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Abstract  
The study assesses the effects of Zn and Mn contained by Dithane M45 fungicide on Eisenia foetida epigenous species. 
There were five experimental variants of five repetitions each. Dithane M45 concentrations were: V1:250mgkg-1/dry 
soil, V2:200mgkg-1/dry soil, V3:150mgkg-1/ dry soil, V4:100mgkg-1/dry soil, with the fifth (V5) as control variant. There 
were analyzed: 1. survival rate (%) after applying toxic and correlations between survival rate and toxic 
concentrations; 2. initial biomass (g) and biomass resulting from (g) intoxication; 3. Zn and Mn bioaccumulation (ppm) 
in earthworms. Conclusions: the survival rate decreased to the greatest concentrations compared to control variant; 
individual biomass decreased after applying toxic; Mn and Zn bioaccumulation in earthworms increased with 
increasing concentration of Dithane M45. 
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1. INTRODUCTION  
Metal contamination of topsoil is usually the result of human activities such as waste disposal, 
agricultural inputs and industrial emissions (Onianwa et al., 2003). 
The side effects of high metal concentrations on the soil functions and soil-dwelling organisms have 
been widely recognized (Lock & Janssen, 2001; Santorufo et al., 2012). Earthworms play a unique 
role in the formation and soil fertility (Blouin et al., 2013). They are particularly active in the 
topsoil and are continuously exposed to metal contamination through direct contact, providing 
information on contamination of ecosystems (Nachman et al., 2007; Sizmur and Hodson, 2009). 
Metal contamination is also a serious threat to the soil functions and resistance of ecosystems (De 
Boer et al., 2011). 
Earthworms have a permeable surface for water through the epithelium. Although direct absorption 
through the intestinal wall cannot be completely excluded, several findings have suggested that 
penetration of metals occurs predominantly through an absorption flow path, which is connected to 
the absorption of water from the pores (e.g.  porewater assumption) (Saxe et al., 2001; Jager et al., 
2003; Van Gestel & Koolhaas, 2004). Vijver et al. (2003) also investigated a method to distinguish 
different ways of absorbing metals in earthworms and found that the main route is dermal 
absorption. 
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Eisenia fetida is now used as standard species in terrestrial ecotoxicology tests (Langdon et al., 
2005; Peijnenburg & Vijver, 2009). It is cultivated for vermicompost or fishing and is rarely found 
in natural soils. It lives only in rich organic matter soils (e.g. compost and manure) (Edwards & 
Arancón, 2004). Ecological differences of species have consequences on exposure, accumulation 
and sensitivity to metals. For example, various features of earthworms such as feeding or habitat 
(soil depth, soil type) can affect the contact degree with contaminated soil particles and, therefore, 
can lead to differences in metal exposure. 
Zinc occurs naturally in air, water and soil. It is an essential mineral and its deficiency leads to 
harmful effects on plants (Broadley et al., 2007), animals (Prasad, 2008), and people. After iron, it 
is the only metal that occurs in all classes of enzymes (Broadley et al., 2007). Although zinc is an 
essential element, too much zinc can be harmful to organisms (plants and animals). When 
agricultural soils are polluted with zinc, animals can absorb concentrations that are harmful to their 
health. Water-soluble, zinc can contaminate the groundwater which, in turn, affects the bodies that 
inhabit the soil by absorption. Zinc toxicity for terrestrial organisms is dependent on bioavailability, 
which in turn is determined by various factors such as speciation of zinc and the physical, chemical 
and biological properties of the soil. Bioavailable fraction of zinc in the soil has been calculated to 
range from <1% to 10% of the total concentration of zinc. 
Among terrestrial invertebrates, earthworms (Eisenia andrei) and woodlice (Porcellio scaber) 
showed negative effects on reproduction from total zinc concentrations of 560-1600 mg / kg soil. 
Manganese (Mn) is the most abundant metal in natural environments and includes approximately 
0.1% of the Earth's crust (Cicad, 2004). It is actively absorbed and used by plants and animals 
(ATSDR, 2008) being essential in ecosystem functioning. As a constituent of the soil, its 
concentrations range between 40 and 900 mg/kg-1 pure Mn. It does not occur in the environment in 
a pure form but combined with other elements such as oxygen, sulfur, carbon, silicon and chlorine. 
These types of Mn are solid and some of them may be dissolved in water or can exist as small 
particles in the air. Small particles of dust in the air usually lay on the ground, depending on their 
size, weight, density and weather conditions. Mn exists in soils, both as organic and inorganic forms 
in several oxidation states, i.e., 0, +2, +3, +4, +6, +7 (Post JE, 1999).  
Research has focused on the toxic effects of inorganic compounds containing Mn2 +, Mn3 +, and Mn4 

