Muzeul Olteniei Craiova. Oltenia. Sudii si comunicari. Stiingele Naturii. Tom. 31, No. 1/2015 ISSN 1454-6914

BIOACCUMULATION AND EFFECTS OF Zn, Mn AND DITHANE M45
ON CERTAIN LUMBRICIDAE SPECIES (OLIGOCHAETA-LUMBRICIDAE)

BRINZEA Gheorghita, PAUNESCU Alina, PONEPAL CristinaMaria

Abstract. The importance of earthworms in the ecosystem functioning has led to many studies on the impact of metals on them. This
study evaluates the effects of Zn, Mn and Dithane M 45 fungicide on different species of earthworms sampled from maize cultivated
soils. There were approached: 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. bioaccumulation (ppm) of Zn and Mn by
earthworms. There were 5 experimental variants of 5 repetitions each. The concentrations of Zn and Mn were 250 mgkg™/dry soil
(V1), 200 mgkg™/ dry soil (V2), 150 mgkg™/ dry soil (V3), 100 mgkg™Y/ dry soil (V4), with the fifth as control variant (V5). Statistics
has revealed that surviva rate for the highest concentration of Zn and Mn corresponding to V1, V2 and V3 concentrations, decreased
significantly compared to V5. Initial biomass for the 5 experimental variants ranged between 2.84 g - 4.23 g and after exposure to
toxic concentrations corresponding to V2, V3 and V4 variants it was significantly lower (p <0.05) compared to control variant (V5).
There was a significant positive correlation (Zn=R?=0.793; p<0.0001), (Mn=R?=0.971; p<0.0001) between Dithane M45
concentration used in the experimental variants and quantity of Zn and Mn bioaccumulated by earthworms. The study suggests that
increasing the concentration of Zn and Mn in the soil can be toxic to lumbricidae.
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Rezumat. Bioacumularea si efectele Zn, Mn continut de Dithane M45 asupra unor specii de lumbricide (Oligochaeta-
Lumbricidae). Importanta ramelor in functionarea ecosistemelor a dus la multe studii privind impactul metalelor asupra ramelor. Acest
studiu evaluesza efectele Zn si Mn continut de fungicidul Dithane M45, pe diferite specii de réme prelevate dintr-un teren cultivat cu
porumb. S-a analizat: 1. andizaratel de supravieiuire (%) dupa aplicarea toxicului si corelatiile ce se stabilesc Tntre rata de supraviejuire si
concentraiile de toxic; 2. andliza biomasel initide (g) si biomasal rezultate (g) dupa intoxicare; 3. andiza bioacumularii (ppm) cantitatii de
Zn'si Mn de citre rame. S-a lucrat cu 5 variante experimentale a cate 5 repetitii. Concentratiile de Zn si Mn au fost de 250 mgkg™/sol uscat
(V1), 200 mgkg™/ sol uscat (V2), 150 mgkg™/ sol uscat (V3), 100 mgkg™/sol uscat (V4), a 5-a varianta reprezentand varianta martor (V5).
Andliza detigtica a datelor privind rata de supravieiuire a scos n evidenta ci, la concentratia cea mai mare de Zn si Mn corespunzitoare
concentratiilor din V1,V2 si V3, se produce o scidere semnificativa a ratel de supraviejuire comparativ cu V5. Biomasa initida in cele 5
variante experimentale afost cupringi intre 2,84 g — 4,23 g, iar dupa expunerea latoxic Th concentratiile corespunzatoare variantelor V2, V3
si V4 a fost semnificativ mai mica (p<0,05) faa de varianta martor (V5). Tntre concentraia de Dithane M45 folosita in variantele
experimentale si cantitatea de Zn si Mn bioacumulat de citre rame s-a stabilit o corelaie pozitiva semnificativa (Zn=R?=0,793; p<0,0001),
(Mn=R?=0,971; p<0,0001). Studiul Sugereazi ci o crestere a concentratiei de Zn si Mnin sol, poate fi toxic pentru lumbricide.

