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Abstract. This research was aimed at finding the influence of Atrazine on a most widely farmed fish,
Oreochromis niloticus (Linnaeus, 1758), in Nigeria. Specific areas of investigation were to find the LC50
after 24, 48, 72 and 96 hours of the chemical administration to the fish. The effects of the chemical on
the behavioral and biological responses of O. niloticus were equally observed. The ten fish each were
stocked in six different tanks containing 40 litres of water. These tanks contained graded concentrations
of the chemical and the treatments were replicated three times. Dissolved oxygen content was reducing
with increasing Atrazine concentration, while temperature and pH increased with increasing Atrazine
concentration. The LC50 of Atrazine in 24, 48, 72 and 96 hours were 7.9, 7.6, 7.3 and 7.2 respectively.
Behavioral and biological responses included loss of reflex, air gulping, erratic swimming, discoloration,
hemorrhage and molting. The blood parameters observed showed that there were increases in packed
cell volume (PCV) and red blood cell count (RBC) and decrease in hemoglobin (Hb), erythrocyte
sedimentation rate (ESR) and mean cell hemoglobin (MCH), while there was no significant change in
white blood cell count (WBC) and mean cell volume (MCV) values. The chemical was therefore observed
to be lethal to juvenile O. niloticus.
Key Words: Atrazine, tilapia, Oreochromis niloticus.

