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Abstract
Water, sediment and tissues of fish samples Clarias anguillaris, Tilapia zilli, Synodontis budgetti and Heterotis 

niloticus were collected during two seasons rainy and dry from Komadugu river basin, Yobe State, Nigeria for some 
herbicide residues determination. Extraction of herbicide residues and clean-up of fish samples were carried out using 
standard procedures. The concentration of the studied herbicide residues was determined using HPLC. The highest 
levels of all the studied herbicides were observed in the liver and the gills of the four species of fish analyzed, while 
the lowest value was observed in the flesh of all the studied species of fish. Accumulation of herbicides in the studied 
fish species were in the order of Synodontis budgetti>Heterotis niloticus>Tilapia zilli>Clarius anguillarias. Similarly, 
accumulation of herbicides in the studied tissues of the fish samples were in the order of liver>gills>intestine>flesh. 
All the studied herbicides were found to be within the ADI value of 0.05 mg/kg in fish and 0.01 mg/kg MRLs in fish 
samples.
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Introduction
Pesticides are defined as substances or mixtures of chemical substances 
meant primarily for killing, preventing, destroying, repelling, or 
mitigating any pest [1]. Pests can be insects, mice and other animals, 
unwanted plants (weeds), fungi, or microorganisms such as bacteria 
and viruses. Pesticides are employed to protect plants or other plant 
products from harmful organisms; to regulate the healthy growth of 
plants; to give protection against harmful creatures; or to render such 
creatures harmless [2]. Most pesticides may be harmful to the ecosystem 
because of their ecotoxicity, potential bio accumulating properties 
or their hormone disrupting effects. When pesticides are applied on 
the field, only a certain percentage of the applied dose will reach the 
target crop. Pesticides, especially herbicides are used quite extensively 
in most farming systems. The negative effect is that when herbicides 
are applied to the field they do not only control targeted weeds, but 
may also leave unwanted residues in the soil, which are ecologically 
harmful [3,4]. Although the efficacy of herbicides in controlling weeds 
is very high and applauded, its residual impact which might have health 
impact should also be considered for environmental safety. Preferred 
herbicides should not only have good efficacy for repelling pests, but also 
pose minimum adverse effects on crops, ecology and the ecosystem [5]. 

Paraquat, glyphosate and glufosinate-ammonium are among the most 
commonly applied herbicides [6]. Usage of these herbicides in the oil 
palm plantation causes damage on the environment (soil, water, and air) 
and adverse effects to non-targeted aquatic and terrestrial organisms 
[7]. Contamination of soil, water resources and agricultural products 
by herbicides is an increasing environmental concern [8]. Bioassay and 
chromatography are among the several methods commonly adopted in 
determining pesticide residue [7].

Globally, humans activities have altered terrestrial fluxes of freshwater 
[9] sediment [10] and nutrients [11,12] to coastal marine waters, 
including coral reef environments. Freshwater flow regimes have 
been modified through land use change which includes deforestation, 
wetland drainage, aquifer mining, surface water diversion and dam 
construction [9]. Sediment fluxes have increased as a result of soil 
erosion associated with deforestation, coastal development, agricultural 
practices and mining, whilst reductions are primarily due to retention 
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within impoundments [9]. Nitrogen and phosphorus fluxes have 
increased due to changes in land use, agricultural crop and livestock 
production, discharge of urban and industrial wastewater and fossil fuel 
burning [11].