Cuvinte cheie: Dithane M45, rame, supraviefuire, biomasa, bioacumulare.

INTRODUCTION

Sail is an important natural resource providing habitat and nutrients for plants, animals, soil organisms and
humans. However, human activities, industry and the use of synthetic products (pesticides, industrial waste) can lead to
urban and agricultura soil contamination with metals (McGRATH et a., 2001). Most pesticides are organic
compounds, some are inorganic or mineral compounds, and other pesticides contain Hg, Ca, Cu, Zn or heavy metals
(LAW et d., 1998).

Metals identified in the polluted environment include Cu, Cd, Pb, Cr, Ni, Mn, Hg and Zn. These metals come
mainly from endogenous sources and human activities (NRIAGU & PACYNA, 1988), leading to excessive metal in the
soil. Among these metals, Zn is an essential mineral for health. Zn deficiency can harm plants (BROADLEY et dl.,
2007), animals (PRASAD, 2008), even humans. After iron (Fe), it is the only metal present in all classes of enzymes
(BROADLEY et d., 2007). Although zinc is essential for health, it can be harmful when excessive. Soils contaminated
with Zn may contain up to severa grams of Zn/ kg of dry soil. MA (1982) found that the level of zinc in Lumbricus
rubellus species was generally associated with zinc concentrations in the soil and correlated with zinc concentration in
soils with low pH. At lower pH, the soil absorbs less zinc, making it bioavailable to earthworms. LCs,= 80 mg Zn kg*
dry soil was reported for Eisenia foetida species (SHEPPARD et al., 1993).

Manganese (Mn) is the most abundant metal in the natural environment and an essential microelement for all
living systems. This metal is an essential cofactor to many classes of enzymes, such as oxidoreductases, transferases,
ligases, hydrolases (LAW, 1998). However, soil enrichment with manganese resulting from different activities
endangers terrestrial ecosystems (BORDEAN et al., 2014). Severa studies have shown the harmful effects of exposure
to manganese by skin touch and / or by ingesting soil for awide range of soil invertebrates. Manganese exists in the soil
in a number of oxidation states, i.e., 0, + 2, + 3, + 4, 6, 7 (POST, 1999). Research has focused on the toxic effects of
inorganic compounds containing Mn 2, Mn * and Mn * '™ because they are the most common forms in biological
systems (MILLALEO et a., 2010).
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Earthworms can colonize contaminated soils if climatic conditions, organic matter, soil texture and pH are
appropriate, so that, when organic matter is included in the contaminated soils, earthworms are likely to colonize,
resulting in changesin the soil chemical, biological and physical properties.

It was studied the impact of earthworms in terms of mobility and accessibility of metals and it was shown that
earthworms increase the mobility of metalsin soil (MA, 1982). Recent experiments have identified that this may be due
to the impact of earthworms on organic matter degradation and subsequent release of organically bound elements that
dissolve organic acids, lower soil pH and lead to subsequent mobilization of potentially toxic elements (POST, 1999).

Bioaccumulation of metals by earthworms was associated with metal concentrations in soil (SANTORUFO et
al., 2012). Earthworms are widely used in ecotoxicological tests because they contribute to the decomposition of litter
and recycling of organic matter. Since they feed directly with decaying matter and fungi in soil, they provide faster
clues about changes in soils than other animals (COLE et a., 2001; DIDDEN & ROMBKE, 2001). In addition, they are
suitable for ecotoxicity testing because they are easy to obtain in crops, have relatively short life cycles and are cost
effective (FOUNTAIN & HOPKIN, 2005; LOWE & BUTT, 2007).

The overall objective of this study was to evaluate the effects of zinc and manganese in Dithane M45, on
various species of earthworms sampled from maize cultivated soils.

The specific objectives pursued: 1. survival rate (%) after applying toxic and correlations between survival and
toxic concentrations; 2. initial biomass (g) and biomass resulting from (g) intoxication; 3. bioaccumulation (ppm) of Zn
and Mn by earthworms.

