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Summary—The International Workshop on Earthworm Ecotoxicology (1991) offered the opportunity
to synthesize the state of the art about the standardization of (eco)toxicological tests. It showed the
need to improve the standardization of laboratory tests, especially for chronic assays. Such chronic
tests need to avoid, or at least limit, the artefacts resulting from interferences between soil components
(e.g. organic matter, sand, kaolinite, levilite), earthworm food, soil microorganisms and the chemical
tested. The effects of test medium variables, especially pH changes and ionizable chemicals, are also
crucial considerations. In order to ensure the goals of standardization and reproducibility for chronic
tests, then one must provide an easy to prepare synthetic substrate and provide food in a non-aseptic
environment using non-axenic earthworms. This paper deals with these improvements and describes a
new synthetic medium, the procedure to make chronic tests and the monitoring of changes resulting

from interferences due to the medium and chemicals.

INTRODUCTION

Many biomonitoring approaches and laboratory
test methods have been proposed for the ecotoxico-
logical assessments of chemicals on living organisms
(Blandin, 1986; Salanki et al., 1994). For earth-
worms, many different laboratory tests have been
used for studing the (eco)toxicological effects of
chemicals (pesticides, heavy metals), e.g.: artificial
soil and filter paper contact (Edwards, 1983;
Edwards, 1984); artisol (Ferriére et al.,, 1981);
immersing in diluted solutions of chemicals (Martin
and Wiggans, 1959), injection of chemicals through
the mouth (Stringer and Wright, 1976) or into the
body cavity (Stenersen, 1979); immunotoxicity
(Rodrigues-Grau et al., 1989) or neurological assays
(Drewes et al., 1988; Drewes and Lingamneni,
1992). These tests are mostly designed to measure
toxic effects (mortality) on earthworms as the main
endpoints. Statistical treatments are used to evalu-
ate some critical values for LCso (concentration of
a chemical substance which killed 50% of the test
earthworms during the test period) or NOEC (no
observed effect concentration). They are designed to
contribute to the prediction of effects of chemicals
on agro-ecosystems and they must lead to the
evaluation, under standardized conditions, of dele-
terious biological consequences of chemicals. From
an ecological or agronomical view point, these tests
are only models of predictions which must be vali-
dated in the field (Bouche, 1992; Ramade, 1992;
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Abdul Rida, 1994). In addition, the major part of
these methods present obvious disadvantages and
shortcomings (Reinecke, 1992; Edwards and Bater,
1992). These tests expose earthworms to chemicals
with very little relationship to what happens in the
field. They also have to provide an adequate sub-
strate and .food for the acute and chronic tests
(Kokta, 1992; Rémbke er al., 1992); the foods used
in most toxicological test methods (such as cow or
horse dung or mashed vegetables) are non-synthetic
and very variable, i.e. non-reproducible.

Chronic tests need to select the earthworm
species, the test conditions, the substrate types and
the food. The choice of earthworm species is dis-
cused in depth by Bouché (1992) and Edwards and
Coulson (1992). The laboratory test conditions and
substrate types are described in the papers men-
tioned above. While the food is the critical point it
is also necessary to state the conditions precisely.
The interactions between chemical, food and sub-
strate are time-dependent and could interfere with
the direct effect of chemicals on the earthworms
tested. The monitoring of these interactions was the
key factor which led to our choice of medium
materials for earthworm chronic tests.

In the present paper no attention is given to
earthworm species and test conditions, we simply
followed EEC (1982) and AFNOR (1984) organiz-
ation guidelines. We focused our interest on
attempts to make practical and more reproducible
chronic earthworm tests. The artisol substrate
(Ferriére et al., 1981) is the earthworm medium
chosen for all trials to minimize chemical interfer-
ences. We propose improvements for producing a

699



700 Abdul M. Motalib Abdul Rida and Marcel B. Bouché

Table 1. The simplified Winogradsky's solution used. Weights in mg ™" of distilled water

Compound Weight Compound Weight compound Weight
Mg SO4. TH,O 600 (NHy), SO, 200 Na,HPO,. 12 H,O 4000
Mn SO, 20 Zn SO4. TH,0 20 KH; PO, 2100
Fe; (SO4)3 80 Cu SO, 20 Ca CO; 2000

synthetic food made by microorganisms grown
under standardized conditions. The mixed substrate
and food produced are called ““biosynthesol”.

