrely et al. 2016; Liang
et al. 2018; Cai et al. 2020). Mutagenic activity has been
observed in surface water and in textile wastewater of indus-
trial areas in different regions of India. Disperse dyes also
contributed up to 44% to the observed mutagenicity close to
a conglomerate of textile industries in Brazil (Mathur et al.
2005; Vacchi et al. 2017; Khan et al. 2019).

Ecotoxicological data allow the assessment of the impact
of hazardous pollutants on aquatic environment. Toxicity as-
sessment using representative organisms from different tro-
phic levels is recommended, allowing a more complete anal-
ysis of the impact of pollutants on ecosystems. Bacteria, algae,
daphnids, and fishes are examples of aquatic organisms wide-
ly used in environmental quality monitoring studies and tox-
icity assessment of various types of contaminants.

Furthermore, ecotoxicological assays with mollusks, such
as gastropods, have been successfully used in recent years as
pollution indicators (Tallarico et al. 2016; Oliveira-Filho et al.
2017). Assays with Biomphalaria glabrata were conducted

by Tallarico et al. (2014) to assess the toxicity of chromium
and natural water samples, and recently the same organism
was used for risk assessment of iron oxide nanoparticles in
an aquatic ecosystem (Caixeta et al. 2021).

In this context, the present study aimed to evaluate acute
toxicity, developmental and sublethal effects of reactive Red
239 dye in aqueous solution, and textile effluents in the aquatic
organisms from distinct trophic levels (Vibrio fischeri bacteria,
Daphnia similis cladoceran, and Biomphalaria glabrata snail).
Mutagenicity for Salmonella typhimurium bacteriawas also eval-
uated herein. The reactive Red 239 dye effects were measured
due to its high relevance and use during cotton dyeing.

Material and methods

Preparation of samples

The r e ac t i v e Red 239 dye (CAS 89157 -03 -9 ;
C31H19ClN7Na5O19S6; molecular weight 1136.32 g mol−1)
in aqueous solution was applied in ecotoxicity and mutage-
nicity assays. The molecular structure of Reactive Red 239
dye (RR239) was presented at Fig. 1. Dye solutions were
prepared in distilled water and natural water (the same used
in the culture of each test organism) and used in the dilutions
for toxicity assays. The maximum concentration evaluated in
acute assays was 564 mg L−1, the same usually found in the
final effluent (this value can be calculated according to the
percentage of depletion of the dye fixed to the fiber in the
dyeing process).

Textile effluents samples were obtained from the cotton dye-
ing process in a pre-industrial textile laboratory. Samples
contained all the compounds used in the dyeing cotton, including
auxiliaries, such as surfactants, acids, salts, and reactive dyestuffs
and effluents corresponded to all steps of process, such as pre-
treatment, dyeing, and after-treatment. Chemicals compounds
used in the cotton dyeing: pre-treatment (bleaching) (sulfuric acid
98%, sodium hydroxide 98%, sodium metasilicate, hydrogen
peroxide 50%, sequestering, nonionic detergent, and catalase
enzyme), dyeing (sodium hydroxide 98%, sodium carbonate
98%, sodium chloride 98%, and reactive dyes (included
RR239 dye)), and after-treatment (washing) (acetic acid 98%
and sequestering). All auxiliaries and reactive dyes were used
with no previous purification and were supplied by Golden
Technology and Labsynth. All steps, pre-treatment, dyeing, and
after-treatment, were conducted following the literature about
cotton dyeing process with reactive dyestuffs (Rosa et al. 2019;
Rodrigues et al. 2020).

Bioassays: ecotoxicity and mutagenicity

The assays performed for both RR239 dye and textile effluent
samples included acute toxicity assays with Daphnia similis
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(Claus, 1876) crustacean, Vibrio fischeri (Beijerinck, 1889)
bacteria, and Biomphalaria glabrata (Say, 1818) snails. The
developmental effects in B. glabrata embryos were also eval-
uated. The mutagenicity was assessed with Salmonella/micro-
some assay, with Salmonella enterica ser. Typhimurium
TA98, TA100, and YG1041 strains. Chronic assays with le-
thal and sublethal effects for Daphnia similis were included
and performed only for textile effluents samples.

Acute toxicity assays

Vibrio fischeri bacteria were acquired lyophilized and stored
in a freezer at −18°C. For the assays, the bacteria were
reconstituted in reactivation solution, and the tests were per-
formed in Microtox®, M-500, Microbics system, at a temper-
ature of 3°C ± 0.2. The bacteria luminescence was analyzed
before and after 15 min of exposure to the samples; toxicity
was evidenced by loss of luminescence.