Consequent declines in reef water quality and other anthropogenic 
activities have resulted in detrimental impacts on physical, ecological 
and physiological processes of reef-building corals [13,14]. Extended 
exposure to lowered salinities associated with increased freshwater 
flows leads to reduced coral growth, coral bleaching, disease and 
mortality. Long term or high levels of sedimentation are harmful to 
all coral life history stages, including settlement of larvae, survival 
of recruits and growth of adults. Nutrient enrichment increases 
phytoplankton biomass, abundance of macro algae, risk of coral 
bleaching and prevalence of coral diseases. High phytoplankton 
biomass may facilitate population outbreaks of the coral-eating crown 
of thorns starfish [15,16]. Increased turbidity, caused by suspended 
sediment or phytoplankton blooms, reduces benthic light availability 
for photosynthesis and hence coral productivity. Overall, the effect of a 
long-term decline of reef water quality is loss of coral diversity, structure 
and function [13,14]. Reduction of land-based pollution has been 
widely advocated to reverse coral reef degradation [16] and enhance 
the resilience of the preferred, coral-reef dominated state [17,18], 
particularly in the face of more extreme perturbation events forecast 
with climate change [19]. To ensure the future of coral reefs, the 2012 
Consensus Statement on Climate Change and Coral Reefs has called 
for management of anthropogenic pressures including reducing land-
based pollution [20]. To achieve such reductions in riverine pollutant 
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loads to coastal marine waters, it is critical to identify the main sources 
and pathways of pollutants.

The sources of water into the study area are from river Kano and river 
Jos. A lot of commercial agricultural activities take place along the 
banks of these rivers and in other to improve crop yield and eliminate 
weeds, majority of herbicides are used for weed control in order to boost 
and enhance productivity. Consequently, residues from the use of these 
herbicides are washed into the river which subsequently flows into the 
study area and fish from the river supplement the protein requirements 
of the inhabitants within the study area and other states. The water used 
by the populace for domestic and irrigation farming within the study 
area also comes from this river. Thus, the contamination of fish and 
the aquatic environment by herbicides is viewed with serious concern. 
Therefore, fish, sediment and water may accumulate herbicides in 
excessive amount in their various organs. This may ultimately, adversely 
negatively affect humans and other species that depend on such fish 
for food and water for domestic use. Recently, there has been growing 
concern over the water quality and safety of fish within the River Basin, 
hence, the need to evaluate the levels of some herbicides residues in 
the fish, sediment and water samples during two seasons dry and rainy.

Materials and Methods
Fish sampling

Four Fish samples were collected in accordance with the method 
described by Boyd et al. [21] namely Tilapia zilli, Clarias anguillaris, 
Synodontis budgetti and Heterotis niloticus were caught from Komadugu 
River Basin (Gashua and Nguru) through local fishermen. Fish samples 
of uniform size and weight were collected in order to avoid the possible 

error due to size differences. The fish samples were labeled with unique 
identification number and identified by an expert in the Department of 
Fisheries, University of Maiduguri and later dissected to remove tissues 
flesh, liver, intestine and gills of each species of fish and transferred into 
amber glass bottles and stored in an iced box pending further analysis.

Extraction of fish samples for herbicide residues
Extraction of fish sample was carried out in accordance with the 
method described by Paula et al. [22]. For the fish samples, 50g 
of the flesh, intestine, liver and gills of the fish from each sample 
were homogenized. Extractions were performed by using 150 ml 
acetonitrile. The samples were filtered and rinsed twice with 25 ml of 
the acetonitrile. The combined extract was concentrated using a rotary 
vacuum and evaporated over a hot water bath at 30°C to 50 ml. The 
liquid – liquid partitioning was transferred into a 500 ml separating 
funnel and diluted with 250 ml of 5% aqueous sodium chloride and 
partitioned into 150 and 100 ml of n-hexane. The combined n-hexane 
layer was passed through anhydrous sodium sulphate and concentrated 
to near dryness of 10 ml n-hexane. The levels of the studied herbicides 
were determined using GC-MS.

Results and Discussion
Herbicide residues concentrations in water samples during 
rainy and dry seasons
The concentrations of some herbicide residues in water samples from 
different sampling points of Komadugu river basin during the rainy 
and dry season are as presented in Tables 1 and 2. The concentration 
of Propachlor ranged from 1.00 E-02 to 2.50E-01 mg/L; 1.50E-02 to 
4.60E-01 mg/L Atrazine; 1.00E-02 to 1.60E-01 mg/L Propanil; 1.00E-02 

