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Introduction
     Herbicides are chemicals which are used to control weeds 
in agricultural and horticultural crops. Herbicides have been 
used for more than a century with 2, 4-D being one of the 
first commercial organic herbicides developed in the year 
1947 A.D. The development of herbicides occurred during 
the industrialization era which resulted in more people 
being employed in factories thereby reducing the work force 
in agricultural fields thereby necessitating development of 
new technologies for weed and field management. The rapid 
increase in population also necessitated agricultural invention 
to increase productivity to feed the masses [1].

    Herbicides can be generally categorized into two types 
based on their mode of action, namely, contact and systemic. 
A contact herbicide kills a specific part of the plant where 
it is in contact with the portion or part of the plant. For 
example, in broadleaf weeds, contact herbicides only kill the 
above ground leafy parts of the plant but not directly kill the 
underground plants parts, such as roots, bulbs, tubers, or 
rhizomes. Systemic herbicides on the other hand go through 
the leaves or stems and are transported throughout the whole 
plant. These herbicides kill the entire plant and take a longer 
time to show results as compared to contact herbicides.

   Global use of herbicides has increased rapidly from the 
start of the green revolution. Many developing countries are 
adopting use of herbicides to improve agricultural yields. In 
developed countries, herbicide use has greatly increased due 
to the necessity to clear weeds in vast genetically modified 
crop fields.

   The herbicides, although having profound advantages by 
enhancing productivity to support the human race, also 
provide threats to both the aquatic and terrestrial environment. 
In the aquatic environment, herbicides affect fish and other 
aquatic organisms.

      Several researchers, academicians and private companies

Biodiversity and Aquatic Research: An International Journal                                                                                                                              

Research Article

have conducted research on the impact of herbicides on fish 
and aquatic life and a brief review of the results from such 
studies is presented below;

Fish Behavior
     Toxicants disturb complex fish behaviours, such as predator 
avoidance, reproductive, and social behaviours. Behavioural 
responses of fish to toxicants can be used as end points in the 
same way as lethal toxicity tests [2-4].

     Effect of pollutants in several fish families such as Cichlidae, 
Poeciliidae, Gasterosteidae, Cyprinidae on parental care and 
courtship have been investigated using a variety of pollutants 
such as acidification, herbicide and thermal effluents [5]. Effects 
on courtship included decreases or increases in frequency 
of displays, increased courtship duration, or performance 
of male-like behaviour by masculinized females. Studies of 
parental care have found decreased nest-building activity, 
decreased offspring defence, or changes in division of parental 
care between the sexes.

    Herbicides also lead to changes in fish feeding behavior. 
Studies using Pacu (Piaractus mesopotamicus) indicated 
reduced feeding in fishes exposed to sub-lethal concentrations 
of a glyphosate-based herbicide [6]. The reduction in feeding 
was attributed to modification of food taste thereby reducing 
attractiveness and palatability. The change in feeding behavior 
may also have been caused by disruption of the olfactory 
system. The olfactory system disruption might be through 
Acetyl cholinesterase (ACHE) impairment. It is well known 
that glyphosate-based herbicides lead to disruption of ACHE 
activity, resulting in malfunction of neuro-transmission [7].

Haematological Impacts
      Blood is commonly used in toxicology research as an indicator 
of stress in fish and other organisms. In fishes, there is direct 
contact of the gills and water, therefore, changes in the water 
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may be revealed by the study of the circulatory system [8]. 
The changes in blood parameters may indicate changes in 
physiology which can be used to assess the environmental 
condition and provide useful information when assessing 
changes related to herbicide exposure.

     A study on haematological effects of paraquat in juvenile 
African catfish (Clarias gariepinus) indicated significant 
decreases (P<0.05) in the mean values of haemoglobin, red 
blood cells, packed cell volume, cellular haemoglobin, and 
cellular haemoglobin concentration [9]. On the other hand, 
white blood cells and glucose significantly increased. Exposure 
of Cyprinus carpio and Prochilodus lineatus to glyphosate 
and glyphosate based herbicides resulted in increase in WBC, 
MCV and MCH values and a decrease in RBC, HGB, HCT in 
MCHC [10-12].

