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A B S T R A C T

The “Acid Black 210” dye is one of the most used black dyes by the leather industry. This compound
contains three azo groups in its chemical structure, and has been quoted as a non-regulated dye with
toxicological concern, since it could generate carcinogenic aromatic amines. The objective of this study
was to perform the ecotoxicological risk assessment of this dye through testing its toxicity in vitro and in
vivo with the Ames test, the Comet assay, the Daphnia similis test, and the zebrafish embryo acute toxicity
test. Moreover, we evaluated the presence of this dye in environmental samples related with a tannery
industry. All the tests performed were negative, with the exception of the Ames test with the Salmonella
typhimurium TA98 strain, which resulted in a low mutagenic potency. Due to the low concentrations of
the “Acid Black 210” dye found in tannery effluents, and the high concentrations where any toxic activity
is occasionally described, we concluded that this dye is safe from the ecotoxicological point of view in the
areas evaluated and in the light of the current knowledge.

ã 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Dyes are widely used in textile dyeing, paper printing, color
photography, pharmaceutical, food, cosmetic, and other industries
(Bafana et al., 2011). The world market of dyes, pigments and
intermediates is valued at billions of dollars. Dyes must have a high
degree of chemical and photolytic stability to be useful, and
consequently, they can be resistant to degradation, and considered
persistent bioaccumulative toxic (PBTs) substances.

The acute toxicity of azo dyes, as defined by the European Union
criteria for classification of dangerous substances, is rather low.
Azo dyes can also cause a variety of chronic effects, and
carcinogenicity of many of the azo dyes has been demonstrated
experimentally (Bafana et al., 2011). Since dye-containing effluents
are normally discharged into water bodies, toxicity of dyes has
mainly been studied against aquatic organisms. Azo dyes have
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been found to be toxic towards several aquatic organisms including
algae, fish, and crustaceans (Bafana et al., 2011).

Acid Black 210 (AB210) is an azo (metal complex) dye
containing sulphonyl and amino groups used in cotton, leather
and woolen dyeing worldwide (Mohan et al., 2007). During a
search for publicly available toxicity data on non-regulated
aromatic amines, it was observed that the toxicity database was
found to be insufficient or non-existent (Brüschweiler et al., 2014).
AB210 was pointed to have the cleavage products 4-nitroaniline,
which the Dutch Health Council recommended to classify as
suspected human carcinogen (Dutch Health Council, 2008), and 4-
aminobenzene sulfonic acid, which may cause sensitization by skin
contact (Brüschweiler et al., 2014).

The only available data in the literature about the toxicity of
AB210 are microbial toxicity test and comet assay with Allium cepa
roots employing 1500 mg/L of AB210 (Agrawal et al., 2014). Due to
the lack of toxicological data about the AB210, the aim of this work
was to evaluate some in vivo and in vitro ecotoxicological
endpoints. Also the presence of AB210 in environmental samples
from effluent discharge from a tannery industry was measured.
With these results we performed an ecotoxicological risk
assessment of the AB210 in the area studied.
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Fig. 1. Chemical structure of the “Acid Black 210” dye.

Fig. 2. Genotoxicity results using the Comet assay in HepG2 exposed to the AB210.
The negative control was water, and the positive control methyl methanesulfonate
(MMS) 15 mg/mL.
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2. Material and methods

2.1. Chemicals

Commercial grade triazo Acid Black 210 (CAS #99576-15-5; 4-
amino-6-((4-(((4-((2,4-diaminophenyl)azo)phenyl)amino)sul-
phonyl)phenyl)azo)-5-hydroxy-3-((4-nitrophenyl)azo)-2,7-naph-
thalenedisulphonic) (Fig. 1) was generously provided by Eco Vita
Indústrias Química LTDA. All chemicals used were of analytical
grade.

2.2. Mutagenicity assay

Salmonella typhimurium TA98 and TA100 strains were cultured
overnight in Oxoid Nutrient Broth at 37 �C and 120 rpm in a shaking
incubator. The tests were performed according to Maron and Ames
(1983), and Mortelmans and Zeiger (2000), with (+S9) and without
(�S9) metabolization using the pre-incubation method (Maron
and Ames, 1983). Different concentrations of the AB210 diluted in
water were used in the tests (0.5–5000 mg/plate). Briefly, tubes
containing the dye, Salmonella strain and phosphate buffer 0.2 M
pH 7.4 or S9 mix were incubated at 37 �C for 20 min. Then, 2 mL of
top agar were added to the each tube and the mixture was poured
onto minimal agar plates. After the incubation at 37 �C for 66 h, the
number of His+ revertant colonies was counted manually. The
results were analyzed with the statistical software Salanal 1.0 (U.S.
Environmental Protection Agency, Las Vegas, USA), adopting the
Bernstein et al. (1982) model. 2-Aminoanthracene (2-AA) 2.5 mg/
plate and 4-nitroquinoline-N-oxide (4-NQO) 0.5 mg/plate were
used as positive controls in the experiments with and without
S9 mix, respectively. The water used in the dilutions was used as
negative controls. Viability tests were also performed to ensure
that the bacteria concentrations were between 1.0 and 2.0 � 109

cells/mL prior to the tests. The background was carefully evaluated.

