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Abstract Nearly 700000 tons of dyes are produced
annually throughout the world. Azo dyes are widely used in
the textile and paper industries due to their low cost and
ease of application. Their extensive use results in large
volumes of wastewater being discharged into aquatic eco-
systems. Large volume discharges constitute a health risk
since many of these dyes, such as Congo Red, are elabo-
rated with benzidine, a known carcinogenic compound.
Information regarding dye toxicity in aquatic ecosystems is
limited. Therefore, the aim of the present study was to
evaluate the effect of Congo Red on survival and repro-
duction of Ceriodaphnia dubia. We determined the 48 h
median lethal concentration (LCsg) and evaluated the effects
of sublethal concentrations in subchronic exposures by
using as food either fresh algae or algae previously exposed
to the dye. LCso was 13.58 mgL™". In subchronic assays,
survival was reduced to 80 and 55 %, and fertility to 40 and
70 %, as compared to the control, in C. dubia fed with
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intoxicated cells or with the mix of intoxicated + fresh
algae, respectively, so the quantity and type of food had a
significant effect. We determined that Congo Red is highly
toxic to C. dubia since it inhibits survival and fertility in
concentrations exceeding 3 mgL™". Our results show that
this dye produces negative effects at very low concentra-
tions. Furthermore, our findings warn of the risk associated
with discharging dyes into aquatic environments. Lastly, the
results emphasize the need to regulate the discharge of
effluents containing azo dyes.

Keywords Cladocera - Azo dyes - Aquatic ecotoxicology -
Microalgae - Zooplankton

Introduction

Water pollution is a global issue of concern due to the
supply crisis that afflicts several countries. In particular, the
textile industry contributes significantly to the deterioration
of water quality, since it discharges large volumes of was-
tewater effluents into aquatic systems. Thus, the textile
industry is considered one of the most polluting industrial
activities (Savin and Butnaru 2008). Wastewaters contain-
ing azo dyes significantly affect photosynthetic activity in
aquatic ecosystems, since colorization greatly modifies
light quality and decreases underwater light penetration
(Hernadndez-Zamora et al. 2014), thereby reducing dissolved
O, concentrations (Ali 2010). Moreover, some colorants
have been reported as toxic, mutagenic, and carcinogenic
for aquatic biota (Bafana et al. 2008; Saratale et al. 2011).

Many of the azo dyes used in textile dyeing are manu-
factured with carcinogenic compounds, such as benzidine
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(Golka et al. 2004). Among these dyes is Congo Red
(1-naphthalenesulfonic  acid, 3,3’-(4,4’-biphenylenebis
(azo)) bis (4-amino-) disodium salt), also known as Congo
Red 4B, Cosmos Red, Cotton Red B, Cotton Red C, Direct
Red 28, Direct Red R, Direct Red Y. It is a benzidine-based
anionic diazo dye prepared by coupling tetrazotized benzi-
dine with two molecules of napthionic acid (Purkait et al.
2007). Its molecular formula is C3,H5,NgOgS,Na,, and its
molecular weight is 696.7 g mol™'. This dye is used to stain
cotton, jute, leather, paper, silk, and wool. Despite evidence
that during its degradation, metabolic conversion leads to
generation of carcinogenic amines (Pielz 1999; Sponza and
Isik 2005) and its ban by the European Union in 1999, it is
widely used in the textile industry given its low cost.

Bafana et al. (2009) proved that Congo Red toxicity is
primarily linked to its intermediary metabolites (benzidine
and 4-aminobiphenyl), which affect DNA and induce
apoptosis in HL-60 cells (human promyelocytic leukemia
cell line).