MATERIALS AND METHODS

The artisol test was carried out according to EEC
(1982) and AFNOR (1984) guidelines. This test
requires adult earthworms of the species FEisenia
fetida to be kept for 14 days, at the end of which
mortality is assessed, on a basic artificial substrate
composed of (per container):

e 1425 g of glass balls, 2 cm, as a skeleton,

e 90g (dry wt at 105°C) amorphous hydrated
silica (trade mark “‘Livilite”),

o 215 ml deionized water.

The matrix of silica, deionized water and chemical
test substance is mixed with glass balls and
kneaded. This medium is placed in a test container
and then 10 earthworms were introduced (which
have been gut content cleared, washed, surplus
water absorbed on filter paper and weighed). The
containers are kept in a climatic chamber at a tem-
perature of 20+ 2°C in continuous darkness and
aerated by satured air.

In this study, instead of deionized water as used
for artisol, we used a salt mixture solution to pro-
mote microorganism growth and introduce energy
into the system. The mineral compounds of this sol-
ution give a simplified Winogradsky medium
(Pochon and Tardieux, 1962) present in Table 1. In
our initial trial, the food was made in the container
by microbial growth under septic conditions from
three food sources; a natural soil solution as a
microorganism inoculum and the Winogradsky’s
solution as a nutrient medium and an energy and
nitrogen source. This last point was particularly
critical, so, we varied the energy and nitrogen

oir flow
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Fig. 1. The glass jar in which biosynthesol is tested.

sources and chose three organic sources; glucose,
cellulose powder and dry yeast. In order to simplify
the following trials, we eliminated the soil solution.

Glass balls, silica, simplified Winogradsky sol-
ution, nitrogen and energy sources (= biosynthesol)
were poured into glass jars and then well mixed
(Fig. 1). This process coats glass balls and jar walls
with the medium, and creats an air porosity for
microorganisms and earthworms. Ten adult earth-
worms (Eisenia fetida andrei, Bouché, 1972) were
introduced, initially, or after some days of incu-
bation (depending of the trial), in each container,
and the earthworm developments were followed.
The organic sources induce microbial activity which
produce CO, and change the biosynthesol pH and
the test atmospheric compositions. These changes
could induce earthworm mortality. After few trials,
pH was used as the criterion to control the bio-
synthesol change. The main problem was in cali-
brating the organic sources, to initiate
microorganism activities, and to achieve a stable
medium. This can be carried out by searching for
an equilibrium between quickly available and slowly
biodegradable energy sources. We present in this
paper three trials (Table 2) in which earthworms
were introduced after 3 days, and changes were fol-
lowed for 76 days.

RESULTS

Figure 2 presents the variations and stabilization
of biosynthesol pH during the experiments. It
shows an unstable period of 10 days in all trials
and then, a trend to stabilization. Figure 3 presents
the mean body weight changes of 10 adult earth-
worms (two replicates per trial) during the three
selected trials. It shows an initial decrease and then,
an increase of earthworm biomass up to 40 days.
After this, earthworm growth was more or less
stable.

DISCUSSION

Advances in the design of experimental
approaches to toxicological earthworm testing were
reviewed during the first International Workshop
on Earthworm Ecology (1991) (Greig-Smith et al.,
1992). Earthworm acute tests provide information
only concerning mortality, which was usually
observed after 2 weeks. They allow the estimations
of some standard relative index as such as LCso,
LCs and NOEC. Thus, food is not necessary in this
type of earthworm tests. In contrast, chronic tests
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Table 2. Energy and organic nitrogen sources used in the three selected trials, in g per container

Energy sources Trial 1 Trial 2 Trial 3
Glucose 2 1.5 1
Dry yeast 2 1.5 1
Cellulose powder 2 3 4

are made to detect earthworm physiological dis-
orders due to different chemical concentrations
during the middle term. They observe the harmful
effects of chemicals on cocoon production, hatch-
ability, burrowing behaviour and flaccidity—tonicity
(Texier-Pecheul, 1993). These changes must be
observed over a period of 1 or 2 months, so, a food
source is necessary for these chronic tests. They are
carried out in conditions where the chemicals must
be acting on earthworms (i.e. without uncontrolled
interferences of the chemicals with test components
other than the earthworms).

