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ABSTRACT

The acute toxicity of the herbicides paraquat (1,1-dimethyl-4,4-bipyridinium dichloride) and
galex (2-chloro-N-2-ethyl) — 6 — methylpheryl) — N -2 (2 — Methoxyl — 1 - methyl ethyl)
acetamide to Oreochromis niloticus in a static test system for a period of 96 hours was
investigated. Galex was found to be more toxic than paraquat, with Galex 96 hr Lcso to be
9.30ml™ and paraquat is 96 hr being 12.25mgl™ The physical and behavioural changes observed
during paraquat exposure included haemorrhaging of the head, pectoral and pelvic fins, air
gulping from water surface with the release of bubbles from the mouth, loss of balance, agitated
swimming and blood shot eyes. While in the galex the following abnormal behavioural changes
were observed i.e disorientation characterized by movement in a cycle at tank bottom, jerky
movement, copious emission of mucus, high pigmentation of body, haemorrhaging of head,
pectoral fins and caudal fins, spinal curvature, air gulping, much faecal deposition and engorged
stomach terminating in rupturing of stomach and exposure of gut contents. Death is believed to
be due to both fatigue and direct toxicant effects on tissue and organs.
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Introduction

Pesticides being toxicants are important for biological studies because they are poisonous
substances deliberately disseminated in order to exploit their toxic properties, they become
pollutants when they reach the wrong targets (Mellanby, 1980,Asonye et.al,2007).

Although there are many chemicals with a remarkable degree of selectivity, so that the chosen
pest is destroyed by a lower exposure than that required to damage other plants or animals
,complete selectivity is virtually impossible. This means that there is always the risk that
pesticides will cause damage to man or other non target organisms. Some substances are acutely
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poisonous but unstable. They can cause serious damages over a restricted area, but not long term
pollution. Other pesticides may be less acutely poisonous, but they may be much more
persistent, and they may thus continue to have ecological effects for a very long periods
(Mellanby, 1980, Idiogede et.al 2012).

Herbicides are much more widely used than the other classes of pesticides. In Britain, in
1976, about £50,000,000 were spent on herbicides compared to about £8,000,000 (N1,80 x 10
on fungicides and the same sum on insecticides (Mellanby, 1980). In recent times, water-
hyacinth has been a major problem to effective fishing in waters in Nigeria. Efforts made by the
Federal Government to combat the water hyacinth problem through manual and mechanical
methods have not yielded expected results, thus appeal for the trial of the chemical control
method have been on since (Akinyemiju, et.al, 1992). These had been yielding positive results,
suggesting that herbicidal control of water hyacinth (Eichornia Crassipes) is possible. The
question is the effects on fish and other non target organisms. Although there are definite
advantages in the use of pesticides particularly in the area of crop production.In the fisheries
sector and also in aquaculture, the indescrimate use of pesticides has been identified as a cause
for many previously unexplained fish kills in the fish farms in other parts of the world
(Oloruntuyi et.al 1992).

Pesticides usually get into the aquatic environment through accidents or through run offs from
surrounding farmlands. This latter results in fish mortality and morbidity. Herbicides used for
control of aquatic pests are of particular importance to limnologists because of their effects on
aquatic ecosystem. The use of herbicides has often been recommended as one of the easiest
methods of controlling the menace of water hyacinth in Nigeria waters (Oloruntyi et.al, 1992).
Galex (Metolachlor) (GA-247US) AND chemically named 2-chloro N-(2-ethyl-6-methyl pheryl)
acetamide is a pre-emergence selective herbicide of toxicity of LDsy to human of about
2789mg/kg (Pimented and Edwards, 1982). It is used in corn farm to destroy the weeds at
suitable concentration and it is toxic to fish. The active ingredient in galex include the following:
- 250g of M etolachor

- 2 —ethyl — 6 methyl — N — (2 — Methoxy — 1 methylethyl) — chloro acetamide

- 250g Metobromion

3-(4 — bromipheryl) — 1 — methoxyl — 1 — methyl — urea.