Concentrations (mg/L)
Sampling

Points  Propachlor Atrazine Propanil Alachlor Metolachlor Butachlor

S1 1.40E-01 4.60E-01 1.20E-01 1.30E-01 7.00E-02 4.00E-02
S2 8.00E-02 3.40E-01 3.00E-02 5.00E-02 4.00E-02 2.00E-02
S3 1.60E-01 6.30E-01 1.30E-01 1.40E-01 1.10E-01 6.00E-02
S4 1.40E-01 3.70E-01 1.10E-01 1.10E-01 6.00E-02 4.00E-02
S5 1.80E-01 4.60E-01 1.40E-01 1.50E-01 8.00E-02 7.00E-02
S6 1.10E-01 1.60E-01 8.00E-02 7.00E-02 5.00E-02 6.00E-02
S7 2.10E-01 5.50E-01 1.30E-01 1.50E-01 1.10E-01 8.00E-02
S8 1.70E-01 4.70E-01 1.40E-01 1.50E-01 9.00E-02 1.10E-01
S9 1.10E-01 2.60E-01 8.00E-02 9.00E-02 5.00E-02 5.00E-02
S10 2.50E-01 4.30E-01 1.60E-01 1.80E-01 1.30E-01 8.00E-02
Total  1.55E+00  4.13E+00  1.12E+00  1.22E+00   7.90E-01   6.10E-01

Table 1: Herbicide residues concentration in water samples from ten different sampling points of Komadugu river basin during the rainy season.

 Concentrations (mg/kg)
Sampling     points Propachlor Atrazine Propanil Alachlor Metolachlor Butachlor

S1 4.00E-02 5.00E-02 2.50E-02 4.00E-02 4.00E-02 4.00E-02
S2 1.50E-02 3.00E-02 2.50E-02 4.00E-02 3.00E-02 3.50E-02
S3 3.00E-02 2.00E-02 1.50E-02 1.00E-02 2.50E-02 1.50E-02
S4 3.50E-02 2.00E-02 2.00E-02 2.50E-02 1.00E-02 1.00E-02
S5 2.50E-02 1.50E-02 6.00E-02 1.50E-02 1.50E-02 2.00E-02
S6 1.50E-02 1.50E-01 2.50E-02 3.00E-02 2.50E-02 2.00E-02
S7 4.00E-02 2.00E-02 1.00E-02 1.50E-02 2.00E-02 1.50E-02
S8 1.00E-02 1.50E-02 2.50E-02 2.00E-02 1.00E-02 1.50E-02
S9 1.50E-02 2.50E-02 1.50E-02 1.00E-02 2.00E-02 1.50E-02

S10 1.50E-02 2.00E-02 1.50E-02 2.00E-02 1.50E-02 1.00E-02
Total 2.40E-01 3.65E-01 2.35E-01 2.25E-01 2.10E-01 1.95E-01

Table 2: Herbicide residue concentration in water samples from ten different sampling points of Komadugu river basin during the dry season.
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to 1.80E-01 mg/L Alachlor; 1.00E-02 to 1.30E-01 mg/L Metolachlor; 
1.00E-02 to 1.00E-01 mg/L Butachlor. Atrazine indicates the highest 
total concentrations with a value of 4.13+00 mg/L during the rainy 
season, while Butalachlor recorded the lowest total concentrations with 
a value of 1.95E-01 mg/L during the dry season. 

Herbicide residues concentrations in sediment samples 
during rainy and dry seasons 

The concentrations of some herbicide residues in sediment samples 
from different sampling points of Komadugu river basin during the rainy 
and dry season are as presented in Tables 3 and 4. The concentration 
of propachlor ranged from 1.00E-01 to 1.20E+01 mg/kg; 2.00E-02 
to 6.00E+01 mg/kg atrazine; 1.00E-01 to 4.00E+01 mg/kg propanil; 
8.00E-02 to 1.00E+01 mg/kg alachlor; 8.00E-02 to 2.23E+00 mg/kg 
metolachlor and 4.00E-02 to 6.00E+00 mg/kg butachlor. propachlor 
shows the highest total concentration with a value of 8.05+01 mg/L 
during the rainy season, while Propanil recorded the lowest total 
concentrations with a value of 3.54 mg/kg during the dry season.