MATERIAL AND METHODS

Collection and preservation of lumbricidae. Lumbricidae were sampled from maize cultivated soil, Dobresti,
Furesti village, Arges County, Candesti Piedmont, below the mixed deciduous forests. The geographical coordinates
are: (44° 56 06”N; 25° 06’ 28”E). Pedogenetic conditions described a glacis relief on the right side of Carcinov River,
dlightly inclined surface (10°), eastern exhibition and 327 m atitude. Groundwater, 5-10m in depth, had an overall good
drainage. Following the soil profile there were established five pedogenetic horizons (Apcol, AC, C,, Cs, C,). The soil
formula was aluviosol coluvic- eutric on coluvo-proluvial deposits, loamy / sandy loam. Lumbricidae have been
sampled manually, (RAW, 1960), randomly on soil levels 30cm in depth, 25/25 cm control sample. To identify species,
earthworms were taken to the laboratory. They were measured up to species level using the stereomicroscope, the
Identification Manual Lumbricidae in Romania (POP, 1949) and A guide to the valid names of Lumbricidae
(Oligochaeta) (EASTON, 1983). Individual biomass of lumbricidae was determined by the analytical balance (g).

Preparation of the testing underlayer. The testing underlayer was prepared according to OECD 207/1984;
OECD (2004). Sail in the maize cultivated area was used as basic underlayer to test earthworms. The underlayer / soil
was air-dried, cleaned of gravel and large debris after sampling. Water content was determined by oven-drying at 105°C
for 8 hours. After determination of humidity the testing underlayer was filled with 1 litre of distilled water. The soil pH
= 6.0 was also measured.

Acclimatization. Experimental samples for acclimatization were prepared before applying the 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 fifth 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 al individuals had entered the
soil, samples were covered with previoudly drilled lids to let the air penetrate and to prevent water evaporation. Then
they were brought to the climate chamber for 7 days at atemperature of 20°C and constant humidity.

After acclimatization, the samples were removed to check the soil humidity, the survival rate was analysed,
and they were placed again in the pots with underlayer / soil. The fine toxic powder was applied over the soil surface.
The following toxic concentrations were used: V1= 250mgkg/dry soil, V2= 200mgkg™/ dry soil, V3= 150mgkg™/ dry
soil, V4=100mgkg*/dry soil, with V5 as the control variant. Concentrations were determined according to specialized
studies starting from LCs, for lumbricidae. After applying the 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 analysed: survival rate, individual
biomass and bioaccumulation of zinc and manganese.

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 1V solution) with a concentration of 1.000 mg

214



Muzeul Olteniei Craiova. Oltenia. Sudii si comunicari. Stiingele Naturii. Tom. 31, No. 1/2015 ISSN 1454-6914

/ 1. Dithane M45. According to Regulation (EU) no. 1907/2006, as amended by Regulation (EU) No. 453/2010 and
Regulation (EU) no. 1272/2008, Dithane M45 is contact fungicide containing 80% mancozeb. It is part of the fourth
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.

Statistical analysis. Statistics of the results was made using SPSS 16 for Windows. For the analysed 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 (RSquare) 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.

RESULTSAND DISCUSSIONS

Species identified and used in the toxic test were: Octodrilus complanatus (Dugés 1828), Dendrobaena
octaedra (Savigny 1826), Octolasion lacteum (Orley 1885), Lumbricus rubellus (Hoffmeister 1843), Dendrodrilus
rubidus rubidus (Savigny 1826), L. castaneus (Savigny 1826), L. terrestris (Savigny 1826). These belong to the three
ecological groups (epigeic, endogeic, anecic), each of them with an important role in the soil level they popul ate.

