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INTRODUCTION 

 

Soil pollutions have enormously increased during the last decades due 

to the intensive use of pesticides and fertilizers in agriculture. The increase in 

soil pollution levels due to pesticides as well as heavy metals has endangered 

both the environment and human life (Beeby,        Consequently attempts 

have been made to reduce and / or prevent such pollutants from the 

environment, where many biological methods can be used to achieve this 

objective (Jain and Singh, 2004). 

Heavy metals can enter the soil from different sources such as 

pesticides, fertilizers, organic and inorganic materials, which mainly come 

from mining, wastes and sludge residue (Capri and Trevisan, 2002). On the 

other hand, pesticides have been used to control agriculture pests (insects, 

weeds and fungi) are normally directed to plants. However, the major portion 

is deposited on the surface of the soil (Cremlyn, 1978).  

  The increased use of various types of pesticides in the modern world 

has led to much greater emphasis on the possibility of serious environmental 

contaminations arising from their use in soil. These uses of such chemicals on 

soils causes decrease in soil fertility, alteration of soil structures, disturbance 

of the balance between flora and fauna residing in the soil, leading to a threat 

for living organisms.  

There are billions of organisms that make up the soil food web. These 

include bacteria, fungi, protozoa, nematode, and invertebrates. Each type of 

organism plays an important role in keeping the soil healthy. However, a great 

proportion of biomass of terrestrial invertebrates is represented by 

earthworms which play an important role in structuring and increasing the 
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nutrient content of the soil. Therefore, they can be suitable bioindicators of 

chemical contamination.   

Earthworms are excellent biological indicators of soil pollution, as they 

can ingest large amounts of soil or specific fractions of soil,  in addition  they 

have shown that their  skin  is significant route of contaminate uptake as well 

(Sanchez-Hernandez, 2006). Although investigation of earthworms can be 

helpful to provides information on conditions of the environment by its 

presence or absence as well as by their behaviour (Georgesca et al.         

Earthworm may represents good sensitive organisms of soil chemicals 

pollution because they are in direct contact with soil in contrast to many 

vertebrates that are indirectly exposed through the food chain (Kammenga et 

al.         

  

Among the earthworms, two species are well known as soil animals for 

testing soil pollutants including pesticides and heavy metals, these are the 

European Species Eisenia fetida and the Aporrectodea  caliginosa which is 

widely found in Libyan habitat. Although, several researches were conducted 

on this later species in the zoology lab and have been published in several 

journals.   

However, in the present study Eisenia fetida savigny,       was 

selected because it is a standard test organism used in terrestrial  

ecotoxicology and because it can be easily bred on a variety of organic wastes 

with short generation time, therefore, different endpoints can be observed in 

short time such as mortality, change in body weight, cocoon numbers as well 

as fecundity. Furthermore, E.fetida was chosen for this study because its 

growth and reproduction are well documented (Venter and Reinceke,       
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Presleg et al., 1996) and it is considerer suitable model species (spurgeon and 

hopkin,         

 

The objective of this study is a continuation assessment of soil 

pollutants to the soil animals represented by E.fetida which aims to assess the 

impact of soil contaminates at sub lethal concentrations at different endpoints 

including: 

1  The effects of pesticides and metals on cocoons production and 

hatchability. 

2  The effects of pesticides and metals on worm growth, and 

reproduction.  

3  Evaluating toxicity mixtures of pesticides- cadmium combinations.  
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                   REVIEW OF LITERATURE 

 

      Soil contaminations become a serious problem worldwide. An effort has 

been done to evaluate, and reduce pollutants from the environment by 

chemicals analyses, which are expensive and do not give good pictures about 

the toxicity of pollutants. Recently, many scientists encourages using biota for 

assessing chemicals availability in soil.  Main kinds of the contaminants can 

be pesticides and heavy metals especially in agricultures, which occur as 

single chemicals as well as mixtures.   

There are billions of organisms that make up the soil food web. 

Earthworms which belonging to the phylum annelida class oligocheata take a 

special place in this respect as not only they eat almost every other particle in 

the soil, but also when they eat they leave behind "casting'' which are high in 

organic matter and plant nutrients' and are a valuable fertilizer (Fragoso et al., 

       as well as other terrestrial vertebrates which prey upon earthworm 

(Dell'Omo,      . Soils get in a better condition and their fertility is further 

improved by earthworm presence (Fragoso et al.,         

 

Earthworms move through the soil creating tunnels, thus areas that can 

be filled by air and water. Field that is "tilled" by earthworm tunneling can 

absorb water at the rate of 4-10 times that of fields without earthworm, 

nutrients enter the sub soil at faster rate and opens up pathways for roots to 

grow into soil. Furthermore, earthworms are the major catalyst for 

decomposition in a healthy vermicomposting system (Edwards,         
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A greater proportion of biomass of terrestrial invertebrates is 

represented by earthworms which play an important role in structuring and 

increasing the nutrient content of the soil. These make earthworm suitable 

bioindicators of chemicals contamination of the soil (Culy and Berry          

Darwin  considered earthworms as one of our plant's most important 

caretakers (Darwin,1809-      and was the first to describe how earthworms 

tilled the soil, swallowing and ejecting soil as castings, or worm manure (Lee, 

1985). He estimated that an acre of garden soil could contain over 50,000 

earthworms and yield 18 tons of organic castings per year (Lee, 1959). 

However, scientists later figure estimated that worms can number over 

million per acre. Therefore, earthworm helps to keep the soil healthy by 

moving organic matter from the surface into the soil.  

 

 More than 16000 publications have been written on different subject of 

the earthworms. Righi published about 100 papers on earthworms taxonomy, 

ecology, physiology and biogeography (Fragoso et al., 2004). However, more 

than 400 papers have been published about using earthworm as indicator of 

soil contaminations. Meanwhile, very few articles have been found about 

using earthworm as bioindicator in North Africa especially in Libya.  

Earthworm species are often used as test organisms to determine the effect 

and accumulation of chemicals from soil (Lokk et al., 1998 and Lanno et al., 

1997). Due to their behavior and morphology, earthworms are in close contact 

with the aqueous and solid phases of the soil as well. 

  

The increase in soil pollution levels particularly by heavy metals and 

pesticides has endangered human life. Therefore, attempts have been made to 

monitor, reduce and eliminate pollutants from soil. To achieve this objective, 
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physical, chemicals and biological methods have been used. (Jain and Singh, 

2004). Experimental studies have shown that earthworm could be indicator 

for both inorganic (Vijver et al., 2003) and organic (Jager et al., 2003). 

Earthworms are frequently used as part of batteries of indicator species to test 

the effects of pollutants on ecosystems (Boyle and Fariched,         

 

Some metals are essential for life and others have no known biologic 

function but both can lead to serious toxic hazard, still other metals have the 

potential to produce disease (Schroeder et al.,     b). The availability of 

some metals must be determined because they are beneficial at certain 

concentrations, (Jain and Singh, 2004). However, this metals availability 

affect by vermicompost, by soil characteristics such as pH and salinity, as 

well as earthworm is known to be able to accumulate heavy metals in their 

body (Jain and Singh,        

Cadmium ranks close to lead as a metal of current toxicologic concern 

it, having identified as a distinct element only in 1817. It occurs in nature in 

association with zinc and lead. The usual sources of Cadmium for the general 

population are mainly food and inhaled tobacco smoke (Friberg,  948). The 

major toxic phenomena in man are respiratory and renal toxicity, Seen 

principally in industrial workers, the itai- itia disease complex reported from 

Japan, (CEC,         

Cadmium is toxic to the tests of rats and mice probably as a result of 

toxicity to the vasculature. Cadmium also causes hyperglycemia and glucose 

intolerance in animals, possibly as a result of decreased secretary activity of 

pancreatic beta cells, (Perry and Erlanger, 19  , Nechay et al., 1978). 

Numerous other effects of cadmium may be cited , as examples of the former 
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cadmium causes anosmia and yellow staining of the teeth in heavy industrial 

exposure and Cadmium causes cerebral and cerebellar damage to newborn 

animals , whereas,  adult are resistant to these effects . 

Cyperkill (Cypermethrin), is a pyrethroid insecticide. It was first 

synthesized in 1974 (WHO,       (Appendix     . Cyperkill is a synthetic 

chemical similar to the pyrethrins in pyrethrum extract (which comes from the 

chrysanthemum plant). Pyrethroids, including Cyperkill were designed to be 

effective longer than pyrethrins (WHO,    9). Some products that contain 

Cyperkill include (termiticide, household insecticides, outdoor insecticides, 

Ammon
tm

, cybush
R
, cynoff

Tm
, Cyperkill, Demon

R
).  

