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Soil ecotoxicological investigations with potworm (Enchytraues albidus)

BACKGROUND AND OBJECTIVES

The increasing contamination of the soil, water and air is an emerging issue
of humanity. The development of our society is very much indeed based on
the use of different chemical elements. To satisfy the increasing needs and
claims of the growing population has lead to the exponential growth of pro-
duction and consumption. The extraction and use of mineral resources just up
to recently have happened at such a rate and extent, as if the resources were
inexhaustible on Earth.

In the last century, the economic structure of Hungary has undergone a sig-
nificant change as well. Following the Second World War in particular, in-
dustrialisation accelerated, the chemical processing and mechanisation of the
agriculture increased.

The contamination of the different environmental elements, such as the air,
water and the soil in particular suddenly increased. The results of the re-
searches carried out since the 1960s clearly show that particularly in the in-
dustrial and agricultural zones the microelement and the heavy metal concen-
tration of the soil have abruptly grown. It is true that in numerous cases these
levels do not reach the values that affect people in an acute way, however
accumulated within the food chain may cause demonstrable health damage in
the long run.

Mankind is decisively reliant on the food deriving from plants grown in soil.
There exists a dynamic balance between the soils and the environmental fac-
tors influencing them. Due to the increasing human activity, this balance is
becoming more vulnerable. The earthly living systems, such as the soil, are
unable to adapt in the short run to the drastic environmental transformations.
Soils contaminated with different microelements and heavy metals mean
fundamental environmental problem because numerous elements remaining
in the topsoil may keep their potential toxic effects for long decades. Thus
special attention should be paid to the already contaminated areas. Efforts
should be made to widely get to know the chemical processes of these ele-
ments occurring within the soil, their absorption by the plants, their role
within the food chain and their behaviour.

A substance is considered to be toxic (chemical element, their compounds,
organic substance) in case it has adverse effects on the soil, the plant, the
animal and the human. Numerous mineral elements are indispensable or at
least have beneficial physiological effects but become toxic or harmful in
case of predominance. Thus the contamination of the soil is the function of
the dose, the load and the concentration. From another side, toxicity is also a
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relative concept. Its extent could be measured by the specific, which is the
negative effect concentration per unit (yield loss, disease). This effect is
however not independent of the presence or absence of and the possible in-
teractions with other substances, chemical elements occurring in the envi-
ronment. This effect is also dependent on the exposure time. The regular,
lasting, low-dose load may be sneakier because accumulation in this case is
harder to detect. The increasing load may cause chronic disorders, while the
one-time high-dose acute illness and the lethal dose mortality. The damage
occurs differently in the different stages of development, it may vary by gen-
der, species and individuals. The form in which the harmful substance is
found may be of importance. The criteria of toxicity are that the substance is
easily soluble and absorbable. To sum up, it can be established that the prob-
lem of toxicity is highly complex. The toxic or harmful effect may depend on
numerous factors, such as the concentration, the ion status or the degree of
oxidation, the exposure time, the compounds form, the physical distribution
and the specific surface area, the presence of other elements in the system
and the interactions with them, the contact mode with the living system and
the access conditions (via the surface, food, directly to the blood stream or to
the respiratory organs.)

The objectives of the research

When establishing the contamination of the soil we need to be aware of the
extent of the sources of error resulting from the sampling and analysis. Even
if we examined the area and estimated the concentrations within the soil with
due care it should not be forgotten that concentration on its own does not say
much. Decisive is the impact on the environment, the hazards, which is the
function of the utilisation and the soil conditions. Thus, the analytical data
may only be interpreted in the knowledge of the habitat’s characteristics.

The aim of the researches described in the doctoral dissertation was to deter-
mine that in the effect investigation of a micro element:

»  how the mortality and the reproductive ability of a test animal was
influenced by — of the 13 heavy metals and micro elements applied
in the effect investigation of the MTA Institute for Soil Sciences
and Agricultural Chemistry at the Nagyhorcsok experimental site -
our chosen heavy metals and micro elements of cadmium (Cd),
chrome (CR), copper (Cu), mercury (Hg), lead (Pb), zinc (Zn), Se-
lenium (Se) seven years after their application.

» In case their effects can be detected, in what form (inhibitory or
stimulating)?
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>  If the effect can be detected in case of more elements then in which
is the most significant seven years following the application?