     The increase in the total number of WBCs was attributed 
to immune defence activation as a system response to 
presence of toxicant [13, 14]. The increase was also thought 
to indicate damage due to infection of body tissues, severe 
physical stress, and leukemia [15]. The reduction in RBCs was 
reported to have indicated anaemia caused by disruption of 
RBCs and haemoglobin synthesis processes and the loss of 
osmoregulatory balance. The reduction may be due to the 
increased rate of destruction of erythrocites in haematopoietic 
organs [16]. The erythropoiesis inhibition and the destruction 
of red cells were reported as the two reasons for the reduction 
of RBC count in Cyprinus carpio exposed to Roundup [17]. 
The result indicated hemolysis, hemorrhaging and reduced 
erythropoiesis in fishes, thereby indicating that herbicides 
lead to changes haematological parameters.

     Herbicides were also reported to cause reduction in Hb by 
several scholars and researchers. These changes may be due to 
interruption of synthesis of Hb and increase in the red blood 
cells destruction [18]. Furthermore, lower levels of Hb of 
treated fishes might also be due to the disruption in synthesizing 
of iron [19]. The reduction in HCT in herbicide treated fishes 
may also be due to disorders in the blood producing processes 
and increased breakdown of RBC cell membranes [18]. The 
studies have also shown considerable time and concentration-
dependent increase in MCV and MCH values and a decrease 
in MCHC value. The increments in MCV and MCH along with 
the slightly decreased MCHC indicated anaemia. The increase 
in MCV and MCH values may be due to increased release of 
immature RBC [17]. Therefore, it is important to advocate for 
responsible utilization of herbicides since, increasing evidence 
from several studies indicate damage in fishes.

Biochemical Impacts
     Toxicants such as herbicides are capable of causing changes 
in the biochemical composition of living organisms such as 
fishes. These changes may come as changes in tissue or blood 
composition leading to either increase or decrease in the 
measured parameters. Gesagard, a prometryn-containing 
herbicide, exposure led to alteration of liver and plasma 
biochemical parameters [20]. The treatment of fish with 
Gesagard at high concentrations induced inflammation and 
impaired metabolic rate.

      The study revealed that the changes disrupted the energy 
balance which necessitated the increase of triacylglycerol in 
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blood. At lower concentrations Gesagard was found to slow 
glycolytic processes via decreasing lactate level and lactate 
dehydrogenase (LDH) activity which were compensated 
by utilization of glycogen for energy production. However, 
Gesagard exposure was found to have no effect on total protein, 
glucose, triacylglycerol and lactate levels in liver.

Histological Impacts
   Changes in histology have been reportedby several scholars 
and researchers after exposure of fishes to herbicides. 
Histopathological alterations like hepatocyte vacuolization, 
leucocyte infiltration, degeneration of cytoplasm areas, 
melanomacrophage, lateral position of the nucleus and lifting 
capsule are some of the commonly reported changes in fishes. 
In a histopathological study of the liver of Rhamdia quelen 
after exposure to glyphosate, vacuolisation of hepatocytes 
constituted the most common histopathological alteration 
observed in large areas [21]. Histopathological alterations 
were reported to become severe with increase in toxicant 
concentration.

       Vacuolization may have been caused by an imbalance between 
the rate of synthesis of lipid substances in the parenchymal cells 
and the rate of release in the systemic circulation. The lipid 
changes in hepatocytes may indicate that fish are concentrating 
lipophilic substances (such as surfactant POEA). The changes 
in the liver may have been due to increased activity to remove 
the toxicant there by leading to damage [21].

  Histological changes were observed in Clarias gariepinus 
exposed to values corresponding to the 96h lethal 
concentration value (0.295 mgL-1) of glyphosate with changes 
being predominant after 96h. The changes included cellular 
infiltrations in gills, liver degeneration and vacuolation and 
changes in kidney structure by necrosis [22].

  Histological alterations were reported in Oreochromis 
niloticus exposed to glyphosate during lethal toxicity exposure 
experiments. Roundup caused changes in the gills, liver and 
kidneys. Filament cell proliferation, lamellar cell hyperplasia, 
lamellar fusion, epithelial lifting and aneurysm were observed 
in gills, vacuolation of hepatocytes and nuclear pyknosis in 
the liver and lesions and of dilation of Bowman’s space and 
accumulation of hyaline droplets in the tubular epithelial cells 
in kidney [23]. The results clearly indicated the harmful effects 
herbicides might have on the physiology and function of vital 
body parts in fishes.

Conclusion
     Herbicides lead to behavior, haematological, biochemical 
and pathological effects in fishes. Therefore, use of herbicides 
must be regulated to reduce the impacts on fish and the non-
targeted aquatic organisms and terrestrial environments. 
Deliberate policies should be put in place to protect the aquatic 
environment. Due to the devastating impacts of herbicides, 
banning completely the use of certain kinds of herbicides is 
inevitable.
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