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Abstract

Fishes in the aquatic food web are at the top of most aquatic food chains and form an
important link in the aquatic-terrestrial food chain also. They are easily available in the
wild, market, can be easily maintained in the laboratory and act as important models for
indicating the outcome of exposure of human populations to toxic and genotoxic chemi-
cals in drinking water. They respond to toxicants in a manner similar to higher vertebrates
and metabolize and accumulate pollutants. Food is a major route for exposure of human
populations to toxic chemicals in water so fish and shell fish have been recognized as
major vectors for transfer of contaminants to humans, as these major sources of protein
in many countries, are often contaminated with high concentrations of pollutants. In living
systems, these are biotransformed to various toxic derivatives which react with DNA and
lead to tumour development are carcinogenic and/or mutagenic to life leading to the num-
ber of cancer cases. Epidemiological studies have revealed that workers in the dye indus-
try had a higher incidence of urinary bladder tumours than that of the general population.
Therefore, in the present review an attempt has been made to document the work done in
past on the use of fishes for studying toxicological changes induced by pollutants. Actual-
ly, toxicity and genotoxicity of dyes in fish has not been much explored, therefore along
with the few reports available on dyes, literature on toxicity and genotoxicity of other
aquatic pollutants has also been reviewed in the present study.

Keywords: Toxicity, Genotoxicity, Micronucleus assay, Mutagenic, Nucleocellular
abnormality assay.

INTRODUCTION

Aquatic ecosystems are of extreme importance for
the world population, as these are used for do-
mestic, agricultural, industrial as well as recrea-
tional activities. In return the aquatic bodies end
up being the final destination of a large quantity of
wastes from these sectors. Waste waters from dye

significant implications for long-term survival of
natural populations of the organisms living therein
but cause heritable mutations that may lead to
loss of the total genetic diversity of an ecosystem.
Of all the aquatic organisms fish have become
vulnerable indicators for evaluation of the effects
of such noxious compounds (Kaur and Dua, 2015)
as these are the ultimate sufferers of pollution and

manufacturing, paper, leather and textile indus-
tries bring tons of dyes into the aquifers, most of
which are highly toxic to the flora and fauna of the
receiving water bodies (McCarthy, 1997). As a
result, various dyes are banned and maximum
residue levels exist in Europe and USA, however,
in several other countries of the world, these dyes
are openly sold in the market without any infor-
mation regarding their chemical nature, purity,
toxicity and possible mutagenicity (Mathur et al.,
2005). Unregulated use of dyes will therefore have
grave consequences for human health and aquat-
ic ecosystems in these countries. The aquatic en-
vironment is of primary concern because many a
times these various toxic chemicals not only have

form an important link in the food chain of
humans.

By virtue of their high reactivity, dyes and other
genotoxins contribute to structural modifications in
the DNA of fish which then become the underlying
cause of metabolic dysfunction and death. These
disturbances being irreversible are transmitted to
the future generations, have long lasting effects
and appear even at those levels of toxins which
are otherwise safe for survival. Estimation of DNA
damage (genotoxicity) therefore helps to ascertain
ill effects of even minute doses of toxicants which
otherwise do not cause immediate mortality
(Tchounwou et al., 2012). Technique like micronu-
cleus/ nucleocellular abnormality assay is com-
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monly used for this purpose and provide infor-
mation about chromosomal/DNA damage. Chro-
mosomal fragments or whole chromosomes with
damaged or no centromere form micronuclei in
cells and the changes in morphology of cell are
also an outcome of alterations in the genetic ma-
terial, so their collective frequency highlights gen-
otoxic potential of a pollutant. There is always a
tissue specific variation in susceptibility and re-
sponse to pollutants therefore multiple nucleocel-
lular abnormalities and multiple tissue analysis is
preferred nowadays as it gives better results
(Reeves et al., 2008). Assessment of loss/
alteration of genetic material in the cell is done
with the help of micronucleus /nucleocellular ab-
normality assay as it can detect even slightest
damage to DNA in a variety of tissues and in a
short span of time. Therefore, its results are being
used nowadays as biomarkers (early signs of dan-
ger) for environmental biomonitoring and for de-
veloping control strategies and preventive
measures (Market et al., 2003). The most im-
portant advantage of this technique is that size
and number of chromosomes is not important and
mitotic activity of cells is not required. So it can be
easily used for fishes having a large no of small
sized chromosomes. Actuallytoxicity and genotox-
icity of dyes in fish has not been much explored,
therefore along with the few available reports on
dyes, literature on toxicity and genotoxicity of oth-
er aquatic pollutants has also been reviewed in
the present manuscript. The aim of the present
study is to review the information on 1) Toxicity of
dyes, dye constituents and dye containing efflu-
ents, 2) Genotoxicity (Nucleo-Cellular Abnormality
Assay).