The typical half – life of Cyperkill in the soil is 30 days, although it can 

range from two to eight weeks ( USEPA, 1989 and Knisel, 1993). Soil 

microbes rapidly break down Cyperkill. Cyperkill is stable in sunlight 

(USEPA,    9). The average half – life of Cyperkill on foliage is 5 days 

(Knisel,         

The effect of Cyperkill on wildlife is very evident as it is highly toxic 

to fish. Cyperkill is highly toxic to bees, very highly toxic to water insects and 

very low in toxicity to birds. Some products for agricultural and commercial 

outdoor applications are limited to use by certified Applicators (USEPA, 

       

Toxicity of Cyperkill to cockroach brain cells exposed to very small 

doses up to 0.02 micrograms per gram of brain weight. Cyperkill exhibited a 

nervous system response, which in cockroaches would result in restlessness, 

incoordination, prostration, and paralysis in the laboratory testing (Gammon, 

     . Mice exposed to small doses (0.3 to 4.3 µg/g) of Cyperkill displayed 
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symptoms including writhing, convulsions, and salivation (Lawrence and 

Casida, 1982). Rats exposed to Cyperkill exhibited similar symptoms 

including termors, seizures, writhing, and salivation as well as burrowing 

behavioer (Klaassen, 1996) Cyperkill may be a week skin sensitizer in guinea 

pigs (Tomlin, 1994. USEPA, 19  ). Newborn rats were more sensitive to 

Cyperkill than adult rats; the liver enzymes that break down Cyperkill in the 

body are not completely developed in the newborn rats (Cantalamessa, 1993). 

People handling or working with pyrethrins and pyrethroids  (including 

Cyperkill) sometimes developed tingling, burning, dizzinss and itching 

(WHO,1989 and Klaassen, 1996). Mice fed high doses (up to 1600 mg /g) 

over a lifetime did not develop cancer (Maliganant tumors) (WHO,          

The fungicide Remiltine, a formulation of 8% Cymoxanil and 64% 

mancozeb Constituents of Remiltine is currently being used as a section 18 

emergency exemption material to control late blight fungi on potatoes (US 

EPA, 1997 and Reviewed by DuPont Agricutural Products). Cymoxanil was 

first introduced in 1977 (Appendix . ), it is an acetimide compound used as 

both acurative and preventative foliar fungicide (Thomson, 1997. Farm 

chemicals Handbook,         

Technical Cymoxanil has low acute toxicity; the acute oral LD   is 960 

mg/kg in rats. The acute dermal LD   is > 2,000 mg/kg in rabbits. The 4-hour 

rat inhalation LC   is > 5.06 mg/L. Minimal transient irritation of the skin and 

eyes was observed in rabbits. Cymoxanil did not cause skin sensitization in 

guinea pigs. Cymoxanil should be classified as Toxicity Category III for oral 

and dermal toxicity and Toxicity Category IV for inhalation toxicity and skin 

and eye irritation potential (USEPA,     ). 12-month chronic feeding study 

was conducted in male dogs at dietary levels of 0, 50, 100 and 200ppm and in 
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female dogs at 0, 25, 50 and 100ppm. The no- observable-effect-levels for 

chronic toxicity were 100ppm in male dogs (3.0 mg/kg/day) and 50ppm in 

female dogs (1.6 mg/kg/day), based on body weight and food consumption 

effects in both sexes and decreased red cell parameters in males. No gross or 

histopathological effects were observed (USEPA,     ). 

Mancozeb is a fungicide with protective action can control many fungal 

diseases in a wide range of field crops, fruit, nuts, vegetables and etc 

(Appendix  . ). Mancozeb is one commonly used fungicide in vineyards. 

(Edwards and Bohlen, 1992; Hogger and Ammon, 1994).   

 

However, if a population of earthworm is exposed to an additional 

stress through elevated metal concentrations such as copper based fungicides, 

that will increase copper concentrations in soils leading to reductions in 

abundance, diversity and biomass of earthworms  (Morgan and Bowden, 

1993). The increasing presence of heavy metals, which may accumulate in 

earthworms (Fleckenstein and Graff, 1983), could pose a problem if the 

production and earthworm biomass is consider. Fungicides are used 

extensively by deciduous fruit farmers in the North Africa; very little 

information is available about their effects on beneficial non target organisms 

such as earthworms. 

 

Cluzeau et al., (1992) reported detrimental effects of mancozeb on 

Lumbricus terrestris while (Roark and Dale, 1979) concluded that the 

compound had no negative effect on E .fetida. 
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Mohamed et al., (1995) Published their findings on the impacts of chemical 

pesticides including fungicides on the survival and body mass of 

Aporrectodea Caliginosa trapezoids, where various effect were defected.  

 Potter et al., (      reported the toxicity of Pesticides to earthworms and 

their degradation functions in bluegrass turf. Haimi, in the same year, 

published his findings on the growth and reproduction of the compost –living 

earthworms Eisenia Andrei and Eisenia fetida . 

      Reineke and vilijoen,       . Published their results on the influence of 

worm density and cocoon production of Eisenia fetida. (Callahan et al.,     ) 

and (Potter et al.,      . Reported the comparative toxicity of chemical 

pesticides to different species of earthworms.  

      The effect of a toxic compound is assumed to depend on its concentration 

within the organism more than on the exposure concentration (Moriarty, 

       Metal concentrations found in the body tissues reflect the 

bioavailability of these metals at the specific sampling area (Depledge et al   

     . 

      Earthworm populations can be modified by  arrange of factors ,these 

include soil conditions (Lee,        food availability (Fraser et al., 1994) 

altered predator abundance (Churchfied et al., 1991), and climate (Lofs, 

1992). All biological activity of earthworms is influenced by temperature, not 

only by mean values but also by extremes and fluctuations (Lofs-Holmin, 

     . 

Earthworm growth and fecundity is temperature dependant and both can be 

affected by the increasing temperatures above the threshold value. (Butt, 
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       A. caliginosa is a highly plastic species with many morphological 

variants (Sims & Gerared,      . 

     Laboratory –based experiment have shown that earthworm growth, adult 

mass and fecundity are significantly influenced by earthworm biomass and 

density in culture e.g. for A. chlorotica. (Butt,        

      Widely respected ecologists like Darwin and Righi were among the first 

scientists to recognize the importance of species in general and earthworms in 

particular. (Bouche,      . 

      Studies of accumulation kinetics and the factors that influence uptake and 

loss have a key role in ecotoxicology as they can be used to predict the 

physiological fate of a pollutant (Walker et al.,      . 

 

       Loh et al., (2004) reported that biomass gain and cocoon production by 

Eisenia Foetida was more in cattle waste than goat waste. The growth, 

fecundity and mortility of the same species were arranged in the different 

wastes cattle manure solids, pig manure solids and super market waste for 

more than one year (Gunadi and Edwards, 2003). 

      Singh et al., (2004) studies the optimum moisture requirement during 

vermicomposting, where they found that the moisture content of 80% was 

optimum for stabilization of waste in minimum processing time. 
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                    MATERALS AND METHODS 

 

The test organism: 

     The two model earthworms available in the zoology (Toxicology) Lab are 

the local Aporrrctodea caliginosa collected from several locations in 

Benghazi and reared for several years now, and the European strain Eisenia 

fetia brought from the Czech Republic as a research sample and reared in the 

lab for more than two years (Appendix,    ). E.fetida was chosen for this 

study was as it has a more reproductive potential as well as more literature 

were found concerning them. 

Worm rearing: 

The worm E. fetida was maintained in a glass aquaria on a culture media as 

described by OECD (2004), at room temperature of 20 ± 2C° the food 

consisted of an  artificial soil mixed with barley grains powder as a food 

supplement every week throughout the test period (Appendix, .  . 

       The moisture conditions of the rearing soil were started at approximately 

    water holding capacity. The moisture, thereafter, was maintained by 

regularly sprinkling water on the soil. Fungal growth was removed when 

observed on the soil surface. Rearing soil was changed every eight weeks 

until the worms were required for experiment. Adult worms with an average 

weight of 7 to 9 grams were required for the experiment. Cocoon of close 

ages were required for cocoon hatchability test (Appendix     . 
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Scientific classification(savigny)  

 

Kingdom : Animalia  

Phylum : Annelida  

Class : Oligochaeta  

Order : Haplotaxida  

Suborder : lumbricina  

Superfamily : lumbricoidea  

Family : lumbricidae  

Species : Eisenia 

Subspecies : fetida (misspelled  foetida)  
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The Chemicals: 

        Pesticides in general are widely used in Benghazi farming system with 

very usual misuse in dose and interval applications. The two compounds 

selected in this study were: 

   The pyrethriod insecticides Cyperkill, these groups of pesticides are 

used for both Agriculture and public health (Appendix,    ). 

   The fungicide Remiltine a compound consisting of two active 

compounds (Mancozeb and Cymoxanil). The Compound is known to 

be very effective for soil fungi in both open and closed (greenhouses) 

farming system (Appendix,    ). 

Both pesticides can pose negative hazardous to the soil organisms and soil 

micro flora if misused in terms of quantity and timing. 

The heavy metal:  

Cadmium, the third compound selected for the study is cadmium chloride as a 

source of the heavy metal cadmium. Cadmium is a nonessential element for 

any organisms which mean it can be toxic even in small quantity. The source 

of cadmium to soil is thought to be with the organic manure (Appendix,    ). 

   The selected dosages of pesticides used in this study were based on their 

recommended filed use as well as on a trail experiment. 