Epigeic species live in litter, consume considerable amounts of crude organic matter and have a wide range of
enzymatic capacities mainly from ingested microflora (CURRY & SCHMIDT, 2007). Endogeic species live in the soil.
They feed mainly on soil organic matter and dead roots. Living roots are rarely eaten by endogeic earthworms
(LAVELLE, 1983). Anecic species feed on plant debris, but live in underground galleries. The behaviour of these
species may vary depending on environmental conditions (EDWARDS & BOHLEN, 1996).

Survival. After the acclimatization period, the survival rate of samples was 100% in all experimenta variants.
For the survival rate of individuals and body biomass change there are commonly used tests to determine the impact of
hazardous substances on lumbricidae. Survival analysis is needed to calculate LCxy, i.e. to know if concentration of
pollutants causes mortality to 50% of individuals in the population exposed. This is characteristic of a species substance
with a determined exposure time.

Figure 1 shows the values of survival rate in experimental variants after applying the toxic (Dithane M45). Surviva
values were 100% in control variant (V5) and V4 (100mgkg™), so there were no significant differences. Therefore, the lowest
toxic concentration (100 mgkg™) did not produce a significant change in the survival rate (p = 1). The surviva rate in
concentrations of 250 mgKg™ (V1), 200 mgKg™ (V2) and 150 mgKg™ (V3) showed a significant decrease, with average
values ranging from 68% (V1) -78% (V3) compared to control variant (V5-100%) (Table 1). Increasing concentration of
Dithane M45 in V1 (250 mgKg™?) caused a significant decrease in the survival percentage compared to V4, and V5.
Significant regress ons between metal concentrations and surviva rate were obtained by NAHMANI et d. (2007).

The correlation between survival rate of the 5 experimental variants and toxic concentrations (Fig. 2) indicated
a significant decrease in the survival rate of individuals with increased toxic concentration (R*=(0.646; p<0.0001).
However, in their findings, ADEOLA & HASSAN (2013) stated that growth and development of earthworms exposed
to contamination with various metals were more sensitive than survival.
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Figure 1. Survival rate (%) of individual s exposed to intoxication with Dithane M45 in the 5 experimental variants
V1 (250 mg-Kgl); V2 (200 mg-Kg?); V3 (150 mg-Kg™); V4 (100 mg-Kg™h); 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™l); V2 (200 mg-Kg™); V3 (150 mg-Kg™); V4 (100 mg-Kg™); V5 (control variant).

Biomass. Biomass change is the difference between the initial and final weight of earthworms after exposure
to contaminants. Biomass change is more sensitive than ecological surviva (MABOETA et al., 2004; PANDARD et al.,
2006; SANTORUFO et a., 2012).

Average values of initial biomass (Fig. 3) (before applying the toxic) in the experimental variants did not differ
significantly for variants V2, V3, V4 and V5 (p> 0.05). V1 biomass was significantly higher (4.23 g) than al the other
variants (p <0.05) (Table 1). Average values of initial biomass in the 5 experimental variants were between 2.84g-
4.23g (Table 1). Biomass determined after intoxication (Fig. 4) with Dithane M45, in the concentrations corresponding
to variants V2, V3 and V4 was significantly lower (p <0.05) compared to control variant (V5).

V1 biomass values (2.00g) were close to control variant (2.18g). Weight loss in earthworms intoxicated with
Dithane M45 did not exceed 20%. This decrease in biomass may have been due to the fact earthworms were not fed
during the test. This hypothesis corresponds to NAHMANI et al. (2007), who in their studies observed that individual
biomass decreased when no food was provided. HELLING et al. (2000) reported that earthworms receiving food once a
week during the toxicity test showed no weight loss in experimental variants.

SPURGEON et al. (2003) suggest that weight loss should be less than 15%. Also, GONZALO et a. (2013) in
their studies, noted that weight loss of earthworms intoxicated did not exceed 20%.
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Figure 3. Biomass of individuals (g) in the 5 experimental variants before applying the toxic (Dithane M45).
Bars with the same letters are not significantly different at the 5% level, according to Duncan’s multiple range test.
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Figure 4. Biomass of individuals (g) in the 5 experimental variants after applying the toxic (Dithane M45).
Bars with the same letters are not significantly different at the 5% level, according to Duncan’s multiple range test.