The concentrations of RR239 in aqueous solution ranged
between 2.8 and 23 mg L−1 and for textile effluent between
2.5 and 20.5%, both a dilution factor of 2×. The concentra-
tions were established after preliminary assays. The assays
were performed in triplicate, with a minimum of four concen-
trations. The negative control with diluent solution (NaCl 2%)
and a positive control with phenol were also performed. The
methodology was in accordance with Brazilian Technical
Standard Methods NBR 15411:2012 (Associação Brasileira
de Normas Técnicas 2012).

Daphnia similis were maintained at 20°C ± 2, in 16:8 h
(light/dark) photoperiod, daily fed with the green algae
Pseudokirchneriella subcapitata and a mixture of fish food
and yeast. For the ecotoxicity assays, the juvenile individuals
(6–24 h) were exposed to the samples for 48 h, with controlled
temperature and photoperiod (the same used for maintaining
the organisms); no food was added. The observed effect after
the exposure period was immobility.

The concentrations of RR239 in aqueous solution ranged
between 282 and 564 mg L−1. The textile effluent concentra-
tion ranged between 2.5 and 15%. A minimum of five con-
centrations were evaluated per assay. The concentrations were
established after preliminary assays. A negative control only
with natural water (the same used in theD. similis culture) and
a positive control with potassium chloride were also

performed. The assays were carried out in triplicate, with 20
organisms per concentration in each assay. The methodology
was in accordance with NBR 12713: 2016 (Associação
Brasileira de Normas Técnicasxx 2016).

Acute toxicity results were expressed as EC50, the median
concentration to observe an effect for 50% of all exposed
organisms, which means that the lower the EC50 number,
the higher is the toxicity level. Statistics were applied accord-
ing to the standard methods recommendation. The linear re-
gression for V. fischeri was used, wherein the values of EC50
(%) were obtained from a statistical procedure based on the
gamma effect (γ) and the sample concentration (C%); the
gamma value (γ) was calculated from the ratio of lost and
remaining luminescence. D. similis data was obtained by the
Trimmed Spearman-Karber method (Hamilton et al. 1977).

The significance of differences between average values for
the control and the experimental treatments were evaluated by
analysis of variance (ANOVA). When the ANOVA revealed
significant differences among treatments (p <0.05), a post hoc
Dunnett’s test was performed for D. similis and a post hoc
Tukey test was performed for V. fischeri.

Chronic assays: lethal and sublethal effects for Daphnia
similis In the present study, the lethal and sublethal effects
analyses for Daphnia similis exposed to textile effluents were
also carried out. Based on the acute toxicity assays and the
EC50 value, the concentrations used for chronic exposure
were established in a range between 0.5 and 9%. Ten juveniles
(6 to 24 h) were exposed to effluent samples. The organisms
were fed daily, the exchange of solutions occurred every two
days, and the number of adults and neonates were counted
every day. After exposure to samples for 21 days, the survival,
reproduction rate, and body length were measured. A negative
control only with natural water (the same used in theD. similis
culture) was also performed. Chronic assays were carried out
in two replicates. The assays were performed according to the
OECD guideline 211 (OECD 2012).

Following the performance criteria described by OECD
(2012), the chronic assays were validated when the mor-
tality in the control group did not exceed 20% at the end
of the test, and the mean number of living offspring pro-
duced per parent animal surviving at the end of the test
was > 60.

Fig. 1 C. I. reactive Red 239—
chemical structure
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Body length measures were carried out using a Leica
MZ95 magnifier (3.2×), Leica DFC 295 camera, and the
Leica Application Suite V4.12.0 software. The measurement
of organisms, adopted in this study, was performed from the
base of the antenna to the beginning of the tail, in millimeters
(Fig. 5).

In sublethal responses the statistical analyses with ANOVA
were applied. When the ANOVA revealed significant differ-
ences among treatments (p <0.05), a post hoc Dunnett’s test
was performed. Furthermore, the NOEC (no observed effect
concentration) and LOEC (lowest observed effect concentration)
were calculated for chronic assays with this method.

The EC10, EC20, and EC50% of chronic assays were calcu-
lated using regression analysis obtained by a three-parameter-
logistic-fit (sigmoidal logistic model) using the software Sigma
Plot. Normality was evaluated by Shapiro-Wilk test.

Freshwater mollusks assays

Biomphalaria glabrata specimens were obtained from a pop-
ulation of pigmented wild-type strain, originally fromBarreiro
de Baixo (Minas Gerais, Brazil), and have been kept under
laboratory conditions (Laboratory of Parasitology, Butantan
Institute, São Paulo, Brazil). A summary of holding conditions
requirements and toxicity assays with snails and embryos was
described in Tallarico et al. (2016).

