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Abstract
A study on the toxicity of herbicides was investigated with emphasis on behaviour and
histopathological effects. Ametryn commonly used to control weeds in the paddy field.
The effect of ametryn on fish especially Monopterus albus was unknown. This study aims
to determine the acute toxicity of ametryn and its effects on the behaviour of the eels.
The adult M. albus were exposed to 0, 0.75, 1.5 and 3.0mg/L of ametryn for 96 hours
under laboratory conditions. The eels showed symptoms of abnormal behaviour responses
during the exposure which are agitated behaviour, respiratory distress, and abnormal nervous behaviour. Mortality was increased by increasing the concentration of ametryn. This
present study showed the effect of ametryn on kidney tissue changes. Hemorrhage and distribution of hemosiderin, hydropic degeneration, granular degeneration, tubular necrosis,
narrowing tubular lumen and necrosis were major histopathological effects that occurred
during the exposure to ametryn. In conclusion, ametryn is very sensitive to Monopterus
albus. In lower concentration, they showed changes in behaviour and effect their organs.
Abstrak
Studi tentang toksisitas herbisida yang diamati dengan penekanan pada perilaku dan dampak histopatologis. Ametryn biasanya digunakan untuk mengawal rumpai di sawah padi.
Kesan ametryn pada ikan terutama belut tidak diketahui. Penelitian ini bertujuan untuk
menentukan toksisitas akut ametryn dan dampaknya terhadap perilaku belut. M. albus
dewasa terpapar pada 0, 0.75, 1,5 dan 3,0mg / L ametryn selama 96 jam pada kondisi
laboratorium. Belut menunjukkan gejala respons perilaku abnormal selama paparan yaitu
gelisah, gangguan pernapasan, dan perilaku saraf abnormal. Kematian meningkat seiring
meningkatnya konsentrasi ametryn. Penelitian ini menunjukkan dampak ametryn pada perubahan jaringan ginjal. Perdarahan dan distribusi hemosiderin, degenerasi hidropik, degenerasi granular, nekrosis tubular, penyempitan lumen tubular dan nekrosis adalah dampak histopatologis utama yang terjadi selama paparan ametryn. Kesimpulannya, ametryn
sangat sensitif terhadap Monopterus albus. Dalam konsentrasi rendah, belut menunjukkan
perubahan perilaku dan kesan pada organ.
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1. Introduction

2. Materials and Methods

In agriculture farms, herbicides were used to control undesirable vegetation such as weeds to increase
crop or field production. The indiscriminate discharge of
pesticides contaminant into the water bodies is dangerous to the environment and ecosystems. Herbicides uses
are may kill a target and non-target plants and also disturbing habitat and food supply for aquatic organisms.
Herbicides are hydrophobic in the aquatic environment
and tend to be associated with sediment particles and
biological tissue (Mc Pherson et al., 2000). Many researchers were focused on pesticide or herbicide effects
on aquatic environment and also non-target aquatic
organisms including fish but there is limited study on
freshwater eel, M. albus (Omitoyin et al., 2006; Siang
et al., 2007; Ayoola, 2008a; 2008b). The behaviour of
the ametryn was severely affected the eel based on the
natural behaviour and habitat.
Ametryn is selective herbicide to control weeds
in crop fields (Anderson, 2005). Ametryn has a unique
behavior that is greatly absorbed and leached in basic
soil types especially on muck or clay soils more than
other herbicides (PSEP, 2008). In Asia, M. albus is
mostly found in rice fields, muddy and swamps areas
(Bricking, 2002). Because of its habitat, they tend to
exposed to toxic herbicides absorbed on mud or clay
souls, especially when ametryn absorb in soil greater
than other commercial herbicides. According to Brusle
(1990), higher metals concentration accumulated in eels
compared to other fish seems depend on the availability of the metals in the bottom sediments. Generally, all
types of herbicides at high concentrations are known to
reduce the survival, growth and reproduction fish, invertebrates and non-target organisms (Rahman et al.,
2002; Ayoola, 2008b).
However, the herbicides may not kill but it will
stress out the eels. Stressful animals will prone many
other problems such as infectious disease and physiological disturbances. Mostly, herbicides had undergone
some acute toxicity testing for effects on non-target
aquatic organisms. Monopterus albus is commonly
served as food fish and believed to have medicinal value. The source of the eels are not from cultured pond because no eels cultured farm in Malaysia and the sources
of eels are from the wild. The eels have a good demand
and high market value. Based on habitat and value of
this fishes in market food, it gives a high percentage risk
effect of the toxicity to human. However, there were no
information about the effect of ametryn on fish in Malaysia. Thus, this study was conducted on M. albus with
regards to behaviour and histopathological changes after treated with ametryn.