Toxicity of dyes, dye constituents and dyes
containing effluents: Toxicity is the level at
which an organism can be harmed by a substance
or it refers to the extent of harm to an organism
whether it is an animal, bacteria or plant or sub-
structure of an organism such ascell (cytotoxicity)
or an organ (organotoxicity like hepatotoxicity for
liver) and can be measured by its effect on the
target. As organisms show differentresponses to
same dose of a chemical, a population level is the
measure of probabilities of results of sample indi-
viduals in a total sample population. Tonogai et al.
(1979) revealed that acute toxicity of organic ni-
trogenous compounds and dyes to fish was due to
their passage through cell membrane and accu-
mulation in the body. They reported that Meth-
ylene Blue and Rose Bengal brought a rise in red
blood cells (RBCs), had high affinity to gill and
were responsible for death of fish by depressing
the function of gill, and making the fish suffer from
anoxemia. In 1989, Riva found that 48h LCsq of
the metal and dye complex C.I Acid Violet 66 and
the azo dye compound utilized in its synthesis for
Oncorhynchus mykiss was 8.20 and 71.04 mg/L

respectively. They suggested that the main effect
was due to chromium (Cr lll) in the dye complex.
When Japanese medaka, Oryzias latipes was
exposed to 2500 parts per million (ppm) of an azo
compound, 3,3,4,4-tetrachlorobenzene in diet, the
mortality of exposed medaka was significantly
higher as compared to control group (Allison and
Morita, 1995). The lethal concentration (at 50%
population level) of Malachite Green for Hetero-
pneustus fossilis at different time intervals i.e. 24,
48, 72 and 96h were 5.6, 1.4, 1.25 and 1 mg/L,
respectively (Srivastava et al., 1995). Raizada and
Rana (1998) reported Malachite Green to be very
toxic to Clarias batrachus as its 96h LCsy value
came to be 0.86 mg/L. Toxicity of Malachite Green
to various species of fishes has been reported to
increase with concentration, exposure time and
temperature (Srivastava et al., 2004).
Oreochromis mossambicus responded to even
very low concentrations of aniline, although 96h
LCsovalue of aniline for fish was 69.4 mg/L but
outdoor bioassay with tilapia showed that even
0.02 mg/L aniline reduced fish yield, specific
growth rate and food conversion efficiency
(Bhunia et al., 2003). Sharma et al. (2005) report-
ed that 96h LCsovalue of Methyl Red was 27.2
ppm for Poecilia reticulata. White et al.(2012) re-
ported that Malachite Green Oxalate was more
toxic to the embryos and larvae of zebrafish, Dan-
io rerio (LCsp= 0.067 and 0.057 uM respectively)
than Malachite Green Chloride (LCs,= 0.116 and
0.103 uM respectively).

Kundu et al. (1989) calculated 96h LCs, value of
dyeing and printing industry effluent for Periophtal-
mus diper to be 1.72mg/L and observed this efflu-
ent to be an active inhibitor of various biocatalysts
such as membrane bound ATPases in fish. 96h
LC50 value of paper and pulp mill effluent to fin-
gerlings of O.mossambicus was reported by Vara-
daraj and Subramanian (1991) to be 6%. 96h LCs
values for Labeo rohita were 7.2mg/L for the tex-
tile dyes industry effluent and0.2mg/L for the tan-
nery effluent, showing that the latter was more
toxic to this fish. Both these effluents containing
unbound dyes and a variety of chemicals caused
considerable fish mortality (Rana and Raizada,
1999). The 24, 48, 72 and 96h LCs, values of pa-
per mill effluent were found at 11, 10.5, 10.1 and
9.5% respectively in Rasbora daniconius (Pathan
et al.2009). Olubukola and Victor (2012), reported
that 96h LC50 of food and beverage industry efflu-
ents for Clarias gariepinus was 52.81%.