Toxic pollutants have diverse effects at different levels
within the structure of aquatic ecosystems. Negative effects
can be seen in primary producers (cyanobacteria, algae, and
plants) as well as consumers at all trophic levels (Sharma
et al. 2007; Gémez et al. 2008). Some basic, acidic, and
direct azo dyes are classified as toxic or highly toxic for
fishes, crustaceans, algae, and bacteria, whereas reactive
azo dyes are toxic only at concentrations exceeding 100
mgL™" (Novotny et al. 2006; @ligaard et al. 1998). The
evaluation of the toxic effects of pollutants in freshwater
ecosystems is conducted through the controlled exposure of
selected test organisms. Selected organisms are preferably
representative of large communities in aquatic ecosystems.
Due to their ecological importance, cladocerans are fre-
quently used as test organisms since they act as key com-
ponents of the zooplankton community (Martinez-
Jerénimo et al. 2000). Among cladocerans, Daphnia
magna and Ceriodaphnia dubia are recognized as reference
species for ecotoxicological studies (Blaise and Férard
2005). These organisms act as fundamental links between
primary producers and secondary consumers. C. dubia is
often used in ecotoxicity studies given its high sensitivity
and short life cycle (Versteeg et al. 1997; Brander et al.
2012).

Research on the toxic effects on aquatic ecosystems
generated by azo dyes-containing effluents is limited.
Therefore, the aim of this study is to determine the acute
and subchronic toxicity of Congo Red in C. dubia. Fur-
thermore, we evaluated exposure to different sublethal dye
concentrations, as well as to diverse food (microalgae)
concentrations grown in a normal culture medium or a
medium to which the dye had been added to determine
whether ingestion of microalgae exposed to this compound
affects the development of the studied cladoceran.

Materials and methods
Dye

We used the azo dye Congo Red of analytic grade
(C3,H2oNgO6S,Na,,  Sigma-Aldrich®, CAS  number:
573-58-0, purity >97 %). Test solutions were prepared from
a concentrated stock solution, and were sterilized by filtra-
tion using sterile nitrocellulose membranes (0.22 pm pore
diameter).

Test organisms

The Ceriodaphnia dubia clonal strain used in this study was
obtained from the cladoceran strain collection at the
Laboratorio de Hidrobiologia Experimental (LHE) of the
Escuela Nacional de Ciencias Biologicas (ENCB) at the
Instituto Politécnico Nacional (IPN). This strain has been
successfully maintained in controlled cultures for over
twenty years. An axenic strain of the green alga Chlorella
vulgaris (LHE-Chl 01) was used as food in the cladoceran
diet. The strain was obtained from the LHE-ENCB-IPN
microalgae collection. C. vulgaris was cultivated in Bold’s
basal mineral medium (250 mgL™' NaNO;, 25mgL™"
CaCl,e2H,0, 75mgL™ MgSO,e7H,0, 75mgL™’
K,HPO,, 175 mgL™" KH,PO,, 25 mgL™" NaCl, 4.98 mg
L' of FeSO4e7H,0, 0.001 mLL™" H,SO,, 11.42mgL™"
H;BO;, 50mgL™" EDTA, 31 mgL™" KOH, 8.82mgL™"
ZnSO4e7H,0, 1.44mgL™" MnCl,e4H,0, 0.71 mgL™
MoOs, 1.57mgL™" CuSO,e5H,0, 0.49mgL™ Co
(NO3),#6H,0), under aseptic conditions at 24 + 1°C, light
intensity of 120 pmoles m™2s™"!, 12:12h (light:dark) pho-
toperiod, and bubbled air (200 mL min_l).

It is worth mentioning that C. dubia is commonly cul-
tivated in semi-hard reconstituted water (EPA medium,
USEPA 2002a). However, in previous studies we observed
that in tests using EPA medium as dilution water, the dye
precipitated during the first hours of exposure. We
attempted to avoid precipitation by reducing water hard-
ness, but precipitation continued even in soft water. Testing
alternatives, we proved that Congo Red maintains solubility
when it is diluted in dechlorinated tap water (pH: 8.0-8.2;
hardness: 128 mgL™" as CaCOs; conductivity: 412.0 pS;
salinity: 0.2 psu). Using this medium, we guaranteed bioa-
vailability of the compound to assess its toxic effects. Thus,
C. dubia was also cultivated in dechlorinated tap water (pH:
8.0-8.2, hardness: 128 mg L' as CaCOg;, conductivity:
412.0 ps, salinity: 0.2 psu), at 25 °C, with 16:8 h (light:dark)
photoperiod. To avoid possible biases due to the change in
culture medium, the cladoceran stock was stabilized for two
generations. The test organisms (neonates of less than 24 h
of age, USEPA 2002b) were obtained from cultures of
known ages, fed with 1 x 10°cells mL™" of C. vulgaris.
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Exposure of C. vulgaris to congo red