Introduction. Tilapia has admirable feature as aquaculture candidate (Popma & Masser
1999; Ekanem & Okoronkwo 2003) and is an important fish all over the world as a
fisheries resource. It can grow to large size rapidly and has good flavour (Popma &
Masser 1999). It is the most widely cultured fish in the tropics and subtropics, and the
second only to carp among the fresh water fish in the world (Offem et al 2010). It is
commonly available and easy to manipulate both in capture and culture fisheries due to
its qualities such as good taste, hardy nature, fast growth, resistance to diseases, ease
with which to reproduce in captivity, switching of diet and tolerance to poor water quality
such as low dissolved oxygen levels. Apart from being a good candidate for aquaculture,
it serves as important source of high level of animal protein especially in the developing
countries where there are high levels of animal protein deficiencies (Fagbenro & Adebayo
2002; Ogunji et al 2008; Uchida et al 2003). According to Holden & Reed (1972) tilapia
forms 90% of fish by number in Sokoto River of Nigeria.
Although many newer biocide agents are produced yearly (Mironescu et al 2010),
the old ones are still used, even though they are highly toxic for non-target organisms in
long term application. Atrazine shows high degree of crop tolerance and soil activity due
to its high solubility in water, though lower than other s-triazines. Its uptake is by plants
roots as well as young leaves and it has high crop selectivity. Atrazine is scientifically
called 2-chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine and it is a photosynthesis
inhibitor. It functions by binding to the plastoquinone-binding protein in photosystem II,
which animals lack. As a result, plants die from starvation and oxidative damage caused
by breakdown in electron transport process. The oxidative damage is quickened in high
light intensity (Appleby et al 2002). It is used to stop the development of pre-emergence
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and post-emergent broad leaf and grassy weeds in major crops. Because of its
effectiveness and relatively low price, it is well suited in production systems with very
narrow profit margins as in the production of maize where it was shown to increase corn
yield by 5.7 bushels per acre (North Central Weed Science Society, 2008).
It could reach aquatic systems by direct application, spray drift, aerial spray,
precipitation, erosion and run off from agricultural lands, by discharge from factories and
in sewage and often by misuse (Shallangwa & Auta 2008; Asogwa & Dongo 2009).
Because human population is more concentrated around the riparian areas, increase in
human population has resulted in increased pollution of aquatic environment with
herbicides.
Fish farming is a fast growing business in many parts of the world including
Nigeria. Like aquaculture practices, the use of pesticides all over the world is not
traditional and particularly in the tropics. Their uses have become particularly relevant
only in the past five decades. Similarly, Asogwa & Dongo (2009) reported that the annual
quantity of pesticides used in Nigeria is 125,000 – 130,000 metric tones, 31% of which
are used in cocoa farm alone. Since herbicides, are able to destroy weeds on a large
scale before or on emergence without interfering with the crops and without heavy
dependence on human labour, their importance has been and will continue to be felt.
Their rate of use is expected to increase in the tropics in the nearest future, especially as
crop that are genetically modified to tolerate herbicides are continuing to emerge (Cox
2004; Asogwa & Dongo 2009; Antofie et al 2010). The residues of these chemicals
including pesticides, heavy metals, soaps and detergents end up in the aquatic
ecosystems (Ogundele et al 2004). Given that at too high concentrations, these
chemicals act as poisons, they could therefore, directly or indirectly, influence the
productivity of the aquatic ecosystem as well as the health of man himself. In the aquatic
environment these chemicals may adversely affect many none target organisms such as
fish or amphibians (Petrescu-Mag et al 2010). Even though knowledge about the effect of
some pesticides in the environment is very poor, Cengiz et al (2001) stressed that
organophosphate insecticides could be absorbed through gills and the digestive tract of
the fish thereby resulting in histological alterations. This case is not singular, there is a
long list of pesticides, pathways of access into organisms and negative effects reported
(Fleșeriu 2010; Al-Baggou et al 2011).
According to APHA (1981) and Jauncey & Ross (1982) the 48-96 hour LC50 values
are useful values of relative acute lethal toxicity to organisms under specific conditions.
These values do not represent the safe concentration in the natural habitats because long
term contact with much lower concentrations may be lethal to fish and may cause a
lethal impairment of their functions (Al-Qutob & Nashashibi 2009; Al-Qutob et al 2011).
Another longer term effect of herbicide is that of the endocrine or hormonal system
disruption. By disrupting the hormonal system, a wide range of biological processes such
as control of blood sugar, growth and function of reproductive system, regulation of
metabolism, brain and nervous system development and development of an organism
from conception to adulthood may become impossible (US EPA 2000). The possibility of
synergism or antagonism and other multiple effects or multiple toxicants must be
considered. Akobundu (1987) called these substances safeners for they are used to
modify the selective actions of pesticides. Jones (1983) and Brown & Sadler (1989) as
well as other workers cited in Kori-Siakpere & Ubogu (2008) reported similar association
of heavy metal toxicity.
Among the numerous studies carried out on the effects of agrotoxicants on fish
are those of Oloruntuyi et al (1992) Jiraungkoorskul et al (2002), Abd El Gowad (1999),
Kovinznych & Ubancikova (1998), Visoottiviseth et al (1999), Babatunde et al (2001)
Agbon et al (2002), Kori-Siakpere et al (2007), Ayotunde (2006), Ayotunde et al
(2010ab) and Ada et al (2011). The present study was initiated to investigate the
influence of Atrazine on the hemopathology of O. niloticus which is a widely cultured
species in Cross River State and many parts of Nigeria.
Rice farming, which makes use of large quantities of herbicides, is practiced in the
Central and Northern Senatorial districts of Cross River and the adjoining states, such as
Benue, Ebonyi and Abia, requires the use of these chemicals in high quantities. The use
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of these chemicals, if not controlled, is likely to hamper fish production. Chemical method
is cheaper than hand weeding, this method has gained ground in recent times and thus
results in the introduction of more of these herbicides into the natural aquatic system (US
EPA 1988; Extoxnet 2010; Min 1986; Offem et al 2010).
The toxins can be carried from one place to another or one organism to another
along a food chain (Shallangwa & Auta 2008). Omitoyin et al (2006) emphasized that the
gradual degradation of the aquatic ecosystem can not be ignored. The choice of Atrazine
in this experiment was because it is among the most frequently used chemicals in many
parts of Nigeria including Cross River State for the control of weeds. Any human activity,
which seems to be a threat to this promising species that is likely to reduce the present
lag (Daramola et al 2007) of about nine million metric tones between supply and demand
of fish and animal protein must be given watchful eyes. It is therefore pertinent to
investigate the tolerance limit to fish and other aquatic organisms, because this chemical
is beneficial to the farmer and their use can not be prevented.
Material and Method. Specimens collection and acclimation: tilapia juveniles were
obtained between the hours of 7.00 and 9.00 from the Faculty of Agriculture and Forestry
fish farm, Obubra campus of CRUTECH, Cross River State in January to March, 2012 and
transported in plastic buckets to the laboratory of the same campus. The weight and
length of fish for the experiments at stocking are displayed in Table 1.
The fish were batch weighed using a spring balance (Arca) to the nearest mg (to
reduce stress), while the length was measured using a measuring board to the nearest
mm (Thomas et al 2003). The fish were fed at 6% (with 1.8 - 2 mm of Coppens feeds) of
their body weight, split into two times (Gilbert 1996; Ajani et al 2007). Feeding at two
rations per day has higher digestibility coefficient and higher feed conversion efficiency
(Mills 1986) Feeding was discontinued 48 hours prior to the commencement of the
experiment and throughout the experiment (Omitoyin et al 2006; Mills 1986; Beitlich et
al 1995).
Table 1
Initial weight and total length of O. niloticus dosed with Atrazine
Trait

