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Abstract

Bio-monitoring, in the control strategies for pollution, has several advantages over other tests in aquatic
organisms. Bio-effects may link the bioavailability of the compounds of interest with their concentration at target organs
and intrinsic toxicity. Potential harmful effects of 2,4-difluoroaniline (DFA), on a 96-hour acute static test, on adult
zebrafish (Danio rerio) were followed. According to OECD 203: Fish Acute Toxicity Test, LC50 was determined using
70 adult zebrafish AB strain and 14 zebrafish as control group, to evaluate the effects and action at different
concentrations of DFA. Obtained data were analyzed using Minitab Statistical Software as Goodness-of-Fit correlation
tests. Logarithmic value obtained for LC50 was of 2.30311, which corresponded to LC50 of 200.96 mg/L. Results from
the performed work reinforce the idea of the zebrafish adults as simple and easy reproducible model organisms in
ecotoxicology. Although there are more comprehensive tests available, this particular one is both rapid and relatively
cheap. The results obtained for LC50, in our opinion, are useful and applicable to a large number of substances,
especially in field conditions when overall effectiveness is more important than meticulousness of the method.
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Introduction

In order for ecotoxicogenomics to fulfil their
immense potential, collaborative efforts are necessary
through parallel use of diverse model microorganisms
(e.g. Saccharomyces cerevisiae), aquatic (e.g. Oryzias
latipes, Poecilia reticulata, Danio rerio, Daphnia magna,
Lemna minor and Xenopus tropicalis), terrestrial (e.g.
Arabidopsis thailiana, Caenorhabdites elegans and Eisenia
foetida) and other (e.g. macroinvertebrates, snails,
tadpoles, etc.) (Abdul Rida et al., 1997; Hood et al.,
2000; Hawkins et al., 2003; Fraker and Smith, 2004;
Snape et al., 2004; Sanchez-Hernandez, 2006; Poynton
et al., 2007; Coogan and La Point, 2008; Karathia et al.,
2011).

Ecotoxicogenomic tools may also provide
better mechanistic understanding of the aquatic
ecotoxicology. In this context, advantages of the use of
acute toxicity test are represented by a wide range of
applicability for chemical substances that can be
reproduced easily in laboratory conditions. The
purpose of the acute test is to identify the dose which
produces 50% mortality of the test organisms, being an
important tool for toxicological research (Pennie et al.,
2000; Snape et al., 2004).

Currently zebrafish (Danio rerio) serve as
models for a very wide variety of research. Compared
with other species of animals used in experiments,
researchers have shown that zebrafish are accepted by
the scientific community as having a great applicability
in many fields of human and veterinary medicine. For
example, in 2008 in the European Union 1,087,155 fish
were used in experiments and 440.852 in fundamental
biological research (Lawrence, 2007; Reed and
Jennings, 2011).

Researches on Danio rerio have evolved into
several areas: biology, oncology, toxicology,
reproduction, teratology, genetics, neurobiology,
environmental sciences, stem cell research and
regenerative medicine (Khudoley, 1984; Lele and
Krone, 1996; Amatruda et al.,, 2002; Johansen et al.,
2006; Sullivan and Kim, 2008; Peterson and Freeman,
2009; Mione and Trede, 2010; Goldshmith et al., 2012).

Due to effortless stock maintenance in
captivity and their great advantages, e.g. reduced size,
rapid and good reproduction with short life cycle, clear
sexual dimorphism, great number of non-adesive
transparent eggs per spawning, rapid embrio-
development, etc., zebrafish have prevailed among
other known test organisms and become a valious tool
(Hill et al., 2005; Albertson and Kocher, 2006; Major
and Poss, 2007; Spence et al., 2008; De Oliveira, 2009;
Reed and Jennings, 2011). For example, as biological
models, zebrafish have the advantage of complete
genome sequence. Zebrafish larvae, for example, are
able to rapidly regenerate fins, skin, heart, larval
stages, etc.; these stages are used in several researches
(Lele and Krone, 1996; Lawrence, 2007; Johansen et al.,
2008; De Oliveira, 2009).

