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Impact and Toxicity of Pesticides in Coldwater Fishes 

1Imtiyaz Qayoom, Masood H. Balkhi and Feroz A. Shah  

Faculty of Fisheries, Rangil Ganderbal Sher e Kashmir University of 

Agricultural Sciences and Technology of Kashmir, J&K, India - 190006 

1drimtiyazqayoom@skuastkashmir.ac.in 

1. Introduction 

Pesticides include the group of chemicals purposely sprayed in the 

environments to suppress plant and animal pests and particularly to protect the 

agricultural and industrial products. By Pests we mean any species of plants or 

animals that interferes with the desired growth and harms its production, 

processing, storage, transport, or marketing. Pesticides also include substances 

that are used before or after the desired plants are harvested to protect it during 

storage and transport. Ideally, an applied pesticide would target only the specific 

pest that is bothersome. This would be a narrow-spectrum pesticide. However, 

majority of pesticides being broad-spectrum in nature do not only specifically 

target the pests but damage a wide variety of beneficial organisms as well. Non-

biodegradable nature of various pesticides renders them persistent in soils causing 

serious effects on non-target flora and fauna. Aquatic environments, which serve 

as ultimate sinks of all point and non-point sources of pollution receive these 

compounds consistently causing various deleterious effects on aquatic organisms. 

Most insecticides ultimately find their way into rivers, lakes and ponds (Tabrizi, 

2001; Honarpajouh, 2003; Bagheri, 2007; Shayeghi et al., 2007; Vryzas et al., 

2009; Werimo et al., 2009; Arjmandi et al., 2010) either by spray drift, aerial 

spray, washing from the atmosphere by precipitation, leaching, percolation and/or 

runoff from agricultural land. These compounds undergo bioaccumulation 

through food chains and subsequently influence the human health.  

mailto:1drimtiyazqayoom@skuastkashmir.ac.in
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Pesticides vary greatly in toxicity. Toxicity of a pesticide is dependent on 

its chemical and physical properties, and is defined as the quality of being 

poisonous or harmful to organisms. Poisons have many different modes of action, 

but in general cause biochemical changes which interfere with normal body 

functions. The toxicity of any compound is related to its dose as well. A highly 

toxic substance causes severe symptoms of poisoning with small doses. A 

substance with a low toxicity generally requires large doses to produce mild 

symptoms. Even common substances like coffee or salt become poisons if 

consumed in large amounts. Toxicity can be either acute or chronic. Acute 

toxicity is the ability of a substance to cause harmful effects which develop 

rapidly following absorption, i.e. a few hours or a day while as chronic toxicity 

refers to the ability of a substance to cause adverse health effects resulting from 

long-term exposure to a substance. 

2. Aquatics organisms – invertebrates, amphibians and fishes 

Pesticides enter freshwater streams to induce contamination of waterbody 

and toxicity to organisms, making both of them unfit for human consumption. 

Fate of a pesticide determines as to what happens to it once it is released into the 

environment. It is necessary to understand how pesticides move in the 

environment and what characteristics must be considered in evaluating 

contamination potential. Two things may happen to pesticides once they are 

released into the environment. They may be broken down, or degraded, by the 

action of sunlight, water or other chemicals, or microorganisms, such as bacteria. 

This degradation process usually leads to the formation of less harmful 

breakdown products but in some instances can produce more toxic products. The 

second possibility is that the pesticide will be very resistant to degradation by any 

means and thus remain unchanged in the environment for long periods of time. 

The ones that are most rapidly broken down have the shortest time to move or to 

have adverse effects on people or other organisms. The ones which last the 

longest, the so-called persistent pesticides, can move over long distances and can 
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build up in the environment leading to greater potential for adverse effects to 

occur.  