It is also used against weeds in soyabeans and cocopa fields. It could be toxic at certain
concentrations in rivers, ponds, food, seeds, etc. (Thomson, 1979). It gets into the aquatic habitat
through run offs or accidents from surrounding farmlands. Thus latter resulting in fish mortality
and morbidity (Oloruntuyi, 1992).

While galex usage is more recent, paraquat had been existing long before the advent of
galex.Paraquat acts as a non selective, contact herbicides, with essentially no activity in the soil
(McEwen and Stephenson, 1979). It is also a potent inhibitor of photosynthesis in plants, highly
water soluble and absorbed by weeds. Paraquat is available commercially as a salt of dichloride.
E.g. bipyridinium dichloride. The paraquat concentrate is known under the registered trade mark
of gramoxone. It is mostly applied pre-emergence. It is an important annual weed and grass
controller. Paraquat’s active ingredient is 720g. paraquat dichloride (200g) paraquat (Thomson,
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1971). While galex is more recent, paraquat salt has been used as oxidation-reduction indicator
for long.

It has been suggested that economically important local fish species be used in toxicity
assay (Doudroff et.al, 1951) . Oreochromis niloticus of the family Cichlidae and genius
Oreochromis has been chosen for this study because of its high commercial value, ability to be
kept in captivity and growth to table size within a short period with minimum management. It
has a high tolerance of poor water quality and spawns easily. It is resistant to many diseases and
it has good consumer acceptability. All these factors make it an excellent fish in aquaculture. It is
cultured extensively both for food, economic as well as experimental uses, and it is a risk from
pollutants such as herbicides from surrounding farms. The study was carried out to determine
the toxicity of galex and paraquat to O. niloticus and to evaluate the effects on fish pathology,
behaviour, opercular ventilation rate and its toxicity to the fish.

Materials and Methods

Fingerlings of Oreochromis niloticus used for this study were obtained from the Ahmadu Bello
University dam and are of weight range 6.97-7.72g and mean weight of 7.35+0.53g. they were
acclamated for two weeks in dechlorinated Zaria Municipal water at temperature rate of 21.5%-
24°c prior to the commencement of the assay. The fish were fed daily during acclimation and
compounded pelleted diet once daily to satiation. Feeding stops 24 hrs prior to the
commencement of the acute toxicity assay and during the assay.

Eight 30.5cm x 30.5cm x 92.5cm glass aquarium were used for each toxicant solution and
replicated subsequently. The fish were exposed to seven concentrations of the toxicant and the
control. The temperature, P dissolved oxygen hardness and and conductivity of test water were
determined daily during the 96 hr acute toxicity assay and once a week during sub-lethal test.
Standard methods (APHA, 1985) were used. The concentrations of pesticides used to determine
LCso of paraquat were 9.60mgl™, 10.40mgl™, 11.20mgl™, 12.0mgl™, 14.20mgl™, 15.20mgl™,
16.00mgl™ and 0.00mgl™ (control).

The concentrations of galex were 8.00mgl™, 9.8mgl™, 10mgl™, 11mgl™?, 12mgl™, 13mgl-
1, 14mgl™ and 0.00mgl™ (control). Ten fish were exposed in replicate to each of the toxic tanks.
In each series of test, there was a control in which ten fishes were exposed to the dechlorinated
municipal water only. Each step was repeated once in order to assess its reproductibility. Fish
was distributed using the random method as suggested by Sprague (1969). Appropriate volume
of the stock solutions were taken and discharged into 50L of declorinated water in each test tank
to give the required concentrations. The mixture was allowed to stand for 30 minutes before
introducing the test organisms. A daily photoperiod of 12 light and 12 hr dark was maintained.

The behaviour and general conditions of the fishes was observed before, during and after
each bioassay. Mortality was recorded at 12,24,48,72 and 96 hours. During each observation
time, fish were proded gently to see if there was any response and also cessation of opercular
movement was used as index of death.