The median effective concentration (ECsg) of hen-
na (100, 200 and 275 uM) to Zebrafish (D. rerio)
was found to be 140.76uM for 96h post fertilized
embryo by Manjunatha et al. (2014).The 96h LCs,
value of the contaminated water of Tung Dhab
Drain, Amritsar, India was found to be 44.25% for
the fingerlings of L. rohita by Kaur and Dua
(2014). The 96h LC50 values for the various efflu-
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ents from the dye or dye using industries have
been reported to be 20% in L. rohita (Muley et al.
2007), 513 mg/L for C. gariepinus (Ogaliet al.,
2007), 35% for Clarias lazera (Abdel-Moneimet
al., 2008), 44.4+2.2% in Mystus vittatus (Mishra
et al., 2011), 63 ml/L for C. gariepinus (Ukagwuet
al., 2012), 48.97% for Cirrhinus mrigala (Kaur et
al., 2013), 39.726% in Poecilia recticula (Selvaraj
et al, 2015), 6.5% in Clarias garieipinus
(Babatunde and Aminu, 2017). Sani et al. (2018)
focused on four selected commercial dyesand
observed that the LC50 of the various dyes on the
test animals specified blue and yellow dyes to be
highly toxic having the least LC50 value (0O and
0.95 pg/ml) then red, with orange being the least
toxic having the highest LC50 value (21.5 and
343.1 pg/ml).

Genotoxicity: Earlier toxicology studies were
confined to the effect of a variety of industrial pol-
lutants on survival and some physiological param-
eters in fish but gradually genotoxicity gained
more popularity and importance. Evaluation of
cytogenetic damage in fish actually helps us to
evaluate toxicity of minute quantities of pollutants
in aquatic ecosystems, especially in situations
when there is no mortality (Al-Sabti, 2000). Geno-
toxicity of contaminated water is generally studied
by means of standard in vitro and in situ genotoxi-
city experiments. Micronucleus assay is a very
simple, sensitive and can be used as genotoxic
bioassay for monitoring toxicants in the environ-
ment in such situations (Osman, 2014).
Nucleo-cellular abnormality assay (NCAA):
One of the most promising test is analysis of mi-
cronuclei (MN) and nucleo cellular abnormalities
in RBCs of fish.This test has become an authentic
index of cytogenetic damage over the past thirty
years (Fenech et al., 2003) and gives reliable re-
sults for even complex mixtures. Analysis of cyto-
genetic damage in fish is not only useful for evalu-
ation of selected genotoxic agent in the laboratory
but also helps in detection of genotoxins present
in various aquatic ecosystems. As response of
fish to xenobiotics is same like mammals, they
can be used to test the possible effectof genotox-
ins on man (Tlili et al., 2009). Several studiesare
there reporting MN frequency in peripheral eryth-
rocytes of fish on exposure to variouspollutants
under field and laboratory conditions.

Marlasca et al. (1992) reported a non significant
elevation in erythrocyte MN frequency in rainbow
trout (O. mykiss) after thirty days of exposure to
three sublethal doses (0.083, 0.036 and 0.250
respectively) of C.l. Acid Violet 66 and Acid Red
217. Al-Sabti (2000), exposed prussian carp,
Carassius auratus gibelio to 1, 5 and 10 mg/L
chlorotriazine Reactive Azo Red 120 (AR-120) for
three, six and nine days andobserved that MN
augmented in a dose-dependent as well as in a
time-dependent mannerin comparison to negative