3. Factors effecting behaviour of pesticides in aquatic ecosystems 

 On entering the aquatic ecosystems, pesticides is believed to be governed 

by several factors which determine its fate in the ecosystem. These factors might 

work independently or collectively in the same period in a waterbody. These 

factors are elaborated below:  

3.1.Half-life period of pesticides 

 

Half life is an estimate of the time it takes for half of a known amount of 

pesticide active ingredient to break down. Half lives are determined under highly 

controlled laboratory conditions where factors such as temperature, moisture 

(humidity), light, and pH are held constant. The time it takes for half of the 

pesticide (by weight) to be broken down is called the “half life.” For example, if a 

pesticide has a half life of 1 week, the amount remaining would be 50 percent 1 

week after application; 25 percent after 2 weeks, and 12.5 percent after 3 weeks, 

etc. In Figure 1, the amount of chemical remaining is shown on the vertical (Y) 

axis, with time increasing along the X axis. Chemical “A” has a laboratory half 

life of 4 weeks, chemical “B” has 2 weeks and “C” has 1 week. In actual use 

conditions, half life is only useful as a reference point. In other words, half life, in 

practical sense, is variable depending on the interaction of such field factors as 

temperature, moisture, light, microorganisms, soil pH and others. 
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3.2.Persistence 

Persistence is the inherent stability of the chemical or pesticide. Another 

term for persistence is “residual time” —how long it effectively lasts. As 

represented in Figure 2, two pesticides are applied at the same time, at one pound 

AI per acre (100 percent) and, for example, say that at 0.25 pound per acre or less, 

they are no longer effective in controlling the pest. Based on this, it’s obvious that 

chemical A was more persistent (residual) with 6 weeks of control, and chemical 

B persisted 3 weeks. This illustrates the persistence (or residual time) of these two 

chemicals under identical conditions of temperature, moisture and light. Let’s 

look at Figure 2 in a different vein. Let’s say that both lines represent the same 

chemical applied under different light (Lt), moisture (Me) and temperature (To) 

conditions. Again, less than 0.25 pound per acre is ineffective for pest control. 

Under existing levels of Lt, Mo or T°, curve A represents a 6-week residual time. 

Now; consider that curve B represents a second application of the chemical later 

in the season when the factors of Lt, Mo or Tº are even more favourable for 
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breakdown. The result is only 3 weeks of residual time. Thus persistence, like half 

life, is variable under field-use conditions.  

There is a detectable amount of active ingredient that is less than the 

lowest level required for effective control. In the previous example, curve “B” 

provided 3 weeks of residual control. However, though declining, it is still 

detectable for at least 8 weeks (curve “A” lasts even longer). These “post-control 

residues” (e.g. weeks 4 and 5) may affect subsequent crops and are referred to as 

“carry over.” In the past, even lower residues, i.e., weeks 6 to 8, were often 

undetectable and so were of little or no concern. Today, analytical procedures 

allowing detection in parts per billion (ppb) are common and parts per trillion 

(ppt) are available for some chemicals. At this time, nobody knows what effect, if 

any, these extremely tiny amounts exert on biological systems over long periods 

of time. In other words, the chemist’s ability to detect a chemical has far 

outstripped the biologist’s ability to determine the biological or environmental 

significance. 
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3.3.Degradation  

Degradation is the active ingredient breakdown process. It is strictly a 

chemical breakdown as illustrated in Figure 3 by the diazinon, carbaryl and 

malathion molecules. In chemical degradation, for purposes of illustration, the 

methyl group (CH3) at the top of the diazinon molecule has been replaced, in the 

degraded state, by a hydrogen (H) atom (as seen to the right). In the case of 

carbaryl, the oxygen (O) atom in the side chain has been replaced by a couple of 

hydrogen atoms and in the case of malathion, one of the oxygen atoms has been 

replaced by a sulphur (S) atom. This form of degradation is strictly a chemical 

reaction between the pesticide active ingredient and the various chemicals in the 

soil or on the leaf surface or wherever the pesticide happens to beat the time the 

degradation is taking place. The rate of chemical degradation is governed largely 

by temperature, that is, for every 10°C rise in temperature the chemical reaction 

rate will double. The importance of chemical degradation is that the faster the 

pesticide compound degrades, the less time it is available for pest control, 

leaching, adverse environmental effects, etc. In some cases the breakdown 

product(s) can be more toxic than the original active ingredient. Therefore, when 

the U.S. Environmental Protection Agency registers any pesticide product, they 

must also be concerned about the degradation products of the active ingredient. 
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Fig.3. Degradation of Diazinon 
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Fig.5. Degradation of Malathion 
 