2.3. Genotoxicity assay

The Comet Assay was performed with HepG2 cells (American
Type Culture Collection, No. HB 8065) cultured in DMEM medium
(Gibco, Grand Island, USA) supplemented with 10% bovine fetal
serum at 37 �C flushed with 5% CO2 in air, according to Östling and
Johanson (1984), with the modifications described by Singh et al.
(1988), and the protocol described by Tice et al. (2000). Briefly, the
cells (2 � 105 cells/mL) were exposed to different concentrations of
the AB210 dissolved in water (0.5–5000 mg/mL) for 4 h. The cells
were trypsinized, suspended and centrifuged (10 min, 212g),
following the addition of 140 mL of low melting agarose, spread
onto pre-coated slides and lysis (2.5 M NaCl, 100 mM EDTA, 10 mM
Tris-HCl, 1% Triton X-100, 10% DMSO, 1% SDS, pH 10) for 1.75 h. The
slides were placed in the electrophoresis solution (1 mM EDTA,
300 mM NaOH) for 20 min and submitted to electrophoresis
(300 mA and 1.0 V/cm, 20 min). The slides were then transferred to
the neutralization solution (0,4 M Tris-HCl, pH 7.5) for 20 min,
stained with ethidium bromide (10 mg/mL), examined under a
fluorescence microscope (Eclipse, Model E200-LED, Nikon), and
counted by the video imaging system Comet Assay IVTM version 4.3
(Perceptive Instruments, United Kingdom). All experiments were
carried out in triplicate and the tail moment of DNA migration was
measured in 100 cells per treatment. The cell viability was
measured by the Trypan Blue method.

2.4. Aquatic acute toxicity assay

Daphnia similis obtained from the CETESB Ecotoxicology
Laboratory were maintained at 20 � 2 �C, with light intensity of
1000 Lux, under 16:8 h (light/dark) photoperiod. The D. similis
were fed daily with the green algae Selenastrum capricornutum and
a mixture of trout food and yeast (Buratini et al., 2004). For each
replicate five young organisms (6–24 h old) were exposed to the
AB210 for 48 h in glass tubes in concentrations between 0.1 and
4000 mg/mL. After that, immobilized Daphnia were counted. As
described in the OECD no. 202 guideline the immobilization rate
was less than 10% in the negative control group (OECD, 2004). The
results were statistically analyzed using the Spearman trimmed
method (Hamilton et al., 1977). The sensibility of D. similis
organisms is monthly monitored using potassium chlorate (KCl) at
370, 480, 620, 800 e 1000 mg/L.

2.5. Fish embryo acute toxicity assay

This assay was done according to OECD no. 236 guideline
(OECD, 2013) and Nagel (2002). Newly fertilized zebrafish eggs
were exposed to different concentrations of the AB210 (0.1–
100 mg/mL) for a period of 144 h in 24 well-plates. After 8 h and
every 24 h, up to four apical observations were recorded as
indicators of lethality: coagulation, lack of somite formation, lack
of detachment of the tail-bud from yolk sac, and lack of heartbeat.
Other endpoins were analyzed, as the sublethal endpoints
development of eyes, spontaneous movement, blood circulation,
pigmentation, and oedema, and the teratogenic endpoints
malformation of head, otoliths, tail and heart, as well as scoliosis,
growth-retardation, length of tail, and swin bladder formation.
3,4-Dichloroaniline 4 mg/mL was used as positive control.

2.6. Chromatographic analysis of tannery samples

Samples (raw and treated effluent, samples 1 and 2, respec-
tively) were collected from a tannery industry located in São
Sebastião do Paraíso, Minas Gerais state, Brazil, which routinely



Table 1
Effect of the “Acid Black 210” dye in S. typhimurium TA98 and TA100 strains.