To determine the toxic effects of Congo Red on the
microalgae used as food, its median inhibitory concentra-
tion (ICsp) was calculated. For this purpose, bioassays with
axenic inocula of C. vulgaris were exposed to different
concentrations of Congo Red (5, 10, 15, 20, and 25 mg L_l)
in Bold’s basal medium (BBM). Incubation conditions
for the tests were: temperature 24 + 1 °C, light intensity of
120 pmoles m™s™', 12:12h (light:dark) photoperiod, and
air flow of 200 mL min™". The incubation period was 96 h
and every 24 h samples were taken to evaluate cellular
density in a Neubauer chamber.

Once ICs was determined, C. vulgaris was cultured under
the previously described conditions, in a medium containing
the equivalent to the ICsy of Congo Red. After 96h of
exposure, the cells were centrifuged at 3 500 rpm for 10
minutes. Immediately after, the microalgae pellet was washed
three times using BBM in order to eliminate the dye possibly
adsorbed by the cell wall, following the same centrifugation-
resuspension procedure. Lastly, the cells were resuspended in
dechlorinated tap water and stored in darkness at 4 °C to be
used as food for C. dubia during the subchronic toxicity tests.

Determination of the median lethal concentration (LCsg)
in C. dubia

The acute toxic effects of Congo Red dye were determined
in exposure times of 48 h following the procedure suggested
by USEPA (2002b). We used test volumes of 33 mL and
dechlorinated tap water as dilution water. The 1, 2, 4, 8, and
16 mg L™" concentrations were tested in triplicate. Neonates
(age <24 h) obtained from the third brood and thereafter
were used. Bioassays were incubated at 24 + 1 °C, using
16:8 h (light: dark) photoperiod with no food supply. We
recorded the number of affected, immobilized, or dead (no
heartbeat through observation at the stereomicroscope)
organisms at 24 and 48 h. To calculate the average LCsy,
three separate bioassays were carried out.

Evaluation of the subchronic toxicity of congo red

The subchronic toxicity of Congo Red was determined
following Method 1002.0 Daphnid, Ceriodaphnia dubia,
survival and reproduction test established by USEPA
(2002a). The bioassays were started from neonates, doc-
umenting reproduction and survival during a 10-day period.
Two experimental series were conducted:

Evaluation of the effect of direct exposure to the dye

C. dubia strains were exposed to three concentrations of
Congo Red equivalent to LC;, LC,, and LC5 (0.94, 3.11,
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and 13.58 mg L™, respectively) using C. vulgaris not pre-
viously exposed to the dye as nourishment.

Evaluation of the effect of consuming microalgae grown in
culture medium with dye

The effect of three feeding conditions was studied: a)
healthy, fresh algae (control, CA), b) algae grown in a
culture medium containing the equivalent to the ICsy of
Congo Red (EA), and c) 75% CA+25% EA. In this
experiment, the dilution water did not contain the toxicant.

The effects of all three concentrations of C. vulgaris: 4 x
105, 8 x 105, and 1.2 x 10° cellsmL ™" were studied in both
experiments. Each experiment had 10 replicates, starting
with neonates. Neonates were individually placed in reci-
pients containing 25 mL of test solution. Tests were incu-
bated in an environmental chamber at 24 + 1 °C and 16:8 h
(light: dark) photoperiod. Survivorship was daily recorded.
Once reproduction began, the progeny was separated and
counted. The test medium and the respective concentrations
of microalgae were renewed daily.