3.4. DEACTIVATION 
 

Some deactivation occurs when some of the pesticide adheres so tightly to 

a soil clay particle, organic matter in the soil, the leaf surface or some other 

compound in the environment that it is no longer biologically available. For 

example, the benefin (Balan), glyphosate (Roundup), diazinon and carbofuran 
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(Furadan) molecules remain intact but they are partially bound to clay particles or 

organic matter in the soil so that too little pesticide is available to kill or adversely 

affect the target pest. Similarly a root hair growing in soil where the glyphosate is 

bound to the clay may not be affected by the glyphosate molecule. In the same 

way, diazinon may be bound extremely tightly to the organic matter and not kill a 

white grub or wireworm moving through the soil where the diazinon is located.  

If a soil sample containing deactivated chemicals is taken into the 

laboratory for analysis, the amount of pesticide present, say four, five or ten parts 

per million, maybe chemically detected in the soil sample even though, from a 

biological standpoint, it does not control the target pest. From the standpoint of 

leaching into the groundwater, it is apparent that if the pesticide is so tightly 

bound to the soil particles that it is biologically inactive, it will not be inclined to 

leach or otherwise move through the soil. On the other hand, should there be soil 

erosion, a deactivated chemical held to the soil particle will move off site with soil 

sediments. At any time, conditions may change, allowing the pesticide to be 

released from the soil particle. If it does not degrade upon release, it may exert its 

pesticidal activity. This example illustrates the difference between degradation 

and deactivation. 

3.5.Volatility 

Volatility is the ability of a chemical to form (change to) a true gas from a 

liquid or solid state. Fumigants are highly volatile pesticides that depend on 

volatility as the method of dispersal (in a confined area). In many cases, when a 

pesticide volatilizes it breaks down into one or more decomposition products. 

Thus, these gases are not the active ingredient, but rather are the gaseous form of 

the chemical breakdown products. Thus, in a gaseous or volatilized form, the 

“pesticide” is no longer toxic. In other cases, however, as exemplified by 2,4-D, 

the gaseous or volatilized form remains toxic and injury symptoms may be seen 

downwind from the actual point of application. As with the other types of 

chemical behaviour (or breakdown), volatilization is important from the 

standpoint of the length of time the active ingredient is present in the environment 
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in a toxic form. Volatilization can change the chemical into a non-toxic form or it 

can remain toxic. In either case, it has a great degree of mobility either in the air 

or through the soil. 

3.6.Photodecomposition 

Ultraviolet (UV) light is a very high source of energy, and it promotes the 

breakdown of many chemicals. Most of the pesticides we use today arc somewhat 

subject to photodecomposition. Some pesticide formulations contain UV light 

blockers that lessen the amount of photodecomposition of the pesticide active 

ingredient. Figure 6, using carbaryl to illustrate the concept, shows that the bond 

to the methyl group is broken by UV light, which results in the chemical being 

broken down into a non-toxic product. Using the example of diazinon, the 

phosphorous-to-oxygen bond may be broken, resulting in the breakdown of the 

diazinon active ingredient (Fig.7). Similarly, when permethrin, malathion, 

carbofuran and other pesticides are broken down by light it is principally due to 

UV light. 
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Obviously, chemicals applied to leaf surfaces or the soil surfaces are 

subject to rather intense UV light. One way to break down excessive amounts of 

certain pesticides in the soil (due to spills or over application) is to blow or disc 

the soil two or three times during the summer to allow new soil and chemical to 

be brought to the surface and exposed to the high temperatures and light 

conditions which can photo-decompose it. Ultraviolet light is an extremely 

destructive source of energy and plays a very important role in terms of the 

persistence of pesticides which are exposed to it. Some pesticides are packaged in 

brown coloured glass. This cuts out the light and thereby stops the 

photodecomposition of the pesticide ingredient while it is on the shelf. 