Concentration (mg/plate) Average of the number of revertants/plate � SD

S. typhimurium TA98 S. typhimurium TA100

Without S9 mix With S9 mix Without S9 mix With S9 mix

Negative Control 37.00 � 4.64 32.20 � 3.11 223.60 � 14.67 189.60 � 19.18
Positive Controla 540.50 � 19.09** 2,564 � 356.38** 2,522.00 � 381.84** 3,488.00 � 565.69**
0.5 38.67 � 6.51 35.00 � 5.29 238.67 � 21.59 ––

5 43.00 � 7.21 31.50 � 4.95 226.67 � 0.58 ––

50 40.00 � 6.93 44.67 � 1.53** 227.00 � 19.29 221.00 � 17.73
100 –– –– –– 215.67 � 20.11
500 55.00 � 8.72 94.33 � 11.06** 258.33 � 13.58 184.67 � 19.40
1000 69.33 � 9.24* –– –– 189.00 � 31.58
2000 62.50 � 0.71** –– –– ––

3000 84.67 � 8.62** –– –– ––

4000 132.67 � 10.02** –– –– ––

5000 116.67 � 22.81** 263.33 � 22.37** 234.33 � 15.70 216.33 � 17.95
Potency (revertants/mg) 0.017 0.124 –– ––

The results are expressed as average of the number of revertants of 3 repetitions � SD. *p < 0.05 and **p < 0.01 statistically different in relation to the negative control.
a 4-Nitroquinoline-N-oxide 0.5 mg/plate.
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uses this dye. Also samples from the upstream and downstream of
the disposal site (samples 3 and 4) were collected, corresponding
to surface water samples in which tannery effluent is discarded.
Collection of samples was performed as described in Standard
Methods for the Examination of Water and Wastewater (APHA,
1998).

HPLC-DAD measurements were performed on a Shimatzu
chromatograph, LC-10AT model (USA) coupled with a diode array
detector (SPD-M10AVP model). The mobile phase was: 0.1% formic
acid in water + acetonitrile mixed at different ratios. A Kinetix C18
5 mm column (150 � 4.6 mm) (Phenomenex, Torrance, CA, USA)
was used in an Agilent 1200 Autosampler HPLC and a pump
(Agilent Technologies, USA). A gradient elution system with 0.1%
formic acid in water (solvent A) and acetonitrile (solvent B) was
employed under the following conditions: 0.00–3.00 min (10%B),
3.00–13.00 min (10–100%B), 13.00–14.00 min (100%B), 14.00–
15.00 min (100–10%B), and 15.00–20.00 min (10%B). Sample
injection volume was 20 mL, time analysis was 20 min, and flow
rate 0.5 mL/min. Solid phase extraction using Strata-X cartridge
(Agilent, USA) was performed with 6 mL of methanol and
deionized water. AB210 was also analyzed by LC-ESI–MS/MS
QTRAP for low limit detection (below the detection limit of the
HPLC described above). The ionization conditions selected were:
Gas cone flow (150 L/h), gas flow of dessolvation (350 L/h), polarity
(ESI+), capillary energy (2900 V), power example cone (30 V), the
power extraction thimble (2.0 V), solvation temperature (350 �C),
source temperature (120 �C), the ionization energy (2.0 V), the
energy collision (4 V), and energy multi-channel plate detector
(2700 V).
Table 2
Immobility of the D. similis treated with the “Acid Black 210” dye for 24 h.

Number of immobilized
organisms/replicate

Immobility (%)

Concentrations (mg/mL) Total
Negative Control 0 0 0 0 0/20 0
0.1 0 0 0 0 0/20 0
1.0 0 0 0 0 0/20 0
10 0 0 0 0 0/20 0
50 0 0 0 0 0/20 0
75 0 0 1 0 1/20 5
100 0 0 0 0 0/20 0
3. Results

3.1. Comet assay

No genotoxic effect was observed for HepG2 cells treated with
Acid Black 210 up to 5000 mg/mL (Fig. 2). Cell viability was higher
than 92% for all concentrations assayed (0.5–5000 mg/mL),
measured by the Trypan Blue method.

3.2. Mutagenicity assay

Acid Black 210 showed mutagenic effect only for the S.
typhimurium TA98 strain in the higher concentrations tested,
and this effect increased after S9 treatment. Under the condition of
the test, the dye tested negative for TA100 (with and without S9)
(Table 1).

3.3. Aquatic acute toxicity assay

Treatment with Acid Black 210 did not induced significant toxic
effect on D. similis after 24 and 48 h (Tables 2 and 3). Only with the
highest concentrations we observed a slight effect, 15 and 25% of
immobility after 48 h treatment with 75 mg/mL and 100 mg/mL of
the dye, respectively. The EC50 value of the sensibility of D. similis
was 799.54 mg/mL at the moment of the assay. When continuing
the evaluation through 4,000 mg/mL, the EC50 for this assay was
2999.73 mg/mL (Fig. 3).
Table 3
Immobility of the D. similis treated with the “Acid Black 210” dye for 48 h.