Adult snails and embryos were exposed to reactive Red 239
dye and textile effluent samples for 24 h to determine LC50
values to adults (concentration lethal to 50% of the exposed
organisms) and EC50 to embryos (median effective concentra-
tion in terms of lethality and malformations). For more assay’s
details, see Tallarico et al. (2014) and Tallarico (2015).
Concentrations of RR239 dye between 5.64 and 564 mg L−1

and textile effluent samples of 1, 10, 50, and 100% were
established to expose adult snails and egg masses. A negative
control group was maintained in filtered and dechlorinated tap
water, and a positive control group was exposed to sodium do-
decyl sulfate, both under the same experimental conditions.

Ten snails per concentration, at least 2 months old and with
a shell diameter above 12mm, were used. After exposure,
snails were washed and observed daily for 7 days to record
the death rate. The death was ascertained by the absence of
heart beatings for 2 min and a pale color of the shell as con-
sequence of hemolymph loss. The death values were used for
LC50 analyses.

Non-damaged egg masses were collected from transparent
plastic sheets (as substrate for oviposition), maintained in Petri
dishes with filtered and dechlorinated tap water. Embryos were
observed at stereomicroscope and classified according to devel-
opmental stage as described by Camey and Verdonk (1970):
blastulae (0–15 h after the first egg cleavage), gastrulae (24–39
h), trochophore (48–87 h), and veliger (96–111 h) stages. A
minimum of five egg masses, with at least 100 non-damaged

embryos of each stage, were exposed to the dye’s dilution. At
the end of the exposure, egg masses were washed with
dechlorinated tap water and observed daily for sublethal (malfor-
mation effects) and lethal effects for 7 days. Effects on embry-
onic development were classified as described by Tallarico et al.
(2014): normal, dead, and malformed (embryos with multiple
affected structureswith abnormal development, usually classified
as teratomorphic or hydropic). The sum of dead and malformed
embryos was used to estimate the EC50 values.

The criteria established for classifying the acute toxicity
based on LC50 and EC50 values and classifying the intensity
of toxic effects based on lethality and embryonic
malformations as endpoints were as follows: (1) non-toxic,
100% of effluent; (2) slightly toxic, 99–50%; (3) toxic, 49–
20%; and (4) highly toxic, <20% (Tallarico et al. 2014).
Statistics were applied using the Trimmed Spearman-Karber
method (Hamilton et al. 1977).

Predicted no-effect concentration (PNEC)

The predicted no-effect concentrations (PNEC) for reactive
Red 239 was performed according to European guidelines:
European Chemicals Agency- ECHA (2008) and European
Commission (2011). Based in these guidelines, a short-term
quality standard based on acute toxicity data was carried out
(PNECacute) by using the deterministic approach.

The most frequently endpoints used for derivation of
PNEC are mortality (LC50), growth (ECx or NOEC), and
reproduction (ECx or NOEC), and the PNECs are estimated
by division of the lowest value for the toxicity with the rele-
vant assessment factor to extrapolate to an environmentally
protective concentration. (When only short-term toxicity data
are available for three trophic levels organisms an assessment
factor of 1000 will be applied to the lowest L(E)C50 of the
relevant available toxicity data. The use of a factor of 1000 on
short-term toxicity data is a conservative and protective factor
and is designed to ensure that substances with the potential to
cause adverse effects are identified in the hazard assessment
(European Chemicals Agency, 2008).

The PNEC acute evaluated in this study was based on the
EC50 values of three trophic levels (V. fischeri, D. similis, and
B. glabrata), and the EC50 of the most sensitive organism was
used for PNEC determination, with the respective assessment
factor (1000). This data was proposed as PNEC of reactive
Red 239.

Mutagenicity assay: Salmonella/microsome

The Salmonella/microsome assay consisted in applying cer-
tain amount of a liquid sample (RR239 dye in aqueous solu-
tion and textile effluents) to a culture of selectedmutant strains
of Salmonella enterica serovar Typhimurium, which are
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unable to synthetize histidine. The test was performed in the
presence and absence of a liver homogenate and cofactors to
provide exogenous metabolism (S9 mix – S9: lyophilized liv-
er homogenate of Sprague-Dawley rats induced with Aroclor
1254,Moltox Ltd., Boone, NC, USA). The test was proceeded
according to the classic Ames test protocol (Maron and Ames
1983; Mortelmans and Zeiger 2000). Briefly, bacteria and
sample are added into tubes, with and without S9 mix.
Molten top agar is then added; the mixture is vortexed and
overlaid onto the surface of a minimal agar plate. After 48–72
h at 37°C, mutant cells’ colonies are counted, and the results
are compared to a negative (solvent) control. A significant
increase of colonies in relation to the control indicates that
there are one or more compounds in the tested sample able
to induce mutations, like frameshift or base pair substitution,
in the Salmonella DNA and restore its capability of
synthetizing histidine.