Bioaccumulation. There was a significant positive correlation (R?= 0.793; p<0.0001) between concentration
of Dithane M45 used in experimental variants and Zn amount bioaccumulated by earthworms (Fig. 5). A significant
positive correlation was also recorded for Mn bioaccumulation (R?=0.971; p<0.0001) (Fig. 6). In general, earthworms
consume a large amount of soil to get their food during the digestive process that releases heavy metals in their free
formsin the intestinal lumen (SUTHAR et al., 2008). Metals are then absorbed by intestinal mucosa. Thus, earthworms
accumulate significant amounts of heavy metalsin cells of the digestive canal (SUTHAR & SINGH, 2008).

Exposure to high levels of manganese, particularly in powder form leads to side effects (WALDBOH, 1978).
Interference with iron metabolism especially haemoglobin formation was one of the first toxic effects of manganese
(OTHMER, 1978). The largest amount of bioaccumulated Zn was observed in variant V1 = 1.333.47ppm, and the
lowest in variant V4 = 408.626ppm (Table 1). The same was observed for Mn bioaccumulation (V1 = 81.904ppm V4
39.598ppm), which showed that the highest concentration of Dithane M45 (250mgkg™) caused higher bioaccumulation
in the tissues of earthworms.

Our reaults are in agreement with ENUNEKU & AYOBAHAN (2014) according to whom the highest metd
bioaccumulation in earthworms produced the highest concentration of the toxic. Similarly, the results of this study are in
agreement with HEIKENS et a. (2001) who studied the bioaccumulation of heavy metals in terrestria invertebrates.
Bioaccumulation was also observed in control variants, Zn (V5 122.114ppm) and Mn (V5 14.854ppm) leading to the idea that
there were dready traces of these elements in the underlayer used in the toxicity test. Severa studies have demonstrated that
the adsorption of cationic metas like Cu, Ni, and Zn is influenced by soil pH, CEC, CaCQO;, iron (Fe), manganese oxides
(Mn), clay and OM content MELLIS et a. (2004), ADHAMI et d. (2008). Thisisin agreement with HODGE et d. (2000),
REINECKE et d. (2002) who stated that earthworms can sometimes tolerate certain chemicals.
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Figure 5. Trend line of Zn amount (ppm) bioaccumulated by earthworms depending
on Dithane M45 concentration (V1 =250 mg-Kg!; V2 = 200 mg-Kg™; V3 = 150 mg-Kg*; V= 100mg-Kg™; V5 = control variant).
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Figure 6. Trend line of Mn amount (ppm) bioaccumulated by earthworms depending on Dithane M45 concentration
(V1 =250 mg-Kg™; V2 = 200 mg-Kg?; V3 = 150 mg-Kg; V= 100mg-Kg™; V5 = control variant).

Table 1. Result of chronic toxicity bioassays (OECD 207).

. . Zn . .
Variant Survival Mn bicaccumulated in bioaccumulated I_n|t|aJ B'Oma.$ .
earthworms . biomass after intoxication
(V1..5) in earthworms
(%) (ppm) (Ppm) (¢)] (@
V1 68+1.3° 81.904+1.2° 1333.47+55.1° 4.23+0.5% 2.00+0.4%
V2 76+8.9° 69.588+1.3" 605.97+1.9° 2.98+0.3° 1.44+0.3°
V3 78+8.3" 64.504+1.1° 542.749+8.7° 3.08+0.3° 1.32+0.1°
V4 1000.0° 39.598+1.6° 408.626+12.1° 2.84+0.4° 1.37+0.2°
V5 100+0.0? 14.854+0.5° 122.114+1.7° 3.03+0.3" 2.18+0.5%
Notes: The values are mean of five replicates + standard deviations. VValues with different superscripts within the some column show significant
differences (p<0.05).
CONCLUSIONS