 

3.7.Hydrolysis 

Hydrolysis is the combination of a water molecule with another molecule 

that results in the splitting of the larger molecule. Hydrolysis, in combination with 

photodecomposition, is often involved in the breakdown of various pesticide 

active ingredients. In Figure 8, the water molecule (H2O) provides one hydrogen 

atom that can be combined with the methyl group (CH3) and the hydroxyl (OH) 

part of the water molecule combines with the nitrogen atom and carbaryl, in this 

example, has been hydrolyzed into an inactive chemical with the release of 

methane gas. Similar examples appear for diazinon, malathion and carbofuran.  

Hydrolysis can take place in the bottle, bucket, drum, paper bag, or other 

container before the pesticide is ever applied. Once the container seal is broken, 

moisture in the air moves in and out of the container with each atmospheric 

pressure change, and the small amount of moisture (water vapour) in the air 

combines with the active ingredients in the container. When this occurs, the shelf 

life of that particular product is reduced. Hydrolysis is an important mechanism in 

pesticide breakdown. The faster the hydrolysis reaction takes place, the less time 

the pesticide is available in the environment for pesticidal activity, leaching or 

other movement. 
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 Fig.8. Hydrolysis of carbaryl on reacting with water molecule 

 

3.8.Temperature 

Temperature is another very significant factor in the breakdown of 

pesticides. Temperature can be divided into two categories: 1: above the soil 

surface and 2: below the soil surface. Above the soil surface, the air temperature is 

highly variable, fluctuating radically, but in general, it increases with height above 

the soil surface. For every 10°C rise in temperature, the chemical reaction rate 

doubles. Thus, if a pesticide is applied close to the soil surface vs. the top of a 

crop canopy, the rate of chemical breakdown may increase up through the canopy 

due to higher temperatures at the top. Below the soil surface, the soil temperature 

drops at a rather steady rate. For every 10°C drop in temperature, the chemical 

reaction rate is cut in half. As the pesticide moves further below the soil surface, 

the temperature is cooler, slowing chemical breakdown reaction to the extent it is 

dependent on temperature. Therefore, if a chemical gets below the root zone, the 

soil temperature (along with oxygen level and microbial activity) will often be 

such that breakdown will be relatively slow. This could lead to leaching to the 
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groundwater. Leaching is more highly dependent on solubility in water and soil 

sorption than temperature. 

3.9.Metabolites 

Metabolites are the breakdown chemical products that result when a 

pesticide passes through a biological system. When a pesticide enters a bacterium, 

plant, horse, or person, stomach acids and enzymes break the pesticide down into 

decomposition products known as metabolites. Diazinon is broken down similarly 

to the chemical decomposition discussed earlier. Here in case of metabolite 

breakdown, the decomposition takes place in a biological system, e.g. soil 

bacteria, and therefore the breakdown product is called a diazinon metabolize. The 

metabolites, in most cases, are non-toxic. It should be pointed out however, that in 

some cases the metabolites are more toxic than the parent compound as in case of 

isomers of endosulfan (α- endosulfan, β-endosulfan and endosulfan sulfate) which 

have been found more toxic to fishes with long persistence in the aquatic 

environments.  

3.10. pH 

pH is a measure of the acidity of any substance, e.g. soil, leaf surface etc., 

where the pesticide may be applied, Indeed, pH of pesticide mixtures can be 

measured. pH affects pesticides in many ways. If a slightly acid pesticide is 

applied to a basic (alkaline) surface, for example a calcareous soil, the pesticide 

may break down more rapidly. Similarly, slightly basic pesticides applied to an 

acidic soil or leaf surfaces will break down fairly quickly, A violent example of an 

acid/ base reaction occurs by pouring vinegar (acid) into baking soda (base). 