For each herbicide, pooled data from the toxicity test of the nominal concentration were used to
calculate the slope function. 96-h median lethal concentration and 95% confidence limit was
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calculated following wardlaw (1985). Opercular ventilation per limit time was recorded daily
and behavioural changes were keenly observed throughout the test period.

Results and Discussion

Table 1 Tail fin beat rate (No/m) of O. niloticus exposed to various acute concentrations of
paraquat in 96-hr test mean + SE of 4 samples pooted

Conc (mg/l) | Period in hours

0 24 48 72 96
0 335 910 3+6 10+7 27 +11
9.6 69 + 12 37 5 28+5 54 +2 26+ 6
11.20 62 +15 23+4 16+3 2+1 14 £5
12+00 9+8 63 21+1 12+ 4 22+4
14.20 7+1 814 7+2 1+1 812
15.20 6+3 27+ 11 1+0 60 -

Table 2: Opercula movement of O. niloticus exposed to different paraquat concentration for 96-
hr means * S.E of 4 fish samples are presented.

Conc (mg/l) Duration (days)

0 1 2 3 4
0 75+4 75+4 9% +4 931 113+3
9.60 91+1 78+9 93+4 8715 120+ 1
10.40 76£6 64+7 9% +7 34+4 62 + 16
11+ 20 66 +4 28+5 19+2 28+ 9 28+ 6
14.20 45+ 10 403 74+ 10 89+2 62 +11
15.20 46 £ 2 44 + 2 825 73+ 14 -
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Table 3: Opercular ventilation rates of 0. niloticus exposed to various acute concentrations of
Galex 96

Concentration (mg/l) 0 1 2 3 4
Control 74.50 74.5 97.75 9325 113.0
9.0 55.00 70.8 24.50 5975 86.00
10.0 52.59 56.50 31.0 37.33 12500
11.0 44.50 63.3 43.33 4200 95.50
12.0 34.50 69.0 58.00 6700 95.67
13.0 38.00 71.0 49.75 5300 0.00

Table 4: Tail-fin movement of O. niloticus exposed to Galex for 96-hr

Concentration (mg/l) 0 1 2 3 4
Control 32.50 1900 12.50 1000 27.25
9.0 37.33 80.67 5267 20.00 1533
10.0 62.50 39.0 16.00 1200 31.00
11.0 55.67 41.3 21.67 42.0 65.00
12.0 64.67 26.0 50.67 3500 52.50
13.0 82.00 27.6 41.67 4550 0.00

