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Abstract 

Soil pollutants including industrial and municipal effluents in biologic matter cause deleterious effects to human as well as soil fauna. 

Earthworms are the friend of farmers through their burrowing soil activity and mixing it along animal waste causing fertility of soil to be its 

peak. These little worms were used in the subsequent research in order to evaluate the accumulation of soil pollutants in their damaged DNA. 

The following trial entitle effect of soil pollutants on DNA damage of pheretima spp. of earthworm was conducted in bio-control laboratory, 

university of agriculture, Faisalabad. A total of three experiments were executed leading with one control and two treatments. For about three 

months trail, earthworms were weighed and sized as well as other morphological features were determined and compared with initial recordings. 

The basic difference was seen with naked eye in circumference with initial measurement 1.2cm to 1cm. Difference in length was recorded with 

initial reading of 10.4cm while 14.3cm after the trail. Changes in weight was recorded as initial reading was 2.45g and at termination of trial it 

was 1.84g. DNA was extracted using single cell-gel electrophoresis protocol by Singh & Song 2009 and analyzed the damaged profile of DNA. 

AMOVA was used to check variation at molecular level. 
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Introduction 

Earthworms play an important role in enhancing the soil fertility through chemical and physical methods as they mix the organic matter into the 

soil and also degrade it into such forms that is easily available. Earthworms occupy various habitats that are well moisture. Earthworms mix the 

soil with other particles and stabilize these particles as they mix water in it so helps in controlling soil erosion (Edwards, 2004). The macro fauna 

of soil depends on earthworms for nutrient availability as earthworm accumulate the pollutants so indicator of pollution. The species that is 

mostly used for the assessment of eco toxic studies is Eisenis fetida as it has ability to build up large number of pollutants in their bodies. Metal 

pollution specially from industries is destroying the soil invertebrates’ habitats and effecting the soil ecosystem. Earthworms are acting as good 

bio indicators of soil contamination therefore, these pollutants severely affecting the earthworm population. The bio accumulative ability of 

earthworms enables them to be used as living organisms for the bio monitoring of soil pollution (Hirano and Tamae, 2011). 

Metallic contamination may interrupt land ecosystems by distressing the arrangement of soil inhabitants. Successful defense of communities 

loads knowledge of the ecophysiology of metals in invertebrates and their vulnerability to metallic intemperance (Dallinger and Rainbow, 1993). 

The end opinion of the 'earthworm acute toxicity test' is transience. However, death is doubtful to be whichever the most sensitive or 

ecologically applicable parameter for envisaging effects on populations. Reproductive/growth conflicts are more possibly to intercede population 

possessions (Moriarty, 1983). 

Traditional environmental risk assessment (ERA) models for contaminants are usually established on facts about the vulnerability of species 

cast-off in standard toxicity tests. These standard tests relate individual endpoints such as mortality, growth and reproduction, rather than 

population or ecosystem level effects. Ecological connections and progressions are rarely taken into account and ERA methods frequently grieve 

from a nonexistence of ecological relevance (Van Straalen, 2002). Calculation of effects at the ecosystem level is therefore still a rising field in 

http://www.rndjournals.com/


2 

ORIGINAL RESEARCH 

TIJOBR, 2021; 12-28-2021 

ecotoxicology (Winding et al., 2005). 

Accordingly, most research efforts have been addressed to understand the functional role of hydrolytic enzymes involved in the biogeochemical 

cycles of C (e.g., b-glucosidase, cellulase), N (e.g., urease, proteases), P (e.g., phosphomonoesterases, phosphodiesterases), and S (e.g., 

arylsulfatase). Over the past two decades, other extracellular enzyme activities, particularly oxidases, have gained widespread relevance to bio-

remediate contaminated soils (Burns et al., 2013). 

Recently, the effect of earthworms on plant growth has been reported (Scheu, 2003). Earthworms generally increase plant shoot biomass, while 

the response of root biomass is lesser clear; however, the shoot–root ratio was uniformly increased in the presence of earthworms. They can alter 

the ecology of the soil, suppressing plant pathogens and/or promoting the growth of microflora and fauna that may be beneficial to crops 

(Clapperton et al., 2001). Moreover, they are capable of increasing the bioavailability of several soil nutrients such as C, N and P (Chaoui et al., 

2003). Similarly, earthworms’ gut-associated processes may also increase metal availability; it has been reported that, following treatment with 

earthworms, the distribution of heavy metals in soil fractions was significantly changed (Udovic and Lestan, 2007). Moreover, some earthworms 

can survive in heavy-metal-contaminated soils and can even accumulate metals, such as Cd, Cu, Zn and Pb, in their tissues (Yu et al., 2005). 