Herbicide residues concentrations in different tissues of fish 
samples during rainy and dry seasons

The concentrations of some herbicide residues in different tissues of 
Heterotis niloticus studied from Komadugu River Basin, Yobe State 
Nigeria during the rainy and dry seasons are as presented in Tables 5 
and 6. The concentration of propachlor ranged from 1.00 E-04 to 9.00E-
02 mg/kg; 2.00E-03 to 1.40E-01 mg/kg atrazine; 2.00E-04 to 7.00E-02 
mg/kg propanil; 1.00E-04 to 9.00E-02 mg/kg alachlor; 1.00E-04 to 

5.00E-02 mg/kg metolachlor; 1.50E-04 to 4.50E-02 mg/kg Butachlor. 
Atrazine shows the highest total concentrations with a value of 3.80E-
01 mg/kg during the rainy season, while metolachlor recorded the 
lowest total concentrations with a value of 1.00E-03 mg/kg during the 
dry season. For Synodontis budgetti, the concentration of propachlor 
ranged from 1.50E-03 to 1.30E-01 mg/kg; 1.50E-02 to 1.80E-01 mg/kg 
atrazine; 1.50E-04 to 8.00E-02 mg/kg propanil; 1.00E-04 to 1.10E-01 
mg/kg Alachlor; 1.50E-04 to 7.00E-02 mg/kg Metolachlor; 1.50E-04 to 
6.00E-02 mg/kg Butachlor (Tables 7 and 8). Atrazine shows the highest 
total concentrations with a value of 5.20E-01 mg/kg during the rainy 
season, while propanil recorded the lowest total concentrations with a 
value of 6.85E-03 mg/kg during the dry season.

The concentrations of some herbicide residues in different tissues of 
Tilapia zilli studied from Komadugu River Basin, Yobe State Nigeria 
during the rainy and dry seasons are as presented in Tables 9 and 10. 
The concentration of Propachlor ranged from 1.50E-03 to 7.00E-02 
mg/kg; 1.50E-03 to 9.00E-02 mg/kg Atrazine; 2.50E-04 to 9.00E-03 mg/
kg Propanil; 1.00E-03 to 5.00E-03 mg/kg Alachlor; 2.00E-04 to 8.00E-
03 mg/kg Metolachlor; 1.00E-04 to 4.00E-03 mg/kg Butachlor. Atrazine 
shows the highest total concentrations with a value of 2.40E-01 mg/
kg during the rainy season, while butachlor recorded the lowest total 
concentrations with a value of 1.30E-03 mg/kg during the dry season. 
For Clarias anguilaris the concentration of propachlor ranged from 
3.00E-04 to 1.00E-01 mg/kg; 5.00E-04 to 6.00E-02 mg/kg Atrazine; 
3.00E-04 to 6.00E-03 mg/kg propanil; 1.00E-04 to 4.00E-03 mg/kg 
alachlor; 1.00E-04 to 5.00E-03 mg/kg metolachlor; 1.50E-04 to 2.00E-
03 mg/kg butachlor (Tables 11 and 12). Atrazine shows the highest total 

Concentrations (mg/kg)
Sampling Points Propachlor Atrazine Propanil Alachlor Metolachlor Butachlor

S1 2.30E-01 6.30E-01 1.60E-01 1.80E+01 1.40E-01 7.00E-02
S2 1.10E-01 2.00E-02 1.00E-01 8.00E-02 8.00E-02 4.00E-02
S3 2.30E-01 1.60E+01 1.60E-01 1.80E-01 1.20E-01 1.10E-01
S4 1.70E-01 6.00E-01 1.30E-01 1.50E-01 9.00E-02 6.00E-02
S5 2.40E-01 6.11E-01 1.70E-01 2.10E-01 1.30E-01 1.10E-01
S6 1.80E-01 3.00E-01 1.30E-01 1.50E-01 1.10E-01 9.00E-02
S7 3.20E-01 7.20E-01 1.90E-01 2.20E-01 1.30E-01 1.10E-01
S8 3.40E-01 8.30E-01 2.10E-01 2.70E-01 1.60E-01 1.30E-01
S9 1.80E-01 5.00E-01 1.30E-01 1.60E-01 1.00E-01 8.00E-02