The experiments: 

Two experiments were undertaken in this study they were: 

   Adult E.fetida growth and reproduction under three concentrations of 

the pesticides and cadmium as well as pesticides-metal mixtures. 
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   Cocoon hatchability-under five concentrations of the pesticides and 

Cadmium as well as their pesticides-metal mixtures. 

 

Experiment-    

Growth and reproduction test: 

    In this experiment, young adult worms were exposed to the artificial soil 

contaminated with three concentrations of Cyperkill, Remiltine and Cadmium 

each as well as the combinations of the paired compound at one concentration 

each 

Table (1): The pesticides Cyperkill, Remiltine and cadmium concentrations as well as 

their paired combinations in adult E. fetida growth and reproduction test. 

The Chemicals Concentrations 
Cyperkill  
     Concentration-  50ppm 

     Concentration-  25ppm 

     Concentration-  12.5ppm 

Remiltine  
   Concentration-  1000ppm 

   Concentration-  500ppm 

   Concentration-  250ppm 

Cadmium  
    Concentration-  50ppm 

    Concentration-  25ppm 

    Concentration-  12.5ppm 

Mixture treatments  
  Cadmium + Cyperkill 25+25ppm 

  Cadmium + Remiltine 25+500ppm 

  Cyprerkill  + Remiltine 25+500ppm 
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     The artificial soil used OECD (1984) consisted of 70% quartz sand, 20% 

kaolin clay, 10% sphagnum peat and calcium carbonate to adjust the PH to 5-

     A weight of 250 grams of soil was transferred into glass containers (12cm 

W, 15cm L, 20cm H) to which 100 ml of each of pesticide, cadmium or their 

mixtures were added and mixed thoroughly (Appendix 4). 

      Each treatment (concentration) was replicated three times and control 

treatment with three replicates were set using plain water. Ten adult E. fetida 

were then transferred into each test container, after their initial body weight as 

a whole replicate were taken by Balance for worms, KERN and Sohn GmbH. 

The further worms body weight were again taken after 28, 49 and 70 days 

post treatment. Five grams of barely grain powder were spread on top of each 

test container as food, and soil moisture content was checked once a week as 

regularly and five ml water was added when needed. 

The parameters measured in this experiment were: 

A. Worm growth body weight change. 

B. Cocoon production by worms after 28 and 70 days post treatment. 

C. Number of juveniles hatched from the cocoon after 70 days post 

treatment. 
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Experiment -   

Cocoon hatchability: 

    This test intended to check the effects of the pesticides, cadmium and their 

combination on the cocoon of E.fetida. 

Adult E.fetida were isolated from the rearing stock and transferred into plastic 

pans containing 2.5kg artificial soil moistened with 1600 ml tap water and 

spread on top with 50 grams barley grain powder. After one week the cocoons 

were isolated and transferred into Petery dishes containing wet filter paper at 

the rate of 5 cocoons per each dish and were assigned as age one week 

cocoon. 

Each five cocoons were then transferred into each of five concentrations of 

Cyperkill, Remiltine and cadmium treated 40 grams, 60% water holding 

capacity soil, each treatment was replicated three times. Control treatment 

was treated with plain water. 

The parameters measured were: 

A. Cocoon hatching after 28 days of cocoon treatment. 

B. Juvenile numbers after 70 days of cocoon treatment. 

C. Young worms body weight after 70 days of cocoon treatment. 
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Table (2): The pesticides Cyperkill, Remiltine and cadmium their paired concentrations 

used in cocoon hatchability test. 

 

 

Concentrations 

 

Cadmium Cyperkill Remiltine 

  

 
100ppm 100ppm 2000ppm 

 

  
40ppm 50ppm 1000ppm 

 

  
20ppm 25ppm 500ppm 

 

  
10ppm 12.5ppm 250ppm 

 

  
5ppm 6.25ppm 125ppm 

 

 

 

Statistics: 

      All Data were subjected to spss where ANOVA were used to find the 

signinficant difference, t. test for mean difference.   
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THE RESULTS 

       The effects of pesticides, Cyperkill, (pyrethroid insecticide), Remiltine 

(fungicide) and the heavy metal cadmium as well as their combinations were 

tested at three concentrations each on the adult European earthworm Esinia 

fetida for 70 days. The measured parameters were the worms body weight at 

different time intervals, the cocoon production of the treated worms and the 

juvenile count from these cocoons.  

        Further study included the effect of the same compounds at five different 

concentration of each on the cocoon hatchability, number of juveniles from 

the treated cocoons and the total juvenile weight after 70 days of cocoon 

treatment. 

Body weight of treated adult worms:- 

The insecticide Cyperkill treated worms:   

       Worms exposed to the three concentrations of Cyperkill reveled 

insignificant change in body weight compared to control along the time 

interval up to 70 days (F=1.15, P   < 0.05). However, there were significant 

differences (F=3.83, P >  0.05), when Cyperkill concentrations were compared 

to the control worm body weight Table    , Fig (1) after 70 days post 

treatment. 

      The mean ± SD of the worm body weight in grams were 10.87 ± 0.72 for 

control, 10.267 ± 1.703 for Cyperkill 50ppm, 8.76 ± 2.03 for 25ppm and 

11.13 ± 2.40 for 12.5ppm.  
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      The results clearly shown that the worms body weight in the lowest 

Cyperkill concentration 12.5ppm was almost comparable to that of control, 

whereas, the 25ppm and 50ppm reported lower worm body weight compared 

to that of control and the 12.5ppm Cyperkill. 

Table (3): The mean ± S.D of E .fetida body weight in grams of control and Cyperkill 

treated soils. 

 

 

Time Control 50ppm 25ppm 12.5ppm 

Zero 9.933±0.750 9.300±1.039 7.800±2.426 9.667±1.059 

After  28 9.933±0.750 9.667±0.493 8.600±2.426 10.767±1.850 

After 49 10.433±0.611 10.467±0.702 8.967±2.386 11.033±2.064 

After 70 10.867±0.723 10.267±1.703 8.767±2.0306 11.133±2.402 
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Control=0, Const.1=50ppm, Const.2=25ppm, Const.3=12.5ppm, (Appendix,  ) 

Figure (1): The mean ± SD of worms body weight in grams in control and three 

concentrations of the Cyperkill treated soil. 

 

The fungicide Remiltine treated worms: 

         The fungicide Remiltine showed relatively different effect on the treated 

worms body weight compared to that of control Table (4), Fig (2). The worms 

of control treatment reported significantly greater body weight (F=5.4, P   >

    ), than that of Remiltine concentrations treated worms. However, the 

change in worms body weight over time was almost comparable in control to 

that of the different concentrations treated worms.  
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     The mean ± SD of the worms body weight of control and Remiltine 

different concentrations treated worms after 70 days post treated in grams 

were 10.87±0.73 for control, 9.13±0.66 for 1000ppm, 9.5±1.56 for 500pp 

and 9.46±1.85 for 250ppm. The results clearly shown that control worms 

gained greater weight after 70 days compared to Remiltine treated worms. 

 

Table      The mean ±S.D of E. fetida body weight in grams in control and Remiltine 

treated soils. 

Time control 1000ppm 500ppm 250ppm 

 

zero 9.933±0.750 9.167±0.862 9.433±0.472 8.00±0.529 

After 28 9.933±0.750 8.467±1.436 9.133±1.464 8.270±0.832 

After 49 10.433±0.611 8.400±1.179 9.167±1.504 9.167±1.171 

After 70 10.867±0.723 9.133±0.665 9.500±1.562 9.467±1.858 
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Control=0, Const.1=    ppm, Const.2=   ppm, Const.3=   ppm 

Figure (2): The mean ± SD of worms body weight in grams in control and three 

concentrations of the Remiltine treated soil. 

 

The heavy metal cadmium: 

        The nonessential cadmium metal has been known to be toxic to many 

organisms including soil animals such as earthworms,  Table (5), Fig (3) 

revealed insignificant differences in worms body weight between the control 

worms and the different cadmium concentration treated worms at the different 

time intervals.  

      However, the results clearly shown that at 70 days post treatment all 

control and treated worms gained body weight increase, where the mean ± SD 

of body weight in grams were 10.87± 0.72 for control, 11.67± 0.12 for 
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50ppm, 10.80 ± 1.48 for 25ppm and 9.93 ± 0.46 for 12.5ppm. The results 

indicated that cadmium 50ppm and 25ppm came comparable to control, 

whereas cadmium 12.5ppm reported lower worms body weight gain at 70 

days 

Table (5): The mean ± S.D of E. fetida body weight in grams in control and Cadmium 

treated soils. 

Time control 50ppm 25ppm 12.5ppm 

zero 9.933±0.750 9.867±0.680 8.967±0.750 9.533±0.929 

After 28 

days 

9.933±0.750 10.867±0.351 10.133±0.850 10.133±1.205 

After    

days 
10.433±0.611 11.400±0.200 10.167±0.115 10.133±0.577 

After 70 

days 
10.867±0.723 11.667±0.152 10.800±1.479 9.933±0.461 
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Control=0, Const.1=50ppm, Const.2=25ppm, Const.3=12.5ppm 

Figure (3): The mean ± SD of worms body weight in grams in control and three 

concentrations of the Cadmium treated soil. 