Control

Experiment
Range finding test

Definitive test

Weight

9.70+0.47 g

9.97+1.61

9.53+1.65

Length

7.07+0.98 cm

6.57+0.82

6.87+0.82

Experimental design to find the range of chemicals that could kill all the fish in 24 hours:
plastic aquaria of 52 cm length, 38 cm width and 30 cm height were filled with stream
water up to 20.3 cm level giving a volume of 40 litres of water per tank. These were
subjected to five different concentrations of Atrazine as described by Beitlich et al (1995)
and Martins et al (2008). Ten fish specimens were selected randomly and stocked in each
aquarium (APHA 1981; Cengiz et al 2001; Adeyemo 2005; Ayoola 2008). These
experiments were replicated three times (Ayoola 2008) for each concentration and for
each chemical treatment.
The procedures for range finding test were repeated for definitive test. But the
highest concentration in definitive test in the experiment was derived from the
concentration, which killed 100% of tilapia juveniles within 24 hours in the range finding
experiment. Six concentrations were also prepared and labeled T1, T2, T3, T4, T5 and T6
for the graded concentrations. The control in the range finding test also served as control
for definitive test (Ayoola 2008).
Biological and physicochemical parameters: the fish were observed every 30
minutes for abnormal behaviours. Length of interval of observation increased to every
one hour after 12 hours for the remaining period of the experiment. Organs of dead fish
were immediately removed and preserved in 10% formaldehyde (Ayoola 2008). Solid
tissues were preserved in 10% formalin for histological processing. Temperature was
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measured daily using mercury in glass thermometer and electronically by WTW OXI 196
to the nearest degree Celsius. Oxygen and pH were also measured electronically using
WTW OXI 196 and WTW PH 90 respectively.
Hematological analysis: a heparinised syringe was used to remove blood from the
dorsal blood vessel lying below the vertebral column (Lewbert 2001). About 3-5 mL of
blood was taken from fish in each tank for hematological analysis. Fish from the various
treatments were analysed for the following hematological parameters: packed cell
volume (PCV), erythrocyte sedimentation rate (ESR), hemoglobin (Hb), mean cell
hemohlobin (MCH), mean cell hemoglobin concentration (MCHC), erythrocyte count,
white blood cell count and mean corpuscle volume (MCV) Ada et al (2011, 2012),
Ayotunde et al (2011) .
The hematological parameters were analysed using ANOVA at 0.05% alpha level
by SPSS, version 13.0. The post hoc comparison of means was carried out using
Duncan’s multiple range tests (Frank & Althoen 1995). The mean lethal concentration
(LC50) for 24 hours, 48 hours, 72 hours and 96 hours were computed using probit and
logit (Hewlett & Plackett 1979; Ayotunde 2006; Jiraungkoorskul 2002; Ayoola 2008;
Shallangwa & Auta 2008).
Results. Behavioural and biological responses of O. niloticus to Atrazine are displayed on
Table 2 for definitive test. There was loss of reflex at concentration of 1.9 mg/L. Molting
occurred at the 48th hour, at concentration 11.4 mg/L, while colour faded in 72 hours
when exposed to 11.4 mg/L. There was air gulping in all the concentrations within 24
hours. There was hemorrage in 48 hours. In 72 hours, there was loss of scales at
concentration of 11.4 mg/L while scale loss occurred in 96 hours at concentration of 9.5
mg/L. The mortality as a response to the concentration of Atrazine is shown on Figure 1.
The LC50 24 hours, 48 hours, 72 hours and 96 hours for O. niloticus juveniles exposed to
Atrazine was observed to be 7.9 mg/L, 7.6 mg/L, 7.3 mg/L and 7.2 mg/L respectively.
The water physical and chemical properties exposed to Atrazine showed significant
variation in acid pH. Temperature and dissolved oxygen: oxygen concentration was
reducing with increase in concentration of toxicant while temperature was observed to be
rising with concentration of Atrazine (see Table 3). Hemogobin, mean cell hemoglobin
and mean cell hemoglobin concentration were observed to be falling with herbicide
strength as seen in Table 4. The effect of Atrazine on packed cell volume was parabolic.
The value dropped with the concentration and continued to rise with Atrazine
concentration. Hemoglobin and erythrocyte sedimentation rate values in exposed groups
showed significant reduction in values compared to the control. The red blood cell count
increased significantly in the exposed groups especially at higher concentrations (9.5 to
11.4 mg/L). White blood cell count and mean cell volume did not show significant
difference between control and treated groups. Mean cell volume did not show a
significant difference between the exposed and the unexposed groups.
Table 2
Behavioral changes and biological responses in O. niloticus juveniles
exposed to different concentrations of Atrazine herbicide (Definitive test)
Exp
/
Beh
%
L.r
M
D
A.g
E.s
H
L.s