The aim of the acute effect investigation planned on the basis of the evalua-
tion of the results of the researches was to determine:

»  the effect of selenium (Se) applied to the soil as a new contaminant
on the earlier examined parameters within a laboratory environ-
ment;

»  weather there is any difference in the effect of the two absorbable
selenium forms - selenite and selenate - occurring in the soil;

»  weather the differences in the effect are influenced by the soils
originating from different agriculturally cultivated areas.

MATERIALS AND METHODS

The experimental (test) animal

Our experiments were carried out with the application of the common pot-
worm (Enchytraeus albidus). The stock culture of the experimental animal
was provided to us by Jorg Roembke, one of the owners of the ECT Oeko-
toxikologie GmbH (D-65439 Floersheim am Main, Germany). The purity of
the culture was verified by Madame Professor D6zsa-Farkas Klara, teacher of
the ELTE Department of Systematic Zoology and Ecology.

For the maintenance of the stock culture, the animals were kept in perforated
lid plastic boxes, light-tight in a thermostat, on the mixture of traditional,
general potting soil and powdered peat available in stores. Prior to usage, the
soil material was sterilised in autoclaves. The temperature of the thermostat
was set between 17-18°C, the humidity between 70-80%. The water content
of the soil was adjusted to 55-60% water capacity. We carefully stirred the
soil in the boxes once a week; at this time we checked the medium’s moisture
content and at this point feeding was also carried out by the mixture of pow-
dered oat meal or powdered cereal. The soil of the stock cultures had to be
refreshed in varying intervals, but average of 3-4 months, due to the large
number of proliferating animals.
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The origin of the soil used during the micro element effect investigation

The soil used in the investigation was collected from the Nagyhdrcsok ex-
perimental site of the MTA Institute for Soil Sciences and Agricultural
Chemistry. The site is located at the southern part of Fejér County just 20 km
northwest from Sarbogard, at the part of Mez6f6ld, the Transdanubian side of
the large part of the Great Plains, within the West Mez6fold ,,Bozét-sarviz
kozti 16szhat” geomorphologic landscape. The altitude is 140-150 metres; the
soil-forming rock is 15-20 metres thick loess. The hydrologic, climatic and
phytogeographical relationships of the area are similar to the Great Plains. On
the basis of detailed soil geographic explorations the experimental area is a
version of the medium and deeper humus layer calcareous chernozems of the
Danube Valley with 0,5-1 meter humus layer.

The contamination of the soil used during the micro element effect inves-
tigation

The effect investigation was set in 1991 at a fenced experimental site, at di-
vided parcels in 4 load levels, with 2 repetitions. The experimental treatments
and the forms of the used salts as well as the quantity of the applied agents
are described in Table 1.

Table 1: The one-time loads applied during the investigation in 1991

Sign of the Dosage in spring of 1991 (mg/kg) Form of applied salts
element 0/10  [30 90 [ 270

Cd 10 30 90 270 CdS0,-8/3H,0

Cr 0 30 90 270 K.CrO,

Cu 0 30 90 270 CuS0,-5H,0

Hg 10 30 90 270 HgCl,

Pb 0 30 90 270 Pb(NO3),

Se 10 30 90 270 Na,SeO;

Zn 0 30 90 270 ZnSQO,-7H,0

The changes that took place in the micro element and heavy metal content of
the soils since the set of the investigation until the sampling is shown in Ta-
ble 2.

The set of the micro element effect investigation

Our experiments were planned considering the regulations of the “Enchy-
traeus Reproduktion Test” (ERT) taking into account the results of similar
experiments carried out earlier with other animals at the Department of Zool-
ogy and Animal Ecology of the Szent Istvan University. In case of Se we



Soil ecotoxicological investigations with potworm (Enchytraues albidus)

tested the full range of the contamination, in case of the other elements (Cd,
Cr, Cu, Hg, Pb, Zn) we commenced with the examination of the soils of the
parcels with the highest applied contamination level (270 mg/kg) and on the
basis of the results obtained we continued with the testing of the lower (90
mg/kg) load level.

The soils used in the investigation were brought in from the Nagyhorcsok
experimental site in the summer of 1998 by the colleagues of the department.
The soil samples for later use were stored dried, closed, at 5°C temperature.
Prior to the launch of the investigation the first task was to warm up the
cooled and dried soil and to set the moisture content. The 100% water capac-
ity of the soil from Nagyhorcsok is 53,13 g water per 100 g soil.