Pesticides- Cadmium combination:- 

Cadmium -Cyperkill: 

      Worms exposed to the mixture of Cyperkill and Cadmium mixture at (   

    ppm) each for 70 days, revealed no significant different in their body 

weight compared to that of control Table (6), Fig (4). The mean ± SD of 

worms body weight in grams have shown very slight change over time 

intervals. However, reduced body weight was observed by the end of the 

experiment. 

      The mean ± SD values of body weight were 9.4± 0.56 at 28 days, 

8.90±1.13 at 49 days and 8.10±1.8 at 70 days post treatment. The treated 

0

2

4

6

8

10

12

14
W

ei
gh

t 
in

 g
ra

m
s 

zero                                         28                                        49                              70 

days 

Control Const.1 Const.2 Const.3



26 
 

worms body weight reported a reduced body weight over all time intervals 

compared to control. 

Cadmium -Remiltine: 

         Worms exposed to Remleltin -Cadmium mixture at (500     ppm) did 

not shown significant differences compared to that of control through the test 

intervals up to 70 days post treatment. (F=2.30, P < 0.05). The mean ± SD of 

worms body weight in grams were 9.23 ± 0.42 after 28 days, 9.5 ± 0.52 after 

49 days and 8.43 ± 0.42 after 70 days of exposure. 

      The results showed that there were slight increase from the initial worm 

weight (day 0), along the time. However, by day 70 a clear reduction of the 

worms body weight was evident Table (6), Fig      

 

 Cyperkill-Remiltine: 

       Worms exposed to the combination of Cyperkill- Remiltine mixture at 

25+500ppm respectively revealed no significant different (F=2.99, P >     ) 

in body weight along the time intervals Table (6), Fig (6).  

     The mean ± SD of the control and that of treated worms in grams during 

the test durations were 8.03 ± 0.20 after 28 days, 8.36 ± 0.55 after 49 days 

and 7.69 ± 0.17 at the final weight. The results indicated an evident body 

weight reduction after 70 days post treatment 
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Table (6): The mean ±S.D of E. fetida body weight in grams in control, Cyperkill + 

Remiltine, Cadmium+ Cyperkill and Cadmium + Remiltine treated soils. 

Time  

 

Treatment 

 

Day70 

 

Day49 

 

Day28 

 

Day0 

   867±0.7  10.438±0.611 9.933±0.750 9.933±0.750 
 

control 

8.100±1.852 8.900±1.135 9.400±0.556 8.767±0.493 
Cadmium+ Cyperkill 

(25 + 25ppm) 

8.433±0.416 9.500±0.519 9.233±0.416 8.067±0.862 
Cadmium+ Remiltine 

(25 + 500ppm) 

7.692±0.173 8.367±0.550 8.033±0.208 6.967±0.404 
Cyperkill+ Remiltine 

(25 + 500ppm) 

  

 

Figure (4): The mean ± SD of body weight in grams in control and three concentrations 

of the Cadmium+ Cyperkill treated soil.  

0

2

4

6

8

10

12

w
ei

gh
t 

in
 g

ra
m

s 

zero                                  28                                  49                                    70 

days             

Control Const.



28 
 

 

Figure (5): The mean ± SD of body weight in grams in control and three concentrations 

of the Cadmium+ Remiltine treated soil. 

 

Figure (6): The mean ±SD of worms body weight in grams in control and three 

concentrations of the Cyperkill + Remiltine treated soil. 
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Treated worms Cocoon production:- 

   Cyperkill: 

   The effect of the insecticide Cyperkill on the worm cocoon production was 

evaluated at 28 days and 70 days post treatment Table (7), Fig (7). When the 

number of cocoons produced by control worms were compared with the 

cocoon  number  produced by the three Cyperkill concentrations 50, 25 and 

12.5ppm respectively, the results clearly showed a significant difference 

(F=4.64, P < 0.05) at 28 day period, but such difference were  not detected at 

the 70 days,  post treatment .   

      The means ± SD of cocoons from control worms were   .67±2.08 

compared to only 28.67±        33±8.36 and 31.00± 9.53 for 50, 25and 

12.5ppm Cyperkill treated worms at 28 days post treatment. 

      At the end of the 70 days, there were clear increase in cocoon number in 

all treatments, however, no significant difference reported (F= 3.12, P > 0.05). 

The mean ± SD of cocoon were 123.67±7.09 for control worms compared to 

91.33±18.58, 105±18.58 and 96±7.93 for Cyperkill treated worms at  0, 25 

and 12.5ppm respectively Fig (7).  

      It is generally seems that the insecticide Cyperkill has mild negative effect 

on worms and that was reflected in the number of cocoon produced by the 

treated worms compared to control worms. 
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Table (7): The mean ± SD of number of cocoon per worms in control and three 

concentration of the Cyperkill treated soils, after 28 and 70 days post treatment. 

Time 
Concentration 

control 50ppm 25ppm 12.5ppm 

 
After 28 days 46.67±2.082 28.67±4.041 30.33±8.386 31.00±9.539 

After 70 days 123.67±7.095 91.33±18.583 105.00±18.583 96.00±7.939 

 

 

 

Coc.1=Days 28, Coc.2=Days 70 (Appendix    . 

Figure (7):  The mean ± S.D of number of cocoon per worms in control and three 

concentration of the Cyperkill treated soils, after 28 and 70 days post treatment. 
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Remiltine: 

     The effect of Remiltine different concentrations 1000,     and 250ppm on 

E.fetida were further evaluated through the number of cocoons produced 

compared to that of control table (8).  

     The analysis of variance for cocoons produced revealed significant 

difference (F=3.33, P  <     ), in cocoon numbers between control and that of 

Remiltine treated worms. Control worms delivered significantly greater 

cocoon number compared to Remiltine treated worms.  

    The mean ± SD of cocoon number  28 days Post treatment were 46.67 ± 

2.08 for control compared  to 34.67±4.72, 33.0±4.35 and 33.33±10.40 for 

Remiltine concentration respectively. However, more cocoons were delivered 

by the control as well as the treated worms after 70 days (F=10.84, p >     ). 

The mean ± SD of these cocoon were 123.67±7.0 for control compared to 

90±4.35, 87.67±5.77 and 109±14.73 for 1000,     and 250ppm respectively it 

was very evident that the lowest Remiltine concentration 250ppm treated 

worms produced comparable cocoon number to that of control, but the two 

higher concentrations      and 500ppm treated worms produced significantly 

lower cocoon number than that of control worms Fig, ( ). 
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Table (8): The mean ± S.D of number of cocoon per worms in control and three 

concentration of the Remiltine treated soils, after 28 and 70 days post treatment. 

 

Time 
Concentration 

control 1000ppm 500ppm 250ppm 

After 28 days 46.67±2.082 34.67±4.726 33.00±4.359 33.33±10.408 

After 70 days 123.67±7.095 90.00±4.359 87.67±5.774 109.00±14.731 

 

 

Coc.1=Days 28, Coc.2=Days 70. 

Figure(8): The mean ± SD of number of cocoon per worms in control and three 

concentration of the Remiltine treated soils, after 28 and 70 days post treatment. 
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Cadmium: 

      Cadmium effect on worm cocoon production was evaluated 28 days post 

treatment and 70 days post treatment. The results reveled significant 

difference in cocoon number delivered by control worms as compared to that 

derived by all cadmium  treated worms at the70 days,  but not at the28 days  

post treatment (F=2.65, P >      ,  for 28 days and (F=11.00, P <     ) at 70 

days post treatment . 

      The mean ± SD of cocoon of control and cadmium treated worms were 

46.67±2.08 for control and 29.67±1.5, 28.0±13.11 and 34.67±11.9 for     25 

and 12.5 respectively after 28 days post treatment .Whereas, the values of 

cocoon at 70 days post treatment were 123.67±7.09 for control and 

84.33±2.08, 108±14.7 and 99.33±4.61 for 50, 25 and 12.5ppm respectively 

Table (9), fig   ). 

Table (9): The mean ± SD of number of cocoon per worms in control and three 

concentration of the Cadmium treated soils, after 28 and 70 days post treatment. 

Time 
Concentration 

control 50ppm 25ppm 12.5ppm 

After 28 days 46.67±2.082 29.67±1.528 28.00±13.115 34.67±11.930 

After 70 days 123.67±7.095 84.33±2.082 108.00±14.799 99.33±4.619 
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Coc.1=Days 28, Coc.2=Days 70. 

Figure (9): The mean ± S.D of number of cocoon per worms in control and three 

concentration of the Cadmium treated soils, after 28 and 70 days post treatment. 

 

 

Combination experiment:- 

Cadmium- Cyperkill mixture: 

        The effect of the Cadmium -Cyperkill mixture at (      ppm) each on 

the worm cocoon production was evaluated at 28 days post treatment and 70 

days post treatment table (  ). When the number of cocoon produced by 

Cadmium-Cyperkill mixture, the results clearly showed no significant 

difference (F= 6.08, P <      , at 28 days post treatment, the mean ± SD for 

Cadmium Cyperkill treatment were           and             for control 

treatment.  
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       The cocoon production after 70 days has also shown no significant 

difference (F=0.28, P < 0.05) compared to control. The mean ± SD for 

Cadmium -Cyperkill mixture              and             for control 

table (10). 