+ ions because they are the most prevalent forms in the biological systems (Millaleo et al., 2010). 
Most studies have approached Mn bioaccumulation in animals by food ingestion and direct 
absorption from the soil by skin contact and/or ingestion of soil generally used by earthworms, 
nematodes and springtails (Hartenstein, 1981; Kuperman, 2004). 
The study aims at zinc and manganese effects of Dithane M45 content, on Eisenia foetida species. 
The specific objectives were: 1. analysis of survival rates (%) after applying toxic and correlations 
between survival rate and toxic concentrations; 2. analysis of initial biomass (g) and biomass (g) 
after intoxication; 3. analysis of Zn and Mn bioaccumulation (ppm) by earthworms.  
 
2. MATERIALS AND METHODS  
Eisenia foetida individuals used in the experimental variants were mature and obtained from a farm 
in Romania practicing vermiculture. 
Test underlayer. Preparation of OECD underlayer (OECD 207/1984, 222/2004) was conducted as 
follows: 10% peat moss; 20% kaolinite clay; 69% industrial quartz sand with a particle size from 
0.05mm up to 0.2mm; 1% calcium carbonate (CaCO3). All amounts were mixed, while plant debris, 
dirt and possible pebbles were removed. The water content of the underlayer was determined by 
bringing it to a constant weight while drying it in an oven at  1050C for 8 hours. After determining 
humidity, the basic underlayer was filled with 1.5 liters of distilled water in order to bring it to the 
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optimal humidity (approx. 25-42% dry weight of the basic underlayer). Calcium carbonate was 
added to bring the underlayer to a pH of 6.0.  
Acclimatization. Experimental samples for acclimatization were prepared before applying toxic. 
The underlayer (soil) sampled from the maize cultivated area was introduced in 800 g glass jars. 
There were five experimental variants V1, V2, V3, V4, V5. The 5th was the control variant. There 
were 5 repetitions for each concentration. Before inoculation, earthworms were immersed into 
distilled water to remove excess soil on their body surface, then they were placed on filter paper to 
remove the water. Individual biomass (g) on the analytical balance was also determined. 10 
individuals for each variant were introduced in concentrations. After all individuals had entered the 
soil, samples were covered with previously drilled lids to let the air penetrate and to prevent water 
evaporation. Then they were brought to the climate chamber for 7 days at a temperature of 20°C 
and constant humidity. 
After acclimatization, the samples were removed to check the soil humidity, the survival rate was 
analyzed, and they were placed again in the pots with underlayer / soil. The fine powder toxic was 
applied over the soil surface. The following toxic concentrations were used: V1= 250mgkg-1/dry 
soil, V2= 200mgkg-1 dry soil, V3= 150mgkg-1 dry soil, V4=100mgkg-1 dry soil, with V5 as the 
control variant. Concentrations were determined according to specialized studies starting from LC50 
for lumbricidae. After applying toxic, the samples were placed again in the climate chamber at a 
temperature of 20°C with constant humidity for 30 days. Earthworms were not fed throughout the 
test. After 30 days, earthworms were removed from the climate chamber and there were analyzed: 
survival rate, individual biomass and bioaccumulation of zinc and manganese. 
Dithane M45. According to Regulation (EU) no.1907/2006, as amended by Regulation (EU) No. 
453/2010 and Regulation (EU) nr.1272/2008, Dithane M45 is contact fungicide containing 80% 
mancozeb. It is part of the 4th group of toxicity, dithiocarbamate and thiuram derivatives with 
broad-spectrum action. It is the most used worldwide fungicide approved to combat more than 400 
diseases in more than 70 crops. By the multi-site action model (interrupts enzymatic activity in 6 
different points), it prevents resistance to pathogen. 
Bioaccumulation. After completion of the test it was determined bioaccumulation of Zn and Mn 
Dithane M45 content by atomic emission spectrometry with inductively coupled plasma (ICP-
AES). Variant Liberty 110 spectrometer was used for the quantitative determination of zinc and 
manganese. The instrument had a 40.68 MHz radio frequency generator and 0.75m Czerny-Turner 
monochromator. The instrument operating parameters were: plasma flow 12L / min,  V-Groove 
nebulizer, rotation pump 15 rpm, 10 sec integration time and automatic background. The reagents 
used for the mineralization of the samples were nitric acid (67% -75 ml), Merck hydrogen peroxide 
(15ml) and distilled water to bring the 10 ml  flasks to their volume, after the mineralization of the 
samples on the sand bath. To calibrate the spectrometer there were used five reference solutions of 
various concentrations obtained by the dilution of a multi-element standard solution (ICP-AES 
Etalon multi-element Merck IV solution) with a concentration of 1000mg / l.  
Statistical analysis. Statistics of the results was made using SPSS 16 for Windows. For the 
analyzed parameters Duncan test was applied for analysis of variance, and significance threshold 
p<0.05. It has been drawn the trend line and the coefficient of determination calculated (R Square) 
to illustrate the correlation between toxic concentrations in the experimental variants and survival 
rate, the significant correlations between toxic concentrations  and the amount of Zn and Mn 
bioaccumulated by earthworms. 
 