Organisms have defense mechanisms to protect the cell from the toxin or to defend it against adverse effects. Biochemical response capacities of 

defense systemenzymes such as biotransformation system phase II enzyme glutathione-S-transferase (GST), the antioxidative enzymes such as 

catalase (CAT), superoxide dismutase (SOD), and peroxidase (POD) provide results that are sensitive, informative, reproducible and can indicate 

potential toxicity in organisms such as fish, bivalves, aquatic worms, African common toad, mussels exposed to toxicant. Some evidences 

indicate that the induction of the CAT activity is considered valid biomarkers of ambient oxidative pollutants in earthworm toxicology. 

              The molecular, cellular and physiological levels of earthworms change significantly when they are under contamination stress. These 

reactions produce a specific biological signal, called a biomarker. The biomarkers can indicate the impact of pollutants on the individuals before 

the lethal effect becomes apparent and can also be used to monitor soil pollution and provide an eco-toxicological diagnosis as an early warning 

system (Spurgeon et al., 2003). However, few studies have focused on the potential toxicity of PFOS to earthworms in the soil (Xu et al., 2011). 

In this paper, Eisenia foetida (widely used in ecotoxicological tests of earthworms) was used as a model organism to study the effects of PFOS 

on the change in body-weight, antioxidant defense system and DNA damage. Herbicides, pesticides, insecticides and fungicides often have a 

negative effect on survival and reproduction of earthworms, especially at higher concentrations (>25 mg kg−1).  

Material and methods 

Sampling of earthworm and soil: 

The selected specie (pheretima spp) will be collected from Abdullah pur canal road Faisalabad and fish farm university of agriculture Faisalabad 

with polluted soil and sewage water. The specimens have well developed clitellum and almost same size, age, weight and circumference. The 

size, weight and circumference will be measured before starting and after completion of the trail just to see the effect of soil pollutant. This all 

will be done in biocontrol laboratory UAF. 

Acclimatization: 

Individuals will be acclimatizing in boxes along with soil and animal manure at 25±2 ̊ C. Water will be sprinkled in a sufficient quantity to 

maintain moisture content for earthworms. 

Containers  

The experiment will be conducted in 3-liter capacity containers. The container will be washed thoroughly before acclimatization and air dried. 

Soil preparations: 

Soil will be sieved for the removal of coarse particles, plant debris, before the start of trail. Three kg Soil will be mixed with cow dung (500g) in 

each container with the help of spatula. Water will be added in each soil to make the soil moist. Soil will be left for one day for 

thermostabilizing. Temperature, pH and moisture content will be determined using pH meter before the trial initiation and after completion.  
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Trial scheme: 

This experiment will be conducted in the bio-control lab of department of zoology wildlife and fisheries. The soil sample will be added in the 

polyethylene containers (3 liter each). Moisture content will be kept at 70% for ideal conditions. After one day earthworm will be added in the 

culture medium. A total of seven experiments will be conducted with one control and 2 treatments with 3 repetitions. Soil pollutants (sewage 

water) will be added with two different concentrations i.e., 150 ml and 200 ml per 3 kg of soil. This solution will be thoroughly mixed to obtain 

homogeneous combination.  

For soil pollution estimation in the DNA damage of earthworms, we will add 7 specimens in each container, from acclimatized stock. Then 

initiate the trial for 30 days. 

After an exposure period of 2 months or 4 months, earthworms will be separated from the soil and remove the constituents attached to their 

bodies. They will then again measure and compared with the control group to estimate the effect of pollutants on their DNA damage. 

Analytical process: 

  For the estimation of soil pollutants bioaccumulation, for one day their gut content can be clear by placing it on wet filter paper. To eliminate 

additional material and soil particles that stick to their bodies, the worms will be washed with water. By the method of Singh et al. (1988) and 

Song et al. (2009) Single-cell gel electrophoresis (SCGE) will performed. At 5315 rpm for 10 min the cells will be collected by centrifugation. 

https://link.springer.com/article/10.1007/s11356-015-5827-2#CR43
https://link.springer.com/article/10.1007/s11356-015-5827-2#CR44
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At 4 °C, it will suspend in phosphate-buffered saline (PBS). At 37 °C, LMA in PBS mixed with cell suspension. The mixture will be pipetted 

onto a fully solidified precoated layer of   NMA. 

 After solidification, a third layer of LMA will be added and enclosed with a coverslip before it coagulated. For 1 hr. the micro slides were 

immerged into analysis solution (NaCl, Na sarcosine, DMSO, Triton X-100, & Tris-Na2EDTA (pH 10.0)). Afterward, for about 20 min they 

were incubated in Na2EDTA and NaOH, before 15 min of electrophoresis at 25 V (300 mA). The micro slides will then be counterbalanced at 

Tris-HCl, at 4 °C for 1 hour desiccated in ethanol and tarnished with ethidium bromide for fluorescence microscopy analysis. The images will be 

obtained through a digital imaging system. 