Statistical analysis

The median inhibitory concentration (ICsg) and the median
lethal concentration (LCsgy) as well as the LC; and LCy,
values and the corresponding 95 % confidence intervals
were calculated via the Probit method, using RA software
(Risk Assessment. Hazard Assessment Tools, v. 1.0). Fer-
tility results were analyzed through a two-way analysis of
variance (two-way ANOVA) employing dye concentration
and food concentration as variable factors. When significant
differences were recorded (P < 0.05), Dunnett’s test was
applied to find differences with the control, and multiple
comparisons were made using the Tukey’s test. To compute
comparisons, SigmaPlot version 11.0 was used. Survival
curves were analyzed using the Kaplan-Meier test; pairwise
comparisons were analyzed via the Gehan-Breslow-
Wilcoxon Test, using Prisma GraphPad v. 6.0.

Results and discussion

Congo Red significantly inhibited the population growth of
the microalgae Chlorella vulgaris at all the tested con-
centrations, as observed in Fig. 1. ANOVA’s test evidenced
significant differences (P <0.05) for population density
values among treatments, determined at 96 h. The Dunnett’s
test demonstrated that cell densities at the five Congo Red
concentrations were significantly lower than that observed
in the control. These results are similar to those reported by
other authors. Cheriaa et al. (2009) observed that growth of
Chlorella was inhibited by exposing it to indigo dye at
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Fig. 1 Inhibitory effects on population growth of Chlorella vulgaris
exposed to different concentrations of Congo Red

10 mg L~". Chia and Musa (2014) determined that the cell
density of Scenedesmus quadricauda was the highest in the
control, but decreased with increasing effluent concentration
from the textile industry, containing indigo dye. The sen-
sitivity of C. vulgaris to Congo Red in our study was evi-
denced by the determined ICs, the average value was 5.19
mgL™" (95% limits: 4.39-5.89 mgL™"), similar to that
reported by Novotny et al. (2006) for the microalgae Sele-
nastrum capricornutum (ECso=4.8 + 1.0 mg L_]) after
96-h exposure to Congo Red.

The average LCs, value of Congo Red in C. dubia was
13.58 mgL™" (95% limits: 9.82-23.5mgL™"). Addition-
ally, the sublethal values were: LC; 0.94 mg Lt (0.27-1.70
mgL™"), LCs 2.05mgL™" (0.92-3.10mgL™"), LC;o 3.11
mgL™  (1.73-436mgL™"), and LC;s 4.13mgL™"
(2.60-5.58 mg LY. The recorded LCs, value agrees with
findings reported by Qligaard et al. (1998) and Novotny
et al. (2006). The authors mention that some basic azo dyes
and acidic, and direct dyes are classified as highly toxic or
toxic for fishes, crustaceans, algae, and bacteria. The sub-
lethal values here determined (LC;, LCs, and LC,q) warn
about the environmental risk posed by the presence of this
compound, even at relatively low concentrations.

With respect to the effect of Congo Red on cladocerans,
Wong et al. (2006) evaluated the acute toxicity of this dye
in Moina macrocopa at 4 and 7 days, reporting LCs
values of 0.16 mg L™" (95 % limits: 0.11-0.31 mgL™") and
0.07mgL™" (0.03-0.09 mgL™"), respectively. However,
these data are not comparable to ours because test condi-
tions were rather different in terms of exposure time, test
volume, and food supply during the assays. The lower LCs,
values reported by Wong et al. (2006) can be explained by
the longer exposure time, but species-specific sensitivity
should also be considered; nevertheless, from that study it is
clear that Congo Red was the most toxic azo dye from the
three synthetic colorants evaluated by them.