Table 2: The effect of the changes over time on the NH4 acetate + EDTA
soluble element content of the plowed layer

Year of the| Load in spring of 1991(mg/kg) (total element content)
sampling 010 | 30 | 9 | 270
Cadmium(CD)

1991 0 30 89 228
1994 0 14 44 164
1998 0 23,7 71 168
Chrome (Cr)

1991 0 2 6 30
1994 0 1 2 4
1998 0 0,4 0,9 15
Copper (Cu)

1991 7 24 49 110
1994 4 23 65 192
1998 4 19,5 51 131
Mercury (Hg)

1991 0 4 49 189
1994 0 2 12 41
1998 0 0,1 2,2 17
Lead (Pb) mg/kg

1991 5 29 56 158
1994 5 29 101 260
1998 4 31 87 167
Selenium mg/kg

1991 0 7 23 123
1994 0 8 33 89
1998 0 2 7 28
Zink (Zn) mg/kg

1991 2 13 55 153
1994 1 19 44 147
1998 2 20 47 124




Soil ecotoxicological investigations with potworm (Enchytraues albidus)

The examination of selenium

In case of selenium, beside the control soil, we carried out examinations at
four load levels. For the simpler identification, we identified the load levels
with the applied concentrations. We worked with three replications per tests,
so altogether we used 15 breeding pots. Individually weighed, we mixed 20 g
dry soil, 5,85 g water (water content is 55% of the water capacity), 0,6 g
powdered oat meal in the pots and on the top of this we placed 10 mature
(adult) breeding animals. We closed the pots with parafilm. We placed such
set experimental pots randomly in the thermostat according to the same cir-
cumstances as the maintenance conditions of the stock culture.

The examination of heavy metals

Compared to the previous experiment, in the examination of the heavy metals
(Cd, Cr, Cu, Hg, Pb, Zn) there was a change as we observed only one load
level at a time (the 270 mg/kg load, which corresponds to the 810 kg/ha
quantity of applied agents) with five replications per tests. Thus we used 35
breeding pots. Concerning the quantity of the soil, the water, the oat meal and
the animals as well as the method of closing and placing the pots we did not
change anything.

The breakdown of the micro element effect investigation

The duration of the experiment was 6 weeks, followed by the breakdown. At
this action we took advantage of the relative density between the soil compo-
sition elements and the bodies of the potworms. We prepared a concentrated
20 V% sugar solution. Of this, we poured 80cm? to the just studied culture
then we carefully stirred the soil with a narrow glass stick. Due to the com-
bined effect of the sugar solution and the stirring, all animals within the soil
(adult and juvenile) came to the surface of the solution. This action was fol-
lowed by a 5-minute decanting, the aim of which was for the stirred, but
heavier specific gravity of soil particles somewhat to subside. Following this,
we poured the solution together with the animals contained therein into a
clean pot and then we repeated the whole process once again with the soil
once already washed and left in the experimental pot. We analysed the result
of the experiments with the Statistica 5.0 software based on the LSD test
(smallest significant difference).
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The used soils and the investigation materials applied at the acute effect
investigations of the different selenium forms

During our experiments it was important for us that we worked with soils that
originate from areas under constant agricultural cultivation with inspected
technical parameters. Accordingly, soils were collected from the experimen-
tal sites of the Kéaroly Rébert College, Fleischmann Rudolf Agricultural Re-
search Centre — Kompolt site, the MTA Institute for Soil Sciences and Agri-
cultural Chemistry - Nagyhorcsok site and the University of Debrecen, Cen-
tre for Agricultural Sciences, Research Centrum of Karcag — Karcag site. Soil
samplings were always taken from the plowed layer. Following the sampling
the soils were air-dried to constant weight then were reworked on a 2*2 mm
sieve. The resulting soil samples were hermetically sealed and maintained in
a refrigerator at 5°C temperature until the beginning of the investigations. In
our experiments, we investigated the effects of two water-soluble selenium
forms, the Na-selenite and the Na-selenate.

Method

The basis of our experiments’ methodology was given by the OECD standard
on the reproduction test of the potworm. For the setting, we used the 150 ml
sterile sample containers proven during the effect investigation of the micro
elements. We measured 20 g dry soil to the pots which was then mixed with
some powdered oatmeal. We set the water capacity of the soils between 55-
60%. The application of the selenium used as a contaminant, together with
the necessary amount of water required for the proper soil moisture condi-
tions was dissolved. In case of the examination of a soil type we applied six
different concentrations beside the control soil. In case of the control soil we
worked with ten, in case of the contaminated soils we worked with five repli-
cations per concentrations. The measurement of the exact quantity of the dif-
ferent selenium forms applied was carried out in the ICP laboratory of the
MTA Institute for Soil Sciences and Agricultural Chemistry.