S10 4.30E-01 7.02E-01 2.10E-01 2.60E-01 1.50E-01 1.20E-01
Total 2.43E+00 2.09E+01 1.59E+00 1.97E+01 1.21E+00 9.20E-01

Table 3: Herbicide residues concentration in sediment samples from ten different sampling points of Komadugu river basin during the rainy season.

Concentrations (mg/kg)

Sampling Points Propachlor Atrazine Propanil Alachlor Metolachlor Butachlor

S1 2.44E+00 2.20E-01 1.20E-01 2.33E+00 1.00E-01 1.07E+00

S2 3.31E+00 5.40E-01 1.00E+00 4.11E+00 2.20E-01 2.11E+00

S3 7.22E+00 1.22E+00 2.44E+00 8.23E+00 1.42E+00 3.22E+00

S4 5.00E+00 2.00E+00 1.00E+00 4.00E+00 7.60E-01 3.00E+00

S5 7.00E+00 4.00E+00 3.00E+00 7.00E+00 1.00E+00 4.55E+00

S6 1.20E+01 6.00E+00 4.00E+00 1.00E+01 2.23E+00 6.00E+00

S7 3.00E+00 1.00E+00 2.20E-01 2.00E+00 3.40E-01 2.00E+00

S8 5.00E+00 2.00E+00 1.00E+00 4.00E+00 7.60E-01 3.00E+00

S9 7.00E+00 4.00E+00 3.00E+00 7.00E+00 1.00E+00 4.55E+00

S10 1.22E+00 1.10E-01 6.00E-02 1.18E+00 5.00E-02 6.00E-02

Total 5.32E+01 2.11E+01   1.58E+01 4.99E+01   7.88E+00     2.96E+01

Table 4: Herbicide residues concentration in sediment samples from ten different sampling points of Komadugu river basin during the dry season.
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Concentrations (mg/kg)

Tissues Propachlor Atrazine Propanil Alachlor Metolachlor Butachlor

Flesh 2.00E-02 5.00E-02 1.00E-02 4.00E-02 1.00E-02 1.00E-02

Gill 9.00E-02 1.20E-01 5.00E-02 7.00E-02 3.00E-02 2.00E-02

Intestine 3.00E-02 7.00E-02 2.00E-02 4.00E-02 1.00E-02 1.00E-02

Liver 8.00E-02 1.40E-01 6.00E-02 9.00E-02 5.00E-02 4.00E-02

Total 2.20E-01 3.80E-01 1.40E-01 2.40E-01 1.00E-01 8.00E-02

Table 5: Herbicide residues concentration in different tissues of fish samples of Heterotis niloticus from Komadugu river basin during the rainy season.

Concentrations (mg/kg)
Tissues Propachlor Atrazine Propanil Alachlor Metolachlor Butachlor

Flesh 1.00E-03 2.00E-03 1.00E-03 1.00E-04 1.00E-03 1.50E-04
Gill 1.00E-02 9.00E-02 7.00E-02 5.00E-03 5.00E-03 7.50E-03

Intestine 1.00E-04 3.00E-03 2.00E-04 2.00E-04 1.00E-04 2.50E-03
Liver 6.00E-03 5.00E-02 4.00E-04 3.00E-04 2.00E-03 4.50E-02
Total 1.71E-02 1.45E-01 1.40E-03 5.60E-03 1.00E-03 5.52E-02

Table 6: Herbicide residues mean concentrations in different tissues of fish samples of Heterotis niloticus from Komadugu river basin during the dry season.