Statistics regarding survival rate revealed that the highest Zn and Mn concentrations corresponding to V1, V2,
V3, caused a significant decrease in survival rate compared to V5. Initial biomassin the 5 experimental variants ranged
between 2.84g - 4.23g and after exposure to toxic substance, in concentrations corresponding to variants V2, V3 and V4
it was significantly lower (p <0.05) compared to control variant (V5). There was a significantly positive correlation
(Zn=R?*= 0.793; p<0.0001), (Mn=R?=0.971; p<0.0001) between Dithane M45 concentration in the experimental
variants and Zn and Mn amounts bioaccumulated by earthworms (R2 = 0.793 Zn; p <0.0001) (Mn = R2 = 0.971; p
<0.0001). The study suggests that increasing the concentration of Zn and Mn in the soil can be toxic to lumbricidae.

ACKNOWLEDGEMENTS

This work of authors was supported by the strategic grant POSDRU/159/1.5/5/138963 - PERFORM, co-
financed by the European Socia Fund — Investing in People, within the Sectoral Operationa Programme Human
Resources Development 2007-2013.

REFERENCES

ADEOLA A. O. & HASSAN A. T. 2013. Acute and Sub-Lethal Toxic Effects of a Contaminated Dumpsite Soil to the
Earthworm, Eisenia fetida (Savigny, 1826). Journal of Scientific Research & Reports. London. 2(2): 544-558.

ADHAMI E., SALMANPOUR A., OMIDI A., KHOSRAVI N., GHASEMI-FASAEI R., MAFTOUN M. 2008. Nickel
adsorption characteristics of selected soils as related to some soil properties. Soil Sediment Contam. London.
17: 643-653.

BORDEAN DESPINA-MARIA, DRAGOS V., NICA MONICA HARMANESCU, BANATEAN-DUNEA I., GERGEN 1.
2014. Soil Manganese Enrichment from Industrial Inputs: A Gastropod Perspective. PLOSONE. New York. 9: 1-8.

BROADLEY M. R., WHITE P. J, HAMMOND J. P., ZELKO I., LUX A. 2007. Zinc in plants. New Phytologist.
Munchen. 173: 677-702.

218



Muzeul Olteniei Craiova. Oltenia. Sudii si comunicari. Stiingele Naturii. Tom. 31, No. 1/2015 ISSN 1454-6914

COLE L. J, MCCRACKEN D. I., FOSTER G. N., AITKEN M. N. 2001. Using Collembola toassess the risks of
applying metal rich sewage sludge to agricultural land in western Scotland. Agriculture Ecosysteme
Environmental. Toronto. 83: 177-189.

CURRY J. P. & SCHMIDT O. 2007. The feeding ecology of earthworms — a review. Pedobiologia. New Y ork. 50(4):
463-477.

DIDDEN W. & ROMBKE J. 2001. Enchytraeids as indicator organisms for chemical stress in terrestrial ecosystems.
Ecotoxicology and Environmental Safety. New Y ork. 50: 25-43.

EASTON E. G. 1983. A guide to the valid names of Lumbricidae (Oligochaeta). In: JE. Satchell (Ed.) Earthworm.
Ecology — From Darwin to Vermiculture. Chapman end Hall. London: 475-487.

EDWARDS C. A. & BOHLEN P. J. 1996. Biology and Ecology of Earthworms, (3"%edn.). Chapman & Hall. London:
351-364.

ENUNEKU A. A. & AYOBAHAN S. U. 2014. Sublethal Toxic effects of spent Qil Based Drilling Mud and Cuttings to
Earthworm Aporrectodea Longa. Journal Applied Science Environmental Manage. London. 18(4): 615-620.

FOUNTAIN M. T. & HOPKIN S. P. 2005. Folsomia candida (Collembola): a *‘standard’’ soil arthropod. Annuar
Revue Entomology. London. 50: 201-222.