We put 10 mature (adult) animals onto the prepared soil then we closed the
pots. We placed the pots light-tight randomly in the thermostat at 18°C tem-
perature at 60% of humidity. One experiment lasted for 42 days. During this
period of time, once a week we checked the state of the experimental pots
and the moisture content of the soils and fed the animals. Following the 6
weeks, instead of the originally suggested alcoholic devastation and staining
by the ERT we applied the “cone execution” used by O’Connor first in the
years of the 1960s.
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The essence of the changes is that at the exploitation of the animals it bases
on the active movement of the animals and their escape from the light and
heat, thus only the actually, by the end of the experiment survived animals
are present in the statistical evaluation.

We examined the relationship between the selenium contents of all the
(ccHNOg3 + cc H,0; soluble Se) and the absorbable (NHj-acetate + EDTA
soluble Se) on the different soil types and the way the soils’ selenium content
had changed during the time of the experiment with the help of the ICP labo-
ratory of the MTA Institute for Soil Sciences and Agricultural Chemistry.

The statistical evaluation of the results

The endpoints of the experiments were the mortality and reproductive ability
values. From the results obtained we calculated the values of LCsy, ECs,
LCi0, ECy0 and NOEC with the ToxRat Light 2.08 (ToxRat) software. We
carried out the tests in relation to both the total and the absorbable element
content. The program was explicitly developed for the statistical evaluation
of ecotoxicological bio tests. The tests we performed with bilateral trials with
a given 5% significance limit. As a first step, the presence or absence of the
effect was determined with a one-way ANOVA analysis. Following this, the
homogeneity of the data was ascertained with the help of the Chocran’s test.
If the data showed a homogenous distribution, we carried out the Williams’
kind multiple, sequential T-test for the determination of the NOEC value. In
case of inhomogeneous distribution, we conducted the Welch’ kind T-test
with Bonferroni correction. The values of ECy, LCy were determined with
probit analyses.

RESULTS

The results of the micro element effect investigation — Heavy metals

Examining the mortality of the mature (adult) animals, the results of the ex-
periment showed that the survival of the mature specimens of the test animal
(Enchytraeus albidus) were not substantially influenced by neither the 90
mg/kg, nor the highest 270 mg/kg applied concentration of our chosen heavy
metals seven years following the application.

10
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However, the reproductive ability, the change in the number of individuals of
the young (juvenilis) animals demonstrated a highly significant effect. Ana-
lysing the results it was found that by examining the highest applied concen-
tration (270 mg/kg) — seven years following the application — all heavy met-
als significantly decreased the number of individuals of the young animals.
Examining the lower concentration (90 mg/kg) — seven years following the
application- only zinc (ZN) had significantly demonstrated reducing effect on
the reproductive ability.

Results of the micro element effect investigation — Selenium

At the examinations seven years following the contamination we found de-
tectable effect both among the mature (adult) and the young (juvenilis) ani-
mals. Compared to the results of the control soil, even at the lowest contami-
nation level (10 mg/kg) we found reduction in the population and the prog-
eny, which became more and more significant with the increase of the con-
tamination concentration. At the 30 mg/ concentration level already a sub-
stantial reduction in the reproductive ability was seen. In the soil contami-
nated with 90 mg/kg selenium — seven years following the application — be-
side a high level of mature (adult) animal mortality, progeny was not able to
be detected. At an even higher level of contamination level (270 mg/kg) after
the sixth week of the experiment we did not find any live specimens.

The results of the acute effect investigation of the different selenium
forms

The results of the experiments carried out on the soil of Kompolt — Na-
selenite

Examining the element content of the solutions applied on the soils during
the experiment it can be concluded that the treatment resulted in a significant
effect on the mortality of the animals. The ratio of the survived animals in the
soils treated with the highest concentration decreased to 14,6% (ANOVA p <
0,001). The NOEC value was defined in 8,89 mg/kg by the program. As a
result of the probit analysis, LC;o value was 6,13 mg/kg, LCso value was
55,13 mg/kg.

The effect of the examined element on the reproductive ability is stronger. In
the soils treated with the highest concentration, the number of young (juve-
nilis) individuals decreased to zero (ANOVA p < 0,001). In case of reproduc-
tive ability the NOEC value was defined in 3,88 mg/kg by the program. As a
result of the probit analysis, EC;o value was 3,44 mg/kg, ECso value was
17,06 mg/kg.