In this study, three different Salmonella strains were used:
TA98 (detects frameshift mutations), TA100 (detects base
pair substitutions), and YG1041, a TA98 derivative with high
levels of nitroreductase and acetyltransferase activities. We
used TA98 and TA100 strains, because they are used in the
majority of environmental studies and sensitive enough to
detect 93% of the mutagens compared with the five strains
recommended by OECD TG471 (Ohe et al, 2004; Williams
et al. 2019). We included YG1041 strain to enhance the de-
tection of the azo dye tested. Multiple doses of pure dye using
ultrapure water as solvent and negative control were tested
initially in duplicate plates. Eight doses varying from 0.28
up to 33.8 mg per plate were evaluated along with negative
and positive controls. Subsequently, five doses of effluent
samples were tested with the same tester strains in triplicates.
Before testing the effluent samples, organic extraction of vol-
umes up to 1 L of effluent were performed using solid phase
extraction cartridges (Oasis®,Waters). Elution of extracts was
carried out with methanol. Evaporation of the extracts was
performed using ultrapure nitrogen gas. One, 2.5, 5, 10, and
20 mL equivalent of effluent per plate were evaluated along
with negative and positive controls. Dimethyl sulfoxide
(Merck) was used as solvent and negative control. Positive
controls were standardized in all assays, 0.5 μg/plate of 4-
nitroquinoline-1-oxide (4NQO, Alfa Aesar) for TA98 and
TA100 wi t hou t S9 , 10 μg /p l a t e o f 4 -n i t r o - o -
phenylenediamine (4NOP, Sigma-Aldrich) for YG1041 with-
out S9, and 2-aminoanthracene (2AA, Sigma-Aldrich) for all
strains tested with S9, 2.5 μg/plate for TA98 and TA100, and
0.0625 μg/plate for YG1041.

The mutagenicity was assessed using analysis of variance
(ANOVA) for confirmation of statistical differences among
the negative control and tested doses. Samples were consid-
ered positive when a significant ANOVA and a dose response
were observed (p < 0.05) along with the ratio greater than 2
between any tested doses in relation to the negative control.

Calculations were done using the Salanal computer program
(Integrated Laboratory Systems, Research Triangle Park,
NC).

Physico-chemical parameters

The physico-chemical parameters of samples (effluents and
dye in aqueous solution) and natural water were measured
by specific electrodes: dissolved oxygen, HQ40d, Hach, and
pH-Micronal B474. Total organic carbon (TOC) analyses in
effluents samples were performed using a Shimadzu TOC-
5000A equipment, and the results were based on total carbon
and inorganic carbon values. Chemical oxygen demand
(COD) was assessed by a colorimetric method using a
spectrophotometer.

Results and discussion

Acute toxicity effects, expressed by EC50 means (median
effective concentration), of reactive Red 239 dye and textile
effluents to V. fischeri, D. similis, and B. glabrata (adults and
embryos) are reported in Table 1. D. similis immobility (%)
values of negative control and different concentrations to
RR239 and textile effluent were reported in Fig. 2A–B, while
bioluminescence inhibition (%) in V. fischeriwere reported in
Fig. 3A–B. Physico-chemical parameters of samples were
displayed in Table 2. Developmental effects for snails are
showed in Fig. 4, and lethal and sublethal effects for
Daphnia similis after 21 days of exposure to textile effluent
are summarized in Table 3 and Fig. 5.

The mutagenicity results of Salmonella enterica ser.
Typhimurium are reported in Table 4, and all the results data
are presented in the Supplementary Material (SM1).

Acute toxicity results about RR239 dye displayed in
Table 1 showed that V. fischeri bacteria was the most sensi-
tive, with EC50 values between 8.57 and 12.06 mg L−1 (EC50
means= 10.14 mg L−1 ± 1.76), followed by D. similis crusta-
cean with EC50 = 389.42 mg L−1 ± 3.77 (average of three
assays) and B. glabrata snails LC50 =517.19 mg L−1. Acute
effects in B. glabrata embryos were also detected, with EC50
between 116.41 mg L−1 in gastrulae stage and 124.14 mg L−1

in blastulae.
The immobility (%) for D. similis (Fig. 2A) was higher

with the increase in RR239 concentration. The RR239 did
not significantly induce toxic effect comparing to control until
282 mg L−1, while at 100% immobility was obtained with
479.4 mg L−1 (p <0.05). And the bioluminescence inhibition
(%) for V. fischeri (Fig. 3A) was also verified with increasing
concentration: 2.87 mg L−1 resulted in 22% bioluminescence
inhibition while 23 mg L−1 more than 75% of inhibition (p
<0.05).
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Similar results have been shown when comparisons are made
among distinct trophic levels of organisms: when studying toxic
effects of azo direct dye, Congo Red Hernández-Zamora and