In a study about Congo Red bioremoval using the
microalgae Chlorella vulgaris, Hernandez-Zamora et al.
(2015) reported an ECso of 3.32mgL™" (1.244.91 mgL™)
in C. dubia. This value is below the one found in this study.
This difference could be attributed to the fact that Hernandez-
Zamora et al. (2015) used BBM as dilution water; this was
the culture medium used herein for the microalgae, and was
used for the toxic assays to avoid precipitation of the dye. It
is possible that the complex mineral composition and the
concentration of salts in this medium could have increased
the Congo Red toxicity to C. dubia, because the salt content
of BBM and the lower pH could cause stress and become
additional lethality factors. Dilution water in the present
study was dechlorinated tap water, with significantly lower
salt content, as detailed in the methodology.

Studies testing other azo dyes’ effects on C. dubia
indicate values of 25, 33, and 0.5 mg L~!, for Reactive
Black 5, Acid Orange 7, and Vat Green 3, respectively (de
Luna et al. 2014); the authors concluded that Vat Green 3
and Reactive Black 5 produced more toxic degradation
products than the original dyes.

Regarding other cladocerans, Bae and Freeman (2007)
studied the toxicity of different dyes and reported that the
dye Direct Blue 218 was very toxic for daphnids, obtaining
LCso (48h) values of 1-10 mg L', However, the acute
toxicity of four other direct dyes was much lower, reporting
LCso> 100 mgL™" values. These results suggest that cop-
per molecules within the structure of Direct Blue 218 might
increase toxicity. Conversely, Ferraz et al. (2010) reported
higher toxicity values. The authors determined that the dyes
Disperse Red 1 and Disperse Red 13 are highly toxic to
Daphnia similis, with ECs, values of 127 and 18.7 pgL™",
respectively. Differences with the values reported here can
be attributed not only to the type of dye, but also to species-
specific responses, indicating that there are species of zoo-
plankton that are more sensitive. These studies and our
results elucidate the need to classify the toxicity of these
dyes. Bhaskar et al. (2015) mentioned that, based on their
ECsy values, emerging contaminants can be classified
as harmful (ECsy as 10-100 mg LY, toxic (ECsy as
1-10 mg L™"), or very toxic (ECso < 1 mg L™"); according to
this classification, some of the most common azo dyes
could be categorized as toxic to very toxic.

When evaluating toxicity, it should be considered also
that the acute or lethal toxic effects do not allow identifi-
cation of other potential damages that could occur after
exposure to sublethal concentrations (i.e., physiological,
teratogenic, or carcinogenic effects). The toxic effects of
azo dyes mainly depend on their chemical structure and/or
their metabolites. Congo Red has the capability of produ-
cing benzidine, a carcinogenic aromatic amine formed
through cleavage of one or more azo groups (Sponza and
Isik 2005). The Ecological and Toxicological Association
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Fig. 2 Fecundity of Ceriodaphnia dubia exposed during 10 days to
three Congo Red dye concentrations: LC; (0.94 mg L™, LCyy 3.11
mg L"), and LCs, (13.58 mg L™"), simultaneously fed with three food
(C. vulgaris) concentrations. Average values and standard error bars
are shown. Different letters above bars indicate significant differences
(P <0.05), after Tukey’s pairwise comparisons

of Dyes and Organic Pigments Manufacturers reports that
from approximately 4 000 dyes evaluated for their toxicity
in mammals, more than 90 % have median lethal dose
values (LDs) of less than 2 x 10° mg kg_l. The most toxic
are basic and direct dis-azo dyes (Shore 1996; Robinson
et al. 2001), such as Congo Red.

Fecundity registered in C. dubia exposed to 0.94 mg L™
(LCy), 3.11mgL™" (LCy0), and 13.58 mgL™" (LCsy) of
Congo Red in combination with different concentrations of
food (Chlorella vulgaris 4.0 % 10°, 8.0x 10°, and 1.2 x 10°
cellsmL™") for 10 days is shown in Fig. 2. Reproduction
was only documented in organisms exposed to the lowest
Congo Red concentration (0.94 mg L™"), although fecundity
values were significantly lower than those shown by the
control group. Females in the Congo Red concentrations of
3.11mg L' (LC,0) and 13.58 mg L~ (LCso) presented 100
% mortality by day 6 and 3, respectively. Despite the fact
that some organisms exposed to 3.11 mgL™" lived up to
6 days, they did not reach sexual maturity. Infertility induced
by the dye is evident. Therefore this finding represents an
important contribution that enriches the body of knowledge
regarding the chronic toxic effects of azo dyes on cladoceran
species. Wong et al. (2006) reported similar effects in Moina
macrocopa; they observed that the onset of reproduction and
the number of neonates produced were reduced at azo dye
concentrations as low as 0.01 mg L™