Number of immobilized
organisms/replicate

Immobility (%)

Concentrations (mg/mL) Total
Negative Control 0 0 0 0 0/20 0
0.1 0 0 0 0 0/20 0
1.0 0 0 0 1 1/20 5
10 0 0 0 0 0/20 0
50 0 0 0 0 0/20 0
75 2 0 1 0 3/20 15
100 1 2 1 1 5/20 25



Fig. 3. EC50 of Acid Black 210 for the aquatic acute toxicity assay with D. similis.
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3.4. Fish embryo acute toxicity assay

All assays performed with Acid Black 210 were negative after
144 h of treatment up to 100 mg/mL.

3.5. HPLC-DAD determination of Acid Black 210

Using some chromatographic parameters such as retention time
(tr), retention constant factor (k), selectivity and resolution between
peaks (r), it was concluded that the best condition for the
AB210 separationwasobtainedwith amixtureof acetonitrile + water
containing formic acid 0.1% in a gradient mode at ratios of 20% (0.01–
10 min), 100% (10–11.50 min) and 20% (11.50–16.00 min). The
respective chromatogram CLAE-DAD is shown in Fig. 4.

Good chromatographic separation of AB210 dye was obtained at
retention time of 4.80 � 0.17 min. Analytical curves were con-
structed from 10 to 100 ppm of AB210.
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Fig. 4. (A) CLAE-DAD chromatogram obtained for 50 ppm of Acid Black 210 dye in aqueou
(B) UV spectrum of the peak detected in the chromatogram.
A linear relationship was obtained following the equation: Area
(UA) = 25421.31 + 2267459.89C (ppm), R = 0.9993, n = 6. Limit of
detection (LOD) evaluated as the signal-to-noise ratio equal to
3:1 reaches values of around 7.39 ppm. Limit of quantification
(LOQ) determined as the signal-to-noise ratio equal to 10:1 was
calculated (LOQ = 10 � (SD/B)) and the values are around 12.4 ppm.
The repeatability of the proposed method, evaluated in terms of
relative standard deviation, was measured as 3.2% over 10 experi-
ments measuring samples containing 50 ppm of AB210 dye.

A blank sample (n = 3) of water was spyked with 10 ppm of
AB210 to evaluate the recovery of the extraction method proposed.
Recoveries between 95% and 110% was obtained indicating the
accuracy of the method for the purpose of the analysis. Employing
the t-test, we demonstrated that there were no significant
differences between calculated and added concentrations at the
95% confidence level, indicating that the method can be applied for
the determination of AB210 in environmental samples.
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3.6. Detection and quantification of AB210 dye in wastewater samples
by LC–MS/MS

In order to develop a method for low limit detection of
AB210 dye, new studies were carried out evaluating a low
concentration of this dye (200 ppb) by LC–MS/MS, using optimized
conditions shown previously in the experimental section. Standard
solution of AB210 in water:methanol (1:1 v/v + ammonium acetate
5 mmol/L) full scan spectra is shown in Fig. 5.

The dye can be detected by the peaks with m/z 860 [M � 2
K+ + 1H+]� and m/z 430 [M � 2 K+]2�. AB210 chromatogram pre-
sented a retention time of 9.41 min as demonstrated in Fig. 6.

The chromatogram obtained for the raw water collected in the
leather industry is presented in Fig. 7. A very small peak at 9.53 min
indicates the occurrence of AB210 dye in the sample at very low
concentration, checked with m/z ratio 860.

Thus, the method was applied in the analysis of samples 2
(treated watewater), 3 (upstream in the river) and 4 (upstream in
the river). These samples were subjected to solid phase extraction
(SPE) as described in the experimental session. After elution and
drying, samples were redissolved in acetonitrile. There were no
signals of AB210 sample in any other sample analysed, indicating
that AB210 sample is present at only very small quantity in the raw
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water, but even the LC–MS/MS able to detect the AB210 dye at
1 ppm do not shown any quantitative signal of the dye in the
effluent.