GONZALO A., HERNAN G., SEBASTIAN S., ALEXANDER N. 2013. Organic matter reduces copper to xicity for
the eart hworm Eisenia fetida in soils from mining areas in Central Chile. Chilean Journal of Agricultural
Research. London. 69(2): 252-2509.

HEIKENS A., PEIINENBURG W., HENDRICKS A. J 200l1. Bioaccmulation of heavy metals in terrestrial
invertebrates. Environmental Pollution. London. 113(3): 385-393.

HELLING B., REINECKE S. A., REINECKE A. J. 2000. Effects of fungicide copper oxychloride on the growth and
reproduction of Eisenia fetida (Oligochagta). Ecotoxicology and Environmental Safety. New Y ork. 46: 108-116.

HODGE S., WEBSTER K. M., BOOTH L., HEPPLETHWAITE V., OHALLORAN K. 2000. Nonavoidance of
organophosphate insecticides by the earthworm Aporrectodea caliginosa (Lumbricidae). Soil Biology and
Biochemistry. London. 32: 425-428.

LAVELLE P. 1983. The structure of earthworm communities. In: Satchell, J. E. (Ed.), Earthworm Ecology—from
Darwin to Vermiculture. Chapman and Hall. London: 449-466.

LAW N., CAUDLE M., PECORARO V. 1998. Manganese redox enzymes and model systems: properties, structures,
and reactivity. Adv Inorg Chem. Elsevier. New Y ork. 46: 305-440.

LOWE C. N. & BUTT K. R. 2007. Earthworm culture, maintenance and species selection in chronic ecotoxicological
studies: acritical review. European Journal of Soil Biology. London. 43; 281-288.

MA W. C. 1982. The influence of soil properties and warm-related factors on the concentration of heavy metals in
earthworms. Pedobiologia. New Y ork. 24:109-119.

MABOETA M. S., REINECKE S. A., REINECKE A. J. 2004. The relationship between lysosomal biomarker and
organismal responses in an acute toxicity test with Eisenia fetida (Oligochaeta) exposed to the fungicide
copper oxychloride. Environmental Research. London. 96: 95-101.

McGRATH S. P., ZHAO F. J., LOMBI E. 2001. Plant and rhizosphere process involved in phytoremediation of metal-
contaminated soils. Plant and Soil. Uiversity of Western Ontario. 232(1/2): 207-214.

MELLISE. V., CRUZ M. C. P.,, CASAGRANDE J. C. 2004. Nickel adsorption by soil in relation to pH, organic matter
and iron oxides. Scientia Agricola. Roma. 61; 190-195.

MILLALEO R., REYES-DIAZ M., IVANQV A. G., MORA M. L., ALBERDI M. 2010. Manganese as essential and
toxic element for plants: transport, accumulation and resistance mechanisms. Journal Soil Science Plant
Nutris. Uiversity of Western Ontario. 10: 470-481.

NAHMANI J. Y., HODSON M. E., BLACK S. 2007. Effects of metals on life cycle parameters of the earthworm
Eisenia fetida exposed to field-contaminated, metal-polluted soils. Environmental Pollution. University of
York. 149: 44-58

NRIAGU J. O. & PACYNA J. M. 1988. Quantitative assessment of worldwide contamination of air water and soils by
trace metals. Nature. Nevada. 333: 134-139.

OTHMER K. 1978. Encyclopedia of Chemical Technology. John Wiley and Sons Inc. New Y ork. 4(3): 387-408.

PANDARD P., DEVILLERS J., CHARISSOU A. M., POULSEN V., JOURDAIN, M. J, FERARD J. F. 2006.
Selecting a battery of bioassays for eco-toxicological characterization of wastes. Science of the Total
Environment. London. 363: 114-125.

POP V. 1949. Lumbricidele din Roméania. Analele Academiei Republicii Populare Roméane. Bucuresti. 1(9): 383-505.

POST J. E. 1999. Manganese oxide minerals. Crystal structures and economic and environmental significance.
Proceedings Natl. Acad. Science USA. New Y ork. 96: 3447-3454.