3. RESULTS AND DISCUSSIONS  
Effects of Dithane M45 on survival rate.  
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Eisenia fetida is the standard test species used in terrestrial ecotoxicology, because it can be easily 
grown on organic waste and has a short generation cycle (ISO 1993, OECD, 2004). 
Tests of the sensitivity of several species of earthworms have revealed that Eisenia fetida is 
relatively less sensitive to chemicals (Owojori end Reinecke, 2009). 
Although their tolerance varies from species to species, research has shown a decline in populations 
of earthworms, in response to large amounts of chemicals. Experiments on Eisenia foetida are 
consistent with results published in the literature on mortality of this species after applying toxic 
(Abbiramy et al., 2014). 
Figure 1 shows the experimental variants and survival rate after applying different concentrations of 
Dithane M45. The lowest survival rate with significant differences was observed in V1 for a 
concentration of 250mgKg-1 (76%) compared to control variant (V5 = 100%), although decreases in 
the survival rate were recorded in all experimental variants V2 (200mgKg-1) = 82%; V3(150mgkg-
1)=88%; V4 (100mgkg-1)=98%) compared to control variant (V5). 
The average difference was significant for a confidence interval of 0.05. Analysis of the correlation 
between survival rate and toxic concentrations (Fig. 2) showed a significant decrease in the survival 
rate of individuals with increased toxic concentration (R2=0.624; p<0.0001). 
Mortality was the most commonly used parameter for evaluating chemical toxicity to earthworms 
(Van Gestel end Van Dis, 1988, Robidoux et al., 1999). However, research has shown that survival 
is less sensitive to an ecotoxicological point (Moriarty, 1983) and tests of acute mortality provide 
risk estimation in 95% of cases (Frampton et al., 2006, Eftekhari et al., 2013). 
 
 

 
 

Figure 1. Survival rate (%) of individuals exposed to intoxication with  Dithane M45 in the 5 experimental variants 
V1 (250 mg·Kg-1); V2 (200 mg·Kg-1); V3 (150 mg·Kg-1); V4 (100 mg·Kg-1); V5 (control variant). Bars with the same 

letters are not significantly different at 5% level, according to Duncan’s multiple range test 
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Figure 2. Correlation between survival rate of individuals (%), represented by the trend line in the 5 experimental 
variants exposed to toxic action (Dithane M45):  V1 (250 mg·Kg-1); V2 (200 mg·Kg-1); V3 (150 mg·Kg-1); V4 (100 

mg·Kg-1); V5 (control variant). 
 
