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Abstract 
Paraquat dichloride is an organic salt that is widely used to control weeds in many agricultural and non-

agricultural areas. However, this and other pesticides have been identified as critical sources of pollution 

in aquatic ecosystems. This study investigated the acute toxicological effects of the various 

concentrations of paraquat on whirligig beetles (Orectogyrus sp) with the aim of determining the 

potential lethal effects of the chemical on the organisms. The test substance (paraquat dichloride) was 

found to have lethal effects on the test organism (Orectogyrus sp) as it altered the behavioural patterns 

and eventually caused death of the test organisms. The 72hr and 96hr LC50 was estimated to be 

42.03mg/L and 51.47mg/L respectively. The mortality trend in the test organisms followed a linear 

pattern with the highest mortality recorded in the highest concentration. Abnormalities in the behaviour 

of the organisms was attributed to oxidative stress and disruption of their nervous coordination. 
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Introduction 
In developing countries, the amount and heterogeneity of discharges that gets into the aquatic 

ecosystem has recently become alarming. Consequently, approximately three million people 

have been reported poisoned and about 200,000 death recorded annually all over the world 

from pesticide contamination. Unsuprisingly, the majority of these incidences were reported 

from developing countries [1]. The diminishing world’s water resources and continuous 

pollution of waterbodies each day have been attributed to urbanization and the over-

exploitation of the available land resources largely due to the ever-growing human population 
[2-3]. One of the important sources of pollution that have been identified in the aquatic 

environment is the residue of pesticides from agricultural farmlands. All over the world, 

pesticides have been used to control the destructive effects of living forms such as insects, 

rodents and herbs.  

In Nigeria, chemical weed control is playing an increasing role in agriculture due to the 

increasing cost and widespread unavailability of labour required to carry out traditional 

farming practices. As a result, there has been rapid rise in the indiscriminate and unregulated 

use of pesticides on agricultural farmlands in the country. Some of the means by which 

pesticides get into waterbodies include drift during pesticide spraying, runoff from treated 

areas and by leaching through soil column [4]. Application of pesticides directly onto water 

surfaces for the control of insects such as mosquitoes is another way in which water is 

polluted. Although, the magnitude of water pollution depends mainly on the type of pesticides, 

soil properties, weather conditions, landscape and the distance of the application site to the 

waterbody. However, spontaneous movement into the groundwater may be hastened by heavy 

rainfall shortly after the application of the pesticide to wet soils [5]. 

The introduction of these toxic substances into waterbodies constitute water pollution which 

may be potentially harmful to non-target aquatic life forms there-in. Pollution may cause 

reduction in the dissolved oxygen available in the water which may lead to the suffocation or 

eventual death of the organisms in the waterbody. Aquatic insects have been known to be 

basically susceptible to even the least concentrations of pesticides as it affects their 

neurological and other behavioural activities. Whirligig beetle (Orectogyrus alluadi [6]) is an 

important component of the freshwater ecosystem. Aside their usefulness as bio-indicators of 

water quality, they also play vital role in keeping the water body clean by clearing off debris 

from the water surface. Paraquat (1,1-dimethyl-4,4-bipyridinium ion) is a contact and non-

selective herbicide  
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commonly used to exterminate vegetative pests. Its 

effectiveness in the control of terrestrial weeds and aquatic 

plants in many water bodies in different countries of the world 

has been widely reported [7-9]. Although, pesticides have been 

generally known to be toxic to all life forms in the aquatic 

environment, however, information on the lethal dose or the 

level of toxicity of these chemicals to aquatic insects is 

lacking. The essence of this study is to provide information on 

the acute toxicity of ‘Paraquat’ to the beetles as well as their 

behavioural responses to the toxicological stress. It is believed 

that information on acute toxicity of a toxic substance is 

essential in the prediction and prevention of acute damage to 

aquatic organisms in receiving waters as well as in the 

regulation of toxic waste discharges into the environment. 

 

Materials and Methods 

Test substance 

Paraquat dichloride (C12H14Cl2N2) with a molecular weight of 

257.158 g/mol is manufactured by Syngenta. It is commonly 

referred to as “paraquat” and it is classified as a viologen, a 

non-selective contact herbicide with high solubility in water. 

It is one of the commonest and widely used chemicals in the 

control of cultivated farmlands of rice, cotton, fruit, tea, 

potatoes, sugarcane and vegetable [10]. 

 

Collection and acclimation of test organisms 

The Orectogyrus alluaudi specimens were collected from Opa 

reservoir in Obafemi Awolowo University campus, Ile-Ife, 

Nigeria. The coordinate of the sampling station is Latitude 07o 

32.561’N and Longitude 004o 32.550’E. The beetles were 

collected with the aid of a D-frame net by scooping the water 

surface. The collected specimens were transported to the 

Laboratory in a plastic bowl. Thereafter, the beetles were 

allowed to acclimatize to the Laboratory conditions at 25 ± 2 
oC with 12:12 h light:dark photoperiod. Identification of the 

beetle specimens was done with the aid of the identification 

keys provided by [11]. During the test, the organisms were fed 

with Drosophila melanogaster Meigen, 1930 (fruit flies) for 

24 h prior to the test. The fruit flies used for feeding the 

organisms were produced in the laboratory using ripe banana 

as food source.  