2.1 Sample preparation
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Healthy and active M. albus with the average
standard length of 50-60cm were selected as samples.
Life eels were bought from Kuala Terengganu market
and placed in the aerated aquarium at the laboratory. All
samples were acclimatized under laboratory conditions
for a week and fed daily with commercial fish feed.
The excess food or unconsumed feed and fecal were removed daily

2.2 Acute toxicity test
Three concentrations of the ametryn were prepared and tested for 96 hours on the M. albus; 0 (control), 0.75, 1.50 and 3.00mg/L. Four eels were used in
each treatment. The mortality rates were recorded at 6,
12, 24, 48, 72 and 96 hours. The dead eels were removed
from the tank immediately to avoid the deterioration of
the water quality.

2.3 Behavior study
The behavioural changes of the healthy fish and
fish subjected to three concentrations and one control
were evaluated as regards to behaviour abnormalities.
The abnormal stress behaviours were observed by visual assessment as suggested by Benli and Ozkul (2010).
These behavioural responses of the eels were conducted
at 1-8 hours and every 12 hours during the acute toxicity
test (96 hours). Visual assessments of symptoms abnormal behaviour responses were made based on characteristics such as agitated behaviour, respiratory distress,
and abnormal nervous behavior. The behaviour changes
such as aggressiveness or frequently movements were
score by score 0 to 3.

2.4 Histopathological study
In this study, histopathological examination was
performed on the kidney for each eel by following a
standard method (Luna, 1968; Tindall, 1989). After examination of behaviour, the kidney from dead fish was
immediately taken and fixed in 10% buffered formalin.
After 96 hours, all eels were killed and the kidney was
taken and fixed in 10% buffered formalin. The tissue
samples were analyzed according to the histopathological technique standard method. The tissue sections were
stained with hematoxylin and eosin and observed under a light microscope at 10x, 40x and 100x objectives.
Then, the histological changes were evaluated and described.
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3. Results and Discussions
3.1

Behavior study

Monopterus albus were exposed directly to various concentration of ametryn; 0.75, 1.50 and 3.00mg/L
showed initial rapid movement such as frequently
movement from the surface to bottom for air gulping,
loss of balance, swirling movement, aggressiveness and
tried many times to swim out of the aquarium (Table
1-3). The intensity of the behavioural activities of the
fish decreased with the duration of exposure test with
ametryn. There have no behavioural changes or mortalities were recorded in the control fish throughout the test.
The series of symptoms abnormal behaviour responses
on the acute toxicity of fish exposed to ametryn is included in three types is agitated behaviour, respiratory
distress, and abnormal behaviour.

Based on the observation of different concentrations of ametryn tested on eels showed the abnormal
behavioural occurs with increasing concentration of
ametryn. Mortality at a different exposure concentrations of ametryn increased with the duration of the test
become more variable with time. The strong abnormal
behaviour of eels occurred in the higher concentration
of ametryn, 3.0mg/L. The eels became more aggressive, frequently movement from the surface to bottom
and erratic swimming when they are exposed to a high
concentration. However, some eels showed excessive
mucous secretion, verticle posture with exposed snouts,
dart and different posture. During acute toxicity tested
with 3.0mg/L of ametryn in96 hours, the 100% mortality rate occurs less than 24 hours. From the observation
of acute toxicity test on eels in 96 hours of exposure
with the ametryn, the body showed pale colour. However, in the higher concentrations, severe lesions appeared
such as focal haemorrhage, abrasion and high mucous
(Figure 1).