Concentrations (mg/kg)
Tissues Propachlor Atrazine Propanil Alachlor Metolachlor Butachlor

Flesh 4.00E-02 8.00E-02 2.00E-02 5.00E-02 2.00E-02 3.00E-02
Gill 1.10E-01 1.50E-01 7.00E-02 9.00E-02 5.00E-02 4.00E-02

Intestine 6.00E-02 1.10E-01 4.00E-02 6.00E-02 3.00E-02 2.00E-02
Liver 1.30E-01 1.80E-01 8.00E-02 1.10E-01 7.00E-02 6.00E-02
Total 3.40E-01 5.20E-01 2.10E-01 3.10E-01 1.70E-01 1.50E-01

Table 7: Herbicide residues mean concentrations in different tissues of fish samples of Synodontis budgetti from Komadugu river basin during the rainy season.

Concentrations (mg/kg)

Tissues Propachlor Atrazine Propanil Alachlor Metolachlor Butachlor

Flesh 1.50E-03 1.50E-02 1.50E-04 1.00E-04 1.50E-04 1.50E-04

Gill 6.50E-02 9.00E-02 6.00E-03
6.00E-03 5.50E-03 7.50E-03 6.00E-03

Intestine 2.50E-03 2.50E-02 2.00E-04 2.00E-03 2.50E-04 2.00E-04

Liver 3.00E-02 4.00E-02 5.00E-04 3.00E-03 5.00E-03 4.00E-03

Total 9.90E-02 1.70E-01 6.85E-03 1.06E-02 1.29E-02 1.04E-02

Table 8: Herbicide residues mean concentrations in different tissues of fish samples of Synodontis budgetti from Komadugu river basin during the dry season.

Concentraions (mg/kg)
Tissues Propachlor Atrazine Propanil Alachlor Metolachlor Butachlor

Flesh 2.00E-02 3.00E-02 3.00E-03 1.00E-03 3.00E-03 1.00E-03
Gill 6.00E-02 8.00E-02 9.00E-03 5.00E-03 6.00E-03 3.00E-03

Intestine 3.00E-02 4.00E-02 4.00E-03 2.00E-03 2.00E-03 1.00E-03
Liver 7.00E-02 9.00E-02 7.00E-03 4.00E-03 8.00E-03 4.00E-03
Total 1.80E-01 2.40E-01 2.30E-02 1.20E-02 1.90E-02 9.00E-03

Table 9: Herbicide residues mean concentrations in different tissues of fish samples of Tilapia zilli from Komadugu river basin, during the rainy season.

Concentraions (mg/kg)
Tissues Propachlor Atrazine Propanil Alachlor Metolachlor Butachlor

Flesh 1.50E-03 1.50E-03 1.50E-03 1.00E-03 1.00E-03 1.00E-04
Gill 6.50E-03 8.00E-03 7.50E-03 4.50E-03 7.50E-03 6.50E-04

Intestine 2.50E-03 2.50E-03 2.50E-04 1.50E-03 2.00E-04 1.50E-04
Liver 4.00E-04 4.00E-02 3.50E-03 2.50E-03 4.00E-04 4.00E-04
Total 1.09E-02 5.20E-02 1.28E-02 9.50E-03 9.10E-03 1.30E-03

Table 10: Herbicide residues mean concentrations in different tissues of fish samples of Tilapia zilli from Komadugu river basin, during the dry season	
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concentrations with a value of 1.60E-01 mg/kg during the rainy season, 
while alachlor recorded the lowest total concentrations with a value of 
1.80E-03 mg/kg during the dry season.

Herbicide residues in water and sediment samples 

The levels of all the studied herbicides were significantly higher at point 
S7, while point S4 indicates the lowest concentrations. All the studied 
herbicides in the water samples were dominant during the rainy season 
with the highest concentration of 5.50E-01 mg/l, while the dry season 
showed the lowest value of 1.00E-02 mg/l. For sediment samples, the 
highest concentrations of all the herbicides were detected at point S3, 
while the lowest concentrations fluctuated between the ten sampling 
points. Atrazine was also the most dominant herbicide detected in the 
sediment sample with a value of 1.60E+01 mg/kg. The concentrations 
of all the studied herbicides were higher in the sediment samples when 
compared with water samples as mentioned earlier. This is because of 
the hydrophobic characteristic of pesticides. It is expected that any 
herbicide present in the study area preferably bound to the particle 
phase in the aquatic system and then accumulated to the sediment 
through sedimentation process. Herbicides have an affinity for 
particulate matter and one of their main sinks is thought to be river and 
lake sediments [23].