11
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When examining the absorbable selenium content, the calculated NOEC
value for mortality was 0,61mg/kg. As a result of the probit analysis LCip
value was 0,36mg/kg, LCs, value was 7,42mg/kg. The obtained NOEC value
at the reproductive ability examination was 0,26mg/kg, while as a result of
the probit analysis, EC; value was 0,19mg/kg, ECso value was 1,48mg/Kkg.

Examining the development of the selenium content during the experiments
we obtained the following results: of the applied total selenium content
measured at the application 19,93% was absorbable, of the measured at the
end of the experiment it was 14,46%. During the time period of the experi-
ment the total selenium quantity decreased by nearly 10%. During the same
period the quantity of absorbable selenium decreased by almost 35%.

The results of the experiments carried out on the soil of Kompolt — Na-
selenate

As a result of the application the mortality of the test animal significantly
increased (ANOVA p < 0,001). In the soil treated with the highest concentra-
tion level no living animal was detected. The examined lowest concentration
is also resulted in statistically proven effect. As a result of the probit analysis,
LCyp value was 1,49mg/kg, LCso value was 6,92mg/kg.

The effect of the applied selenium in the form of selenate on the reproductive
ability manifested in strong inhibition (ANOVA p < 0,001). Neither in the
soils treated with the highest nor with the preceding concentration were any
offspring. Due to the strong effect, the NOEC value could not be defined. As
a result of the probit analysis, ECy, value was 0,63 mg/kg, ECso value was
1,79 mg/kg.

At the examination of the absorbable selenium content LC;, value calculated
for mortality was 1,45 mg/kg, LCs, value was 6,69 mg/kg. At the examina-
tion of the reproductive ability, on the basis of the results of the probit analy-
sis ECyp value was 0,56 mg/kg, ECso value was 1,68 mg/kg.

Examining the development of the selenium content during the experiments
we obtained the following results: of the applied total selenium content
measured at the application 93,27% was absorbable, of the measured at the
end of the experiment it was 93,85%. During the time period of the experi-
ment the ratio of the total and the absorbable selenium content did not
change.

12
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The results of the experiments carried out on the soil of Nagyhorcsok — Na
selenite

Considering the total element content, due to the treatment the mortality of
the test animal significantly increased. In the soil contaminated with the
highest concentration of selenium, no animal survived (ANOVA p < 0,001).
The NOEC value was defined in 6,21mg/kg by the program. As a result of
the probit analysis LC;o value was 7,3mg/kg, LCso value was 22,5mg/kg.

As a result of the effect of Na-selenite on the reproductive ability, in our ex-
amination with the highest concentration the number of offspring was re-
duced to 1,1% (ANOVA p < 0,001). The NOEC value was 2,35 mg/kg. The
probit analysis calculated EC; value was 2,8 mg/kg, the ECso value was 7,3
mg/kg (Figure 24).

At the examination of the absorbable selenium content the NOEC value for
mortality calculated by the program was defined in 1,83mg/kg. As a result of
the probit analysis LC;o value was 2,05mg/kg, LCso value was 8,01mg/kg. At
the examination of the reproductive ability, the NOEC value was 0,8mg/kg,
the probit analyses calculated ECy, value was 0,82 mg/kg, ECso value was
2,46mg/Kkg.

Examining the development of the selenium content during the experiments
we obtained the following results: of the applied total selenium content
measured at the application 57,8% was absorbable. By the end of the experi-
mental period this ratio decreased to 17,85%. During the 6-week time period
of the experiments the total selenium content decreased by 9,41%, while the
absorbable element content by its multiple, 72,03%.

The results of the experiments carried out on the soil of Nagyhorcsok — Na
selenate

The selenium applied in the form of Na-selenate on the soil of Nagyhorcsok
had an extremely strong and significant effect. It resulted in the total mortal-
ity of our test animals not only at the highest but also at the preceding con-
centration level. Statistically proven effect already occurred at the examina-
tion of the first concentration thus it was not possible to define the NOEC
value. As a result of the probit analysis LCyo value was 0,97 mg/kg, LCso
value was 5,69 mg/kg.

Despite the carefully set concentration — up to the detection limit of the test-

ing laboratory - the NOEC value for the effect of Na-selenate on the repro-
ductive ability could not be defined. Already the first set concentration re-

13
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sulted in statistically proven decrease in the reproductive ability. The probit
analysis calculated EC; value was 0,29 mg/kg, ECs, value was 0,41 mg/Kkg.