Table 1. Agitated behaviors
Clinical signs

Extract concentration of Ametryn (mg/L)
0

0.75

1.5

Aggression
Stunned posture

0
0

1
0

2
0

3
3
2

FSBM (Frequent Surface to Bottom Movements)

0

1

2

3

Erratic swimming

0

1

2

3

Table 2. Respiratory distress
Clinical signs

Air gulping
VPES (Vertical Posture with Exposed Snouts)
EMS (Excessive Mucus Secretion)

Extract concentration of Ametryn (mg/L)
0

0.75

1.5

0
0
0

0
1
1

1
2
2

3
2
3
3

Table 3. Abnormal nervous behavior
Extract concentration of Ametryn (mg/L)

Clinical signs
SSM (Sluggish and Swirling Movements)
State of motionless
Sudden darts
DP (Different Postures)
Death

Copyright ©2019 Universitas Airlangga

0
0
0
0
0
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0.75
1
0
1
1
1
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2
1
2
2
2
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3.2 Histopathological studies
Histopathological changes exhibited in kidney of M. albus exposed to different concentration of
ametryn for 96 hours is presented in Table 4. Figure 2
showed the histopathological changes from the lowest
concentration. Major histopathological changes of kidney tissue is haemorrhage, severe distribution of hemosiderin, hydropic degeneration of tubular cells, narrowing tubular lumen and tubular necrosis.

A

The behaviour response and histopathological effect of herbicides and pesticides were studied by many
researchers (Omitoyin et al., 2006; Yildirim et al., 2006;
Ayoola, 2008a; Ayoola, 2008b; Benli and Ozkul, 2010;
Abalaka and Auta, 2010; Srivastava et al., 2010). However, the behaviour and histopathological effect on eels
with ametryn have no report. Herbicides are widely
used for farmers and it affects target and non-target organisms including fish (Omitoyin et al., 2006; Ayoola,
2008a).

B

Figure 1. (A) (B) Hemorrhage and abrasion on the abdomen of M. albus

►

∗

Figure 2. Histopathological appearance of present hydrophic degeneration (∗ ), and tubular necrosis ( ►) in the
kidney tissue of M. albus after exposure to 0.75 mg/L of ametryn (H & E, x40 objective)
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The behavioural response and histopathological
effect in the present study of acute toxicity of ametryn
on Monopterus albus is similar studies of (Omitoyin
et al., 2006; Yildirim et al., 2006; Siang et al., 2007;
Ayoola, 2008a; Ayoola, 2008b; Abalaka and Auta, 2010;
Benli and Ozkul, 2010; Srivastava et al., 2010) that’s
used different formulations of herbicides and pesticides.
The toxicity of herbicides or pesticides has been reported on Southern Florida which more than 40 organic
compounds (herbicide) were detected in bed sediment
including ametryn and effect on aquatic organism mostly fishes in that area (Mc Person et al, 2000). This present study about histopathological effects acute toxicity
of ametryn and behavioural responses on M. albus in
96 hours. Acute toxicity of ametryn is shown increase
with increasing the concentration. During the exposure
in this present study, mortality rates are increased with
increasing concentration.
The M. albus were directly exposed with different concentration of ametryn. Eels are initially aggressive, erratic swimming and came out the surface of
water much more frequently and also exhibited abnormal swimming is sluggish and swirling movements and
different posture. These signs exhibited of agitated behaviour in initial of exposure to ametryn caused loss of
orientation (Srivastava et al., 2010).

The ametryn treated eels also showed colour
fades and lesion on the body such focal hemorrhage
and abrasion as compared to the controls. Based on this
study, previous study reported that the level of toxicity of any pesticide and herbicide depends on its bioaccumulation, the different chemistries of the compound
forming the pesticides or herbicide and the reactions of
the organisms receiving the toxicants (Neibor and Richardson, 1980; Ayoola, 2008a).
During the exposure of acute toxicity tested,
eels exhibited respiratory distress mostly in high concentration of ametryn. The respiratory distress due to
toxic effect of ametryn on the respiratory system was
similar report of Yildirim et al., (2006), Siang et al.,
(2007) and Gabriel et al., (2009). Eels are air gulping
and movement to surface of water to vertical posture
with exposed snouts are frequently. The toxicity of ametryn causes difficulty breathing in toxic water forcing
the eel’s frequently using air breather as substitution
breathing. This compared to normal behaviour showed
from control is infrequently air breather of respiration
cutaneously (through the skin) which enabling them to
survive long dry spells (Curnutt and Hamilton, 2000;
USGS, 2012).