Martínez-Jerónimo (2019) observed that D. magna was tolerant
to high dye concentrations, LC50= 322.9 mg L−1, but for cla-
doceran Ceriodaphnia rigaudi, LC50 was significantly lower

Table 1 Acute toxicity (E(L)C50
values) of reactive Red 239 dye
and textile effluents samples

Reactive Red 239 dye

E(L)C50

(mg L−1), (CL)*

Textile effluent (cotton dyeing)

E(L)C50

(%), (CL)*

V. fischeri (EC5015 min) 8.57 (6.93–10.60) 6.79 (5.73–8.05)

9.81 (8.34–11.56) 8.89 (7.10–11.14)

12.06 (8.23–17.65) 8.87 (7.58–10.37)

10.14±1.76 8.18±1.20

D. similis (EC5048h) 387.24 (371.11–404.04) 8.97 (8.16–9.85)

393.78 (389.49–398.12) 9.28 (8.38–10.28)

387.24 (371.11–404.04) 9.61 (8.86–10.42)

389.42±3.77 9.28±0.32

B. glabrata adults (LC5024h) 517.19 (298.69–895.57) 10.78 (5.33–21.79)

Embryonic stages (EC5024h)

Blastulae 124.14 (120.35–128.08) 7.60 (6.38–9.04)

Gastrulae 116.41 (107.66–125.88) 7.08 (5.85–8.56)

Trochophore 123.84 (119.45–128.42) 21.56 (20.61–22.56)

Veliger 122.84 (116.52–199.43) 29.32 (26.42–32.53)

*CL: Confidence limits between parentheses (95%)
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and different concentrations. A RR239. B Textile effluent. Asterisk indi-
cates significant differences from the control (Dunnett’s test, p < 0.05)
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62.92 mg L−1, and P. subcapitatawas the most sensitive species
to IC50 = 3.11mg L−1. The same pattern was obtained in a study
with Solvent Yellow 34 Auramine dye; Raphidocelis
subcapitata alga was the most sensitive (EC50= 0.3 mg L−1)
when compared to Daphnia similis and Danio rerio (Azevedo
et al. 2020).

To compare the toxic effects of textile dyes, Table 5 shows
a compilation of toxicity data reported in literature and in the
present study for several dye classes. These data and our re-
sults confirm that the multiple toxic effects depend on the type
of dye and species studied, as well as the interaction dye-
organism. Note that the acute toxicity for the same dye class
widely varies according to the organism test. Croce et al.

(2017) investigated the aquatic toxicity of 42 commercial
dye formulations, and only 9 formulations were toxic for
daphnids, with LD50 values lower than 100 mg L−1, while
30 dyes were toxic for algae. Furthermore, the same study
showed that most of the dyes have high similarity to other
dyes of the same chemical class.

Furthermore, a short-term PNECacute of 10.14 μg L−1 was
proposed for reactive Red 239, based on the lowest EC50
(V. fischeri = 10.14 mg L−1). In this case, the factor 1000
was applied, since there were only acute toxicity results for
the three trophic levels for reactive Red 239, (following the
proposed for European Chemicals Agency 2008 and
European Commission 2011). A PNEC of 2.3 μg L−1 for

Table 2 Physico-chemical
parameters determined in water,
RR239 dye, and textile effluent
samples

Sample pH Dissolved Oxygen (mg L−1) TOC (mg L-1) COD (mg L-1)

Water* 8.16 ± 0.18 7.67 ± 0.36 - -

Textile effluent 7.35 ± 0.10 6.98 ± 0.94 430 287.85

RR 239 dye 7.79 ± 0.06 5.12 ± 0.96 -- -

*Natural water for control and samples dilution-effluent and RR239 dye. TOC total organic carbon, COD
chemical oxygen demand