With respect to food concentration, Kluttgen et al. (1996)
observed that lower amounts, as opposed to higher con-
centrations of food, have a larger negative effect on fertility
of Daphnia magna and Ceriodaphnia quadrangula exposed
to 3—4 dichloroaniline. On the other hand, Kooijman and
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Metz (1984) mention that the toxicity of chemical com-
pounds directly affects reproduction and does not depend on
the concentration of food. This assessment coincides with
our results. As observed in Fig. 2, there was no significant
difference in the number of neonates in the different food
concentrations exposed to 0.94 mgL™'. Notwithstanding,
lower quantity of food in the control significantly reduced
C. dubia fertility, which could be because lower food
concentrations are associated to reduced energy available
for reproduction (Rose et al. 2002).

As observed in Fig. 3, the survival of C. dubia exposed
to different Congo Red quantities (0.94 mg Lmg L™, 3.11
mgL™", and 13.58 mgL™") and to different concentrations
of food dropped as the concentration of dye increased,
independently of the quantity of food provided. However, in
the organisms exposed to 0.94 mgL™ (LC,), a higher
concentration of microalgae-enabled higher survivorship.

The effects of food concentration as an influencing factor
on the toxicity response in C. dubia have focused primarily
on metals (Hauri and Horne 2004; Sofyan et al. 2007,
Rodgher and Gaeta Espindola 2008). However no clear
trend has surfaced, since different concentrations of food
produce either positive or negative effects on survival,
reproduction, mortality, and fertility rates of this cladoceran.
In our study, the survival of C. dubia exposed to
0.94 mg L™ (LC,) and to the highest concentration of food
(1.2 x 10° cells mL™") was not different to the survival rates
observed in the control group. Significantly lower survival
values were recorded for organisms that fed on lower
concentrations of food. This result indicates that a larger
quantity of microalgae reduced mortality but fertility
remained constant (as observed in Fig. 2).

Independently of the quantity of food provided, deaths
were reported from days 2 and 3 onwards with the 3.11 mg
L' concentration (Fig. 3b). As expected, with 13.58 mg L™
(LCsp) the longest life span was only 3 days (Fig. 3c). Only
one report exists regarding the toxic effect of Congo Red on
survival and reproduction of cladoceran species, specifically
for Moina macrocopa (Wong et al. 2006). In that study the
authors observed that fecundity was a more sensitive
response than survival and, similarly to our results, repro-
duction was delayed and the total progeny was reduced,
with no reproduction documented at Congo Red con-
centration as low as 1 mgL™'. When Wong et al. (2006)
exposed M. macrocopa to different concentrations of
Congo Red (0.01, 0.1, 1.0, 10, and 100 mg L_l), they
observed that exposed animals divert energy to detoxifica-
tion, thus reducing the amount of energy allocated to
growth and reproduction. According to our results, no
matter that food supply is not limiting, the toxic effects
produced by the colorant override the capability of C. dubia
to endure the intoxication, confirming that this dye is highly
toxic for C. dubia in subchronic exposures.
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Fig. 3 Survivorship of Ceriodaphnia dubia exposed to three Congo
Red dye concentrations: a LC; (0.94 mg L™, b LCy, (3.11 mg LY,
and ¢ LCsy (13.58 mg L_l), and simultaneously fed with three food
(C. vulgaris) concentrations. Asterisks indicate differences with
respect to the control: ** P < 0.01 or *** P < 0.001. Kaplan-Meier test
and pairwise comparisons (Gehan-Breslow-Wilcoxon Test)