Biomass. A series of studies on Eisenia fetida species highlighted the response of earthworms under 
the action of pesticides. Figure 3 shows biomass of experimental variants prior to application of 
toxic. At the end of toxicity test, statistical analysis showed that individual biomass of V1, V2, V3 
and V4 has not changed significantly compared to control variant (V5) (p> 0.05). Average values of 
biomass before applying toxic ranged from 3.110g - 2.698g. Biomass determined after intoxication 
(Figure 4) with Dithane M45 in concentrations corresponding to variants V1 and V2 is significantly 
lower (p <0.05) compared to control variant (V5). There were no significant decreases in biomass 
for V3 and V4 compared to control variant. The decrease in biomass was likely due to lack of food 
during the experiment and the test underlayer used. Decreases in earthworms’ biomass after 
applying fungicides were also observed by Römbke et al. (2004) and Iglesias et al., (2003) in their 
research.  
Other studies have shown that earthworms’ response to exposure to pesticides in laboratory 
conditions could be influenced by the type of underlayer, temperature, light, humidity and the 
length of exposure (Butt, 2007, Lowe and Butt 2007, Zhang et al . 2013). 
Bioaccumulation. Limited mobility of earthworms makes them appropriate for monitoring the 
potential impact of soil contaminants (Hsu et al., 2006, Suthar et al., 2008).  
According to Suthar et al., (2008), earthworms accumulate a considerable content of metals in their 
tissues. Figures 5, 6 show correlations between concentrations of Dithane M45 in experimental 
variants and the amount of Mn and Zn (contained by Dithane M45), bioaccumulated by 
earthworms. In case of Mn bioaccumulation there was a significant positive correlation (R2=0.540; 
p<0.0001)  between concentration of toxic and bioaccumulation compared to control variant (V5). 
The highest amount of bioaccumulated Mn was recorded in concentrations of 250mgKg-1 (10.3480 
ppm) and 200 mgKg-1 (10.7580 ppm) for V1 and V2.  
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Figure3. Biomass of individuals (g) in the 5 experimental variants before applying toxic (Dithane M45). Bars with 

the same letters are not significantly different at the 5% level, according to Duncan’s multiple range test. 
 

 
Figure 4. Biomass of individuals (g) in the 5 experimental variants after applying toxic (Dithane M45). 

Bars with the same letters are not significantly different at the 5% level, according to Duncan’s multiple range test. 
 

 
Suther (2007) stated that earthworms accumulate metals in their tissues by linking with some 
metalloproteins called metallothioneins. Generally, earthworms need to consume a large amount of 
soil whereas the digestive process releases heavy metals in their free forms in the lumen. Metals are 
then absorbed by the intestinal epithelial mucosa. In this way, earthworms accumulate heavy metals 
in cells of the digestive canal (Suther, 2008). 
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Figure 5. Trend line of Mn amount (ppm) bioaccumulated by earthworms depending on Dithane M45 concentration 

(V1 =250 mg·Kg-1; V2 =200mg·Kg-1; V3 =150 mg·Kg-1; V= 100mg·Kg-1; V5 = control variant). 
 

As regards the amount of Zn (fig.6), there was a significant positive correlation between the 
concentration of toxic and the amount of Zn bioaccumulated by earthworms (R2=0.937; p<0.0001). 
For a concentration of 250mg·Kg-1 (V1), the amount of Zn bioaccumulated by earthworms was 
238.9080 ppm and 193.7140 ppm for the concentration of 200mg·Kg-1(V2). The lowest amounts of 
bio-accumulated Zn were recorded in the experimental variants V3 (163.8800 ppm) and V4 
(120.6320 ppm). Results are in agreement with Enuneku, AA & Ayobahan, S.U., (2014) who stated 
that the highest bioaccumulation of metals in earthworms produced in the highest concentration of 
toxic. 

 
Figure 6. Trend line of Zn amount (ppm) bioaccumulated by earthworms depending on Dithane M45 concentration 

(V1=250mg·Kg-1; V2 = 200mg·Kg-1; V3=150mg·Kg-1; V=100mg·Kg-1; V5=control variant). 
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4. CONCLUSIONS 
Results of the present study show that survival rate decreased in higher concentrations of toxic 
(250mg·Kg-1/dry soil, 200mg·Kg-1 /dry soil). Individual biomass after applying toxic was followed 
by a significant decrease in experimental variants. Bioaccumulation of metals in earthworms 
increases with increasing concentration of toxic. 
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