(tap water) and positive (10 ppm benzene) control
group. His study revealed the genotoxicity of this
dye and he suggested that more studies should be
done on other dyes and some other lethal industri-
al pollutantsrelease in water ecosystems, using
fish as abio-indicator. Mallaet al. (2011), observed
asignificant increase inthe frequency of MN in the
kidney and peripheral blood erythrocytes of
H.fossilis on the fifteenth day of exposure to syn-
thetic sindoor (50, 100,500, 1000 and 2000 ppm).
Their results revealed that the synthetic sindoor
available in the market is a possibleclastogen at
high concentrations.Kaur and Dua (2016) ob-
served a significant rise over control in the fre-
quency of MN and BN in the liver cells in compari-
son to gill and erythrocytes of Labeo rohita after
the effect of after durations of 15, 30 and 60 days
exposure to municipal wastewater of Tung Dhab
drain (17.7, 26.6 and 35.4%).

Exposure of eastern mud minnow, Umbra pygmea
to 8-20 mg/L of ethyl methane sulphonate (EMS)
for 2 days has been observed to induce nuclear
abnormalities(NA) in the peripheral erythrocytes
(Hooftman and de Raat, 1982). When Tilapia ren-
dalli, Oreochromis niloticus and C. carpio, were
exposed to four clastogens:bleomycin, cyclophos-
phamide (CP), 5-fluorouracil, and mitomycin C by
Grisolia and Cordeiro (2000) for thirty days, micro-
nucleus frequencies induced by CP were observed
to be significantly greater than the respective con-
trol samples for the three fish species throughout
all treatment periods (two, seven, fourteen and
thirty days). They noticed that CP was the most
efficient clastogen and maximum sensitivity of
T.rendalii to the clastogens was on the fourteenth
day of the assessment. Palhares and Grisolia
(2002) noticed non significant differences in the
MN frequencies of gill and kidney erythrocytes in
tilapia fish (T. rendalli and O. niloticus), following
mitomycin C (2mg/Kg) and cyclophosphamide (40
mg/Kg) treatment for one, two, three, five, seven
and fifteen days.

Talykina et al. (2003) exposed O. latipes to poly-
chlorinated napthalene (PCN) formulations
(Halowaxes 1014, 1031 and 1051) @ 0.3-30ng of
PCN/embryoand tributyltin (TBT) @ 2.5fg-250pg of
TBT/embryo, sampled on day 122+3 and observed
an increase in various types ofdeviations in the
morphology of interphase nuclei of erythrocytes
i.e.MN, split of nuclei into two equal or irregular
parts and diverse stages of invaginations in the
nuclei. They concluded that polychlorinated
napthalenes caused genotoxicity while amitotic
effect was caused by TBT.

When common carp (C.carpio), Prussian carp (C.
auratusgibelio) and Peppered cory (Corydoras
paleatus) were exposed to different doses of cad-
mium (0.005-0.1 mg/L) and copper (0.01-0.25
mg/L) and hexavalent chromium (5 mg/L) as a
positive control for twenty one days. Frequencies
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of MN and binuclei (BN) were observed to in-
crease significantly in peripheral red blood cells,
epithelial cells of gill and liver cells. The tissues
exhibited differential sensitivity to the heavy metal
treatment, as the gill and liver cells showed high
frequencies of MN and BNthan peripheral blood
erythrocytes (Cavaset al., 2005).

Carla et al. (2008) reported that 10ul/L and 16pl/L
nonylphenol ethoxylate (NPE) resulted in statisti-
cally significant increase in notched nuclei in O.
niloticus, in comparison to 1yl NPE/L and control
(p<0.05) after 72h exposure. Normannet al.
(2008), observed rise in the MN frequency in the
erythrocytes of armored cat fishes, Hypostomus
plectomus on exposure to 12 mg/L potassium
dichromate (8.251£0.02%) in comparison to control
(0.75+0.03%). Rocha et al. (2011) exposed Nile
tilapia (O. niloticus) to potassium dichromate (12
mg/L) via contaminated water and observed an
increase in the frequency of MNto 1.0 + 1.15 at
24h and 2.43 £ 0.98 at 48h over control (MN) in
the peripheral blood. The frequency of nuclear
morphological alterations in control, 24h and 48h
group were 4.29 + 450, 5.86 + 3.02 and 11.0
3.74, respectively. They observed significant dif-
ferences among control and48h group only.A time
dependent relative increase in MN, apoptotic, bi-
nucleated and sticky adherent cells was noticed
by Balakrishnan et al. (2014)in O. mossambicus
after 24h, 96h and seven days exposure to 0.15
mg/L nonylphenol.