 

Test procedures 

Acute toxicity test was conducted in the laboratory in 

accordance with the standard methods prescribed by [12]. 

However, prior to the definitive test, a range-finding test was 

conducted to determine the range of concentrations suitable 

for the specimens’ exposure. The concentrations that were 

selected based on the range finding test include; 0.02 mg/L, 

0.2 mg/L, 2 mg/L, 20 mg/L, 200 mg/L and a control. These 

concentrations were obtained from the stock solution of the 

pesticide. Each concentration was replicated three times. The 

de-chlorinated tap water used had the same physical and 

chemical properties with the one used in acclimatizing the 

beetles. The test solution was allowed to stand for 12 hours to 

bring it to equilibrium before introducing the test organisms. 

A total of 180 beetles were exposed, giving a loading rate of 

10 beetles per test chamber. The survival rate and mortality 

rate were monitored and recorded 6 hourly for a 96-hour 

period. A test organism is considered dead when movement 

ceased and there was no response to gentle probing. Such 

dead test organisms were removed to prevent the build-up of 

Ammonia in the test solution. Behavioural and morphological 

indicators were also observed in this study. Each test chamber 

was observed for 5-10mins and responses were recorded if 

they differed from the controls. Some physicochemical 

parameters of the test solutions such as; Alkalinity, pH, 

dissolved oxygen, salinity, total dissolved solid and 

conductivity were determined at the commencement and the 

end of the exposure period using standard methods for 

chemical analysis of water [13].  

 

Statistical analysis 

Median lethal concentration (LC50) values of the pesticides to 

O. alluaudi were calculated using probit analysis method [14]. 

Two-way ANOVA was used to compare the results of the 

physico-chemical parameters of the test solutions for 

significant differences. Percentage mortality recorded at 24hr, 

48hr, 72hr and 96hr for each concentration and control was 

compared using Fisher’s exact binomial test with Bonferroni 

correction for pair-wise comparison. Test of significance was 

at 5% level. 

 

Results 

Behavioural responses 

Avoidance behaviour was observed to be high in the test 

chambers. This avoidance movement was observed to be very 

rapid in the higher concentrations as the beetles were seen to 

be attempting to escape from the test medium. It was also 

observed that the movement of the beetles was disorientated 

after 48hrs of exposure period (Table 1). General activity and 

movement reduced drastically after 48 hrs of exposure. 
 

Table 1: Diagnostic behavioural effects of paraquat on Orectogyru alluaudi 
 

S/No Behavioural and Morphological Changes Observations 

1. Loss of equilibrium Yes 

2. Avoidance/ Agitation behaviour Increases with increasing concentration. 

3. Movement Disorientation in the movement of the beetles especially at high concentrations. 

4. Deformities No observable deformities 

 

Toxicity, Survival and Mortality 

Beetle mortality occurred in all the test chambers. Mortality 

of the beetles in the test medium was observed to increase 

progressively along the concentration gradient within the test 

period. Mortality in each test concentrations (0.02 mg/l, 0.2 

mg/l, 2 mg/l, 20 mg/l and 200 mg/l) was observed to be 

significantly higher than the control. It was further observed 

that mortality in the beetles was time-dependent as it 

increased with increased duration of exposure (Fig 1). There 

was about 75% mortality in the highest concentration (200 

mg/L) after 24hrs of exposure and 100% mortality was 

recorded within 72 hrs of exposure. In the 20 mg/L 

concentration, 20% mortality was recorded after 96 hrs (at the 

end of the test period). The mortality in 2 mg/L, 0.2 mg/L and 

0.02 mg/L were 35%, 15% and 10% respectively after 96 hrs 

of exposure.  

The LC50 values obtained at 48, 72 and 96hrs of exposure of 

Orectogyrus. alluaudi to Paraquat were 6.96 (28.74-206.07) 

mg/l (Fig 2), 42.03 (8.60-205.39) mg/l (Fig 3) and 51.47 

(10.26-258.19) mg/l (Fig 4) respectively. The low observed 
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effect concentration (LOEC) and No observed effect 

concentration (NOEC) values estimated were 0.2 and 0.02 

mg/l at 48 hrs, 72 hrs and 96 hrs respectively (Table 2).  

Most of the physico-chemical parameters of the test solution 

that were determined at the commencement (0 hr) and at 

completion (96 hrs) showed variations at different 

concentrations (Table 3). The most observable differences 

were observed in the concentration of dissolved oxygen and 

Total dissolved solids (TDS). 