 

Cadmium - Remiltine mixture: 

           The number of cocoons produced by control worms were comparable 

to the cocoon number produced by Cadmium-Remiltine mixture 

(25+500ppm), treated worms. Clearly, showed insignificant difference (F= 

      P > 0.05), at after 28 days period and further no significant difference 

(F=0.31, P > 0.05), after 70 days period. The mean ± SD of cocoon produced 

by control worms were             as compared to             for 

Cadmium-Remiltine mixture after 28 days post treatment. 

      The mean ± SD of cocoon produced by control worms were       

    . Compared to            for Cadmium-Remleltin mixture treated 

worms after 70 days table (10). 

 

 Remiltine - Cyperkill mixture: 

     The effect of the Remiltine-Cyperkill on the worm cocoon production was 

evaluated at 28 days post treatment and 70 days post treatment table (10). 

When the number of cocoon produced by control worms were compared with 

the cocoon numbers produced by Remiltine-Cyperkill concentration (25 + 

500ppm),  treated worms clearly showed a significant (F=8.64,  P <     ), 

lower cocoon numbers than control worms at 28 days. 
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       The mean ± SD of cocoons produced by control worms were 46.67      

compared to 26.33  13.79 for Remiltine-Cyperkill mixture.  Even after 70 

days still significant difference (F=1.98, P >     ), in cocoon number between 

control and treated worms the mean ± SD Were         7.09 for control and 

       18.14, for the Remiltine-Cyperkill mixture table (10). 

Table (10): The mean ± S.D of number of cocoon per worms in control and one 

concentration of the Cadmium + Cyperkill , Cadmium+ Remiltine and Remiltine 

+Cyperkill treated soils. 

After 70 days After 28 days Time  

123.67±7.095 46.67±2.082 Control 

 
101.00±6.557 34.00±7.000 

Cadmium + Cyperkill  

(25 + 25ppm) 

 

 

 

 

 

 

85.67±7.371 27.00±7.00 
Cadmium+ Remiltine 

(25 + 500ppm) 

 72.33±18.148 26.33±13.796 
Cyperkill + Remiltine 

(25 + 500ppm)  

  

The Juvenile numbers, from treated worms:- 

   Cyperkill:    

        The Juvenile numbers produced by cocoons of the control worms and 

The Cyperkill treaded worms were further counted. The analysis of variance 

revealed significant difference in juvenile  number between the control and 

treated worms (F=     , P >      . t-test revealed that the number of Juvenile 

produced by control worms were greater than that produced by The 50ppm 

and 12.5ppm Cyperkill treated worms Table (11),  Fig (10). 
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Table (11): The mean ± SD of number of juveniles per worms in control and Cyperkill 

treated soils. 

 

 

 

Figure (10):  the mean ± SD of number of juveniles per worms in control and three 

concentration of the Cyperkill treated soils. 

 

 Remiltine: 

      The juvenile numbers produced by the different concentrations           

and 250ppm of Remiltine treated worms were further evaluated. The analysis 
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of variance revealed that no significant different (F=3.0, P >      , were 

reported between the mean number of juvenile in control and that of all 

Remiltine concentrations.  

     The mean ± S.D of juveniles were 93.67±5.50 for control and 

60.67±14.36, 82.33±13.05 and 87.67±20.40 for 1000,     and    ppm 

treated worms .It seems evident that more yet not significant number of 

juvenile produced by control and that the highest Remiltine concentration 

1000ppm resulted in the smallest number of juvenile Table (12) and Fig (11) . 

 

 

Table (12): The mean ± S.D of number of juvenile per worms in control and Remiltine 

treated soils. 

 

Time 
Concentration 

control 1000ppm 500ppm 250ppm 
 

After 70 days 93.67±5.508 60.67±14.364 82.33±13.051 87.67±20.404 
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Figure (11):  The mean ± SD of number of juvenile per worms in control and three 

concentration of the Remiltine treated soils. 

 Cadmium: 

      The number of juveniles produced from cocoon delivered by cadmium 

treated E.fetida, showed significant reduction at all concentrations compared 

with those produced from control worms (F=34.67, P < 0.05). The mean ± SD 

of juveniles were 93.67±5.50 from control and 61.33±1.52,  2.33±2.08 and 

80.00±5.00 for 50,    and 12.5ppm respectively.  The result revealed greater 

reduction of juveniles on the highest concentration 50ppm compared to that of 

the other two concentrations 25 and 12.5ppm, Table (13), Fig    ).  
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Table (13): The mean ± S.D of number of juvenile per worms in control and three 

concentration of the Cadmium treated soils. 

 

 

Figure (12):  The mean ± SD of number of juvenile per worms in control and three 

concentration of the Cadmium treated soils. 

Combination experiment:- 

  Cadmium -Cyperkill mixture: 

         The juvenile numbers from the control worms and the Cadmium- 

Cyperkill mixture  (25+25ppm), treated worms were insignificantly difference 

(F=1.77, P       ). The mean ± SD for treatment cadmium - Cyperkill were 
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            compared            for control after 70 days was post 

treatment Table (14). 

 

  Cadmium and Remiltine mixture: 

      The juvenile numbers produced by cocoons of the control worms and 

Cadmium -Remiltine mixture treated worms were further counted. The t- test 

revealed significant difference (F=0.39, P <     ) the mean ± SD of juvenile 

produced by control             compared to            . For Cadmium 

-Remiltine mixture       ppm Table (14). 

   

 Cyperkill- Remiltine mixture: 

       The juvenile numbers produced by cocoons of the control worms and 

Cyperkill- Remiltine treated worms were further counted, the mean ± SD of 

these juvenile is presented in Table (14). Significant difference in juvenile 

number between the treatment (F=3.356, P <     ), the mean ± SD Was 

       5.50 for control and 49.97  13.61, for the Cyperkill-Remiltine 

mixture at (25+500ppm) after 70 days post treatment. 
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Table (14): The mean ± S.D of number of juvenile per worms in control and Cadmium 

+Cyperkill, Cadmium + Remiltine and Remiltine +Cyperkill treated soils. 

              After 70 days Time 

93.67±5.508 Control 

95.67±9.292 
Cadmium +cyperkill 

(25 + 25ppm) 

 

 

54.33±4.509 
Cadmium + Remiltine 

(25 + 500ppm) 

                  49.67±13.614 
Cyperkill + Remiltine 

(25 + 500ppm) 
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The cocoon hatchability:- 

    When the pesticides cadmium metal Cyperkill and Remleltin were tested at 

different concentrations for cocoon hatchability, juvenile number and juvenile 

weight the effects were variable. 

 Cadmium: 

     The results revealed that Cadmium, has no significant effects on cocoon 

hatching (F=1.78, P        , at the concentrations tested after 28 days post 

treatment. The mean ± SD were 4.00±0.00 for control compared to 4.67±0.57, 

3.33±1.15, 4.33±1.15, 4.33±0.57 and 5.00±0.00 for cadmium 100,         10 

and 5ppm respectively table    ). 

       No significant effects on number of worms, were also observed in cocoon 

hatching after 70 days post treatment. Where, The  mean ± SD of number of 

worms were 22.67 ± 3.21 for control compared  to       ±             ±        

21.00±1.00, 19.67±4.72 and 20.67±6.65  for cadmium 100,         10 and 

5ppm respectively table     . 

      No significant effects were observed on weight of worms as ANOVA test 

showed (F=2.55, P       ), at the 70 days. The mean ± SD of weight of 

worms were 132.65±20.32 for control compared to 44.88±26.31, 

104.11±15.49, 132.17±15.44, 121.40±29.00 and 136.57±78.52 for cadmium 

       ,   , 10 and 5ppm, respectively.  

     The results revealed that only the highest cadmium concentration has 

resulted in the lowest worm weight compared to control and the other 

cadmium concentrations table     .  
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Table (15): The mean ± SD of number of hatching cocoon, number of worms and 

weight of worms in milligrams in control and five concentrations of cadmium treated soil. 

Concentration Hatching cocoon Number of worms Weight of worms 

control 0000±0000  502.3 ±22022  200525±.520235  

100ppm 4.67±0.577 16.00±6.083 44.880±26.319 

40ppm 3.33±1.155 15.00±7.000 104.113±15.497 

20ppm 4.33±1.155 21.00±1.000 132.173±15.447 

10ppm 4.33±0.577 19.67±4.726 121.406±29.008 

5ppm 5.00±0.00 20.67±6.658        ±       
 

 

Cyperkill: 

         Cyperkill, no significant effects on cocoon hatching (F=1.80, P > 0.05), 

after the 28 days post treatment. The mean ± SD were 4.0 ± 0.0 for control  

compared to 4.33 ±            ±            ±            ±      and 5.00±0.00 

for Cyperkill 100,         12.5 and 6.25ppm, respectively table      . 