Al-Sabtiet al. (1994) observed an augmentation in
MN incidence in erythrocytes of C. auratus gibelio
on exposure to various sublethal concentrations of
Chromium [Cr (V1) (25, 50, 100 ng/ml/seven days)
and Cr (Ill) (50, 100, 200 ng/ml/sevendays)].
Nepomuceno et al. (1997) exposed C. carpio to 2,
20 and 200 mg metallic mercury/L water and
found arisein the incidence of MN, however, it was
significantly higher in 20 and 200mg/L group only.
This effect was elevated after thirty-one days of
exposure, followed by minute stabilization and
slow decrease till the end (ninety days) of the
experiment.

Ramsdorf et al. (2009) observed that the frequen-
cies of MN and nuclear morphological alterations
in red blood and kidney cells of Hoplias malabari-
cus were non significantlydiverse for the intraperi-
toneal injections of inorganic lead (21ug and 63ug
Pb?*/g of body wei%ht) for 96h when exposed to 7,
21, 63, 100 ug Pb**/g of body weight. Galindo et
al. (2010) reported that acute [6, 24, 96h] and
subchronic (for fifteen days) exposures of alumini-
um (1mg Al/L)to Prochilodus lineatus induced a
very low and non significant increase in MN fre-
quency while frequency of ENAs (erythrocytic nu-
clear abnormalities) increased significantly after
all the exposure periods. Guner and Muranh
(2011) observed generation of MN and NA in pe-
ripheral erythrocytes of Gambusia affinis exposed

to 0.1 ppm and 1 ppm of Cu and 0.1 ppm and 1
ppm Cadmium for one and two weeks periods and
to Cu-Cd combination (0.1 ppm Cu + 0.1 ppm Cd)
for two weeks period with a semi-static renewal
method. Although Cu and Cd did not significantly
increase MN occurrence but NA were induced
compared to control groups. Rocha et al. (2011)
exposed two groups (nine specimens each) of
Colosso mamacropomum to 2 mg/L methylmercu-
ry for different periods (group A - 24h; group B -
120h) kept third group as negative control (group
C) and noticed non significant differences in MN
frequency. For NA, the difference between the
frequency of group B and the control group were
extremely significant.Exposure of O. niloticus to
0.5 and 1.0 mg/L Cd (two, four, six and ten days)
and 4mg/L cyclophosphamide (+ve control) at a
regular time period of ten days by Ozkan et al.
(2011) resulted in a significant dose dependent
increase in MN and NA in the erythrocytes of fish.
However, they reported a slow trend of decline
initiating from the sixth day,with anon significant
difference on the tenth day in comparison to the
negative control group. Jindal and Verma (2017)
noticed a significant dose and time dependent
increase in the frequency of MN in the gill cells
followed by erythrocytes and cephalic kidney in
Labeo rohita after treating with cadmium chloride
(0.37 and 0.62 mg I-1) for a period of 24, 48, 72
and 96 h.

Conclusion

It was concluded that the release of pollutants into
the environment constitutes major environmental
problems and proved toxic potential due to their
capability to induce various toxic, genotoxic, cyto-
toxic, mutagenic and carcinogenic effects on di-
verse organisms especially fishes that could have
undesirable effects on the environment causing
incalculable losses for all aquatic biota indirectly
imposing risks to humans. From the data present-
ed here, it can be concluded that the immediate
development of chemical compounds free from
toxic potential with low toxicity is urgently required.
Along with it increased investment in the research
aiming at developing effective methods for the
biological treatment of effluents so that environ-
ment friendly chemicals can be employed in order
to reduce the possibility of harmful effects of these
compounds on the environment, organisms as
well as human health. Such kind of toxicity studies
will provide us early indicators for the stress of
toxic pollutants which may cause mass mortality
of fish in the times to come.
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