At the examination of the absorbable selenium content we could not define
the NOEC value for mortality. As a result of the probit analysis LC; value
was 0,67mg/kg, LCso value was 4,74mg/kg. Examining for reproductive abil-
ity ECyp value was 0,19mg/kg, ECs, value was 0,28mg/kg.

Examining the selenium content it was found that during the six-week time
period of the experiment the ratio of the total and the absorbable element
content remained unchanged. Of the applied total selenium content measured
at the beginning of the experiment, 98,32% was absorbable, at the end of the
experiment it was 97,6%. During the time of the experiment the total sele-
nium content decreased by 17,13%, the absorbable one decreased by 17,74%.

The results of the experiments carried out on the soil of Karcag — Na-
selenite

Considering the total element content, due to the treatment the mortality of
the test animal significantly increased. In the soil treated with the highest
concentration level no animal survived (p < 0,001). The NOEC value was
defined in 8,39mg/kg by the program. As a result of the probit analyses LC1g
value was 4,29mg/kg, LCs, value was 19,77mg/kg.

At the examination of the effect on the reproductive ability, following a sig-
nificantly not justifiable increase in the number of offspring seen in the first
concentration, in the next concentration a significant decrease in the repro-
ductive ability occurred. Similarly to the mortality analysis, the NOEC value
by the probit analysis was defined in 8,39mg/kg. The ECyo value was
4,61mg/kg, ECs value was 14,64mg/kg.

At the examination of the absorbable selenium content, the effect on mortal-
ity was established as follows: the NOEC value was defined in 2,50mg/kg by
the program. As a result of the probit analysis, LCyp value was 1,02mg/Kkg,
LCso value was 7,18mg/kg. At the examination of the absorbable selenium
content, the effect on reproductive ability was established as follows: NOEC
value was 2,50mg/kg, ECjo value was 1,08mg/kg, ECsy value was
4,85mg/kg.

Examining the development of the selenium content a great extent to which
the absorbable selenium content of the soil decreased could be observed. Of
the applied total selenium content measured at the beginning of the experi-
ment, 58,9% was absorbable. By the end of the experimental period this ratio
changed to 17,38%. During the 6-week time period of the experiment the

14
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total selenium content decreased by 12,82%, while the absorbable element
content by its multiple, 74,28%.

The results of the experiments carried out on the soil of Karcag — Na-
selenate

Considering the total element content, due to the treatment the mortality of
the test animal significantly increased (p < 0,001). In the soil treated with the
highest concentration level no living animal was detected. The NOEC value
was defined in 3,41mg/kg by the program. As a result of the probit analyses
LCyo value was 3,49mg/kg, LCs, value was 6,8mg/kg.

The statistical analysis of the effect of selenium in the form of selenate on the
reproductive ability resulted in the followings: NOEC value was 3,41 mg/kg,
ECio value was 2,81 mg/kg, ECs value was 5,04 mg/kg.

At the examination of the absorbable selenium content, the effect on mortal-
ity was established as follows: NOEC value was 2,56mg/kg, LCy, value was
2,90mg/kg, LCsp value was 6,23mg/kg. Analysing the effect on the reproduc-
tive ability NOEC value was 2,56mg/kg, EC;o value was 2,54mg/kg, ECsp
value was 4,64mg/kg.

Examining the total and absorbable element content it was found that during
the 42 days of the experiment their ratio practically did not change. Of the
applied total selenium content measured at the beginning of the experiment,
95,9% was absorbable. By the end of the experimental period this ratio did
not decrease under 89,8%. During the 6-week time period the total selenium
content decreased by 8,88%, while the absorbable element content decreased
by not more than twice, by 17,74%.

NEW SCIENTIFIC RESULTS

1. Analysing the long-term effects of selenium I found that at the Nagy-
horcsok effect investigation in 1991 the application of an agent in
90kg/ha concentration had a significantly reducing effect on the re-
productive ability even after seven years of the appliance. Examining
the higher concentrations applied (270 kg/ha, 810 kg/ha) the substan-
tial increase in mortality could also be demonstrated.

15
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2.

3.

Analysing the long-term effects of different heavy metals (Cd, Cr, Cu,
Hg, Pb, Zn) I concluded that at the Nagyhorcsok effect investigation
the application of the concentrations did not influence the mortality
of the test animal demonstrably seven years following the appliance,
however at the highest concentration level, all heavy metals signifi-
cantly decreased the number of individuals of the young animals. At
the examination of lower applied concentrations (270 kg/ha) — in
contrary to prior assumptions — only zinc had an extensively decreas-
ing effect on the reproductive ability.