Fig. 4 Biomphalaria glabrata exposed to textile effluents. Adults and
embryos in static assay (24-h exposure) observed daily for 8 days. A
Snail exposed to 50% of effluent (during first 24 h), and B animal after
exposure with penile overexposure (48 h) (pe) penis. C Trochophore

stage (48 h), D veliger stage (72 h) exposed to effluent, and E veliger
stage exposed to reactive Red 239 dye, (ad) abnormal development, (sm)
shell malformation, and (de) died embryo
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azo dyes and 1 μg L−1 for non-sulfonated dyes (Basic Violet
3, Malachite Green, Basic Violet 4, and Basic Blue 7) using
the deterministic approach were determined by the Canadian
Government guidelines (Government of Canada 2016, 2020).
A PNECacute of 1.8 μg L−1 (D. similis) was proposed for
Disperse Red 1 by Vacchi et al. (2016). PNEC chronic values
of 0.92 μg L−1 for Auramine and 4.6 μg L−1 for Auramine O
(R. subcapitata) and for 0.06 μg L−1 for Disperse Red 1 were
described by Azevedo et al. (2020) and Vacchi et al. (2016),
respectively.

Concerning predicted environmental concentration (PEC),
aquatic exposure analyses were conducted for scenarios
representing potential major environmental releases due to
industrial activities, and the likelihood of the PECs exceeding
the predicted no-effect concentrations (PNECs) for azo direct

dyes and azo reactive dyes was found to be low (Department
of the Environment, Canada 2015).

Regarding the results of textile effluent samples, the acute
toxicity results displayed in Table 1 showed high toxicity level
for assessed organisms, with EC50s below 15%. For bacteria,
the EC50 values were between 6.79 and 8.89% (EC50 means
= 8.18% ± 1.20); for D. similis, about three assays, the values
were 8.97, 9.28, and 9.61%; EC50 means= 9.28% ± 0.32. The
samples were also toxic to B. glabrata adults, LC50 = 14.05%
and for embryos, with EC50 values around 7% to blastulae
and gastrulae stages, and 20% to trochophore and veliger. The
immobility (%) values of D. similis displayed in Fig. 2B
showed an increase in effect with increasing concentration;
2.5 and 5% concentrations did not result in an effect for
D. similis, while with 15%, it was possible to observe immo-
bility in 100% of the organisms (p <0.05).When analyzing the

BA

Fig. 5 Body length measurement on D. similis (3.2×). A Control group. B Organism exposed to textile effluent (1.5%)

Table 3 Lethal and sublethal
effects due the exposure of
D. similis to textile effluent
samples: survival, reproduction,
and body length (21 days
exposure) to five concentrations

Textile effluent
(%)

Survival (%) (parental
organisms)

Reproduction (neonate
numbers)

Length (mm) mean ±
SD

Control 100 246 1.64±0.21

0.5 100 314 1.89±0.09

1.5 100 645 2.03±0.04

3.0 80* 193 2.09±0.06

5.0 00 0 -

9.0 00 0 -

NOEC% 3.0

LOEC% 5.0

EC10% 3.05

EC20% 3.03

EC50% 2.99

SD standard deviation. Control: natural water for negative control and samples dilution

*Egg malformations were observed in 50% of the survival parental organisms after 21 days of exposure

63209Environ Sci Pollut Res  (2021) 28:63202–63214



bioluminescence inhibition (%) in V. fischeri (Fig. 3B), the
lowest concentration (2.55%) indicated 20% of inhibition, ap-
proximately, while in the highest tested concentration, this
bioluminescence inhibition was 77.4% (p <0.05).

Acute effects for different organisms when exposed to
textile effluents were described by Castro et al. (2019),
EC50 = 7.2% for V. fischeri, 24.2% for D. magna exposed
to a textile effluent from a Portuguese textile manufacturer,
and Liang et al. (2018), EC50 = 4.70% forD. subspicatus alga
when assessing textile wastewater in China. Borrely et al.
(2016) evaluated the textile effluents containing reactive
Blue 222 dye and evidenced acute effects toB. plicatilis rotifer
EC50 = 8.73% and D. similis EC50 = 9.81%.

Physico-chemical parameters were determined for water, ef-
fluent, and RR239 (Table 2). Regarding our data set, some main
parameters were measured only for textile effluent: total organic
carbon, 287.85 mg L−1; chemical oxygen demand, 430 mg L−1

and pH 7.35. Dissolved oxygen and pH were monitored during
daphnids assays for all running concentrations and negative con-
trol tubes (natural water was used for negative control, dilutions,
andD. similis cultivation into laboratory). The values are follow-
ing environmental regulations, confirming that toxicity and neg-
ative effects to organisms evaluated are related to critical charac-
teristics of studied samples.