Among the widespread substances,
potentially toxic to the environment, aniline is used in
various fields of applications (e.g. organic syntheses,
tire industry, varnishes, paints, explosives, plastics,
antioxidants, antiseptics and disinfectants, etc.) and
considered as a major source of industrial pollution.
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24-difluoroaniline (DFA) is produced as a fine
chemical for use in pharmaceutical industries.
Moreover, disinfection of raw water for the production
of drinking water is an important issue and, in this
respect, disinfection products, including 24-
difluoroaniline (DFA), may exert toxic effects being
studied in human and animal models (Boogaard et al.,
1994). Repeated and prolonged exposure to 2,4-
difluoroaniline can be dangerous for mammals.
Potential harmful health effects of 2,4-difluoroaniline
on living organisms are on eye (ocular irritation,
conjunctivitis, corneal burns), skin (sensibility, allergic
reaction, dermatitis), digestive (nausea, vomit,
diarrhoea, dizziness, red-brown blood), and
respiratory (irritations, pulmonary oedema, CNS
depression, asphyxia, methemoglobinemia) (The NIST
WebBook). In mammals, the metabolic activation of
DFA starts with N-oxidation to corresponding
hydroxylamine which may be further oxidized in an
autocatalytic co oxidation process with haemoglobin
(Hb) yielding the nitrosoarene and methemoglobin
(met-Hb) (Eadsforth et al., 1984). Being an aniline
compound, long-term adverse effects in the aquatic
environment can be expected. DFA may also act as
harmful aquatic substance (OPPT Chemical Fact
Sheets).

In this respect, our goal was to assess the
potential harmful and/or toxic effects of DFA on
aquatic organisms by acute static test, using an adult
zebrafish (Danio rerio) model and the monitoring of
behavioural disorders arising, dependent on the used
substance concentration and in correlation with
temperature, pH and dissolved oxygen.

Materials and Methods

The study was performed in compliance with
good laboratory practice in accordance with the
European Convention principles for the protection of
vertebrate animals used in experimental and other
scientific purposes, adopted in 1986, in Strasbourg
(Council of Europe, 1986); the 2010/63/EU Directive of
the European Parliament and of the European Council
on the protection of animals used for scientific
purposes, adopted on 22 September 2010 (European
Council, 2010) in accordance with Romanian law for
animal experimentation (Romanian Government,
2014); and with the approval of the Scientific Ethics
Committee of the Faculty of Veterinary Medicine
Timisoara.

Test Substance: Test substance used in our study was
24-difluoroaniline (C6H5F2N) (synonims: 1-amino
2,4-difluorobenzene or 2,4-difluorobenzenamine), a
disinfectant with molecular weight of 129.11g/mol and
relative density of 1.268 g/mL at 25°C. The solubility of
the test substance in water was of 1-5g/100 ml at
20.55°C, constituting a stable solution, strongly
incompatible with oxidizing agents, acids, acid
chloride, anhydrous acid and becoming susceptible to
air exposure in time. 2,4-difluoroaniline (DFA) 99%
(D101400_ALDRICH) purchased from Sigma Aldrich
Hungary (Budapest, Hungary) was oily liquid, ranging
in colour from colourless to dark red (OPPT Chemical
Fact Sheets; The NIST WebBook). The test substance was
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mixed up and successfully homogenized with the
water using an S-250D model digital sonifier (Branson
Ultrasonics, Danbury, USA), for two minutes at 40°C.
The chemical concentration was obtained accurately
and then adjusted for the needed concentrations in the
fish tanks.

Zebrafish: According to the OECD 203, 70 adult
zebrafish AB strain and 14 adult zebrafish as control
group were used to evaluate the effects of the test
substance and its action at different concentrations on
the living organisms (OPPT Chemical Fact Sheets). The
chosen zebrafish were aged between 6 and 24 months
(between 2.5-3 cm long and between 0.2-0.3 g per
individual). The fish were maintained in three litre
plastic test aquariums ZebTEC rack model (Tecniplast,
Italy), with Active Blue technology static system to
maintain the test water within the allowed limits.
Room temperature was 23°C and water temperature in
the aquariums was 26°C. To record the room
temperature, the space was fitted with a thermostat
and an air conditioning system to maintain optimum
parameters and avoid overheating. The parameters of
temperature, pH and oxygen were recorded using a
Hach HQ40D meter (Hach Lange GmbH, Germany).
At the start of the test, the parameters registered were:
temperature (26°C), conductivity (515 mS), and pH of
the water in the system (7.5). Seven fish were
introduced in each study aquarium, which meant a
total weight of 2.1 g./aquarium. Prior to the test the
fish were fed twice a day with SDS (Small granular
feed) (Dietex International, UK) but during the 96
hours of the testing period, the fish were not fed at all.