The percentage mortality trend in the toxicity of paraquat and galex to Oreochromis
niloticus followed a linear pattern  with the highest  percentage mortality recorded in
concentration 16.00mgl™ for paraquat and 13.00mgl™ for galex. No mortality was recorded in
any of the controls. Results observed for acute bioassay revealed that 96% Lcsy for O. niloticus
exposed to paraquat was 12.25mgl™ with a confidence level of + 1.96 while that of galex was
9.30mgl™ with a confidence limit of 0.84. This was calculated using probit analysis according to
ward law (1985). Expressing the results in log-probit transformation was first used for fish by fry
(1947) for temperate region for the values of the Lcso, it could be interpreted that galex is more
toxic than paraquat to O. niloticus fingerlings. Oloruntuyi et.al (1992). Reported 99.00ppm and
90ppm and Lcsy values for round offs and paraquat respectively on C. gariepinus at a
temperature range of 24.5-26.5°c. this might indicate that C. gariepinus is more tolerant of
paraquat. This might be due to it possession of additional “respiratory stress” which aid in the
absorption and storage of oxygen. In situations where O. niloticus would have succumbed due to
damage to gills, Clarias might survive such concentrations. Nehring (1966) reported that diquat
and paraquat have low level of toxicity to perch clarias fliviatilis and roach (Rutilus rutilus).
The 96-h mean toxic levels of paraquat and diquat to guppies were found to be 11.50ppm and
50ppm respectively and to Raspora trilineats, they were found to be 7ppm and 29ppm
(Kamwing and Furtado, 1977). These values for paraquat are close to the value obtained in this
study.
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Decrease in opercular ventilation rate was observed at 24-h for the high toxicant
concentrations of paraquat and galex. Then a subsequent increase from 48" to 96™-hour of
exposure period and a sharp drop when death approached. This indicates hyperventilation
towards the 96™ hour of test and a decrease as death approached. There is a constancy in
opercular ventilation rates of control fish in the two herbicides throughout the test period.
Omoregie et.al (1994) in the acute toxicity test of Actellic 25EC and O. niloticus explained that
fish exposed to toxicant tend to exhibit avoidance syndrome in order to avoid toxic area. This
increases opercular and metabolic rates. Selye (1950) explained the chains of events following
any pathological changes in animals as stress and general adaptation syndrome which he defined
as the sum of all the physiological responses by which an animal tries to maintain or re-establish
a normal metabolism in the face of a physical and chemical force. Brett (1958) gave definition
correlated more readily with the fish disease situation whom he suggested that “stress” is a stage
produced by an environment or other factors which distribute the normal function to such an
extent that the chances of survival are significantly reduced. The chances which occur in
response to environmental stress are termed the General Adaptation Syndrome (GAS) which are
neither species-specific nor stressor-specific. GAS includes anoxia, infection, fright ,forced
exercise, anesthesia etc. (Robert, 1978). Robert also added that GAS are mediated by a hormonal
and nervous reaction, and to identify three stages of GAS which include: i) Alarm reaction stage,
ii) stage of resistance and finally iii) stage of exhaustion when adaptation has ceased to be
adequate and homeostasis if not achieved. This might explain what happened to the test fish
which hyperventilation was observed and eventually ending in death. Summers (1980) explained
that nervous symptoms and respiratory difficulties occur with diquat and paraquat with doses
near the LDs, values.

At the concentration of 9.60mgl™ of paraquat, the eyes were blood shot but fish were
active throughout the test period. In toxicant concentration of 11.20mgl™, observation included,
gasping for air, haemorhaging of pectoral fins, were also observed. Irregular and erratic
movement with jerks and disorientation in movement were observed generally before death of
fish. The reaction of the test fish to galex was more violent, characterized by disorientation of
fish moving in cycles at tank bottom, jerky movement, copious mucus emission from mouth,
high pigmentation of body, haemorrhaging of head, pectoral fins and caudal fin, spinal curvature,
air gulping,much faecal deposition and engorged belly which terminated in rupturing and
exposure of guts and contents. Death is believed to be due to both fatigue and direct toxicant
effects on tissue and organs.Omoregie et.al(2009) reported similar behavioural anomalies and
toxic effects on O.niloticus exposed to single superphosphate fertilizer.Fish is becoming
increasingly important in the diet of man worldwide because of its availability, palatability and
health provision therefore ensuring that our water bodies are not impacted is very important
.(Fawole et.al 2007).

Pesticides contain poisonous substances (toxicants) that distort water quality and impose
physiological stress or biotic community (Asonye et.al 2007). Pesticides especially the
chlorinated non degradable ones leave residues in various living systems that can pollute the
water bodies with grave consequence on terrestrial and aquatic lives (Idi-ogede, et.al 2012).

It has been observed over times that herbicides, pesticides, insecticides use generally or even
effluents from factories have deteriorated effects on fish health and population (Omoniyi et.al
2002). The mortality of fish increased with increase concentrations of the toxicant in water
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showing a dose-dependent relation. It had been reported by many authors including Musa and
Omoregie (1999), Omoniyi et.al (2002), Babatunde et.al (2008), Omoregie et.al (1990,2009),
Adakole and Lawan (2011) to mention but a few of the hazardous effects of such chemicals on
the aquatic life and water quality in Nigeria.

In conclusion, there is evidence that galex tends to be more toxic to fish than paraquat
causing greater physiological dysfunction. Insecticides-producing industries should be
encouraged to look into the possibility of reducing the potency to non target organisms yet
maintaining their effectiveness. Also research into the discovery of new effective and less potent
agro-chemical or herbicides should be encouraged to save our fish stock in aquatic habitat.
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