The chronic toxic effects on C. dubia fertility caused by
consuming food exposed to the dye (EA) or not-exposed
food (CA) is graphed in Fig. 4. Consumption of algae that
grew during 4 days in the Congo Red ICsy (Fig. 1) sig-
nificantly reduced the cladoceran’s reproduction, regardless
of the quantity of food provided. Independently of whether
the microalgae were able to grow in presence of the dye, it

o
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Fig. 4 Fecundity of Ceriodaphnia dubia exposed to fresh algae (CA,
control), Congo Red exposed algae (EA), and a mixture of fresh and
intoxicated algae (75 % CA + 25 % EA). Average values and standard
error bars are shown. Different letters above bars indicate significant
differences (P < 0.05, Tukey’s pairwise comparisons)

is evident by their effect on C. dubia that they internally
retained the dye and/or the dye’s metabolites. Reducing the
diet to 25 % of intoxicated algae (CA + EA) allowed fertility
rates to recover slightly, yet the different food concentra-
tions did not produce significant differences (Fig. 4). Our
results thus show that the consumption of microalgae grown
in the presence of sub-inhibitory concentrations of Congo
Red produces toxic effects on C. dubia, regardless if a
portion of the diet had not been exposed to the dye.

Antunes et al. (2004) studied the positive effect of
microalgae concentration on the reduction of toxicity. The
authors observed that a high density of Selenastrum
capricornutum (currently Rhapidocelis subcapitata) (6 x
10° cells mL™") reduces chronic toxicity of the lindane
pesticide on D. magna. Hauri and Horne (2004) found that a
high concentration of algae (according to that suggested as
adequate by the USEPA 2002a, b) reduces the availability
of copper in chronic toxicity tests in C. dubia. It is accepted
generally that appropriate availability of food provides the
nutrients and energy required for cladocerans reproduction
and growth (Rodgher and Gaeta Espindola 2008). An
appropriate availability of algae also allows for specific
detoxification or resistance mechanisms to be expressed
more effectively. This finding is based on the principle that
well-nourished organisms are more tolerant to environ-
mental stress and in particular to the toxic effects of che-
mical contaminants. However, our results also show that
food can be a pathway to intoxication. Independently of its
concentration, the negative effect of Congo Red pre-
dominates over the positive effect shown by the presence of
non-exposed microalgae, as was observed in the CA + EA
mixture (Fig. 4).
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Other toxic compounds, such as metals, can adhere to the
cell walls of microalgae and in this way could be ingested
by filter feeders. Rodgher and Gaeta Espindola (2008)
report that when C. dubia was exposed to cadmium in the
presence of a high density of algae (1 x 10° cells mL™"), this
cladoceran filtered less volume of medium and ingested
higher amounts of algae with metal adhered to its cells. This
caused a reduction in both reproduction and survival.
Conversely at low food densities (1 x 10* cells mL™"), the
cladoceran filtered more water containing metal and inges-
ted fewer algal cells. Hence, the lower intake of food could
mean less energy available for reproduction (Rose et al.
2002). Wong et al. (2006) observed that the azo dyes Congo
Red, Procion Red, and Procion Yellow decrease the filtra-
tion rate of Moina macrocopa. They explained that a lower
filtration rate means less food is ingested and, consequently,
less energy is available for growth and reproduction. In our
study, we did not obtain evidence on the change of filtration
rate provoked by Congo Red exposure; yet, independently
of food concentration (Figs. 2, 3, and 4), the toxic effect of
the dye on reproduction rates was noteworthy and sig-
nificant (P < 0.01).

Figure 5 depicts the survivorship curves of C. dubia
during a 10-day period. Intake of intoxicated algae (EA)
produced higher mortality rates. Mortality was highest in
the sample with the lowest concentration of food (Fig. 5a).
Comparatively, in the 75% CA+25% EA mixture
(Fig. 5b), the presence of fresh algae reduced the toxic
effect of the dye present in the intoxicated food. Higher
survival rates were recorded in the sample with the highest
concentration of food.