Pesticide reactions in the soil or on the leaf surface are not so violent because the 

acids and bases are so weak, but the principle of breakdown or neutralization is 

the point. In some cases, buffering chemicals are included in pesticide 

formulations to help stabilize the pH and, in turn, reduce breakdown of the 

pesticide. pH is also very important in solubility of some pesticide active 

ingredients. The soil pH is determined by a number of organic acids such as 

oxalic, acetic, benzoic and others. There are also various inorganic bases found in 
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the soil as exemplified by sodium hydroxide, calcium hydroxide, hydrogen 

hydroxide (water), etc. In addition, there are various inorganic acids (shown at the 

bottom), e.g. sulfuric acid, phosphoric acid, and carbonic soil. Soil is a mixture of 

all of these and many other chemicals, all of which react with each other to form a 

soil pH. If the pH of the soil is such that the pesticide is neutralized (broken 

down) relatively rapidly, the pesticide is unavailable for pesticidal activity or 

adverse environmental effects. 

3.11. Hydrophobicity or lippophilicity (octanol-water partitioning 

coefficient) 

In the physical sciences, a partition-coefficient (P) or distribution-

coefficient (D) is the ratio of concentrations of a compound in a mixture of two 

immiscible phases at equilibrium. These coefficients are a measure of the 

difference in solubility of the compound in these two phases. 

In the chemical and pharmaceutical sciences, the two phases are often 

restricted to mean two immiscible solvents. In this context, a partition coefficient 

is the ratio of concentrations of a compound in the two phases of a mixture of two 

immiscible liquids at equilibrium (Leo, et al. 1971). Normally one of the solvents 

chosen is aqueous while the second is hydrophobic such as 1-octanol (Sangaster, 

1999). Hence both the partition and distribution coefficient are measures of how 

hydrophilic ("water-loving") or hydrophobic ("water-fearing") a chemical 

substance is. Partition coefficients are useful in estimating the distribution of 

drugs within the body. Hydrophobic drugs with high octanol/water partition 

coefficients are preferentially distributed to hydrophobic compartments such as 

the lipid bilayers of cells while hydrophilic drugs (low octanol/water partition 

coefficients) preferentially are found in aqueous compartments such as blood 

serum. 

If one of the solvents is a gas and the other a liquid, the "gas/liquid 

partition coefficient" is the same as the dimensionless form of the Henry's law 

constant. For example, the blood/gas partition coefficient of a general anesthetic 

measures how easily the anaesthetic passes from gas to blood. Partition 
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coefficients can also be used when one or both solvents is a solid (see solid 

solution). The term "partition coefficient" is now considered obsolete by IUPAC, 

and "partition constant", "partition ratio", or "distribution ratio" are all more 

appropriate terms that should be used (Wilkinson and McNaught, 1997). 

The partition coefficient is a ratio of concentrations of un-ionized 

compound between the two liquid phases. The logarithm of the ratio of the 

concentrations of the un-ionized solute in the solvents is called log P: When one 

of the solvents is water and the other is a non-polar solvent, then the log P value is 

also known as a measure of lipophilicity. For example, in an octanol-water 

system: 

 

log Poct/wat = log [solute]un-ionized octanol  

                         [solute] 
un-ionized water 

In the first approximation, the non-polar phase is usually dominated by the 

electrically neutral un-ionized form of the solute. This may not be true for the 

aqueous phase. To measure the partition coefficient of ionizable solutes, the pH of 

the aqueous phase is adjusted such that the predominant form of the compound is 

also un-ionized. 

4. Ecological effects of pesticides 

Pesticides are included in a broad range of organic micro pollutants that 

have ecological impacts. Different categories of pesticides have different types of 

effects on living organisms, therefore generalization is difficult. Although 

terrestrial impacts by pesticides do occur, the principal pathway that causes 

ecological impacts is that of water contaminated by pesticide runoff. The two 

principal mechanisms are bio-concentration and biomagnification.  
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5. Bio-concentration:  

This is the movement of a chemical from the surrounding medium into an 

organism. The primary “sink” for some pesticides is fatty tissue (“lipids”). Some 

pesticides, such as DDT, are “lipophilic”, meaning that they are soluble in, and 

accumulate in, fatty tissue such as edible fish tissue and human fatty tissue. Other 

pesticides such as glyphosate are metabolized and excreted.  