Table1l Proportions used for dilution in testing
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Photoperiod cycle was maintained for 16 h light/8 h
dark daily, with an oxygen saturation of 80%. In the
cases where the dissolved oxygen fell below 60%,
water filtration was carried out and the aeration rate
was settled at 10 liters/ minute. Behaviour of the fish in
each replicate was inspected daily.

Test Methodology: Prior to the introduction of water
into the aquariums, from the total three liters of water,
an equal amount representing the test solution which
was added at the start of experiment was removed.
Then, the fish were placed rapidly in the test
aquariums (in a period of just 30 minutes after the
dilutions) and their behaviour was followed and
recorded at 0, 3, 6, 24, 48, 72 and 96 hours after the
experiment started. A fish was considered dead if no
gill movements were noticed and if there was no
reaction when the caudal peduncle was touched. LC50
was determined using the OECD guidelines which
describes the Fish Acute Toxicity Test (Test No. 203).
The samples were done in duplicate (groups A and B).
An amount of 1.2302 ml, from the previously
homogenised test substance, was diluted with 100 ml
of water. Then, as previously developed, "range
finding test", five concentrations were chosen for
testing purposes as follows: 100 mg/L as maximum, 75
mg/L, 50 mg/L, 25 mg/L as intermediate, and 10
mg/L as minimum concentrations. The concentration
which killed all the fish in the test was 100 mg/L and
the concentration where no fish died was 10 mg/L,
therefore the maximum concentration of the solution to
a fish did not exceeded 1 g/L (Table 1).

Testing solution’s Concentration’s logarithm  Substance quantity Water quantity
concentration (mg/L) used (ml) used (ml)

100 1.00000 19.23 2980.77

75 1.39794 14.42 2985.58

50 1.69897 9.61 2990.39

25 1.87506 4.80 2995.20

10 2.00000 1.92 2998.08

Table 2 Evolution of mortalities, temperature, pH and dissolved oxygen during the entire test period

Dilution / No. of death fish pH Temperature (°C) 02 (%)

flf;zrﬁgf‘f:ﬁh) 24 48 72 9 24 48 72 9% 24 48 72 9 24 48 72 9

Lot

Control 1 0 0 0 0 24 48 72 96 24 48 72 96 24 48 72 96
2 0 0 0 0 745 707 777 754 237 243 245 282 913 619 955 911

10 mg/L A 0 0 0 0 752 721 762 737 235 242 243 279 903 575 925 724
B 0 0 0 0 747 717 770 728 235 243 242 279 831 601 972 655

25mg/L A 0 0 0 0 752 716 772 726 235 244 243 279 912 693 99.7 67.6
B 0 0 0 0 753 717 761 736 238 244 245 278 811 688 984 742

50 mg/L A 3 2 0 0 746 724 778 739 239 244 244 278 835 612 958 779
B 3 4 - - 739 713 782 726 241 245 244 280 804 699 972 637

75mg/L A 6 1 - - 750 712 - - 242 245 - - 841 763 - -
B 7 - - - 755 7.08 - - 242 246 - - 905 798 - -

100 mg/L A 7 - - - 757 707 - - 242 246 - - 929 782 - -
B 6 1 - - 747 711 - - 237 244 - - 895 692 - -
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Statistical Analysis: The obtained data was analyzed
using the Minitab Statistical Software (Minitab Ltd.
Coventry, UK) as Goodness-of-Fit correlation tests
(GOF). This is a statistical model describing how a set
of observations are fitting, measuring the discrepancy
between the observed values and the values expected
under the model studied. Differences were considered
to be significant when p < 0.05.

Results

In Table 2 the mortality trends for A and B
groups are shown, at 24 and 48 hours after testing. It
should be noted that at 24 hours after the start of the
test at concentrations of 75 mg/L and 100 mg/L in the
case of group B, all fish died. The chemical parameter
analysis revealed that the pH remained at values above
7.39 on the first day of testing, decreased to 7.07 after
48 hours and then increased again until the end of the
test period (Table 2).

The thermal curve remained in the comfort
zone of the zebrafish until the last day of testing, when
a slight increase of the water temperature was
observed. Dissolved oxygen in the water was within
normal limits on the first day, but after 48 hours the
concentration decreased considerably that it was
necessary to introduce aeration filters, in the case of
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aquariums where the oxygen levels dropped below
60%.