       Insignificant different in the number of worms, hatched from the different 

concentration as ANOVA test showed (F=1.41, P        , at the 70 days post 

treatment. The mean ± SD of number of worms were 22.67±3.21 for control 

compared to 20.00±3.60, 18.00±7.55, 20.00±4.58, 13.33±3.51and 20.67±4.04 

for Cyperkill 100,         12.5 and 6.25ppm, respectively table     .  

      Furthermore, no significant effects on the body weight of the worms, 

where The ANOVA test showed (F=1.98, P       ), at the 70 days. The mean 

± SD of weight of worms were 132.65±20.32 for control compared to 

     ±30.43, 115.92±4.00, 89.91±15.78        ±25.46 and 102.94 ± 45.66 

for Cyperkill 100,         12.5 and 6.25ppm, respectively table        
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Table (16):  The mean ± SD of number of hatching cocoon, number of worms and 

weight of worms in milligrams in control and five concentrations of Cyperkill treated soil. 

Concentration Hatching cocoon Number of worms Weight of worms 

control 0000±0000  502.3 ±22022  200525±.520235  

100ppm 4.33±1.155 20.00±3606 88.640±30.433 

50ppm 4.00±1.000 18.00±7.550 115.926±4.002 

25ppm 4.33±0.577 20.00±4.583 89.916±15.787 

12.5ppm 3.33±0.577 13.33±3.512 140.826±25.462 

   
 

 6.25ppm 5.00±0.00 20.67±4.041        ±       

    
 

 Remiltine: 

       The fungicide Remiltine, revealed no significant effects on cocoon 

hatching (F=0.34, P        , after the 28 days post treatment. The mean ±SD 

were 4.00±0.00 for control compared to 4.33±0.75, 4.33±0.57, 4.00±1.00, 

4.33±1.15 and 4.67±0.57 for Remiltine                  250 and 125ppm 

respectively table     .  

     The number of worms hatched from cocoons were also non significant as 

the ANOVA test showed (F=2.32, P        , at the 70 days post treatment. 

The mean ± SD of number of worms were 22.67±3.21 for control compared 

to 11.67±1.52, 16.00±5.56, 17.33±3.51, 21.00±6.92 and 17.33±3.51for 

Remiltine                      and 125ppm respectively table     .  
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     However, a significant effects on weight of worms. The ANOVA test 

showed (F=4.78 P <     ) at the 70 days. The mean ± SD of weight of worms 

were 132.65±20.32 for control compared to 32.13±8.52, 73.68±15.47,       ± 

       92.10±4.00 and 124.31±53.99 for Remiltine                    0 and 

125ppm, respectively. Whereas, the 2000ppm, reported lower body weight 

compared to that of control and other concentration. 

     Table (17):  The mean ± SD of number of hatching cocoon, number of worms and 

weight of worms in milligrams in control and five concentrations of Remiltine treated soil. 

 

Concentration Hatching cocoon 
Number of 

worms 

Weight of 

worms 

control 0000±0000  502.3 ±22022  200525±.520235  

2000ppm 4.33±0.577 11.67±1.528 32.133±8.528 

1000ppm 4.33±0.577 16.00±5.568 73.683±15.470 

500ppm 4.00±1.000 17.33±3.512 74.923±38.514 

250ppm 4.33±1.155 21.00±6.928 92.100±4.003 

125ppm 4.67±0.577 17.33±3.512 124.316±53.996 
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DISSCUSION 

 

         The present result revealed that all three compounds, the insecticide 

Cyperkill, the fungicide Remiltine and heavy metal Cadmium separately or 

their paired combinations did not resulted in an acute mortality to E. fetida at 

any of their concentrations used and that was due to two reasons. First, acute 

mortality is no longer considered as the main endpoint in toxicity evaluation 

and second, The growth and reproduction which can be measured for much 

longer time are considered an important endpoints dealing with the ecological 

surveillance not only for population but also for the earthworms population 

dynamics.  

 

             The proposed objective in this study agree with at that of 

(Zaltanskaite and Sodiene, 2010) who stated that, mortality is generally 

accepted to be a rather insensitive parameter. Therefore sub lethal effect such 

as change in body weight and reproduction were more important to assess. 

       The correlation between cadmium concentrations and body weight was 

relatively negative when compared with control, although slight increase in 

body weight was observed at long time intervals. These results came in 

support of (Zaltanskaite & Sodiene,         

       However, E.fetida body weight reduction due to heavy metal was 

observed in some studies, (Berthelot et al.      ). Whereas, no impact on 

body weight or even body weight increase was observed in other studies (Van 

Gestal et al., 1993). This relationship between metals and body weight has 
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explained by (Spurgeo and Hopkin,      , who stated that the worms living 

in metal-contaminated soils reach the lower weight or need more time to 

reach the maximum weight than in non-polluted sites. 

        On other hand cadmium treated worms have shown reduction in 

reproduction rate in terms of cocoon production and that the greater the 

cadmium concentration the greater the cocoon reduction. These results came 

in support of (van Gestal et al., 1989). However, (Burgos et al., 2005), have 

stated that no clear relationship between cadmium concentrations in soil and 

cocoon production rate. Furthermore, reduction in cocoon production of 

E.fetida exposed to metals including cadmium was reported by several 

authors (Spurgeon et al., 1994 and Savared et al          

     The present results also showed that mortality was the least sensitive 

endpoint than growth, whereas, cocoon production was sensitive to cadmium 

metal than both mortality and growth. These results came similar to (Van 

Gestel, 1992), who confirmed a higher sensitivity of the earthworms 

reproduction test in comparison with the acute earthworm mortality test. 

    Body weight change is less clearly defined in testing protocols and may be 

interpreted in different ways. Ring tests have shown that reproducibility of 

body weight change is sufficient, but an inverse relationship between 

reproduction and body weight change was found: animals that rapidly gain 

weight do not reproduce at the same time and the mechanisms influencing this 

process are not yet fully understood negative impact of pesticides on 

earthworms growth has been reported by various researchers. (Zhou et al   
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      The sensitivity tests on pesticides toxicity on earthworm showed that both 

Cyperkill and Remiltine have toxicity to earthworms, and that is in agreement 

with other studies (Booth and O`Halloran, 2001; Alshawish et al            

       Alshawish et al., (2004) tested the effect of Cyperkill, chorpyrifos, 

dicofol, mancozeb and haloxyfopetotyl on their chronic toxicity on 

Aporrectodea caliginosa in laboratory cultures. They concluded that 

Cyperkill at 50mg kg was least toxic compared the pesticides. Their study 

then confirm the present results as the Cyperkill revealed insignificant change 

in E. fetida body weight after 70 days. 

        From this study, it indicates that the mixed use of Cyperkill and 

Remleltin has obviously increased not only the cocoon hatching, but also the 

growth and reproduction toxicity. This increased toxicity can lead to adverse 

impacts on earthworm populations, threatening the normal functioning of soil 

ecosystems. 

      The results also showed that the mixed pesticide can lead to the greater 

impacts on chronic response such as growth and reproduction than of cocoon 

hatching response in earthworms. This finding came in agreement with (Zhou 

et al., 2011) who concluded that pesticides mixtures was significantly more 

toxic to E. Andrei than either pesticide alone. 

      As in the findings of this study, the effective dose of the mixed pesticides 

of Cyperkill – Remiltine mixture that disrupted the normal processes of 

growth and reproduction is higher than that of cadmium- Cyperkill mixture 

and cadmium- Remiltine mixture. 

    The results also showed that the mixed pesticides can lead to a greater 

impact than the individual pesticides in earthworms. 
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The impacts of mixed pesticide on earthworm reproduction means that the 

effects of contamination can last for more  than one generation, leading to 

significant decline and reductions of genetic diversity, which may 

subsequently cause disruption of the functioning of the soil ecosystem. 

Therefore, the ecological risk of mixed pesticides on soil organisms should be 

studied in detail before applying to sensitive environments. 

     The results observed here came in support of effect on growth of the 

earthworm E.fetida from soils treated by Cyperkill reported by (Mosleh et al., 

2003), this test also support the finding of (Zhou et al., 2008) the results of 

these chronic toxicity tests demonstrated that Cyperkill could lead adverse 

impacts on both the growth and reproduction of adult and juvenile 

earthworms, while juveniles are more sensitive during the development stage. 

      On the other hand the effect of the fungicide mancozeb on growth and 

reproduction was exhibited a mean loss in body mass and reduced cocoon 

production at 1000 and 500ppm,  this results seems to  confirm the finding of  

(Vermeulen et al., 2000),  who stated the worms exhibited a mean loss in 

body mass with increasing concentrations of mancozeb. 

     The impacts of the metal cadmium on the worm growth were also 

evaluated and the result seems to confirm the finding of (Zaltauskaite and 

Sodien.,     ) the relationship between Cadmium concentrations and body 

weight was negative, though 70 days and statistically insignificant body 

weight reduction due to metal exposure was observed in other studies 

(Berthelot et al.      ; Van Gestel et al.          