Different effects were observed in survival, body length,
and reproduction on D. similis exposed for 21 days to the
effluent samples (Table 3, Fig. 5). The survival (parental or-
ganisms) (%) was lower with the increase on the effluent
concentration, and with 5% concentration, 100% of mortality
was observed. Body length values increased in 1.5 and 3%
concentrations when compared to the control (mean =
1.64 mm ± 0.21), and 2.09±0.06 (3%). In relation to repro-
duction rate, the average number of neonates obtained in the
lower concentrations in textile effluent samples (0.5% and
1.5%) was higher than the control, and with higher concentra-
tion (3%), the reproduction rate was lower. And in the same
concentration (3%), egg malformations were observed in 50%

Table 4 Mutagenic effects of reactive Red 239 dye and textile effluents

Reactive Red 239 dye Textile effluent

Salmonella strain Up to 100% Up to 20 mL equiv.

TA98 ± S9 ND ND

TA100 ± S9 ND ND

YG1041 ± S9 ND ND

ND not detected

Table 5 Acute toxicity of several textile dye classes to different aquatic organisms

Textile dye Species Acute
E(L)C50 (mg L−1)

Reference

Acid Orange 7 Pseudokirchneriella subcapitata
Daphnia magna

9.81
4.27

Croce et al. 2017

Acid Blue 324 Pseudokirchneriella subcapitata
Daphnia magna

2.08
>100

Croce et al. 2017

Direct Black 38 Daphnia magna 1698.2 Oliveira-Filho et al. 2017

Direct Red 81 Pseudokirchneriella subcapitata
Daphnia magna

12.39
>100

Croce et al. 2017

Direct Red 28 (Congo Red) Daphnia magna
Ceriodaphnia rigaudi
Pseudokirchneriella subcapitata

322.9
62.92
3.11

Hernández-Zamora and Martínez-Jerónimo 2019

Disperse Red 1 Daphnia similis
Hydra attenuata
Danio rerio

0.18
48
>100

Vacchi et al. 2016

Disperse Blue 79 Br Pseudokirchneriella subcapitata
Daphnia magna

76.08
>100

Croce et al. 2017

Auramine (Solvent Yellow 34) Raphidocelis subcapitata
Daphnia similis
Hydra attenuata

0.3
2.9
4.0

Azevedo et al. 2020

Reactive Black 5 Pseudokirchneriella subcapitata
Daphnia magna

4.34
>100

Croce et al. 2017

Reactive Red 120 Daphnia magna
Oncorhynchus mykiss

10.40
74.84

Darsana et al. 2015

Reactive Blue 15 Daphnia magna 686.5 Oliveira-Filho et al. 2017

Reactive Red 239 Daphnia similis
Vibrio fischeri
Biomphalaria glabrata snails
Biomphalaria glabrata embryos

389.42
10.14
517.19
20.64–22.01

Present study
Present study
Present study
Present study
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of the survival parental organisms after 21 days of exposure.
These results can be explained by the higher concentration of
organic matter in the effluent samples. The NOEC and EC10
values for textile effluent was 3%, and the other parameters
calculated were also similar, EC20 = 3.03% and EC50 =
2.99%. When comparing the values of EC50% to acute and
chronic assays, it was possible to observe that the EC50%
chronic was three times smaller than EC50% acute. These
results confirm the importance of chronic assessments since
they demonstrate long-term effects on populations.

Effects onD. similis reproduction in chronic assays were also
demonstrated for Solvent Auramine, Auramine O, and Disperse
Red 1 dyes. For Auramine dyes, 6- to 10-fold increase in toxicity
from the acute test to the chronic test (Azevedo et al. 2020) and
reactive Red 1 observed an almost a 50-fold increase in toxicity
from the acute test to the chronic test (Vacchi et al. 2016).
Furthermore, previous work showed other adverse effects due
to the exposure to textile effluents for D. similis, including egg
malformations and dye deposition in their filter system (Garcia
et al. 2020). These data and the observed effects in present study
(Table 3) confirmed the relevance of sublethal effects in daphnids
as an indicator of chronic toxicity.

Data was also obtained with B. glabrata adults and embry-
os exposed to textile effluents (Fig. 4).B glabrata adults snails
exposed to 50% of the effluent remained lethargic, releasing
large amounts of hemolymph, with exposed reproductive sys-
tem, penis erection maintained during the entire exposure
(Fig. 4A), and even after water replacement (Fig. 4B) until
death. A long-lasting effect on reproduction may result in
reduced reproductive capacity, for example, reduced copula-
tion even with erect penises. This event was observed in snails
exposed to methiothepin, with preputium erection that con-
tains the penis (Muschamp and Fong 2001).