In our observations all fish exposed to DFA
excerted behavioural changes associated with a visible
anxiety. The main behavioural and critical points
observed after 24 hours were intense stress manifested
by the fish trying to escape (especially at the
concentration of 100 mg/L) and general refusal to
swim and move away from the aquarium base. The
most obvious behavioural disorders were shaking of
the body (at the concentration of 75 mg/L) as well as
swimming sideways, and motion incoordination (at
the concentration of 100 mg/L). By processing the
Minitab Software statistical program as Goodness-of-
Fit correlation tests, it was suggested that the value
distribution was in concordance with the obtained data
(v = 0.029). Logarithmic value obtained for LC50 was
2.30311, which corresponded to a LC50 of 200.96 mg/L.

Under testing it was observed that the
survival rate gradually progressed in direct correlation
with the concentration’s logarithm reported to the
deaths recorded from the beginning of the test. The
survival rates according to the number of dead fish, the
cumulative failure reported to the log concentration
and the probability reported to the log concentration
are presented in Figures 1, 2 and 3, respectively.

Survival Plot for Number of dead fishes
Normal - 95% CI
Probit Data - ML Estimates
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Figure1 Survival rates according to the number of dead fish

Cumulative Failure Plot for Number of dead fishes
Normal - 95% CI
Probit Data - ML Estimates
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Figure 2 Cumulative failure reported to the log concentration
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Probability Plot for Number of dead fishes
Normal - 95% CI
Probit Data - ML Estimates
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Figure 3 Probability reported to the log concentration

Discussion

Until now, numerous guidelines have been
developed for the ecotoxicological biomonitoring
based to the importance of fish in aquatic pollution.
Among these, the Danio rerio models on adult fish and
embryos are one the most frequently studied,
compared and finally used as screening assays (Nagel,
2002; Scholz et al., 2008, Lammer et al., 2009).
Numerous papers focusing on this topic underlie the
opportunity of new laboratory techniques and
protocols for the standardization of zebrafish as model
for the ecotoxicological evaluation (Langheinrich, 2003;
Spitsbergen and Kent, 2003; Van der Oost et al., 2003;
Braunbeck et al., 2005; Zon and Peterson, 2005).

At international level, the Organization of
Economic Co-operation and Development (OECD) and
International Organization for Standardization (ISO)
have proposed protocols for ecotoxicity assessment
with zebrafish. Initially, the protocols were established
for acute toxicity assessment in adult fish and early-life
stage (OECD 203 and OECD 210), short-term effects on
early-life stage (OECD 212) and juvenile growth
(OECD 215). At present, modifications in old
guidelines have been discussed and new draft
guidelines that include more sophisticated endpoints
for ecotoxicity assessment have been proposed. For
example, the new guidelines proposed give more
emphasis on specific mode of action of compounds
(e.g. endocrine disruptors) and focus on full life cycle
studies. However, the limitations of bio-monitoring,
such as confounding factors that are not related to
pollution, should be carefully considered when
interpreting data (Scholz and Mayer, 2008; Zounkova
et al, 2011, OECD, Work Related to Endocrine
Disrupters, 2012).

Racz et al. (2012) evaluated the toxic effects of
4-ethylbenzaldehyde (EBA) and 2,4-difluoroaniline
(DFA) on a similar model on adult zebrafish like ours.
The reserchers observed the effect of DFA on the same
main behavioural and critical points exerced by
zebrafish under contact with this substance. Bencsik et
al. (2013) tested 2,4-difluoroaniline in a 120-hour test on
a zebrafish embryo model and obtained a LC50 value

of 171.6 mg/L, comparable to our results on adult fish,
for the same substance.

Analyzing the LC50 value obtained, we
consider it to be a certain value for DFA in the acute 96-
hour static test in zebrafish model. It is to mention that
water pH, temperature and oxygen levels can
significantly influence the final values, justifying small
differences between the final values and another. In our
case the registered values for 96 hours ranged between:
7.07 and 7.82 for pH, 23.5 and 28.8°C for temperature,
and 57.5 and 99.7% for disolved oxygen, at a water
conductivity of 515 mS.

In conclusion, results from current work
reinforce the idea of using the adult zebrafish as simple
and easy reproducible model organisms in water
ecotoxicology. Although  there  are  more
comprehensive tests available, this particular one is
both rapid and relatively cheap. The results obtained
for LC50, in our opinion, are useful, especially in field
conditions when overall effectiveness is more
important than meticulousness of the method. In
accord with previous studies, we suggest zebrafish as
the ideal and attractive choice for initial drug toxicity
screening and other biomedicine tests.
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