      But no significant impacts on body weight, or even an increase in weight, 

were also reported (Van Gestel et al., 1993; Spurgeon et al.          
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      Cadmium also inhibited the reproductive rate of worms, where, the 

cocoon production rate under exposure to cadmium was reduced in 

comparison with the control group. Similar results were obtained by (Burgos 

et al., 2005). Reduction in cocoon production due to cadmium exposure was 

reported in several studies (Van Gestel et al         Spurgeon et al       ; 

Savard et al., 2007). Our findings indicate that growth is least sensitive 

endpoint than cocoon production being more sensitive.   

     The number of cocoon produced by worms exposed to Cyperkill 

concentration were fewer than that of control worms throughout the 

experiment duration, this results  came to support the finding of  (Zhou et al., 

2008),  who reported that E.fetida exposed to the insecticide Cyperkill at 5, 

10, 20, 40 and 60 mg kg showed similar results. 

     For a very long time the impact of pollutants mixture in soil, such as 

pesticide – pesticide or pesticide-heavy metals were either underestimated or 

simply not much works were undertaken to determine their impacts. Lately, 

however, greater emphases were directed on the possible interactions in the 

soil or in the organisms inhabiting the soil and the consequent negative effect 

on the soil ecosystem. For this (Zhou et al.,      , elaborated that the increase 

in toxicity mixture means that the use of toxicity data from a single pesticide 

experiments may underestimate the ecological risk of pesticides that are 

actually present in the soil. 

     Consequently, the study of pesticide or pollutants mixtures in even more 

important in evaluating the ecological risk of pollutants on the ecosystem. 
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         For Libyan case several works were conducted concerning the toxic 

effects of pesticides and / or heavy metals separately on several soil animals 

mainly woodlice, porcellio scaper, porcellio laevis, Hemilipestis reumori,  

Armadello officinalis and the earthworm Aporrectodea caliginosa.  

     However, the effects of the mixture of these pollutants were not studied so 

far. Consequently it seems very important to undertake the impact of paired or 

multiple pesticide-pesticide and pesticide – heavy metal mixture not only on 

the mentioned above species do meaning the agro system of Libyan soil 

specially in the eastern regions, but also to extend the study to include other 

soil animals that might be present and to include the majority of pesticides 

that have not so far involved into the test.       
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                                     CONCLUSION 

 

   Growth and reproductive parameters of earthworms exposed to agro 

pesticides seems to be useful bioindicators of soil pollution. 

   All of the observations in this test indicated negative impact of 

pesticides on earthworm growth and reproduction at high concentration 

but no significant change at lower concentration. 

   The cocoon hatchability test for cocoon exposed to five concentrations 

of these pesticides and cadmium revealed no marked effect on the rate 

of hatching, but there was an effect on the number and weight of 

juveniles. 

   The mixture of the two pesticides, Cyperkill and Remiltine causes 

greater effects on endpoints such as growth and reproduction on 

earthworms E. fetida than the individual pesticides. 

   Consequently, it should be very important to evaluate pesticide 

mixtures on soil animals before their use even is each pesticide alone 

seem to be safe. 
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                                                  SUMMARY 

 

   E.fetida (savigny, 1826) was found to be a valiable model animal for 

the evaluation of pesticide metals or their mixtures impact on soil 

animals. 

   This laboratory study was designed to investigate the growth and 

reproduction toxicity and cocoon hatchability toxicity. 

   E.fetida exposed to two commonly used pesticides in Benghazi agro 

ecosystem and metal cadmium at different concentration. 

   Adult- sub adult worms as well as cocoons were reared in the lab for 

more than two years. 

   Worms was maintained in plastic pens on a culture media as described 

by OECD (2004), at room temperature of 20 ± 2 C° the food consisted 

of artificial soil mixed with barley grains powder as a food supplement 

every week. 

   The moisture conditions of the rearing soil was started at approximately 

60% water holding capacity, rearing continued throughout the 

experiments, change in body weight after  zero, 28, 49 and 70 days, 

cocoon production after 28 and 70 days, number of juveniles after 70 

days were observed. 

   The parameters measured for cocoon hatchability test were Cocoon 

hatching after 28 days, Juvenile numbers after 70 days and Young 

worms body weight after 70 days. 

 

   Pesticides in general are widely used in Benghazi farming system with 

very usual misuse in dose and interval applications. The two compound 
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selected in this study were insecticide (Cyperkill), fungicide Remiltine 

with two active intergradient (mancozeb + Cymoxinal) are used for 

both agriculture and public health. 

   Cadmium, the third compound selected for study is cadmium chloride 

as a source of the heavy metal cadmium.  

    Three concentrations of each pesticides and cadmium were listed for 

the growth and reproduction toxicity study.    

    Five concentrations of each pesticides and cadmium were listed for the 

cocoon hatchability toxicity study. 

    The artificial soil used OECD (1984) with pH to 5- 6.5. A weight of 

250 grams of soil was transferred into glass container (12cmW, 15cmL, 

20cmH) to which 100 ml of each of pesticide, cadmium and their 

mixtures except control, were added and mixed thorough, ten worm, 

were added and 5 grams barley grains powder were added on surface 

for growth and reproduction test. 

     Five cocoons were then transferred into each of five concentrations of 

Cyperkill,  Remiltine and Cadmium. Treated 40 grams with 33ml of 

each of Cyperkill, Remiltine and Cadmium except control. 

     The results of growth and reproduction test all pesticides have shown 

negative effect on body weight at high concentration and no significant 

difference on the body mass at lower concentration compared to 

control. 

    No significant difference on body weight between the cadmium treated 

worms compared to control. 

    Juvenile number was more sensitivity from growth, cocoon production 

all treatment. 
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    Growth and reproduction test demonstrated that the Cyperkill and 

Remiltine was the most toxic to E.fetida, whereas, the metal cadmium 

was less toxic. 

    The mixture of the two pesticides, Cyperkill and Remiltine causes 

greater effects on endpoints such as growth and reproduction on 

earthworms E.fetida than the individual pesticides. 

    The cocoon hatchability of all treatments (pesticides and cadmium) 

revealed no marked effect was observe on the rate of hatching, but 

affected the number and weight of juveniles. 

    The earthworms have different sensitivity to Cyperkill at different 

aspects and stages of life. Thus, eco-toxicological risk assessments of 

Cyperkill and may be of other contaminants should involve multiple 

test methods with both juvenile and adult test animals. 

    In summary, the environmental risk of toxicants, however, is judged on 

the effects of individual pesticides. Consequently, the increase in 

toxicity of the pesticide mixture means that the use of toxicity data 

obtained exclusively, from single-pesticide experiments may 

underestimate the ecological risk of pesticides that actually present in 

the field.  
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                                  APPENDIXES 

APPENDIX (1) 

Appendix        Cypermethrin (Cyperkill ®  EC 25). 

 

(RS)-α-cyano-3 phenoxybenzyl-(1RS)-cis, trans- -    2-dichlorovinyl)-   2-

dimethylcyclopropane carboxyl ate. 

Appendix        Mancozeb (Remiltine ® wp 68). 

 

Ethylin di thio charbamate add zn, and mn 

Appendix        Cymoxanil (Remiltine ® wp 68). 

 

 

 

 -[(EZ)-2-cyano-2-methoxyiminoacetyl]-3-ethylurea 
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APPENDIX (2) 

 

Appendix ( . ): Showing the Adult worm.  

 

 

Appendix ( .    Showing the Plastic pens for worms culture. 
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Appendix (   ): Showing the Cocoons of  Eisenia fetida. 

 

   

 

 

 

 

 

 

 



74 
 

 

  APPENDIX ( )  

 

Appendix (   ): The common name, trade name, intended use and 

manufacturing company for each pesticide. 

 

Manufacturing 

company 

 

Intended use Trade name Common name 

CHimac – AGRIPHAR 

S.A. made in Begium 

 

Pyrethriods 

insecticide 
cyperkill®EC 25 Cypermethrin 

Made in China 

 
Fungicide Remiltine®WP    

Mancozeb 

+cymoxanil 

 

 

Appendix (   ): The common name, formula, and manufacturing company 

for Cadmium chloride. 

Manufacturing company Formula 

 

Common name 

 

Merck 

E. Merck .Darmstadt 

Made in Germany 

CdCl .3H o Cadmium chloride 
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APPENDIX (4). 

Abbreviation. 

W = width 

L = length 

H = hight  

Const. 1= first concentration. 

Const. 2= second concentration. 

Const.  = third concentration. 

Coc. 1 = cocoon number after 28 days. 

Coc. 2 = cocoon number after 70 days. 

OECD = Organization for Economic Co-Operation and Development. 

USEPA = U. S. Environmental Protection Agency. 

WHO = World Health Organization. 