Herbicides is adsorbed onto suspended matter in water, and onto 
sediment, with “no evidence of desorption back into the water phase” 
[24]. According to Eisler [24], loss of herbicides from the water phase 
is rapid: about 50% in 36 hr and 100% in 4 weeks from freshwater 
ecosystems; and in marine ecosystems, 50-70% loss of herbicides from 
seawater was usually recorded within 24 hr. It moves from the water 
itself onto aquatic weeds, sediment and suspended solids. In a study 
of surface waters in a wetland in Spain, paraquat was found in 6.6% 
of samples from a lagoon (maximum level 3.95 μg/L), and in 9.35% of 
samples from a marsh (maximum level 1.45 μg/L) [25].

The levels of atrazine, propanil, alachlor and metolachlor in the 
water and sediment samples fluctuate within all the sampling points. 
Relatively, the concentrations of atrazine, propanil, alachlor and 
metolachlor were significantly higher in the sediment samples, while 
the water sample shows the lowest concentrations. This trend is due to 
the hydrophobic characteristic of pesticides. 

The concentrations of atrazine, propanil, alachlor, metolachlor and 
butachlor in the water samples from the ten sampling points were lower 
than the set EU maximum residue limit (MRL) of 0.1 mg/l during the 

dry season, while results for the rainy season were above the MRL limit. 
Similarly, the concentrations of atrazine, propanil and metolachlor 
detected in the sediment samples were lower than the set EU maximum 
residue limit (MRL) of 5 mg/kg [1], with exception of propachlor and 
alachlor during the dry season which were higher than the set limit. 
Hence, the result indicates that the water and sediment samples within 
the study area were not contaminated by atrazine, propanil, metolachlor 
and butachlor. 

Herbicide residues in fish samples

Herbicides tend to accumulate in living organisms especially in aquatic 
organisms and they substantially settle on the sediments [26]. The 
highest concentrations of all the studied herbicides were observed in 
the liver and the gills of the four species of fish analyzed, while the 
lowest value was observed in the flesh of all the studied species of fish. 
Despite the adverse effects of pesticides, herbicides form an integral 
component of modern agricultural practice. The benefits of herbicides 
are increased supply of food, but problems arise when a significant 
amount of the chemicals are left on the field as residue which tend 
to affect non target organisms and river bodies which are the main 
recipient of pesticide residues generated on the field. The concentrations 
of atrazine were significantly higher in the gills of the three species of 
fish studied. Atrazine is one of the most widely used herbicides globally, 
commonly used in Nigeria for the control of weeds in most farms [27]. 
Despite its intensive use, atrazine has been implicated in a number of 
health effects [28]. High concentrations of atrazine in serum and urine 
samples of cattle were observed by Peighambarzadeh et al. [29], with 
concentrations ranging from 0.739 and 1.389 μg/l respectively. In the 
present study the highest concentration of atrazine was observed in 
the gills and liver, while the flesh showed the lowest values. The high 
levels of atrazine in the gills might be attributed to the fact that the 
gills serve as the main route for the entrance of pollutants into the fish 
body. The concentration of butachlor and alachlor were higher in the 
gills, while the flesh showed the lowest value. A study carried out by 
He et al. [30], showed that butachlor poses a potential threat to the 
aquatic ecosystem. When the individual and joint toxicities of three 
chloroacetanilide herbicides, such as alachlor, acetochlor and butachlor, 
to a fresh water cladoceran Daphnia carinata was assessed, the common 
specific target site of these herbicides, which inhibit the synthesis of 
very long-chain fatty acids was revealed. Butachlor has been proved 
to be genotoxic and cytotoxic in catfish, Clarias batrachus, and the 