Table 4. Histopathological changes on a kidney after 96 hours exposure to different concentration of ametryn
Treatment concentration

Histopathological changes on a kidney after 96 hours exposure to ametryn

0 mg/L (Control)

Slightly hydropic degeneration

0.75 mg/L

Mild of hemorrhage
Mild distribution of hemosiderin
Mild of hydrophic degeneration
Present of narrowing tubular lumen
Present of tubular necrosis

1.5 mg/L

Severe of hemorrhage
Severe distribution of hemosiderin
Severe hydrophic degeneration
Severe of granular degeneration
Narrowing tubular lumen
Severe of tubular necrosis

3.0 mg/L

Severe of hemorrhage
Severe distribution of hemosiderin
Narrowing tubular lumen
Severe of tubular necrosis
Severe of necrosis

Copyright ©2019 Universitas Airlangga
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Increased the duration of exposure toxicity of
ametryn on eels exhibited motionless and sudden darts
were leading to mortality. This considered as a principal sign of nervous system damage or failure effect
of herbicide poisoning which affected on physiological
and biochemical activities (Matsumura, 1975; Gabriel
et al., 2009). Excessive mucus secretion is exhibited
during the exposure toxicity tested in 96 hours caused
reflex from metabolic processes to resistant under the
toxicity distress (Lebedeva et al., 1998). The toxicity of ametryn showed no mortality in control but lower levels of mortality is started on low concentration of
ametryn is 0.75 mg/L and the higher levels of mortality
exhibited on high concentration of ametryn is 3.0 mg/L.
This showed increased the mortality rate is directly proportional to increasing concentration of herbicide (Kane
et al, 2004).
Monopterus albus were stressed progressively
with time before death. The stressful behaviour impairment due to toxic effect of ametryn on kidney was similar with the report of Ayoola, (2008b) and Omitoyin et
al., (2006) that herbicide impair internal organ of fish.
Kidney is among the main organ of various indicator
metabolic reaction and toxicity effects usually appear in
kidney tissue (Benli and Ozkul, 2009). In eels exposed
to ametryn concentration in 96 hours in the present
study, the major histopathological changes of the kidneys were hemorrhage, and distribution of hemosiderin,
hydrophic degeneration, narrowing tubular lumen, tubular necrosis and necrosis.
Control M. albus showed present of hydrophic
degeneration were considered as normal in the kidney
tissue examined by light microscope (Roberts, 2012).
Major of histopathological changes in acute toxicity
tested is hemorrhage and distribution of hemosiderin
was similar with the report of Siang et al, (2007) and the
toxicity of pesticide gives some hematological effects
on M. albus. Hemosiderin often after hemorrhage when
blood leaves a ruptured blood vessel, the red blood cell
dies, and the hemoglobin of the cell is released into the
extracellular space and they can lead to organ damage.
Hydrophic degeneration is observed in kidney tubule
epithelial cells which exposed with ametryn were exhibited swollen and cloudy in epithelial cells and also
the nucleus are closed with membrane epithelial cells
(Besirovic et al., 2010).
Tubular necrosis give probability of impurities
such as red blood cell, hemoglobin cast and cell debris
infiltrate inside lumen which interfere with normal metabolism of kidney. Necrosis of some portion of the kidney and tubular necrosis that were observed probably
resulted from the excessive metabolism required by the
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fish to get rid of the toxicant from the body during the
process of detoxification by the kidney (Ayoola, 2008b).
This histopathological effects on kidney caused of toxicity ametryn were give effects on behavioural changes
of eels as reaction of changes the toxic environment and
the severe damage of kidney organ were lead to kidney
failure and death to the fish.

4. Conclusion
In conclusion, ametryn is very sensitive to some
aquatic species especially freshwater eel and this pesticide should be used cautiously to avoid the number of
species decline in wild.
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