12 hrs

16 hrs

20 hrs

24 hrs

1.9

3.8

5.7

7.6

9.5

11.4

1.9

3.8

5.7

7.6

9.5

11.4

1.9

3.8

5.7

7.6

9.5

11.4

1.9

3.8

5.7

7.6

9.5

11.4

N
N
N
N
N
N
N

N
N
N
Y
N
N
N

N
N
N
Y
N
N
N

Y
N
N
Y
N
N
N

Y
N
N
Y
N
N
N

Y
N
N
Y
N
N
N

N
N
N
Y
N
N
N

N
N
N
Y
N
N
N

Y
N
N
Y
N
N
N

Y
N
N
Y
Y
N
N

Y
N
N
Y
Y
N
N

Y
N
N
Y
Y
N
N

N
N
N
N
Y
N
N

N
N
N
Y
Y
N
N

Y
N
N
Y
Y
N
N

Y
Y
N
Y
Y
N
N

Y
Y
N
Y
Y
N
N

Y
Y
N
Y
Y
N
Y

N
Y
N
Y
Y
N
N

N
Y
N
Y
Y
N
N

Y
Y
N
Y
Y
N
N

Y
Y
Y
Y
Y
N
N

Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y

N - No change in behavior found, Y - Yes, change in behavior found; % - Concentration mg/L; L.r.Loss of reflex; M – Molting; D – Discoloration; A.g. - Air gulping; E.s. - Erratic swimming; HHemorrhage; L.s. - Loss of scale; Exp – exposure time; Beh – behavior.
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Concentration

Figure 1. The LC50 24hrs, 48hrs, 72hrs and 96hrs of O. niloticus juveniles exposed to different
concentrations of Atrazine using probit analysis (Definitive test).
Table 3
The physicochemical properties of water exposed to different
concentrations of Atrazine during range finding and definitive tests
Dose (mg/L)
1.9

Dissolved oxygen
7.7+0.90a

Acid pH
6.46+1.92b

Temperature
26.79+0.69b

3.8
5.7

7.20+0.29 ab
7.10+0.44bc

6.86+0.61ab
7.11+0.15ab

26.79+0.58b
26.82+0.52b

7.6

6.99+0.42bc

7.10+0.19ab

27.06+0.70ab

9.5

6.92+0.49bc

7.34+0.34ab

27.21+0.62ab

11.4

6.69+0.56c

7.00+0.42a

27.43+0.62a

Same superscripts show statistically similar means while those that are carrying different superscript show
statistically different means.