Concentrations (mg/kg)
Tissues Propachlor Atrazine Propanil Alachlor Metolachlor Butachlor

Flesh 1.00E-01 3.00E-02 1.00E-03 1.00E-03 2.00E-03 1.00E-03
Gill 4.00E-02 6.00E-02 6.00E-03 4.00E-03 3.00E-03 2.00E-03

Intestine 2.00E-03 3.00E-02 2.00E-03 1.00E-03 1.00E-03 1.00E-03
Liver 3.00E-02 4.00E-02 4.00E-03 3.00E-03 5.00E-03 2.00E-03
Total 1.72E-01 1.60E-01 1.30E-02 9.00E-03 1.10E-02 6.00E-03

Table 11: Herbicide residues mean concentrations in different tissues of fish samples of clarius anguillari from Komadugu river basin, during the rainy season.

Concentrations (mg/kg)
Tissues Propachlor Atrazine Propanil Alachlor Metolachlor Butachlor

Flesh 3.00E-04 2.00E-03 3.00E-04 1.00E-04 1.00E-04 1.50E-04
Gill 4.50E-04 7.50E-04 6.20E-03 1.00E-03 1.00E-03 2.00E-03

Intestine 4.00E-04 5.00E-04 5.00E-04 2.00E-04 2.00E-04 3.00E-04
Liver 5.00E-04 8.30E-03 7.40E-03 5.00E-04 3.00E-03 2.50E-02
Total 1.65E-03 1.16E-02 1.44E-02 1.80E-03 4.30E-03 2.75E-02

Table 12: Herbicide residues mean concentrations in different tissues of fish samples of Clarius anguillaris from Komadugu river basin during the dry season.
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concentration of butachlor was found to be proportional to the extent 
of DNA damage [31]. In another study, butachlor was found to cause 
remarkable protein loss in C. batrachus at both lethal and sub-lethal 
concentrations. This might be due to increased proteolysis [32] or by 
metabolic utilization of ketoacids to glucogenesis pathway for synthesis 
of glucose [33]. The results demonstrated adverse effects of butachlor 
on the normal reproductive process of zebra fish and it was also found 
to disrupt the thyroid and sex steroid (endocrine) systems when 
exposed to butachlor for 30 days [34]. The maximum concentration 
of 1.80E-01 mg/kg detected in the fish sample from the present study 
was lower than the findings of Yadav et al. [35], which revealed 1.0 
mg/kg butachlor and suggested that butachlor interfered with cellular 
activities in fishes at genetic level, inducing chromosomal aberrations 
suggesting a serious concern towards the potential danger of butachlor 
for aquatic organisms. Hence, the studied herbicide residues in the fish 
samples were significantly higher in the liver and gills of all the fish 
studied than other organs. Such high levels are due to the fact that fresh 
water fishes’ gills might be expected to be the primary route for the 
uptake of water pollutants; while the liver serves as a storage organ for 
a vast variety of nutrients. High accumulation of the herbicides in the 
gills and liver may also be as a result of detoxicating mechanisms and 
may originate from pesticides deposited in the sediments and food in 
the aquatic environment. However, the liver is the preferred organ for 
herbicide accumulation as could be deduced from the present study. 
Accumulation of pesticides in different species of fish is the function of 
their respective membrane permeability and enzyme system, which is 
highly species specific and also the herbicide residues accumulated in 
different organs in the fish as observed in the study.

Conclusion
The concentrations of all the herbicides in the studied samples water, 
sediment and tissues of fish were observed to be higher during the 
rainy season. Atrazine was the most predominant herbicide in all the 
samples studied. Accumulation of herbicides in the studied fish species 
were in the order of Synodontis budgetti>Heterotis niloticus>Tilapia 
zilli>Clarius anguillarias. Accumulation of herbicides in the tissues of 
the fish samples studied were in the order of liver>gills>intestine>flesh. 
All the studied herbicides were found to be within the ADI value of 0.05 
mg/kg in fish and 0.01 mg/kg MRLs in fish samples.
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