CEC =    Commission of the European Communities 
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 كليت العلوم

 قسن علن الحيواى

 

 صغاركيل و الريولتيي و الكادهيوم علي بالغاث وشراًق وسيبر للالتأثير الوشترك 

 Eisenia fetidaدودة الأرض 

 

 أغشٔحت يمذيت كضضء يٍ يخطهببث الإصبصة انؼهٍب انًبصسخٍش فً انؼهٕو

 

 هقذهه هي الطالب           

 أعبيذ سالن أعبيذ                                                                                                                                

 إشراف                       

 أ.د. عبذ الله ابراهين هحوذ

 3102 -أغسطس 
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سيبر كيل  و الكادهيوم علي بالغاث وشراًق و لريولتييل التأثير الوشترك

 Eisenia fetidaدودة الأرض  صغارو

 

 

 هلخص البحث

 

نٓزِ انذساست كَٕٓب حؼخبش انًُبرس انحٌٍٕت   Eisenia fetidaحى اخخٍبس دٔدة الأسض الأٔسبٍت 0.

 حهٕد انخشبت ٔنًب حخًخغ بّ يٍ كفبئّ فً انخشبت انًؼًهٍت ٔالإَخبصٍت نهًٕانٍذ0انضٍذة نذساست 

خأرٍش انسبو ػهً ًَٕ ٔحكبرش دٔدة انحى حصًٍى ْزِ انذساست أنًخخبشٌّ نغشض انخحمٍك فً  20

 0طٓبٍانًبٍذاث أٔ انًؼبدٌ انزمٍهت أٔ خلائػُذ اسخخذاو ْزِ  الأسض

رٍٍُ يٍ انًبٍذاث انضساػٍت انخً حسخخذو ػبدة فً لإEisenia fetida  حؼشظج دٔدة الأسض 50

 انبٍئت انضساػٍت فً بُغبصي كزانك يؼذٌ انكبديٍٕو ػُذ حشكٍضاث يخخهفت0

 حى حشبٍت انذٌذاٌ انببنغت ٔغٍش انببنغت ٔششاَك فً انًخخبش لأكزش يٍ سُخ0ٍٍ 00

ٍ لبم حشبٍت انذٌذاٌ فً أحٕاض يٍ انبلاسخٍك يغ ٔسػ انخشبٍت كًب ْٕ يٕظح ياسخًشث  30

ٌخأنف انغزاء يٍ انخشبت  ,C°2  ±20 ,ػُذ دسصت حشاسة (2000) يُظًت انخؼبٌٔ ٔانخًٍُت

 0أسبٕعػُذ كم  سحٕق يٍ دلٍك انشؼٍش كًكًم غزائًالاصطُبػٍت  يغ ي

     % اسخًشث غٕل انخضشبت,يلاحظت انخغٍش فً انٕصٌ بؼذ 20َسبت انشغٕبت كبَج حٕانً  20

 ٌٕو200ٌٕو ٔػذد انصغبس بؼذ حٕانً  20ٔ 28ٌٕو ٔإَخبس انششاَك بؼذ   20 ٔ  04  ٔ 28

 ٌٕو 0 20ٌٕو أيب ػذد انصغبس ٔٔصَٓب فكبٌ بؼذ  28ببنُسبت نلاخخببس يؼذل انفمس نٕحع بؼذ  20

حسخخذو انًبٍذاث بشكم ػبو ػهً َطبق ٔاسغ فً انُظبو انبٍئً انضساػً ببُغبصي يغ  80

 سٍبش كٍمهذساست ًْٔب  انًبٍذ انحششي نانضشػبث انًؼخبدة حى اخخببس ارٍٍُ يٍ ْزِ انًبٍذاث 

 Mancozeb  Cymoxinal,ٔانًبٍذ انفطشي انشًٌهخٍٍ يغ ارٍٍُ يٍ انًبدة انفؼبنت ًْٔب 

 انًبٍذٌٍ فً انضساػت ٔانصحت انؼبيت0حٍذ حسخخذو كم يٍ 
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انكبديٍٕو ٌؼخبش انًشكب انزبنذ انزي اخخٍش نٓزِ انذساست حٍذ ٌؼخبش كهٕسٌذ انكبديٍٕو  40

  كًصذس نهكبديٍٕو 0

خأرٍش انػ نذساست ٍحى اخخٍبس رلاد حشكٍضاث نكم يٍ انًبٍذاث ٔ انكبديٍٕو ٔحشكٍض ٔاحذ نهًخبن 00.

 Eisenia fetida 0سض  ػهً كم يٍ انًُٕ ٔ انخكبرش نذٔدة الأ

 حى اخخٍبس خًس حشكٍضاث نكم يٍ انًبٍذاث ٔ انكبديٍٕو نذساست حأرٍش ػهً يؼذل انفمس 0 0..

يغ سلى ٍْذسٔصًٍُ  (OECD, 1984)انخشبت الاصطُبػٍت انًسخخذيت كًب ْٕ يٕظح فً  20.

يم يٍ كم يٍ 00.صشاو يٍ انخشبت انًؼبنضت يغ 230حٍذ حى اخز يمذاس ٔصَّ  203إنً  3يٍ 

  ,(20cm H انًبٍذاث ٔ انكبديٍٕو ٔ يخبنطٓب ببسخزُبء يضًٕػت انسٍطشة إنً أٔػٍت صصبصٍت 

ٔ   (12cm W, 15cm L  يٍ نكم يٍ أٔػٍت الاخخببس بؼذ الاَخٓبء  دٌذا0ٌ. تفبأظ ٔ حى

 صشاو يٍ دلٍك انشؼٍش ػهً انسطح0 3ٔظغ انذٌذاٌ ٌخى إظبفت انغزاء يٍ خلال سش 

صشاو يٍ انخشبت ألاصطُبػٍت يغ  00ٌخى ٔظغ خًس يٍ انششاَك فً أٔػٍت ححخٕي ػهً  50.

ٔ انًبٍذ انفطشي انشًٌهخٍٍ  سٍبش كٍميم يٍ كم يٍ انًبٍذ انحششي  55يحهٕل ٌحخٕي ػهً 

 ضًٕػت انسٍطشة0ٔيؼذٌ انكبديٍٕو ببسخزُبء ي

ٔانًبٍذ انفطشي انشًٌهخٍٍ ٔيؼذٌ  سٍبش كٍمأظٓشث انذساست أٌ كم يٍ انًبٍذ انحششي  00.

انكبديٍٕو نٓب حأرٍش سهبً ػهً ٔصٌ انضسى يمبسَت بًضٕػت انسٍطشة كًب نٕحع أَّ لا ٌٕصذ 

 فشق ػُذ انخشكٍض انًُخفط 0

نكبديٍٕو يمبسَت بًضًٕػت لا ٌٕصذ فشق ٌزكش فً ٔصٌ انضسى يب بٍٍ انذٌذاٌ انًؼبنضت بب 30.

 انسٍطشة0

كبٌ انخأرٍش ػهً ػذد انصغبس أكزش حسبسٍت يٍ انًُٕ ٔإَخبس انششاَك فً كم يٍ انًؼبيلاث  20.

 يمبسَت بًضًٕػت انسٍطشة0

ٔانًبٍذ انفطشي  سٍبش كٍمكبٌ حأرٍش انكبديٍٕو الم ػهً ٔصٌ انضسى يمبسَت ببنًبٍذ انحششي  20.

 انشًٌهخٍٍ 0

ٔ انفطشي انشًٌهخٍٍ  سٍبش كٍميٍ انًبٍذٌٍ انحششي  خهٍػ كلا حظٓش انذساست أٌعب أٌ 80.

ٌخسبببٌ فً خطش اكبش ػهً َمطت َٓبٌت الاخخببس يزم يؼذل انًُٕ ٔانخكبرش ػهً دٌذاٌ الأسض  

Eisenia fetida 0يٍ انًبٍذاث انفشدٌت 
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ٔيؼذٌ  ٔانًبٍذ انفطشي انشًٌهخٍٍ سٍبش كٍمبس يؼذل انفمس نكم يٍ انًبٍذ انحششي بكشف اخخ 40.

انكبديٍٕو لا ٌٕصذ حأرٍش ٌزكش ػهً يؼذل انفمس يمبسَت بًضًٕػت انسٍطشة0 ٔنكٍ نٕحع حأرٍش 

 ٔاظح ػهى ػذد ٔ ٔصٌ انصغبس يمبسَت بًضًٕػت انسٍطشة0

فً صٕاَب ٔيشاحم انحٍبة  سٍبش كٍمن حسبسٍت يخخهفت  Eisenia fetidaحًخهك دٌذاٌ الأسض 200

ٔسبًب غٍشْب يٍ انًهٕربث ػهً  سٍبش كٍميبٍذ انانًخخهفت , ٌُبغً حمٍٍى انًخبغش انبٍئٍت نسًٍت 

غشق حشًم اخخببساث يخؼذدة يغ حٍٕاَبث الاخخببس ػهً حذ سٕاء نكم يٍ انصغبس ٔ انببنغٍٍ 

0 

يٍ انُخبئش انخً حى انحصٕل ػهٍٓب يٍ ْزِ انذساست أٌ اَربس انسهبٍت اسحبطج بخلائػ ٌخعح  2.0

ع  حكٌٕ يفٍذة انًبٍذاث بخلاف يب ْٕ يلاحع نكم يبٍذ ػهى حذِ, ػهٍّ فأٌ انذساست انًلاح

  ٔظشٔسٌت نخمٍٍى اَربس انسهبٍت ػهً انبٍئت0
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