Table 4
Hematological parameters of O. niloticus juveniles exposed
to different concentrations of Atrazine herbicide
Conc.
(mg/L)
0.0

PCV
(%)
13.00ab
+1.00

Hb
(g/L)
5.33a
+0.65

ESR
(mm/h)
12.30a
+0.58

WBC
(103/mm3)
2.77a
+0.06

RBC
(106/mm3)
1.73b
+0.21

MCH
(pg)
30.77ab
+0.30

MCHC
(g/dL)
0.41ab
+0.08

MCV
(fL)
7.62a
+1.37

1.9

10.33b
+1.53
9.17c
+1.61
9.40c
+0.53
9.57c
+0.81
11.50bc
+2.29
15.33a
+0.06

3.70b
+0.10
4.70a
+0.20
4.90a
+0.30
3.60b
+0.17
3.50b
+0.30
3.23b
+0.7

10.67ab
+1.15
14.00a
+0.10
12.33a
+0.58
10.03ab
+2.31
11.00a
+4.36
7.00b
+1.00

3.20a
+0.80
2.87a
+0.83
2.80a
+0.10
2.70a
+0.10
3.13a
+0.72
3.20a
+0.40

1.50b
+0.36
1.33b
+0.15
1.73b
+0.11
1.43b
+0.15
2.30a
+0.10
2.23a
+0.31

25.75b
+6.89
35.50a
+3.62
28.39b
+0.52
26.20b
+2.64
15.20c
+0.64
14.44c
+2.18

0.36b
+0.05
0.52a
+0.10
0.52a
+0.06
0.39ab
+0.05
0.31c
+0.04
0.23c
+0.09

7.37a
+3.07
6.99a
+1.90
5.44a
+0.39
6.72a
+0.89
4.98a
+0.77
0.03a
+2.1

3.8
5.7
7.6
9.5
11.4

Same superscripts show statistically similar means while those that are carrying different superscript show
statistically different means.
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Discussion. The LC50 was observed to decrease with time of exposure. This pattern was
also observed by Chapadense et al (2009), who reported a LC50 48 hours of 20 mg/L,
while exposing Colossoma macropomum to Atrazine. This value is higher than the 7.9
mg/L recorded in this experiment for O. niloticus. Ramesh et al (2009) observed that
18.5 ppm (18.5 mg/L) of Atrazine killed 50% of common carps within 24 hours, a value
showing more potency than in this experiment while Weed Science Society of America
(1993) records showed a range of 4 to 19.650 mg/L while exposing different fishes to
Atrazine. According to Jaraungkoorskul et al (2002), toxicity of any poison is species and
environmental factors related. Death of fish as illustrated by Cengiz et al (2001) could be
caused by inhibition of uptake of valuable nutrients from the gut.
A parameter like temperature can influence metabolic rate in the bodies of
organisms (Abdullah et al 2009; Petrescu-Mag & Petrescu-Mag 2010), affect density of
ambient water of the organism and even food availability (Sverdrup et al 2006). In the
present experiment, temperatures varied between 26 and 28˚C which are within
tolerance limits for the survival of fish (Ayoola 2008). The pH of 6.5-7.5 was also within
the tolerance limit of fish survival, it could not have affected the fish, though slight
changes in pH could grossly affect ammonium nitrogen toxicity (Ferguson et al 1977).
Significant variations in oxygen concentrations were observed, though within tolerance
limit, reduced levels as observed with increased Atrazine concentration could have led to
stress according to Crane (1973) and Sverdrup et al (2006).
The behavioural patterns observed in the fish such as erratic swimming, air gulping,
loss of balance and reflex were attributed to the effect of Atrazine. Jumping to the water
surface to gulp air could be traced to two possible causes namely: oxygen depletion as a
result of herbicide concentration and irritation caused by dermal contact. This causes
irritation of gills as well as hampering gaseous exchange. Hemorrhage was observed in
Colossoma macropomum exposed to Atrazine from concentrations of 20–25 mg/L by
Chapadense et al (2009). In the present study, 9.5 mg/L caused hemorrhage in juvenile
tilapia within 96 hours. The lower concentration was able to cause hemorrhage in this fish
possibly due to the tender nature of the juvenile fish. This herbicide may have affected
the fish nervous coordination as well as the cardiovascular system as was suggested by
Ramesh et al (2009). Atrazine has been shown to affect fishes in slowing down their
reflexes, swimming activities and feeding. Hussein et al (1996) attributed these changes
to decreased impulse transmitter enzyme (acetyl cholinesterase) activities.
Erythrocyte micronuclei increased in the fish, Colossoma macropomum, exposed
to Atrazine from concentration 10–30 mg/L by Chapadense et al (2009), the herbicide is
therefore said to be capable of increasing micronuclei which result in cell damage. The
slight but non statistically significant reduction in white blood cells count could likely be
due to the damage made to the cells nuclei. The multiplication of blood cells is an
adaptation to fight oxygen deficiency and other environmental stressors. Increase in red
blood cell number may be an attempt to make more surface area available for oxygen
binding. The high cell number and lower weight per cell due to increase cell number may