4. Discussion

The comet assay is used routinely for the detection of DNA
damage using environmental samples (Avishai et al., 2003). A
recent bibliometric study showed that the comet assay and
environment health are nowadays closely related (Neri et al.,
2015). Moreover, in vivo and in vitro comet assay has recently been
implemented into regulatory genotoxicity testing of pharmaceut-
icals with the inclusion into the ICH 22R1 guidance (which also
includes the Ames test) (Frötschl, 2015). In our study Acid Black
210 showed no genotoxic effects on the HepG2 cells at concen-
trations between 0.5 and 5000 mg/mL by comet assay. Matsumoto
et al. (2003) showed the genotoxic potential of the water of a river
receiving tannery effluents by the comet assay and Manzano et al.
(2015) showed the genotoxicity of waters impacted by domestic
and industrial effluents. Both authors suggest that the genotoxicity
could be associated with the metals discharged by the tanneries
industries, especially chromium. The mutagenicities of different
aromatic amines and acetamides by the Ames test with the
 12 14 16 18 20
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TA98 and TA100 Salmonella strains were demonstrated in the past
(Connor et al., 1983). The formation of these aromatic amines still
concern the researchers worldwide nowadays, and Brüschweiler
et al. (2014) pointed the Acid Black 210 as a non-regulated dye that
could generate aromatic amines of toxicological concern. The Ames
test showed mutagenic activity for the TA98 strain only in higher
concentrations (generally not observed in the environment), even
after metabolization by the S9. The mutagenic potencies observed
for this strain were 0.0167 and 0.1245 revertants/mg, which we can
be considered extremely low mutagenic potencies (Claxton et al.,
1991).

It is important to point out that when the degradation of this
dye occurs by the bacterium Providencia sp. SRS82, benzene,
naphthalene and 4-aminophenyl-N-(4-aminophenyl) benzene
sulphonamide are formed, reducing the toxicity of the dye in
microbial toxicity test and A. cepa roots comet assay (Agrawal et al.,
2014).

Different molecules can affect the pigmentation pathways in
zebrafish embryos, and pigment cells are very conserved between
zebrafish and other vertebrates (Colanesi et al., 2012), but no
effects were observed for this or the other endpoints analyzed in
the present study. The bioconcentration, metabolism and toxicity
of different anilines in zebrafish have already been analyzed, and
the formation of their corresponding acetanilides was observed
(Zok et al., 1991).

Acid Black 210 dye did not cause acute toxicity to D. similis. Our
study showed that the EC50 for this test was 2993.73 mg/mL.
According to the classification proposed by Zucker (1985), only
EC50 less than 100 mg/mL are of toxicological concern.

Blaauboer (2015) highlighted the relevance of the development
of in vitro toxicology assays towards its implementation in
toxicological risk assessment. Different authors used these tests
to perform the risk assessment of different wastewaters in the last
years. Tigini et al. (2011) pointed out that the interaction effect
between dyes (including the Acid Black 210) and salts resulted in a
synergistic effect of simulated wastewater toxicity with a battery
of biotests. Lemos et al. (2011) identified the presence of
substances that induce chromosome breakage or loss by the
micronuclei assay of surface water under the influence of tanneries
in Brazil. Masood and Malik (2013) evaluated the cytotoxic and
genotoxic potential of tannery waste contaminated soils in India
with the Ames test. Júnior et al. (2007) demonstrated the influence
of tannery industries in ecotoxicity tests with Daphnia magna and
Ceriodaphnia dubia using water and sediment samples.
The dyes have been pointed as environmental hazard (Kant,
2012), and studies in this area are new and important to guide
legislations worldwide (Hessel et al., 2007). Leme et al. (2014)
showed that dyes could migrate from cotton fibers to sweat
solutions, and a weak mutagenic potential was detected by the
Ames test for the dyes Reactive Blue 2 and Reactive Green 19. The
azo dye Sudan III reacts with CYP-450 isoenzymes with the
generation of hazardous aromatic amines (Zanoni et al., 2013).
Ferraz et al. (2012) described the impact of aromatic amines on the
environment. The cytotoxicity for hepatic cells were demonstrated
for the disperse dyes Orange 1, Red 1, and Red 13 (Ferraz et al.,
2012), and the Disperse Orange 1 also induced DNA damage, but
did not cause toxicity to D. similis and Vibrio fischeri (Ferraz et al.,
2011). However, considering the results that we obtained with all
the assays, as well as the extreme low concentrations of AB210 in
the samples related to the discharge of the tannery industry, we
hypothesized that the use of this dye is not an ecotoxicological
concern at least in the conditions of this study.

5. Conclusions

This is the first time that an ecotoxicological risk assessment
with authentic water samples is reported for the Acid Black
210 dye, pointed as a non-regulated dye that could generate
aromatic amines of toxicological concern (Brüschweiler et al.,
2014). We can concluded that this dye is safe from the
ecotoxicological point of view in the light of the current knowledge
considering the acute toxicity tests done, since this dye is found in
low concentrations in the environment, and higher concentrations
of this dye are necessary to induce toxicity in the tests performed.
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