 

 
 

Fig 1: Relative mortality of Orectogyrus sp in test concentrations at different test periods 

 

 
 

Fig 2: Concentration with 50% mortality at 48 hours of the test period. 

 

 
 

Fig 3: Concentration with 50% mortality at 72 hours of the test period 
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Fig 4: Concentration with 50% mortality at 96 hours of the test period 

 
Table 2: Median lethal concentration (LC50) of Paraquat on Orectogyrus alluaudi at 48, 72 and 96hrs of exposure 

 

 48hrs 72hrs 96hrs 

LC50 (mg/L) 76.96 (28.74-206.07) 42.03 (8.60 – 205.39) 51.47 (10.26 – 258.19) 

LOEC (mg/L) 0.2 0.2 0.2 

NOEC(mg/L) 0.02 0.02 0.02 

 
Table 3: Physico-chemical parameters of the test solutions (at 0hr and 96hrs of exposure) 

 

Conc. 
Dissolved oxygen 

(mg/L) 

Alkalinity 

(mEq/L) 

Conductivity 

(S/m) 
pH 

Total dissolved solid 

(ppm) 

Salinity 

(g/kg) 

200 mg/L 
0 hr 96 hrs 0 hr 96 hrs 0 hr 96 hrs 0 hr 96 hrs 0 hr 96 hrs 0 hr 96 hrs 

8.60 7.62 20.01 21.02 332 440.5 5.38 7.02 221.30 29.32 0.02 0.02 

20 mg/L 10.61 11.72 11.20 25.02 1.40 45.95 5.81 7.35 1.01 30.65 0.00 0.05 

2 mg/L 8.80 10.23 12.10 26.20 1.71 44.55 5.65 7.28 1.21 32.05 0.00 0.10 

0.2 mg/L 10.43 11.21 9.01 22.01 2.50 41.43 5.72 7.27 1.70 27.21 0.00 0.13 

0.02 mg/L 9.02 12.02 10.03 26.25 1.61 42.95 5.81 7.23 1.10 28.33 0.00 0.09 

control 9.41 8.24 10.02 20.01 59.00 28.65 7.01 7.07 39.70 18.64 0.00 0.00 

 

Discussion 

There were significant differences (p> 0.05) in the values 

obtained for the physico-chemical parameters of the test 

solutions. This finding contradicts the observations of [15, 16] in 

wich no marked differences were observed in the physico-

chemical parameters of the test soulutions. However, the 

range of values obatained for the physico-chemical 

parameters of the test solutions were found to be within the 

tolearance threshold of aquatic insects. This suggested that the 

variations in the values may not have caused abnormal 

behavioural changes in the beetles in this study 

The percentage mortality trend in the beetles followed a linear 

pattern with the highest mortality recorded at the highest 

concentration. This is similar to the observations of [17-19] in 

which linear patterns was observed in the mortality trend with 

respect to concentration on exposure of test organisms to 

paraquat. In this study also, there was 10% mortality in the 

least concentration and 100% mortality in the highest 

concentration thus showing a similar linear pattern. This 

pattern also conformed with the report of [19] which stated that 

there should be less than 35% mortality in the lowest 

concentration and at least more than 65% mortality in the 

highest concentration. However, the 96hr LC50 values 

(51.47) obtained in this study indicated less sensitivity of O. 

alluaudi to paraquat compare to other invertebrates [20-22]. 

Variations in the sensitivity of these aquatic invertebrates 

could be attributed to differences in the route of exposure, 

physiological sensitivity, and biochemical responses [23]. 

According to [24] differences in sensitivity may also be 

attributed to the selectivity of the insecticidal action in 

relation to the species and this has been responsible for the 

unpredictability of uptake of the insecticide. 

Behavioural abnormalities such as disorientation in movement 

and avoidance mechanism were induced in the whirligig 

beetles as a result of the exposure to acute concentration of 

paraquat. The abnormalities in their behavior may be 

attributed to disruption of the nervous system cordination or 

biochemical body derangement [25]. This finding agrees with 

the report of [26, 27] in which similar disruption of activities of 

test organisms were reported. In some cases, these 

behavioural changes may be accompanied by physiological 

changes in the test organisms. For instance [28] reported a 45% 

shift in the emergence time of the 4th instar larvae of 

Chironomus riparius on a short-term exposure to Lindane. 

However, the effect of the exposure on the physiological state 

of the beetles was not ascertained in this study. This may 

suggest biochemical tests which will reflect the physiological 

changes in the test organisms. Further studies in this direction 

are thus required. 
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Conclusion 

This study has shown that paraquat dichloride can be toxic to 

insects and other life forms in the aquatic ecosystems. This 

was reflected in the mortality pattern exhibited in the test 

organisms as mortality was observed to increase with 

increased concentration of the test substance. As such, 

controlled use of this pesticides and other organic salts in the 

environment is strongly advised. 
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