Thus, chronic tests need a synthetic substrate to
avoid interference with the other medium com-
ponents and a food source to provide the energy
requisite for earthworm development. The pro-
duction of an artificial food is possible out of the
medium test. However, the input of this food to the
substrate induces a disequilibrium due to changing
physico-chemical properties of the medium and
microbial activities. The food must also be well
mixed with test components to avoid a substrate
selection by earthworms. In order to avoid these
disadvantages, food must be produced directly in
the test medium. We must also wait until the new
medium reaches equilibrium before earthworms are
introduced. At first sight, the food production is
controlled better under aseptic conditions. In fact,
the absence of axenic earthworms forbids such a
food production and we must work in septic con-
ditions which induce an easy-to-reproduce method
and lead us to eliminate the soil solution.

Our numerous trials were made to simplify the
test components and to minimize the initial stabiliz-
ation time. In such a synthetic substratum the
energy-producing carbon source induces microor-
ganism activities which, in turn, produce much
CO,. This last decrease medium pH and expose
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Fig. 2. Evaluation of pH values in the three selected trials.

earthworms to harmful effects. This CO, pro-
duction is particularly accelerated by glucose, an
easily biodegradable organic matter. However, glu-
cose is needed for its starter role for microorganism
growth. We must also provide a slowly biodegrad-
able energy source which remains available to
microorganisms at least for some weeks. For this,
cellulose powder was used as the slowly biodegrad-
able energy source. Dry yeast was also added to the
medium as a nitrogen source. An equilibrium
between fast food production, minimal stabilization
time and availability of nitrogen and energy sources
during the test period is essential. Trials 1, 2 and 3
have been allowed us to choose these factors. The
composition of the “food” in trial 2, and better,
trial 3 gave us a short initial stabilization time and
good earthworm weight control.

The biosynthesol, made from glass balls, levilite,
simplified Winogradsky’s solution and energy and
nitrogen sources, yielded a synthetic and convenient
medium for earthworm chronic tests. This bio-
synthesol is practical and easy to make. It allows
chronic deleterious effects to be studied with a good
reproducibility, a cost-benefit efficiency by serial
planning, and an appraisal of ecosystem risk
through ayelative index of susceptibility.

Microbial development in the biosynthesol
induces changes in gas pressures and pH (Fig. 4).
These changes affect both, earthworm physiological
activities and the direct chemical-earthworm inter
relationships. Despite the great simplification of the
biosynthesol substrate, in comparison with the var-
ious soil materials and complex natural food media
used by other workers, some interference is una-
voidable. These effects could be reduced if the time
of interference is reduced. This could be done by
changing the biosynthesol and chemical period-
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Fig. 3. Mean earthworm weight changes in the three
selected trials.
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Fig. 4. Interactions between chemicals and substrate com-
ponents in artisol (gray) and in biosynthesol (gray and
white).

ically, but keeping the same earthworm individuals
(Fig. 5). The frequency of change would depend on
the interference of the specific chemical with the
biosynthesol, and could be detected, for instance,
by pH variations. It should be noted that these per-
iodic medium changes allow biological effects, such
as earthworm growth, time to reach sexual maturity
and cocoon production, to be monitored.

The often claimed need of “ecological realism’ in
the design of microcosm-based toxicological tests
does not fit with the need for the test to display
reproducibility, economy, significance, easy of
handling, and reduced or no interference.
Microcosms that offer these advantages are not
themselves models of the ecosystem, but serve only
as tools to evaluate chemical effects in standard
conditions. This is true for all earthworm labora-
tory tests. The aim of such tests is just to build a
relative scale of earthworm chronic susceptibility to
a given series of chemicals under comparable con-
ditions (Bouché, 1984). Ecological realism is only

Initial Adding of  Extraction by
biosynthesol earthworms washing-sieving
1 Time 12 Time2 3
1 2 3
1 2 3
1 2 3

etc...

Fig. 5. Changes of chemical and biosynthesol during

chronic tests. Time = stabilization period. Time

2 = period of earthworm chemical exposing. Arrows indi-

cate earthworm transfer to new biosynthesol and associ-
ated physiological controls.

achieved if we make studies in ecosystems (Abdul
Rida, 1992; Abdul Rida and Bouche, 1995).
Ecotoxicological studies ultimately aim at a protec-
tion of the environment which can only be assessed
in the field.
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