PRASAD A. S. 2008. Zinc in Human Health: Effect of Zinc on Immune Cells. Molecular Medicine. Paris. 14: 353-357.

RAW F. 1960. Earthorm population studies. a comparison of sampling metods. Nature. Nevada: 197-257.

REINECKE A. J, MABOETA M. S, VERMEULEN L. A., REINECKE S. A. 2002. Assessment of lead nitrate and
mancozeb toxicity in earthworms using the avoidance response. Bulletin Environmental Contamination
Toxicology. Springer. Stuttgart. 68: 779-786.

219



BRINZEA Gheorghita PAUNESCU Alina PONEPAL CristinaMaria

SANTORUFO L., VAN GESTEL, CAM MAISTO G. 2012. Ecotoxicological assessment of metal polluted urban soils
using bioassays with three soil invertebrates. Chemosphere. London. 88: 418-425.

SHEPPARD S. C., EVENDEN W. G., ABBOUD S. A., STEPHENSON M. 1993. A plant life-cycle bioassay for
contaminated soil, with comparison to other bioassays: Mercury and zinc. Archive Environmental
Contamination Toxicology. Springer. Stuttgart. 25: 27-35.

SPURGEON D., WEEKS M., VAN GESTEL J 2003. A summary of eleven years progress in earthworm
ecotoxicology. Pedobiologia. New Y ork. 47: 588-606.

SUTHAR S. & SINGH S. 2008. Bioconcentration of Metals (Fe, Cu, Zn, Pb). In Earthworms (Eisenia fetida),
Inoculated in Municipal Sewage Sludge: Do Earthworms Pose a Possible Risk of Terrestrial Food Chain
Contamination? Wiley Interscience. London: 25-32.

SUTHAR S, SINGH S,, DHAWAN S. 2008. Earthworm as bioindicators of metas (Zn, Fe, Mn, Cu, Pb and Cd) in sdils: Is
metal bioaccumulation affected by their ecological categories. Ecology Engineering. London. 32: 99-107.

WALDBOH, G. L.1978. Hedth Effectsof Environmental pollution. In Environmental Studies. The earth as a living planet.
Danid B. B and Edward. A. K. (Eds.) 1982. Charles Maril Pub. Co. The University of Northampton. 359.

*** OECD. 1984. Guidelines for testing of chemicals: earth worm acute toxicity test. Society for Testing and
Materials. Paris. 207: 479-493.

*** OECD. 2004. Guideline for testing of chemicals: earth worms reproduction test. Society for Testing and Materials.
Paris. 222: 28-50.

*** Regulamentul (CE) nr. 1272/2008 al Parlamentului European si a consiliului din 16 decembrie 2008 privind
clasificarea, etichetarea si ambalarea substantelor si a amestecurilor, de modificare si de abrogare a
Directivelor 67/548/CEE si 1999/45/CE, precum si de modificare a Regulamentului (CE) nr. 1907/2006.

*** Regulamentul (CE) nr. 1907/2006 a Parlamentului European si a Consiliului din 18 decembrie 2006, privind
Tnregistrarea, evaluarea, autorizarea si restrictionarea substantelor chimice (REACH), de infiintare a Agentiel
Europene pentru Produse Chimice, de modificare a Directivei 1999/45/CE si de abrogare a Regulamentul ui
(CEE) nr. 793/93 a Consiliului si a Regulamentului (CE) nr. 1488/94 a Comisiei, precum si a Directivei
76/769/CEE a Consiliului si adirectivelor 91/155/CEE, 93/67/CEE, 93/105/CE si 2000/21/CE ae Comisiel.

Brinzea Gheor ghita, Piaunescu Alina, Ponepal CristinaMaria
University of Pitesti, Faculty of Sciences, Department of Natural Sciences,
Pitesti, Targu din Vale Street, No. 1, Romania.

E-mail: georgeta_branzea@yahoo.com

Received: March 25, 2015
Accepted: May 5, 2015

220




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