have led to a significantly lower erythrocyte sedimentation rate in the exposed groups as
shown at the concentration of 11.4mg/L compared to the control. This probably may be
the reason why the concentration of hemoglobin, was observed to be falling with increase
in concentration of Atrazine. Reduced hemoglobin means reduced ability to carry oxygen.
This was coupled with less dissolved oxygen concentration in the stock solution. The
combined effects of these factors provide less oxygen to the tissues for normal
metabolism. Such anoxic conditions are capable of morbidity and mortality.
Unexpectedly, the white blood cell count did not increase with poison
concentration. Ajani et al (2007) made similar observations in Clarias gariepinus exposed
to nitrite. The poison may have eliminated them suddenly without the chance to produce
young ones to replace the older cells, which was contrary to the findings of Prasad et al
(1991), Rusia & Sood (1992), Ayoola (2008), Kori-Siakpere & Ubogu (2008) and Ramesh
et al (2009).
The mean cell hemoglobin recorded lower concentration with increasing number of
red blood cells per mm3 as well as packed cell volume. The factors which affect the
packed cell volume include the size of individual cell as well as the total number of the
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cells. Though cells in the control were significantly fewer, they carried significantly higher
hemoglobin per cell compared to the exposed groups. The reduced hemoglobin is capable
of stressing fish tissues which could at extreme levels result to mortality. Though there
was reduction in mean cell volume in the exposed groups, statistical analysis showed that
these changes were not significant. Physiological stress may not however be concluded
from one parameter only. This can pose chronic poisoning or reduction in cell volume in a
long term exposure as earlier suggested by Hardell et al (2002).
Vajayan et al (2001) observed estradiol to significantly lower the key liver enzymes
as well as gill lactate enzymes (dehydrgenase and malate dehydrogenase) activities over
a 24-hour period in Oreochromis mossambicus. They suggested that estradiol impair ion
exchange in tilapia mediated by the liver and decrease metabolic capacity of the gills and
liver. The decreased tissue metabolic capacity is likely due to estradiol induced energy
partitioning process that are geared towards vitelogine synthesis at the expense of other
energy demanding pathways. Such effects of xenobiotics as lowering the key liver
enzymes, or increasing the specific activity of other enzymes, are frequent reported in
many cases of exposure of aquatic animals to individual or synergic pesticides (Belden &
Lydy 2000).
Summary and Conclusions. This work on the effects of Atrazine on tilapia juveniles was
necessitated by the fact that there has been increased use of pesticides by our farmers in
the recent times. These practices have however increase food production due to less
labour input in weed management. But for land availability, continual increase in
agricultural output would have been expected due to expansion in farm sizes, because
many farmers would be able to cultivate more land due to reduction in farming
expenditure emanating from reduction in cost of weed control.
The Nile tilapia, which is the highest cultured species in Nigeria and the third most
cultured fish species all over the world, could be affected by these chemicals. What is
observed on the surface as tolerance may have underlying physiological and histological
consequences, hence, the reason for investigating into how these chemicals affect fish
behaviours and other biological responses, mortality and hematology. Mortalities
observed may have got combinative influence acting on the various organs of the fish.
The chemical Atrazine was observed to change the behavioural and biological
responses of O. niloticus juveniles. The LC50 96 hours of Atrazine administered to O.
niloticus in water was 7.2 mg/L. Such stressors may prevent the fish from growing to its
maximum size (B∞), which is expected to reach in a conducive and stress free
environment. The chemical is therefore capable of reducing the fish’s reproductive
capacity as well as embryonic survival rate resulting from altered brood physiology. When
these poisons are accumulated in the fish tissue, they could be consumed by piscivores,
and directly or indirectly by other animals, including man (situated over the top of the
trophic pyramid).
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