Shell malformation and abnormal development after 72 h
were observed. Embryos at blastula and gastrula stages died
within the first 24 h after exposure to 100 and 50% of textile
effluent. Trochophore died within the first 24 h and at 50%
became malformed with impaired hatching (Fig. 4C) and died
after 48 h, without hatching. Veliger stage first became mal-
formed within 24 h and fails to hatch at concentrations of 100
and 50% (Fig. 4D). It is important to note that the toxic effect
observedwith the red dye for the embryoswas different from that
with the effluents. In the dye assays, we could observe high
deposition of the substance under the spawning capsule, and
although of the embryos develop over the period of analysis,
they did not hatch (Fig. 4E). Adverse effects like this can occur
with the presence of the dye, causing smothering organisms
leading to death.

Adverse effects and malformations were also observed in
clawed frog embryos (Silurana tropicalis) exposed to
Bismarck Brown Y dye, including asymmetric eye formation,
tails with axial abnormalities, heart malformation, head, and
face deformities (concentration as from of 100 ppm) (Soriano

et al. 2014). For zebrafish embryos, exposure to Congo Red
dye induced skeletal deformities, stopped larvae hatching and
caused lack of heart beating between 6.25 and 500 mg L−1

(Hernández-Zamora and Martínez-Jerónimo 2019).
Furthermore, other alterations reported in literature include

planarianGirardia tigrina newborns exposed to Disperse Red
1 that presented uncoordinated movements, irregular twists,
colored skin, and increased mucous production (Ribeiro and
Umbuzeiro 2014). Zebrafish larvae exposed to dye Basic Red
51 showed decrease in consumption of energy and swimming
activity (Abe et al. 2018). In S. tropicalis larvae, Azo Dye
Disperse Yellow 7 induced cellular stress and interfered with
both androgen signaling and biosynthesis in developing
(Mathieu-Denoncourt et al. 2014).

Assays with the effluent showed more accentuated effects
(Table 1; Fig. 4). With B. glabrata embryos exposure, we
observed malformation induction and death in the first days
of development. The differential sensitivity of the organisms
to the dye and effluent may be related to the compounds that
exist in the effluent, with more complex compounds that can
interact with the organisms, as is the case of the surfactant
present in effluent samples (fatty alcohol ethoxylate non-ion-
ic). Surfactants and other auxiliaries are applied in different
steps of dyeing. Usually for dyeing 1 kg of cotton fiber, at
least 1g L−1 of nonionic surfactant is added to the process in
addition to other auxiliary products, such as dispersant and
sequestering agents, which contain surfactants in their formu-
lations (Rosa et al. 2019; Garcia et al. 2020).

Previous studies reported acute toxic effects of surfactants
to different aquatic organisms including algae, daphnids, and
bacteria (Lechuga et al. 2016; Fernández Serrano et al. 2014).
For V. fischeri, for example, values of EC50 mg L−1 = 0.35
(sodium dodecyl sulfate) and 1.92 (amine-oxide-based surfac-
tant AO-R12) were described by Romanelli et al. (2004) and
Fernández Serrano et al. (2014).

Mutagenicity was not detected in the Salmonella/microsome
assay either with the pure dye or the effluent samples (Table 4,
SupplementaryMaterial, SM1). However, it should be noted that
toxicity was observed for the effluent sample at dose 20 mL to
Salmonella enterica ser. TyphimuriumYG1041 strain. Although
mutagenicity was not detected with the specific conditions of this
study, the literature shows that several textile dyes are mutagenic
for Salmonella strains TA98 and YG1041, such as Acid Black
210, Disperse Blue 373, and Disperse Red 13, as well as muta-
genic activity observed in surface waters and textile wastewaters
(Chequer et al. 2015; Rocha et al. 2017; Vacchi et al. 2017; Khan
et al. 2019).

Conclusion

The ecotoxicological data indicated acute and developmental
effects due the exposure to textile effluents and reactive dye
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(RR239) for different trophic level species. It is important to
highlight that the acute effects varied according to the interac-
tion of the species with RR239, following decreasing levels of
effects from bacteria to B. glabrata snail (sensibility/acute
effects: V. fischeri > D. similis > B. glabrata). Furthermore,
we also detected high acute toxicity level of textile effluents
and sublethal effects, such as body length increased to
D. similis and malformation in B. glabrata embryos exposed
to effluent samples. The results obtained herein are important
tools for understanding the biological effects related to these
hazardous mixtures of chemical substances, as observed by
comparing acute data among dye solutions and effluent sam-
ples. The ecotoxicological analyses presented in this study are
important to understand the behavior of these contaminants
(RR239 and textile effluent) in aquatic ecosystems and can
contribute for the pollution control, water quality needs and
treatment, and environmental protection.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11356-021-15115-7.
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