Examining the short-term effects of the different selenium forms (Na-

selenite, Na-selenate) on three different soil types it can be concluded
that projected to the total element content (dissolved element content
in cc.HNO3+ccH202-ban) independent of the soil type, Na-selenate
had a more significant toxic effect on the Enchytraeus albidus test
animal both in terms of mortality and reproductive ability. When ex-
amining the same parameters for absorbable element content (dis-
solved element content in NH4-acetate+EDTA) we demonstrated
that the toxicity of the element forms showed a soil-dependent effect.
While in case of the Nagyhorcsok soil Na-selenate had clearly a
more toxic effect, in case of the soils form Kompolt and Karcag the
effects of the two element forms equalised, in some cases Na-selenite
became more toxic.

Examining the behaviours of the different selenium forms (Na-
selenite, Na-selenate) during the 6-week period it was found that in
case the added agent was in the form of Na-selenate, the ratio of the
measured quantity of the total and of the absorbable element content
both at the beginning and the breakdown of the experiment practi-
cally remained unchanged (only in case of the soil from Karcag was
a decrease of 8-15% detected.)

In case of the agent of Na-selenite, beside the 9-12% decrease in the
total element content we experienced a 35-75% decrease in the ab-
sorbable element content by the end of the six-week experiment se-
ries.

We introduced a new, in Hungary less well-known and unused
ecotoxicological test method — shorter than the tests carried out with
earthworms — practically at the same time with the Ring test of the
method. With the introduction of methodological changes in the
methodology (isolation according to the O’Connor’s “cone execu-
tion”) the process became safer and more accurate. The advantage of
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the methodological change is that compared to the alcoholic devasta-
tion and staining, it does not apply further chemicals. At the exploita-
tion of the animals it bases on their active movement and their escape
from the light and heat, thus only the actually, by the end of the ex-
periment survived animals are present in the statistical evaluation

CONCLUSIONS AND RECOMMENDATIONS

Effect investigation of micro elements

It is difficult tell or even to estimate with approximate accuracy the effect of
materials incorporated into the ecological systems. This is due to the fact that
the applied substances — considering the specific example of our analysis, the
compounds containing different metal ions and micro elements - are affected
by more than one factor at the same time. The effect of these factors in vast
majority of the cases is not of the same size, is not constant in time and often
lacks of periodicity. Due to this it is absolutely necessary to carry out such
examinations that test the same factors in different circumstances with the
help of various indicators.

An explanation for the result obtained at the examination of selenium may be
that it may become very mobile on calcareous soils, as a result of which it
becomes very easy to be absorbed by both the plants and the animals con-
nected to these plants due to their diet at some level.

We examined the effect of the heavy metals in the two highest applied con-
centration levels (270mg/kg, 90mg/kg). Following seven years of the applica-
tion none of the concentrations influenced the changes in the number of ma-
ture (adult) animals and mortality in a verifiable way. When examining the
change in the reproductive ability, at the highest load level all heavy metals
resulted in a significant effect, the number of individuals of the young ani-
mals decreased. At the lower original load level, in comparison with the re-
sults of the control, in this concentration only zinc (Zn) had a significant ef-
fect.

When comparing the results of the experiments performed on the soil sam-
ples of Nagyhorcsok with the test results of other, heavy metal and micro
element toxicity researches with potworm, | verify the general thesis that
states that most elements may become toxic to the animals of the soil if it
exceeds the natural amount and is present in sufficiently high concentration.
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The most often examined — and on the basis of which qualified as toxic -
metals at the investigations, such as cadmium (Cd), copper (Cu), mercury
(Hg), chromium (Cr), zinc (Zn) and lead (Pb) were also included in our in-
vestigations. Similarly to the processed researches, the effect on reproduction
was the stronger in our case as well. In case of cadmium and zinc several
researchers proved the existence of some sort of biological mechanism, in
which the animals were able to select faster the toxic elements for themselves
or inhibit their uptake. This effect was not observed in case of the zinc. The
zinc in the studied potworm was accumulated in its body at an appropriate
environmental concentration level. This phenomenon may be the reason be-
hind that in case of the examined heavy metals zinc proves to be the most
toxic. It would lead to interesting results and would give more accurate ex-
planations if we would continue the investigations in case of further elements
(Hg, Cr, Pb) for the determination of the inhibited uptake or accelerated se-
lection.