6. Biomagnification:  

This term describes the increasing concentration of a chemical as food 

energy is transformed within the food chain. As smaller organisms are eaten by 

larger organisms, the concentration of pesticides and other chemicals are 

increasingly magnified in tissue and other organs. Very high concentrations can 

be observed in top predators, including man.  

The ecological effects of pesticides (and other organic contaminants) are 

varied and are often inter-related. Effects at the organism or ecological level are 

usually considered to be an early warning indicator of potential human health 

impacts. The major types of effects are listed below and will vary depending on 

the organism under investigation and the type of pesticide. Different pesticides 

have markedly different effects on aquatic life which makes generalization very 

difficult. The important point is that many of these effects are chronic (not lethal), 

are often not noticed by casual observers, yet have consequences for the entire 

food chain.  

 Death of the organism.  

 Cancers, tumours and lesions on fish and animals.  

 Reproductive inhibition or failure. 

 Suppression of immune system.  

 Disruption of endocrine (hormonal) system.  
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 Cellular and DNA damage.  

 Teratogenic effects (physical deformities such as hooked beaks on birds). 

 Poor fish health marked by low red to white blood cell ratio, excessive 

slime on fish scales and gills, etc.  

 Intergenerational effects (effects are not apparent until subsequent 

generations of the organism).  

 Other physiological effects such as egg shell thinning.  

These effects are not necessarily caused solely by exposure to pesticides or 

other organic contaminants, but may be associated with a combination of 

environmental stresses such as eutrophication and pathogens. These associated 

stresses need not be large to have a synergistic effect with organic micro 

pollutants.  

Ecological effects of pesticides extend beyond individual organisms and 

can extend to ecosystems. Swedish work indicates that application of pesticides is 

thought to be one of the most significant factors affecting biodiversity. Jonsson et 

al. (1990) report that the continued decline of the Swedish partridge population is 

linked to changes in land use and the use of chemical weed control. Chemical 

weed control has the effect of reducing habitat, decreasing the number of weed 

species, and of shifting the balance of species in the plant community. Swedish 

studies also show the impact of pesticides on soil fertility, including inhibition of 

nitrification with concomitant reduced uptake of nitrogen by plants (Torstensson, 

1990). These studies also suggest that pesticides adversely affect soil micro-

organisms which are responsible for microbial degradation of plant matter (and of 

some pesticides), and for soil structure. Box 6 presents some regional examples of 

ecological effects of pesticides 

7. SUMMARY 

In many cases the designation of a half-life is referred to in terms of how 

long a pesticide will last. As shown in Fig. 10, one pesticide, A, is decomposing at 
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the theoretical rate under controlled conditions. The other line indicates that 

pesticide B, under field conditions, decomposes rather rapidly and then levels out. 

It then breaks down rapidly again only to slow down and level out again. In fact, 

these two breakdown curves can indeed be the same chemical but under a 

different complex of factors. Temperature, light, moisture, bacteria, pH, etc. all 

affect the pesticides in different ways and cause them to break down at varying 

rates. The point is, pesticide breakdown, thus half life, is dependent on many and 

varying factors when applied under normal use conditions. Some pesticides are 

more stable than others under the same conditions. For this reason, half life is not 

a single number (5 days or 20 days, etc.). Half life should only be used as a guide 

to pesticide residual time. The behaviour of pesticides is dependent on many 

factors, all affecting the pesticide at the same time. The net result is that any given 

pesticide, under the various field situations, can last for short, intermediate or 

even a long period of time. When applying any pesticide, it is important to 

recognize that all the factors (light, temperature, moisture, pH, bacteria, etc.) will 

impact to a greater or lesser extent on the active ingredient. The breakdown rate 

affects the time the pesticide is available for pest control, off target movement, 

groundwater, surface water and other possible environmental contamination. 
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