Results and discussion; 

Soil pollutants effect on earthworm physiology was analyzed by many researchers and results of all studies indicated that the soil pollutants have 

negative impacts on earthworms and so on fertility of the soil. Work done by Rai et al., 2014, showed that fertilizers have hazardous impact on 

the earthworm. Sewage sludge treatment when checked for earthworms showed negative and positive effects as the sludge that contained organic 

matter proved to be beneficial for earthworms as compared to inorganic which caused their mortality. 

In present study when the concentrations 150ml/3kg and 200ml/300kg of soil is used it was found fatal for the earthworm present in that 

container. Control experiment was run in parallel in order to compare the difference of growth parameters of earthworms present in soil mixed 

with fertilizer. The changes observed in terms of growth and biomass of earthworm was described in table 1. 

Table no 1: Change in color before and after the trial. 

                    Control                    Treatments 

Before After Before After 

Pale yellow dark yellow with 

greenish 

pure green blackish 

Reddish yellow prominent red greenish yellow blackish 

Pale red dark red Pale yellow greenish                                                              

black 

Greenish yellow prominent green Reddish yellow reddish                                                       

black 

Pale yellow dark yellow green Reddish Black 

Reddish yellow prominent green Prominent green greenish                                                      

black 

Reddish maroon Pale yellow dark green 

 

 

There are different colors showed in the table which clearly described the difference before and after the exposure of 4 months trail. The 

difference in color of earthworm shows that the soil pollutants accumulated in their bodies and a big difference shown by naked eyes. 
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Variations in length  

Table no 2: Changes in length of earthworm in control and treated group 

                    Control             Sewage treatment  

Group 1 Group 2 150 ml 200 ml 

Initial Final Initial Final Initial Final Initial Final 

11.5 12 10.7 11 12.3 10.9 15 14.3 

12.8 13.2 14 15 14.1 13.2 14.3 13.7 

13.1 13.8 13.7 14.6 12.1 11.1 12.7 11.9 

12.3 12.8 11.9 12.6 14.8 14.3 12.3 11.0 

10.9 11.3 10.9 11.9 13.7 13.2 11.8 11.1 

12.6 13 9.8 10.8 14.9 14.2 13.7 13.1 

10.8 11 8.7 10.2 13.5 13.0 12.5 11.7 

The above-mentioned table described the variations in length of earthworms of control and treated groups. As we see the control group shows 

slight increase in the length of earthworms. On the other hand, there is an abrupt decrease in treated groups e.g., the initial length of 150ml 

treated group is as follows 12.3, 14.1 and 13.7 so their length decreases down as 10.9, 13.2 and 13.2. This shows that sewage water has a 

negative effect on the treated group which also effect on the other parts of the earthworms. The initial length of 200ml treated group is as follows 

15, 12.3 and 11.8 so their length decreases down as 14.3, 11.0 and 11.1. This shows that sewage water has a negative effect on the treated group 

which also effect on the other parts of the earthworms. 

 

 

Graph.no.1: Variations in length of earthworm in treatments (150ml &200ml) and control group 
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Graph.no.2: Changes in length of earthworm in control group 1 

  

Graph.no.3: Variations in length of earthworms in control group 2 

 

  

Graph.no.4: length of earthworm in treatment no.1 (150ml) before the exposure of sewage water 
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Graph.no.5: length of earthworms in treatment no.1 (150ml) after the exposure of sewage water. 

 

Graph.no.6: length of earthworm in treatment no.2 (200ml) before the exposure of sewage water 

 

 

Graph.no.7: length of earthworms in treatment no.2 (200ml) after the exposure of sewage water. 

Variations in circumference  

Table.no.3. variations in circumference of earthworms 
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              Control            Treatment (150ml) 

Initial Final Initial Final 

 

0.4 0.5 0.4 0.2 

0.2 0.3 0.3 0.15 

0.3 0.4 0.2 0.1 

0.5 0.55 0.4 0.22 

0.4 0.5 0.5 0.4 

 

Graph.no.8: graphical representation of variations in circumference of control group 1 comparable with treatment no 1 (150ml)  

Table.no.4: Variations in circumference of earthworm in control and treatment (200ml) 
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Graph.no.9: Graphical representation of variations in circumference of control group 1 comparable to the treatment no.2 (200ml). 

Table.no.5: Variations in weight of earthworms in control group and treatment no 1 (150ml) 
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3.13 3.18 2.98 2.67 

2.73 2.95 3.15 2.88 

3.10 3.16 2.21 1.99 

3.26 3.30 2.95 2.62 

 

 

  

Graph.no.10. Graphical representation of variations in weight of earthworms in control and   treatment no.1 (150ml) 

Table.no.6: Variations in weight of earthworms in control group and treatment.no.2 (200ml) 
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Graph.no.11: Graphical representation of variations in weight of earthworm. 
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