Comparing the obtained results with the results of other organisations’ toxic-
ity tests at the department we also have to highlight zinc. In the open field
toxicity test carried out by the Collembola with this element it was not possi-
ble to demonstrate the effect influencing the reproductive rate even at the
largest concentration level, while in case of the potworm (Enchytraeus al-
bidus) this already significantly occurred at the third level. It is further inter-
esting that while in case of most of the heavy metals (Cd, Cr, Cu, Pb) the
Collembola responded to the highest concentration level with the decrease of
the number of individuals (in some cases not even with that), the potworm
reacted with the decrease of the reproductive ability in case of all heavy met-
als (Cd, Cr, Cu, Hg, Pb, Zn) without exception.

Furthermore, it was found that of the examined elements selenium had the
longest-lasting negative effect by far, somewhat contradictory to that infor-
mation that in the appropriate environment with optimal pH value it becomes
easily mobile and washes into the deeper layers of the soil or evaporates.

It is important to highlight that the experiment series confirmed the suitability
and high degree of sensitivity of the potworm in the soil ecotoxicological
tests, at the time when the test method to be developed with these animals,
the Enchytraeid Reproduktion Test (ERT) was only in its trial phase and the
description of the method only existed in a draft version.

All these information together laid down the foundation for further investiga-
tions and made it evident that with the examination of selenium and their
different forms of prevalence we may take possession of further important
knowledge.
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Acute effect investigation of the different selenium forms

The aim of our experiments was to bring to light the effect of the different
selenium forms absorbable by plants on the potworm in different soil types.
Those investigations started in the spring of 2004 in which we analysed three
different soil types taking into account that the parameters of the soil types
should still meet the ecological need of the test animal but substantially differ
in structure — based on literature data - in order to influence the absorbable
capability of selenium

Unfortunately, although it is of great importance, it has an extensive research
in a wide range of agricultural uses that is more justified, the effect of sele-
nium on the animals of the soil hardly been studied. Very limited data are
available about the effect of selenium on those animals that gnaw them
through the soil — thus they get in contact with the soil both via their surface
of the body and their gastrointestinal -. Is the pH-dependent toxicity generally
accepted in case of plants valid for these animals as well? According to the
biochemical degradation, does selenite have the most toxic effect on these
animals too? Is there any other non-specific regularity that applies neither to
the plants nor the animals?

The absorption of selenite and selenate (both are water soluble selenium
forms) may be influenced by numerous factors in the soil. Comparative ana-
Iytical studies carried out on similar soils show that the absorption of selenite
into the solid phases of the soils is greater than of the selenate within similar
conditions. According to the gradually increasing pH value of the soils, the
absorption capability of selenium decreases. The main parameters of the soils
were similar in our investigation as well — influencing the absorption of sele-
nium — thus we assumed that there will be no significant transformation
among the selenium forms during the time period of the investigation. In con-
trast, we could demonstrate the strongest selenium absorption in relation to
selenite in the soil form Karcag characterised with the highest level of pH
value, the explanation of which may be searched in the higher microbiologi-
cal activity.

Examining either mortality or reproductive ability it could be concluded that
either selenium form was minimum an order of magnitude toxic than the
heavy metals or even the Phenmedipham pesticide tested earlier on these
animals. On the basis of comparing the different literature data it could be
stated that the toxic effect of selenium on E. albidus is stronger than on other
animals of the soil, like Eisenia. fetida, Lumbricus terrestris or Megaselia
scalaris.
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Our results indicate that in respect with the examined two elements (Na-
selenite, Na-selenate) considering the total element content, under the ex-
perimental circumstances used by us, there is a significant difference in the
measured toxic threshold values. Na-selenate proved to be significantly more
toxic in case of all three soil types than Na-selenite. However, the fact that
the difference in toxicity disappears in case we analyse not the total but the
absorbable element content infers that the mode of absorption of selenite and
selenate may differ in case of our test animal. The uptake of selenium (either
selenite or selenate) may occur via the surface of the body or via the alimen-
tary canal. It may be achieved merely via the pore water, but, beside the pore
water, with the help of the digestive system even via the soil particles and
through the diet as well. Analysing the results we can also assume that only
via the pore water does the soluble element content of the selenium get into
the animals. This may also explain, that analysing the absorbable element
contents the applied concentrations converge. We can also assume however
that the enzymes of the digestive system and their microbial processes also
participate in the absorption of selenium, since gnawing through the soil
these animals get in contact with the total selenium content in the soil. In this
case we must live with the hypothesis that selenite more strongly bounds to
the soil particles, thus is harder for the intestinal flora to reach than selenate,
since it became toxic to the same extent in larger quantities. Both hypotheses
should be considered for further investigation in the future.
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