Congo Red can adhere to the cell walls of microalgae
(Herndndez-Zamora et al. 2015). Cell walls can be an entry
route thus increasing the intoxication of cladocerans. In our
case, this effect can be discarded since the washing method
applied to C. vulgaris eliminated any trace of dye molecules
on the cell wall. We can thus assume that the dye was found
inside the cells and that feeding on them intoxicated
organisms. Kilham et al. (1997) mention that food quality is
less important than quantity for cladocerans fertility,
growth, and survival. Quality is less important because
compensatory mechanisms may occur through changes in
filtration rates. However, this study shows that the intake of
intoxicated microalgae negatively affected fertility and
survival, regardless of whether or not part of the diet was
constituted by nontoxic microalgae.

Lastly, Fliedner (1997) mentions that the digestive tracts
of cladocerans are an important pathway toward chemical
compound exposure. A toxic substance bound or incorpo-
rated in food particles can be easily filtrated and released
into the digestive tract. Figure 6b clearly shows this phe-
nomenon. The digestive tract of C. dubia presents red col-
oration, which contrasts with the green coloration resulting
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Fig. 5 Survivorship curves of Ceriodaphnia dubia fed with different
concentrations of C. vulgaris grown in culture medium supplemented
with Congo Red (EA) a, and with a mixture of 75 % fresh and 25 %
intoxicated algae (CA + EA) b; control group was fed fresh algae with
no exposure to the toxicant. Asterisks indicate differences with respect
to the control: *P < 0.05, or **P < 0.01, Kaplan-Meier test and pair-
wise comparisons (Gehan-Breslow-Wilcoxon Test)

Fig. 6 Ceriodaphnia dubia adult females (10 days) observed during
the subchronic toxicity assessment of Congo Red. a Control,
b exposure to 0.94 mg L™ Congo Red (LC;). Note in b the reddish
coloration in the digestive tract and in the antennules, compared to the
control
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from consumption of nontoxic-containing microalgae seen
in the control group (Fig. 6a). In this case red coloration is
not given as a result of the filtration of microalgae pre-
viously exposed to Congo Red, but by consumption of fresh
algae during subchronic exposure at 0.94 mg L™" of the dye
dissolved in the dilution water. This shows that even when
food is not previously intoxicated, the dye possibly man-
ages to enter through the flow of filtered water and/or
through the adhesion of the dye to the cell wall of micro-
algae. The latter entry route represents an additional
intoxication pathway as the test organisms come into con-
tact with the toxicant dissolved in water. Similar results
were reported by Yu et al. (2015) with Daphnia similis
exposed to the dye Disperse Red 1.

The results obtained in this study prove that toxicity
caused by Congo Red in daphnids is indicative of potential
environmental and aquatic biota damage. Results suggest
that it is necessary to regulate the discharge of effluents
containing azo dyes, in particular Congo Red.

Conclusions

Ceriodaphnia dubia is an adequate test organism to eval-
uate the toxicity of azo dyes. Results show that Congo Red
dye, even at very low concentration (0.94 mgL™", equiva-
lent to the LC,), has toxic effects on reproduction and
survival rates of C. dubia.

The consumption of microalgae exposed to Congo Red
also produces significant toxic effects on reproduction and
survival of C. dubia. We determined that the quantity and
quality of food were important aspects in the evaluation of
the toxic effects produced by this dye.

It is necessary to review and evaluate the toxicity on
organisms in aquatic ecosystems associated with discharges
of the textile industry. Furthermore, we should study the
effects on primary producers (which can retain dyes and
make them available through feeding) and on zooplankton,
which show toxic effects by direct exposure, as well as from
consumption of intoxicated microalgae. The toxic effects on
reproduction and survival were significant, even at con-
centrations that could be considered as acceptable for the
protection of aquatic ecosystems.
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